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RECTIFIER INDEX CROSS-REFERENCE 
Motorola Motorola Motorola Motorola 

Industry Direct Similar Industry Direct Similar 
Part Number Replacement Replacement Page # Part Number Replacement Replacement Page # 

1M353 1N1204B 3-4 1N535 1N4005 3-32 
1N253 1 N1200B 3-4 1N536 1N4001 3-32 
1N254 1N1202B 3-4 1N537 1N4002 3-32 
1N255 1N1204B 3-4 1N538 1N4003 3-32 
1N256 1 N1206B 3-4 1N539 1N4004 3-32 
1N316,A 1N4001 3-32 1N540 1N4004 3-32 
1 N317,A 1N4002 3-32 1N547 1N4005 3-32 
1N318,A 1N4003 3-32 1N560 1N4006 3-32 
1N319,A 1N4004 3-32 1N561 1N4007 3-32 
1N320,A 1N4005 3-32 1N562 MRl128 3-233 
1N321,A 1N4007 3-32 1N563 MRl130 3-233 
1N322,A 1N4007 3-32 1N596 1N4005 3-32 
1N323,A 1N4001 3-32 1N597 1N4006 3-32 
1N324,A 1N4002 3-32 1N598 1N4007 3-32 
1N325,A 1N4003 3-32 1N599,A 1 N4001 3-32 
1N326,A 1N4004 3-32 1N600,A 1N4002 3-32 
1N327,A 1N4006 3-32 1 N601,A 1N4003 3-32 
1N328,A 1N4007 3-32 1N602,A 1N4003 3-32 
1N329,A 1N4007 3-32 1N603,A 1N4004 3-32 
1N332 1N1204B 3-4 1N604,A 1N4004 3-32 
1N333 1N1204B 3-4 1N605,A 1N4005 3-32 
1N334 1 N1204B 3-4 1N606,A 1N4005 3-32 
1N335 1 N1204B 3-4 1N607,A 1Nl199B 3-4 
1N336 1N1202B 3-4 1N608,A 1N1200B 3-4 
1N337 1 N1202B 3-4 1N609,A 1 N1202B 3-4 
1N338 1N1200B 3-4 1 N610,A 1N1202B 3-4 
1N339 1N1200B 3-4 1N611,A 1 N1204B 3-4 
1N340 1N1200B 3-4 1 N612,A 1N1204B 3-4 
1N341 1 N1204B 3-4 1N613,A 1 N1206B 3-4 
1N342 1 N1204B 3-4 1 N614,A 1 N1206B 3-4 
1N343 1 N1204B 3-4 1 N1095 1N4005 3-32 
1N344 1 N1204B 3-4 1N1096 1N4005 3-32 
1N345 1N1202B 3-4 1 N11 00 1N4002 3-32 
1N346 1 N1202B 3-4 1 N11 01 1N4003 3-32 
1N347 1 N1200B 3-4 1 N11 02 1N4004 3-32 
1N348 1 N1200B 3-4 1 N1103 1N4004 3-32 
1N349 1N1200B 3-4 1 N11 04 1N4005 3-32 
1N350 1N1200B 3-4 1 N1105 1N4006 3-32 
1N351 1N1202B 3-4 1 Nll15 1N1200B 3-4 
1N352 1 N1204B 3-4 1 Nll16 1N1202B 3-4 
1N354 1 N1206B 3-4 1 Nl117 1N1204B 3-4 
lN355 1 N1206B 3-4 lNll18 lN1204B 3-4 
lN359,A 1 N4001 3-32 1 Nll19 1N1206B 3-4 
1N360,A lN4002 3-32 1 N1120 1 N1206B 3-4 
lN361,A 1N4003 3-32 lN1124,A MR1122 3-233 
lN362,A 1N4004 3-32 lN1125,A MR1124 3-233 
1N363,A lN4006 3-32 1Nl126,A MRl124 3-233 
lN364,A lN4007 3-32 1Nl127,A MRl126 3-233 
1N365,A lN4007 3-32 1 Nl128,A MR1126 3-233 
lN440,B lN4002 3-32 lNl169,A 1N4004 3-32 
lN441,B 1N4003 3-32 1N1183* lN1183 -
1 N442,B 1N4004 3-32 1N1183A* lN1183A -
1 N443,B lN4004 3-32 1N1184* lN1184 -
1N444,B lN4005 3-32 1N1184A* lN1184A -
lN445,B 1N4005 3-32 1 N1186* 1 N1186 -
1N530 lN4002 3-32 lN1186A* lN1186A -
1N531 lN4003 3-32 1N1188* 1N1188 -
1N532 lN4004 3-32 1Nl188A* 1 Nl188A -
lN533 lN4004 3-32 lN1190* 1Nl190 -
lN534 lN4005 3-32 lN1190A* 1Nl190A -

*These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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1N1199 1N1199 3-2 1N1434 1N1183A -

1N1199A 1N1199A 3-3 1N1435 1N1184A -
1N1199B 1N1199B 3-4 1N1436 1N1186A -
1N1199C 1N1199B 3-4 1N1437 1N1188A -
1N1200 1N1200 3-2 1N1438 1N1190A -
1N1200A 1N1200A 3-3 1N1443,A,B 1N4007 3-32 
1N1200B 1N1200B 3-4 1 N1444,A,B MR1130 3-233 
1N1202 1N1202 3-2 1N1486 1N4005 3-32 
1N1202A 1N1202A 3-3 1N1487 1N4002 3-32 
1N1202B 1N1202B 3-4 1N1488 1N4003 3-32 

1N1204 1N1204 3-2 1N1489 1N4004 3-32 
1N1204A 1N1204A 3-3 1N1490 1N4004 3-32 
1N1204B 1N1204B 3-4 1N1491 1N4005 3-32 
1N1206 1N1206 3-2 1N1492 1N4005 3-32 
1N1206A 1N1206A 3-3 1N1537 1N1199B 3-4 
1N1206B 1N1206B 3-4 1N1538 1N1200B 3-4 
1N1206C 1N1206B 3-4 1N1539 1N1202B 3-4 
1N1217,A,B 1N4001 3-32 1N1540 1N1202B 3-4 
1N1218,A,B 1N4002 3-32 1N1541 1N1204B 3-4 
1N1219,A,B 1N4003 3-32 1N1542 1N1204B 3-4 

1N1220,A,B 1N4003 3-32 1N1543 1N1206B 3-4 
1N1221,A,B 1 N4004 3-32 1 N1544 1N1206B 3-4 
1N1222,A,B 1N4004 3-32 1N1551 1N1200B 3-4 
1N1223,A,B 1N4005 3-32 1N1552 1N1202B 3-4 
1N1224,A,B 1N4005 3-32 1N1553 1N1204B 3-4 
1N1225,A,B 1N4006 3-32 1N1554 1N1204B 3-4 
1N1226,A,B 1N4006 3-32 1N1555 1N1206B 3-4 
1N1227,A,B 1N1199B 3-4 1N1556 1N4002 3-32 
1N1228,A,B 1N1200B 3-4 1N1557 1N4003 3-32 
1N1229,A,B 1N1202B 3-4 1N1558 1N4004 3-32 

1 N1230,A,B 1N1202B 3-4 1N1559 1N4004 3-32 
1N1231,A,B 1N1204B 3-4 1N1560 1N4005 3-32 
1N1232,A,B 1N1204B 3-4 1N1581 1N1199B 3-4 
1N1233,A,B 1N1206B 3-4 1N1582 1N1200B 3-4 
1N1234,A,B 1N1206B 3-4 1N1583 1N1202B 3-4 
1 N1235,A,B MR1128 3-233 1N1584 1N1204B 3-4 
1N1236,A,B MR1128 3-233 1N1585 1N1204B 3-4 
1N1251 1N4001 3-32 1N1586 1N1206B 3-4 
1N1252 1N4002 3-32 1N1587 1N1206B 3-4 
1N1253 1N4003 3-32 1N1612 MR1120,1N1199 3-2,3-233 

1N1254 1N4004 3-32 1N1613 MR1121,1N1200 3-2,3-233 
1N1255,A 1N4004 3-32 1N1614 MR1122,1N1202 3-2,3-233 
1N1256 1N4005 3-32 1N1615 MR1124,1N1204 3-2,3-233 
1N1257 1N4005 3-32 1N1616 MR1126,1N1206 3-2,3-233 
1N1258 1N4006 3-32 1N1644 1N4001 3-32 
1N1259 1N4006 3-32 1N1645 1N4003 3-32 
1N1260 1N4007 3-32 1N1646 1N4003 3-32 
1N1261 1N4007 3-32 1N1647 1N4004 3-32 
1N1301 1N1183A - 1N1648 1N4004 3-32 
1N1302 1N1184A - 1N1649 1N4004 3-32 

1N1304 1N1186A - 1N1650 1N4004 3-32 
1N1306 1N1188A - 1N1651 1N4005 3-32 
1N1341,AB MR1120,1N1199B 3-4,3-233 1N1652 1N4005 3-32 
1N1342,AB MR1121,1N1200B 3-4,3-233 1N1653 1N4005 3-32 
1N1343,AB MR1122,1 N1202B 3-4,3-233 1N1692 1N4002 3-32 
1N1344,AB MR1122,1 N1202B 3-4,3-233 1N1693 1N4003 3-32 
1N1345,AB MR1124,1N1204B 3-4,3-233 1N1694 1N4004 3-32 
1N1346,AB MR1124,1N1204B 3-4,3-233 1N1695 1N4004 3-32 
1N1347,AB MR1126,1 N1206B 3-4,3-233 1N1696 1N4005 3-32 
1N1348,AB MR1126,1N1206B 3-4,3-233 1N1697 1N4005 3-32 

*These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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1N1701 1N4001 3-32 1N2086 1N4005 3-32 
1 N1702 1N4002 3-32 1N2103 1N4001 3-32 
1 N1703 1N4003 3-32 1N2104 1N4002 3-32 
1 N1704 1N4004 3-32 1N2105 1N4003 3-32 
1 N1705 1N4004 3-32 1N2106 1N4004 3-32 
1N1706 1N4005 3-32 1N2107 1N4004 3-32 
1 N1707 1 N4001 3-32 1N2108 1N4005 3-32 
1N1708 1N4002 3-32 1 N2116 1N4004 3-32 
1 N1709 1N4003 3-32 1 N2117 1N4006 3-32 
1N1710 1N4004 3-32 1N2154 1 N1183 -
1N1711 1N4004 3-32 1N2155 1 N1184 -
1 N1712 1N4005 3-32 1N2156 1 N1186 -
1N1763 1N4004 3-32 1 N2157 1N1188 -
1N1764 1N4005 3-32 1 N2158 1 N1188 -
1N1907 1 N4001 3-32 1N2159 1 N1190 -
1N1908 1N4002 3-32 1N2160 1N1190 -
1N1909 1N4003 3-32 1N2216 1 N11998 3-4 
1N1910 1N4004 3-32 1N2218 1 N12068 3-4 
1N1911 1N4004 3-32 1N2220 1 N12068 3-4 
1N1912 1N4005 3-32 1N2222,A MR1128 3-233 
1N1913 1N4005 3-32 1N2224,A MR1130 3-233 
1 N1914 1N4006 3-32 1N2226,A SPECIAL -
1 N1915 1N4006 3-32 1N2228,A 1 N11998 3-4 
1N1916 1N4007 3-32 1N2230,A 1 N12028 3-4 
1N2013 1N4001 3-32 1N2232,A 1 N12048 3-4 
1 N2014 1N4002 3-32 1N2234,A 1 N12048 3-4 
1N2015 1N4003 3-32 1N2236,A 1N12068 3-4 
1N2016 1N4003 3-32 1N2238,A 1 N12068 3-4 
1 N2017 1N4004 3-32 1N2240,A MR1128 3-233 
1 N2018 1N4004 3-32 1N2242,A MR1130 3-233 
1 N2019 1N4004 3-32 1N2244,A SPECIAL -
1N2020 1N4004 3-32 1N2246A 1 N11998 3-4 
1 N2021 1 N1186 - 1N2248A 1N12008 3-4 
1N2022 1 N1188 - 1N2250A 1 N12028 3-4 
1N2023 1N1188 - 1N2252A 1 N12048 3-4 
1N2024 1N1188 - 1N2254A 1 N12048 3-4 
1N2025 1 N1188 - 1N2256A 1 N12068 3-4 
1N2026 1N11998 3-4 1N2258A 1 N12068 3-4 
1N2027 1N12028 3-4 1N2260A MR1128 3-233 
1N2028 1 N12048 3-4 1N2262A MR1130 3-233 
1N2029 1 N12048 3-4 1N2266 1 N11998 3-4 
1N2030 1N12068 3-4 1N2268 1 N12068 3-4 
1N2031 1N12068 3-4 1N2270 1 N12068 3-4 
1N2069,A 1N4003 3-32 1N2282 1 N1188 -
1N2070,A 1N4004 3-32 1N2283 1N1188 -
1 N2071,A 1N4005 3-32 1N2284 1 N1190 -
1N2072 1 N4001 3-32 1N2285 1 N1190 -
1N2073 1N4002 3-32 1N2286 1N3766 -
1N2074 1N4003 3-32 1N2287 1N3768 -
1N2075 1N4003 3-32 1N2348 MR1120 3-233 
1N2076 1N4004 3-32 1N2349 MR1121 3-233 
1N2077 1N4004 3-32 1N2350 MR1122 3-233 
1N2078 1N4004 3-32 1N2446 1N1183 -
1N2079 1N4005 3-32 1N2447 1N1184 -
1N2080 1 N4001 3-32 1N2448 1N1186 -
1 N2081 1N4002 3-32 1N2449 1N1186 -
1N2082 1N4003 3-32 1N2450 1 N1188 -
1N2083 1N4004 3-32 1 N2451 1N1188 -
1N2084 1N4004 3-32 1N2452 1N1188 -
1N2085 1N4005 3-32 1N2453 1 N1188 -

'These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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1 N2454 1 N1190 - 1N2864,A 1N5397 3-41 
1N2455 1 N1190 - 1N2865 1N4007 3-32 
1N2456 1N3766 - 1N3072 1N4001 3-32 
1N2457 1N3766 - 1N3073 1N4002 3-32 
1N2458 1N1183 - 1 N3074 1N4003 3-32 
1N2459 1N1184 - 1 N3075 1N4003 3-32 
1N2460 1N1186 - 1N3076 1N4004 3-32 
1 N2461 1 N1186 - 1 N3077 1N4004 3-32 
1N2462 1 N1188 - 1 N3078 1N4004 3-32 
1N2463 1N1188 - 1N3079 1N4004 3-32 
1N2464 1 N1188 - 1N3080 1N4005 3-32 
1N2465 1 N1188 - 1N3081 1N4005 3-32 
1N2466 1N1190 - 1N3082 1N5393 3-41 
1N2467 1 N1190 - 1N3083 1N5395 3-41 
1N2468 1N3766 - 1N3084 1 N5397 3-41 
1N2469 1N3766 - 1 N3106 1 N4006 3-32 
1N2482 1N4003 3-32 1N3189 1N4003 3-32 
1N2483 1N4004 3-32 1N3190 1N4004 3-32 
1N2484 1N4005 3-32 1 N3191 1N4005 3-32 
1N2485 1N5393 3-41 1N3192 SPECIAL -
1N2486 1N5395 3-41 1N3193 1N4003 3-32 
1N2487 1N5395 3-41 1N3194 1N4004 3-32 
1N2488 1N5397 3-41 1N3195 1N4005 3-32 
1N2489 1N5397 3-41 1 N3196 1N4006 3-32 
1N2491 1 N11998 3-4 1N3208 1N3208 3-5 
1N2492 1N12008 3-4 1N3209 1N3209 3-5 
1N2493 1N12028 3-4 1 N3210 1 N3210 3-5 
1N2494 1 N12048 3-4 1 N3212 1 N3212 3-5 
1N2495 1 N12048 3-4 1N3214 1 N3214 -
1N2496 1N12068 3-4 1N3253 1N4003 3-32 
1N2497 1N12068 3-4 1N3254 1N4004 3-32 
1 N2501 1N4006 3-32 1N3255 1N4005 3-32 
1N2502 1N4007 3-32 1N3256 1N4006 3-32 
1 N2505 1N4006 3-32 1N3486 1N4007 3-32 
1N2506 1N4007 3-32 1 N3491 1 N3491 3-6 
1 N2512 1N1200B 3-4 1N3492 1 N3492 3-6 
1 N2513 1N12028 3-4 1N3493 1N3493 3-6 
1 N2514 1N1204B 3-4 1N3495 1N3495 3-6 
1 N2515 1N1204B 3-4 1N3563 1N4007 3-32 
1 N2516 1N1206B 3-4 1N3569 MR1121 3-233 
1N2517 1N1206B 3-4 1N3570 MR1122 3-233 
1N2609 1N4001 3-32 1N3571 MR1124 3-233 
1 N2610 1N4002 3-32 1N3572 MR1124 3-233 
1 N2611 1N4003 3-32 1N3573 MR1126 3-233 
1 N2612 1N4004 3-32 1 N3574 MR1126 3-233 
1 N2613 1N4004 3-32 1N3611 1N4003 3-32 
1 N2614 1N4005 3-32 1N3612 1N4004 3-32 
1 N2615 1N4005 3-32 1N3613 1N4005 3-32 
1 N2616 1N4006 3-32 1N3614 1N4006 3-32 
1N2617 1N4007 3-32 1N3615 MR1120 3-233 
1N2786 1 N1186 - 1 N3616 MR1121 3-233 
1N2787 1 N1188 - 1 N3617 MR1122 3-233 
1N2788 1N1186 - 1N3618 MR1122 3-233 
1N27S9 1N1188 - 1 N3619 MR1124 3-233 
1N2858,A 1 N5391 3-41 1N3620 MR1124 3-233 
1N2859,A 1N5392 3-41 1N3621 MR1126 3-233 
1N2860,A 1N5393 3-41 1N3622 MR1126 3-233 
1N2861,A 1N5395 3-41 1N3623 MR1128 3-233 
1N2862,A 1N5395 3-41 1N3624 MR1130 3-233 
1N2863,A 1N5397 3-41 1N3639 1N5393 3-41 

'These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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1N3640 1N5395 3-41 1 N4012 MR1128 3-233 
1 N3641 1N5397 3-41 1 N4013 MR1128 3-233 
1N3642 1N5398 3-41 1N4014 MR1130 3-233 
1N3649 MR1128 3-233 1 N4015 MR1130 3-233 
1N3650 MR1128 3-233 1 N4139 1 N4719,MR750 3-33,3-196 
1N3659 1N3659 3-10 1 N4140 1 N4720,MR751 3-33,3-196 
1N3660 1N3660 3-10 1 N4141 1 N4721 ,MR752 3-33,3-196 
1 N3661 1 N3661 3-10 1 N4142 1 N4722,MR754 3-33,3-196 
1N3663 1N3663 3-10 1N4143 1 N4723,MR756 3-33,3-196 
1N3670,A MR1128 3-233 1N4144 1 N4724,MR758 3-33,3-196 
1 N3671,A MR1128 3-233 1N4145 1 N4725,MR760 3-33 
1N3672,A MR1130 3-233 1N4245 1N4003 3-32 
1N3673,A MR1130 3-233 1N4246 1 N4004 3-32 
1N3766 1N3766 - 1N4247 1 N4005 3-32 
1N3768 1N3768 - 1N4248 1N4006 3-32 
1N3866 1N4003 3-32 1N4249 1N4007 3-32 
1N3867 1N4004 3-32 1N4364 1N4002 3-32 
1 N3868 1N4005 3-32 1N4365 1N4003 3-32 
1N3869 1N4007 3-32 1N4366 1N4004 3-32 
1N3879 1N3879 3-12 1N4367 1N4004 3-32 
1N3879A 1N3879 3-12 1N4368 1N4005 3-32 
1N3880 1N3880 3-12 1N4369 1N4005 3-32 
1N3880A 1N3880 3-12 1N4506 SPECIAL -
1 N3881 1 N3881 3-12 1N4507 SPECIAL -
1N3881A 1N3881 3-12 1N4508 SPECIAL -
1N3883 1N3883 3-12 1 N4719 1N4719 3-33 
1N3883A 

I 
1 N3883 3-12 1 N4720 1N4720 3-33 

1N3889 1N3889 3-17 1 N4721 1 N4721 3-33 
1N3889A 1N3889 3-17 1N4722 1N4722 3-33 
1N3890 1N3890 3-17 1 N4723 1 N4723 3-33 
1 N3890A 1N3890 3-17 1N4724 1N4724 3-33 
1 N3891 1N3891 3-17 1N4725 1N4725 3-33 
1N3891A 1 N3891 3-17 1 N4816 1 N5391 3-41 
1N3893 1N3893 3-17 1 N4816GP 1N5391 3-41 
1N3893A 1N3893 3-17 1N4817 1 N5392 3-41 
1N3898 1N5221 B - 1N4817GP 1N5392 3-41 
1N3899 .1 N3899 3-22 1N4818 1N5393 3-41 
1N3900 1N3900 3-22 1 N4818GP 1N5393 3-41 
1 N3901 1N39~1 3-22 1N4819 1N5395 3-41 
1N3903 1N3903 3-22 1 N4819GP 1N5395 3-41 
1N3909 1N3909 3-27 1N4820 1N5395 3-41 
1 N3910 1 N3910 3-27 1N4820GP 1N5395 3-41 
1 N3911 1 N3911 3-27 1N4821 1N5396 3-41 
1 N3913 1 N3913 3-27 1N4821GP 1N5396 3-41 
1N3924 MR1130 3-233 1N4822 1N5397 3-41 
1N3938 SPECIAL - 1N4822GP 1N5397 3-41 
1N3939 SPECIAL - 1N4933GP 1 N4933 3-35 
1N3940 SPECIAL - 1N4934GP 1N4934 3-35 
1N3981 1N4003 3-32 1N4935GP 1N4935 3-35 
1N3982 1N4004 3-32 1N4936GP 1N4936 3-35 
1N3983 1N4005 3-32 1N4937GP 1N4937 3-35 
1 N3987 MR1128 3-233 1N4942 1N4935 3-35 
1N3989 MR1130 3-233 1N4943 1N4936 3-35 
1 N4001 1 N4001 3-32 1N4944 1N4936 3-35 
1N4002 1N4002 3-32 1N4945 1N4937 3-35 
1N4003 1N4003 3-32 1N4946 1N4937 3-35 
1N4004 1N4004 3-32 1N4947 MR817 3-200 
1N4005 1 N4005 3-32 1N4948 MR818 3-200 
1N4006 1N4006 3-32 1N4997 -
1N4007 1N4007 3-32 1N4998 -

-These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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1N4999 - 1N5415 MR850 3-215 
1N5000 - 1N5416 MR851 3-215 
1N5001 - 1N5417 MR852 3-215 
1N5002 - 1N5418 MR854 3-215 
1N5003 - 1N5419 MR856 3-215 
1N5004 1N5392 3-41 1N5420 MR856 3-215 
1N5005 1N5393 3-41 1N5614GP 1N4003 3-32 
1N5006 1N5395 3-41 1N5615GP 1N4935 3-35 
1N5007 1N5397 3-41 1N5616GP 1N4004 3-32 
1N5052 1N5398 3-41 1N5617GP 1N4936 3-35 

1N5053 1N5398 3-41 1N5618GP 1N4005 3-32 
1N5054 1N5399 3-41 1N5619GP 1N4937 3-35 
1N5055 1N4934 3-35 1N5620GP 1N4006 3-32 
1N5056 1N4935 3-35 1N5621GP MR817 3-200 
1N5057 1N4936 3-35 1N5622GP 1N4007 3-32 
1N5058 1N4937 3-35 1N5623GP MR818 3-200 
1N5059GP MR5059 3-260 1N5624,GP MR502 3-190 
1N5060GP MR5060 3-260 1N5625,GP MR504 3-190 
1N5061GP MR5061 3-260 1N5626,GP MR506 3-190 
1N5062GP MR5062 - 1N5627GP MR508 3-190 

1 N5170 1N5391 3-41 1N5812 MUR2505 3-291 
1N5171 1N5391 3-41 1N5813 MUR2510 3-291 
1N5172 1N5392 3-41 1N5814 MUR2510 3-291 
1N5173 1N5395 3-41 1N5815 MUR2515 3-291 
1N5174 1N5395 3-41 1N5816 MUR2515 3-291 
1N5175 1N5397 3-41 1N5817 1N5817 3-47 
1N5176 1N5397 3-41 1N5818 1N5818 3-47 
1N5177 1N5398 3-41 1N5819 1N5819 3-47 
1N5178 1N5399 3-41 1N5820 1N5820 3-51 
1N5185,GP MR850 3-215 1N5821 1N5821 3-51 

1N5186,GP MR851 3-215 1 N5822 1N5822 3-51 
1N5187,GP MR852 3-215 1N5823 1N5823 3-55 
1N5188,GP MR854 3-215 1N5824 1N5824 3-55 
1N5189,GP MR856 3-215 1N5825 1N5825 3-55 
1N5190,GP MR856 3-215 1N5826 1N5826 3-60 
1N5197 MR500 3-190 1N5827 1N5827 3-60 
1N5198 MR501 3-190 1N5828 1N5828 3-60 
1N5199 MR502 3-190 1N5829 1N5829 3-64 
1N5200 MR504 3-190 1N5830 1N5830 3-64 
1N5201 MR506 3-190 1N5831 1N5831 3-64 

1N5206 1N4936 3-35 1N5832 1N5832 3-68 
1N5391GP 1N5391 3-41 1N5833 1N5833 3-68 
1N5392 1 N5392 3-41 1N5834 1N5834 3-68 
1N5392GP 1N5392 3-41 1N5898 1 N4719,MR750 3-33,3-196 
1N5393 1N5393 3-41 1N5899 1 N4720,MR751 3-33,3-196 
1N5393GP 1N5393 3-41 1N5900 1N4721,MR752 3-33,3-196 
1N5394GP 1N5394 3-41 1N5901 1 N4722,MR754 3-33,3-196 
1N5395 1N5395 3-41 1N5902 1N4723,MR756 3-33,3-196 
1N5395GP 1N5395 3-41 1N5903 1N4724,MR758 3-33,3-196 
1N5396GP 1N5396 3-41 1N5904 1 N4725,MR760 3-33,3-196 

1N5397 1N5397 3-41 1N6095 1N6095 3-72 
1N5397GP 1 N5397 3-41 1N6096 1N6096 3-72 
1N5398 1N5398 3-41 1N6097 1N6097 3-76 
1N5398GP 1N5398 3-41 1N6098 1N6098 31-76 
1N5399 1N5399 3-41 1N6457 MBR12045CT 3-148 
1N5399GP 1N5399 3-41 1N6458 MBR12045CT 3-148 
1N5400 1N5400 3-45 1N6459 MBR12045CT 3-148 
1N5401 1N5401 3-45 1N6460 MBR12045CT 3-148 
1N5402 1N5402 3-45 21M 1N4004 3-32 
1N5406 1N5406 3-45 2AF1 MR501 3-190 

'These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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2AF2 MR502 3-190 3Fl0 MRl121 3-233 
, 2AF3 MR504 3-190 3F20 MRl122 3-233 

2AF4 MR504 3-190 3F30 MRl124 3-233 
2AF6 MR506 3-190 3F40 MRl124 3-233 
2AF8 MR508 3-190 3F50 MRl126 3-233 
2AF10 MR510 3-190 3F60 MRl126 3-233 
2AFRl MR851 3-215 3F80 MRl128 3-233 
2AFR2 MR852 3-215 3Fl00 MRl130 3-233 
2AFR3 MR854 3-215 3L03 MR850 3-215 
2AFR4 MR854 3-215 3L05 MR850 3-215 
2AFR6 MR856 3-215 3N246 3N246 3-156 
3Al MR501 3-190 3N247 3N247 3-156 
3A2 MR502 3-190 3N248 3N248 3-156 
3A4 MR504 3-190 3N249 3N249 3-156 
3A05 MR501 3-190 3N250 3N250 3-156 
3A6 MR506 3-190 3N251 3N251 3-156 
3A8 MR508 3-190 3N252 3N252 3-156 
3A15 MR501 3-190 3N253 3N253 3-158 
3A30 MR501 3-190 3N254 3N254 3-158 
3A50 MR501 3-190 3N255 3N255 3-158 
3Al00 MR501 3-190 3N256 3N256 3-158 
3A200 MR502 3-190 3N257 3N257 3-158 
3A300 MR504 3-190 3N258 3N258 3-158 
3A400 MR504 3-190 3N259 3N259 3-158 
3A500 MR506 3-190 3S11 MR501 3-190 
3A600 MR506 3-190 3S12 MR502 3-190 
3A800 MR508 3-190 3S14 MR504 3-190 
3Al000 MR510 3-190 3S16 MR506 3-190 
3AFl MR501 3-190 3S105 MR501 3-190 
3AF2 MR502 3-190 3SFl MR851 3-215 
3AF3 MR504 3-190 3SF2 MR852 3-215 
3AF4 MR504 3-190 3SF4 MR854 3-215 
3AF6 MR506 3-190 3SMO MR510 3-190 
3AF8 MR508 3-190 3SM2 MR502 3-190 
3AF10 MR510 3-190 3SM4 MR504 3-190 
3AFRl MR851 3-215 3SM6 MR506 3-190 
3AFR2 MR852 3-215 3SM8 MR508 3-190 
3AFR3 MR854 3-215 4D4 lN4004 3-32 
3AFR4 MR854 3-215 4D6 lN4005 3-32 
3AFR6 MR856 3-215 4FB5 lN4933 3-35 
3BFl MR501 3-190 4FB10 lN4934 3-35 
3BF2 MR502 3-190 4FB20 lN4935 3-35 
3BF3 MR504 3-190 4FB30 lN4936 3-35 
3BF4 MR504 3-190 4FB40 lN4936 3-35 
3BF6 MR506 3-190 4FC lN4934 3-35 
3BF8 MR508 3-190 4FC5 lN4933 3-35 
3BF10 MR510 3-190 4FC10 lN4934 3-35 
3BFRl MR851 3-215 4FC20 lN4935 3-35 
3BFR2 MR852 3-215 4FC30 lN4936 3-35 
3BFR3 MR854 3-215 4FC40 lN4936 3-35 
3BFR4 MR854 3-215 5A lN4004 3-32 
3BFR6 MR856 3-215 5Al lN4002 3-32 
3CFS10 lN4007 3-32 5A2 lN4003 3-32 
3El MR501 3-190 5A3 lN4004 3-32 
3E2 MR502 3-190 5A4 lN4004 3-32 
3E4 MR504 3-190 5A5 lN4005 3-32 
3E05 MR501 3-190 5A6 lN4005 3-32 
3E6 MR506 3-190 5A8 lN4006 3-32 
3E8 MR508 3-190 5Al0 lN4007 3-32 
3El0 MR510 3-190 6A6F MR1366 3-12 
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6A8F SPECIAL - 10C1 1 N4002, 1 N5391 3-32,3-41 
6A10F SPECIAL - 10C2 1 N4003, 1 N5393 3-32,3-41 
6A700 MR1128 3-233 10C3 1 N4004, 1 N5395 3-32,3-41 
6A800 MR1128 3-233 10C4 1 N4004, 1 N5395 3-32,3-41 
6A900 MR1130 3-233 10C5 1 N4005, 1 N5397 3-32,3-41 
6A1000 MR1130 3-233 10C6 1 N4005, 1 N5397 3-32,3-41 
6AL1 MR751 3-196 10C8 1 N4006, 1 N5398 3-32,3-41 
6AL2 MR752 3-196 10C10 1 N4007, 1 N5399 3-32,3-41 
6AL3 MR754 3-196 1001 1N5392 3-41 
6AL4 MR754 3-196 1002 1N5393 3-41 

6AL6 MR756 3-196 1003 1N5394 3-41 
6ALR1 MR821 3-206 1004 1N5395 3-41 
6ALR2 MR822 3-206 1005 1N5396 3-41 
6ALR3 MR824 3-206 1006 1N5397 3-41 
6ALR4 MR824 3-206 1008 1N5398 3-41 
6ALR6 MR826 3-206 10010 1N5399 3-41 
6F5A MR1120,1N1199B 3-4,3-233 10H3P MR1121 3-233 
6F10A,B MR1121,1N1200B 3-4,3-233 10HR3P 1N3B80 3-12 
6F20A,B MR1122,1N1202B 3-4,3-233 10T0020 MBR1035 3-92 
6F30A,B MR1124,1 N1204B 3-4,3-233 10T0030 MBR1035 3-92 

6F40A,B MR1124,1 N1204B 3-4,3-233 10T0035 MBR1035 3-92 
6F50A,B MR1126,1 N1206B 3-4,3-233 10T0040 MBR1045 3-92 
6F60A,B MR1126,1N1206B 3-4,3-233 10T0045 MBR1045 3-92 
6F70A,B MR1128 3-233 12A6F MR1376 3-17 
6F80A,B MR1128 3-233 12A8F SPECIAL -
6F90A,B MR1130 3-233 12A10F SPECIAL -

6F100A,B MR1130 3-233 12A700 MR1128 3-233 
6FL5 1N3B79 3-12 12ABOO MR1128 3-233 
6FL10 1N3880 3-12 12A900 MR1130 3-233 
6FL20 1N3881 3-12 12A1000 MR1130 3-233 

6FL30 1N3883 3-12 12CT0030 MBR1535CT 3-102 
6FL40 1N3883 3-12 12CT0030 MBR1535CT 3-102 
6FL50 MR1366 3-12 12CT0035 MBR1535CT 3-102 
6FL60 MR1366 3-12 12CT0035 MBR1535CT 3-102 
6FT5 1N3879 3-12 12CT0040 MBR1545CT 3-102 
6FT10 1N3880 3-12 12CT0040 MBR1545CT 3-102 
6FT20 1N3B81 3-12 12CT0045 MBR1545CT 3-102 
6FT30 1N3883 3-12 12CT0045 MBR1545CT 3-102 
6FT40 1N3883 3-12 12F5,A,B MR1120,1N1199B 3-4,3-233 
6FT50 MR1366 3-12 12F10,A,B MR1121,1N1200B 3-4,3-233 

6FT60 MR1366 3-12 12F15,A,B MR1122,1N1202B 3-4,3-233 
6FV5 1N3879 3-12 12F20,A,B MR1122,1 N1202B 3-4,3-233 
6FV10 1N3880 3-12 12F30,A,B MR1124,1N1204B 3-4,3-233 
6FV20 1N3B81 3-12 12F40,A,B MR1124,1N1204B 3-4,3-233 
6FV30 1N3883 3-12 12F50,A,B MR1126,1N1206B 3-4,3-233 
6FV40 1N3BB3 3-12 12F60,A,B MR1126,1N1206B 3-4,3-233 

, 6FV50 MR1366 3-12 12F80B MR1128 3-233 
6FV60 MR1366 3-12 12F100B MR1130 3-233 
B04 1N4004 3-32 12FL5,502 1N38B9 3-17 
B06 1N4005 3-32 12FL 10,502 1N3890 3-17 

10B MR1121 3-233 12FL20,502 1N3891 3-17 
10B1 1N4002 3-32 12FL30,502 1N3893 3-17 
10B2 1N4003 3-32 12FL40,502 1N3893 3-17 
10B3 1N4004 3-32 12FL50,502 MR1376 3-17 
10B4 1N4004 3-32 12FL60,502 MR1376 3-17 
10B5 1N4005 3-32 12FT5 1N3889 3-17 
10B6 1N4005 3-32 12FT10 1N3890 3-17 
10B8 1N4006 3-32 12FT20 1N3891 3-17 
10B10 1N4007 3-32 12FT30 1N3893 3-17 
10BR 1N3880 3-12 12FT40 1N3893 3-17 
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12FT50 MR1376 3-17 20F20 MRl122 3-233 
12FT60 MR1376 3-17 20F30 MRl124 3-233 
12FV5 lN3889 3-17 20F40 MRl124 3-233 
12FV10 lN3890 3-17 20F0020 MBR3520 3-122 
12FV20 lN3891 3-17 20F0030 MBR3535 3-122 
12FV30 lN3893 3-17 20F0035 MBR3535 3-122 
12FV40 lN3893 3-17 20F0040 MBR3545 3-122 
12FV50 MR1376 3-17 20F0045 MBR3545 3-122 
12FV60 MR1376 3-17 20H3P MRl122 3-233 
16F5 MRl120 3-233 20HR3P lN3881 3-12 
16Fl0 MRl121 3-233 21 F0030 MBR3535 3-122 
16F15 MR1122 3-233 21 F0035 MBR3535 3-122 
16F20 MRl122 3-233 21 F0040 MBR3545 3-122 
16F30 MRl124 3-233 21 F0045 MBR3545 3-122 
16F40 MRl124 3-233 25F0010 lN5829 3-64 
16F50 MR1126 3-233 25FOO15 lN5829 3-64 
16F60 MRl126 3-233 25F0020 lN5829 3-64 
16F80 MR1128 3-233 25F0025 1N5830 3-64 
16Fl00 MR1130 3-233 25FOO30 lN5830 3-64 
18FA5 lN4933 3-35 25PW5 lN3491 3-6 

18FA10 lN4934 3-35 25PW10 lN3492 3-6 
18FA20 lN4935 3-35 25PW20 lN3493 3-6 
18FA30 lN4936 3-35 25PW30 lN3494 3-6 
18FA40 lN4936 3-35 25PW40 lN3495 3-6 
18FB5 lN4933 3-35 25PW50 MR328 3-6 
18FB10 lN4934 3-35 25PW60 MR328 3-6 
18FB20 lN4935 3-35 30A6F MR1396 3-27 
18FB30 lN4936 3-35 30A8F SPECIAL -
18FB40 lN4936 3-35 30Al0F SPECIAL -
18FC5 lN4933 3-35 30B MR1123 3-233 
18FC10 lN4934 3-35 30BR lN3882 3-12 
18FC20 lN4935 3-35 30C lN4004 3-32 
18FC30 lN4936 3-35 30CT0030 MBR2535CT 3-114 
18FC40 lN4936 3-35 30CT0035 MBR2535CT 3-114 
20Al lN4002 3-32 30CT0040 MBR2545CT 3-114 
20A2 lN4003 3-32 30CT0045 MBR2545CT 3-114 
20A3 lN4004 3-32 300002 lN5820,MBR320P 3-51 
20A4 lN4004 3-32 300003 IN5821,MBR330P 3-51 
20A5 lN4005 3-32 300004 1 N5822,MBR340P 3-51 
20A6 lN4005 3-32 30F0030 MBR3535 3-122 
20A6F MR1386 3-22 30F030A SPECIAL -
20A8 lN4006 3-32 30F035A SPECIAL -
20A8F SPECIAL - 30F040A SPECIAL -
20Al0 lN4007 3-32 30F0045 MBR3545 3-122 
20Al0F SPECIAL - 30F045A SPECIAL -
20B MRl122 3-233 30H3P MR1123 3-233 
20BR 1 N3881 3-12 30HR3P lN3882 3-12 
20CTQ030 MBR2035CT 3-106 300HC030 SPECIAL -
20CTQ035 MBR2035CT 3-106 30QHC045 SPECIAL -
20CTQ040 MBR2045CT 3-106 30S1 MR501 3-190 
20CTQ045 MBR2045CT 3-106 30S2 MR502 3-190 
2001 lN5392 3-41 30S3 MR504 3-190 
2002 lN5393 3-41 30S4 MR504 3-190 
2003 lN5394 3-41 30S5 MR506 3-190 
2004 lN5395 3-41 30S6 MR506 3-190 
2005 lN5396 3-41 30S8 MR508 3-190 
2006 lN5397 3-41 30S10 MR510 3-190 
2008 lN5398 3-41 40A50 lNl183A -
20010 lN5399 3-41 40Al00 lNl184A -
20Fl0 MRl121 3-233 40A200 lNl186A -
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40A400 lNl188A - 80B MRl128 3-233 
40A600 lNl190A - 80C lN4006 3-32 
40B MRl124 3-233 80H3P MRl128 3-233 
40BR lN3883 3-12 80S0030 1 N5824,SPECIAL 3-25 
40C lN4004 3-32 80S0035 lN5825,SPECIAL 3-25 
4001 lN5401 3-32 80S0040 1 N5825,SPECIAL 3-25 
4002 lN5402 3-32 80S0045 1 N5825,SPECIAL 3-25 
4004 lN5404 3-32 100B MRl130 3-233 
4006 lN5406 3-32 100C lN4007 3-32 
4008 lN5407 3-32 100H3P MRl130 3-233 

40H3P MRl124 3-233 363A MR850 3-215 
40HF5 lNl183A - 363B MR851 3-215 
40HF10 lNl184A - 3630 MR852 3-215 
40HF15 lNl186A - 363F MR854 3-215 
40HF20 lNl186A - 363H MR854 3-215 
40HF30 lNl188A - 363K MR856 3-215 
40HF40 lNl188A - 363M MR856 3-215 
40HF50 lNl190A - 388A lN4933 3-35 
40HF60 lNl190A - 388B lN4934 3-35 
40HR3P lN3883 3-12 388C lN4935 3-35 

40SLOl MR851,MR821 3-215,233 3880 lN4935 3-35 
40SL02 MR852,MR822 3-215,233 388F lN4936 3-35 
40SL04 MR854,MR824 3-215,233 388H lN4936 3-35 
40SL05 MR850,MR820 3-215,233 388K lN4937 3-35 
40SL06 MR856,MR826 3-215,233 388M lN4937 3-35 
50H3P MRl125 3-233 407A MRl120,lNl199B 3-4,3-233 
50H0020 MBR6020 - 407B MRl121,lN1200B 3-4,3-233 
50H0030 MBR6035 3-130 407C MRl122,lN1202B 3-4,3-233 
50H0035 MBR6035 3-130 4070 MRl122,lN1202B 3-4,3-233 
50H0040 MBR6045 3-130 407F MRl124,1 N1204B 3-4,3-233 

50H0045 MBR6045 3-130 407H MRl124,1 N1204B 3-4,3-233 
51H0045 MBR6045 3-130 407K MRl126,lN1206B 3-4,3-233 
52H0030 MBR6035 3-130 407M MRl126,lN1206B 3-4,3-233 
52H0035 MBR6035 3-130 408A MRl120,lNl199B 3-4,3-233 
52H0040 MBR6045 3-130 408B MRl121,lN1200B 3-4,3-233 
52H0045 MBR6045 3-130 408C MRl122,lN1202B 3-4,3-233 
60B MRl126 3-233 4080 MRl122,lN1202B 3-4,3-233 
60BR MR1366 3-12 408F MRl124,lN1204B 3-4,3-233 
60C lN4005 3-32 408H MRl124,1 N1204B 3-4,3-233 
60CR lN4937 3-35 408K MRl126,lN1206B 3-4,3-233 

60H3P MRl126 3-233 408M MRl126,lN1206B 3-4,3-233 
60HF10 lNl184A - 409A MRl120,lNl199B 3-4,3-233 
60HF20 lNl186A - 409B MRl121,lN1200B 3-4,3-233 
60HF30 lNl187A - 409C MRl122,lN1202B 3-4,3-233 
60HF40 lNl188A - 4090 MRl122,lN1202B 3-4,3-233 
60HF50 lNl189A - 409F MRl124,lN1204B 3-4,3-233 
60HF60 lNl190A - 409H MRl124,1 N1204B 3-4,3-233 
60HR3P MR1366 3-12 409K MRl126,lN1206B 3-4,3-233 
60S1 MR751,MR501 3-190,3-19! 409M MRl126,lN1206B 3-233 
60S2 MR752,MR502 3-190,3-19! 417F lNl196 -
60S3 MR754,MR504 3-190,3-19! 417H lNl196 -
60S4 MR754,MR504 3-190,3-19! 417K lNl198 -
60S5 MR756,MR506 3-190,3-19 417M lNl198 -
60S6 MR756,MR506 3-190,3-19 418A lNl183 -
60S8 MR758,MR508 3-190,3-19 418B lNl184 -
60S10 MR760,MR510 3-190,3-19 418C lNl186 -
75H0030 MBR7530 3-142 4180 lNl186 -
75H0035 MBR7535 3-142 418F lNl188 -
75H0040 MBR7540 3-142 418H lNl188 -
75H0045 MBR7545 3-142 418K lNl190 -
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418M 1N1190 - A40B 1N1194 -
419A 1N1183A - A40C 1 N3211 3-S 
419B 1Nl184A - A40C 1 N119S -
419C 1N1186A - A40D 1N3212 3-S 
419D 1N1186A - A40D lNl196 -
419F lNl188A - A40E 1 N3213 -
419H lNl18BA - A40E 1 N1197 -
419K lN1190A - A40F 1N3208 3-S 
419M 1N1190A - A40F 1 N1191 -
40108 MR1120,1N1199B 3-4,3-233 A40M 1N3214 -
40109 MR1121,lN1200B 3-4,3-233 A40M 1N1198 -
40110 MR1122,lN1202B 3-4,3-233 A44A 1N3492 3-6 
40111 MR1123,1N1204B 3-4,3-233 A44B lN3493 3-6 
40112 MRl124,lN1204B 3-4,3-233 A44C 1N3494 3-6 
40113 MRl12S,1N1206B 3-4,3-233 A44D lN349S 3-6 
40114 MR1126,1N1206B 3-4,3-233 A44E MR327 3-6 
40115 MR1128 3-233 A44F lN3491 3-6 
40208 lN248B - A44M MR328 3-6 
40209 1N249B - A50 1 N4001 3-32 
40210 1N250B - Al00 1N4002 3-32 
40211 1 Nl196 - Al14A 1N4934 3-35 
40212 1 N1196 - A114B 1N4935 3-3S 
40213 1N1198 - A114C 1N4936 3-35 
40214 1N1198 - A114D lN4936 3-35 
40266 MR501 3-190 Al14E 1N4937 3-35 
40267 MR502 3-190 Al14F 1N4933 3-35 
40642 MR817 3-200 A114M 1N4937 3-35 
40643 MR817 3-200 A114N MR817 3-200 
40644 MR817 3-200 A115A MR851 3-215 
40956 MR870 3-228 Al15B MR852 3-215 
40957 MR871 3-228 A115C MR854 3-215 
40958 MR872 3-228 A115D MR854 3-21S 
40959 MR874 3-228 A115E MR856 3-215 
40960 MR876 3-228 A115F MR850 3-21S 
A14A lN4002 3-32 A115M MR856 3-215 
A14B lN4003 3-32 A129E MR1376 3-17 
A14C 1N4004 3-32 A129M MR1376 3-17 
A14D lN4004 3-32 A139E MR1386 3-22 
A14E 1N4005 3-32 A139M MR1386 3-22 
A14F 1N4001 3-32 A300 lN4004 3-32 
A14M lN4005 3-32 A327A MR1121 3-233 
A14N 1N4006 3-32 A327B MR1122 3-233 
A14P 1N4007 3-32 A327C MR1124 3-233 
A15A MR501 3-190 A327F MR1120 3-233 
A1SB MR502 3-190 ASOO lN400S 3-32 
A15C MRS04 3-190 A800 1N4006 3-32 
A1SD MR504 3-190 Al000 lN4007 3-32 
A1SE MRS06 3-190 AASO 1 N4001 3-32 
A1SF MRS01 3-190 AAl00 lN4002 3-32 
A1SM MR506 3-190 AA200 1N4003 3-32 
A1SN MRS08 3-190 AA300 1N4004 3-32 
A18A 1N3890 3-17 AA400 lN4004 3-32 
A28A lN3890 3-17 AASOO 1N400S 3-32 
A28B 1N3891 3-17 AA600 1N400S 3-32 
A28C 1N3892 3-17 AA800 1N4006 3-32 
A28D 1N3893 3-17 AA1000 1N4007 3-32 
A28F lN3889 3-17 ABSO MRSOl 3-190 
A40A 1N3209 3-5 AB100 MRS01 3-190 
A40A 1 N1192 - AB200 MR502 3-190 
A40B lN3210 3-S AB300 MR504 3-190 
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AB400 MRS04 3-190 BFS-20L MRS02 3-190 
ABSOO MRS06 3-190 BFS-40L MRS04 3-190 
AB600 MRS06 3-190 BFS-60L MRS06 3-190 
ABBOO MRSOB 3-190 BFS-80L MR50B 3-190 
AB1000 MRS10 3-190 BFS-100L MR510 3-190 
AC50 MRS01 3-190 BF6-0SL MR501 3-190 
AC100 MR501 3-190 BF6-10L MRS01 3-190 
AC200 MRS02 3-190 BF6-20L MRS02 3-190 
AC300 MRS04 3-190 BF6-40L MRS04 3-190 
AC400 MRS04 3-190 BF6-60L MRS06 3-190 
ACSOO MRS06 3-190 BF6-80L MRSOB 3-190 
AC600 MRS06 3-190 BF6-100L MRS10 3-190 
ACBOO MRSOB 3-190 BY1B 1N38B2 3-12 
AC880 MRS08 3-190 BY101 BYX79,MR1124 -
AC1000 MRS10 3-190 BY102 1N4003 -
AR16 1N4001 3-32 BY106 BY126,1NS398 3-41 
AR17 1N4002 3-32 BY107 BY126,1 N5398 3-41 
AR18 1N4003 3-32 BY111 1N4001 3-32 
AR19 1N4004 3-32 BY112 1N4004 3-32 
AR20 1N4004 3-32 BY113 1N4003 3-32 

AR21 1N400S 3-32 BY114 BY126,1NS398 3-41 
AR22 1N400S 3-32 BY116 1N4004 3-32 
AR23 1N4006 3-32 BY117 BY126,1N5398 3-41 
AR24 1N4007 3-32 BY118 BY126,1NS398 3-41 
AR2SA MR2500 3-246 BY121 1N4001 3-32 
AR2SB MR2S01 3-246 BY123 1N4003 3-32 
AR2SD MR2S02 3-246 BY124 1N4004 3-32 
AR25F MR2S04 3-246 BY12S 1N4004 3-32 
AR2SG MR2504 3-246 BY126 1N4006 3-32 
AR2SH MR2506 3-246 BY128 1N4007 3-32 

AR2SJ MR2506 3-246 BY141 1N4001 3-32 
AR2SK MR250B 3-246 BY201 BYX7S,MR1120 3-233 
AR2SM MR2510 3-246 BY202 BYX76,MR1121 3-233 
BSO 1N4001 3-32 BY203 BYX77,MR1122 3-233 
B100 1N4002 3-32 BY204 BYX78,MR1124 3-233 
B200 1N4003 3-32 BY20S BYX78,MR1124 3-233 
B300 1N4004 3-32 BY206 BYX79,MR1126 3-233 
B400 1N4004 3-32 BY207 BYX79,MR1126 3-233 
BSOO 1N400S 3-32 BY20B BYX80,MR112B 3-233 
B600 1N400S 3-32 BY209 BYX81,MR1130 3-233 

BBOO 1N4006 3-32 BY211 BYX7S,MR1120 3-233 
B1000 1N4007 3-32 BY212 BYX76,MR1121 3-233 
BASO 1N4001 3-32 BY213 BYX77,MR1122 3-233 
BA100 1N4002 3-32 BY214 BYX78,MR1124 3-233 
BA200 1N4003 3-32 BY21S BYX7B,MR1124 3-233 
BA300 1N4004 3-32 BY216 BYX79,MR1126 3-233 
BA400 1N4004 3-32 BY217 BYX79,MR1126 3-233 
BA500 1N4005 3-32 BY21B BYXBO,MR112B 3-233 
BA600 1N4005 3-32 BY219 BYXB1,MR1130 3-233 
BABOO 1N4006 3-32 BY229-200 MURB20 -

BA1000 1N4007 3-32 BY229-400 MURB40 -
BF4-0SL 1N4001 3-32 BY229-600 MURB60 -
BF4-10L 1N4002 3-32 BY229-BOO MURBBO -
BF4-20L 1N4003 3-32 BY239-200 MR2402 -
BF4-40L 1N4004 3-32 BY239-400 MR2404 -
BF4-60L 1N400S 3-32 BY239-600 MR2406 -
BF4-80L 1N4006 3-32 BY239-BOO C.F. -
BF4-100L 1N4007 3-32 BY239-1000 C.F. -
BF5-0SL MRS01 3-190 BY2001 BYXB1,MR1130 3-233 
BF5-10L MR501 3-190 BY2002 BYX81,MR1130 3-233 
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BY2101 BYX81,MR1130 3-233 BYX38-1200,R MR1130 3-233 
BY2102 BYX81,MR1130 3-233 BYX42-300,R MR1122 3-233 
BY2201 BYX81,MR1130 3-233 BYX42-600,R MR1124 3-233 
BY2202 BYX81,MR1130 3-233 BYX42-900,R MR1126 3-233 
BYV19-30 MBR1035 3-92 BYX42-1200,R MR1128 3-233 
BYV19-35 MBR1035 3-92 BYX48/300 MR1124 3-233 
BYV19-40 MBR1045 3-92 BYX48 1600 MR1126 3-233 
BYV19-45 MBR1045 3-92 BYX48 1900 MR1130 3-233 
BYV32-50 BYV32-50 - BYX20200R 1N3493R -
BYV32-50 MUR1605CT 3-286 BYX21100 1N3492 3-6 
BYV32-100 BYV32-100 - BYX21200 1N3493 3-6 
BYV32-100 MUR1610CT 3-286 BYX21200R 1N3493R -
BYV32-150 BYV32-150 - BYX36150 1N4003 3-32 
BYV32-150 MUR1615CT 3-286 BYX36300 1N4003 3-32 
BYV32-200 BYV32-200 - BYX36600 1N4004 3-32 
BYV32-200 MUR1620CT 3-286 BYX216400 1N3495 3-6 
BYV33-30 MBR2035CT 3-106 BYY20 1N3493R -
BYV33-35 MBR2035CT 3-106 BYY20/200 1N3493R -
BYV33-40 MBR2045CT 3-106 BYY21 1200 1N3493R -
BYV33-45 MBR2045CT 3-106 BYY31 1N4003 3-32 

BYV43-30 MBR2535CT 3-106 BYY32 1N4003 3-32 
BYV43-35 MBR2535CT 3-106 BYY33 1N4004 3-32 
BYV43-40 MBR2545CT 3-106 BYY34 1N4004 3-32 
BYV43-45 MBR2545CT 3-106 BYY35 BY127,1N5397 3-41 
BYW29-50 BYW29-50 - BYY36 BY126,1N5399 3-41 
BYW29-50 MUR805 3-275 BYY37 BY127,1N5399 3-41 
BYW29-100 BYW29-100 - CER67,A,B,C 1 N4001 3-32 
BYW29-100 MUR810 3-275 CER68,A,B,C 1N4002 3-32 
BYW29-150 BYW29-150 - CER69,A,B,C 1N4003 3-32 
BYW29-150 MUR815 3-275 CER70,A,B,C 1N4004 3-32 

BYW29-600 MUR860 3-275 CER71,A,B,C 1N4005 3-32 
BYW29-700 MUR870 3-275 CER72,A,B,C,0 1N4006 3-32 
BYW29-800 MUR880 3-275 CER73,A,B,C,0 1N4007 3-32 
BYW30-50 SPECIAL - CER500,A,B,C 1N4005 3-32 
BYW30-100 SPECIAL - 050 1 N4001 3-32 
BYW30-150 SPECIAL - 0100 1N4002 3-32 
BYW31-50 SPECIAL - 0300 1N4004 3-32 
BYW31-100 SPECIAL - 0500 1N4005 3-32 
BYW31-150 SPECIAL - 0800 1N4006 3-32 
BYW51-50 MUR1605CT 3-286 D1000 1N4007 3-32 
BYW51-100 MUR1610CT 3-286 D1201A 1N4002 3-32 
BYW51-150 MUR1615CR 3-286 D1201B 1N4003 3-32 
BYW80-50 MUR805 3-275 01201D 1N4004 3-32 
BYW80-50R MUR805R 3-275 01201F 1 N4001 3-32 
BYW80-100 MUR810 3-275 01201M 1N4005 3-32 
BYW80-100R MUR810R 3-275 01201N 1N4006 3-32 
BYW80-150 MUR815 3-275 01201P 1N4007 3-32 
BYW80-150R MUR815R 3-275 D2201A 1N4934 3-6 
BYW80-200 MUR820 3-275 02201B 1N4935 3-6 
BYX21L100 1N3492 3-6 02201 D 1N4936 3-6 

BYX21L200 1N3493 3-6 D2201F 1N4933 3-6 
BYX21L400R 1N3495R - D2201M 1N4937 3-6 
BYX30-200,R 1 N3901 3-22 02201N MR816 3-200 
BYX30-300,R 1N3902 3-22 02406A 1N3880 3-12 
BYX30-400,R 1N3903 3-22 D2406B 1N3881 3-12 
BYX30-500,R MR1386 3-22 02406C 1N3882 3-12 
BYX30-600, R MR1386 3-22 02406D 1N3883 3-12 
BYX38-300,R MR1122 3-233 D2406F 1N3879 3-12 
BYX38-600,R MR1126 3-233 02406M MR1366 3-12 
BYX38-900,R MR1130 3-233 02412A 1N3890 3-17 
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02412B 1N3891 3-17 ED8307 MR1366 3-12 
D2412C 1N3892 3-17 ED8310 MR1376 3-17 
D2412D 1N3893 3-17 EM501 1N4002 3-32 
D2412F 1N3889 3-17 EM502 1N4003 3-32 
D2412M MR1376 3-17 EM503 1N4004 3-32 
D2520A 1N3900 3-22 EM504 1N4004 3-32 
D2520B 1N3901 3-22 EM505 1N4005 3-32 
D2520C 1N3902 3-22 EM506 1N4005 3-32 
D2520D 1N3903 3-22 EM508 1N4006 3-32 
D2520F 1N3899 3-22 EM510 1N4007 3-32 

D2520M MR1386 3-22 ER1 1N4001 3-32 
D2540A 1N3910 3-27 ER2 1N4935 3-35 
D2540B 1N3911 3-27 ER4 1N4936 3-35 
D2S40C 1N3912 3-27 ER6 1N4937 3-35 
D2540D 1N3913 3-27 ER11 1N4002 3-32 
D2S40F 1N3909 3-27 ER21 1N4003 3-32 
D2S40M MR1396 3-27 ER31 1N4004 3-32 
D2601A MR811 3-200 ER41 1N4004 3-32 
D2601B MR812 3-200 ER51 1N400S 3-32 
D2601D MR814 3-200 ER61 1N4005 3-32 

D2601F MR810 3-200 ER81 1N4006 3-32 
D2601M MR816 3-200 ER181 1N4001 3-32 
D2601N MR818 3-200 ER182 1N4002 3-32 
DI-42 1N4003 3-32 ER183 1N4003 3-32 
DI-44 1N4004 3-32 ER184 1N4004 3-32 
DI-46 1N400S 3-32 ER185 1N400S 3-32 
DI-48 1N4006 3-32 ER186 1N4006 3-32 
DI-52 1N4003 3-32 ER187 1N4007 3-32 
DI-54 1N4004 3-32 ER2000 MRS01 3-190 
DI-56 1N400S 3-32 ER2001 MRS01 3-190 

DI-58 1N4006 3-32 ER2002 MRS02 3-190 
DI-72 1N4003 3-32 ER2003 MRS04 3-190 
DI-74 1N4004 3-32 ER2004 MRS04 3-190 
DI-76 1N4005 3-32 ER2005 MRS06 3-190 
DI-78 1N4006 3-32 ER2006 MRS06 3-190 
DI-410 1N4007 3-32 ESAB82-4 MBR1545CT 3-102 
DI-510 1N4007 3-32 ESAC25-02 MUR820 3-27S 
DI-710 1N4007 3-32 ESAC2S-04 MUR840 3-275 
DSR1201 MR501 3-190 ESAC82-4 MSR1545CT 3-102 
DSR1203 MR504 3-190 ESAC83-4 MSR3045PT 3-120 

DSR1205 MR506 3-190 ESM980-100 MUR1510 3-281 
DT230A 1N4002 3-32 ESM980-200 MUR1520 3-281 
DT230F 1N4001 3-32 ESM980-300 MUR1530 3-281 
DT230G 1N4003 3-32 ESM980-400 MUR1540 3-281 
DT230H 1N4004 3-32 F1 1N4934 3-3S 
E1 1N4002 3-32 F2 1N4935 3-35 
E2 1N4003 3-32 F3 1N4004 3-32 
E3 1N4004 3-32 F4 1N4004 3-32 
E4 1N4004 3-32 F5 1N4937 3-35 
E6 1N4005 3-32 F6 1N400S 3-32 

E8 1N4006 3-32 F8 1N4006 3-32 
E10 1N4007 3-32 F10 1N4007 3-32 
EASD83-4 MSR3045PT 3-120 F12100S MR1130 3-233 
ED3100 1N4001 3-32 FE8A MUR80S 3-275 
ED3101 1N4002 3-32 FE8S MUR810 3-275 
ED3102 1N4003 3-32 FE8C MUR81S 3-275 
ED3104 1N4004 3-32 FE8D MUR820 3-275 
ED3106 1N4005 3-32 FE8F MUR830 3-275 
E03108 1N4006 3-32 FE8G MUR840 3-275 
ED3110 1N4007 3-32 FE16A MUR1605CT 3-286 
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FE16B MUR1610CT 3-286 GER4001 1N4001 3-32 
FE16C MUR1615CT 3-286 GER4002 1N4002 3-32 
FE16D MUR1620CT 3-286 GER4003 1N4003 3-32 
FE16F MUR1640CT 3-286 GER4004 1N4004 3-32 
FE16G MUR1640CT 3-286 GER4005 1N4005 3-32 
FR1 1N4934 3-35 GER4006 1N4006 3-32 
FR2 1N4935 3-35 GER4007 1N4007 3-32 
FR3 1N4936 3-35 GI500 MR500 3-190 
FR4 1N4936 3-35 GI501 MR501 3-190 
FR6 1N4937 3-35 GI502 MR502 3-190 

FRP805 MUR805 3-275 GI504 MR504 3-190 
FRP810 MUR810 3-275 GI506 MR506 3-190 
FRP815 MUR815 3-275 GI508 MR508 3-190 
FRP820 MUR820 3-275 GI510 MR510 3-190 
FRP1605 MUR1505 3-281 GI750 MR750 3-196 
FRP1605CC MUR1505CT - GI751 MR751 3-196 
FRP1610 MUR1510 3-281 GI752 MR752 3-196 
FRP1610CC MUR1510CT - GI754 MR754 3-196 
FRP1615 MUR1515 3-281 GI756 MR756 3-196 
FRP1615CC MUR1515CT - GI758 MR758 -

FRP1620 MUR1520 3-281 GI810 MR810 3-200 
FRP1620CC MUR1520CT - GI811 MR811 3-200 
G1 1N4002 3-32 GI812 MR812 3-200 
G1A 1N4001 3-32 GI814 MR814 3-200 
G1B 1N4002 3-32 GI816 MR816 3-200 
G1D 1N4003 3-32 GI817 MR817 3-200 
G1F 1N4004 3-32 GI818 MR818 3-200 
G1G 1N4004 3-32 GI820 MR820 3-206 
G1H 1N4005 3-32 GI821 MR821 3-206 
G1J 1N4005 3-32 GI822 MR822 3-206 
G1K 1N4006 3-32 GI824 MR824 3-206 
G1M 1N4007 3-32 GI826 MR826 3-206 
G2A 1N5391 3-41 GI850 MR850 3-215 
G2B 1N5392 3-41 GI851 MR851 3-215 
G2D 1N5393 3-41 GI852 MR852 3-215 
G2G 1N5395 3-41 GI854 MR854 3-215 
G2J 1N5397 3-41 GI856 MR856 3-215 
G2K 1N5398 3-41 GI910 MR910 -
G2M 1N5399 3-41 GI911 MR911 -
G3A MR500 3-190 GI912 MR912 -

G3B MR501 3-190 GI914 MR914 -
G3D MR502 3-190 GI916 MR916 -
G3F MR504 3-190 GI917 MR917 -
G3G MR504 3-190 GI918 MR918 -
G3H MR506 3-190 GI1401 MUR805 3-275 
G3J MR506 3-190 GI1402 MUR810 3-275 
G3K MR508 3-190 GI1403 MUR815 3-275 
G3M MR510 3-190 GI1404 MUR820 3-275 
G6 1N4005 3-32 GI2401 MUR1605 3-286 
G8 1N4006 3-32 GI2402 MUR1610 3-286 

G10 1N4007 3-32 GI2403 MUR1615 3-286 
G100A 1N4001 3-32 GI2404 MUR1620 3-286 
G100B 1N4002 3-32 GI2500 MR2500 3-246 
G100D 1N4003 3-32 GI2501 MR2501 3-246 
G100F 1N4004 3-32 GI2502 MR2502 3-246 
G100G 1N4004 3-32 GI2504 MR2504 3-246 
G100H 1N4005 3-32 GI2506 MR2506 3-246 
G100J 1N4005 3-32 GI2508 MR2508 3-246 
G100K 1N4006 3-32 GI2510 MR2510 3-246 
G100M 1N4007 3-32 GP10A 1 N4001 3-32 
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GP10B 1N4002 3-32 HC71 1N4005 3-32 
GP10D 1N4003 3-32 HC72 1N4006 3-32 
GP10G 1N4004 3-32 HC73 1N4007 3-32 
GP10J 1N4005 3-32 HC300 1N4722 3-33 
GP10K 1N4006 3-32 HC500 1N4723 3-33 
GP10M 1N4007 3-32 HFR-5 1N4933 3-35 
GP15A 1 N5391 3-41 HFR-10 1N4934 3-35 
GP15B 1N5392 3-41 HFR-150 1N4935 3-35 
GP15D 1N5393 3-41 HFR-200 1N4935 3-35 
GP15G 1N5395 3-41 HGR-5 1N4001 3-32 
GP15J 1N5397 3-41 HGR-10 1N4002 3-32 
GP15K 1N5398 3-41 HGR-20 1N4003 3-32 
GP15M 1N5399 3-41 HGR-30 1N4004 3-32 
GP20A 1 N5391 3-41 HGR-40 1N4004 3-32 
GP20B 1N5392 3-41 HGR-60 1N4005 3-32 
GP20D 1N5393 3-41 HR100 1 N5401 3-45 
GP20G 1N5395 3-41 HR200 1N5402 3-45 
GP20J 1N5397 3-41 HR400 1N5404 3-45 
GP20K 1N5398 3-41 HR600 1N5406 3-45 
GP20M 1N5399 3-41 HRF100 MR851 3-215 

GP25A MR500 3-190 HRF200 MR852 3-215 
GP25B MR501 3-190 HRF400 MR854 3-215 
GP25D MR502 3-190 HRF600 MR856 3-215 
GP25G MR504 3-190 ITS5817 1N5817 3-47 
GP25J MR506 3-190 ITS5818 1N5818 3-47 
GP25K MR508 3-190 ITS5819 1 N5819 3-47 
GP25M MR510 3-190 ITS5823 1N5823 3-55 
GP30A MR500 3-190 ITS5824 1N5824 3-55 
GP30B MR501 3-190 ITS5825 1N5825 3-55 
GP30D MR502 3-190 J-1 1N4002 3-32 

GP30G MR504 3-190 J-2 1N4003 3-32 
GP30J MR506 3-190 J-4 1N4004 3-32 
GP30K MR508 3-190 J-05 1N4001 3-32 
GP30M MR510 3-190 J-6 1N4005 3-32 
GP80A MR2400 3-236 J-8 1N4006 3-32 
GP80B MR2401 3-236 J-10 1N4007 3-32 
GP80D MR2402 3-236 MO 1N4007 3-32 
GP80G MR2404 3-236 M2 1N4003 3-32 
GP80J MR2406 3-236 M4 1N4004 3-32 
GP80K MR2408 - M6 1N4005 3-32 

GP80M MR2410 - M8 1N4006 3-32 
GR1 1N4934 3-35 M67,A,B,C 1 N4001 3-32 
GR2 1N4935 3-35 M68,A,B,C 1N4002 3-32 
GR4 1N4936 3-35 M69,A,B,C 1N4003 3-32 
GR6 1N4937 3-35 M70,A,B,C 1N4004 3-32 
H800 1N4006 3-32 M71,A,B,C 1N4005 3-32 
H1000 1N4007 3-32 M72,A,B,C 1N4006 3-32 
HB50 MR501 3-190 M73,A,B,C 1N4007 3-32 
HB100 MR501 3-190 M100A 1N4001 3-32 
HB200 MR502 3-190 M100B 1N4002 3-32 

HB300 MR504 3-190 M100D 1N4003 3-32 
HB400 MR504 3-190 M100F 1N4004 3-32 
HB500 MR506 3-190 M100G 1N4004 3-32 
HB600 MR506 3-190 M100H 1N4005 3-32 
HB800 MR508 3-190 M100J 1N4005 3-32 
HB1000 MR510 3-190 M100K 1N4006 3-32 
HC67 1 N4001 3-32 M100M 1N4007 3-32 
HC68 1N4002 3-32 M500,A,B,C 1N4005 3-32 
HC69 1N4003 3-32 MB214 1N4934 3-35 
HC70 1N4004 3-32 MB215 1N4935 3-35 
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MB217 1N4936 3-35 MBR1635 MBR1635 3-104 
MB218 1N4937 3-35 MBR1645 MBR1645 3-104 
MB219 1N4937 3-35 MBR2035CT MBR2035CT 3-106 
MB220 MR817 3-200 MBR2045CT MBR2045CT 3-106 
MB221 1N4934 3-35 MBR2520 MBR2520 3-J10 
MB222 1N4935 3-35 MBR2530 MBR2530 3-110 
MB224 1N4936 3-35 MBR2540 MBR2540 3-110 
MB225 1N4937 3-35 MBR2535CT MBR2535CT 3-114 
MB226 1N4937 3-35 MBR2545CT MBR2545CT 3-114 
MB228 MR501 3-190 MBR3020CT MBR3020CT 3-116 

MB229 MR502 3-190 MBR3035CT MBR3035CT 3-116 
MB230 MR504 3-190 MBR3035PT MBR3035PT 3-120 
MB231 MR504 3-190 MBR3045CT MBR3045CT 3-116 
MB232 MR506 3-190 MBR3045PT MBR3045PT 3-120 
MB233 MR506 3-190 MBR3520 MBR3520 3-122 
MB234 MR508 3-190 MBR3535 MBR3535 3-122 
MB235 MR510 3-190 MBR3545,H,H1 MBR3545,H,H1 3-122 
MB236 1N4002 3-32 MBR4020 MBR4020 3-126 
MB237 1N4003 3-32 MBR4030 MBR4030 3-126 
MB238 1N4004 3-32 MBR4040 MBR4040 3-126 

MB239 1 N4004 3-32 MBR5825,H,H1 MBR5825,H,H1 3-59 
MB240 1N4005 3-32 MBR5831,H,H1 MBR5831,H,H1 3-64 
MB241 1N4005 3-32 MBR6035,B MBR6035 3-130 
MB242 1N4006 3-32 MBR6035PF MBR6035PF 3-134 
MB243 1N4007 3-32 MBR6045,B MBR6045 3-130 
MB244 1N4002 3-32 MBR6045,H,H1 MBR6045,H,H1 3-130 
MB245 1N4003 3-32 MBR6045PF MBR6045PF 3-134 
MB246 1N4004 3-32 MBR6535 MBR6535 3-138 
MB247 1N4004 3-32 MBR6545 MBR6545 3-138 
MB248 1N4005 3-32 MBR7520 MBR7520 3-142 

MB249 1N4005 3-32 MBR7530 MBR7530 3-142 
MB250 1N4006 3-32 MBR7535 MBR7535 3-142 
MB251 1N4007 3-32 MBR7545 MBR7545 3-142 
MBR030 MBR030 3-80 MBR8035 MBR8035 3-144 
MBR040 MBR040 3-80 MBR8045 MBR8045 3-144 
MBRl15P MBR115P 3-47 MBR12035CT MBR1?{)35CT 3-148 
MBR120P MBR120P 3-47 MBR12045CT MBRt2045CT 3-148 
MBR130P MBR130P 3-47 MBR12050CT MBR12050CT 3-148 
MBR140P MBR140P 3-47 MBR12060CT MBR12060CT 3-148 
MBR320 MBR320 3-82 MBR20035CT MBR20035CT 3-150 

MBR320M MBR320M 3-86 MBR20045CT MBR20045CT 3-150 
MBR320P MBR320P 3-51 MBR20050CT MBR20050CT 3-150 
MBR330 MBR330 3-82 MBR20060CT MBR20060CT 3-150 
MBR330M MBR330M 3-86 MBR30035CT MBR30035CT 3-152 
MBR330P MBR330P 3-51 MBR30045CT MBR30045CT 3-152 
MBR340 MBR340 3-82 MBRL030/040 MBRL030/040 3-154 
MBR340M MBR340M 3-86 MDA100A MDA100A 3-156 
MBR340P MBR340P 3-51 MDA101A MDA101A 3-156 
MBR350 MBR350 3-82 MDA102A MDA102A 3-156 
MBR360 MBR360 3-82 MDA104A MDA104A 3-156 

MBR735 MBR735 3-90 MDA106A MDA106A 3-156 
MBR745 MBR745 3-90 MDA108A MDA108A 3-156 
MBR1035 MBR1035 3-92 MDA110A MDA110A 3-156 
MBR1045 MBR1045 3-92 MDA200A MDA200A 3-158 
MBR1060 MBR1060 3-96 MDA201A MDA201A 3-158 
MBR1520 MBR1520 3-98 MDA202A MDA202A 3-158 
MBR1530 ' MBR1530 3-98 MDA204A MDA204A 3-158 
MBR1540 MBR1540 3-98 MDA206A MDA206A 3-158 
MBR1535CT MBR1535CT 3-102 MDA208A MDA208A 3-158 
MBR1545CT MBR1545CT 3-102 MDA210A MDA210A 3-158 
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MDA920A 1 MDA920Al 3-160 MR600 lN5397 3-41 
MDA920A2 MDA920A2 3-160 MR750 MR750 3-196 
MDA920A3 MDA920A3 3-160 MR751 MR751 3-196 
MDA920A4 MDA920A4 3-160 MR752 MR752 3-196 
MDA920A6 MDA920A6 3-160 MR754 MR754 3-196 
MDA920A7 MDA920A7 3-160 MR756 MR756 3-196 
MDA920A8 MDA920A8 3-160 MR758 -
MDA920A9 MDA920A9 3-160 MR760 -
MDA970Al MDA970A1 3-164 MR800 lN5398 3-41 
MDA970A2 MDA970A2 3-164 MR801 -
MDA970A3 MDA970A3 3-164 MR802 -
MDA970A5 MDA970A5 3-164 MR804 -
MDA970A6 MDA970A6 3-164 MR806 -
MDA980-1 MDA980-1 3-168 MR810 MR810 3-200 
MDA980-2 MDA980-2 3-168 MR811 MR811 3-200 
MDA980-3 MDA980-3 3-168 MR812 MR812 3-200 
MDA980-4 MDA980-4 3-168 MR814 MR814 3-200 
MDA980-5 MDA980-5 3-168 MR816 MR816 3-200 
MDA980-6 MDA980-6 3-168 MR817 MR817 3-200 
MDA990-1 MDA990-1 3-168 MR818 MR818 3-200 

MDA990-2 MDA990-2 3-168 MR820 MR820 3-206 
MDA990-3 MDA990-3 3-168 MR821 MR821 3-206 
MDA990-4 MDA990-4 3-168 MR822 MR822 3-206 
MDA990-5 MDA990-5 3-168 MR824 MR824 3-206 
MDA990-6 MDA990-6 3-168 MR826 MR826 3-206 
MDA2500 MDA2500 3-173 MR830 MR830 3-214 
MDA2501 MDA2501 3-173 MR831 MR831 3-214 
MDA2502 MDA2502 3-173 MR832 MR832 3-214 
MDA2504 MDA2504 3-173 MR834 MR834 3-214 
MDA2506 MDA2506 3-173 MR836 MR836 3-214 

MDA2550 MDA2550 3-177 MR850 MR850 3-215 
MDA2551 MDA2551 3-177 MR851 MR851 3-215 
MDA3500 MDA3500 3-181 MR852 MR852 3-215 
MDA3501 MDA3501 3-181 MR854 MR854 3-215 
MDA3502 MDA3502 3-181 MR856 MR856 3-215 
MDA3504 MDA3504 3-181 MR860 MR860 3-223 
MDA3506 MDA3506 3-181 MR861 MR861 3-223 
MDA3508 MDA3508 3-181 MR862 MR862 3-223 
MDA3510 MDA3510 3-181 MR864 MR864 3-223 
MDA3550 MDA3550 3-185 MR866 MR866 3-223 

MDA3551 MDA3551 3-185 MR870 MR870 3-228 
MLL4001 MLL4001 3-189 MR871 MR871 3-228 
MLL4002 MLL4002 3-189 MR872 MR872 3-228 
MLL4003 MLL4003 3-189 MR874 MR874 3-228 
MLL4004 MLL4004 3-189 MR876 MR876 3-228 
MPR10 1N4007 3-32 MR910 MR910 -
MR100 1N5392 3-41 MR911 MR911 -
MR200 1N5393 3-41 MR912 MR912 -
MR327 MR327 3-6 MR914 MR914 -
MR328 MR328 3-6 MR916 MR916 -
MR330 MR330 3-6 MR917 MR917 -
MR331 MR331 3-6 MR918 MR918 -
MR400 lN5395 3-41 MR1000 lN5399 3-41 
MR500 MR500 3-190 MRl120 MR1120 3-233 
MR501 MR501 3-190 MRl121 MR1121 3-233 
MR502 MR502 3-190 MR1122 MRl122 3-233 
MR504 MR504 3-190 MRl124 MR1124 3-233 
MR506 MR506 3-190 MR1126 MRl126 3-233 
MR508 MR508 3-190 MRl128 MRl128 3-233 
MR510 MR510 3-190 MR1130 MRl130 3-233 
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MR1366 MR1366 3-12 MUR620CT MUR620CT 3-273 
MR1376 MR1376 3-17 MUR805 MUR805 -
MR1386 MR1386 3-22 MUR810 MUR810 3-275 
MR1396 MR1396 3-27 MUR815 MUR815 3-275 
MR2400 MR2400 3-236 MUR820 MUR820 3-275 
MR2400F MR2400F 3-240 MUR830 MUR830 3-275 
MR2401 MR2401 3-236 MUR840 MUR840 3-275 
MR2401F MR2401F 3-240 MUR850 MUR850 3-275 
MR2402 MR2402 3-236 MUR860 MUR860 3-275 
MR2402F MR2402F 3-240 MUR870 MUR870 3-275 
MR2404 MR2404 3-236 MUR880 MUR880 3-275 
MR2404F MR2404F 3-240 MUR890 MUR890 3-275 
MR2406 MR2406 3-236 MUR1100 MUR1100 -
MR2406F MR2406F 3-240 MUR1505 MUR1505 3-281 
MR2500,M MR2500,M 3-246 MUR1510 MUR1510 3-281 
MR2501 MR2501 3-246 MUR1515 MUR1515 3-281 
MR2502 MR2502 3-246 MUR1520 MUR1520 3-281 
MR2504 MR2504 3-246 MUR1530 MUR1530 3-281 
MR2506 MR2506 3-246 MUR1550 MUR1550 3-281 
MR2508 MR2508 3-246 MUR1560 MUR1560 3-281 
MR2510 MR2510 3-246 MUR1605CT MUR1605CT 3-286 
MR2520L MR2520L 3-252 MUR1610CT MUR1610CT 3-286 
MR2525L MR2525L 3-252 MUR1615CT MUR1615CT 3-286 
MR5005 MR5005 3-258 MUR1620CT MUR1620CT 3-286 
MR5010 MR5010 3-258 MUR1630CT MUR1630CT 3-286 
MR5020 MR5020 3-258 MUR1640CT MUR1640CT 3-286 
MR5030 MR5030 3-258 MUR1650CT MUR1650CT 3-286 
MR5040 MR5040 3-258 MUR1660CT MUR1660CT 3-286 
MR5059 MR5059 3-260 MUR2505 MUR2505 3-291 
MR5060 MR5060 3-260 MUR2510 MUR2510 3-291 
MR5061 MR5061 3-260 MUR2515 MUR2515 3-291 
MUR005 MUR005 - MUR2520 MUR2520 3-291 
MUR010 MUR010 - MUR3005PT MUR3005PT 3-294 
MUR020 MUR020 - MUR3010PT MUR3010PT 3-294 
MUR040 MUR040 - MUR3015PT MUR3015PT 3-294 
MUR105 MUR105 3-263 MUR3020PT MUR3020PT 3-294 
MUR110 MUR110 3-263 MUR3030PT MUR3030PT 3-294 
MUR115 MUR115 3-263 MUR3040PT MUR3040PT 3-294 
MUR120 MUR120 3-263 MUR4100 MUR4100 -
MUR130 MUR130 3-263 MUR5005 MUR5005 3-298 
MUR140 MUR140 3-263 MUR5010 MUR5010 3-298 
MUR150 MUR150 3-263 MUR5015 MUR5015 3-298 
MUR160 MUR160 3-263 MUR5020 MUR5020 3-298 
MUR170 MUR170 3-263 MUR8100 MUR8100 -
MUR180 MUR180 3-263 MUR10005CT MUR10005CT 3-301 
MUR190 MUR190 3-263 MUR10010CT MUR10010CT 3-301 
MUR405 MUR405 3-268 MUR10015CT MUR10015CT 3-301 
MUR410 MUR410 3-268 MUR10020CT MUR10020CT 3-301 
MUR415 MUR415 3-268 MUR20005CT MUR20005CT 3-303 
MUR420 MUR420 3-268 MUR20010CT MUR20010CT 3-303 
MUR430 MUR430 3-268 MUR20015CT MUR20015CT 3-303 
MUR440 MUR440 3-268 MUR20020CT MUR20020CT 3-303 
MUR450 MUR450 3-268 NS500 1N4933 3-35 
MUR460 MUR460 3-268 NS501 1N4934 3-35 
MUR470 MUR470 3-268 NS502 1N4935 3-35 
MUR480 MUR480 3-268 NS504 1N4936 3-35 
MUR490 MUH490 3-268 NS505 1N4937 3-35 
MUR605CT MUR605CT 3-273 NS506 1N4937 - 3-35 
MUR610CT MUR610CT 3-273 NS1000 1N4933 3-35 
MUR615CT MUR615CT 3-273 NS1001 1N4934 3-35 
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NS1002 1N4935 3-35 PHS2402 MUR1610CT 3-286 
NS1004 1N4936 3-35 PHS2403 MUR1615CT 3-286 
NS1005 1N4937 3-35 PHS2404 MUR1620CT 3-286 
NS1006 1N4937 3-35 PS405 1N4001 3-32 
NS2000 MR850 3-215 PS410 1N4002 3-32 
NS2001 MR851 3-215 PS415 1N4003 3-32 
NS2002 MR852 3-215 PS420 1N4003 3-32 
NS2003 MR854 3-215 PS425 1N4004 3-32 
NS2004 MR854 3-215 PS430 1N4004 3-32 
NS2005 MR856 3-215 PS435 1N4004 3-32 

NS2006 MR856 3-215 PS440 1N4004 3-32 
NS3000 MR850 3-215 PS450 1N4005 3-32 
NS3001 MR851 3-215 PS460 1N4005 3-32 
NS3002 MR852 3-215 PT505 1N4001 3-32 
NS3003 MR854 3-215 PT510 1N4002 3-32 
NS3004 MR854 3-215 PT515 1N4003 3-32 
NS3005 MR856 3-215 PT520 1N4003 3-32 
NS3006 MR856 3-215 PT525 1N4004 3-32 
NS6000 1N3879 3-12 PT530 1N4004 3-32 
NS6001 1 N3880 3-12 PT540 1N4004 3-32 
NS6002 1N3881 3-12 PT550 1N4005 3-32 
NS6003 1N3882 3-12 PT560 1N4005 3-32 
NS6004 1N3883 3-12 PT580 1N4006 3-32 
NS6005 MR1366 3-12 PZ-140B 1N3493 3-6 
NS6006 MR1366 3-12 PZ-140D 1N3495 3-6 
NS12006 MR1376 3-17 PZ-140F MR328 3-6 
NS30000 1N3909 3-27 R200 1N4003 3-32 
NS30001 1 N3910 3-27 R400 1N4004 3-32 
NS30002 1N3911 3-27 R600 1N4005 3-32 
NS30003 1 N3912 3-27 R710XPT R710XPT -
NS30004 1N3913 3-27 R711XPT R711XPT -
P100A 1 N5391 3-41 R712XPT R712XPT -
P100B 1 N5392 3-41 R714XPT R714XPT -
P100D 1N5393 3-41 R800 1N4006 3-32 
P100G 1N5395 3-41 R1000 1N4007 3-32 
P100J 1N5397 3-41 R302506 MR1366 3-12 
P100K 1N5398 3-41 R302512 MR1376 3-17 
P100M 1N5399 3-41 R1420010 1N4933 3-35 
P300A MR500 3-190 R1420110 1N4934 3-35 
P300B MR501 3-190 R1420210 1N4935 3-35 
P300D MR502 3-190 R1420410 1N4936 3-35 
P300F MR504 3-190 R1420610 1N4937 3-35 
P300G MR504 3-190 R3020606 MR1366 3-12 
P300H MR506 3-190 R3020612 MR1376 3-17 
P300J MR506 3-190 R3400006 MR750 3-196 
P300K MR508 3-190 R3400106 MR751 3-196 
P300M MR510 3-190 R3400206 MR752 3-196 
PA305 1 N4001 3-32 R3400306 MR754 3-196 
PA310 1N4002 3-32 R3400406 MR754 3-196 
PA315 1N4003 3-32 R3400506 MR754 3-196 
PA320 1N4003 3-32 R3400606 MR756 3-196 
PA325 1N4004 3-32 R3400706 MR756 3-196 
PA330 1N4004 3-32 R3400806 MR758 -
PA340 1N4004 3-32 R3400906 MR760 -
PA350 1N4005 3-32 R3401006 MR760 -
PA360 1N4005 3-32 R4020530 MR1396 3-27 
PHBR1635 MBR1635 3-104 R4020620 MR1386 3-27 
PHBR1640 MBR1645 3-104 R4020630 MR1396 3-27 
PHBR1645 MBR1645 3-104 RG1-A 1 N4933,M R810 ~-35,3-200 
PHS2401 MUR1605CT 3-286 RG1-B 1N4934,MR811 ~-35,3-200 
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RG1-D 1N4935 3-35,3-200 RGP25M MR918 3-200 
RG1-G 1N4936 3-35,3-200 RGP30A MR850 3-215 
RG1-J 1N4937,MR816 3-35,3-200 RGP30B MR851 3-215 
RG1-K MR817 3-200 RGP30D MR852 3-215 
RG1-M MR818 3-200 RGP30F MR854 3-215 
RG1A 1N4933 3-35 RGP30G MR854 3-215 
RG1B 1N4934 3-35 RGP30H MR856 3-215 
RG1D 1N4935 3-35 RGP30J MR856 3-215 
RG1F 1N4936 3-35 RGP30K MR917 3-200 
RG1G 1N4936 3-35 RGP30M MR918 3-200 
RG1H 1N4937 3-35 RGP80A MR2400F 3-240 
RG1J 1N4937 3-35 RGP80B MR2401F 3-240 
RG1K MR817 3-200 RGP80D MR2402F 3-240 
RG1M MR818 3-200 RGP80G MR2404F 3-240 
RG3-A MR850 3-215 RGP80J MR2406F 3-240 
RG3A MR850 3-215 RGP80K C.F. -
RG3B MR851 3-215 RGP80M C.F. -
RG3D MR852 3-215 RIV020 MR852 3-215 
RG3F MR854 3-215 RIV040 MR854 3-215 
RG3G MR854 3-215 RIV060 MR856 3-215 
RG3H MR856 3-215 RL005 1N4933 3-35 
RG3J MR856 3-215 RL010 1N4934 3-35 

'. RG3K MR917 3-200 RL020 1N4935 3-35 
RG3M MR918 3-200 RL040 1N4936 3-35 
RG1122 1N4001 3-32 RL060 1N4937 3-35 
RG1123 1N4002 3-32 RL080 MR817 3-200 
RGP10A 1N4933 3-35 RL 100 MR818 3-200 
RGP10B 1N4934 3-35 RMC005 1N4933 3-35 
RGP10D 1N4935 3-35 RMC010 1N4934 3-35 
RGP10F 1N4936 3-35 RMC020 1N4935 3-35 
RGP10G 1N4936 3-35 RMC040 1N4936 3-35 
RGP10H MR818 3-200 RMC060 1N4937 3-35 
RGP10J 1N4937 3-35 RMC080 MR817 3-200 
RGP10K MR817 3-200 RMC100 MR818 3-200 
RGP15A 1N4933 3-35 RT05 1N3889 3-17 
RGP15B 1N4934 3-35 RT10 1N3890 3-17 
RGP15D 1N4935 3-35 RT20 1N3891 3-17 
RGP15F 1N4936 3-35 RT30 1N3892 3-17 
RGP15G 1N4936 3-35 RT40 1N3893 3-17 
RGP15H 1N4937 3-35 RT60 MR1376 3-17 
RGP15J 1N4937 3-35 RUR805 MUR805 3-275 
RGP15K MR817 3-200 RUR810 MUR810 3-275 
RGP15M MR818 3-200 RUR815 MUR815 3-275 
RGP20A 1N4933 3-35 RUR820 MUR820 3-275 
RGP20B 1N4934 3-35 RURD805 MUR1605CT 3-286 
RGP20D 1N4935 3-35 RURD810 MUR1610CT 3-286 
RGP20F 1N4936 3-35 RURD815 MUR1615CT 3-286 
RGP20G 1N4936 3-35 RURD820 MUR1620CT 3-286 
RGP20H 1N4937 3-35 SOF MR818 3-200 
RGP20J 1N4937 3-35 SOM 1N4007 3-32 
RGP20K MR817 3-200 S1A1F 1N4934 3-35 
RGP20M MR818 3-200 S1A2F 1N4935 3-35 
RGP25A MR850 3-215 S1A3F 1N4936 3-35 
RGP25B MR851 3-215 S1A4F 1N4936 3-35 
RGP25D MR852 3-215 S1A5F 1N4937 3-35 
RGP25F MR854 3-215 S1A10F MR818 3-200 
RGP25G MR854 3-215 S1A12F SPECIAL -
RGP25H MR856 3-215 S1ABF MR817 3-200 
RGP25J MR856 3-215 S1AGF 1N4937 3-35 
RGP25K MR917 3-200 S2F 1N4935 3-35 
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S2M 1N4003 3-32 S40A1 1N11B4A -
S3A1 1 N5401 3-45 S40A2 1N1186A -
S3A1F MRB51 3-215 S40A3 1N11B7A -
S3A2 1N5402 3-45 S40A4 1N11BBA -
S3A2F MRB52 3-215 S40A5 1N11B9A -

S3A3 1N5403 3-45 S40A6 1N1190 -

S3A3F MRB54 3-215 S40AB 1N3766 -

S3A4 1N5404 3-45 S40A10 1N376B -
S3A4F MRB54 3-215 S1010 1N4002 3-32 
S3A5 1N5405 3-45 S1020 1N4003 3-32 
S3A5F MRB56 3-215 S1030 1N4004 3-32 
S3A6 1N5406 3-45 S1040 1N4oo4 3-32 
S3A6F MRB56 3-215 S1050 1N4005 3-32 
S3A7 MR50B 3-190 S1060 1N4005 3-32 
S3AB MR50B 3-190 S1070 1N4006 3-32 
S3ABF MR917 - S1080 1N4006 3-32 
S3A9 MR510 3-190 S1090 1N4oo7 3-32 
S3A10 MR510 3-190 S10100 1N4007 3-32 
S3A10F MR918 - S-3A1 MR501 3-190 
S3A12F SPECIAL - S-3A2 MR502 3-190 
S3A025 1N5400 3-45 S-3A3 MR504 3-190 
S4F 1N4936 3-35 S-3A4 MR504 3-190 
S4M 1N4004 3-32 S-3A5 MR506 3-190 
S5A1 MR501 3-190 S-3A6 MR506 3-190 
S5A1F MRB21/MR851 P-206,3-215 S-3AB MR50B 3-190 
S5A2 MR502 3-190 S-3A10 MR510 3-190 
S5A2F M RB221 M RB52 3-206,3-21~ S-5A1 MR751 3-196 
S5A3 MR504 3-190 S-5A2 MR752 3-196 
S5A3F MRB24/MRB54 3-206,3-21~ S-5A3 MR754 3-196 
S5A4 MR504 3-190 S-5A4 MR754 3-196 
S5A4F MRB24/MRB54 3-206,3-2E S-5A5 MR756 3-196 
S5A5 MR506 3-190 S-5A6 MR756 3-196 
S5A5F MRB26/MRB56 3-206,3-21' SBB20 MBR735 3-90 
S5A6 MR506 3-190 SB830 MBR735 3-90 
S5A6F MRB26/MRB56 3-206,3-21~ SB840 MBR745 3-90 
S5AB MR50B 3-190 SB850 SPECIAL -
S5ABF MR917 - SB860 SPECIAL -

S5A10 MR510 3-190 SB880 C.F. -
S5A10F MR91B - SB1020 MBR1035 3-92 
S5A12F SPECIAL - SB1035 MBR1035 3-92 
S5A025 MR500 3-190 SB1045 MBR1045 3-92 
S6A1 MR751 3-196 SB1620 MBR1535CT 3-102 
S6A2 MR752 3-196 SB1630 MBR1535CT 3-102 
S6A3 MR754 3-196 SB1640 MBR1645CT 3-104 
S6A4 MR754 3-196 SB1650 SPECIAL -
S6A5 MR756 3-196 SB1660 SPECIAL -
S6A6 MR756 3-196 SB1680 C.F. -

S6AB MR75B - S01 1N4002 3-32 
S6A10 MR760 - S02 1N4003 3-32 
S6F 1N4937 3-35 S04 1N4004 3-32 

S6M 1N4oo5 3-32 S005 1N4001 3-32 
SBF MRB17 3-200 S06 1N4005 3-32 
SBM 1N4006 3-32 SOB 1N4006 3-32 
S25A1 1N1184 - S031 MBR3545 3-122 
S25A3 1N11B7 - S032 MBR3545 3-122 
S25A4 1N11B8 - S041 S041 3-72 
S25A05 1N11B3 - S051 S051 3-76 
S25A6 1N1190 - S071 MBR7545 3-142 
S25AB 1N3766 - S072 MBR7545 3-142 
S25A10 1N376B - S075 MBR7545 3-142 
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SD241 SD241 3-116 SESS601C SPECIAL -
SEN10S 1N4001 3-32 SES5602C SPECIAL -
SEN105FR 1N4933 3-35 SESS603C SPECIAL -
SEN110 1N4002 3-32 SESS701 SPECIAL -
SEN110FR 1N4934 3-35 SESS702 SPECIAL -
SEN120 1N4003 3-32 SESS703 SPECIAL -
SEN120FR 1N4936 3-35 SES5801 SPECIAL -
SEN130 1N4004 3-32 SES5802 SPECIAL -
SEN140 1N4004 3-32 SESS803 SPECIAL -
SEN140FR 1N4936 3-35 SGR100 1N4002 3-32 
SEN150 1N400S 3-32 SGR200A 1N4003 3-32 
SEN1S0FR 1N4937 3-35 SGR400A 1N4004 3-32 
SEN160 1N400S 3-32 SGR600A 1N400S 3-32 
SEN160FR 1N4937 3-35 SGR800A 1N4006 3-32 
SEN180 1N4006 3-32 SGR1000A 1N4007 3-32 
SEN205 MRS01 3-190 SI1 1 NS392 3-41 
SEN20SFR MR8S0 3-21S SI2 1N5393 3-41 
SEN210 MRS01 3-190 SI3 1N5394 3-41 
SEN210FR MR8S1 3-21S SI4 1 NS39S 3-41 
SEN220 MRS02 3-190 SIS 1 NS396 3-41 
SEN220FR MR8S2 3-21S SI6 1 NS397 3-41 
SEN230FR MR8S4 3-21S SI7 1 NS398 3-41 
SEN240 MRS04 3-190 SI8 1 NS398 3-41 
SEN240FR MR8S4 3-215 SI9 1N5399 3-41 
SEN250FR MR8S6 3-21S SI10 1N5399 3-41 
SEN260 MRS06 3-190 SI-1A MR501 3-190 
SEN260FR MR856 3-215 SI-2A MRS02 3-190 
SEN280 MRS08 3-190 SI-3A MRS04 3-190 
SEN300 MRS04 3-190 SI-4A MR504 3-190 
SEN30S MRS01 3-190 SI-SA MR506 3-190 
SEN305FR MR8S0 3-21S SI-6A MRS06 3-190 
SEN310 MRS01 3-190 SI-8A MRS08 3-190 
SEN310FR MR851 3-215 SI-10A MRS08 3-190 
SEN320 MRS02 3-190 SI-SOE 1N4001 3-32 
SEN320FR MR8S2 3-215 SI-100E 1N4002 3-32 
SEN330FR MRB54 3-215 SI-200E 1N4003 3-32 
SEN340 MRS04 3-190 SI-300E 1N4004 3-32 
SEN340FR MR854 3-215 SI-400E 1N4004 3-32 
SEN350 MRS06 3-190 SI-SOOE 1N400S 3-32 
SEN350FR MRBS6 3-21S SI-600E 1N4005 3-32 
SEN360 MRS06 3-190 SI-800E 1N4006 3-32 
SEN360FR MRB56 3-21S SI-1000E 1N4007 3-32 
SEN3BO MRSOB 3-190 SL3 MR1123 3-233 
SEN1100 1N4007 3-32 SL5 MR1125 3-233 
SEN2100 MRS10 3-190 SL8 MR112B 3-233 
SEN3100 MRS10 3-190 SUO MR1130 3-233 
SESS001 MUR105 3-263 SLSO MR1120 3-233 
SES5002 MUR110 3-263 SL91 1N4002 3-32 
SESS003 MUR11S 3-263 SL92 1N4003 3-32 
SES5301 SPECIAL - SL93 1N4004 3-32 
SES5302 SPECIAL - SL100 MR1121 3-233 
SES5303 SPECIAL - SL200 MR1122 3-233 
SES5401 MURBOS 3-275 SL300 MR1123 3-233 
SES5401C MUR1605CT 3-2B6 SL400 MR1124 3-233 
SES5402 MURB10 3-275 SL500 MR1125 3-233 
SES5402C MUR1610CT 3-2B6 SL600 MR1126 3-233 
SES5403 MURB15 3-275 SL60B 1N4006 3-32 
SES5403C MUR1615CT 3-286 SL610 1N4007 3-32 
SES5404 MURB20 3-275 SL70B 1N4006 3-32 
SES5404C MUR1620CT 3-286 SL710 1N4007 3-32 
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SL800 MR1128 3-233 SRS160 1N4005 3-32 
SLBOOX MR1128 3-233 SRS180 1N4006 3-32 
SL1000 MR1130 3-233 SRS205 MR501 3-190 
SL1000X MR1130 3-233 SRS210 MR501 3-190 
SLA5191 MR501 3-190 SRS220 MR502 3-190 
SLA5198 MR501 3-190 SRS240 MR504 3-190 
SLA5199 MR502 3-190 SRS260 MR506 3-190 
SLA5200 MR504 3-190 SRS280 MR508 3-190 
SLA5201 MR506 3-190 SRS305 MR501 3-190 
SLA-11 1N4001 3-32 SRS310 MR501 3-190 

SLA-12 1N4002 3-32 SRS320 MR502 3-190 
SLA-13 1N4003 3-32 SRS360 MR506 3-190 
SLA-14 1N4004 3-32 SRS380 MR508 3-190 
SLA-15 1N4004 3-32 SRS1100 1N4007 3-32 
SLA-16 1N4005 3-32 SRS2100 MR510 3-190 
SLA-17 1N4005 3-32 SRS3100 MR510 3-190 
SLA-18 1N4006 3-32 SRSFR105 1N4933 3-35 
SLA-19 1N4007 3-32 SRSFR110 1N4934 3-35 
SLA-21 MR501 3-190 SRSFR120 1N4935 3-35 
SLA-22 MR501 3-190 SRSFR140 1N4936 3-35 

SLA-23 MR502 3-190 SRSFR150 1N4937 3-35 
SLA-24 MR504 3-190 SRSFR160 1N4937 3-35 
SLA-25 MR504 3-190 SRSFR180 MR817 3-200 
SLA-26 MR506 3-190 SRSFR205 MR850 3-215 
SLA-27 MR506 3-190 SRSFR210 MR851 3-215 
SLA-28 MR508 3-190 SRSFR220 MR852 3-215 
SLA-29 MR510 3-190 SRSFR230 MR854 3-215 
SR710 SPECIAL - SRSFR240 MR854 3-215 
SR710F R710X - SRSFR250 MR856 3-215 
SR711 SPECIAL - SRSFR260 MR856 3-215 

SR711F R711X - SRSFR305 MR850 3-215 
SR712 SPECIAL - SRSFR310 MR851 3-215 
SR712F R712X - SRSFR320 MR852 3-215 
SR713 SPECIAL - SRSFR330 MR854 3-215 
SR713F R714X - SRSFR340 MR854 3-215 
SR714 SPECIAL - SRSFR350 MR856 3-215 
SR714F R714X - SRSFR360 MR856 3-215 
SR716 SPECIAL - SRSFR1100 MR818 3-200 
SR716F SPECIAL - ST2FR10P 1N3890 3-17 
SR2462 1N4004 3-32 ST2FR20P 1N3891 3-17 

SR3502 1N4002 3-32 ST2FR30P 1N3892 3-17 
SR3512 1N4001 3-32 ST2FR40P 1N3893 3-17 
SR3946 1N4005 3-32 ST2FR60P MR1376 3-17 
SR5005 MR5005 3-258 ST4FR10P MR861 3-223 
SR501 0 MR5010 3-258 ST4FR20P MR862 3-223 
SR5020 MR5020 3-258 ST4FR30P MR864 3-223 
SR5030 MR5030 3-258 ST4FR40P MR864 3-223 
SR5040 MR5040 3-258 ST4FR60P MR866 3-223 
SR6134 1N4003 3-32 ST210E 1N3209 3-5 
SR6323 1N4001 3-32 ST210P MR1121 3-233 

SR6385 1N4003 3-32 ST220E 1N3210 3-5 
SR6404 1N4006 3-32 ST220P MR1122 3-233 
SR6560 1N4002 3-32 ST230E 1N3211 3-5 
SR6569 1N4004 3-32 ST230P MR1123 3-233 
SR6592 1N4006 3-32 ST240E 1N3212 3-5 
SR6593 1N4007 3-32 ST240P MR1124 3-233 
SRS105 1N4001 3-32 ST250E 1N3213 -
SRS110 1N4002 3-32 ST250P MR1125 3-233 
SRS120 1N4003 3-32 ST260E 1N3214 -
SRS140 1N4004 3-32 ST260P MR1126 3-233 
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ST2SOP MR1128 3-233 TFR1205 1N3889 3-17 
ST410P 1N1184A - TFR1210 1N3890 3-17 
ST420P 1N1186A - TFR1220 1N3891 3-17 
ST430P 1N1187A - TFR1240 1N3893 3-17 
ST440P 1N1188A - TG84 MUR840 3-275 
ST450P 1N1189A - TG86 MUR860 3-275 
ST460P 1N1190A - TG88 MUR8SO 3-275 
ST2100P MR1130 3-233 TG284 MUR1640CT 3-286 
SVSOO MR330 3-190 TG286 C.F. -
SV1OO0 MR331 3-190 TG288 C.F. -
T12A6F SPECIAL - TIR101A SPECIAL -
T20A6F SPECIAL - TlR101B SPECIAL -
T30A6F SPECIAL - TIR101C SPECIAL -
T800 1N400 - TIR101D SPECIAL -
T1000 1N4007 3-32 TIR102A SPECIAL -

T3889 SPECIAL - TIR102B SPECIAL -

T3890 SPECIAL - TIR102C SPECIAL -
T3891 SPECIAL - TIR102D SPECIAL -
T3892 SPECIAL - TIR201A SPECIAL -
T3893 SPECIAL - TIR201B SPECIAL -
T3899 SPECIAL - TIR201C SPECIAL -
T3900 SPECIAL - TIR201D SPECIAL -
T3901 SPECIAL - TIR202A SPECIAL -
T3902 SPECIAL - TIR202B SPECIAL -
T3903 SPECIAL - TIR202C SPECIAL -
T3909 SPECIAL - TIR202D SPECIAL -
T3910 SPECIAL - TK5 1N4oo1 3-32 
T3911 SPECIAL - TK10 1N4002 3-32 
T3912 SPECIAL - TK11 1N4002 3-32 
T3913 SPECIAL - TK20 1N4003 3-32 
TA5 1N4001 3-32 TK21 1N4003 3-32 
TA10 1N4002 3-32 TK30 1N4004 3-32 
TA20 1N4003 3-32 TK40 1N4004 3-32 
TA40 1N4004 3-32 TK41 1N4004 3-32 
TA50 1N4001 3-32 TK50 1N4005 3-32 
TA60 1N4005 3-32 TK60 1N4005 3-32 
TASO 1N4006 3-32 TK61 1N4005 3-32 
TA100 1N4007 3-32 TKF5 1N4933 3-35 
TA200 1N4003 3-32 TKF10 1N4934 3-35 
TA300 1N4004 3-32 TKF20 1N4935 3-35 
TA400 1N4004 3-32 TKF40 1N4936 3-35 
TA500 1N4005 3-32 TKF50 1N4937 3-35 
TA600 1N4005 3-32 TKF60 1N4937 3-35 
TA800 1N4006 3-32 TKFSO MR817 3-200 
TA1000 1N4007 3-32 TKF100 MR817 3-200 
TA9225A MUR1510 3-281 TM1 MR1120,1N1199B 3-4,3-233 
TA9225B MUR1515 3-281 TM2 MR1120,1N1199B 3-4,3-233 
TA9225C MUR1520 3-281 TM3 MR1120,1N1199B 3-4,3-233 
TFR105 1N3879 3-12 TM4 MR1120,1N1199B 3-4,3-233 
TFR110 1N3880 3-12 TM5 MR1120,1N1199B 3-4,3-233 
TFR120 1N3881 3-12 TM7 MR1120,1N1199B 3-4,3-233 
TFR140 1N3883 3-12 TM8 MR1120,1N1199B 3-4,3-233 
TFR305 1N3879 3-12 TM9 MR1120,1N1199B 3-4,3-233 
TFR310 1N3880 3-12 TM11 MR1121,1N1200B 3-4,3-233 
TFR320 1N3881 3-12 TM12 MR1121,1N1200B 3-4,3-233 
TFR340 1N3883 3-12 TM13 MR1121,1N1200B 3-4,3-233 
TFR605 1N3879 3-12 TM17 MR1121,1N1200B 3-4,3-233 
TFR61 0 1N3880 3-12 TM18 MR1121,1N1200B 3-4,3-233 
TFR620 1N3881 3-12 TM19 MR1121,1N1200B 3-4,3-233 
TFR640 1N3883 3-12 TM21 MR1122,1N1202B 3-4,3-233 
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TM22 MRII22,INI202B 3-4,3-233 TR302 lN3211 3-5 
TM23 MRII22,INI202B 3-4,3-233 TR303 lN118? -
TM24 MRII22,INI202B 3-4,3-233 TR351 lN3212 3-5 
TM2? MRII22,INI202B 3-4,3-233 TR352 lN1196 -
TM28 MRII22,INI202B 3-4,3-233 TR353 lN1188A -

TM29 MRII22,INI202B 3-4,3-233 TR400 lN1196 -
TM31 MR1123,IN1204B 3-4,3-233 TR401 lN3212 3-5 
TM32 MRI123,INI204B 3-4,3-233 TR402 lN1196 -

TM33 MR1123,IN1204B 3-4,3-233 TR403 lN1188A -
TM34 MR1123,IN1204B 3-4,3-233 TR503 lN1189 -
TM3? MRI123,INI204B 3-4,3-233 TR600 lN1198 -
TM38 MRI123,INI204B 3-4,3-233 TR601 lN1198 -

TM39 MRII23,INI204B 3-4,3-233 TR602 lN1198 -

TM41 MRI124,INI204B 3-4,3-233 TR603 lN1190 -

TM42 MR1124,IN1204B 3-4,3-233 TR1120 MR1120 3-233 
TM43 MRI124,INI204B 3-4,3-233 TR1121 MR1121 3-233 
TM44 MR1124,IN1204B 3-4,3-233 TR1122 MR1122 3-233 
TM4? MR1124,IN1204B 3-4,3-233 TR1123 MR1123 3-233 
TM48 MRI124,INI204B 3-4,3-233 TR1124 MR1124 3-233 
TM49 MR1124,IN1204B 3-4,3-233 TR1125 MR1125 3-233 

TM51 MR1125,IN1206B 3-4,3-233 TR1126 MR1126 3-233 
TM52 MR1125,IN1206B 3-4,3-233 TR1128 MR1128 3-233 
TM53 MR1125,IN1206B 3-4,3-233 TR1130 MR1130 3-233 
TM61 MR1126,IN1206B 3-4,3-233 TS3 lN4933 3-35 
TM62 MR1126,IN1206B 3-4,3-233 TS5 lN4933 3-35 
TM63 MRI126,INI206B 3-4,3-233 TS10 lN4934 3-35 
TM64 MR1126,IN1206B 3-4,3-233 TS20 lN4935 3-35 
TM65 MRII26,INI206B 3-4,3-233 TS40 lN4936 3-35 
TM66 MR1126,IN1206B 3-4,3-233 TS50 lN493? 3-35 
TM6? MRI126,INI206B 3-4,3-233 TS60 lN493? 3-35 

TM68 MRII26,INI206B 3-4,3-233 TS80 MR81? 3-200 
TM69 MR1126,IN1206B 3-4,3-233 TS-l lN4002 3-32 
TM?4 MR1128 3-233 TS-2 lN4003 3-32 
TM?5 MR1128 3-233 TS-4 lN4004 3-32 
TM?6 MR1128 3-233 TS-05 lN4001 3-32 
TM?8 MR1128 3-233 TS-6 lN4005 3-32 
TM?9 MR1128 3-233 TS-8 lN4006 3-32 
TM84 MR1128 3-233 TSV lN4933 3-200 
TM85 MR1128 3-233 TW5 lN4001 3-32 
TM86 MR1128 3-233 TW10 lN4002 3-32 

TM88 MR1128 3-233 TW20 lN4003 3-32 
TM89 MR1128 3-233 TW30 lN4004 3-32 
TM104 MR1130 3-233 TW40 lN4004 3-32 
TM105 MR1130 3-233 TW50 lN4005 3-32 
TM106 MR1130 3-233 TW60 lN4005 3-32 
TR50 lN248B - TW80 lN4006 3-32 
TR53 lN1183A - TW100 lN400? 3-32 
TRl00 lN249B - UES?OI SPECIAL -
TR103 lN1184 - UES?02 SPECIAL -
TR150 lN250B - UES?03 SPECIAL -
TR151 lN3210 3-5 UES801 SPECIAL -
TR152 lN250B - UES802 SPECIAL -
TR153 lN1186A - UES803 SPECIAL -
TR200 lN1194 - UES100l MUR105 3-263 
TR203 lN1188A - UES1002 MURll0 3-263 
TR251 lN3211 3-5 UES1003 MUR115 3-263 
TR252 lN3211 3-5 UESll0l MUR105 3-263 
TR253 lN1188A - UESll02 MURll0 3-263 
TR300 lN3211 3-5 UESll03 MUR115 3-263 
TR301 lN3211 3-5 UES1301 SPECIAL -
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UES1302 SPECIAL - UT236 1N4002 3-32 
UES1303 SPECIAL - UT237 1N4005 3-32 
UES1401 MUR805 3-275 UT242 1N4003 3-32 
UES1402 MUR810 3-275 UT244 1N4004 3-32 
UES1403 MUR815 3-275 UT245 1N4005 3-32 
UES2401 MUR1605CT 3-286 UT247 1N4005 3-32 
UES2402 MUR1610CT 3-286 UT249 1N4002 3-32 
UES2403 MUR1615CT 3-286 UT251 1N4002 3-32 
UES2601 SPECIAL - UT252 1N4003 3-32 
UES2602 SPECIAL - UT254 1N4004 3-32 
UES2603 SPECIAL - UT257 1N4005 3-32 
USD320C MBR3020CT 3-116 UT258 1N4006 3-32 
USD335C MBR3035CT 3-116 UT261 MR501 3-190 
USD345C MBR3045CT 3-116 UT262 MR502 3-190 
USD420 MBR3520 3-122 UT264 MR504 3-190 
USD435 MBR3535 3-122 UT265 MR506 3-190 
USD445 MBR3545 3-122 UT267 MR506 3-190 
USD520 MBR7520 3-142 UT268 MR508 3-190 
USD535 MBR7535 3-142 UT338 1N4005 3-32 
USD545 MBR7545 3-142 UT347 1N4007 3-32 
USD620 MBR735 3-90 UT361 1N4006 3-32 
USD620C MBR1535CT 3-92 UT362 1N4006 3-32 
USD635 MBR735 3-90 UT363 1N4007 3-32 
USD635C MBR1535CT 3-92 UT364 1N4007 3-32 
USD640 MBR745 3-90 UT2005 MR501 3-190 
USD640C MBR1545CT 3-92 UT2010 MR501 3-190 
USD645 MBR745 3-90 UT2020 MR502 3-190 
USD645C MBR1545CT 3-102 UT2040 MR504 3-190 
USD720 MBR735 3-90 UT2060 MR506 3-190 
USD720C MBR1535CT 3-102 UT4005 MR501 3-190 
USD735 MBR735 3-90 UT4010 MR501 3-190 
USD735C MBR1535CT 3-102 UT4020 MR502 3-190 
USD740 MBR745 3-90 UT4040 MR504 3-190 
USD740C MBR1545CT 3-102 UT4060 MR506 3-190 
USD745 MBR745 3-90 UTR01 1N4933 3-35 
USD745C MBR1545CT 3-102 UTR02 1N4933 3-35 
USD820 MBR1035 3-92 UTR10 1N4934 3-35 
USD835 MBR1035 3-92 UTR11 1N4934 3-35 
USD840 MBR1045 3-92 UTR12 1N4934 3-35 
USD845 MBR1045 3-92 UTR20 1N4935 3-35 
USD920 MBR1635 3-102 UTR21 1N4935 3-35 
USD935 MBR1635 3-102 UTR22 1N4935 3-35 
USD940 MBR1645 3-102 UTR40 1N4936 3-35 
USD945 MBR1645 3-102 UTR41 1N4936 3-35 
UT111 1N4001 3-32 UTR42 1N4936 3-35 
·UT112 1N4002 3-32 UTR50 1N4937 3-35 
UT113 1N4003 3-32 UTR51 1N4937 3-35 
UT114 1N4004 3-32 UTR52 1N4937 3-35 
UT115 1N4004 3-32 UTR60 1N4937 3-35 
UT117 1N4005 3-32 UTR61 1N4937 3-35 
UT118 1N4005 3-32 UTR62 1N4937 3-35 
UT119 1N4006 3-32 UTR2305 MR850 3-215 
UT211 1N4004 3-32 UTR2310 MR851 3-215 
UT212 1N4004 3-32 UTR2320 MR852 3-215 
UT213 1N4004 3-32 UTR2340 MR854 3-215 
UT214 1N4005 3-32 UTR2350 MR856 3-215 
UT215 1N4005 3-32 UTR2360 MR856 3-215 
UT225 1N4005 3-32 UTR3305 MR850 3-215 
UT234 1N4003 3-32 UTR3310 MR851 3-215 
UT235 1N4004 3-32 UTR3320 MR852 3-215 
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UTR3340 MR854 3-215 VSK1045 MBR1045 3-92 
UTR3350 MR856 3-215 VSK1520 MBR3520 3-122 
UTR4305 MR850 3-215 VSK1530 MBR3535 3-122 
UTR4310 MR851 3-215 VSK1540 MBR3545 3-122 
UTR4320 MR852 3-215 VSK2020 MBR2035CT 3-106 
UTR4340 MR854 3-215 VSK2035 MBR2035CT 3-106 
UTR4350 MR856 3-215 VSK2045 MBR2045CT 3-106 
UTR4360 MR856 3-215 VSK2420 MBR2535CT 3-114 
UTX3105 MR850 3-215 VSK2435 MBR2535CT 3-114 
UTX3110 MR851 3-215 VSK2445 MBR2545CT 3-114 
UTX3115 MR852 3-215 VSK3020S MBR3520 3-122 
UTX3120 MR852 3-215 VSK3020T MBR3020CT 3-116 
UTX4105 MR850 3-215 VSK3030S MBR3535 3-122 
UTX4110 MR851 3-215 VSK3030T MBR3035CT 3-116 
UTX4115 MR852 3-215 VSK3040S MBR3545 3-122 
UTX4120 MR852 3-215 VSK3040T MBR3045CT 3-116 
V330 MR500 3-190 VSK4020 MBR6020 -
V330X MR850 3-215 VSK4030 MBR6035 3-130 
V331 MR501 3-190 VSK4040 MBR6045 3-130 
V331X MR851 3-215 

V332 MR502 3-190 
V332X MR852 3-215 
V334 MR504 3-190 
V334X MR854 3-215 
V336 MR506 3-190 
V336X MR856 3-215 
V338 MR508 3-190 
V500 MR328 3-6 
V600 MR328 3-6 
V800 MR330 3-6 

V1000 MR331 3-6 
V3310 MR510 3-190 
VHE1401 MUR805 3-275 
VHE1402 MUR810 3-275 
VHE1403 MUR815 3-275 
VHE1404 MUR820 3-275 
VHE2401 MUR1605CT 3-286 
VHE2402 MUR1610CT 3-286 
VHE2403 MUR1615CT 3-286 
VHE2404 MUR1620CT 3-286 

VSK12 MBR1535CT 3-102 
VSK13 MBR1535CT 3-102 
VSK14 MBR1545CT 3-102 
VSK51 S051 3-76 
VSK51 MBR6045 3-130 
VSK62 MBR735 3-90 
VSK63 MBR735 3-90 
VSK64 MBR745 3-90 
VSK140 1N5819,MBR140P 3-47 
VSK320 1N5820,MBR320P 3-51 

VSK330 1N5821,MBR330P 3-51 
VSK340 1 N5822, M B R340P 3-51 
VSK520 1N5823 3-55 
VSK530 1N5824 3-55 
VSK540 1N5825 3-55 
VSK920 MBR1635 3-104 
VSK935 MBR1635 3-104 
VSK945 MBR1645 3-104 
VSK1020 MBR1035 3-92 
VSK1035 MBR1035 3-92 
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.4T5.6,A,B .5M5.6AZ,10,5 - 1.5KE200,A 1.5KE200,A 4·74 THRU THRU 1.5KE220 1.5KE220 4·74 .4T12,A,B .5M12AZ,10,5 - 1.5KE250 1.5KE250 4·74 

.4T6.8,A,B .5M6.8Z,10,5 - 1.5R6.8,A,B MZG41·6.BA,B -THRU THRU THRU THRU 

.4T110,A,B .5M110Z,10,5 - 1.5R200,A,B MZG41·200A,B -

.4Z6.8D,10,5 .5M6.BZ,10,5 - 1.5Z6.B,A,B,C,D MZG41·6.BA,B -
THRU THRU THRU THRU 

.4Z110D,10,5 .5M110Z,10,5 - 1.5Z200,A,B,C,D MZG41·200A,B -.5M2.4ZS10,5 .5M2.4AZ,10,5 - 1.5Z6.8D,10,5 1.SM6.BZ,1 D,S -
THRU THRU THRU THRU 

.5M110ZS10,5 .5M110Z,10,5 - 1.5Z200D,10,5 1.5M200Z,10,5 -.7 JZ6.B,A,B,C,D 1M6.BZS,10,5,1,2 - 1/2R6.B,A,B .SM6.8Z,10,S -
THRU THRU THRU THRU 

.7JZ200,A,B,C,D 1M200ZS,10,5,1,2 - 1/2R110,A,B .5M110Z,10,5 -.7ZM6.B,A,B,C,D 1M6.BZS, 10,5, 1,2 - 1/4LZ2.2D,10,5 .5M2.2AZ10,5 -THRU THRU 1/4LZ6.8D,10,5 .5M6.BAZ10,5 -

.7ZM200,A,B,C,D 1 M200ZS, 1 0,5, 1,2 - 1/4M2.4AZ10 1/4M2.4AZ10 4·2 

.25T5.6,A .5M5.6Z10,5 - 1/4M2.7AZ10 1/4M2.7AZ10 4·2 
THRU THRU 1/4M3.0AZ10 1/4M3.0AZ10 4·2 

.25T110,A .5M110Z10,5 - 1/4M3.3AZ10 1/4M3.3AZ10 4·2 
1.5JZ6.B,A,B,C,D MZG41·6.SA,B - 1/4M3.6AZ10 1/4M3.6AZ10 4·2 
THRU THRU 1/4M3.9AZ10 1/4M3.9AZ10 4·2 

1.5JZ200,A,B,C,D MZG41·200A,B - 1/4M4.3AZ10 1/4M4.3AZ10 4·2 
1.5KE6.S,A 1.5KE6.B,A 4·74 1/4M4.7AZ10 1/4M4.7AZ10 4·2 
1.5KE7.5,A 1.5KE7.5,A 4·74 1/4M5.1AZ10 1/4M5.1AZ10 4·2 
1.5KES.2,A 1.5KES.2,A 4·74 1/4M5.6AZ10 1/4M5.6AZ10 4·2 
1.5KE9.1,A 1.5KE9.1,A 4·74 1/4M6.2AZ10 1/4M6.2AZ10 4·2 
1.5KE10,A 1.5KE10,A 4·74 1/4M6.BAZ10 1/4M6.SAZ10 4·2 
1.5KE11,A 1.5KE11,A 4·74 1/4M7.5AZ10 1/4M7.5AZ10 4·2 
1.5KE12,A 1.5KE12,A 4·74 1/4MB.2AZ10 1/4MB.2AZ10 4·2 
1.5KE13,A 1.SKE13,A 4·74 1/4M9.1AZ10 1/4M9.1AZ10 4·2 
1.SKE15,A 1.5KE15,A 4·74 1/4M10AZ10 1/4M10AZ10 4·2 
1.5KE16,A 1.5KE16,A 4·74 1/4M11AZ10 1/4M11AZ10 4·2 
1.SKE1S,A 1.SKE1S,A 4·74 1/4M12AZ10 1/4M12AZ10 4·2 
1.SKE20,A 1.5KE20,A 4·74 1/4M13AZ10 1/4M13AZ10 4·2 
1.SKE22,A 1.5KE22,A 4·74 1/4M14AZ10 1/4M14AZ10 4·2 
1.SKE24,A 1.SKE24,A 4·74 1/4M1SAZ10 1/4M1SAZ10 4·2 
1.SKE27,A 1.SKE27,A 4·74 1/4M16AZ10 1/4M16AZ10 4·2 
1.SKE30,A 1.SKE30,A 4·74 1/4M17AZ10 1/4M17AZ10 4·2 
1.SKE33,A 1.SKE33,A 4·74 1/4M1SAZ10 1/4M1SAZ10 4·2 
1.SKE36,A 1.SKE36,A 4·74 1/4M19AZ10 1/4M19AZ10 4·2 
1.5KE39,A 1.SKE39,A 4·74 1/4M20AZ10 1/4M20AZ10 4·2 
1.SKE43,A 1.SKE43,A 4·74 1/4M22AZ10 1/4M22AZ10 4·2 
1.SKE47,A 1.SKE47,A 4·74 1/4M24AZ10 1/4M24AZ10 4·2 
1.SKE51,A 1.SKES1,A 4·74 1/4M25AZ10 1/4M2SAZ10 4·2 
1.5KES6,A 1.SKES6,A 4·74 1/4M27AZ10 1/4M27AZ10 4·2 
1.SKE62,A 1.SKE62,A 4·74 1/4M30AZ10 1/4M30AZ10 4·2 
1.SKE6S,A 1.SKE6B,A 4·74 1/4M33AZ10 1/4M33AZ10 4·2 
1.SKE7S,A 1.SKE7S,A 4·74 1/4M36AZ10 1/4M36AZ10 4·2 
1.SKES2,A 1.SKES2,A 4·74 1/4M39AZ10 1/4M39AZ10 4·2 
1.SKE91,A 1.SKE91,A 4·74 1/4M43AZ10 1/4M43AZ10 4·2 
1.5KE100,A 1.SKE100,A 4·74 1/4M45AZ10 1/4M45AZ10 4·2 
1.SKE110,A 1.SKE110,A 4·74 1/4M47AZ10 1/4M47AZ10 4·2 
1.5KE120,A 1.SKE120,A 4·74 1/4MSOAZ10 1/4M50AZ10 4·2 
1.SKE130,A 1.5KE130,A 4·74 1/4MS2AZ10 1/4M52AZ10 4·2 
1.5KE150,A 1.SKE150,A 4·74 1/4MS6AZ10 1/4M56AZ10 4·2 
1.5KE160,A 1.SKE160,A 4·74 1/4M62AZ10 1/4M62AZ10 4·2 
1.5KE170,A 1.SKE170,A 4·74 1/4M6BAZ10 1/4M6BAZ10 4·2 
1.SKE180,A 1.SKE1BO,A 4·74 1/4M75AZ10 1/4M7SAZ10 4·2 

"These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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1/4M82AZ10 1/4M82AZ10 4-2 1N469 1N5232B 4-54 
1/4M91AZ10 1/4M91AZ10 4-2 1N469A 1N5232B 4-54 
1/4M100AZ10 1/4M100AZ10 4-2 1N470 1N5235B 4-54 
1/4M105Z10 1/4M105Z10 4-2 1N470A 1N5235B 4-54 
1/4Z6.80,10,5 .5M6.8Z10,5 - 1N664 1N5237A 4-54 
THRU THRU 1N665 1N5242A 4-54 

1/4Z1100,10,5 .5M110Z10,5 - 1N666 1N5245B 4-54 
103.3,A,B 1M3.3ZS,10,5 - 1N667 1N5248A 4-54 

THRU THRU 1N668 1N5251A 4-54 
106.2,A,B 1M6.2ZS,10,5 - 1N669 1N5254A 5-54 
106.8,A,B 1M6.8ZS,10,5 - 1N670 1N5266B 4-54 

THRU THRU 1N671 1N5271A 4-54 
10200,A,B 1M200ZS,10,5 - 1N672 1N5276A 4-54 
1EZ11005 1M110ZS5 - 1N674 1N5230A 4-54 
1EZ12005 1M120ZS5 - 1N675 1N5234B 4-54 
1EZ13005 1M130ZS5 - 1N702* 1N702 -
1EZ14005 1M140ZS5 - THRU THRU 
1EZ15005 1M150ZS5 - 1N745 1N745 -
1EZ16005 1M160ZS5 - 1N702A-0* 1N702A-0 -
1EZ17005 1M170ZS5 - THRU THRU 
1EZ180D5 1M180ZS5 - 1N702A-9 1N702A-9 -
1EZ190D5 1M190ZS5 - 1N703A-0* 1N703A-0 -
1EZ200D5 1M200ZS5 - THRU THRU 
1M110ZS10 1M110ZS10 - 1N703A-6 1N703A-6 -
1M120ZS10 1M120ZS10 - 1N704A-O* 1N704A-0 -
1M130ZS10 1M130ZS10 - THRU THRU 
1M150ZS10 1M150ZS10 - 1N704A-5 1N704A-5 -
1M160ZS10 1M160ZS10 - 1N705A-O* 1N705A-O -
1M170ZS10 1M170ZS10 - THRU THRU 
1M180ZS10 1M180ZS10 - 1N705A-8 1N705A-8 -

1M200ZS10 1M200ZS10 - 1N706A-0* 1N706A-O -
1N370 1N5221B 4-54 THRU THRU 
1N371 1N5221A 4-54 1N706A-9 1N706A-9 -
1N372 1N5225A 4-54 1N707A-O* 1N707A-O -
1N373 1N5227A 4-54 THRU THRU 
1N374 1N5229A 4-54 1N707A-7 1N707A-7 -
1N375 1N5230A 4-54 1N746 1N746 4-4 
1N376 1N5233A 4-54 1N747 1N747 4-4 
1N377 1N5236A 4-54 1N748 1N748 4-4 
1N378 1N5238A 4-54 1N749 1N749 4-4 
1N379 1N5240A 4-54 1N750 1N750 4-4 
1N380 1N5243A 4-54 1N751 1N751 4-4 
1N381 1N5246A 4-54 1N752 1N752 4-4 
1N382 1N5249A 4-54 1N753 1N753 4-4 
1N383 1N5252A 4-54 1N754 1N754 4-4 
1N384 1N5255A 4-54 1N755 1N755 4-4 
1N385 1N5258A 4-54 1N756 1N756 4-4 
1N386 1N5260A 4-54 1N757 1N757 4-4 
1N387 1N5261A 4-54 1N758 1N758 4-4 
1N430 1N3156 4-54 1N759 1N759 4-4 
1N430A 1N3157 4-54 1N761,-1,-2* 1N761,-1,-2 -
1N430B 1N3157A 4-54 1N761-69* 1N761-69 -
1N465 1N5223A 4-54 1N762,-1,-2* 1N762,-1,-2 -
1N465A 1N5223B 4-54 1N763,-1,-2,-3* 1N763,-1,-2,-3 -
1N466 1N5226A 4-54 1N764,-1* 1N764,-1 -
1N466A 1N5226B 4-54 THRU THRU 
1N467 1N5228B 4-54 1N764,-4 1N764,-4 -
1N467A 1N5228B 4-54 1N765,-1,-2* 1N765,-1,-2 -
1N468 1N5230A 4-54 1N766,-1,-2,-3* 1N766,-1,-2,-3 -
1N468A 1N5230B 4-54 1N767,-1,-2,-3* 1N767,-1,-2,-3 -

*These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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1 N76B,-1 ,-2,-3* 1N76B,-1,-2,-3 - 1 N976A 1N976A 4-4 
1N769,-1* 1N769,-1 - 1N977A 1N977A 4-4 

THRU THRU 1N97BA 1N97BA 4-4 
1N769,-4 1N769,-4 - 1N979A 1N979A 4-4 
1NB16 MZ2360 4-114 1N9BOA 1N9BOA 4-4 
1NB21 1NB21 4-10 1N9B1A 1N9B1A 4-4 
1NB21A 1NB21A 4-10 1N9B2A 1N9B2A 4-4 
1NB23 1NB23 4-10 1N9B3A 1N9B3A 4-4 
1NB23A 1NB23A 4-10 1N9B4A 1N9B4A 4-4 
1NB25 1NB25 4-10 1N9B5A 1N9B5A 4-4 
1NB25A 1NB25A 4-10 1N9B6A 1N9B6A 4-4 
1NB26 1NB25 4-10 1N9B7A 1N9B7A 4-21 
1NB27 1NB27 4-10 1N9BBA 1N9BBA 4-21 
1NB27A 1NB27A 4-10 1N9B9A 1N9B9A 4-21 
1NB2B 1NB27 4-10 1N990A 1N990A 4-21 
1NB29 1NB29 4-10 1N991A 1N991A 4-21 
1NB29A 1NB29A 4-10 1N992A 1N992A 4-21 
1N935 1N935 4-13 1N1313 1N4102 4-42 
1N935A 1N935A 4-13 1N1313A 1N4102 4-42 
1N935B 1N935B 4-13 1N1314 1/4M10.5Z10 4-2 
1N936 1N936 4-13 1N1314A 1/4M10.5Z5 4-2 
1N936A 1N936A 4-13 1N1315 1/4M12.75Z10 4-2 
1N936B 1 N936B 4-13 1N1315A 1/4M12.75Z5 4-2 
1N937 1N937 4-13 1N1316 1/4M15.75Z10 4-2 
1N937A 1N937A 4-13 1N1316A 1/4M15.75Z5 4-2 
1N937B 1N937B 4-13 1N1317 1N4113 4-42 
1N93B 1N93B 4-13 1N1317A 1 N4113 4-42 
1N93BA 1N93BA 4-13 1 N131B 1/4M23.5Z10 4-2 
1N93BB 1N93BB 4-13 1 N131BA 1/4M23.5Z5 4-2 
1N939 1N939 4-13 1N1319 1/4M28.5Z10 4-2 
1N939A 1N939A 4-13 1N1319A 1/4M2B.5Z5 4-2 
1N939B 1N939B 4-13 1 N1320 1/4M34.5Z10 4-2 
1N941 1N941 4-17 1N1320A 1/4M34.5Z5 4-2 
1N941A 1N941A 4-17 1N1321 1/4M41Z10 4-2 
1N941B 1N941B 4-17 1N1321A 1/4M41Z5 4-2 
1N942 1N942 4-17 1 N1322 1/4M45.5Z1 4-2 
1N942A 1N942A 4-17 1N1322A 1/4M4B.5Z5 4-2 
1 N942B 1 N942B 4-17 1N1323 1/4M5BZ10 4-2 
1N943 1N943 4-17 1N1323A 1/4M5BZ5 4-2 
1N943A 1N943A 4-17 1 N1324 1/4M71Z10 4-2 
1 N943B 1N943B 4-17 1N1324A 1/4M71Z5 4-2 
1N944 1N944 4-17 1N1325 1/4MB7.5Z10 4-2 
1N944A 1N944A 4-17 1N1325A 1/4MB7.5Z5 4-2 
1N944B 1N944B 4-17 1 N1326 AM105Z10 -
1N945 1N945 4-17 1N1326A AM 1 05Z5 -
1N945A 1N945A 4-17 1 N1327 AM127.5Z10 -
1N945B 1N945B 4-17 1N1327A AM127.5Z5 -
1N957A 1N957A 4-4 1N1351 1N2974A 4-27 
1N95BA 1N95BA 4-4 1 N1351A 1N2974B 4-27 
1N959A 1N959A 4-4 1 N1352 1N2975A 4-27 
1N960A 1N960A 4-4 1 N1352A 1N2975B 4-27 
1N961A 1N961A 4-4 1 N1353 1N2976A 4-27 
1N962A 1N962A 4-4 1N1353A 1N2976B 4-27 
1N963A 1N963A 4-4 1N1354 1N2977A 4-27 
1N964A 1N964A 4-4 1 N1356 1N29BOA 4-27 
1N965A 1N965A 4-4 1 N1356A 1N29BOB 4-27 
1N966A 1N966A 4-4 1 N1357 1N29B2A 4-27 
1N967A 1N967A 4-4 1N1357A 1N29B2B 4-27 

THRU THRU 1 N135B 1N29B4A 4-27 
1N975A 1N975A 4-4 1 N135BA 1N29B4B 4-27 

*These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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1N1359 1N2985A 4-27 1N1509 1N4734 4-50 
1N1359A 1N2985B 4-27 1N1509A 1N4734A 4-50 
1N1360 1N2986A 4-27 1N1510 1N4736 4-50 
1N1360A 1N2986B 4-27 1 N1510A 1N4736A 4-50 
1N1361 1N2988A 4-27 1N1511 1N4738 4-50 
1N1361A 1N2988B 4-27 1N1511A 1N4738A 4-50 
1N1362 1N2989A 4-27 1N1512 1N4740 4-50 
1N1362A 1N2989B 4-27 1 N1512A 1N4740A 4-50 
1N1363 1N2990A 4-27 1N1513 1N4742 4-50 
1N1363A 1N2990B 4-27 1N1513A 1N4742A 4-50 
1N1364 1N2991A 4-27 1N1514 1N4744 4-50 
1N1364A 1N2991B 4-27 1N1514A 1N4744A 4-50 
1N1365 1N2992A 4-27 1N1515 1N4746 4-50 
1N1365A 1N2992B 4-27 1N1515A 1N4746A 4-50 
1N1366 1N2993A 4-27 1N1516 1N4748 4-50 
1N1366A 1N2993B 4-27 1N1516A 1N4748A 4-50 
1N1367 1N2995A 4-27 1N1517 1N4750 4-50 
1N1367A 1N2995B 4-27 1N1517A 1N4750A 4-50 
1N1368 1N2997A 4-27 1N1518 1N4730 4-50 
1N1368A 1N2997B 4-27 1N1518A 1N4730A 4-50 

1N1369 1N2999A 4-27 1N1519 1N4732 4-50 
1N1369A 1N2999B 4-27 1N1519A 1N4732A 4-50 
1N1370 1N3000A 4-27 1N1520 1N4734 4-50 
1N1370A 1N3000B 4-27 1N1520A 1N4734A 4-50 
1N1371 1N3001A 4-27 1N1521 1N4736 4-50 
1N1371A 1N3001B 4-27 1N1521A 1N4736A 4-50 
1N1372 1N3002A 4-27 1N1522 1N4738 4-50 
1N1372A 1N3002B 4-27 1N1522A 1N4738A 4-50 
1N1373 1N3003A 4-27 1N1523 1N4740 4-50 
1N1373A 1N3003B 4-27 1N1523A 1N4740A 4-50 

1N1374 1N3004A 4-27 1N1524 1N4742 4-50 
1N1374A 1N3004B 4-27 1N1524A 1N4742A 4-50 
1N1375 1N3005A 4-27 1N1525 1N4744 4-50 
1N1375A 1N3005B 4-27 1N1525A 1N4744A 4-50 
1N1416 1N2972B 4-27 1N1526 1N4746 4-50 
1N1417 1N2976B 4-27 1N1526A 1N4746A 4-50 
1N1418 1N2979B 4-27 1N1527 1N4748 4-50 
1N1419 1N2982B 4-27 1N1527A 1N4748A 4-50 
1N1420 1N2985B 4-27 1N1528 1 N4750 4-50 
1N1421 1N2988B 4-27 1N1528A 1N4750A 4-50 

1N1422 1N3001B 4-27 1N1530 1N3156 4-29 
1N1423 1N3005B 4-27 1N1530A 1N3157 4-29 
1N1424 1N3011B 4-27 1N1588 1N3993A 4-40 
1N1425 1N4738A 4-50 1N1588A 1N3993A 4-40 
1N1426 1N4742A 4-50 1N1589 1N3995A 4-40 
1N1427 1N4744A 4-50 1N1589A 1N3995A 4-40 
1N1428 1N4746A 4-50 1N1590 1N3997A 4-40 
1N1429 1N4748A 4-50 1N1590A 1N3997A 4-40 
1N1430 1N4750A 4-50 1N1591 1N2970RA 4-27 
1N1431 1N4760A 4-50 1N1591A 1N2970RB 4-27 

1N1432 1N4764A 4-50 1N1592 1N2972RA 4-27 
1N1433 1M150ZS5 - 1N1592A 1N2972RB 4-27 
1N1482 1N3995A 4-40 1N1593 1N2974RA 4-27 
1N1483 1N3998A 4-40 1N1593A 1N2974RB 4-27 
1N1484 1N4732A 4-50 1N1594 1N2976RA 4-27 
1N1485 1N4735A 4-50 1N1594A 1N2976RB 4-27 
1N1507 1N4730 4-50 1N1595 1N2979RA 4-27 
1N1507A 1N4730A 4-50 1N1595A 1N2979RB 4-27 
1N1508 1N4732 4-50 1N1596 1N2982RA 4-27 
1N1508A 1N4732A 4-50 1N1596A 1N2982RB 4-27 

-These devices are manufactured by Motorola but no data sheet available'- Consult Factory. 
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1N1597A 1N29B5RB 4-27 1 N17BO 1 N4749 4-50 
1N159B 1N29BBRA 4-27 1 N17BOA 1N4749A 4-50 
1 N159BA 1N29BBRB 4-27 1 N17B1 1N4750 4-50 
1 N1599 1N3993A 4-40 1 N17B1A 1N4750A 4-50 
1N1599A 1N3993A 4-40 1 N17B2 1N4751 4-50 
1 N1600 1N3995A 4-40 1 N17B2A 1N4751A 4-50 
1N1600A 1N3995A 4-40 1 N17B3 1 N4752 4-50 
1N1601 1N3997A 4-40 1N17B3A 1N4752A 4-50 
1N1601A 1N3997A 4-40 1 N17B4 1 N4753 4-50 
1N1602 1N2970RA 4-27 1 N17B4A 1N4753A 4-50 
1 N1602A 1N2970RB 4-27 1N17B5 1N4754 4-50 
1N1603 1N2972RA 4-27 1N17B5A 1N4754A 4-50 
1 N1603A 1N2972RB 4-27 1 N17B6 1 N4755 4-50 
1 N1604 1N2974RA 4-27 1 N17B6A 1N4755A 4-50 
1 N1604A 1N2974RB 4-27 1N17B7 1N4756 4-50 
1 N1605 1N2976RA 4-27 1N17B7A 1N4756A 4-50 
1N1605A 1N2976RB 4-27 1 N17BB 1 N4757 4-50 
1N1606 1N2979RA 4-27 1N178BA 1N4757A 4-50 
1N1606A 1N2979RB 4-27 1N17B9 1N475B 4-50 
1 N1607 1N29B2RA 4-27 1N17B9A 1N475BA 4-50 

1N1607A 1N29B2RB 4-27 1N1790 1 N4759 4-50 
1 N160B 1N29B5RA 4-27 1N1790A 1N4759A 4-50 
1 N160BA 1N29B5RB 4-27 1 N1791 1N4760 4-50 
1 N1609 1N29BBRA 4-27 1N1791A 1N4760A 4-50 
1N1609A 1N29BBRB 4-27 1N1792 1N4761 4-50 
1N1735 1NB23 4-10 1 N1792A 1N4761A 4-50 
1N1736 1 N941A 4-17 1 N1793 1 N4762 4-50 
1N1736A 1N942A 4-17 1 N1793A 1N4762A 4-50 
1N1743 1N2974A 4-27 1N1794 1N4763 4-50 
1N1744 1N4740 4-50 1 N1794A 1N4763A 4-50 
1N1765 1N4734 4-50 1 N1795 1 N4764 4-50 
1 N1765A 1N4734A 4-50 1N1795A 1N4764A 4-50 
1 N1766 1N4735 4-50 1 N1796 1 M110ZS10 -
1N1766A 1N4735A 4-50 1N1796A 1M110ZS5 -
1 N1767 1N4736 4-50 1N1797 1 M120ZS10 -
1 N1767 A 1N4736A 4-50 1N1797A 1 M120ZS5 -
1 N176B 1N4737 4-50 1 N179B 1 M130ZS10 -
1N176BA 1N4737A 4-50 1N179BA 1M130ZS5 -

1N1769 1N4738 4-50 1N1799 1M150ZS10 -
1 N1769A 1N473BA 4-50 1N1799A 1 M150ZS5 -
1 N1770 1N4739 4-50 1N1BOO 1M160ZS10 -
1N1770A 1N4739A 4-50 1 N1BOOA 1 M160ZS5 -
1 N1771 1N4740 4-50 1 N1B01 1 M1BOZS10 -
1 N1771A 1N4740A 4-50 1N1B01A 1M1BOZS5 -
1N1772 1N4741 4-50 1N1B02 1 M200ZS10 -

1N1772A 1 N4741 A 4-50 1N1B02A 1M200ZS5 -
1 N1773 1N4742 4-50 1 N1B03 1N3997RA 4-40 
1 N1773A 1N4742A 4-50 1 N1B03A 1N3997RA 4-40 
1 N1774 1N4743 4-50 1 N1B04 1N399BRA 4-40 
1N1774A 1N4743A 4-50 1 N1B04A 1N399BRA 4-40 

1 N1775 1 N4744 4-50 1 N1B05 1N2970A 4-27 
1 N1775A 1N4744A 4-50 1 N1B05A 1N2970B 4-27 
1N1776 1 N4745 4-50 1 N1B06 1N2971A 4-27 
1 N1776A 1N4745A 4-50 1N1B06A 1N2971B 4-27 
1N1777 1 N4746 4-50 1 N1B07 1N2972A 4-27 
1N1777A 1N4746A 4-50 1N1B07A 1N2972B 4-27 
1N177B 1N4747 4-50 1N1BOB 1N2973A 4-27 
1N177BA 1N4747A 4-50 1N1BOBA 1N2973B 4-27 
1N1779 1N474B 4-50 1N1B09 1N3007A 4-27 
1 N1779A 1N474BA 4-50 1 N1B09A 1 N3007B 4-27 
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1N1810 1N3008A 4-27 1N1828 1N2993A 4-27 
1N1810A 1N3008B 4-27 1N1828A 1N2993B 4-27 
1N1811 1N3009A 4-27 1N1828C 10M43ZZ10 -
1N1811A 1N3009B 4-27 1N1828CA 10M43ZZ5 -
1N1812 1N3011A 4-27 1N1829 1N2995A 4-27 
1N1812A 1N3011B 4-27 1N1829A 1N2995B 4-27 
1N1813 1N3012A 4-27 1N1829C 10M47ZZ10 -

1N1813A 1N30128 4-27 1N1829CA 10M47ZZ5 -
1N1814 1N3014A 4-27 1N1830 1N2997A 4-27 
1N1814A 1N30148 4-27 1N1830A 1N29978 4-27 

1N1815 1N3015A 4-27 1N1830C 10M51ZZ10 -
1N1815A 1N30158 4-27 1N1830CA 10M51ZZ5 -
1N1816 1N2977A 4-27 1N1831 1N2999A 4-27 
1N1816A 1N29778 4-27 1N1831A 1N29998 4-27 
1N1816C 10M13ZZ10 - 1N1831C 10M56ZZ10 -
1N1816CA 10M13ZZ5 - 1N1831CA 10M56ZZ5 -
1N1817 1N2979A 4-2i 1N1832 1N3000A 4-27 
1N1817A 1N29798 4-27 1N1832A 1N30008 4-27 
1N1817C 10M15ZZ10 - 1N1832C 10M62ZZ10 -
1N1817CA 10M15ZZ5 - 1N1832CA 10M62ZZ5 -

1N1818 1N2980A 4-27 1N1833 1N3001A 4-27 
1N1818A 1N29808 4-27 1N1833A 1N30018 4-27 
1N1818C 10M16ZZ10 - 1N1833C 10M68ZZ10 -
1N1818CA 10M16ZZ5 - 1N1833CA 10M68ZZ5 -
1N1819 1N2982A 4-27 1N1834 1N3002A 4-27 
1N1819A 1N2982B 4-27 1N1834A 1N30028 4-27 
1N1819C 10M18ZZ10 - 1N1834C 10M75ZZ10 -
1N1819CA 10M18ZZ5 - 1N1834CA 10M75ZZ5 -
1N1820 1N2984A 4-27 1N1835 1N3003A 4-27 
1N1820A 1N29848 4-27 1N1835A 1N30038 4-27 

1N1820C 10M20ZZ10 - 1N1835C 10M82ZZ10 -
1N1820CA 10M20ZZ5 - 1N1835CA 10M82ZZ5 -
1N1821 1N2985A 4-27 1N1836 1N3004A 4-27 
1N1821A 1N29858 4-27 1N1836A 1N30048 4-27 
1N1821C 10M22ZZ10 - 1N1836C 10M91ZZ10 -
1N1821CA 10M22ZZ5 - 1N1836CA 10M91ZZ5 -
1N1822 1N2986A 4-27 1N1876 1N4740 4-50 
1N1822A 1N29868 4-27 1N1877 1N4742 4-50 
1N1822C 10M24ZZ10 - 1N1878 1N4744 4-50 
1N1822CA 10M24ZZ5 - 1N1879 1N4746 4-50 

1N1823 1N2988A 4-27 1N1880 1N4748 4-50 
1N1823A 1N2988B 4-27 1N1881 1N4750 4-50 
1N1823C 10M27ZZ10 - 1N1882 1N4752 4-50 
1N1823CA 10M27ZZ5 - 1N1883 1N4754 4-50 
1N1824 1N2989A 4-27 1N1884 1N4756 4-50 
1N1824A 1N29898 4-27 1N1885 1N4758 4-50 
1N1824C 10M30ZZ10 - 1N1886 1N4760 4-50 
1N1824CA 10M30ZZ5 - 1N1887 1N4762 4-50 
1N1825 1N2990A 4-27 1N1888 1N4764 4-50 
1N1825A 1N29908 4-27 1N1889 1M120ZS10 -
1N1825C 10M33ZZ10 - 1N1890 1M150ZS10 -
1N1825CA 10M33ZZ5 - 1N1891 1N2972A 4-27 
1N1826 1N2991A 4-27 1N1892 1N2974A 4-27 
1N1826A 1N29918 4-27 1N1893 1N2976A 4-27 
1N1826C 10M36ZZ10 - 1N1894 1N2979A 4-27 
1N1826CA 10M36ZZ5 - 1N1895 1N2982A 4-27 
1N1827 1N2992A 4-27 1N1896 1N2985A 4-27 
1N1827A 1N2992B 4-27 1N1897 1N2988A 4-27 
1N1827C 10M39ZZ10 - 1N1898 1N2990A 4-27 
1N1827CA 10M39ZZ5 - 1N1899 1N2992A 4-27 
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1 N1900 1N2995A 4-27 1 N1992 1N5257A 4-54 
1N1901 1N2999A 4-27 1 N1993 1N5259A 4-54 
1 N1902 1 N3001A 4-27 1N1994 1 N5261A 4-54 
1N1903 1N3003A 4-27 1 N1995 1N5263A 4-54 
1 N1904 1N3005A 4-27 1N1996 1N5266A 4-54 
1 N1905 1N3008A 4-27 1N1997 1N5268A 4-54 
1 N1906 1N3011A 4-27 1N1998 1N5271A 4-54 
1N1927 1N5228A 4-54 1N1999 1N5273A 4-60 
1 N1928 1N5230A 4-54 1N2000 1N5276A 4-60 
1 N1929 1N5232A 4-54 1N2001 1N5279A 4-60 
1 N1930 1N5235A 4-54 1N2008 1N3005A 4-27 
1N1931 1N5237A 4-54 1N2008C 10M100ZZ10 -
1N1932 1N5240A 4-54 1N2008CA 10M100ZZ5 -
1 N1933 1N5242A 4-54 1N2009 1N3007A 4-27 
1 N1934 1N5245A 4-54 1N2009C 10M110ZZ10 -
1 N1935 1N5248A 4-54 1N2009CA 10M110ZZ5 -
1 N1936 1 N5251 A 4-54 1 N2010 1N3008A 4-27 
1 N1937 1N5254A 4-54 1N2010C 10M120ZZ10 -
1 N1938 1N5257A 4-54 1N2010CA 10M120ZZ5 -
1N1939 1N5259A 4-54 1 N2011 1N3009A 4-27 
1N1940 1N5261A 4-54 1N2011C 10M130ZZ10 -
1 N1941 1N5263A 4-54 1N2011CA 10M130ZZ5 -
1N1942 1N5266A 4-54 1N2012 1N3011A 4-27 
1 N1943 1N5268A 4-54 1 N2012A,AR 1 N30118 4-27 
1 N1944 1 N5271A 4-54 1N2012C 10M150ZZ10 -
1N1945 1N5273A 4-60 1 N2012CA 10M150ZZ5 -
1 N1946 1N5276A 4-60 1N2032 1N4732 4-50 
1 N1947 1N5279A 4-60 1N2033 1N4734 4-50 
1N1954 1N5228A 4-54 1N2034 1N4736 4-50 
1 N1955 1N5230A 4-54 1N2035 1N4739 4-50 
1N1956 1N5232A 4-54 1N2036 1N4740 4-50 
1 N1957 1N5235A 4-54 1N2037 1N4743 4-50 
1 N1958 1N5237A 4-54 1N2038 1N4745 4-50 
1 N1959 1N5240A 4-54 1N2039 1N4747 4-50 
1 N1960 1N5242A 4-54 1N2040 1N4749 4-50 
1 N1961 1N5245A 4-54 1 N2041 1N3995A 4-40 
1 N1962 1N5248A 4-54 1N2042 1N3997A 4-40 
1 N1963 1 N5251A 4-54 1N2043 1N2970RA 4-27 
1 N1964 1N5254A 4-54 1N2044 1N2973RA 4-27 
1 N1965 1N5257A 4-54 1N2045 1 N2974R8 4-27 
1N1966 1N5259A 4-54 1N2046 1N2977RA 4-27 
1 N1967 1N5261A 4-54 1 N2047 1N2980RA 4-27 
1 N1968 1N5263A 4-54 1N2048 1N2983RA 4-27 
1N1969 1N5266A 4-54 1N2049 1N2986RA 4-27 
1 N1970 1N5268A 4-54 1N2387 1N4751 4-50 
1N1971 1N5271A 4-54 1N2498 1N2974A 4-27 
1 N1972 1N5273A 4-60 1N2498A 1 N29748 4-27 
1N1973 1N5276A 4-60 1N2498C 10M10ZZ10 -
1 N1974 1N5279A 4-60 1N2498CA 10M10ZZ5 -
1N1981 1N5228A 4-54 1N2499 1N2975A 4-27 
1 N1982 1N5230A 4-54 1N2499A 1N29758 4-27 
1 N1983 1N5232A 4-54 1N2499C 10M11ZZ10 -
1 N1984 1N5235A 4-54 1N2499CA 10M11ZZ5 -
1 N1985 1N5237A 4-54 1N2500 1N2976A 4-27 
1N1986 1N5240A 4-54 1N2500A 1N29768 4-27 
1N1987 1N5242A 4-54 1N2500C 10M12ZZ10 -
1 N1988 1N5245A 4-54 1N2500CA 10M12ZZ5 -
1 N1989 1N5248A 4-54 1N2625 1N937 4-13 
1 N1990 1N5251A 4-54 1N2625A 1N937A 4-13 
1 N1991 1N5254A 4-54 1N26258 1N9378 4-13 
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1N2626 1N938 4-13 1N2829RA 1N2829RA 4-23 
1N2626A 1N938A 4-13 1N2830A 1N2830A 4-23 
1N2626B 1N938B 4-13 1N2830RA 1N2830RA 4-23 
1N2765 1 N823A 4-10 1N2831A 1N2831A 4-23 
1N2765A 1N825A 4-10 1N2831RA 1N2831RA 4-23 
1N2766 1N1736A - 1N2832A 1N2832A 4-23 
1N2766A 1N1736A - 1N2832RA 1N2832RA 4-23 
1N2783 1 N3000A 4-27 1 N2833A 1N2833A 4-23 
1N2790 1 N3156 4-29 1N2833RA 1N2833RA 4-23 
1N2804A 1N2804A 4-23 1N2834A 1N2834A 4-23 

1N2804RA 1N2804RA 4-23 1N2834RA 1N2834RA 4-23 
1N2805A 1N2805A 4-23 1N2835A 1N2835A 4-23 
1N2805RA 1N2805RA 4-23 1N2835RA 1N2835RA 4-23 
1N2806A 1N2806A 4-23 1N2836A 1N2836A 4-23 
1N2806RA 1N2806RA 4-23 1N2836RA 1N2836RA 4-23 
1N2807A 1N2807A 4-23 1N2837A 1N2837A 4-23 
1N2807RA 1N2807RA 4-23 1N2837RA 1N2837RA 4-23 
1N2808A 1N2808A 4-23 1N2838A 1N2838A 4-23 
1N2808RA 1N2808RA 4-23 1N2838RA 1N2838RA 4-23 
1N2809A 1N2809A 4-23 1N2839A 1N2839A 4-23 
1N2809RA 1N2809RA 4-23 1N2839RA 1N2839RA 4-23 
1 N2810A 1 N2810A 4-23 1 N2840A 1N2840A 4-23 
1N2810RA 1N281GRA 4-23 1 N2840RA 1N2840RA 4-23 
1 N2811A 1N2811A 4-23 1N2841A 1N2841A 4-23 
1 N2811 RA 1N2811RA 4-23 1 N2841RA 1N2841RA 4-23 
1 N2812A 1N2812A 4-23 1N2842A 1N2842A 4-23 
1 N2812RA 1 N2812RA 4-23 1N2842RA 1N2842RA 4-23 
1N2813A 1 N2813A 4-23 1N2843A 1N2843A 4-23 
1 N2813RA 1 N2813RA 4-23 1N2843RA 1N2843RA 4-23 
1N2814A 1 N2814A 4-23 1N2844A 1N2844A 4-23 
1N2814RA 1N2814RA 4-23 1N2844RA 1N2844RA 4-23 
1N2815A 1N2815A 4-23 1 N2845A 1N2845A 4-23 
1 N2815RA 1N2815RA 4-23 1N2845RA 1N2845RA 4-23 
1 N2816A 1 N2816A 4-23 1N2846A 1N2846A 4-23 
1 N2816RA 1N2816RA 4-23 1N2846RA 1N2846RA 4-23 
1 N2817A 1 N2817 A 4-23 1 N2937 1N2996A 4-27 
1 N2817RA 1N2817RA 4-23 1N2970A 1N2970A 4-27 
1 N2818A 1 N2818A 4-23 1N2970RA 1N2970RA 4-27 
1N2818RA 1 N2818RA 4-23 1 N2971A 1N2971A 4-27 
1N2819A 1N2819A 4-23 1N2971RA 1 N2971 RA 4-27 

1N2819RA 1N2819RA 4-23 1N2972A 1N2972A 4-27 
1N2820A 1N2820A 4-23 1N2972RA 1N2972RA 4-27 
1N2820RA 1N2820RA 4-23 1N2973A 1N2973A 4-27 
1N2821A 1N2821A 4-23 1N2973RA 1N2973RA 4-27 
1 N2821RA 1 N2821 RA 4-23 1N2974A 1N2974A 4-27 
1N2822A 1N2822A 4-23 1N2974RA 1N2974RA 4-27 
1N2822RA 1N2822RA 4-23 1N2975A 1N2975A 4-27 
1 N2823A 1N2823A 4-23 1N2975RA 1N2975RA 4-27 
1N2823RA 1N2823RA 4-23 1N2976A 1N2976A 4-27 
1N2824A 1N2824A 4-23 1N2976RA 1N2976RA 4-27 

1N2824RA 1N2824RA 4-23 1N2977A 1N2977A 4-27 
1N2825A 1N2825A 4-23 1N2977RA 1N2977RA 4-27 
1N2825RA 1N2825RA 4-23 1N2978A 1N2978A 4-27 
1N2826A 1N2826A 4-23 1N2978RA 1N2978RA 4-27 
1N2826RA 1N2826RA 4-23 1N2979A 1N2979A 4-27 
1 N2827A 1N2827A 4-23 1N2979RA 1N2979RA 4-27 
1N2827RA 1N2827RA 4-23 1N2980A 1N2980A 4-27 
1N2828A 1N2828A 4-23 1N2980RA 1N2980RA 4-27 
1N2828RA 1N2828RA 4-23 1N2981A* 1N2981A 4-27 
1N2829A 1N2829A 4-23 1N2981RA* 1N2981RA 4-27 
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1N2982A 1N2982A 4-27 1 N3012A 1N3012A 4-27 
1N2982RA 1N2982RA 4-27 1N3012RA 1N3012RA 4-27 
1N2983A 1N2983A 4-27 1N3013A* 1 N3013A 4-27 
1N2983RA 1N2983RA 4-27 1N3013RA* 1N3013RA 4-27 
1N2984A 1N2984A 4-27 1 N3014A 1N3014A 4-27 
1N2984RA 1N2984RA 4-27 1N3014RA 1N3014RA 4-27 
1N2985A 1N2985A 4-27 1 N3015A 1N3015A 4-27 
1N2985RA 1N2985RA 4-27 1 N3015RA 1N3015RA 4-27 
1N2986A 1N2986A 4-27 1N3016A 1N3016A 4-34 
1N2986RA 1N2986RA 4-27 1N3017A 1N3017A 4-34 
1N2987A* 1N2987A 4-27 1N3018A 1N3018A 4-34 
1N2987RA* 1N2987RA 4-27 1N3019A 1N3019A 4-34 
1N2988A 1N2988A 4-27 1N3020A 1N3020A 4-34 
1N2988RA 1N2988RA 4-27 1N3021A 1N3021A 4-34 
1N2989A 1N2989A 4-27 1N3022A 1N3022A 4-34 
1N2989RA 1N2989RA 4-27 1N3023A 1N3023A 4-34 
1N2990A 1N2990A 4-27 1N3024A 1N3024A 4-34 
1N2990RA 1N2990RA 4-27 1N3025A 1N3025A 4-34 
1 N2991A 1N2991A 4-27 1N3026A 1N3026A 4-34 
1 N2991RA 1 N2991RA 4-27 1N3027A 1N3027A 4-34 
1N2992A 1N2992A 4-27 1N3028A 1N3028A 4-34 
1N2992RA 1N2992RA 4-27 1N3029A 1N3029A 4-34 
1N2993A 1N2993A 4-27 1N3030A 1N3030A 4-34 
1N2993RA 1N2993RA 4-27 1N3031A 1N3031A 4-34 
1N2994A* 1N2994A 4-27 1N3032A 1N3032A 4-34 
1N2994RA* 1N2994RA 4-27 1N3033A 1N3033A 4-34 
1N2995A* 1N2995A 4-27 1N3034A 1N3034A 4-34 
1N2995RA* 1N2995RA 4-27 1N3035A 1N3035A 4-34 
1N2996A 1N2996A 4-27 1N3036A 1N3036A 4-34 
1N2996RA 1N2996RA 4-27 1N3037A 1N3037A 4-34 
1N2997A 1N2997A 4-27 1N3038A 1N3038A 4-34 
1N2997RA 1N2997RA 4-27 1N3039A 1N3039A 4-34 
1N2998A 1N2998A 4-27 1N3040A 1N3040A 4-34 
1N2998RA 1N2998RA 4-27 1N3041A 1N3041A 4-34 
1N2999A* 1N2999A 4-27 1N3042A 1N3042A 4-34 
1N2999RA* 1N2999RA 4-27 1N3043A 1N3043A 4-34 
1N3000A 1N3000A 4-27 1N3044A 1N3044A 4-34 
1N3000RA 1N3000RA 4-27 1N3045A 1N3045A 4-34 
1N3001A 1N3001A 4-27 1N3046A 1N3046A 4-34 
1 N3001 RA 1 N3001 RA 4-27 1N3047A 1N3047A 4-34 
1N3002A 1N3002A 4-27 1N3048A 1N3048A 4-34 
1N3002RA 1N3002RA 4-27 1N3049A 1N3049A 4-34 
1N3003A 1N3003A 4-27 1N3050A 1N3050A 4-34 
1N3003RA 1N3003RA 4-27 1N3051A 1N3051A 4-34 
1N3004A 1N3004A 4-27 1N3098,A 1N3046A 4-34 
1N3004RA 1N3004RA 4-27 1N3099,A 1N3048A 4-34 
1N3005A 1N3005A 4-27 1 N3100,A 1N3050A 4-34 
1N3005RA 1N3005RA 4-27 1N3101,A 1N3051A 4-34 
1N3006A 1N3006A 4-27 1N3102,A 1N3008A 4-27 
1N3006RA 1N3006RA 4-27 1N3103,A 1N3011A 4-27 
1N3007A 1N3007A 4-27 1N3104,A 1N3014A 4-27 
1N3007RA 1N3007RA 4-27 1 N3105,A 1 N3015A 4-27 
1N3008A 1N3008A 4-27 1N3112 1N4737A 4-50 
1N3008RA 1N3008RA 4-27 1 N3148 1 N3155A 4-29 
1N3009A 1N3009A 4-27 1 N3154 1N3154 4-29 
1N3009RA 1N3009RA 4-27 1N3154A 1N2977B 4-27 
1N3010A 1N3010A 4-27 1 N3155 1N3155 4-29 
1N3010RA 1N3010RA 4-27 1N3155A 1N3155A 4-29 
1N3011A 1 N3011A 4-27 1N3156 1 N3156 4-29 
1N3011RA 1N3011RA 4-27 1N3156A 1N3156A 4-29 
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1N3157 1N3157 4-29 1N3324A 1N3324A 4-23 
1N3157A 1N3157A 4-29 1N3324RA 1N3324RA 4-23 
1N3181 1N5237A 4-54 1N3325A 1N3325A 4-23 
1N3198 1N5221B 4-54 1N3325RA 1N3325RA 4-23 
1N3199 1N3155 4-29 1N3326A 1N3326A 4-23 
1N3200 1N3156 4-29 1N3326RA 1N3326RA 4-23 
1N3201 1N3156 4-29 1N3327A 1N3327A 4-23 
1N3202 1N3157 4-29 1N3327RA 1N3327RA 4-23 
1N3222A 1N3222A - 1N3328A 1N3328A 4-23 
1N3222RA 1N3222RA - 1N3328RA 1N3328RA 4-23 
1N3223A 1N3223A - 1N3329A 1N3329A 4-23 
1N3223RA 1N3223RA - 1 N3329RA 1N3329RA 4-23 
1N3224A 1N3224A - 1N3330A 1N3330A 4-23 
1N3224RA 1N3224RA - 1N3330RA 1N3330RA 4-23 
1N3225A 1N3225A - 1N3331A 1N3331A 4-23 
1N3225RA 1N3225RA - 1 N3331RA 1N3331RA 4-23 
1N3226A 1N3226A - 1N3332A 1N3332A 4-23 
1N3226RA 1N3226RA - 1N3332RA 1N3332RA 4-23 
1N3227A 1N3227A - 1N3333A 1N3333A 4-23 
1N3227RA 1N3227RA - 1N3333RA 1N3333RA 4-23 
1N3228A 1N3228A - 1N3334A 1N3334A 4-23 
1N3228RA 1N3228RA - 1N3334RA 1N3334RA 4-23 
1N3305A 1N3305A 4-23 1N3335A 1N3335A 4-23 
1N3305RA 1N3305RA 4-23 1N3335RA 1N3335RA 4-23 
1N3306A 1N3306A 4-23 1N3336A 1N3336A 4-23 
1N3306RA 1N3306RA 4-23 1N3336RA 1N3336RA 4-23 
1N3307A 1N3307A 4-23 1N3337A 1N3337A 4-23 
1N3307RA 1N3307RA 4-23 1N3337RA 1N3337RA 4-23 
1N3308A 1N3308A 4-23 1N3338A 1N3338A 4-23 
1N3308RA 1N3308RA 4-23 1N3338RA 1N3338RA 4-23 

1N3309A 1N3309A 4-23 1N3339A 1N3339A 4-23 
1N3309RA 1N3309RA 4-23 1N3339RA 1N3339RA 4-23 
1N3310A 1N3310A 4-23 1N3340A 1N3340A 4-23 
1N3310RA 1N3310RA 4-23 1N3340RA 1N3340RA 4-23 
1N3311A 1N3311A 4-23 1N3341A 1N3341A 4-23 
1N3311RA 1N3311RA 4-23 1N3341RA 1 N3341RA 4-23 
1N3312A 1N3312A 4-23 1N3342A 1N3342A 4-23 
1N3312RA 1N3312RA 4-23 1N3342RA 1N3342RA 4-23 
1N3313A 1N3313A 4-23 1N3343A 1N3343A 4-23 
1N3313RA 1N3313RA 4-23 1N3343RA 1N3343RA 4-23 

1N3314A 1N3314A 4-23 1N3344A 1N3344A 4-23 
1N3314RA 1N3314RA 4-23 1N3344RA 1N3344RA 4-23 
1N3315A 1N3315A 4-23 1N3345A 1N3345A 4-23 
1N3315RA 1N3315RA 4-23 1N3345RA 1N3345RA 4-23 
1N3316A 1N3316A 4-23 1N3346A 1N3346A 4-23 
1N3316RA 1N3316RA 4-23 1N3346RA 1N3346RA 4-23 
1N3317A 1N3317A 4-23 1N3347A 1N3347A 4-23 
1N3317RA 1N3317RA 4-23 1N3347RA 1N3347RA 4-23 
1N3318A 1N3318A 4-23 1N3348A 1N3348A 4-23 
1N3318RA 1N3318RA 4-23 1N3348RA 1N3348RA 4-23 

1N3319A 1N3319A 4-23 1N3349A 1N3349A 4-23 
1N3319RA 1N3319RA 4-23 1N3349RA 1N3349RA 4-23 
1N3320A 1N3320A 4-23 1N3350A 1N3350A 4-23 
1N3320RA 1N3320RA 4-23 1N3350RA 1N3350RA 4-23 
1N3321A 1N3321A 4-23 1N3411 1N5234A 4-54 
1 N3321RA 1N3321RA 4-23 1N3412 1N5235A 4-54 
1N3322A 1N3322A 4-23 1N3413 1N5236A 4-54 
1N3322RA 1N332RA 4-23 1N3414 1N5237A 4-54 
1N3323A 1N3323A 4-23 1N3415 1N5240A 4-54 
1N3323RA 1N3323RA 4-23 1N3416 1N5242A 4-54 
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1N3417 1N5245A 4-54 1N3508 1N5228B 4-54 
1N3418 1N5248A 4-54 1N3509 1N5229B 4-54 
1N3419 1N5251A 4-54 1 N3510 1N5230B 4-54 
1N3420 1N5254A 4-54 1N3511 1N5231B 4-54 
1N3421 1N5256A 4-54 1N3512 1N5232B 4-54 
1N3422 1N5257A 4-54 1 N3513 1N5234B 4-54 
1N3423 1N5259A 4-54 1 N3514 1N5235B 4-54 
1N3424 1N5261A 4-54 1 N3515 1N5236B 4-54 
1N3425 1N5263A 4-54 1 N3516 1N5237B 4-54 
1N3426 1N5266A 4-54 1 N3517 1N5239B 4-54 
1N3427 1N5268A 4-54 1 N3518 1N5240B 4-54 
1N3428 1N5271A 4-54 1 N3519 1N5241B 4-54 
1N3429 1N5273A 4-60 1N3520 1N5242B 4-54 
1N3430 1N5276A 4-60 1N3521 1N5243B 4-54 
1 N3431 1N5279A 4-60 1N3522 1N5245B 4-54 
1N3432 1N5281A 4-60 1N3523 1N5246B 4-54 
1N3433 1N4738 4-50 1N3524 1N5248B 4-54 
1N3434 1N4740 4-50 1N3525 1N5250B 4-54 
1N3435 1N4742 4-50 1N3526 1N5251B 4-54 
1N3436 1N4744 4-50 1N3527 1N5252B 4-54 
1N3437 1N4746 4-50 1N3528 1N5254B 4-54 
1N3438 1N4748 4-50 1N3529 1N5256B 4-54 
1N3439 1N4750 4-50 1N3530 1N5257B 4-54 
1N3440 1N4752 4-50 1N3531 1N5258B 4-54 
1N3441 1 N4754 4-50 1N3532 1N5259B 4-54 
1N3442 1 N4756 4-50 1N3533 1N5260B 4-54 
1N3443 1N4735 4-50 1N3534 1N5261B 4-54 
1N3444 1N4736 4-50 1N3553 1N821 4-10 
1N3445 1N4738 4-50 1N3580 1N941 4-17 
1N3446 1 N4740 4-50 1N3580A 1N941A 4-17 
1N3447 1 N4742 4-50 1N3580B 1N941B 4-17 
1N3448 1 N4744 4-50 1N3581 1N942 4-17 
1N3449 1N4746 4-50 1N3581A 1N942A 4-17 
1N3450 1 N4748 4-50 1 N3581B 1N942B 4-17 
1N3451 1 N4750 4-50 1N3582 1N943 4-17 
1N3452 1N4751 4-50 1N3582A 1N943A 4-17 
1N3453 1 N4752 4-50 1N3582B 1N943B 4-17 
1N3454 1 N4754 4-50 1N3583 1N944 4-17 
1N3455 1N4756 4-50 1N3583A 1N944A 4-17 
1N3456 1N4758 4-50 1N3583B 1N944B 4-17 
1N3457 1 N4760 4-50 1N3584 1N945 4-17 
1N3458 1N4762 4-50 1N3584A 1N945A 4-17 
1N3459 1N4764 4-50 1N3584B 1N945B 4-17 
1N3460 1 M120ZS10 - 1N3675 1N4736 4-50 
1 N3461 1 M150ZS10 - 1N3675A 1N4736 4-50 
1N3462 1 M180ZS10 - 1N3675B 1N4736A 4-50 
1N3463 1M200ZS5 - 1N3676 1N4737 4-50 
1N3477 1N5221A 4-54 1N3676A 1N4737 4-50 
1N3477A 1N5221B 4-54 1N3676B 1N4737A 4-50 
1N3496 1N823 4-10 1N3677 1N4738 4-50 
1N3497 1N825 4-10 1N3677A 1N4738 4-50 
1N3498 1N827 4-10 1N3677B 1N4738A 4-50 
1N3499 1N829 4-10 1N3678 1N4739 4-50 
1N3500 1N821 4-10 1N3678A 1N4739 4-50 
1 N3501 MZ640 4-111 1N3678B 1N4739A 4-50 
1N3502 MZ620 4-111 1N3679 1 N4740 4-50 
1N3503 MZ610 4-111 1N3679A 1N4740 4-50 
1N3504 MZ605 4-111 1N3679B 1N4740A 4-50 
1N3506 1N5226B 4-54 1N3680 1N4741 4-50 
1N3507 1N5227B 4-54 1N3680A 1 N4741 4-50 
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1N3680B 1N4741A 4-50 1N3700B 1N4761A 4-50 
1N3681 1N4742 4-50 1N3701 1N4762 4-50 
1N3681A 1N4742 4-50 1N3701A 1N4762 4-50 
1N3681B 1N4742A 4-50 1N3701B 1N4762A 4-50 
1N3682 1N4743 4-50 1N3702 1N4763 4-50 
1N3682A 1N4743 4-50 1N3702A 1N4763 4-50 
1N3682B 1N4743A 4-50 1N3702B 1N4763A 4-50 
1N3683 1N4744 4-50 1N3703 1N4764 4-50 
1N3683A 1N4744 4-50 1N3703A 1N4764 4-50 
1N3683B 1N4744A 4-50 1N3703B 1N4764A 4-50 
1N3684 1N4745 4-50 1N3704 1M110ZS10 -
1N3684A 1N4745 4-50 1N3704A 1M110ZS10 -
1N3684B 1N4745A 4-50 1N3704B 1M110ZS5 -
1N3685 1N4746 4-50 1N3705 1M120ZS10 -
1 N3685A 1N4746 4-50 1N3705A 1M120ZS10 -
1N3685B 1N4746A 4-50 1N3705B 1M120ZS5 -
1N3686 1N4747 4-50 1N3706 1M130ZS10 -
1N3686A 1N4747 4-50 1N3706A 1M130ZS10 -
1 N3686B 1N4747A 4-50 1N3706B 1M130ZS5 -
1N3687 1N4748 4-50 1N3707 1M150ZS10 -
1N3687A 1N4748 4-50 1N3707A 1M150ZS10 -
1N3687B 1N4748A 4-50 1N3707B 1M150ZS5 -
1N3688 1N4749 4-50 1N3708 1M160ZS10 -
1N3688A 1N4749 4-50 1N3708A 1M160ZS10 -
1N3688B 1N4749A 4-50 1N3708B 1M160ZS5 -
1N3689 1N4750 4-50 1N3709 1M180ZS10 -
1 N3689A 1N4750 4-50 1N3709A 1M180ZS10 -
1N3689B 1N4750A 4-50 1 N3709B 1M180ZS5 -
1N3690 1N4751 4-50 1N3710 1M200ZS10 -
1N3690A 1N4751 4-50 1N3710A 1M200ZS10 -

1N3690B 1N4751A 4-50 1N3710B 1M200ZS5 -
1N3691 1N4752 4-50 1N3779 1N821A 4-10 
1N3691A 1N4752 4-50 1N3780 1N821A 4-10 
1N3691B 1N4752A 4-50 1N3781 1N823A 4-10 
1N3692 1N4753 4-50 1N3782 1N825A 4-10 
1N3692A 1N4753 4-50 1N3783 1N827A 4-10 
1N3692B 1N4753A 4-50 1N3784 1N829A 4-10 
1N3693 1N4754 4-50 1N3785A 1N3785A 4-32 
1N3693A 1N4754 4-50 1N3786A 1N3786A 4-32 
1N3693B 1N4754A 4-50 1N3787A 1N3787A 4-32 

1N3694 1N4755 4-50 1N3788A 1N3788A 4-32 
1N3694A 1N4755 4-50 1N3789A 1N3789A 4-32 
1N3694B 1N4755A 4-50 1N3790A 1N3790A 4-32 
1N3695 1N4756 4-50 1N3791A 1N3791A 4-32 
1N3695A 1N4756 4-50 1N3792A 1N3792A 4-32 
1N3695B 1N4756A 4-50 1N3793A 1N3793A 4-32 
1N3696 1N4757 4-50 1N3794A 1N3794A 4-32 
1N3696A 1N4757 4-50 1N3795A 1N3795A 4-32 
1N3696B 1N4757A 4-50 1N3796A 1N3796A 4-32 
1N3697 1N4758 4-50 1N3797A 1N3797A 4-32 

1N3697A 1N4758 4-50 1N3798A 1N3798A 4-32 
1N3697B 1N4758A 4-50 1N3799A 1N3799A 4-32 
1N3698 1N4759 4-50 1N3800A 1N3800A 4-32 
1N3698A 1N4759 4-50 1N3801A 1N3801A 4-32 
1N3698B 1N4759A 4-50 1N3802A 1N3802A 4-32 
1N3699 1N4760 4-50 1 N3803A 1N3803A 4-32 
1N3699A 1N4760 4-50 1N3804A 1N3804A 4-32 
1N3699B 1N4760A 4-50 1N3805A 1N3805A 4-32 
1N3700 1N4761 4-50 1N3806A 1N3806A 4-32 
1N3700A 1N4761 4-50 1N3807A 1N3807A 4-32 
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1N3808A 1N3808A 4-32 1N4020B 1N2976B 4-27 
1N3809A 1N3809A 4-32 1N4021 1N2977A 4-27 
1N3810A 1N3810A 4-32 1 N4021 A 1N2977A 4-27 
1N3811A 1N3811A 4-32 1N4021B 1N2977B 4-27 
1N3812A 1N3812A 4-32 1N4022 1N2979A 4-27 
1N3813A 1N3813A 4-32 1N4022A 1N2979A 4-27 
1N3814A 1N3814A 4-32 1N4022B 1N2979B 4-27 
1N3815A 1N3815A 4-32 1N4023 1N2980A 4-27 
1N3816A 1N3816A 4-32 1N4023A 1N2980A 4-27 
1N3817A 1N3817A 4-32 1N4023B 1N2980B 4-27 
1 N3818A 1 N3818A 4-32 1N4024 1N2982A 4-27 
1 N3819A 1N3819A 4-32 1N4024A 1N2982A 4-27 
1N3820A 1N3820A 4-32 1N4024B 1N2982B 4-27 
1N3821 1 N3821 4-34 1N4025 1N2984A 4-27 
1N3822 1N3822 4-34 1N4025A 1N2984A 4-27 
1N3823 1N3823 4-34 1N4025B 1N2984B 4-27 
1N3824 1N3824 4-34 1N4026 1N2985A 4-27 
1N3825 1N3825 4-34 1N4026A 1N2985A 4-27 
1N3826 1N3826 4-34 1N4026B 1N2985B 4-27 
1N3827 1N3827 4-34 1N4027 1N2986A 4-27 
1N3828 1N3828 4-34 1N4027A 1N2986A 4-27 
1N3829 1N3829 4-34 1N4027B 1N2986B 4-27 
1N3830 1N3830 4-34 1N4028 1N2988A 4-27 
1N3949 1N2984B 4-27 1N4028A 1N2988A 4-27 
1N3950 1N3796B 4-32 1N4028B 1N2988B 4-27 
1N3951 1.5M25Z5 - 1N4029 1N2989A 4-27 
1N3984 1N3997A 4-40 1N4029A 1N2989A 4-27 
1N3985 1N3998A 4-40 1N4029B 1N2989B 4-27 
1N3986 1N3998A 4-40 1N4030 1N2990A 4-27 
1N3993 1N3993 4-40 1N4030A 1N2990A 4-27 
1N3993R 1N3993R 4-40 1N4030B 1N2990B 4-27 
1N3994 1N3994 4-40 1 N4031 1 N2991A 4-27 
1N3994R 1N3994R 4-40 1N4031A 1N2991A 4-27 
1N3995 1N3995 4-40 1N4031B 1N2991B 4-27 
1N3995R 1N3995R 4-40 1N4032 1N2992A 4-27 
1N3996 1N3996 4-40 1N4032A 1N2992A 4-27 
1N3996R 1N3996R 4-40 1N4032B 1N2992B 4-27 
1N3997 1 N3997 4-40 1N4033 1N2993A 4-27 
1 N3997R 1N3997R 4-40 1N4033A 1N2993A 4-27 
1N3998 1N3998 4-40 1N4033B 1N2993B 4-27 
1N3998R 1N3998R 4-40 1N4034 1N2995A 4-27 
1N3999 1 N3999 4-40 1N4034A 1N2995A 4-27 
1N3999R 1N3999R 4-40 1N4034B 1N2995B 4-27 
1N4000 1N4000 4-40 1N4035 1N2997A 4-27 
1N4000R 1N4000R 4-40 1N4035A 1N2997A 4-27 
1 N4010 1N821 4-10 1N4035B 1N2997B 4-27 
1N4016 1N2972A 4-27 1N4036 1N2999A 4-27 
1N4016A 1N2972A 4-27 1N4036A 1N2999A 4-27 
1 N4016B 1N2972B 4-27 1N4036B 1 N2999B 4-27 
1N4017 1N2973A 4-27 1N4037 1N3000A 4-27 
1 N4017 A 1N2973A 4-27 1N4037A 1N3000A 4-27 
1N4017B 1N2973B 4-27 1N4037B 1N3000B 4-27 
1N4018 1N2974A 4-27 1N4038 1N3001A 4-27 
1N4018A 1N2974A 4-27 1N4038A 1N3001A 4-27 
1 N4018B 1N2974B 4-27 1N4038B 1N3001B 4-27 
1 N4019 1N2975A 4-27 1N4039 1N3002A 4-27 
1N4019A 1N2975A 4-27 1N4039A 1N3002A 4-27 
1 N4019B 1N2975B 4-27 1N4039B 1N3002B 4-27 
1N4020 1N2976A 4-27 1N4040 1N3003A 4-27 
1N4020A 1N2976A 4-27 1N4040A 1N3003A 4-27 
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lN4040B lN3003B 4-27 lN4161B lN4739A 4-50 
lN4041 lN3004A 4-27 lN4162 lN4740 4-50 
1 N4041 A lN3004A 4-27 lN4162A lN4740 4-50 
lN4041B lN3004B 4-27 lN4162B lN4740A 4-50 
lN4042 lN3005A 4-27 lN4163 lN4741 4-50 
lN4042A lN3005A 4-27 lN4163A lN4741 4-50 
lN4042B lN3005B 4-27 lN4163B 1 N4741 A 4-50 
lN4094 lN2624B - lN4164 lN4742 4-50 
lN4095 lN5231A 4-54 lN4164A lN4742 4-50 
lN4096 lN4763A 4-50 lN4164B lN4742A 4-50 
lN4097 lN4764A 4-50 lN4165 lN4743 4-50 
lN4098 lM150ZS5 - lN4165A lN4743 4-50 
lN4099 lN4099 4-42 lN4165B lN4743A 4-50 
lN4100 lN4100 4-42 lN4166 lN4744 4-50 
lN4101 lN4101 4-42 lN4166A lN4744 4-50 
lN4102 lN4102 4-42 lN4166B lN4744A 4-50 
lN4103 lN4103 4-42 lN4167 lN4745 4-50 
lN4104 lN4104 4-42 lN4167A lN4745 4-50 
lN4105 lN4105 4-42 lN4167B lN4745A 4-50 
lN4106 lN4106 4-42 lN4168 lN4746 4-50 
lN4107 lN4107 4-42 lN4168A lN4746 4-50 
lN4108 lN4108 4-42 lN4168B lN4746A 4-50 
lN4109 lN4109 4-42 lN4169 lN4747 4-50 
lN4110 lN4110 4-42 lN4169A lN4747 4-50 
lN4111 lN4111 4-42 lN4169B lN4747A 4-50 
lN4112 lN4112 4-42 lN4170 lN4748 4-50 
lN4113 lN4113 4-42 lN4170A lN4748 4-50 
lN4114 lN4114 4-42 lN4170B lN4748A 4-50 
lN4115 lN4115 4-42 lN4171 lN4749 4-50 
lN4116 lN4116 4-42 lN4171A lN4749 4-50 
lN4117 lN4117 4-42 lN4171B lN4749A 4-50 
lN4118 lN4118 4-42 lN4172 lN4750 4-50 
lN4119 lN4119 4-42 lN4172A lN4750 4-50 
lN4120 1 N4120 4-42 lN4172B lN4750A 4-50 
lN4121 lN4121 4-42 lN4173 lN4751 4-50 
lN4122 lN4122 4-42 lN4173A lN4751 4-50 
lN4123 lN4123 4-42 lN4173B lN4751A 4-50 
lN4124 lN4124 4-42 lN4174 lN4752 4-50 
lN4125 lN4125 4-42 lN4174A lN4752 4-50 
lN4126 lN4126 4-42 lN4174B lN4752A 4-50 

lN4127 1 N4127 4-42 lN4175 lN4753 4-50 
1 N4128 lN4128 4-42 lN4175A lN4753 4-50 
1 N4129 lN4129 4-42 lN4175B lN4753A 4-50 
lN4130 lN4130 4-42 lN4176 lN4754 4-50 
lN4131 lN4131 4-42 lN4176A lN4754 4-50 
lN4132 lN4132 4-42 lN4176B lN4754A 4-50 
lN4133 lN4133 4-42 lN4177 lN4755 4-50 
lN4134 lN4134 4-42 lN4177A lN4755 4-50 
lN4135 lN4135 4-42 lN4177B lN4755A 4-50 
lN4158 lN4736 4-50 lN4178 lN4756 4-50 

lN4158A lN4736 4-50 lN4178A lN4756 4-50 
lN4158B lN4736A 4-50 lN4178B lN4756A 4-50 
lN4159 lN4737 4-50 lN4179 lN4757 4-50 
lN4159A lN4737 4-50 lN4179A lN4757 4-50 
lN4159B lN4737A 4-50 lN4179B lN4757A 4-50 
lN4160 lN4738 4-50 lN4180 lN4758 4-50 
lN4160A lN4738 4-50 lN4180A lN4758 4-50 
lN4160B lN4738A 4-50 lN4180B lN4758A 4-50 
lN4161 lN4739 4-50 lN4181 lN4759 4-50 
lN4161A lN4739 4-50 lN4181A lN4759 4-50 
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1N4181B 1N4759A 4-50 1N4208B 1N2984B 4-27 
1N4182 1N4760 4-50 1N4209 1N2985A 4-27 
1N4182A 1N4760 4-50 1N4209A 1N2985A 4-27 
1N4182B 1N4760A 4-50 1N4209B 1N2985B 4-27 
1N41B3 1N4761 4-50 1N4210 1N2986A 4-27 
1N4183A 1N4761 4-50 1 N4210A 1N2986A 4-27 
1N4183B 1N4761A 4-50 1 N4210B 1N2986B 4-27 
1N4184 1N4762 4-50 1 N4211 1N2987A 4-27 

I 1N4184A 1N4762 4-50 1N4211A 1N2987A 4-27 
1N4184B 1N4762A 4-50 1N4211B 1N2987B 4-27 
1N4185 1N4763 4-50 1 N4212 1N2988A 4-27 
1N4185A 1 N4763 4-50 1N4212A 1N2988A 4-27 
1N4185B 1 N4763A 4-50 1N4212B 1N2988B 4-27 
1N4186 1 N4764 4-50 1 N4213 1N2989A 4-27 
1N4186A 1N4764 4-50 1N4213A 1N2989A 4-27 
1N4186B 1N4764A 4-50 1N4213B 1N2989B 4-27 
1N4194 1N2970A 4-27 1N4214 1N2990A 4-27 
1 N4194A 1N2970A 4-27 1N4214A 1N2990A 4-27 
1N4194B 1N2970B 4-27 1N4214B 1N2990B 4-27 
1N4195 1N2971A 4-27 1 N4215 1 N2991A 4-27 
1N4195A 1N2971A 4-27 1N4215A 1N2991A 4-27 
1N4195B 1N2971B 4-27 1 N4215B 1N2991B 4-27 
1N4196 1N2972A 4-27 1N4216 1N2992A 4-27 
1N4196A 1N2972A 4-27 1N4216A 1N2992A 4-27 
1N4196B 1N2972B 4-27 1 N4216B 1N2992B 4-27 
1N4197 1N2973A 4-27 1 N4217 1N2993A 4-27 
1N4197A 1N2973A 4-27 1 N4217 A 1N2993A 4-27 
1N4197B 1N2973B 4-27 1 N4217B 1N2993B 4-27 
1N4198 1N2974A 4-27 1N4218 1N2994A 4-27 
1 N4198A 1N2974A 4-27 1 N4218A 1N2994A 4-27 
1N4198B 1N2974B 4-27 1 N4218B 1N2994B 4-27 
1N4199 1N2975A 4-27 1 N4219 1N2995A 4-27 
1N4199A 1N2975A 4-27 1 N4219A 1N2995A 4-27 
1N4199B 1N2975B 4-27 1 N4219B 1N2995B 4-27 
1N4200 1N2976A 4-27 1N4220 1N2996A 4-27 
1N4200A 1N2976A 4-27 1N4220A 1N2996A 4-27 
1N4200B 1N2976B 4-27 1N4220B 1N2996B 4-27 
1N4201 1N2977A 4-27 1 N4221 1N2997A 4-27 
1N4201A 1N2977A 4-27 1N4221A 1N2997A 4-27 
1N4201B 1N2977B 4-27 1N4221B 1N2997B 4-27 
1N4202 1N2978A 4-27 1N4222 1N2998A 4-27 
1N4202A 1N2978A 4-27 1N4222A 1N2998A 4-27 
1N4202B 1N2978B 4-27 1N4222B 1N2998B 4-27 
1N4203 1N2979A 4-27 1N4223 1N2999A 4-27 
1N4203A 1N2979A 4-27 1N4223A 1N2999A 4-27 
1N4203B 1N2979B 4-27 1N4223B 1N2999B 4-27 
1N4204 1N2980A 4-27 1N4224 1N3000A 4-27 
1N4204A 1N2980A 4-27 1N4224A 1N3000A 4-27 
1N4204B 1N2980B 4-27 1N4224B 1N3000B 4-27 
1N4205 1N2981A 4-27 1N4225 1 N3001A 4-27 
1N4205A 1N2981A 4-27 1N4225A 1N3001A 4-27 
1N4205B 1N2981B 4-27 1N4225B 1N3001B 4-27 
1N4206 1N2982A 4-27 1N4226 1N3002A 4-27 
1N4206A 1N2982A 4-27 1N4226A 1N3002A 4-27 
1N4206B 1N2982B 4-27 1N4226B 1N3002B 4-27 
1N4207 1N2983A 4-27 1N4227 1N3003A 4-27 
1N4207A 1N2983A 4-27 1N4227A 1N3003A 4-27 
1N4207B 1N2983B 4-27 1N4227B 1N3003B 4-27 
1N4208 1N2984A 4-27 1N4228 1N3004A 4-27 
1N4208A 1N2984A 4-27 1N4228A 1N3004A 4-27 
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1N4228B 1N3004B 4-27 1N4266B 1N2979B 4-27 
1N4229 1N3005A 4-27 1N4267 1N2980A 4-27 
1N4229A 1N3005A 4-27 1N4267A 1N2980A 4-27 
1N4229B 1N3005B 4-27 1N4267B 1N2980B 4-27 
1N4230 1N3006A 4-27 1N4268 1N2982A 4-27 
1N4230A 1 N3006A 4-27 1N4268A 1N2982A 4-27 
1N4230B 1N3006B 4-27 1N4268B 1N2982B 4-27 
1N4231 1N3007A 4-27 1N4269 1N2984A 4-27 
1N4231A 1N3007A 4-27 1N4269A 1N2984A 4-27 
1N4231B 1N3007B 4-27 1N4269B 1N2984B 4-27 

1N4232 1N3008A 4-27 1N4270 1N2985A 4-27 
1N4232A 1N3008A 4-27 1N4270A 1N2985A 4-27 
1N4232B 1N3008B 4-27 1N4270B 1N2985B 4-27 
1N4233 1N3009A 4-27 1N4271 1N2986A 4-27 
1N4233A 1N3009A 4-27 1N4272A 1N2988A 4-27 
1N4233B 1N3009B 4-27 1N4272B 1N2988B 4-27 
1N4234 1N3010A 4-27 1N4273 1N2989A 4-27 
1N4234A 1N3010A 4-27 1N4273A 1N2989A 4-27 
1N4234B 1N3010B 4-27 1N4273B 1 N2989B 4-27 
1N4235 1N3011A 4-27 1N4274 1N2990A 4-27 

1N4235A 1N3011A 4-27 1N4274A 1N2990A 4-27 
1N4235B 1N3011B 4-27 1N4274B 1N2990B 4-27 
1N4236 1N3012A 4-27 1N4275 1N2991A 4-27 
1N4236A 1N3012A 4-27 1N4275A 1N2991A 4-27 
1N4236B 1N3012B 4-27 1N4275B 1N2991B 4-27 
1N4237 1N3013A 4-27 1N4276 1N2992A 4-27 
1N4237A 1N3013A 4-27 1N4276A 1N2992A 4-27 
1N4237B 1N3013B 4-27 1N4276B 1N2992B 4-27 
1N4238 1N3014A 4-27 1N4277 1N2993A 4-27 
1N4238A 1N3014A 4-27 1N4277A 1N2993A 4-27 

1N4238B 1N3014B 4-27 1N4277B 1N2993B 4-27 
1N4239 1N3015A 4-27 1N4278 1N2995A 4-27 
1N4239A 1N3015A 4-27 1N4278A 1N2995A 4-27 
1N4239B 1N3015B 4-27 1N4278B 1N2995B 4-27 
1N4258 1N2970A 4-27 1N4279 1N2997A 4-27 
1N4258A 1N2970A 4-27 1N4279A 1N2997A 4-27 
1N4258B 1N2970B 4-27 1N4279B 1N2997B 4-27 
1N4259 1N2971A 4-27 1N4280 1N2999A 4-27 
1N4259A 1N2971A 4-27 1N4280A 1N2999A 4-27 
1N4259B 1N2971B 4-27 1N4280B 1N2999B 4-27 

1N4260 1N2972A 4-27 1N4281 1N3000A 4-27 
1N4260A 1N2972A 4-27 1N4281A 1N3000A 4-27 
1N4260B 1N2972B 4-27 1N4281B 1N3000B 4-27 
1N4261 1N2973A 4-27 1N4282 1N3001A 4-27 
1N4261A 1N2973A 4-27 1N4282A 1N3001A 4-27 
1N4261B 1N2973B 4-27 1N4282B 1N3001B 4-27 
1N4262 1N2974A 4-27 1N4283 1N3002A 4-27 
1N4262A 1N2974A 4-27 1N4283A 1N3002A 4-27 
1N4262B 1N2974B 4-27 1N4283B 1N3002B 4-27 
1N4263 1N2975A 4-27 1N4284 1N3003A 4-27 

1N4263A 1N2975A 4-27 1N4284A 1N3003A 4-27 
1N4263B 1N2975B 4-27 1N4284B 1N3003B 4-27 
1N4264 1N2976A 4-27 1N4285 1N3004A 4-27 
1N4264A 1N2976A 4-27 1N4285A 1N3004A 4-27 
1N4264B 1N2976B 4-27 1N4285B 1N3004B 4-27 
1N4265 1N2977A 4-27 1N4286 1N3005A 4-27 
1N4265A 1N2977A 4-27 1N4286A 1N3005A 4-27 
1N4265B 1N2977B 4-27 1N4286B 1N3005B 4-27 
1N4266 1N2979A 4-27 1N4287 1N3007A 4-27 
1N4266A 1N2979A 4-27 1N4287A 1N3007A 4-27 
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1N4287B 1N3007B 4-27 1N4336A 1 N4749 4-50 
1N42B8 1N3008A 4-27 1N4336B 1N4749A 4-50 
1N4288A 1N3008A 4-27 1N4337 1N475O 4-50 
1N4288B 1N3008B 4-27 1N4337A 1N4750 4-50 
1N4289 1N3009A 4-27 1N4337B 1N4750A 4-50 
1N4289A 1N3009A 4-27 1N4338 1N4751 4-50 
1N4289B 1N3009B 4-27 1N4338A 1N4751 4-50 
1N4290 1N3011A 4-27 1N4338B 1 N4751A 4-50 
1N4290A 1N3011A 4-27 1N4339 1 N4752 4-50 
1N4290B 1N3011B 4-27 1N4339A 1N4752 4-50 
1 N4291 1N3012A 4-27 1N4339B 1N4752A 4-50 
1N4291A 1N3012A 4-27 1N4340 1 N4753 4-50 
1N4291B 1N3012B 4-27 1N4340A 1N4753 4-50 
1N4292 1N3014A 4-27 1N4340B 1N4753A 4-50 
1N4292A 1N3014A 4-27 1N4341 1N4754 4-50 
1N4292B 1N3014B 4-27 1 N4341 A 1N4754 4-50 
1N4293 1N3015A 4-27 1 N4341 B 1N4754A 4-50 
1N4293A 1N3015A 4-27 1N4342 1N4755 4-50 
1N4293B 1N3015B 4-27 1N4342A 1N4755 4-50 
1 N4321 5M50ZS10 - 1N4342B 1N4755A 4-50 
1N4323 1N4736 4-50 1N4343 1 N4756 4-50 
1N4323A 1N4736 4-50 1N4343A 1 N4756 4-50 
1N4323B 1N4736A 4-50 1N4343B 1N4756A 4-50 
1N4324 1N4737 4-50 1N4344 1N4757 4-50 
1N4324A 1N4737 4-50 1N4344A 1N4757 4-50 
1N4324B 1N4737A 4-50 1N4344B 1N4757A 4-50 
1N4325 1N4738 4-50 1N4345 1N4758 4-50 
1N4325A 1N4738 4-50 1N4345A 1N4758 4-50 
1N4325B 1N4738A 4-50 1N4345B 1N4758A 4-50 
1N4326 1N4739 4-50 1N4346 1 N4759 4-50 
1N4326A 1N4739 4-50 1N4346A 1N4759 4-50 
1N4326B 1N4739A 4-50 1N4346B 1N4759A 4-50 
1N4327 1N4740 4-50 1N4347 1N4760 4-50 
1N4327A 1 N4740 4-50 1N4347A 1N4760 4-50 
1N4327B 1N4740A 4-50 1N4347B 1N4760A 4-50 
1N4328 1N4741 4-50 1N4348 1N4761 4-50 
1N4328A 1 N4741 4-50 1N4348A . 1N4761 4-50 
1N4328B 1 N4741 A 4-50 1N4348B 1 N4761 A 4-50 
1N4329 1N4742 4-50 1N4349 1N4762 4-50 
1N4329A 1 N4742 4-50 1N4349A 1N4762 4-50 
1N4329B 1N4742A 4-50 1N4349B 1N4762A 4-50 
1N4330 1 N4743 4-50 1N4350 1N4763 4-50 
1N4330A 1 N4743 4-50 1N4350A 1 N4763 4-50 
1N4330B 1N4743A 4-50 1N4350B 1N4763A 4-50 
1 N4331 1N4744 4-50 1N4351 1N4764 4-50 
1 N4331A 1N4744 4-50 1 N4351A 1N4764 4-50 
1N4331B 1N4744A 4-50 1N4351B 1N4764A 4-50 
1N4332 1N4745 4-50 1N4352 1M110ZS10 -
1N4332A 1N4745 4-50 1N4352A 1M110ZS10 -
1N4332B 1N4745A 4-50 1N4352B 1M110ZS5 -
1N4333 1N4746 4-50 1N4353 1 M120ZS10 -
1N4333A 1 N4746 4-50 1N4353A 1 M120ZS10 -
1N4333B 1N4746A 4-50 1N4353B 1M120ZS5 -
1N4334 1N4747 4-50 1N4354 1 M130ZS10 -
1N4334A 1 N4747 4-50 1N4354A 1M130ZS10 -
1N4334B 1N4747A 4-50 1N4354B 1M130ZS5 -
1N4335 1 N4748 4-50 1N4355 1 M150ZS10 -
1N4335A 1 N4748 4-50 1N4355A 1M150ZS10 -
1N4335B 1N4748A 4-50 1N4355B 1M150ZS5 -
1N4336 1 N4749 4-50 1N4356 1 M160ZS10 -
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1N4356A 1M160ZS10 - 1N4472 1N4747A 4-50 
1N43568 1M160ZS5 - 1N4473 1N4748A 4-50 
1N4357 1M180ZS10 - 1N4474 1N4749A 4-50 
1N4357A 1M180ZS10 - 1N4475 1N4750A 4-50 
1N43578 1M180ZS5 - 1N4476 1N4751A 4-50 
1N4358 1M200ZS10 - 1N4477 1N4752A 4-50 
1N4358A 1M200ZS10 - 1N4478 1N4753A 4-50 
1N43588 1M200ZS5 - 1N4479 1N4754A 4-50 
1N4360 1N4370A - 1N4480 1N4755A 4-50 
1N4370 1N4370 - 1N4481 1N4756A 4-50 
1N4371 1N4371 - 1N4482 1N4757A 4-50 
1N4372 1N4372 - 1N4483 1N4758A 4-50 
1N4400 1N4736 4-50 1N4484 1N4759A 4-50 
1N4401 1N4737 4-50 1N4485 1N4760A 4-50 
1N4402 1N4738 4-50 1N4486 1N4761A 4-50 
1N4403 1N4739 4-50 1N4487 1N4762A 4-50 
1N4404 1N4740 4-50 1N4488 1N4763A 4-50 
1N4405 1N4741 4-50 1N4489 1N4764A 4-50 
1N4406 1N4742 4-50 1N4490 1M110ZS5 -

1N4407 1N4743 4-50 1N4491 1M120ZS5 -

1N4408 1N4744 4-50 1N4492 1M130ZS5 -

1N4409 1N4745 4-50 1N4493 1M150ZS5 -
1N4410 1N4746 4-50 1N4494 1M160ZS5 -
1N4411 1N4747 4-50 1N4495 1M180ZS5 -
1N4412 1N4748 4-50 1N4496 1M200ZS5 -

1N4413 1N4749 4-50 1N4499 1N4735A 4-50 
1N4414 1N4750 4-50 1N4503 1N4752 4-50 
1N4415 1N4751 4-50 1N4504 1N5388A 4-66 
1N4416 1N4752 4-50 1N4549A 1N4549A 4-23 
1N4417 1N4753 4-50 1N4549RA 1N4549RA 4-23 

1N4418 1N4754 4-50 1N4550A 1N4550A 4-23 
1N4419 1N4755 4-50 1N4550RA 1N4550RA 4-23 
1N4420 1N4756 4-50 1N4551A 1N4551A 4-23 
1N4421 1N4757 4-50 1 N4551RA 1N4551RA 4-23 
1N4422 1N4758 4-50 1N4552A 1N4552A 4-23 
1N4423 1N4759 4-50 1N4552RA 1N4552RA 4-23 
1N4424 1N4760 4-50 1N4553A 1N4553A 4-23 
1N4425 1N4761 4-50 1N4553RA 1N4553RA 4-23 
1N4426 1N4762 4-50 1N4554A 1N4554A 4-23 
1N4427 1N4763 4-50 1N4554RA 1N4554RA 4-23 

1N4428 1N4764 4-50 1N4555A 1N4555A 4-23 
1N4429 1M110ZS10 - 1N4555RA 1N4555RA 4-23 
1N4430 1M120ZS10 - 1N4556A 1N4556A 4-23 
1N4431 1M130ZS10 - 1N4556RA 1N4556RA 4-23 
1N4432 1M150ZS10 - 1N4557A 1N4557A 4-23 
1N4433 1M160ZS10 - 1N4557RA 1N4557RA 4-23 
1N4434 1M180ZS10 - 1N4558A 1N4558A 4-23 
1N4435 1M200ZS10 - 1N4558RA 1N4558RA 4-23 
1N4460 1N4735A 4-50 1N4559A 1N4559A 4-23 
1N4461 1N4736A 4-50 1N4559RA 1N4559RA 4-23 

1N4462 1N4737A 4-50 1N4560A 1N4560A 4-23 
1N4463 1N4738A 4-50 1N4560RA 1N4560RA 4-23 
1N4464 1N4739A 4-50 1N4561A 1N4561A 4-23 
1N4465 1N4740A 4-50 1 N4561RA 1N4561RA 4-23 
1N4466 1N4741A 4-50 1N4562A 1N4562A 4-23 
1N4467 1N4742A 4-50 1N4562RA 1N4562RA 4-23 
1N4468 1N4743A 4-50 1N4563A 1N4563A 4-23 
1N4469 1N4744A 4-50 1N4563RA 1N4563RA 4-23 
1N4470 1N4745A 4-50 1N4564A 1N4564A 4-23 
1N4471 1N4746A 4-50 1N4564RA 1N4564RA 4-23 
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1N4565 1N4565 4-46 1N4622 1N4622 4-42 
1N4565A 1N4565A 4-46 1N4623 1N4623 4-42 
1N4566 1N4566 4-46 1N4624 1N4624 4-42 
1N4566A 1N4566A 4-46 1N4625 1N4625 4-42 
1N4567 1N4567 4-46 1N4626 1N4626 4-42 
1N4567A 1N4567A 4-46 1N4627 1N4627 4-42 
1N4568 1N4568 4-46 1N4628 1N4736A 4-50 
1N4568A tN4568A 4-46 1N4629 1N4737A 4-50 
1N4569 1N4569 4-46 1N4630 1N4738A 4-50 
1N4569A 1N4569A 4-46 1N4631 1N4739A 4-50 
1N4570 1N4570 4-46 1N4632 1N4740A 4-50 
1N4570A 1N4570A 4-46 1N4633 1 N4741A 4-50 
1 N4571 1N4571 4-46 1N4634 1N4742A 4-50 
1N4571A 1N4571A 4-46 1N4635 1N4743A 4-50 
1N4572 1N4572 4-46 1N4636 1N4744A 4-50 
1N4572A 1N4572A 4-46 1N4637 1N4745A 4-50 
1N4573 1N4573 4-46 1N4638 1N4746A 4-50 
1N4573A 1N4573A 4-46 1N4639 1N4747A 4-50 
1N4574 1N4574 4-46 1N4640 1N4748A 4-50 
1N4574A 1N4574A 4-46 1 N4641 1N4749A 4-50 
1N4575 1N4575 4-46 1N4642 1N4750A 4-50 
1N4575A 1 N4575A 4-46 1N4643 1 N4751A 4-50 
1N4576 1N4576 4-46 1N4644 1N4752A 4-50 
1N4576A 1N4576A 4-46 1N4645 1N4753A 4-50 
1N4577 1N4577 4-46 1N4646 1N4754A 4-50 
1N4577A 1N4577A 4-46 1N4647 1N4755A 4-50 
1N4578 1N4578 4-46 1N4648 1N4756A 4-50 
1N4578A 1N4578A 4-46 1N4649 1N4728A 4-50 
1N4579 1N4579 4-46 1N4650 1N4729A 4-50 
1N4579A 1N4579A 4-46 1 N4651 1N4730A 4-50 
1N4580 1N4580 4-46 1N4652 1 N4731 A 4-50 
1N4580A 1N4580A 4-46 1N4653 1N4732A 4-50 
1N4581 1N4581 4-46 1N4654 1N4733A 4-50 
1N4581A 1N4581A 4-46 1N4655 1N4734A 4-50 
1N4582 1N4582 4-46 1N4656 1N4735A 4-50 
1N4582A 1N4582A 4-46 1N4657 1N4736A 4-50 
1N4583 1N4583 4-46 1N4658 1N4737A 4-50 
1N4583A 1N4583A 4-46 1N4659 1N4738A 4-50 
1N4584 1N4584 4-46 1N4660 1N4739A 4-50 
1N4584A 1N4584A 4-46 1 N4661 1N4740A 4-50 
1 N4611 1N4576A 4-46 1N4662 1N4741A 4-50 
1N4611A 1N4577A 4-46 1N4663 1N4742A 4-50 
1N4611B 1N4578A 4-46 1N4664 1N4743A 4-50 
1N4611C 1N4579A 4-46 1N4665 1N4744A 4-50 
1N4612 1N4581A 4-46 1N4666 1N4745A 4-50 
1N4612A 1N4582A 4-46 1N4667 1N4746A 4-50 
1N46128 1N4583A 4-46 1N4668 1N4747A 4-50 
1N4612C 1N4584A 4-46 1N4669 1N4748A 4-50 
1N4613 1 N4581 A 4-46 1N4670 1N4749A 4-50 
1N4613A 1N4582A 4-46 1N4671 1N4750A 4-50 
1N4613B 1N4583A 4-46 1N4672 1N4751A 4-50 
1N4613C 1N4584A 4-46 1N4673 1N4752A 4-50 
1N4614 1 N4614 4-42 1 N4674 1N4753A 4-50 
1N4615 1 N4615 4-42 1N4675 1N4754A 4-50 
1N4616 1N4616 4-42 1N4676 1N4755A 4-50 
1 N4617 1 N4617 4-42 1N4677 1N4756A 4-50 
1N4618 1 N4618 4-42 1N4678 1N4678 4-48 
1N4619 1 N4619 4-42 1N4679 1N4679 4-48 
1N4620 1N4620 4-42 1N4680 1N4680 4-48 
1N4621 1N4621 4-42 1N4681 1N4681 4-48 
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1N4682 1N4!iH2 4-48 1N4753,A 1N4753,A 4-50 
1N4683 1N4683 4-48 1N4754,A 1N4754,A 4-50 
1N4684 1N4684 4-48 1N4755,A 1N4755,A 4-50 
1N4685 1N4685 4-48 1N4756,A 1N4756,A 4-50 
1N4686 1 N4686 4-48 1N4757,A 1N4757,A 4-50 
1N4687 1N4687 4-48 1N4758,A 1N4758,A 4-50 
1N4688 1N4688 4-48 1N4759,A 1N4759,A 4-50 
1N4689 1N4689 4-48 1N4760,A 1N4760,A 4-50 
1N4690 1N4690 4-48 1N4761,A 1N4761,A 4-50 
1N4691 1N4691 4-48 1N4762,A 1N4762,A 4-50 
1N4692 1N4692 4-48 1N4763,A 1N4763,A 4-50 
1N4693 1N4693 4-48 1N4764,A 1N4764,A 4-50 
1N4694 1N4694 4-48 1N4765 1N4765 4-46 
1N4695 1N4695 4-48 1N4765A 1N4765A 4-46 
1N4696 1N4696 4-48 1N4766 1N4766 4-46 
1N4697 1N4697 4-48 1N4766A 1N4766A 4-46 
1N4698 1 N4698 4-48 1N4767 1N4767 4-46 
1N4699 1N4699 4-48 1N4767A 1N4767A 4-46 
1N4700 1N4700 4-48 1N4768 1N4768 4-46 
1N4701 1N4701 4-48 1N4768A 1N4768A 4-46 
1 N4702 1N4702 4-48 1N4769 1N4769 4-46 
1N4703 1N4703 4-48 1N4769A 1N4769A 4-46 
1N4704 1N4704 4-48 1N4770 1N4770 4-46 
1N4705 1N4705 4-48 1N4770A 1N4770A 4-46 
1N4706 1N4706 4-48 1N4771 1N4771 4-46 
1N4707 1N4707 4-48 1N4771A 1 N4771 A 4-46 
1N4708 1N4708 4-48 1N4772 1N4772 4-46 
1N4709 1N4709 4-48 1N4772A 1N4772A 4-46 
1N4710 1N4710 4-48 1N4773 1N4773 4-46 
1N4711 1N4711 4-48 1N4773A 1N4773A 4-46 
1N4712 1N4712 4-48 1N4774 1N4774 4-46 
1N4713 1N4713 4-48 1N4774A 1N4774A 4-46 
1N4714 1N4714 4-48 1N4775 1N4775 4-46 
1N4715 1N4715 4-48 1N4775A 1N4775A 4-46 
1N4716 1N4716 4-48 1N4776 1N4776 4-46 
1N4717 1N4717 4-48 1N4776A 1N4776A 4-46 
1N4728,A 1N4728,A 4-50 1N4777 1N4777 4-46 
1 N4729,A 1N4729,A 4-50 1N4777A 1N4777A 4-46 
1N4730,A 1N4730,A 4-50 1N4778 1N4778 4-46 
1N4731,A 1N4731,A 4-50 1N4778A 1N4778A 4-46 
1N4732,A 1N4732,A 4-50 1N4779 1N4779 4-46 
1 N4733,A 1N4733,A 4-50 1N4779A 1N4779A 4-46 
1 N4734,A 1N4734,A 4-50 1N4780 1N4780 4-46 
1N4735,A 1N4735,A 4-50 1N4780A 1N4780A 4-46 
1 N4736,A 1N4736,A 4-50 1N4781 1N4781 4-46 
1N4737,A 1N4737,A 4-50 1N4781A 1N4781A 4-46 
1N4738,A 1N4738,A 4-50 1N4782 1N4782 4-46 
1N4739,A 1N4739,A 4-50 1N4782A 1N4782A 4-46 
1N4740,A 1N4740,A 4-50 1N4783 1N4783 4-46 
1N4741,A 1N4741,A 4-50 1N4783A 1N4783A 4-46 
1N4742,A 1N4742,A 4-50 1N4784 1N4784 4-46 
1 N4743,A 1N4743,A 4-50 1N4784A 1N4784A 4-46 
1N4745,A 1N4745,A 4-50 1N4831 1N4739 4-50 
1N4746,A 1N4746,A 4-50 1N4831A 1N4739 4-50 
1N4747,A 1N4747,A 4-50 1N4831B 1N4739A 4-50 
1N4748,A 1N4748,A 4-50 1N4832 1N4740 4-50 
1N4749,A 1N4749,A 4-50 1N4832A 1N4740 4-50 
1N4750,A 1N4750,A 4-50 1N4832B 1N4740A 4-50 
1 N4751,A 1N4751,A 4-50 1N4833 1N4741 4-50 
1N4752,A 1N4752,A 4-50 1N4833A 1N4741 4-50 
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1N4833B 1N4741A 4-50 1N4853B 1 N4761 A 4-50 
1N4834 1N4742 4-50 1N4854 1N4762 4-50 
1N4834A 1N4742 4-50 1N4854A 1N4762 4-50 
1N4834B 1N4742A 4-50 1N4854B 1N4762A 4-50 
1N4835 1N4743 4-50 1N4855 1N4763 4-50 
1N4835A 1N4743 4-50 1N4855A 1N4763 4-50 
1N4835B 1N4743A 4-50 1N4855B 1N4763A 4-50 
1N4836 1N4744 4-50 1N4856 1N4764 4-50 
1N4836A 1N4744 4-50 1N4856A 1N4764 4-50 
1N4836B 1N4744A 4-50 1N4856B 1N4764A 4-50 
1N4837 1N4745 4-50 1N4857 1M110ZS10 -
1N4837A 1 N4745 4-50 1N4857A 1M110ZS10 -
1N4837B 1N4745A 4-50 1N4857B 1M110ZS5 -
1N4838 1N4746 4-50 1N4858 1 M120ZS10 -
1N4838A 1N4746 4-50 1N4858A 1 M120ZS10 -
1N4838B 1N4746A 4-50 1N4858B 1 M120ZS5 -
1N4839 1N4747 4-50 1N4859 1 M130ZS10 -
1N4839A 1N4747 4-50 1N4859A 1 M130ZS10 -
1N4839B 1N4747A 4-50 1N4859B 1 M130ZS5 -
1N4840 1 N4748 4-50 1N4860 1 M150ZS10 -
1N4840A 1N4748 4-50 1N4860A 1 M150ZS10 -
1N4840B 1N4748A 4-50 1N4860B 1 M150ZS5 -
1N4841 1 N4749 4-50 1 N4881 1 N4747 4-50 
1N4841A 1 N4749 4-50 1N4882 1N4753 4-50 
1N4841B 1N4749A 4-50 1N4883 1N4742A 4-50 
1N4842 1 N4750 4-50 1N4884 1N4747A 4-50 
1N4842A 1 N4750 4-50 1N4889 1N3000B 4-27 
1N4842B 1N4750A 4-50 1N4890 MZ640 4-111 
1N4843 1N4751 4-50 1N4890A MZ640 4-111 
1N4843A 1 N4751 4-50 1N4891 MZ640 4-111 
1N4843B 1N4751A 4-50 1N4891A MZ640 4-111 
1N4844 1N4752 4-50 1N4892 MZ620 4-111 
1N4844A 1 N4752 4-50 1N4892A MZ620 4-111 
1N4844B 1N4752A 4-50 1N4893 MZ620 4-111 
1N4845 1N4753 4-50 1N4893A MZ620 4-111 
1N4845A 1 N4753 4-50 1N4894 MZ610 4-111 
1N4845B 1N4753A 4-50 1N4894A MZ610 4-111 
1N4846 1N4754 4-50 1N4895 MZ610 4-111 
1N4846A 1 N4754 4-50 1N4895A MZ610 4-111 
1N4846B 1N4754A 4-50 1N4954 1N5342B 4-66 
1N4847 1N4755 4-50 1N4955 1N5343B 4-66 
1N4847A 1 N4755 4-50 1N4956 1N5344B 4-66 
1N4847B 1N4755A 4-50 1N4957 1N5346B 4-66 
1N4848 1N4756 4-50 1N4958 1N5347B 4-66 
1N4848A 1N4756 4-50 1N4959 1N5348B 4-66 
1N4848B 1N4756A 4-50 1N4960 1N5349B 4-66 
1N4849 1 N4757 4-50 1N4961 1N5350B 4-66 
1N4849A 1N4757 4-50 1N4962 1N5352B 4-66 
1N4849B 1N4757A 4-50 1N4963 1N5353B 4-66 
1N4850 1N4758 4-50 1N4964 1N5355B 4-66 
1N4850A 1N4758 4-50 1N4965 1N5357B 4-66 
1N4850B 1N4758A 4-50 1N4966 1N5358B 4-66 
1N4851 1N4759 4-50 1N4967 1N5359B 4-66 
1N4851A 1 N4759 4-50 1N4968 1N5361B 4-66 
1N4851B 1N4759A 4-50 1N4969 1N5363B 4-66 
1N4852 1N4760 4-50 1N4970 1N5364B 4-66 
1N4852A 1N4760 4-50 1 N4971 1N5365B 4-66 
1N4852B 1N4760A 4-50 1N4972 1N5366B 4-66 
1N4853 1N4761 4-50 1N4973 1N5367B 4-66 
1N4853A 1 N4761 4-50 1N4974 1N5368B 4-66 
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1N4975 1N5369B 4-66 1N5030A 1N4747A 4-50 
1N4976 1N5370B 4-66 1N5031 1N4748 4-50 
1N4977 1N5372B 4-66 1 N5031 A 1N4748A 4-50 
1N4978 1N5373B 4-66 1N5032 1N4749 4-50 
1N4979 1N5374B 4-66 1N5032A 1N4749A 4-50 
1N4980 1N5375B 4-66 1N5033 1M25ZS10 -
1N4981 1N5377B 4-66 1N5033A 1M25ZS5 -
1N4982 1N5378B 4-66 1N5034 1 N4750 4-50 
1N4983 1N5379B 4-66 1N5034A 1N4750A 4-50 
1N4984 1N5380B 4-66 1N5035 1N4751 4-50 
1N4985 1N5381B 4-66 1N5035A 1N4751A 4-50 
1N4986 1N5383B 4-66 1N5036 1N4752 4-50 
1N4987 1N5384B 4-66 1N5036A 1N4752A 4-50 
1N4988 1N5386B 4-66 1N5037 1N4753 4-50 
1N4989 1N5388B 4-66 1N5037A 1N4753A 4-50 
1N5008 1N4728 4-50 1N5038 1N4754 4-50 
1N5008A 1N4728A 4-50 1N5038A 1N4754A 4-50 
1N5009 1N4729 4-50 1N5039 1N4755 4-50 
1N5009A 1N4729A 4-50 1N5039A 1N4755A 4-50 
1N5010 1N4730 4-50 1N5040 1M45ZS10 -
1N5010A 1N4730A 4-50 1N5040A 1M45ZS5 -
1N5011 1N4731 4-50 1N5041 1N4756 4-50 
1N5011A 1N4731A 4-50 1N5041A 1N4756A 4-50 
1N5012 1N4732 4-50 1N5042 1M50ZS10 -
1N5012A 1N4732A 4-50 1N5042A 1M50ZS5 -
1N5013 1N4733 4-50 1N5043 1N4757 4-50 
1N5013A 1N4733A 4-50 1N5043A 1N4757A 4-50 
1N5014 1N4734 4-50 1N5044 1M52ZS10 -
1N5014A 1N4734A 4-50 1N5044A 1M52ZS5 -
1N5015 1N4735 4-50 1N5045 1N4758 4-50 

1N5015A 1N4735A 4-50 1N5045A 1N4758A 4-50 
1N5016 1N4736 4-50 1N5046 1N4759 4-50 
1N5016A 1N4736A 4-50 1N5046A 1N4759A 4-50 
1N5017 1N4737 4-50 1N5047 1N4760 4-50 
1N5017A 1N4737A 4-50 1N5047A 1N4760A 4-50 
1N5018 1N4738 4-50 1N5048 1N4761 4-50 
1N5018A 1N4738A 4-50 1N5048A 1N4761A 4-50 
1N5019 1N4739 4-50 1N5049 1N4762 4-50 
1N5019A 1N4739A 4-50 1N5049A 1N4762A 4-50 
1N5020 1N4740 4-50 1N5050 1N4763 4-50 

1N5020A 1N4740A 4-50 1N5050A 1N4763A 4-50 
1N5021 1N4741 4-50 1N5051 1N4764 4-50 
1N5021A 1 N4741 A 4-50 1N5051A 1N4764A 4-50 
1N5022 1N4742 4-50 1N5063 1N4736A 4-50 
1N5022A 1N4742A 4-50 1N5064 1N4737A 4-50 
1N5023 1N4743 4-50 1N5065 1N4738A 4-50 
1N5023A 1N4743A 4-50 1N5066 1N4739A 4-50 
1N5024 1M14ZS10 - 1N5067 1N4740A 4-50 
1N5024A 1M14ZS5 - 1N5068 1N4741A 4-50 
1N5025 1N4744 4-50 1N5069 1N4743A 4-50 

1N5025A 1N4744A 4-50 1N5070 1M14ZS5 -
1N5026 1N4745 4-50 1N5071 1N4744A 4-50 
1N5026A 1N4745A 4-50 1N5072 1N4745A 4-50 
1N5027 1M17ZS10 - 1N5073 1N4746A 4-50 
1N5027A 1M17ZS5 - 1N5074 1N4748A 4-50 
1N5028 1N4746 4-50 1N5075 1N4749A 4-50 
1N5028A 1N4746A 4-50 1N5076 1N4750A 4-50 
1N5029 1M19ZS10 - 1N5077 1N4751A 4-50 
1N5029A 1M19ZS5 - 1N5078 1N4752A 4-50 
1N5030 1N4747 4-50 1N5079 1N4753A 4-50 
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iN5080 iN4754A 4-50 iN5239 iN5239 4-54 
1 N508i iM40ZS5 - iN5240 1 NS240 4-S4 
iN5082 iN475SA 4-S0 1 NS24i 1 NS24i 4-S4 .1 1 NS083 iM4SZS5 - 1 N5242 iN5242 4-S4 
iN5084 iN47S6A 4-50 iN5243 1 N5243 4-S4 
iN508S 1 MSOZSS - 1 NS244 1 NS244 4-S4 
iN5086 iN47S7A 4-S0 1 NS24S 1 NS24S 4-S4 
iN5087 iN47S8A 4-SO 1 NS246 1 NS246 4-54 
1 NS088 iM60ZS5 - iN5247 iN5247 4-54 

: 1 NS089 iN4759A 4-S0 1 NS248 iN5248 4-54 
1 NS090 iN4760A 4-50 iN5249 iN5249 4-54 

i 1 N509i iM70ZSS - iN5250 1 NS250 4-54 
1 NS092 iN476iA 4-50 1 N52Si iNS25i 4-54 
1 NS093 iM80ZS5 - iN5252 iN5252 4-54 
iN5094 iN4762A 4-50 iN5253 1 NS2S3 4-54 
iN5095 iN4763A 4-50 iN5254 iN5254 4-54 
iN5096 iMii0ZS5 - iN5255 1 NS255 4-54 
iN5097 1 Mi20ZS5 - iN5256 1 NS256 4-54 
iN5098 1 Mi30ZS5 - iN5257 1 NS257 4-54 
iN5099 1 Mi40ZSS - 1 NS258 iN5258 4-54 
1 N5i00 1 Mi60ZS5 - iN52S9 iN5259 4-54 
iN5i0i 1 Mi70ZS5 - 1 NS260 1 NS260 4-S4 
1 NSi02 iMi80ZS5 - 1 NS26i 1 NS26i 4-54 
1 NSi03 1 Mi90ZSS - iN5262 1 NS262 4-54 
iNSi04 iM200ZS5 - iN5263 1 NS263 4-S4 
1 NSi0S iMii0ZSB5 - 1 NS264 iN5264 4-S4 
1 N5i06 iMi20ZSB5 - iN526S 1 NS265 4-54 
1 NSi07 iMi30ZSB5 - iN5266 iN5266 4-S4 
iNSi08 iMi3SZSBS - iN5267 1 NS267 4-S4 
iN5i09 1 Mi40ZSBS - iN5268 1 NS268 4-54 
1 NSii0 iMi50ZSB5 - iN5269 1 NS269 4-54 
iN5i1i 1 Mi60ZSB5 - 1 NS270 iNS270 4-S4 
1 N5ii2 iMi65ZSBS - 1 N527i iNS27i 4-S4 
1 N5ii3 iMi70ZSB5 - iN5272 iN5272 4-54 
1 N5ii4 iMi80ZSB5 - iN5273 iN5273 4-60 
iN5ii5 1 Mi90ZSBS - iN5274 iN5274 4-60 
iNSii6 1 Mi95ZSBS - iN5275 iN527S 4-60 
1 NSii8 1 N534i B 4-66 iN5276 iN5276 4-60 
1 N5i22 iN537iB 4-66 iN5277 iNS277 4-60 
iNSi26 iN5382B 4-66 iN5278 iN5278 4-60 
1 N5i27 iN5385B 4-66 iN5279 1 NS279 4-60 
1 N5i28 1 NS387B 4-66 iN5280 iNS280 4-60 
iN522i iNS22i 4-54 1 NS28i 1 NS28i 4-60 
iN5222 iN5222 4-54 1 NS283 iN5283 4-62 
iN5223 iN5223 4-54 iN5284 1 NS284 4-62 
iN5224 iN5224 4-54 iN5285 iN528S 4-62 
iN5225 iN5225 4-54 1N5286 1 NS286 4-62 
iN5226 iN5226 4-54 iN5287 1 NS287 4-62 
iN5227 iN5227 4-54 1N5288 iN5288 4-62 
iN5228 iN5228 4-54 iN5289 iN5289 4-62 
iN5229 iN5229 4-54 iN5290 iN5290 4-62 
1 NS230 iN5230 4-54 iN529i 1 NS29i 4-62 
1 NS23i 1 N523i 4-S4 iN5292 1 NS292 4-62 
1 NS232 1 NS232 4-54 iN5293 iN5293 4-62 
1 NS233 1 NS233 4-S4 1 NS294 iN5294 4-62 
iN5234 1 NS234 4-54 1 NS295 1 NS295 4-62 
iN5235 iN5235 4-54 iN5296 1 NS296 4-62 
iN5236 1 NS236 4-S4 1 NS297 iN5297 4-62 
iN5237 iN5237 4-54 iN5298 1 NS298 4-62 
iN5238 1 NS238 4-54 1 NS299 1 NS299 4-62 
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1N5300 1N5300 4-62 1N5378A 1N5378A 4-66 
1N5301 1 N5301 4-62 1N5379A 1N5379A 4-66 
1N5302 1N5302 4-62 1N5380A 1N5380A 4-66 
1N5303 1N5303 4-62 1N5381A 1 N5381A 4-66 
1N5304 1N5304 4-62 1N5383A 1N5383A 4-66 
1N5305 1N5305 4-62 1 N5384A 1N5384A 4-66 
1N5306 1N5306 4-62 1N5385A 1N5385A 4-66 
1N5307 1N5307 4-62 1N5386A 1N5386A 4-66 
1N5308 1N5308 4-62 1N5387 1N5387 4-66 
1N5309 1N5309 4-62 1N5388A 1N5388A 4-66 
1 N5310 1 N5310 4-62 1 N5518A,B 1 N5518A,B 4-70 
1N5311 1N5311 4-62 1N5519A,B 1N5519A,B 4-70 
1N5312 1N5312 4-62 1N5520A,B 1N5520A,B 4-70 
1 N5313 1 N5313 4-62 1N5521A,B 1N5521A,B 4-70 
1 N5314 1 N5314 4-62 1 N5522A,B 1N5522A,B 4-70 
1N5333A 1N5333A 4-66 1N5523A,B 1N5523A,B 4-70 
1N5334A 1N5334A 4-66 1N5524A,B 1N5524A,B 4-70 
1N5335A 1N5335A 4-66 1N5525A,B 1N5525A,B 4-70 
1N5336A 1N5336A 4-66 1N5526A,B 1N5526A,B 4-70 
1N5337A 1N5337A 4-66 1 N5527A,B 1N5527A,B 4-70 
1N5338A 1N5338A 4-66 1N5528A,B 1N5528A,B 4-70 
1N5339A 1N5339A 4-66 1 N5529A,B 1N5529A,B 4-70 
1N5340 1N5340 4-66 1N5530A,B 1N5530A,B 4-70 
1N5341A 1N5341A 4-66 1N5531A,B 1N5531A,B 4-70 
1N5342A 1N5342A 4-66 1 N5532A,B 1N5532A,B 4-70 
1N5343A 1N5343A 4-66 1N5533A,B 1N5533A,B 4-70 
1N5344A 1N5344A 4-66 1N5534A,B 1N5534A,B 4-70 
1N5345A 1N5345A 4-66 1N5535A,B 1N5535A,B 4-70 
1N5346A 1N5346A 4-66 1N5536A,B 1N5536A,B 4-70 
1N5347A 1N5347A 4-66 1N5537A,B 1N5537A,B 4-70 
1N5348A 1N5348A 4-66 1N5538A,B 1N5538A,B 4-70 
1N5349A 1N5349A 4-66 1N5539A,B 1N5539A,B 4-70 
1N5350A 1N5350A 4-66 1N5540A,B 1N5540A,B 4-70 
1N5351A 1 N5351A 4-66 1 N5541A,B 1N5541A,B 4-70 
1N5352A 1N5352A 4-66 1N5542A,B 1N5542A,B 4-70 
1N5353A 1N5353A 4-66 1N5543A,B 1N5543A,B 4-70 
1N5354A 1N5354A 4-66 1N5544A,B 1N5544A,B 4-70 
1N5355A 1N5355A 4-66 1 N5545A,B 1N5545A,B 4-70 
1N5356A 1N5356A 4-66 1N5546A,B 1N5546A,B 4-70 
1N5357A 1N5357A 4-66 1N5555 1N6283 4-74 

1N5358A 1N5358A 4-66 1N5556 1N6283A 4-74 
1N5359A 1N5359A 4-66 1N5557 1N6289A 4-74 
1N5360A 1N5360A 4-66 1N5558 1N6303A 4-74 
1N5361A 1N5361A 4-66 1N5629 1N6267 4-74 
1N5362A 1N5362A 4-66 1N5629A 1N6267A 4-74 
1N5363A 1N5363A 4-66 1N5630 1N6268 4-74 
1N5364A 1N5364A 4-66 1N5630A 1N6268A 4-74 
1N5365A 1N5365A 4-66 1 N5631 1N6269 4-74 
1N5366A 1N5366A 4-66 1 N5631A 1N6269A 4-74 
1N5367A 1N5367A 4-66 1N5632 1N6270 4-74 

1N5368A 1N5368A 4-66 1N5632A 1N6270A 4-74 
1N5369A 1N5369A 4-66 1 N5633 1 N6271 4-74 
1N5370A 1N5370A 4-66 1N5633A 1 N6271A 4-74 
1N5371A 1N5371A 4-66 1N5634 1N6272 4-74 
1N5372A 1N5372A 4-66 1N5634A 1N6272A 4-74 
1N5373A 1N5373A 4-66 1N5635 1N6273 4-74 
1N5374A 1N5374A 4-66 1N5635A 1N6273A 4-74 
1N5375A 1N5375A 4-66 1N5636 1N6274 4-74 
1N5376A 1N5376A 4-66 1N5636A 1N6274A 4-74 
1N5377A 1N5377A 4-66 1N5637 1N6275 4-74 
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1N5637A 1N6275A 4-74 1N5741B 1N5246B 4-54 
1N5638 1N6276 4-74 1N5742B 1N5248B 4-54 
1N5638A 1N6276A 4-74 1N5743B 1N5250B 4-54 
1N5639 1N6277 4-74 1N5744B 1N5251B 4-54 
1N5639A 1N6277A 4-74 1N5745B 1N5252B 4-54 
1N5640 1N6278 4-74 1N5746B 1N5254B 4-54 
1N5640A 1N6278A 4-74 1N5747B 1N5256B 4-54 
1N5641 1N6279 4-74 1N5748B 1 N5257B 4-54 
1N5641A 1N6279A 4-74 1N5749 1 N5258B 4-54 
1N5642 1N6280 4-74 1N5750 1 N5259B 4-54 
1N5642A 1N6280A 4-74 1N5751 1N5760B 4-54 
1N5643 1 N6281 4-74 1 N5752 1N5261B 4-54 
1N5643A 1N6281A 4-74 1N5753 1N5262B 4-54 
1N5644 1N6282 4-74 1N5837 1N4370 4-4 
1N5644A 1N6282A 4-74 1N5838 .5M2.5AZ10 -
1N5645 1N6283 4-74 1N5839 1N4371 4-4 
1N5645A 1N6283A 4-74 1N5840 .5M2.8AZ10 -
1N5646 1N6284 4-74 1 N5841 1N4372 4-4 
1N5646A 1N6284A 4-74 1N5842 1N746 4-4 
1 N5651 1N6289A 4-74 1N5843 1N747 4-4 
1N5652 1N6290 4-74 1N5844 1N748 4-4 
1N5652A 1N6290A 4-74 1N5845 1N749 4-4 
1N5653 1 N6291 4-74 1N5846 1N750 4-4 
1N5653A 1N6291A 4-74 1N5847 1N751 4-4 
1N5654 1N6292 4-74 1N5848 1N752 4-4 
1N5654A 1N6292A 4-74 1N5849 .5M6.0AZ10 -
1N5655 1N6293 4-74 1N5850 1N753 4-4 
1N5655A 1N6293A 4-74 1N5851 1N754 4-4 
1N5656 1N6294 4-74 1N5852 1N755 4-4 
1N5656A 1N6294A 4-74 1N5853 1N756 4-4 
1N5657 1N6295 4-74 1N5854 .5M8.7AZ10 -
1N5657A 1N6295A 4-74 1N5855 1N757 4-4 
1N5658 1N6296 4-74 1N5856 1N758 4-4 
1N5658A 1N6296A 4-74 1N5857 .5M11AZ10 -
1N5659 1N6297 4-74 1N5858 1N759 4-4 
1N5659A 1N6297A 4-74 1N5859 1N964A 4-4 
1N5660 1N6298 4-74 1N5860 .5M14Z10 -
1N5660A 1N6298A 4-74 1 N5861 1N965A 4-4 
1 N5661 1N6299 4-74 1N5862 1N966A 4-4 
1N5661A 1N6299A 4-74 1N5863 .5M17Z10 -
1N5662 1N6300 4-74 1N5864 1N967A 4-4 
1N5662A 1N6300A 4-74 1N5865 .5M19Z10 -
1N5663 1N6301 4-74 1N5866 1N968A 4-4 
1N5663A 1N6301A 4-74 1N5867 1N969A 4-4 
1N5664 1N6302 4-74 1N5868 1N970A 4-4 
1N5664A 1N6302A 4-74 1N5869 .5M25Z10 -
1N5665 1N6303 4-74 1N5870 1N971A 4-4 
1N5665A 1N6303A 4-74 1N5871 .5M28Z10 -
1N5728 1N5230B 4-54 1N5872 1N972A 4-4 
1N5729 1N5231B 4-54 1N5873 1N973A 4-4 
1N5730 1N5232B 4-54 1N5874 1N974A 4-4 
1 N5731 1N5234B 4-54 1N5875 1N975A 4-4 
1N5732B 1N5235B 4-54 1N5876 1N976A 4-4 
1N5733B 1N5236B 4-54 1N5877 1N977A 4-4 
1 N5734B 1N5237B 4-54 1N5878 1N978A 4-4 
1N5735B 1N5239B 4-54 1N5879 1N979A 4-4 
1N5736B 1N5240B 4-54 1N5880 .5M60Z10 -
1N5738B 1N5242B 4-54 1N5881 1N980A 4-4 
1N5739B 1N5243B 4-54 1N5882 1N981A 4-4 
1N5740B 1N5245B 4-54 1N5883 1N982A 4-4 
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1N5884 1N983A 4-4 1N5985A 1N5985A 4-83 
1N5885 .5M87Z10 - 1N5986 1N5223 4-54 
1N5886 1N984A 4-4 1N5986A 1N5986A 4-83 
1N5887 1 N985A 4-4 1N5987 1N5225 4-54 
1N5888 1N986A 4-4 1N5987A 1N5987A 4-83 
1N5889 1N987A 4-21 1N5988 1N5226 4-54 
1N5890 1N988A 4-21 1N5988A 1N5988A 4-83 
1N5891 .4M140Z10 - 1N5989 1N5227 4-54 
1N5892 1N989A 4-21 1N5989A 1N5989A 4-83 
1N5893 1N990A 4-21 1N5990 1N5228 4-54 

1N5894 .4M170Z10 - 1N5990A 1N5990A 4-83 
1N5895 1N991A 4-21 1N5991 1N5229 4-54 
1N5896 .4M190Z10 - 1N5991A 1N5991A 4-83 
1N5897 1N992A 4-21 1N5992 1 N5230 4-54 
1N5908 1N5908 4-74 1N5992A 1N5992A 4-83 
1N5913A 1N5913A 4-80 1N5993 1N5231 4-54 
1N5914A 1N5914A 4-80 1N5993A 1N5993A 4-83 
1N5915A 1N5915A 4-80 1N5994 1N5232 4-54 
1N5916A 1N5916A 4-80 1N5994A 1N5994A 4-83 
1N5917A 1N5917A 4-80 1N5995 1N5234 4-54 

1N5918A 1N5918A 4-80 1N5995A 1N5995A 4-83 
1N5919A 1N5919A 4-80 1N5996 1N5235 4-54 
1N5920A 1N5920A 4-80 1N5996A 1N5996A 4-83 
1N5921A 1N5921A 4-80 1N5997 1N5236 4-54 
1N5922A 1N5922A 4-80 1N5997A 1N5997A 4-83 
1N5923A 1N5923A 4-80 1N5998 1N5237 4-54 
1N5924A 1N5924A 4-80 1N5998A 1N5998A 4-83 
1N5925A 1N5925A 4-80 1N5999 1N5239 4-54 
1N5926A 1N5926A 4-80 1N5999A 1N5999A 4-83 
1N5927A 1N5927A 4-80 1N6000 1N5240 4-54 

1N5928A 1N5928A 4-80 1N6000A 1N6000A 4-83 
1N5929A 1N5929A 4-80 1N6001 1N5241 4-54 
1N5930A 1N5930A 4-80 1N6001A 1N6001A 4-83 
1 N5931 A 1N5931A 4-80 1N6002 1N5242 4-54 
1N5932A 1N5932A 4-80 1N6002A 1N6002A 4-83 
1N5933A 1N5933A 4-80 1N6003 1N5243 4-54 
1N5934A 1N5934A 4-80 1N6003A 1N6003A 4-83 
1N5935A 1N5935A 4-80 1N6004 1N5245 4-54 
1N5936A 1N5936A 4-80 1N6004A 1N6004A 4-83 
1N5937A 1N5937A 4-80 1N6005 1N5246 4-54 

1N5938A 1N5938A 4-80 1N6005A 1N6005A 4-83 
1N5939A 1N5939A 4-80 1N6006 1N5248 4-54 
1N5940A 1N5940A 4-80 1N6006A 1N6006A 4-83 
1N5941A 1N5941A 4-80 1N6007 1N5250 4-54 
1N5942A 1N5942A 4-80 1N6007A 1N6007A 4-83 
1N5943A 1N5943A 4-80 1N6008 1N5251 4-54 
1N5944A 1N5944A 4-80 1N6008A 1N6008A 4-83 
1N5945A 1N5945A 4-80 1N6009 1N5252 4-54 
1N5946A 1N5946A 4-80 1N6009A 1N6009A 4-83 
1N5947A 1N5947A 4-80 1N6010 1N5254 4-54 

1N5948A 1N5948A 4-80 1N6010A 1N6010A 4-83 
1N5949A 1N5949A 4-80 1N6011 1N5256 4-54 
1N5950A 1N5950A 4-80 1N6011A 1N6011A 4-83 
1 N5951 A 1N5951 A 4-80 1N6012 1N5257 4-54 
1N5952A 1N5952A 4-80 1N6012A 1N6012A 4-83 
1N5953A 1N5953A 4-80 1N6013 1N5258 4-54 
1N5954A 1N5954A 4-80 1N6013A 1N6013A 4-83 
1N5955A 1N5955A 4-80 1N6014 1N5259 4-54 
1N5956A 1N5956A 4-80 1N6014A 1N6014A 4-83 
1N5985 1N5221 4-54 1N6015 1N5260 4-54 
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1N6015A 1N6015A 4-83 1N6300 1N6300 4-74 
1N6016 1N5261 4-54 1N6301 1N6301 4-74 
1N6016A 1N6016A 4-83 1N6302 1N6302 4-74 
1 N6017 1N5262 4-54 1N6303 1N6303 4-74 
1N6017A 1N6017A 4-83 1N6373 1N6373 4-74 
1 N6018 1N5263 4-54 1 N6374 1N6374 4-74 
1N6018A 1N6018A 4-83 1N6375 1N6375 4-74 
1N6019 1N5265 4-54 1N6376 1N6376 4-74 
1N6019A 1N6019A 4-83 1N6377 1N6377 4-74 
1N6020 1N5266 4-54 1N6378 1N6378 4-74 
1N6020A 1N6020A 4-83 1N6379 1N6379 4-74 
1 N6021 1N5267 4-54 1N6380 1N6380 4-74 
1N6021A 1N6021A 4-83 1N6381 1N6381 4-74 
1N6022 1N5268 4-54 1N6382 1N6382 4-74 
1N6022A 1N6022A 4-83 1N6383 1N6383 4-74 
1N6023 1N5270 4-54 1N6384 1N6384 4-74 
1N6023A 1N6023A 4-83 1N6385 1N6385 4-74 
1N6024 1N5271 4-54 1N6386 1N6386 4-74 
1N6024A 1N6024A 4-83 1N6387 1N6387 4-74 
1N6025 1N5272 4-54 1N6388 1N6388 4-74 
1N6025A 1N6025A 4-83 1N6389 1N6389 4-74 
1N6026 1N5273 4-60 1S2030,A .5M3.3AZ10,5 -
1N6027 1N5274 4-60 THRU THRU 
1N6028 \ 1N5276 4-60 1S2160,A .5M16Z10,5 -
1N6029 1N5277 4-60 1S3006,A 1M6.8ZS10,5 -
1N6030 1N5279 4-60 THRU THRU 
1N6031 1N5281 4-60 1S3200,A 1 M200ZS10,5 -
1N6267 1N6267 4-74 1S7030,A 1.5M3.3AZ10,5 -
1N6268 1N6268 4-74 THRU THRU 
1N6269 1N6269 4-74 1S7160,A .5M16Z10,5 -
1N6270 1N6270 4-74 1T5.6 1M5.6AZ -
1N6271 1 N6271 4-74 THRU THRU 
1N6272 1N6272 4-74 moo 1 M100Z -
1N6273 1N6273 4-74 1T6.8,A,B 1 M6.8Z10,5 -
1N6274 1N6274 4-74 THRU THRU 
1N6275 1N6275 4-74 1TA200,A,B 1M200Z,10,5 -
1N6276 1N6276 4-74 1Z3.9T20,10,5 1 M3.9AZ, 10,5 -
1N6277 1N6277 4-74 THRU THRU 
1N6278 1N6278 4-74 1Z30T20,10,5 1M30Z,10,5 -
1N6279 1N6279 4-74 1ZS3.3 1M3.3ZS -
1N6280 1N6280 4-74 THRU THRU 
1 N6281 1N6281 4-74 1ZS100 1M100ZS -
1N6282 1N6282 4-74 2VR6.2 1M6.2ZS10 -
1N6283 1N6283 4-74 THRU THRU 
1N6284 1N6284 4-74 2VR200 1M200ZS10 -
1N6285 1N6285 4-74 3/4LZ3.3D,10,5 1M3.3AZ,10,5 -
1N6286 1N6286 4-74 THRU THRU 
1N6287 1N6287 4-74 3/4LZ7.5D,10,5 1M7.5AZ,10,5 -
1N6288 1N6288 4-74 3/4Z6.8D,10,5 1 M6.8Z, 10,5 -
1N6289 1N6289 4-74 THRU THRU 
1N6290 1N6290 4-74 3/4Z200D,10,5 1M200Z,10,5 -
1N6291 1N6291 4-74 3EZ6.8D,10,5 5M6.8ZS,10,5 -
1N6292 1N6292 4-74 THRU THRU 
1N6293 1N6293 4-74 3EZ200D,1 0,5 5M200ZS,10,5 -
1N6294 1N6294 4-74 3R7.5,A,B 5M7.5ZS,10,5 -
1N6295 1N6295 4-74 THRU THRU 
1N6296 1N6296 4-74 3R200,A,B 5M200ZS,10,5 -
1N6297 1N6297 4-74 3TZ7.5,A,B,C,D 5M7.5ZS,10,5,1,2 -
1N6298 1N6298 4-74 THRU THRU 
1N6299 1N6299 4-74 3TZ200,A,B,C,D 5M200ZS, 10,5, 1,2 -
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3VR6,A 5M6.8lS10,5 - BlX79-C4V7 BlX79-C4V7 -
THRU THRU THRU THRU 

3VR150,A 5M150lS10,5 - BlX79-C9V1 BlX79-C9V1 -
3l3.9T20,10,5 10M3.9Al,10,5 - BlX79-C10 BlX79-C10 -

THRU THRU THRU THRU 
3l30T20,10,5 10M30l,10,5 - BlX79-C75 BlX79-C75 -
5EZ3.3D,10,5 5M3.3lS,10,5 - BlY88-C3V3 .5M3.3Al5 -
THRU THRU THRU THRU 

5EZ200D,10,5 5M200lS,10,5 - BlY88-C30 .5M30l5 -
5l8.2G(R),A,B 10M8.2l(R),10,5 - BlY91-C7V5 50M7.5lS5 -
THRU THRU THRU THRU 

5l100G(R),A,B 10M100l(R),10,5 - BlY91-C75 50M75lS5 -
515338 1N5338A - BlY93-C7V5 10M7.5l5 -
THRU THRU THRU THRU 

515364 1N5364A - BlY93-C75 10M75l5 -
5lS3.3,A,B 5M3.3lS,10,5 - BlY96-C4V7 1M4.7Al5 -

THRU THRU THRU THRU 
5lS100,A,B 5M100lS,10,5 - BlY96-C75 1M75l5 -
10Ll3.3D5 10M3.3AZ5 - CODI6041 Ml2360 4-114 
THRU THRU CODI6045 Ml2360 4-114 

10Ll7.5D5 10M7.5Al5 - COD 16042 Ml2361 4-114 
10Pl6.8,A,B,C,D 10M6.8l,10,5,1,2 - CODI6046 Ml2361 4-114 
THRU THRU COD 16049 Ml2360 4-114 

10Pl200,A,B,C,D 10M200l, 10,5, 1,2 - CODI6050 Ml2361 4-114 
10R6.8,A,B 10M6.8l,10,5 - C4011 1 N746-1 N759 4-4 
THRU THRU THRU THRU 

10R200,A,B 10M200l,10,5 - C4029 1 N957 -1 N973 4-4 
10Rl6.8,A,B,C,D 10M6.8l, 10,5, 1,2 - C6012 MlC2.7A10 -
THRU THRU THRU THRU 

10Rl200,A,B,C,D 10M200l, 10,5, 1,2 - C6032 MlC47A10 -

10T6.8,A,B 10M6.8l,10,5 - CD3168 1N5262 4-60 
THRU THRU THRU THRU 

10T200,A,B 1 OM200l, 1 0,5 - CD3174 1N5268 4-60 
10l3.9,A,B 10M3.9Al,10,5 - CD4112 1N3154 4-29 
THRU THRU THRU THRU 

10l200,A,B 10M200l,10,5 - CD4115 1N3157 4-29 
10l6.8D(R),10,5 10M6.8l(R),10,5 - CD3100001 1N4728 4-50 

THRU THRU THRU THRU 
10l200D(R),10,5 10M200l(R),10,5 - CD31 00025 1N4753 4-50 
50Ll3.9D(R)5 50M3.9Al(R)5 - CD3112016 1N4736 4-50 
THRU THRU THRU THRU 

50LZ7.5D(R)5 50M7.5Al(R)5 - CD3112032 1N4752 4-50 
50SLl3.9D(R)5 50M3.9ASl(R)5 - CD3212048 1M8.2lS -
THRU THRU THRU THRU 

50SLZ7.5D(R)5 50M7.5ASl(R)5 - CD3212062 1M33lS -
50Sl6.8D(R),10,5 50M6.8Sl(R),10,5 - CD3214738 1M8.2lS -
THRU THRU THRU THRU 

50SZ200D(R),10,5 5OM200SZ(R),10,5 - CD3214752 1M33lS -
50T6.8 50M6.8lS10 - CD3907562 .4M8.2l -
THRU THRU THRU THRU 

50T200 50M200lS10 - CD3909732 .4M33l -
50l6.8D(R),10,5 50M6.8l(R),10,5 - CL1020 1N5297 4-62 
THRU THRU CL1520 1N5302 4-62 

50l200D(R), 10,5 50M200l(R),10,5 - CL2210 1N5283 4-62 
BlX61-C7V5 1M7.5lS5 - CL2220 1N5306 4-62 
THRU THRU CL3310 1N5287 4-62 

BlX61-C75 1M75lS5 - CL3320 1N5310 4-62 
BlX70-C10 5M10lS5 - CL4710 1N5290 4-62 
THRU THRU CL4720 1N5314 4-62 

BlX70-C75 5M75lS5 - CL6810 1N5293 4-62 
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CZ3.9,A,B,C,D 1M3.9ZS,10,5,1,2 - THRU THRU 
THRU THRU JZ200,A,B,C,D 1M200ZS,10,5,1,2 -

CZ200,A,B,C,D 1M200ZS,10,5,1,2 - lMZ3.3,A 1 M3.3ZS10,5 -
DI-746 1N746 4-4 THRU THRU 
DI-759 1N759 4-4 lMZ200,A 1 M200ZS10,5 -
DI-957 1N957A 4-4 lPM7.5,A 1M7.5ZS10,5 -
DI-976 1N976A 4-4 THRU THRU 
DSZ3006 5M6.0ZS5 - lPM200,A 1M200ZS10,5 -
THRU THRU lPZl.5,A 1M7.5ZS10,5 -

DSZ3100 5M100ZS5 - THRU THRU 
EVR6,A 1M6.BZS10,5 - lPZ200,A 1M200ZS10,5 -
THRU THRU lPZTB.2 1MB.2ZZ10 -

EVR150,A 1 M150ZS10,5 - THRU THRU 
G4Z7.5 .5M7.5Z10 - lPZT33 1M33ZZ10 -
THRU THRU lVA43,A,B,C 1N5521A,B,C,D 4-70 

G4Z110 .5M110Z10 - THRU THRU 
GA4Z2.4 .5M2.4AZ - lVA100,A,B,C 1 N5530A,B,C,D 4-70 
THRU THRU lVA343,A,B,C 1N5521A,B,C,D 4-70 

GA4Z12.0 .5M12AZ - THRU THRU 
GARE SERIES 1NB21 SERIES 4-10 lVA3100,A,B,C 1 N5530A,B,C,D 4-70 
GlAZ2.6A 1N702A - M4Z7.5,A .5M7.5Z10,5 -
THRU THRU THRU THRU 

GlAZ6.BA 1N710A - M4Z110,A .5M110Z10,5 -
GlZl.OA 1N763A - MC6007,A 1 N746-1N759 -

THRU THRU THRU THRU 
GlZ24A 1N769A - MC6030,A 1 N957 A-1 N977 A -
GlZl.5A 1 N711A - MC6107,A 1 M6.BZS 10,5 -
THRU THRU THRU THRU 

GlZ100A 1N73BA - MC6130,A 1 M47ZS10,5 -

GRE11.7 SERIES 1N941 SERIES 4-17 MC6400,MC6401 1NB21 4-10 
GRE SERIES 1N935 SERIES 4-13 MC6402,MC6403 1N823 4-10 
GW6.8,A,B 1M6.8ZS,10,5 - MC6404,MC6405 1N825 4-10 
THRU THRU MC6406,MC6407 1N827 4-10 

GW200,A,B 1M200ZS,10,5 - MC6416 1N935 4-13 
HM6.8 1 N746-1N759 4-4 MC6417 1N935A 4-13 
THRU THRU MC6418 1N936 4-13 

HM200 1 N957 -1 N992 4-4 MC6419 1N936A 4-13 
HW6.8,A,B 1 M6.8ZS, 10,5 - MC6420 1N937 4-13 
THRU THRU MC6421 1N937A 4-13 

HW200,A,B 1M200ZS,10,5 - MC6422 1N938 4-13 

ICT-5 ICTE-5 4-74 MC6423 1N939A 4-13 
ICT-8 ICTE-8 4-74 MC6424,MC6425 1N829 4-10 
ICT-10 ICTE-10 4-74 MC6428 1N937 4-13 
ICT-12 ICTE-12 4-74 MC6429 1N939A 4-13 
ICT-15 ICTE-15 4-74 MCl1300 MCl1300 4-86 
ICT-18 ICTE-18 4-74 MCl1301 MCl1301 4-86 
ICT-22 ICTE-22 4-74 MCl1302 MCl1302 4-86 
ICT-36 ICTE-36 4-74 MCl1303 MCl1303 4-86 
ICT-45 ICTE-45 4-74 MCl1304 MCl1304 4-86 
ICTE-5 ICTE-5 4-74 (M)GlA28 1 N5518 SERIES 4-70 
ICTE-5C ICTE-5C 4-74 THRU THRU 
ICTE-8 ICTE-8 4-74 (M)GlA100 1N5518 SERIES 4-70 
ICTE-10 ICTE-10 4-74 (M)HlA328 1 N5518 SERIES 4-70 
ICTE-12 ICTE-12 4-74 THRU THRU 
ICTE-15 ICTE-15 4-74 (M)HlA3100 1N5518 SERIES 4-70 
ICTE-18 ICTE-18 4-74 (M)llA328 1N5518 SERIES 4-70 
ICTE-22 ICTE-22 4-74 THRU THRU 
ICTE-36 ICTE-36 4-74 (M)llA3100 1N5518 SERIES 4-70 
ICTE-45 ICTE-45 4-74 Mll746 Mll746 4-87 
JZ3.9,A,B,C,D 1M3.9ZS,10,5,1,2 - THRU THRU 

'These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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MLL759 MLL759 4-87 MR2525L MR2525L -
MLL957A MLL957A 4-87 MTC821,A SERIES 1N821,A SERIES 4-10 

THRU THRU MTcmiAB SERIES 1N935,A,B SERIES 4-13 

MLL986A MLL986A 4-87 MTCOO,A,B SERIES 1 N94Q,A,B SERIES 4-17 

MLL4099 MLL4099 4-92 MTZ607,A 1 N746-1 N759 44 

THRU THRU THRU THRU 

MLL4135 MLL4135 4-92 
MTZ630,A 1 N957 -1 N977 4-4 

MLL4370 MLL4370 4-87 
MZ7.5,A 10M7.5,10,5 -

THRU THRU 
THRU THRU 

MLL4372 MLL4372 4-87 
MZ92-2.4 1N4370 -

MLL4614 MLL4614 4-92 
MZ92-2.5 .5M2.5AZ10 -

THRU THRU 
MZ92-2.7 1N4371 4-4 
MZ92-2.8 .5M2.8AZ10 -

MLL4627 MLL4627 4-92 MZ92-3.0 1N4372 4-4 
MLL4678 MLL4678 4-96 MZ92-3.3 1N746 4-4 
THRU THRU MZ92-3.6 1N747 4-4 

MLL4717 MLL4717 4-96 MZ92-3.9 1N748 4-4 

MLL4728 MLL4728 4-98 MZ924.3 1N749 4-4 

THRU THRU MZ924.7 1N750 44 

MLL4764 MLL4764 4-98 MZ92-5.1 1N751 44 
MLL5221 MLL5221 4-103 MZ92-5.6 1N752 4-4 

THRU THRU MZ92-B.O .5M6.0AZ10 -

MLL5270 MLL5270 4-103 MZ92-B2 1N753 44 

MLV746A 1N746A 4-4 MZ92-B.8 1N754 44 

THRU THRU MZ92-7.5 1N755 44 

MLV759A 1N759A 4-4 MZ92-82 1N756 44 

MLV4370A 1N4370A - MZ92-8.7 .5M8.7AZ10 -

THRU THRU MZ92-9.1 1N757 4-4 

MLV4372A 1N4372A - MZ92-10 1N758 44 

MMZ7.5,A 1M7.5ZS10,5 - MZ92-11 .5M11AZ10 -

THRU THRU MZ92-12 1N759 4-4 
MMZ200,A 1M200ZS10,5 - MZ92-13 1N964A 44 

MPH MPTE-5 4-74 MZ92-14 .5M14Z10 -

MPH MPTE-8 4-74 MZ92-15 1N965A 44 

MPT-10 MPTE-10 4-74 MZ92-16 1N966A 4-4 
MPT-12 MPTE-12 4-74 MZ92-17 .5M17Z10 -

MPT-15 MPTE-15 4-74 MZ92-18 1N967A 44 

MPT-18 MPTE-18 4-74 MZ92-19 .5M19Z10 -

MPT-22 MPTE-22 4-74 MZ92-20 1N968A 4-4 

MPT-36 MPTE-36 4-74 MZ92-22 1N969A 44 

MPT-45 MPTE-45 4-74 MZ92-24 1N970A 44 

MPTE-5 MPTE-5 4-74 MZ92-25 .5M25Z10 -
MPTE-8 MPTE-8 4-74 MZ92-27 1N971A 44 

MPTE-10 MPTE-10 4-74 MZ92-28 .5M28Z10 -

MPTE-12 MPTE-12 4-74 MZ92-30 1N972A 44 

MPTE-15 MPTE-15 4-74 MZ92-33 1N973A 4-4 

MPTE-18 MPTE-18 4-74 MZ92-36 1N974A 4-4 

MPTE-22 MPTE-22 4-74 MZ92-39 1N975A 4-4 

MPTE-36 MPTE-36 4-74 MZ9243 1N976A 44 

MPTE-45 MPTE-45 4-74 MZ9247 1N977A 4-4 

MPZ5-16A MPZ5-16A 4-109 MZ92-51 1N978A 4-4 
MPZ5-16B MPZ5-16B 4-109 MZ92-56 1N979A 44 

MPZ5-32A MPZ5-32A 4-109 MZ92.QO .5M60Z10 -

MPZ5-32B MPZ5-32B 4-109 MZ92.Q2 1N980A 4-4 

MPZ5-32C MPZ5-32C 4-109 MZ92.Q8 1N981A 4-4 
MPZ5-180A MPZ5-180A 4-109 MZ92-75 1N982A 4-4 

MPZ5-180B MPZ5-180B 4-109 MZ92-82 1N983A 44 

MPZ5-180C MPZ5-180C 4-109 MZ92-87 .5M87Z10 -
MZ92-91 1N984A 4-4 

. These deVices are manufactured by Motorola but no data sheet avallable- Consult Factory. 
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MZ92-100 1N985A 44 MZ500-37 1N5267A 4-54 
MZ92-110 1N986A 44 MZ500-38 1N5268A 4-54 
MZ92-120 1N987A 4-21 MZ50Q.,39 1N5270A 4-54 
MZ92-111 1N988A 4-21 MZ50040 1 N5271 A 4-54 
MZ92-140 .4M140Z10 - MZ605 MZOO5 4-111 
MZ92-15O 1N989A 4-21 MZ610 MZ610 4-111 
MZ92-100 1N900A 4-21 MZ620 MZ620 4-111 
MZ92-170 .4M170Z10 - MZ623-9 1N4743A 4-50 
MZ92-180 1N991A 4-21 MZ623-9A 1N4743A 4-50 
MZ92-100 .4M100z10 - MZ623-9B 1N4743A 4-50 
MZ92-200 1N992A 4-21 MZ623-12 1N474SA 4-50 
MZ120 SM200ZSS - MZ623-12A 1N4745A 4-50 

THRU THRU MZ623-12B 1N474SA 4-50 
MZ122 SM11OZSB5 - MZ623-14 1N4746A 4-50 
MZ200,A 10M200Z10,S - MZ623-14A 1N4746A 4-50 
MZ220 5M200ZS10 - MZ623-14B 1N4746A 4-50 

THRU THRU MZ623-18 1N4749A 4-50 
MZ222 5M110ZSB10 - MZ623-18A 1N4749A 4-50 
MZ240 5M200ZSB10 - MZ623-18B 1N4749A 4-50 

THRU THRU MZ623-25 1N4755A 4-50 
MZ322 5M110ZSB20 - MZ623-25A 1N4755A 4-50 
MZ320 5M200ZS20 - MZ623-2SB 1N4755A 4-50 

THRU THRU MZ640 MZ640 4-111 
MZ340 SM200ZSB20 - MllOO SM6.8ZSS -
MZ500-1 1 N5221 A 4-54 THRU THRU 
MZ500-2 1N5223A 4-54 MZ800 SM6.8ZS10 -
MZ500-3 1N5225A 4-54 MZ900 SM6.8ZS20 -
MZ500-4 1N5226A 4-54 MZ1000-1 1N4728 4-50 
MZ500-5 1N5227A 4-54 MZ1000-2 1N4729 4-50 
MZ500-6 1N5228A 4-54 MZ1000-3 1N4730 4-50 
MZ500-7 1N5229A 4-54 MZ1000-4 1N4731 4-50 
MZ500-8 1N5230A 4-54 MZ1000-S 1N4732 4-50 
MZ500-9 1 N5231 A 4-54 MZ1000-6 1N4733 4-50 
MZ500-10 1N5232A 4-54 MZ1000-7 1N4734 4-50 
MZ500-11 1N5234A 4-54 MZ1000-6 1N4735 4-50 
MZ500-12 1N5235A 4-54 MZ1000-9 1N4736 4-50 
MZ500-13 1N5236A 4-54 MZ1000-10 1N4737 4-50 
MZ500-14 1N5237A 4-54 MZ1000-11 1N4738 4-50 
MZ500-1S 1N5239A 4-54 MZ1000-12 1N4739 4-50 
MZ500-16 1N5240A 4-54 MZ1000-13 1N4740 4-50 
MZ500-17 1 N5241 A 4-54 MZ1000-14 1N4740 4-50 
MZ500-18 1N5242A 4-54 MZ1000-1S 1N4742 4-50 
MZ500-19 1N5243A 4-54 MZ1000-16 1N4743 4-50 
MZ500-20 1N5245A 4-54 MZ1000-17 1N4744 4-50 
MZ500-21 1N5246A 4-54 MZ1000-18 1N4745 4-50 
MZ500-22 1N5248A 4-54 MZ1000-19 1N4746 4-50 
MZ500-23 1N525OA 4-54 MZ1000-20 1N4747 4-50 
MZ500-24 1N5251A 4-54 MZ1000-21 1N4748 4-50 
MZ500-25 1N5252A 4-54 MZ1000-22 1N4749 4-50 
MZ500-26 1N5254A 4-54 MZ1000-23 1N475O 4-50 
MZ500-27 1N5256A 4-54 MZ1000-24 1N4751 4-50 
MZ500-28 1N5257A 4-54 MZ1000-25 1N4752 4-50 
MZ500-29 1N5258A 4-54 MZ1000-26 1N4753 4-50 
MZ500-30 1N5259A 4-54 MZ1000-27 1N4754 4-50 
MZ500-31 1N5200A 4-54 MZ1000-28 1N4755 4-50 
MZ500-32 1 N5261 A 4-54 MZ1000-29 1N4756 4-50 
MZ500-33 1N5262A 4-54 MZ1000-30 1N4757 4-50 
MZ500-34 1N5263A 4-54 MZ1000-31 1N4758 4-50 
MZ500.35 1N5265A 4-54 MZ1000-32 1N4759 4-50 
MZ500-36 1N5266A 4-54 MZ1000-33 1N4700 4-50 

'These devices are manufactured by Motorola but no data sheet available - Consult Factory. 
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MZ1CXXl-34 1N4761 4-50 P6KE120 P6KE120 4-116 
MZ1000-35 1M86ZG10 - P6KE130 P6KE130 4-116 
MZ100D-36 1N4763 4-50 P6KE150 P6KE150 4-116 
MZ1000-37 1N4764 4-50 P6KE160 P6KE160 4-116 
MZ2360 MZ2360 4-114 P6KE170 P6KE170 4-116 
MZ2361 MZ2361 4-114 P6KE180 P6KE180 4-116 
MZ5210 5M100ZS10 - P6KE200 P6KE200 4-116 
THRU THRU PD6OOJ,A 1 N746-1 N759 4-4 

MZ5220 5M200ZS10 - THRU THRU 
MZ5222 5M11OZSB10 - PD602Q,A 1 N957A-1N968A 44 

THRU THRU PD6041,A 1 N746-1 N759 44 
MZ5240 5M200ZSB10 - THRU THRU 
MZ5555 1N6283A 4-74 PD6001,A 1 N957 A-1 N968A 4-4 
MZ5556 1N6287A 4-74 PIl6201,A,B,C 1N5521A,B,C,D -
MZ5557 1N6289A 4-74 THRU THRU 
MZ5558 1N6303A 4-74 PD6210,A,B,C 1 N5530A,B,C,D -
MZ5806 5M6.8ZS1O - PR6105-PR6450 1N825 4-10 
THRU THRU PR6105A-PR6450A 1N827 4-10 

MZ5890 5M90ZS10 - PR9110-PR9450 1N937 4-13 
MZP5221,A,B 1N5221,A,B 4-54 PR9110A-PRS450A 1N938 4-13 

MZP5270,A,B 1N5270,A,B 4-54 PRD105 MZ605 4-111 
MZT2970 MZT2970 - PRD110 MZ61 0 4-111 
THRU THRU PRDl20 MZ620 4-111 

MZT3015 MZT3015 - PRD140 MZ640 4-111 
MZT3305 MZT3305 - PRD160 MZ640 4-111 
THRU THRU PS3535 1N4570A 446 

MZT3350 MZT3350 - THRU THRU 
MZT4549 MZT4549 - PS3539 1N4573A 446 
THRU THRU PS3546 1N4565A 4-46 

MZT4554 MZT4554 - THRU THRU 

P6KE6.8 P6KE6.8 4-116 PS3549 1N4568A 446 
P6KE7.5 P6KE7.5 4-116 SG1910 MZ2360 4-114 
P6KEB.2 P6KE8.2 4-116 THRU THRU 
P6KE9.1 P6KE9.1 4-116 SG1912 MZ2360 4-114 
P6KE10 P6KE10 4-116 SG1920 MZ2361 4-114 
P6KE11 P6KE11 4-116 SG1922 MZ2361 4-114 
P6KE12 P6KE12 4-116 SS1 MZ2360 4-114 
P6KE13 P6KE13 4-116 SS1-2 MZ2361 4-114 
P6KE15 P6KE15 4-116 STB567 MZ2361 4-114 
P6KE16 P6KE16 4-116 SV7401 MZ605 4-111 

P6KE18 P6KE18 4-116 SVR4732,A 1 M4.7ZS10,5 -
P6KE20 P6KE20 4-116 THRU THRU 
P6KE22 P6KE22 4-116 SVR4764,A 1 M100ZS10,5 -
P6KE24 P6KE24 4-116 SX30 1M30ZS5 -
P6KE27 P6KE27 4-116 THRU THRU 
P6KE30 P6KE30 4-116 SX120 1Ml20ZS5 -
P6KE33 P6KE33 4-116 SZ2.4,A 1 M2.4ZS10,5 -
P6KE36 P6KE36 4-116 THRU THRU 
P6KE39 P6KE39 4-116 SZ16.0,A 1M16ZS10,5 -
P6KE43 P6KE43 4-116 TZ3.9,A,B,C,D 1 M3.9ZS, 10,5,1,2 -

P6KE47 P6KE47 4-116 THRU THRU 
P6KE51 P6KE51 4-116 TZ2OO,A,B,C,D 1M2ODZS,10,5,1,2 -
P6KE56 P6KE56 4-116 UZ120 5M200ZS5 -
P6KE62 P6KE62 4-116 THRU THRU 
P6KE68 P6KE68 4-116 UZ220 5M200ZS10 -
P6KE75 P6KE75 4-116 UZ122 5M110ZSB5 -
P6KE82 P6KE82 4-116 THRU THRU 
P6KE91 P6KE91 4-116 UZ222 5M100ZSB10 -
P6KE100 P6KE100 4-116 UZ140 5M200ZSB5 -
P6KE110 P6KE110 4-116 THRU THRU 

<These devices are manufactured by Motorola but no data sheet available - Consult Factory. 

1-61 



ZENER INDEX CROSS-REFERENCE (Continued) 

Motorota Motorola Motorola Motorola 
Industry Direct Similar Industry Direct Similar 

Part Number Replacement Replacement Page # Part Number Replacement Replacement Page # 

UZ240 5M200ZSB10 - ZCC6.8,A,B,C,D,E 5M6.8ZS,10,5,1,2 -
UZ706 5M6.8ZS5 - THRU THRU 
UZ806 5M6.8ZS10 - ZCC200,A,B,C,D,E 5M200ZS,10,5,1,2 -
UZ3016,A,B 1N3016A,B 4·34 ZD3.3,A,B 1M3.3ZS,10,5 -
UZ3051,A,B 1N3051A,B 4-34 THRU THRU 
UZ3235,A,B 1N5235,A,B - ZD6.2,A,B 1M6.2ZS,10,5 -

THRU THRU ZD3.9 1M3.9ZS,10,5 -
UZ3281,A,B 1N5281,A,B - THRU THRU 
UZ3470,A,B 1N2970A,B 4.27 ZD200 1 M200ZS, 10,5 -
UZ3515,A,B 1N3015A,B 4·27 Zoo.8,A,B 1M6.8ZS,10,5 -
UZ4116,A,B 1N5384A,B - THRU THRU 
UZ4706,A,B 1N5342A,B - ZD200,A,B 1 M200ZS,10,5 -
UZ4736,A 1N4736,A 4·50 ZM3.9,A,B,C,D 1M3.9ZS,10,5,1,2 -

THRU THRU THRU THRU 
UZ4764,A 1N4764,A 4·50 ZM200,A,B,C,D 1M200ZS,10,5,1,2 -
UZ5120 5M200ZS5 - ZS4.7,A,B 1M4.7ZS,10,5 -

THRU THRU THRU THRU 
UZ5220 5M200ZSlO - ZS36,A,B 1M36ZS,10,5 -
UZ5122 5M110ZSBS -
THRU THRU 

UZ5222 5M110ZSB10 -
UZ5140 5M200ZSBS -

THRU THRU 
UZ5240 5M200ZSB10 -

UZ5706 5M6.8ZS5 -
THRU THRU 

UZ5806 5M6.8ZS10 -
UZ7110 10M100Z5 -

THRU THRU 
UZ721 ° 10M100Z10 -
Um06 10M6.8Z5 -

THRU THRU 
UZ7806 10M6.8Z10 -
UZ8120 1M200ZS5 -

THRU THRU 
UZ8220 1M200ZS10 -
UZ8706 1M6.8ZS5 -
THRU THRU 

UZ8806 1M6.8ZS10 -
VR62 1M6.2ZS10 -

THRU THRU 
VR200 1M200ZS10 -

Z4X5.1B,A 1M5.1AZ10,5 -
THRU THRU 

Z4X14B,A 1M14Z10,5 -
ZA6.8,A,B 1M6.8ZS,10,5 -

THRU THRU 
ZA82,A,B 1M82ZS,10,5 -
ZAC6.8,A,B 5M6.8ZS,10,5 -

THRU THRU 
ZAC200,A,B 5M200ZS,10,5 -
ZB6.8,A,B 1 M6.8ZS,10,5 -

THRU THRU 
ZB200,A,B 1M200ZS,10,5 -
ZBC6.8,A,B,C,D,E 1 M6.8, 10,5, 1,2,3 -

THRU THRU 
ZBC200,A,B,C,D,E 1 M200, 10,5, 1 ,2,3 -
ZC6.8,A,B,C,D,E 5M6.8ZS,10,5,1,2 -

THRU THRU 
ZC200,A,B,C,D,E 5M200ZS,10,5,1,2 -

'These devices are manufactured by Motorola but no data sheet available - Consult Factory. 

1-62 



RECTIFIERS 
Motorola is the world's leading supplier of rec­

tifiers, including those for use in switching power 
supplies. Wafer fabrication technology has con­
stantly improved, leading to the product offering 
outlined in this selector guide. Today's Motorola 
rectifiers embody the same precision technology 
as the most advanced ICs, and are capable of 
passing stringent environmental testing, includ­
ing under the hood of an automobile. 

In addition to improved quality, rectifier prod­
uct trends are toward higher operating temper­
ature, faster switching times, plastic packages 
(translate lower cost) and use of dual rectifier 
modules. 

ZENER DIODES 
Motorola's standard Zeners and Avalanche 

Regulator diodes comprise the largest invento­
ried line in the industry. Continuous develop­
ment of improved manufacturing techniques 
have resulted in computerized diffusion and test, 
as well as critical process controls learned from 
surface-sensitive MOS fabrication. Resultant 
high yields lower factory costs. Check the fol­
lowing features for application to your specific 
requirements: 

• Wide selection of package materials and 
styles: 

Plastic (Surmetic) for low cost, mechanical 
ruggedness 
Glass for highest reliability, lowest cost 
Metal for highest power 

• Power ratings from 0.25 to 50 Watts 

• Breakdown voltages from 1.8 to 200 V in ap­
proximately 10% steps 

• Available tolerances from 10% (low cost) to a 
tight as 1% (critical applications) with off-the­
shelf delivery 

• Special selection of electrical characteristics 
available at low cost due to high-volume lines 
(check your Motorola sales representative for 
special quotations) 

• JAN/JANTX(V) availability 

• Special glass now used in 00-35 type pack­
ages is compatible with low temperature alloy 
processes, yielding sharper breakdown and low 
leakage. 
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II 

Rectifiers 
Schottky Rectifiers 

SWITCH MODE Schottky Power Rectifiers with the high speed and low forward voltage drop characteristic of Schottky's 
metal/silicon junctions are produced with ruggedness and temperature performance comparable to silicon-junction rectifiers. 
Ideal for use in low voltage, high frequency power supplies and as very fast clamping diodes, these devices feature switching 
times less than 10 ns, and are offered in current ranges from 0.5 to 300 amperes, and reverse voltages to 60 volts. 

In some current ranges, devices are available with junction temperature specifications of 125°C, 150°C, 175°C. Devices with 
higher T J ratings can have significantly lower leakage currents, but higher forward-voltage specifications. These parameter 
tradeoffs should be considered when selecting devices for applications that can be satisfied by more than one device type 
number. Detailed specifications are available on the individual data sheets. 

All devices are connected cathode to case or cathode to heatsink, where applic~ble. Reverse polarity may be available on 
some devices upon special request. Contact your Motorola representative for more information. 

Plastic Plastic Metal 

/ / I I ! 

B TX versions available. 
Values are for the 4o-Volt unils. The lower voltage parts provide lower limits and higher voltage unils provide slightly higher limits. 

'". 10 is total device output. 
Values are for 60 volt units. The lower voltages parts ,,""40 volts provide lower limits. 

t Must be derated for reverse power dissipation. See Data Sheet. 
tt TJ (Max) ~ 150'C 
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SCHOTTKY RECTIFIERS (continued) 

There are many other standard features in Motorola Schottky rectifiers that give added performance and reliability. 

1. GUARDRINGS are included in all Schottky die for reverse voltage stress protection from high rates of dv/dt to virtually 
eliminate the need for snubber networks. The guard ring also operates like a zener and avalanches when subjected to voltage 
transients. 
2. MOLYBDENUM DISCS on both sides of the die minimize fatigue from power cycling in all metal product. The plastic TO-
220 devices have a special solder formulation for the same purpose. 

3. QUALITY CONTROL monitors all critical fabrication operations and performs selected stress tests to assure constant 
processes. 

o TX versions available. 
Values are for the 40-Volt units. The lower voltage parts provide lower limits . 

• * 10 is total device output. 
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SCHOTTKY RECTIFIERS (continued) 

~ TX versions available. 

(40 Mil Pins) 

SD241 
MBR3045CT 

Dual Diode" 

MBR2545CT 

Dual Diode" 

MBR3045PT 

Values are for the 4O-Volt units. The lower voltage parts provide lower limits. 
** 10 is total device output. 

Must be derated tor reverse power dissipation. See Data Sheet. 
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SD41 
MBR3545 



SCHOTTKY RECTIFIERS (continued) 

eo 

MBR6035 

MBR6040 

8051 
MBR6045 

TX versions available. 

MBR6535 

MBR6540 

MBR6545 

"* 10 is total device output. 

MBR7535 

MBR7540 

MBR7545 

MBR8035 

MBR8045 

2-5 

Plastic II 
POWER TAP 

::r , 
Dual Diode" 

MBR12035CT MBR20035CT MBR30035CT 

MBR30040CT 

MBR12045CT MBR20045CT MBR30045CT 

MBR12050CT MBR20050CT 



II 

Ultrafast Recovery Rectifiers 
EXPANDING the SWITCHMODE Rectifier family are these ultrafast devices with reverse recovery times of 25 to 100 

nanoseconds. They complement the broad Schottky offering for use in the higher voltage outputs and internal circuitry of 
switching power supplies as operating frequencies increase from 20 kHz to 250 kHz. Additional package styles and operating 
current leve.ls are planned. 

All devices are connected cathode to case or cathode to heatsink, where applicable. Reverse polarity may be available on 
some devices upon special request. Contact your Motorola representative for more information. 

221A-02 
(TO-220AB) 

Plastic Plastic 

/ I ~ , 
Dual Diode" 

MUR105 MUR405 MUR605CT MUR805 MUR1505 MUR1605CT 

MUR110 MUR410 MUR61 OCT MUR810 MUR1510 MUR1610CT 

MUR115 MUR415 MUR615CT MUR815 MUR1515 MUR1615CT 

MUR120 MUR420 MUR620CT MUR820 MUR1520 MURI620CT 

MURI30 MUR430 MUR830 MUR1530 MUR1630CT 

MUR140 MUR440 MUR840 MURI540 MUR1640CT 

MUR150 MUR450 MUR850 MUR1550 MURI650CT 

MUR160 MUR460 MUR860 MUR1560 MUR1660CT 

MUR170 MUR470 MUR870 

MURl80 MUR480 MUR860 

MUR190 MUR490 MUR890 

" 10 is toIal device output. 
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ULTRAFAST RECOVERY RECTIFIERS (continued) 

.. ~, AVERAcie: A£eTIFI!!!) fC)RWAR0ctlRRIif(T( 

.;t.L:··:·· $11 
340-01 257 357B-01 

(TO-21BAC) (00-5) 
Plas1ic Metal Plastic 

I 
POWER TAP -::r, ~ :r(,,, 

'y 

Dual Diode" Dual Diode" 

MUR2505 R710XPT MUR3005PT MURS005 MUR10005CT MUR20005CT 

MUR2510 R711XPT MUR3010PT MUR5010 MUR10010CT MUR20010CT 

MUR2515 MUR3015PT MUR5015 MUR10015CT MUR20015CT 

MUR2520 R712XPT MUR3020PT MUR5020 MUR10020CT MUR20020CT 

MUR3030PT MUR20030CT 

R714XPT MUR3040PT MUR20040CT 

•• 10 is total device output. 
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Rectifier Bridges 
Motorola SUPERBRIDGES offer cost effectiveness and reliability in single phase applications. Chip/leadframe techniques 

are used for lower-current types, while the higher current assemblies combine pretested "button" rectifier cells for low assembly 
cost and high yields. Performance of four individual diodes is achieved with reliability of the whole assembly comparable to 
that of a single unit. The higher current assemblies feature versatile slip-on/solder/wire wrap terminals. 

O.S" O.S" 

~~ 
~ .. r~ d1t-fs ~t.-( ;j;l~ ~ , ; • • 

~ ~3f8" >:; 0.4" 
yj" ,o.~., 1" 

;(0.15 'M 0.15 ~0.15 'M 0.20" sa~ 
sa '" 'M 'M 

3N24S 
MDA920A2 

3N253 
MDA970A1 MDA2500 MDA3500 

MDA100A MDA200 

3N247 
MDA920A3 

3N254 
MDA970A2 MDA2501 MDA3501 

MDA101A MDA201 

3N248 
MDA920A4 

3N255 
MDA970A3 MDA2502 MDA3502 

MDA102A MDA202 

3N249 
MDA920AS 

3N25S 
MDA970A5 MDA2504 MDA3504 

MDA104A MDA204 

3N250 
MDA920A7 

3N257 
MDA970AS MDA250S MDA350S 

MDA10SA MDA20S 

3N251 
MDA920AB 

3N258 
CF 

MDA108A MDA208 
MDA3508 

CF: Consult Factory. 
'M ~~COGNIZED E61980 

Dimensions given are nominal 

Note 1. The MDA970A series replaces Ihe MDA970 in the new Case 1 t 7 A-02. which has minor changes over the old Case t t 7. 
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Fast Recovery Rectifiers 
... available for designs requiring a power rectifier having maximum switching times ranging from 200 ns to 750 ns. These 
devices are offered in current ranges of 1.0 to 50 amperes and in voltages to 1000 volts. 

All devices are connected cathode to case or cathode to heatsink, where applicable. Reverse polarity may be available on 
some devices upon special request. Contact your Motorola representative for more information. 

~., , 

, AVERAGE RECTlFIeJ)FQRWARD CURRENT (Amperes) 

1.0 
59-04 
Plastic 

/ 
tlN4933 MR810 

tlN4934 MR811 

tlN4935 MR812 

tlN4936 MR814 

tlN4937 MR816 

MR817 

Must be derated for reverse power dissipation. See Data Sheet. 
Package Size: 0.120" Max Diameter by 0.260" Max Length. 

3.0 
60 267-01 

Metal Plastic 

I I 
MR830 MR850 MR910 

MR831 MR851 MR911 

MR832 MR852 MR912 

MR834 MR854 MR914 

MR836 MR856 MR916 

MR917 

Plastic 

I 
MR820 

MR821 

MR822 

MR824 

MR826 

II 



FAST RECOVERY RECTIFIERS (continued) 

II Plastic 
Note 1 

f) f/ ; ~ .f 

" 

1N3899 MR2400F MR860 MR870 

1N3900 MR2401F MR861 MR871 

1N3901 MR2402F MR862 MR872 

1N3903 "1R2404F MR864 MR874 

MR1386 MR2406F MR866 MR876 

~ 1)( versions available. 
Note 1. Meets mounting configuration of TO·220 outline. 
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General-Purpose Rectifiers 
Motorola offers a wide variety of low-cost devices, packaged to meet diverse mounting requirements. Avalanche capability 

is available in the axial lead 1.5,3 and 6 amp packages shown below to provide protection from transients. 
All devices are connected cathode to case or cathode to heatsink, where applicable. Reverse polarity may be available on 

some devices upon special request. Contact your Motorola representative for more information. 

o~ 
362-01 59-04 
Glass Glass (00-15) 

Leadless Leadless Plastic 

CtJ I 
MLL4001 t1N4001 "1N5391 

MLL4002 t1N4002 "1N5392 

MLL4003 t1N4003 
1N5393 

'MR5059 

MLL4004 t1N4004 
1N5395 

'MR5060 

t1N4005 
1N5397 

'MR5061 

t1N4006 1N5398 

Package Size: 0.120" Max Diamete, by 0.260" Max Length. 
1 N5059 series equivalent Avalanche Rectifiers. 

"* Avalanche versions available, consult factory. 
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.,~!L·. 
60 194-04 

Metal Plastic Plastic 

I / 
1N4719 "MR500 1N5400 "MR750 

1N4720 "MR501 1N5401 "MR751 

1N4721 "MR502 1N5402 "MR752 

1N4722 "MR504 1N5404 "MR754 

1N4723 "MR506 1N5406 "MR756 

1N4724 MR508 MR758 

II 



II 

GENERAL-PURPOSE RECTIFIERS (continued) 

f) 
MR2000 

Note 1. Meets mounting configuration of TO·220 outline. 
Note 2. Request Data Sheet for Mounting Information. 
Nota 3. Available on special order. 

Plastic 
Note 1 

f 
MR2400 

MR2401 

MR2402 

MR2404 

MR2406 

Plastic 
Note 2 

~ 
MR2500 

MR2501 

MR2502 

MR2504 

MR2506 

MR2508 
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Metal 

? ;p 11 
lN3491 lN3659 lN1183A MR5005 

lN3492 lN3660 lN1184A MR5010 

lN3493 lN3661 lN1186A MR5020 

lN3495 lN3663 lN1188A MR5040 

MR328 Note 3 lN1190A Note 3 

MR330 Note 3 Note 3 Note 3 



Zener and Avalanche Regulator Diodes 
General-Purpose Regulator Diodes 

Case 31B-02,-03 
Style B 

50T-23 (TO-236AA1AB) 

Ca .. 
299-02 

Glass 
DO-204AH 

(00-35) 

lN4370 lN5221 

lN4371 lN5223 

lN4372 lN5225 
lN746 lN5226 

lN5227 
lN522B 
lN5229 
lN5230 
lN5231 
lN5232 

lN59B5A 

lN5986A 
lN59B7A 
lN59BBA 

lN5989A 
lN5990A 
lN5991A 
lN5982A 
lN5993A 
lN5994A 

lN6006A 

lN6007A 
lN600BA 
lN6009A 

lN6010A 

lNB019A 
lN6020A 

1 NB021 A 
lNB022A 

lNB023A 
lNB024A 
lNB025A 

IiTI JAN JANTX(V) available. ±5% only. # lN5273-1N5281 supplied in Sunnetic 00-7 plastic package. 
t 1 N987-1N992 supplied in 00-7 glass package .• See Note. on page 20. 
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General·Purpose Regulator Diodes (continued) 

1N4728 

1N472B 
1N4730 
1N4731 
1N4732 
1N4733 
1N4734 

1N4744 
1N4745 

1N4746 

1N4747 
1N4748 
1N4749 

1N4750 

t1M180ZS10 
t1M200ZS10 

MLL4728 

MLL4729 
MLL4730 
MLL4731 
MLL4732 
MLL4733 
MLL4734 

MLL4744 
MLL4745 

MLL4746 

MLL4747 
MLL4746 
MLL4749 

MLL4750 

1N5929A 
1N5930A 

1N5931A 

1N5932A 
1N5933A 
1N5934A 

1N5935A 

1N5944A 
1N5945A 

1N5946A 
1N5947A 

1N5955A 
1N5988A 

1N3793A 
1N3794A 

1N3795A 

1N3796A 
1N3797A 
1N379BA 

1N3799A 

1N3808A 
1N3809A 

1N3810A 
1N3811A 

1N3819A 
1N3820A 

t 1M110ZS10 Series supplied in Sunne1ic (Plastic) 00-41 package. 
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SUrmetic 40 
Case 17 

1N5380A 
1N5831A 
1N5383A 
1N5384A 
1N5385A 

1N5386A 
1N5388A 



General-Purpose Regulator Diodes (continued) 

Metal 
Case 56 
(00-4) 

2216-01 
(TO-220AC) 

Plastic 

MZT2981 

MZT2982 MZT3318 
MZT2983 MZT3319 
MZT2984 MZT3320 
MZT2986 MZT3321 

MZT3322 
MZT2987 MZT3323 

MZT3004 MZT3339 
MZT3oo5 MZT3340 
MZT3006 MZT3341 
MZT3007 MZT3342 

MZT3008 MZT3343 
MZT3009 MZT3344 

MZT3010 MZT3345 
MZT3011 MZT3347 

MZT3012 MZT3348 
MZT3014 MZT3349 
MZT3015 MZT3350 

Metal 
Case 54 
(TO-3) 

2-15 

Metal 
Case 58 

(D0-5 Type) 

See Nofee 

NOTES 
1. The Zener Voltage is measured at ap­

proximately 1/4 the rated power, with the 
following exceptions: thelN4678-4717 is 
measured with IZT = 50 pAdc; 
the 1 N461411 N4099 Is measured with IZT 

250 pAdc; the lN4370/1N746 
and the 1 N5221-5242 are measured with 
IZT = 20 mAdc; the 1 N5985A-601 2A Is 
measured with IZT = 5.0 mA; 
1 N6013A-6023A is measured with IZT = 
2.0 mA; 1 N6024-6025 Is measured with 
IZT = 1.0 mAo 

2. Contact your Motorola repressntative for 
information on intermediate voltages and 
lighter tolerances. 

TDlerances 
3. No suffix = ,,5% 

4. A Suffix = "10% - wUh guaranteed lim-
its on VZ, VF, and IR only 

B suffix = ,,5% 
C suffix = ~2% 
o suffix =: ±1% 

5. MLL437011 N4370/1 N746 series: 
No suffix = ,,10% 
A suffix == :1:5% 

MLL957/1 N957 series: 
A suffix = ,,10% 
B suffix = ,,5% 

Military parts in 1 N437017461962 series and 
standard 1 N987-1 N992 supplied in 00-7. Mil­
Itary parts in lN437017461962 are also avail­
able in the cost effective 00-204AH (00-35) 
package as the ~ 1 version. This version can be 
ordered by inserting a I between the part num­
bar and the JAN, JTX or JTXV suffix, i.e. 
lN746A1JAN. MIL-STD 19500/117 and 127 
state the -I version is a direct subetltute for the 
non ~1 version. The-l versions appear on MIL­
STD 701 as the preferred parts for new de­
signs. Military perts In 1 N4614, 1 N4099 and 
lN5518A serias supplied in 00-7. 

6. No suffix = ".10% with guaranteed limits 
on VZ, VF and IR only. 

7. 

8. 

9. 

10. 

II. 

12. 

13. 

14. 

15. 

18. 

17. 

A suffix =:. :±:10% 
Bsuffix = :±:5% 

No suffix =: ± 10% 
A suffix = ±5% 
1 N3621 series: No suffix = "10% 

A suffix = ,,5% 
1 N3016 series: A suffix = ,,10% 

B suffix == ±5% 

A suffix = "10% C suffix = ,,2% 
B suffix = ±5% o suffix = ±1% 

A"suffix = ±10% 
B suffix == ±5% 
Exception: 

1 N399a-l N4000: No suffix = ±10% 
A suffix = ±5% 

A suffix = :!:10% 
B suffix = :1::5% 
RA and RB = Reverse Polarity Types 
Available 

A suffix = ± 10% 
B suffix == ±5% 
Available in 8 mm Tape and Reel 
Tl Cathode Facing Sprocket Holes 
T2 Anode Facing Sprocket Holes 

Available in 12 mm Tape and Reel 
Tl Cathode Facing Sprocket Holes 
T2 Anode Facing Sprocket Holes 
The type numbars shown indicate a tol-
erance of ± 20% w~h guaranteed limits on 
only Vz and IR as shown. ± 1 0% toleranba 
is available by edding suffix" A," and ± 5% 
is available by adding suffix "B." 
Available In 8 mm tape and reel, both T1 
and T2 options. 



General-Purpose Regulator Diodes (continued) 

Selected Zener Diode Options 

In cases where standard specifications do not meet ap­
plication requirements, an appropriate device can be selected 
and ordered from the following options. This coding system 
is provided as a means of communicating a specific require­
ment to Motorola. Certain voltages, tolerances and packages 
may not be available. Contact your Motorola sales represen­
tative for availability, price, and minimum order quantities. 

NON-STANDARD ZENER DIODES 
SPECIAL VOLTAGE AND TOLERANCE RATINGS 
JEDEC "1 N" type numbers denote a specific Zener volt­

age, power rating, and tolerance. For example, JEDEC type 
1 N4728 Is a standard 1 watt diode, rated at 3.3 volts ± 10%. 
A suffix "A" on this type number indicates a ± 5% voltage 
tolerance. 

Special Motorola devices, with a choice of voltages and 
tolerances, are also available. The following diagram explains 
the Motorola coding system: 

T 
Power 
Rating 
(Watts) 

M xxxx 
T T 

Z 
or 
AZ 

T 
Motorola Nominal Zener 

Zener Voltage Diode 
(Volts) 

( 4 Characters Max > 
Excluding Decimal 

T 
Tolerance 

(±%) (omit for 
±20% units) 

For example, the code for a special 10 watt Zener diode 
with a voltage of 41 volts and a tolerance of ± 1 % would be: 
10M41Z1. 

Following is a list of other standard Motorola symbols for 
special Zener device orders (X's Indicate nominal Zener 
voltage): 

1/4MXXAZXX 
1I4MXXXZXX 
.4MXXAZXX 
.4MXXXZXX 
.5MXXAZXX 
.5MXXXZXX 
lMXXAZXX 
1 MXXXZXX 
1 MXXXZGXX 
1 MXXXZSXX 
1.5MXXXZXX 
5MXXXZSXX 
10MXXAZXX 
10MXXXZXX 
50MXXAZXX 
50MXXXZXX 

50MXXXZSXX 
MZG35-VYZ 
MZG41-VYZ 

1/4M2.4AZ10 serlea 
1.4M6.SZ10 aeries 
1 N4370 & 1 N74S series 

1 N957 series 
1 N4370 & 1 N74S series 

1 N957 series 
1 N3821 series 
1 N3016 aeries 
1 N4728 aeries 
1 N4728 aeries 
1 N3785 aeries 
1 N5333 series 
1 N3993 sertes 
1 N2970 series 
1 N4557 series 
1 N2804 aeries 
1 N4549 aeries 
1 N3305 aeries 
1 N5985 series 
1 N5913 series 

250 mW. Glass. 00·35 
250 mW. Glass. 0()'35 

400 mW/500 mW. Glass. 00-35 
400 mW/500 mW. Glass. 00·35 
400 mW/500 mW. Glass. DO-35 
400 mW/500 mW. Glass. 00-35 

1 Watt. Metal 0()'13 
1 Watt. Metal. 0()'13 
1 Watt. Glass. 00-41 

1 Watt. Surmetic·30. 00·41 
1.5 Watt Metal Can 
5 Watt Surmetic·40 
10 Watt. Stud. 00-4 
10 Watt. Stud. 00-4 
50 Watt. T()'3 
50 Watt. T0-3 
50 Watt. Stud. 00·5 
50 Watt. Stud. 00·5 
500 mW. Glass. 00-35 
1.5 Surmetlc-30 

··Electrical parameters shall be tested per the similar series listed. Test currents 
tor non·standard voltages will be linearly interpoled between the test currents 
tor standard paris on either side. For reverse polarity devices (lOW and 50 W) 
insert an "R" before tolerance. 

lN5518 thru lN5546 - This series may be ordered in 
± 2% and ± 1 % tolerance by adding the following suffix: 

C=±2% D=±I% 
For example the lN5518D would be the same as the 

lN55188 except Vz = 3.3 ± 1%. 

MATCHED SETS OF ZENER DIODES 

Zener diodes can also be obtained in sets consisting of 
two or more matched devices. The method for specifying such 
matched sets is similar to the one described for specifying 
units with a special voltage and/or tolerance except that two 
extra suffixes are added to the code number described above. 

These units are marked with code letters to identify the 
matched sets and in addition, each unit in a set is marked 
with the same serial number which is different for each set 
being ordered. 

Z 
or 

M AZ 

po~er J T 1 T T ~T~~!~~e Rating / Zener of set 
(Watts) Motorola Diodes (±%) 

Nominal Voltage Tolerance 
(each device) per device (± %) Code' 

( 4 Characters Max > (omit for (A-Not used) 
Excluding Decimal ± 20% units) 

'Code: 
8 - Two devices in series 
C - Three devices in series 
o - Four devices in series 
E - Five devices in series 
F - Six devices in series 
G - Seven devices in series 
H - Eight devices In series 
X - Two devices; one standard polarity, the other re­

verse polarity. (10 and 50 watts only) 
i.e., 10M51Z5Bl is for two 10 watt zeners, each of 51 volts, 
± 5%, matched to a total voltage of 102 volts ± 1 %. 

ZENER CLIPPERS 
Special clipper diodes with opposing Zener junctions built 

into the device are available by using the following nomen­
clature: 

M 

T 

Z 
or 
AZ 

T T 
Power Nominal Zener 
Rating Voltage Diode 
(Watts) 

i.e .• 10M20ZZ10 

Z 

T T 
Clipper Tolerance for each of 

the two Zener Voltages 
(Is not a matching 

requirllment. Omit for 
± 20% Units.) 

This nomenclature is applicable to all packages and power 
ratings as restricted In the above paragraphs. 
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Special Purpose Regulators 

Field-Effect 
Current Regulator Diodes 

High impedance diodes whose "constant current source" 
characteristic complements the "constant voltage" of the ze­
ner line. Currents are available from 0.22 to 4.7 mA, with 
usable voltage range from a minimum limit of 1.0 to 2.5 V, 
up to a voltage compliance of 100 V, for the 1 N5283 series, 
or 70 V, for the MCl1300 series. 

Glass 
Case 51-02 
DO-204AA 

7) 

1.95 
1.60 

1.35 
1.00 

0.870 
0.750 

0.560 
0.470 
0.400 
0.335 

0.290 
0.240 
0.205 
0.180 

0.155 
0.135 
0.115 
0.105 

0.092 
0.074 
0.061 
0.052 

0.044 
0.035 
0.029 
0.024 

0.020 
0.017 
0.014 
0.012 

0.500 
0.200 

1.00 
1.05 
1.05 
1.05 

1.10 
1.13 
1.15 
1.20 

1.25 
1.29 
1.35 
1.40 

1.45 
1.50 
1.55 
1.60 

1.65 
1.75 
1.85 
1.95 

2.00 
2.15 
2.25 
3.35 

2.50 
2.60 
2.75 
2.90 

1.00 

o JAN/JANTX (V) availability 

Low-Voltage Regulators 

High-conductance silicon diodes designed as stable 
forward-reference sources for transistor amplifier biasing 
and similar applications. Available in high reliability glass 
construction or economic plastic packaging. 

CASE 51-02 
DO-204M 

(DO-7) 
Surmelie 20 

ELECTRICAL CHARACTERISTICS 
(T A ~ 25°C unless otherwise noled). 
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Temperature Compensated Reference Devices 

For applications where output voltage must remain within 
narrow limits during changes in input voltage, load resistance 
and temperature. Motorola guarantees all References De­
vices to fall within the specified maximum voltage variations, 
AVZ, at the specifically indicated test temperatures and test 
current (JEDEC Standard #5). Temperature Coefficient is 
also specified but should be considered as a reference only 
- not a maximum rating. 

Devices in this table are hermetically sealed structures. 
Includes JAN, JANTX and JTXV Devices. 

lN941 0.088 lN942 0.044 
lN941A 0.081 1 N942A 0.090 

0.239 lN942B 0.120 

& Non-suffix - Zzr - 15. "A" Suffix - Zzr - 10 

lN943 0.018 
1 N943A 0.036 

0.047 

lN944 
lN944A 
lN944B 

Glass 
CASE 51-02 
~O-204M 

(00-7) 

0.009 
0.018 
0.024 

iii! JANlJANTX(V) available, ±5% only. Military part in the lN821 and lN4565 series and supplied in the 00-7 package. 

-55,0, +25, +75, +100 
0, +25, +75 

-55. O. +25, +75. +100. +150 
0, +25, +70 

-55,0, +25, +75, +125 
-55,0, +75, +125, +185 

+25, +75, +100 
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0.004 
0.009 
0.012 

0Q-204AH 
(00-35) 

51·02 

Do-204AA 
(00-7) 

51·02 
00·204M 



Temperature Compensated Reference Devices (continued) 

Precision Reference Diodes 

CASE 51-02 
DO-204AA 

(00-7) 

Designed, manufactured and tested for ultra-high stability of voltage with time and temperature change. Use of special 
measurement equipment and voltage standards provide calibration directly traceable to the National Bureau of Standards. 

Transient Suppressors 
Transient suppressors are designed for applications re­

quiring protection of voltage sensitive electronic devices in 
danger of destruction by high energy voltage transients. Se­
lect from standard factory available types or deSign the sup­
pressor to meet specific needs by paralleling cells. For spe­
cific options, i.e., non-standard voltage, higher power 
capacity, and package configurations, consult factory. 

;~ 
PEAK POWER DISSIPATION @ 1.0 ms = 600 WATTS 

PeKE6.8 
P6KE7.5 
P6KE8.2 
P6KE9.1 
P6KE10 
P6KEll 
P6KE12 
P6KE13 
P6KE15 
P6KE16 
P6KE18 
P6KE20 
P6KE22 
P6KE24 
P6KE27 
P6KE30 
P6KE33 
P6KE36 
P6KE39 
P6KE43 
P6KE47 
P6KE51 
P6KE56 
P6KE62 
P6KE68 
P6KE75 
P6KEB2 
P6KE91 
P6KE100 
P6KEll0 

56 
51 
48 
44 
40 
37 
35 
32 
27 
26 
23 
21 
19 
17 
15 
14 

12.6 
11.6 
10.6 
9.6 
8.9 
8.2 
7.4 
6.8 
6.1 
5.5 
5.1 
4.8 
4.2 
3.8 

o 10 20 3D 40 5.0 60 
t,mr __ (msl 

Surge Current Characteristics 

10.8 
11.7 
12.5 
13.8 
15 

16.2 
17.3 
19 
22 

23.5 
26.5 
29.1 
31.9 
34.7 
39.1 
43.5 
47.7 
52 

56.4 
61.9 
67.8 
73.5 
80.5 
89 
98 
108 
118 
131 
144 

Breakdown Voltage for Standard is ± 10% Tolerance; ±5% version is available by adding ··A··. i.e., P6KES.8A. Clipper (back to back) versions are available by 
ordering with a "C" or "CA" suffix, i.e., PeKES.8C or PeKES.8CA. 

2-19 



TRANSIENT SUPPRESSORS (continued) 

PEAK POWER DISSIPATION @ 1.0 ms = 600 WATTS (continued) 

PEAK POWER DISSIPATION @ 1.0 ms = 1500 WATTS 

1N5908 
1N6267 1.5KE6.8 
1N6268 1.5KE7.5 128 
1N6269 1.5KE8.2 120 
1N6270 1.5KE9.1 109 
1N6271 1.5KE10 100 
1N6272 1.5KE11 93 
1N6273 1.5KE12 87 
1N6274 1.5KE13 79 
1N6275 1.5KE15 68 
1N6276 1.5KE16 64 
1N6277 1.5KE18 56.5 
1N6278 1.5KE20 51.5 
1N6279 1.5KE22 47.0 
1N6280 1.5KE24 43.0 
1N6281 1.5KE27 38.5 
1N6282 1.5KE30 34.5 
1N6283 1.5KE33 31.5 
1N6284 1.5KE36 29.0 
1N6285 1.5KE39 26.5 
1N6286 1.5KE43 24 
1N6287 1.5KE47 22.2 
1N6288 1.5KE51 20.4 
1N6289 1.5KE56 18.6 
1N6290 1.5KE62 16.9 
1N6291 1.5KE68 15.3 
1N6292 1.5KE75 13.9 
1N6293 1.5KE82 12.7 
1N6294 1.5KE91 11.4 
1N6295 1.5KE100 10.4 
1N6296 1.5KE110 9.5 
1N6297 15KE120 8.7 
1N6298 1.5KE130 8.0 
1N6299 1.5KE150 7.0 
1N6300 1.5KE160 6.5 
1N6301 1.5KE170 6.2 
1N6302 1.5KE180 5.8 
1N6303 1.5KE200 5.2 

1.5KE220 4.3 
1.5KE250 5.0 

173 
187 
215 
230 
244 
258 
287 

11.7 
12.5 
13.8 
15.0 
16.2 
17.3 
19.0 
22.0 
23.5 
26.5 
29.1 
31.9 
34.7 
39.1 
43.5 
47.7 
52 

56.4 
61.9 
67.8 
73.5 
80.5 
89 
98 
108 
118 
131 
144 
158 
173 
187 
215 
230 
244 
258 
287 
344 
360 

j 

Breakdown Voltage for Standard is ± 10% To!erance; ::,:5% version is available by adding "A", i.e" 1N6267A, 1.5KES.BA Clipper (back to back) versions are 
available by ordering the 1.SKE series with a "e" or "CAn suffix, Le., 1.SKE6.SC or 1.SKES.8CA. 
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TRANSIENT SUPPRESSORS (continued) 

PEAK POWER DISSIPATION @ 1_0 ms = 1500 WATTS 

1 N6373 I ICTE-5 I MPTE-5 
lN6374/1CTE-81 MPTE-8 

lN6375/1CTE-l0 I MPTE-l0 
lN6376 I ICTE-12 I MPTE-12 
lN63n I ICTE-15 I MPTE-15 
lN6378/ICTE-l,B1 MPTE-18 
1 N6379 I ICTE42 I MPTE-22 
1 N6380 I ICTE-36 I MPTE-36 
lN6381 I ICTE-45 I MPTE-45 

lN6382 
lN6383 
lN6384 
lN6385 
lN6386 
lN6387 
lN6388 
lN6389 

PEAK POWER DISSIPATION @ 1_0 ms = BOOO WATTS 

16 
32 
32 
32 
180 
180 
180 

0.2 
0.2 

0.03 
0.03 
0.03 

Automotive Transient Suppressors 

70 
60 
50 
40 
23 
19 

20 
50 
45 
40 
250 
225 
205 

200 
100 
100 
100 
20 
20 
20 

CASE 119-01 

16.7 
21.2 
25 
30 

37.5 
65.2 
78.9 

1 ! 1 
Automotive Transient Suppressors are designed for protection against over-voltage conditions in the auto electrical system 

including the "LOAD DUMP" phenomenon that occurs when the battery open circuits while the car is running. 

• TIme Constant = 10 ms. Duty Cycle" t .0%. T C = 25'C. 
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II 

Lead Tape Packaging Standards for Axial-Lead Components 

1.0 SCOPE - This document covers peckaging requirements for 
the following axial· lead components' use in automatic testing and 
assembly equipment: Motorola Case 51 (00·7), Case 52 (00·13), 
Case 59 (00·41), Case 267, Case 299 (00,35), Case 59·04 and 
Case 17. Packaging, as covered in this document, shall consist of 
axial·lead components mounted by their leads on pressure·sensltive 
t&pe, wound onto a reel. 

2.0 PURPOSE - This document establishes Motorola standard 
practicas for lead·tape packaging of axial· lead components and 
meets the requirements of EIA Standard RS·296·0 "Lead·taping of 
components on axial lead configuration for automatic insertion," level 
1. 

3.0 REQUIREMENTS 

3.1 Component Leads 

3.1.1 - Component leads shall not be bent beyond dimension E 
from their nominal position. See Figure 2. 

3.1.2 - The "C" dimension shall be governed by the overall length 
of the reel peckaged component. The distance between flanges 
shall be 0.059 Inch to 0.315 inch greater than the overall com· 
ponent length. See Figures 2 and 3. 

3.1.3 - Cumulative dimension "A" tolerance shall not exceed 
0.059 over 5 in consecutive components. 

ORIENTATION - All polarized components must be oriented in one 
direction. The cathode lead tape shall be blue, and the anode tape 
shall be white. See Figure 1. 

3.3 Reeling 

3.3.1 - Components on any reel shall not represent more than 
two date codes when date code identification Is required. 

3.3.2 - Components leads shall be positioned perpendicularly 
between peirs of 0.250 inch tape. See Figure 2. 

3.3.3 - A minimum 1 inch leader of tape shall be provided before 
the first and last component on the reel. 

3.3.4 - 50 lb. Kraft paper is wound between layers of components 
as far as necessary for component protection. Width of paper is 
0.062 Inch to 0.750 inch less than "C" dimension of reel. See 
Figure 3. 

3.3.5 - Components shall be centered between tapes such that 
the difference between 01 and 02 does not exceed 0.055. 

3.3.6 - Staple shall not be used for splicing. No more than 4 
layers of tape shall be used in any splice area and no tape shall 
be offset from another by more than 0.031 inch noncumulative. 
Tape splices shall overlap at least 6 inches for butt joints and at 
least 3 inches for lap joints, and shall not be weaker than unspliced 
tape. 
3.3.7 - Quantity per reel shall be as indicated In Table 1. Orders 
for tape and reeled product will only be processed and shipped in 
full reel increments. Scheduled orders must be in releases of full 
reel Increments or multiples thereof. High volume orders and re­
leases (Item numbers 6 through 10 excepted) may be reeled on 
14.00 inch reels at Motorola's option, therefore making the quantity 
per reel twice that shown for the 10.50 inch reels. 
3.3.8 - A maximum of 0.25% of the components per reel quantity 
may be missing without consecutive missing per level 1 of RS· 
296·0. 
3.3.9 - The single face roll pad shall be placed around the finished 
reel and taped securely. Each reel shall then be placed In an 
appropriate container. 

3.4 MARKING - Minimum reel and carton marking shall consist of 
the following: See Figure 3. 
Part number 
Purchase order number 
Quantity 
Date of reeling (when applicable) 
Manufacturer's name 
Electrical value (when applicable) 
Date codes (when applicable; see note 3.3.1) 
Tape (when applicable) 

4.0 - Requirements differing from this Motorola standard shall be 
negotiated with the factory. 

The packages indicated in the fol/owing table are suitable for lead tape packaging. The table indicates the specific devices 
(rectifiers andlor zeners) that can be obtained from Motorola in reel packaging. and provides the appropriate packaging 
specification. 

TABLE 1 - PACKAGING DETAILS (ALL DIMENSIONS IN INCHES) 

Case 51 (00·7) All 3000 0.200 ± 0.020 2.062 ± .059 3.00 10.50 0.047 1 
Case 299 (00·35) Zeners 3000 0.200 ± 0.020 2.062 ± .059 3.00 10.50 2 
Case 17 Zeners 2000 0.200 ± O.ot 5 2.062 ± .059 3.00 10.50 3 
Case 59·03 (00·41) Zeners 3000 0.200 ± O.ot5 2.062 ± .059 3.00 10.50 4 
Case 59·01 (00·41) Zeners 3000 0.200 ± o.ot 5 2.062 ± .059 3.00 10.50 5 
Case 59·01 (00,41) Rectifiers 6000 0.200 ± 0.020 2.062 ± .059 3.00 14.00 6 
Case 59·04 Rectifiers 5000 0.200 ± 0.020 2.062 ± .059 3.00 14.00 7 
Case 52 (00·13) Zeners 1500 0.400 ± 0.020 2.500 ± .059 3.81 14.00 8 
Case 267 Rectifiers 1500 0.400 ± 0.020 2.062 ± .059 3.00 14.00 9 
Case 41-11 Zeners 1500 0.400 ± 0.020 2.500 ± .059 3.81 14.00 10 
Case 194·01 Rectifiers 900 0.500 ± 0.020 1.875 ± .059 3.00 14.00 11 
Case 194-05 Rectifiers 900 0.400 ± 0.020 1.875 ± .059 3.00 14.00 12 
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LEAD TAPE PACKAGING STANDARDS FOR AXIAL-LEAD COMPONENTS (continued) 

FIGURE 1 - REEL PACKING 

Kraft pa~per ~ _ Reel 

- Roll Pad 

~i> 
~_'i, 

r:::...... Container 

Tape. Blue Tape. White 
Item 3.2 Item 3.2 

(Cathode) (Anode) 

FIGURE 2 - COMPONENT SPACING 

Overall LG 

~m i2!.iJ--L 
Item 3.1.1 JI-t 
Max Off 

AlignEment L 
Item 3.3.5 I Dl I" D2 I-. 0.250 
Both Sides 0.031 Item 3.3.2 

Item 3.3.5 

FIGURE 3 - REEL DIMENSIONS 

Optional Design 

1.188 ~ 3.5E 
Item 3.4 

~c~ 

SURFACE MOUNT TAPE AND REEL 
In conjunction with the industry trend to use automatic 

placement equipment for microminiature components. Mo­
torola offers MLL34 and SOT-23 devices in the industry ac­
cepted 8 mm tape and reel format. MLL41 devices are offered 
in 12 mm tape. The current packaging method is plastic tape 
with embossed cavities. which serve as a pocket for the in­
dividual device. A sealing tape is then applied to retain the 
device. 

Tape & Reel Options 
MLL34, MLL41 

Option 1 Tape Feed 

~0 
Polarity band indicates cathode. 

Option 1 = Tl Designator. Cathode Facing Sprocket Holes 
Option 2 = T2 DeSignator. Anode Facing Sprocket Holes 

• Device Orientation: Either in Tl (Option 1) or T2 
(Option 2) configuration. 

• Quantity Per Reel: 3.000 devices for MLl34. 
6.000 devices for MLL41. 
3.000 devices for SOT-23. 

• Minimum Order Quantity: 1 reel. 
For ordering information. please contact your local Moto­

rola representative. (See listing on back cover.) 

Tape & Reel Options 
SOT-23 

Option 1 Tape Feed 

Option 2 ~0 
EIA Std RS481 

Option 1 = Tl Designator 
Option 2 = T2 Designator 
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Rectifier Data Sheets 
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II 

lN1199 
thru 

lN1206 

MEDIUM-CURRENT SILICON RECTIFIERS 

Silicon rectifiers for medium-current applications requiring: 

• High Current Surge -
240 Amperes @ TJ = 190°C 

• Peak Performance at Elevated Temperature -
12 Amperes @ TC = 150°C 

® MOTOROLA 

MI;DIUM-CURRENT 
SILICON RECTIFIERS 

60-600 VOLTS 
12 AMPERES 

DIFFUSED JUNCTION 

L-________________________________________ ~ 

"MAXIMUM RATINGS 

Characteristic Symbol IN IN IN IN IN Unit 
1199 1200 1202 1204 1206 

Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VRWM 50 100 200 400 600 
DC Blocking Voltage VR 

Average Rectified Forward Current 10 Amp 
(Single phase, resistive load, 12 
60 Hz, TC= 150°C) 

Non-Repetitive Peak Surge Current IFSM Amp 
(Surge applied at rated load -240 (for 1 cycle)-
conditions, half wave, 
single phase, 60 Hz) 

Operating Junction TJ -65to+I90- °c 
Temperature Range 

"THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

"ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions Symbol Max Unit 

Maximum Instantaneous Forward Voltage vF 1.8 Volts 
(iF = 40 A, TC = 25°C) 

Maximum Instantaneous Reverse Current iR 10 mA 
(Rated voltage, T C = 150°C) 

"Indicates JEDEC registered data. 

MECHANICAL CHARACTERISTICS 

Case: Welded, hermetically sealed 

Finish: All external surfaces are corrosion-resistant and the terminal lead is 
readily solderable 

Polarity: Cathode to case (reverse polarity units are available and designed by 
an "Ru suffix, i.e., 1 N1202R) 

Mounting Positions: Any 

Stud Torque: 15 inllbs max 

Maximum Terminal Temperatura for Soldering Purposes: 
275°C for 10 seconds at 3 kg tension. 

Weight: 6 grams (approx) 

3-2 

DIM 
A 
C 
D 
E 
F 
J 
K 

MILLIMETERS INCHES 
MIN MAX MIN 

10.77 11.10 0.424 
10.29 

6.35 
1.91 4.45 0.075 
1.52 - 0.060 

10.72 11.51 0.422 
20.32 -

CASE 245 
DO-203AA 

(00-4) 

MAX 
0.437 
0.405 
0.250 
0.175 

0.453 
0.800 



@ MOTOROLA 

MEDIUM-CURRENT SILICON RECTIFIERS 

Silicon rectifiers for medium-current applications requiring: 

• High Current Surge -

240 Amperes @ T J = 200°C 

• Peak Performance at Elevated Temperature-
12 Amperes @ TC = 150°C 

"MAXIMUM RATINGS 

Characteristic Symbol 1N 1N 1N 
1199A 1200A 1202A 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 100 200 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse VRSM 
Voltage (Halfw8ve, single 100 200 350 
phase, 60 Hz peak) 

Average Rectified Forwa rd Current 10 
(Single phase, resistive load, 12 
60 Hz, TC = 150°C) 

Non-Repetitive Peak Surge Current IFSM 

1N 1N 
1204A 1206A 

400 600 

600 800 

(Surge applied at rated load _ 240 (for 1 cycle)_ 
conditions, half wave, 
single phase, 60 Hz) 

Operating and Storage Junction TJ, T stg 65 to +200 
Temperature Range 

"THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

"ELECTRICAL CHARACTERISTICS 

Unit 

Volts 

Volts 

Amp 

Amp 

°C 

Characteristic and Conditions Symbol Max Unit 

Maximum Instantaneous Forward Voltage vF 1.35 Volts 
(iF = 40 A, TC = 25°C) 

Maximum Average Reverse Current at IRa mA 
Rated Conditions 

1N1199A 3.0 
1N1200A 2.5 
1 N1202A 2.0 
1N1204A 1.5 
1N1206A 1.0 

'Indicates JEDEC registered data. 

MECHANICAL CHARACTERISTICS 

Case: Welded, hermetically sealed 

Finish: All external surfaces are corrosion-resistant and the terminal lead is 
readily solderable 

Polarity: Cathode to case (reverse polarity units are available and designed by 
an "R" suffix, i.e" 1 N1202RA) 

Mounting Positions: Any 

Stud Torque: 15 in/lbs max 

Maximum Terminal Temperature for Soldering Purposes: 
275°C for 10 seconds at 3 kg tension. 

Weight: 6 grams (approx) 
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lNl199A 
thru 

lN1206A 

MEDIUM-CURRENT 
SILICON RECTIFIERS 

DIM 

A 
C 
D 
E 
F 
J 
K 

50-600 VOLTS 
12 AMPERES 

DIFFUSED JUNCTION 

MILLIMETERS INCHES 
MIN 

10.77 
-
-
1.91 
1.52 

10.72 

MAX MIN 
11.10 0.424 
10,29 

6.35 -
4.45 0,0)5 

0.060 
11.51 0.422 
20.32 

CASE 245 
DO·203AA 

(00-4) 

MAX 
0,437 
0,405 
0,250 
0,175 

0,453 
0.800 

II 



II 

lNl199B 
thru 

lN1206B 

MEDIUM-CURRENT SILICON RECTIFIERS 

Compact, highly efficient silicon rectifiars for medium-current 
applications requiring: 

• High Current Surge -
250 Amperes @ TJ = 200°C 

• Peak Performance at Elevated Temperature -
12 Amperes @ TC = 150°C 

'MAXIMUM RATINGS 

Characteristic Symbol IN IN IN 
',99B 1200B '202B 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 100 200 
DC Blocking Voltage VR 

IN IN 
12048 '206B 

400 600 

Unit 

Volts 

® MOTOROLA 

MEDIUM-CURRENT 
SILICON RECTIFIERS 

50-600 VOLTS 
12 AMPERES 

DIFFUSED JUNCTION 

Non-Repetitive Peak Reverse VRSM Volts 
Voltage (Hallwave, single 100 200 350 600 800 
phase, 60 Hz peak) 

Average Rectified Forward Current 10 Amp 
(Single phase, resistive load, 12 
60 Hz, TC = 150°C) 

Non-Repetitive Peak Surge Current IFSM Amp 
(Surge applied at rated load 

~250 (for 1 cycle)-
conditions, half wave, 
single phase, 60 Hz) 

Operating and Storage Junction TJ, T stg 
Temperature Range 

'THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

'ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions 

Maximum Instantaneous Forward Voltage 
(iF = 40 A, TC = 25°C) 

Maximum Reverse Current 
(Rated dc voltage, T C = 150°C) 

Maximum Average Reverse Current at 
Raled Conditions 

DC Forward Voltage 
(IF = 12 A, TC = 25°C) 

Reverse Recovery Time (IFM = 40 A, 
di/dt = 25 AIl's 10 IFM = 0, 
tp;;' 4.0 I's, 60 pulses/second, 25°C) 

"Indicates JEDEC registered data. 

MECHANICAL CHARACTERISTICS 
Case: Metal hermetically sealed 

6510 +200 °c 

Symbol Max Unit 

vF 1.2 Volts 

IR 1.0 rnA 

IRO 0.9 rnA 

VF 1.1 Volts 

trr 5.0 I's 

Finish: All external surfaces are corrosion-resistant and the terminal lead is 
readily solderable 

Polarity: Cathode to case (reverse polarity units are available and deSigned 
by an '·R·' suffix, i.e., lN1202R8) 

Mounting Positions: Any 
Stud Torque: 15 in/lbs max 
Maximum Terminal Tamperatura for Soldering Purposes: 

275°C for 10 seconds at 3 kg tension. 
Weight: 6 grams (approx) 
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DIM 
A 
C 
D 
E 
F 
J 
K 

MILLIMETERS INCHES 
MIN 

10.77 
-
-
1.91 
1.52 

10.72 

MAX MIN 
11.10 0.424 
10.29 

B.35 -
4.45 0.075 

0.060 
11.51 0.422 
20.32 

CASE 246 
DO-203AA 

(00-4) 

MAX 
0.437 
0.405 
0.250 
0.175 

0.453 
O.BOO 



® MOTOROLA 

MEDIUM-CURRENT RECTIFIERS 

· .. for applications requiring low forward voltage drop and 
rugged construction. 

• High Surge Handling Ability 

• Rugged Construction 

• Reverse Polarity Available; Eliminates Need for Insulating 
Hardware in Many Cases 

• Hermetically Sealed 

'MAXIMUM RATINGS 

Rating Symbol 1N320B 1N3209 
1 N320BR 1N3209R 

DC Blocking Voltage VR 50 

RMlil Reverse Voltage VRIRMS) 35 

Average Half-Wave Rectified Forward Current 10** 15 
With Resistive Load 

Peak One Cycle Surge Current IFSM 
(60 Hz and 25·C Case Temperature) 250 

Operating Junction Temperature TJ 

Storage Temperature Tstg . 
'ELECTRICAL CHARACTERISTICS (All Types) at 25·C Case Temperature 

Characteristic 

Maximum Forward Voltage at 40 Amp 
DC Forward Current 

Maximum Reverse Current at Rated DC 
Reverse Voltage 

THERMAL CHARACTERISTICS 

Character.stic 

Thermal Resistance, Junction to Case 

'Indicates JEOEC registered data. 
"TC = 150·C 

MECHANICAL CHARACTERISTICS 

Symbol 

VF 

IR 

CASE: Welded hermetically sealed construction 

Value 

1.5 

1.0 

Unit 

Volts 

mAde 

FINISH: All external surfaces corrosion-resistant and the terminal lead is readily 
solderable 

WEIGHT: 25 grams (approx.) 
POLARITY: Cathode connected to case (reverse polarity available denoted by Suffix R. 

ie: 1 N3212R) 
MOUNTING POSITION: Any 

3-5 

100 

70 

15 

250 

IN3208 
thru 

IN3212 

15-AMP 
RECTIFIERS 

SILICON 
DIFFUSED-JUNCTION 

1 N3210 1 N3211 1N3212 
1N3210R 1 N3211 R 1N3212R 

200 300 400 

140 210 280 

15 15 15 

250 250 250 

-65 to +175 .. 
-65 to +175 .. 

Unit 

Volts 

Volts 

Amp 

Amp 

·C 

·C 

-lOl­li-i-. I TERMINAL' 

K 1.:;"0 I 
SIt- --c 

SEATING t~NE ~ ~ p 114,:. UNF·2A r-- TERMINAL-2 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 20.07 0.790 
B 16.94 17.45 0.669 0.6S7 
C 11.43 0.450 
D 9.53 0.375 
E 2.92 5.0S 0.115 0.200 
F 2.03 O.OSO 
J 10.72 11.51 0.422 0.453 
K 19.05 25.40 0.750 1.000 
L 3.96 0.156 
P 5.59 6.32 0.220 0.249 
n 3.56 4.45 0.140 0.175 
R 16.94 0.667 
S 2.26 0.OS9 

CASE 42A-01 



II 

IN3491 thru IN3495 
MR327 MR330 
MR328 MR331 

® MOTOROLA 

J)P!->igIlPI'!-> Data Sheet 

MEDIUM-CURRENT SILICON RECTIFIERS 

... compact, highly efficient silicon rectifiers for medium­
current applications. 

O.signer'. Data for "Worst Case" Conditions 
The Designers Data Sheet permits the design of most circuits 

entirely from the information presented. Limit curves - represent­
ing device characteristics boundaries - are given to facilitate 
"worst cass" design. 

'MAXIMUM RATINGS 

Reting Symbol 1N3491 1N3492 1N3493 1N3494 

Peak Repetitive Reverse VRRM 
Voltage 

Working Peak Reverse VRWM 50 100 200 300 
Voltage 

DC Blocking Voltage VR 

RMS Reverse Voltage VR(RMS) 35 70 140 210 

Average Rectified Forward 
Current (single phase, 10 . 
resistive load, 60 Hz, see 
Figure 3) T C = 100°C 

Nonrepetitive Peak Surge 

1N3496 

400 

2BO 

25 

SILICON RECTIFIERS 
25 AMPERE 

MR327 

500 

350 

50-1000 VOLTS 
DIFFUSED JUNCTION 

MR328 MR330 MR331 

600 BOO 1000 

420 560 700 

.. 

Current (surge applied at IFSM - 300 (for 112 cycle) .. 
rated load conditions, see 
Figure 5) 

Operating and Storage 
Junction Temperature TJ, Tstg .. -65 to +175 .. 
Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

NOTES, --j r--_o ____ .. 
I. SDTPl STRAIGHT KNURl. ~ 1 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed construction. 
FINISH: All external surfaces corrosion-resistant and the terminal lead is readily 

solderable. 
POLARITY: CATHODE TO CASE (reverse polarity units are available upon request and 

are designated by an "R" suffix i.e. MR327R or 1 N3491 R). 
MOUNTING POSITIONS: Any. 

"Indicates JEDEC registered data for 1 N3491-1 N3495 

3-6 

2.POlA.RITY,INKMARKED 
ON PACKAGE 

+-1' ,J;, j 
TTl" -.~ 

I ') H C 

SEATING PlANE 1= • ~ f ! 
DIM 

A , 
D 
E 
F 

J 
K 

MILLIMETERS INCHES 
MIN MAX MIN 

15.494 16.256 0.610 
12.725 12.827 0.51 
5." 6.3& 0.' 
1.193 1.346 0.1)41 
2.032 4.826 0.080 

10.7 -
4.572 .50 -' 

3.558 -
12.70 0.500 

CASE 43-02 
00·21 

MAX 

0.640 
0.506 
0.25 
0.05 
0.190 

4 

0.140 

Unit 

Volts 

Volts 

Amp 

Amp 

°C 



1N3491 thru 1N3495, MR327, MR328, MR330, MR331 

"ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions Symbol Max Unit 

Instantaneous Forward Voltage Drop (iF = 57 Amps, TJ = 25°C) vF 1.7 Volts 

Full Cycle Average Reverse Current (18 Amp AV and Vr, single phase, IR(AV) mA 
60 Hz, TC = 150·C) 

lN3491 10 
lN3492 10 
lN3493 8.0 
lN3494 6.0 
1 N3495 4.0 
MR327 3.0 
MR328 2.5 
MR330 2.0 
MR331 1.5 

DC Reverse Current IR mA 
(Rated VR, TC = 25°C) 1.0 

FIGURE 1 - MAXIMUM FORWARD VOLTAGE DROP 
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1N3491 thru 1N3495, MR327, MR328, MR330, MR331 
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1N3491 thru 1N3495, MR327, MR328, MR330, MR331 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - RECTIFICATION EFFICIENCY 
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MR327·MR331 and IN3491wlN349S rectifier. are designed to be press-fitted in a heat sink in 
order to attain full device ralinp. Recommended procedures for this type of mountin. are as follows: 

1. Drill a hole in the heat sink 0.499 ± .001 inch in diameter. 
2. Break the hole edae .s shown to prevent shearina oft' the knurled edp of the rectifier when it is 

pr ...... InlO the bole, 
3. The depth and width of the break should be 0.010 inch maximum to retain maximum beat sink 

surface contact. 
4. To prevent damqe to the rectifier durin, pres,s..in, the pressln. force should be applied only on 

the shoulder rinl of the rectifier case as shown in the fipre. 
5. The prewn, forc:e should be applied evenly about the shoulder rinl to avoid tUtin. or cantina 

of tbe rectiner case in the hole durin, the preIS-In operation. Also. the use of a light industrial 
lubricant will be of considerable aid. 
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IN36S9 
thru 

IN3663 
® MOTOROI.A 

LOW COST RECTIFIERS FOR MEDIUM CURRENT 
INDUSTRIAL AND COMMERCIAL APPLICATIONS 

• High Surge Handling Ability 

• Rugged Construction for Operation Under Severe Conditions 

• Reverse Polarity Available; Eliminates Need for Insulation 
Hardware in Many Cases 

• Hermetically Sealed 

·MAXIMUM RATINGS (TC = 26°C unless otherwise noted) 

Rating Symbol 
1N3659 

1N3659R 

Peak Repetitive Reverse Voltage VRRM 50 
DC Blocking Voltage VR 

RMS Reverse Voltage VR(RMS) 35 

Average Half-Wave Rectified Forward Current 10 
with Resistive Load @ 100°C case . 

@ 150°C case . 
Peak One Cycle Surge Current (150°C case temp, IFSM • 

60 Hz) 

Operating Junction Temperature TJ .. 
Storage Temperature Tstg .. 

·ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 
1N3659 

1N3659R 

Maximum Forward Voltage at 25 Amp VF 1.2 
DC Forward Current 

Instantaneous Forward Voltage Drop vF 
(iF = 78.5 Amps. TJ = 25°C) 

Maximum Full Cycle Average Reverse Current 
@ Rated PIV and Current (as half-wave IR(AV) 5.0 
rectifier, resistive load, 150°C) 

·THERMAL CHARACTERISTICS 

1N3660 
1N3660R 

100 

70 

1N3660 
1N3560R 

1.2 

4.5 

Characteristic I Symbol I Value I Unit 

Thermal Resistance, Junction to Case I R6JC I 1.2 I °C/W 

·Indicates JEDEC registered data. 

MECHANICAL CHARACTERISTICS 
CASE: Weldlld hermetically sealed construction 
FINISH: All external surfaces corrosion resistant, terminals readily solderable 
WEIGHT: 9 grams (approx.) 
POLARITY: Cathode connected to case (reverse polarity available denoted by Suffix R, 

i.e.: 1 N3660R) 
MOUNTING POSITION: Any 

3·10 

30-AMP 
RECTIFIERS 

SILICON 
DIFFUSED-JUNCTION 

1N3661 1N3662 1N3663 
1N3661R 1N3662R 1N3663R 

200 300 400 

140 210 280 

30 .. 
25 .. 

400 .. 
-65 to +175 .. 
-65 to +200 .. 

1N3661 1N3662 1N3663 
1N3661R 1N3662R 1N3663R 

1.2 1.2 1.2 

1.4 

4.0 3.5 3.0 

~J 
-ir-0 

ij 1 

+-Lc,,!:, j Tl1 ~ H C 

SEATING PLANE' 1=. =l ! I 
MILLIMETERS INCHES 

DIM MI' MI. MAX 
A 15.494 18.256 0.S10 0.640 

• 12.725 12.827 0.501 0.506 
6.08 6.35 025 

Unit 

Volts 

Volts 

Amp 
Amp 

Amp 

°C 

°c 

Unit 

Volts 

Volts 

mA 

0 1.193 1.346 0.7 0.05 CASE 43-02 , 2.1132 4,826 
- - • H 4.572 6. 

J - 3,656 -
K 12.10 - 0.500 



1 N3659 thru 1 N3663 
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1N3659-1N3663 rectifiers are designed for press-fitted mounting in a heat sink. Recommended 
procedures for this type of mounting are as follows: 

1. Drill a hole in the heat sink 0.499 ± .001 inch in diameter. 
2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press­

ed into the hole. 
3. The depth of the break should be 0.010 inch maximum to retain maximum heat sink surface contact 

with the knurled rectifier surface. 
4. Width of the break should be 0.010 inch as shown. 

These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc­
ing contact area for heat transfer, reliability of operation will be impaired. 

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con­
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 

TYPICAL THERMAL 

RESISTANCE, CASE 

TO SINK. He. = 0.2"C/W 

RIVET 

INTIMATE 
CONTACT AREA 

r-- 0.499 ± 0.001 DIA 

HEAT SINK MOUNTING 

COMPLETE 
KNURL CONTACT 

AREA 

THIN-CHASSIS MOUNTING 
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IN3879 thru IN3883 
MR1366 ® MOTOROLA 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

... designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. II L-------__ -----' 

Designe, s Data for l'Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 

information presented. Limit curves - representing boundaries on device character­
istics - are given to facilitate "worst case" design. 

'MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Non-Repetitive Peek Reverse Voltage 

RMS Reverse Voltage 

Average Rectified Forward Current 
(Single phase, resistive load, 
TC = 1000CI 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
continuous) 

Operating Junction Temperature Range 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Symbol 1N3879 

VARM 
VRWM 50 

VR 

VRSM 7. 

VRtRMS) 35 

'0 .. 
IFSM ... 

TJ • 
T". 

Symbol 

Rf.jJC 

lN38BO lN3881 1N3882 1N3B83 MR'''. Unit 

Volts 
100 200 300 400 600 

150 250 350 450 650 Volts 

70 140 210 280 420 Volts 

Amps 
6.0 .. 

Amps 
150 .. 

(onecyclel 

-65 to +150 .. °c 
-65 to +175 .. °c 

Mox Unit 

3.0 °CfW 

Motorola guarantaes the listed value, although parts having higher values of thermal resistance will meet the current rating. 
Thermal resistance is not required by the JEDEC registration. 

·ELECTRICAL CHARACTERISTICS 

Characteristic Svmbol Min TV. Mox Unit 

Instantaneous Forward Voltage 'F Volts 
(,::: = 19 Amp, TJ = 1500C) 1.2 1.5 

Forward Voltege VF Volts 
(IF = 6.0 Amp, TC" 25°C) 1.0 I., 

Reverse Current (rated dc voltage) T C 26 C 'R 10 15 .A 
TC = 1000C 0.5 1.0 mA 

REVERSE RECOVERY CHARACTERISTICS 

Characttwistic Symbol Min TV. Mo. Unit 

Reverse Recovery Time '", 
-UFM = 1.0 Amp to VA = 30 Vdc, Figure 16) '50 200 

UFM = 36 Amp, di/dt = 26 A/IlS, Figure 17) 200 400 

Revarse Recovery Current 'AM(REC) Amp 

+IIF = 1.0 Amp to VA = 30 Vdc, Figure 161 2.0 

-Indicates JEDEC Registered Data for 1N3879 Series. 
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FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 

DIM 

A 
C 
D 
E 
F 
J 
K 

6 AMPERES 

@J 

MILLIMETERS INCHES 
MIN 

10.77 

-
1.91 
1.52 

10.72 

MAX MIN 
11.10 0.424 
10.29 

6.35 -
4.45 0.075 

0.060 
11.51 0.422 
20.32 

CASE 245-1l1 
DO·4 

MAX 
0.437 
0.405 
0.250 
0.175 

0.453 
0.800 

MECHANICAL CHARACTERISTICS 

CASE: Welded. hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and readily solderable 

POLARITY: Cathode to Case 

WEIGHT: 5.6 Grams (approximately) 

MOUNTING TORQUE: 15 in-Ibs max. 



1 N3879 thru 1 N3883, MR1366 
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NOTE 1 

RSIPk Ppk 
DUTY CYCLE, 0 = tp/t) 

tp_ PEAK POWER, Ppk, is peak 01 an 
equivatenl square power pulse. 

I-----IJ~ TIME 

To determine maximum junction temperature of the diode in a given situation, 
the fClUowing procedure is recommended: 

The temperature of the case should be measured using athermacouple placed 
on the case at the temperalUre reference PDint lsee Note J), The thermal mass 
connected to the case is normaUy large enough SO Ihat it will nOI significantly 
respond 10 heat surges generated in thediodeasa result of pulsed operation once 
steady·stateconditionsareachieved. Using the measuredvalueolTc, the junction 
temperature may bedelermmed by: 

TJ "Te+ TJC 
where T JC is Ihe increase in junction temperature above the case temperature. 
It may be determined by: 

t. TJC "Ppk 'ROJC [0 + (1 -DI . r(q "'Ipl "'r(tpl - r(lI)) 
where 

r(ll "'normalized value 01 transientlhermal resistance at time, 1,1r om Figure 
3,i.e. 
r(q ttpl=normalizedvalueoltransientthermalresistanceattimet,ttp 

FIGURE 3 - THERMAL RESPONSE 
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1N3879 thru 1N3883, MR1366 

SINE WAVE INPUT 

FIGURE 4 - FORWARD POWER DISSIPATION 
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SQUARE WAVE INPUT 

FIGURE 5 - FORWARD POWER DISSIPATION 
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1 N3879 thru 1 N3883, MR1366 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME 
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1 N3879 thru 1 N3883, MR1366 

FIGURE 16 - REVERSE RECOVERY CIRCUIT 

115Vac 10k 
60 Hz 2W 

RI 
3n 

25W 

JOn 
SOW 

NON·INOUCTIVE 

UNIT 
UNDER TEST 

A - TEKTRONIX 545A, K PLUG IN 
PRE·AMP, P6000 PROSE OR EUUIVALENT 

RI - ADJUSTED FOR 1.4 nSETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE ~ 38 ~H 

R2 - TEN·I W, 10 n. 1% CARSON CORE 
IN PARALLEL 

TA = 25 ~Igoc FOR RECTIFIER 
R2 
I n MINIMIZE ALL LEAD LENGTHS 
lOW 

30 Vdc NON.INDUCTIVE CI 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE 1.0.F RIPPLE = 3 mVrms MAX 

SUPPL Yo-+ __ .... ____ ..... _____ .... 3~00:...V:.....I~ _ _O- Zout = III n MAX, DC to 2 kHz 

FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 

RI 

RI = SO Ohms TI 
R2 = 250 Ohms 
01 = IN4723 
02 = IN4001 
03 = IN4933 

SCRI· MCR729·10 
CI =0.510 50.F 
C2 ~ 4000.F 

120vJ:}c TI21 
60 Hz 

1:1 
LI = 1.0-27~H 
T1 ::: Variac Adjusts i(PK) and di/dt 
T2 = 1:1 
T3 = 1:1 (to IriggBr circuit) 

03 CI 

01 

LI 
di/dt ADJUST 

IIPKI ADJUST om 

02 

CURRENT 
VIEWING 
RESISTOR 

NOTE 2 

Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend­
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, VR = 30 V, In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 7SoC, 1000C, and 
15o"C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re­
covery test current waveform for all Motorola fast recovery 
rectifiers is shown, 
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di/dt 

'RMIRECI+---'L 

From stored charge curves versus di/dt. recovery time hrr ) 
and peak reverse recovery current (I RMIREC)) can be closely 
approximated using the following formulas: 

[ 
0 ~ 1/2 

trr = 1.41 x _R_ 
di/dt 

IRMIRECI = 1.41 x [OR x di/d~ 112 



® MOTOROLA 

J)e~ig·np .. s Data Sheet 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

... designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low R F interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 

information presented. Limit curves - representing boundaries on device character· 
lsties - are given to facilitate "worst case" design. 

·MAXIMUM RATINGS 

Rating Symbol lN3889 lN3890 tN3891 lN3892 1N3893 

Peak Repetitive Reverse Voltage VARM 
Working Peak Reverse Voltage VRWM 50 100 200 300 400 
DC Blocking Voltage VR 

Non-RepetitivePeak Reverse VRSM 75 150 250 350 450 
Voltage 

AM5 Reverse Voltage VRIRMSI 35 70 140 210 280 

Average Rectified Forward 10 
Current (Single phase, resistive 
load, TC ~ l000CI 

. 12 

Non-Repetitive Peak Surge IFSM 
Current (Surge applied at . 200 
rated load conditions) (one cvcle) 

Operating Junction Temperature TJ . -65 to +150 
Range 

Storage Temperature Range Tstg . -65 to +175 

THERMAL CHARACTERISTICS 

Characteristics 

Thermal Resistance, Junction to Case 

Motorola guarantHS the listed value, although parts having higher values of thermal re,istance 
will meet the current rating. Thermal resistance Is not required by the JEDEC registration. 

"ELECTRICAL CHARACTERISTICS 

OIaractttristic Symbol Min TV. 

I nstantaneous Forward Voltage vF 
(iF;: 38 Amp, TJ "" 15OCC) 1.2 

Forward Voltage VF 
(IF"" 12 Amp, TC "" 2SoC) 1.0 

Reverse Current (rated de voltage) TC' 25uC IR 10 
TC ~ l000C 0.5 

"REVERSE RECOVERY CHARACTERISTICS 

Characteristic Symbol Min TV. 

Reverse Recovery Time 'rr 
«IF "'.OAmp to VR "" 30 Vdc, Figure 16) - 150 
{lFM '" 36 Amppdildt "" 26 A/j.ls, Figure 171 - 200 

Reverse Recovery Current IRMIRECI 
(IF '"' 1.0 Amp to VA .. 30 Vde, Figure 161 - -

-Indicates JEDEC Registered Data for 1 N3889 Series. 

MR1376 Unit 

Volts 
600 

650 Volts 

420 Volts 

Amps . 
Amp .. . °c . DC 

Max Unit 

Volts 
1.5 

Volts 
1.4 

25 .A 
3.0 mA 

Max Unit 

n. 
200 
400 

Amp 
2.0 

3·17 

IN3889 thru IN3893 
MR1376 

FAST RECOVERY 
POWER RECTIFIERS 

DIM 

A 
C 
0 
E 
F 
J 
K 

50-600 VOLTS 
12 AMPERES 

@J 

MILLIMETERS INCHES 
MIN MAX MIN 

10.77 11.10 0.424 
10.29 
6.35 -

1.91 4.45 0.075 
1.52 U.UW 

10.72 11.51 0.422 
20.32 

CASE 245'()1 
00-4 

MAX 
0.437 
0.405 
0.250 
0.175 

0.453 
0.800 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and readily solderable 

POLARITY: Cathode to Case 

WEIGHT: 5.6 grams (approximatelyl 

MOUNTING TORQUE: 15 in-Ibs max. 

II 



1 N3889 thru 1 N3893, MR1376 

FIGURE 1 - FORWARD VOLTAGE 
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FIGURE 2 - MAXIMUM SURGE CAPABILITY 
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NUMBER OF CYCLES AT 60 Hz 

NOTE 1 

J=[.J1PPk Ppk 
DUTY CYCLE, D = tp/ll 

tp._ PEAK POWER, Ppk, is peak of an 
equivalent square power pulse. 

I TIME 
1----. 1-----< 

To delerminemaKimum junction temperature of the diode ill a given situation, 
the following procedure is recommended: 

The temperature of the case should be measured using a thermocouple pi aced 
on the case at the temperature reference point (see Note 3). Tha thermal mass 
connected to the case isnormallv large enough so that it will not significantly 
respond to heat surges generated in thediodeasa result of pulsed oper ationonce 
steady·state conditionsareachieved. Using the measured valu80f TC, the junction 
temperature may be determined by: 

TJ= TC +l:.TJC 

where L T JC is the increase in junction temperature above the case temperature. 
It may be determined by: 

t::.TJC=Ppk 'ROJCID+(1-D) 'r(I1+tp)+rhp)-r(qll 
where 

r(t) =normalind value of transient thermal resistance at time, t, from Figur. 
J,i.e.: 
r (11 + tpl = normalized value of transient thermel resistance at time t,+tp. 

FIGURE 3 - THERMAL RESPONSE 
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1 N3889 thru 1 N3893, MR1376 

SINE WAVE INPUT 

FIGURE 4 - FORWARD POWER DISSIPATION 
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SQUARE WAVE INPUT 

FIGURE 5 - FORWARD POWER DISSIPATION 
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1N3889 thru 1N3893, MR1376 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERV TIME 
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FIGURE 11 - JUNCTION CAPACITANCE 
10 0 

..... TJ = 25'C 

0 ""'-
.......... ""'-

i"""- ....... 
0 

0 

1 0 
100 1.0 2.0 5.0 10 20 50 

VR, REVERSE VOLTAGE IVOLTS) 

TYPICAL RECOVERED STORED CHARGE DATA 

1.0 

.". 

.;; 
t.U 0.5 
~ « 
13 
~ o. 2 

" ~ 0, 1 

~ 
~ 0.0 5 

~ 

FIGURE 12 - T J. 25°C 

IFM-20A 

40 A 

\ 
,;' 

~ ~ V 

10 A = , 
IP' 5.0 A 

~O.O 

:~ 0.0 
1.0 

~ 
V 

\ 
1.0 A 

J 

2. 

5 1. 
w 

"' '" 5 o. 

~ 
~ o. 
ffi 

a 

a 

5 

2 

:z o. 1 
> 
8 
~ 0.0 

'" '" 
0.0 

5 

2 
1.0 

2.0 5.0 10 20 50 

di/dl IAMP/~s) 
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1N3889 thru 1N3893, MR1376 

FIGURE 16 - REVERSE RECOVERY CIRCUIT 

115 Vac 10 k 
60 Hz 2W 

RI 
3.11 

25W 

3011 
50W 

NON·INDUCTIVE 

UNIT 
UNOER TEST 

A - TEKTRONIX 545A, K PLUG IN 
PRE·AMP, PSOOO PROBE OR EQUIVALENT 

RI - ADJUSTED FOR 1.4 IlBETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE ~ 3B ~H 

R2 - TEN·I W, 10 n. 1% CARBON CORE 
IN PARALLEL 

TA = 25 ~I~OC FOR RECTIFIER 
R2 
III MINIMIZE ALL LEAD LENGTHS 
lOW 

30 Vdc NON.INDUCTIVE CI 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE I.O.F RIPPLE = 3 mVrms MAX 

SUPPLYo-+ __ ..... ____ ..... _____ ... 30_0_V ..... __ O- Zout = III IlMAX, DC to 2 kHz 

FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 

RI 

L1 

RI = 50 Ohms T1 
di/dt ADJUST 

R2 = 250 Ohms 
01 = IN4723 
02 = IN4001 
03 = IN4933 120~VC TI21 03 CI 

I (PKI ADJUST OUT. 
SCRI = MCR729·10 

CI=0.5t050~F 
C2 ~ 4000.F 
L1=1.0-27~H 

60 Hz 

T1 = Variac Adjusts I(PK) and di/dt 
T2 = 1:1 
T3: 1:1 (to trigger circuit) 

1:1 C2 + 

R2 

01 

02 

CURRENT 
VIEWING 
RESISTOR 

NOTE 2 

Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passesthru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier. recovery time is very circuit depend· 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, VA = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100"C, and 
15o"C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
dildt, and the operating junction temperature. The reverse re­
covery test currant waveform for all Motoroli fast recovery 
rectifiers is shown. 

3-21 

di/dt 

IRM(RECI+----'--

From stored charge curves versus di/dt, recovery time hrr) 
and peak reverse recovery current (lRM(AEC)J can be closely 
approximated using the following formulas: 

[ 0 ~ 1/2 
'rr= 1.41 x _A_ 

di/dt 

IAM(AECJ = 1.41 x [OA x di/d~ 1/2 

II 
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IN3899 thru IN3903 
MR1386 

Desig'ners Data Sheet 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

... designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 

Designers Data for ''Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 

information presented. Limit curves - representing boundaries on device character­
istics - are given to facilitate "worst case" design. 

*MAXIMUM RATINGS 

Rating Symbol 1N3899 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse V/ISM 7S 
Volt. 

RMS Reverse Voltage V/lIRMSI 35 
Avarage Rectified Forward 10 

Current (Single phase. resistive 
load, TC· l00"CI 

Non-Repetitive Peek Surge IFSM 
Current (surge applied It 

rated toed conditionsl 
Operating Junction Temperature TJ 

R .... 
Storage Temperature Range Tstg 

'THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 

'ELECTRICAL CHARACTERISTICS 

Characteristic 

"Instantaneous Forward Voltage 
IiF =63Amp, TJ'" 1500CI 

Forwerd Voltage 
IIF" 20 Amp, TC" 250 CI 

ReversaCurrant frated dc voltage) TC - 25uC 
TC • l00"C 

'REVERSE RECOVERY CHARACTERISTICS 

Characteristic 
"avane ecovary Ime 

(IF" 1.0 Amp to VR" 30 Vdc, Figure 161 
IIFM - 36 Amp, dildt - 25 A/JJ$, Figure 171 

Raversa Recovery Current 
(IF "1.0 Amp to VR - 30 Vdc, Figure 16) 

·'ndlcatft JEDEC Registered Data for 1N3899 Senes. 

1N3900 1N3901 lN3902 lN3903 MR1386 Unit 

Volts 
100 200 300 400 600 

1'60 250 350 450 650 Volts 

70 140 210 280 420 Volts 

Amps 
20 

Amps 
260 

(one cyclel 

-65 to +150 "C 

-65 to +175 DC 

Symbol Min TV. Max Unit 

VF Volts 
- 1.2 1.5 

VF Volts 
- 1.1 1.4 

'R - 10 50 .A 
- 0.5 6.0 mA 

Symbol Min TV. Max Unit 

t" 
150 200 
200 400 

'RMIREC) Amp 
3.0 
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® MOTOROLA 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
20 AMPERES 

rl_,J:I:{- TERMINAL 1 

K 1-- ~ to I 

ilL . - C 

r-'- j- - \ t 
J - P 

SEATING PLANE ~ = 1/4·28 UNF·2A 

t TERMINAL 2 

MILLIMETERS INCHES 
DIM 

A 
8 
C 
0 
E 
f 
J 
K 
L 
P 
Q 

R 
S 

MIN MAX MIN 
10.07 

16.94 17.45 0.669 
- 11.43 
- 9.53 

2.92 5.08 0.115 
- 2.03 

10.72 11.51 0.412 
19.05 25.40 0.750 
3.96 - 0.156 
5.59 6.31 0.120 
3.56 4.45 0.140 

16.94 
1.26 

CASE 42A.()1 
00·5 

MAX 
0.790 
0.687 
0.450 
0.375 
0.200 
0.080 
0.453 
1.000 
-

0.249 
0.175 
0.667 
0.089 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and readily solderable 

POLARITY: Cathode to Case 

WEIGHT: 17 Grams (Approximately) 

MOUNTING TORQUE: 25 in·lbs max. 



1 N3899 thru 1 N3903, MR1386 
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FIGURE 1 - FORWARD VOLTAGE 
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FIGURE 2 - MAXIMUM SURGE CAPABILITY 
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Prior to surge, therectitier I I 
I" is operated such that TJ = 150oc; 

~ 
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each cycle of surge 
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NUMBER OF CYCLES AT 60 Hz 

NOTE 1 

F(JLPk Ppk 
DUTY CYCLE, 0 = tp/q 

lp PEAK POWER. Ppk. is pHk of an 
equivelentsquare power pulse. 

I---tl~ TIME 

To determine maximum junction temperature of the diode in a gillen situation. 
the following procedure is recommended: 

The temperature 01 the case should bemellSUred using a thermocouple pi aced 
on the case at the temperature reference point (see Note 31. The thermal mass 
connected to the taseisnormallvlalveanoughso that itwiJInot significantlv 
rHpOndto heatsurgesgenereted in the diode as a result of pulsed operation once 
steady·stateconditionsareachiaved. Using the measured value of TC, the junction 
temperature may be determined by: 

TJ=TC,.L:.TJC 
where L:. T JC is the increase in junction temperature above the case temperature. 
It may be determined by: 

l:! TJC '" Ppk 'R9JC [0 + (1- OJ . r(tl +tpl +rltpJ-r(qll 
where 

r(t) = normalized value of transient thermal r8$istanceat time, t, fr om Figure 
3. i.e.: 
r(tl +tp)= normalizMlvalue of transient thermal resistance attimat1+tp. 

FIGURE 3 - THERMAL RESPONSE 
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1N3899 thru 1N3903, MR1386 
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FIGURE 4 - FORWARD POWER DISSIPATION 
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1N3899 thru 1N3903, MR1386 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME FIGURE 11 - JUNCTION CAPACITANCE 
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1 N3899 thru 1 N3903, MR1386 

FIGURE 16 - REVERSE RECOVERY CIRCUIT 

115 Va< 10 k 
60 Hz 2 W 
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UNOER TEST 

~--~JA 

A - TEKTRONIX 54SA. K PLUG IN 
PRE-AMP. P6000 PROBE OR EQUIVALENT 

RI-ADJUSTED FOR 1.4r!BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE ~ 3B ~H 

R2 - TEN-I W. IOn, 1% CARBON CORE 
IN PARALLEL 

TA = 2S ~'goC FOR RECTIFIER 
R2 
I r! MINIMIZE ALL LEAD LENGTHS 

30 Vdc ~~~-INDUCTIVE Cl 1.0 Ad, FROM CONSTANT VOLTAGE SUPPLY 
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SUPPLY o-:+ __ ..... ....:..:.....:..:. __ ..... _____ .30"'0-'V .... _ ....... O- Zout = Il\ r! MAX. OC 10 2 kHz 

FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 
RI 

RI = SO Ohm' 
R2 = 2S0 Ohm' 
DI = IN4723 
D2" lN4001 
D3 = IN4933 

60 Hz 

T1 

D3 
SCRI = MCR729-10 

CI =O.Sto SO~F 
C2 ~ 4000~F 

120V~C TI21 

1:1 
C2 + 

L1 = 1.0 - 27"H 
T1 '" Variac Adjusts I(PK) and dildt 
T2 = 1:1 
T3= 1:1 (to trigger circuit) DI 

NOTE 2 

Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passesthru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

CI 
IIPKI ADJUST 

D2 
R2 

L1 
di/dt ADJUST 

di/dt 

'RMIRECI'+---""' 

D.UI. 

CURRENT 
VIEWING 
RESISTOR 

For any given rectifier, recovery time is very circuit depend­
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation dildt for various levels of forward current 
and for junction temperatures of 25°C. 75°C. l00"C. and 
ISo"C. 

From stored charge curves versus di/dt, recovery time (trr) 
and peak reverse recovery current (I RM(REC)) can be closely 
approximated using the following formulas: 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
dildt, and the operating junction temperature. The reverse re-­
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 
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Q ~ 1/2 

trr = 1.41 x _R_ 
di/dt 

IRM(RECI = 1.41 x [QR x di/dt] 112 



® MOTOROLA 

Designers Data Sheet 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

... designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves - representing boundaries on device character­
istics~" are given to facilitate "worst case" design. 

"MAXIMUM RATINGS 

Rating Symbol 1N3909 1N3910 1N3911 1N3912 1N3913 MR1396 Unit 

Pflak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VAWM 50 100 200 300 400 600 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse VRSM 75 150 250 350 450 650 Volts 
Voltage 

AMS Reverse Voltage VRIRMs) 35 70 140 210 280 420 Volts 

Average Rectified Forward '0 Amps 
Current (Single phase, 30 
resistive load, TC = 1000Cl 

Non-Repetitive Peak Surge 'FSM Amp 
Current (surge applied at rated 300 
load conditions) 

Operating Junction Temperature TJ -66 to +150 ·C 
Range 

Storage Temperature Range Tstg -65 to +175 ·c 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to ease 

'ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Min Ty. MOl< Unit 

Instantaneous Forward Voltage vF 1.2 1.5 Volts 
(iF s93Amp, TJ= 1SOOC) 

Forward Voltage 
(IF" 30 Amp, TC = 250 C) 

VF 1.1 1.4 Volts 

Reverse Current (rated de voltage) T C = 25l,JC 'R 10 25 .A 
TC = l00PC 0.5 1.0 mA 

"REVERSE RECOVERY CHARACTERISTICS 

Characteristic Symbol Min Ty. Ma. Unit 
Reverse Recovery Time t" 

(IF -1.0AmptoVR -30Vdc, Figure 16) 150 200 
I'FM '" 36 Amp, di/dt - 25 Alps, Figura 17) 200 400 

Reverse Recovery Current 'RMIREC) 
(IF;; 1.0 Amp to VR '" 30 Vdc, Figure 16) 

1.5 2.0 Amp 

-Indicates JEDEC Raui'tarad Data for 1N3909 Seria,. 
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IN3909 thru IN3913 
MR1396 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
30 AMPERES 

111-':1--1 TERMINAL 1 

K r,; /;0 I 

i I ~. c 
'-1- - \ t 
I J - P 

SEATING PLANE ~ = 1/4·28 UNF·2A 

~ TERMINAL"2 

MILLIMETERS INCHES 
DIM 

A 
8 
C 
0 
E 
F 
J 
K 
L 
p 
Q 
R 
S 

MIN MAX MIN 
- 10.07 -

16.94 17.45 0.669 
- 11.43 -

9.53 
1.91 5.08 0.115 

1.03 
10.71 11.51 0.411 
19.05 15.40 0.750 
3.96 - 0.156 
5.59 6.31 0.110 
3.56 4.45 0.140 

16.94 -
2.26 

CASE 42A·Ol 
DO.!; 

MAX 
0.790 
0.687 
0.450 
0.376 
0.100 
0.080 
0.453 
1.000 
-

0.149 
0.175 
0.667 
0.08 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically .. aled 

FINISH: All external surfaces corrosion 
resistant and teadily solderable 

POLARITY: Cathode to Case 

WEIGHT: 17 Grams IApproximately) 

MOUNTING TORQUE: 25 in·lbs max. 

II 



1 N3909 thru 1 N3913, MR1396 

FIGURE 1 - FORWARD VOLTAGE FIGURE 2 - MAXIMUM SURGE CAPABILITY 
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NUMBER OF CYCLES AT 60 Hz 

NOTE 1 

RiLPk Ppk 
DUTV CYCLE, 0 = tp/t) 

tp. PEAKPOWER,Ppk,ispeakofan 

1---,,-----1 TIME 

equillslentsquare power pulse. 

Todeterminemaximum junction temperature of the diode in a given situation, 
the foUowing procedure is recommended: 

The temperature of the case should be measured using a thermocoupl splaced 
on the case at the temperature reference point (see Note 31. The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respondtoheatsurgesgenerntedinthediodeasaresultofpulsedoperation once 
steady·stateconditionsareachieved. Using the measured value of TC, the junction 
templlfaturemaybedeterminedby: 

TJ"TC +lITJC 
wherellTJC is the increase injunction tempereturl! above the case temperature. 
It may be determined by: 

lITJC"Ppk 'R8JC [0+(1-01' r(q+tp)+r(tpl-r(q)] 
where 

rltl = normalized value of transient thermal resistance at time, t, from Figure 
3,Le.: 
r(tl-t"tp) = normalized value of transient thermal resistanca at time tl+tp. 

FIGURE 3 - THERMAL RESPONSE 
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1N3909 thru 1N3913, MR1396 

SINE WAVE INPUT 

FIGURE 4 - FORWARD POWER DISSIPATION 
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SQUARE WAVE INPUT 

FIGURE 5 - FORWARD POWER DISSIPATION 
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1 N3909 thru 1 N3913, MR1396 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME 
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1 N3909 thru 1 N3913, MR1396 

FIGURE 16 - REVERSE RECOVERY CIRCUIT 

115Vac 10k 
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UNDER TEST 

.-----+OJ A 
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INDUCTANCE ~ 38 ~H 

RZ - TEN-I W, 10 n. 1% CARBON CORE 
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FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 
RI 

RI • 50 Ohms TI 
R2' Z50 Ohms 
01 'IN4723 
02 'IN4001 
03' IN4933 

SCRI' MCR729-10 
CI' 0_5 to 50~F 
C2 ~ 4000"F 

IZO~VC T,z, 
SO Hz 

1:1 

LI '1.0 - 27"H 
Tl = Variac Adjusts I(PK) and di/dt 
TZ'I:I 
T3 = 1:1 /to trigger circuit) 

03 CI 
'IPK) ADJUST 

OZ 

01 

L1 
dildt ADJUST 

!lUI 

CURRENT 
VIEWING 
RESISTOR 

NOTE 2 

Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to 8 point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend­
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, VR = 30 V. In order to cover all circuit 
oonditions, curves are given for typical reoovered stored charge 
versus commutation dUdt for various levels of forward current 
and for junction tamperatures of 25°C. 75°C. 100Dc, and 
15o"C, 

To use these curves, it is necessary to know the forward 
current lavel just before commutation, the circuit commutation 
dildt, and the operating junction temperature. The reverse r. 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 
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di/dt 

'RM(REC)+-----'IL 

From stored charge curves versus di/dt, recovery time (trr) 
and peak reverse recovery current (I RM(REC» can be closely 
approximated using the following formulas: 

[ 0 ~ 1/2 
trr = 1,41 x _R_ 

di/dt 

IRMIREC) = 1.41 x [OR x di/dtJl/2 
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lN4007 
® MOTOROLA 

GENERAL-PURPOSE RECTIFIERS 

... subminiatura size, axial lead mounted rectifiers for general­
purpose low-power applications. 

"MAXIMUM RATINr.!! 

i 
N '" .. S .. 

i § § " § Ii 
Rating Symbol ~ ~ ~ ~ ~ ~ ~ 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000 
DC Blocking Voltage VR 

Non·Repetitive Peak Reverse Voltage VRSM 60 120 240 480 720 100( 1200 
(halfwave, single phase, 60 Hz) 

RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 

Average Rectified Forward Current 
(single phase, resistive load. 10 • 1.0 • 
60 Hz, see Figure 8, TA = 75°C) 

Non-Repetitive Peak Surge Current 
(surge applied at rated load IFSM • 30 (for 1 cvcle) . 
conditions, see Figure 21 

Operating and Storage Junction Tj,Tstg - -65 to +175 .. 
Temperature Range 

"ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions Symbol Typ MI' 

Maximum I nstantaneous Forward Voltage Drop vF 0.93 1.1 
(iF = 1.0 Amp. TJ = 2SoCI Figure 1 

Maximum Full-Cycle Average Forward Voltage Drop 
110 = 1.0 Amp. h = 7SOC. 1 inch leads) 

VFIAVI - 0.8 

Maximum Reverse Current (rated de voltage) IR 
TJ = 2SoC 0.06 10 
TJ'I000C 1.0 60 

Maximum Full-Cycle Average Reverse Current 
(10 = 1.0 Amp, TL = 75°C, 1 inch leads 

IR(AV) - 30 

-lndicatesJEOEC Registered Data. 

M::::HA.NICAL CHARACTERISTICS 

CASE: Transfer Molded Plastic 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

°e 

Unit 

Volts 

Volts 

~A 

.A 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 3500 C. 3/8" from 
case for to seconds at 5 Ibs. tension 
FINISH: All external surfaces are corrosion·resistant, leeds aro readily soIdorable 
POLARITY: Cathodo indicated bV color band 
WEIGHT: 0.40 Grams (approximately) 
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LEAD MOUNTED 
SILICON RECTIFIERS 

50·1000 VOL TS 
DIFFUSED JLJNCTION 

~ 

-101-e 

r= \-D 
K 

L =1 
1 
K 

~ 
NOTES, 

1. POLARITY OENOTED BY CATHODE 
BAND. 

2. LEAD DIAMETER NOT CONTROLLED 
WITHIN uF" DIMENSION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5.97 6.60 0.235 0.260 
B 2.79 3.05 0.110 0.120 
D 0.76 0.86 0.030 0.034 
K 27.94 - 1.100 -

CASE &9-04 

(Does not meet 00-41 outline) 



® MOTOROLA 

LEAD MOUNTED POWER RECTIFIERS 

... having low forward voltage drop and hermetic metal packages. 
High surge current capability and good thermal characteristics 
provide reliable operation . 

• ROJA = 30°C/W 

'MAXIMUM RATINGS (Both Package Types) TA = 25°C unless otherwise noted. 

Rating Symbol 1N4719 lN4720 1 N4721 

Peak Repetitive Reverse Voltage VRRM 50 100 200 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Nonrepetitive Peak Reverse Voltage VRSM 100 200 300 
(one half-wave, single phase. 
60 cycle peak) 

RMS Reverse Voltage VR(RMS) 35 70 140 

Average Rectified Forward Current 10 
(single phase. resistive load, 60 Hz, 
TA = 75°C) 

lN4719 thru lN4725 

lN4722 

400 

500 

280 

3.0 

SILICON RECTIFIERS 

3.0 AMPERES 
50-1 000 VOLTS 

DIFFUSED JUNCTION 

1 N4723 lN4724 1N4725 

600 800 1000 

720 1000 1200 

420 560 700 .. 

Unit 

Volts 

Volts 

Volts 

Amp 

Nonrepetitive Peak Surge Current IFSM • 300 (for 112 cycle) • Amp 
(superimposed on rated current 
at rated voltage. TA = 75°C) 

Operating and Case Temperature TJ. Tstg 

ELECTRICAL CHARACTERISTICS 

Characteristic 

*Instantaneous Forward Voltage 
(iF = 3.0 A. T J = 75°C. Half Wave Rectifier) 

*Full Cycle Average Reverse Current 
(10 = 3.0 Amps and Rated VR.TA = 75°C, 
Half Wave Rectifier) 

DC Reverse Current 
(Rated VR, TA = 25°C) 

*Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed construction 

.. 
Symbol 

vF 

IR(AV) 

IR 

FINISH: All external surfaces corrosion-resistant and leads readily solderable. 
POLARITY: CATHODE TO CASE 
MOUNTING POSITIONS: Any. 

3-33 

65 to +175 .. °C 

Max limit Unit 

Volts 
1.0 

mA 
1.5 

mA 
0.5 



1 N4719 thru 1 N4725 

OUTLINE DIMENSIONS 

i D 

K 

L 

II 
C 

K 

_I 

MI L LlMETE RS INCHES 
DIM MIN MAX MIN MAX 

A - 11.43 - 0.450 
B - 8.89 0.350 
C 7.62 - 0.300 
D 1.17 1.42 0.046 0.056 
K 24.89 0.980 

CASE 60·1 

3-34 



® MOTOROLA 

AXIAL-LEAD, FAST-RECOVERY RECTIFIERS 

. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer­
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 150 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 

Designer's Data for UWorst Case" Conditions 

The Designers Data Sheet permits the design of most circuits entirely from the 
information presented. Limit curves - representing device characteristics boundaries­
are given to facilitate "worst cass" design. 

'MAXIMUM RATINGS 

Rating Symbol lN4933 lN4934 lN4935 lN4936 lN4937 Unit 

Peak Repetitive Reverse Voltage VARM 50 lOa too 400 600 Volts 
Workrng Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Nonrepetitive Peak Reverse Voltage VRSM 75 ISO 250 450 650 Volts 
R MS Reverse Voltage VRIRMS) 35 70 140 280 420 Volts 

Average Rectified Forward Current '0 1.0 Amp 
(Single phase, resistive load, 
TA '" 75°C) 

Nonrepetltlve Peak Surge Current IFSM 30 Amps 
(Surge apPlied at rated load 
conditions) 

Operating Junction Temperature Range TJ -65to+150 °c 
Storage Temperature Range Tstg 4---- -65to+175 ----.. °c 

'THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 
(Typical Printed Circuit-Board Mounting) 

'ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min TVp Max Unit 

·'nstantaneous Forward Voltage vF 1.0 1.2 Volts 
(iF = 3.14 Amp, TJ = 1500 C) 

Forward Voltage VF 1.0 1.1 Volts 
OF = 1.0 Amp, TA = 25°C) 

·Reverse Current (Rated de Voltage) T A - 25°C 'R 1.0 5.0 "A 
TA=100oC 50 lOa 

'REVERSE RECOVERY CHARACTERISTICS 

Characteristic Symbol Min TVp M •• Unit 

Reverse Recovery Time 
(IF" 1.0 Amp to VR = 30 Vdc) (Figure 21) t" ISO 200 
(lFM'" 15Amp,di/dt == 1 OA/lls (Figure 22) 175 300 

Reverse Recoverv Current IRMIRECI 1.0 2.0 Amp 
(IF -1.0AmptoVR '" 30 Vdc) (Figure 21) 

• Indicates JEOEC Registered Data 

3-35 

lN4933 thru lN4937 

FAST RECOVERY 
RECTIFIERS 

NOTES: 

50-600 VOLTS 
1 AMPERE 

I 
K - 0 

L=3 
! 
K 

~ 
I. ALL RULES ANO NOTES ASSOCIATEO 

WITH JEDEC 00·41 OUTLINE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN "F" DIMENSION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5.97 6.60 0.235 0.260 
B 2.79 3.05 0.110 0.120 
D 0.76 0.86 0.030 0.034 
K 27.94 1.100 

CASE 59-04 

(Does not meet DO-41 outline) 

MECHANICAL CHARACTERISTICS 

CASE: Transfer Molded Plastic 

FINISH: External leads are readily solderable 

POLARITY: Cathode indicated by 
polarity band 

WEIGHT: 0.4 Gram (approximately) 
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1 N4933 thru 1 N4937 

MAXIMUM CURRENT RATINGS 
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NOTE 1 

FtJ[Pk Ppk . 
DUTY CYCLE, 0" tpltl 

tp PEAK POWER. Ppk, is peak of an 
equivalent square power pulse. 

~tl----J TIME 

To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 

The temperature of the ca. should be meMUred using a thermocouple placad 
on the case at the temperature reference point bee Note 31. The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respondlo heat surges generated in tha diode asa result of pulsed operation once 
steady-state conditions are achieved. Uling the measured valueol T C. the junction 
templlfature may be determined by: 

TJ=TC+ATJC 
where A T JC is the increase in junction temperature above the case temperature. 
It may be determined by: 

t:. TJC '" Ppk 'R8JC {O +(1- 0) . r{11 +tpl +r(tp)- r(ql! 
where 

r(t) '" normalized lIalueof transientthermalresistanceattime,t,fromF igure 
3, i.e.: 
r (t1 + tpl '" normalized value of transient thermal resistance at time It+tp. 

FIGURE 13 - THERMAL RES!STANCE 
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NOTE 2 

Data shown for thermal resistance junction·to-ambient I8JAJ for the 
mountings shown is to be used as typical guideline values for preliminary 
engineering or in ca. the tie point temperature cannot be measured. 

TYPICAL VALUES FOR 8JA IN STILL AIR 

MOUNTING METHOD I 
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Vector pin mounting 

MOUNTING METHOD 3 

P. C. Board with 
1·1/2" x 1·1/2" COPPBf .. rfaee 
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Plane 

FIGURE 14 - THERMAL CIRCUIT MODEL 
(For Heat Conduction Through The Leads) 

Use of the above model permits junction to lead thermal resistance for any 
mounting configuration to be found. For a given total lead length, lowest values 
occur when one side of the rectifier is brought as close as possible to the heat 
sink. Terms in the model signify: 

3-38 

TA '" Ambient Temperature A6S -Thermal Resistance, Heat Sink to Ambient 
TL = Leed Temperature R6L'" ThermalResistance,laadto Heat: Sink 
TC - Case Temperature R6J '" Thermal Resistance,Junction toCate 
T J '" Junction Temperature PO" Power Oiaipation 
ISubscriptsA and K refer to anode and cathode sides respectively.) 
Values for thermal resistance components are: 
R6l '" 11~CIW/IN. Typically and 12SOCIW/IN Maximum 
R8J ;;; 1SOCIW Typically and 3rPCIW Maximum 

The maximum lead temperature may be calculated as follows: 
Tl'" 1500 -aTJL 

loT Jl can be calculated as shown in NOTE 1 or it may be approximBted 
• follows: 

aT Jl ::tI: A6JL • PF; PF may be formulated for sine-wave operation from 
Figure 3 or from Figure 4 for square·wave operation. 



1 N4933 thru 1 N4937 

TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 18 - TJ = 75°C 
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1 N4933 thru 1 N4937 

RECOVERY TIME 

FIGURE 21 - REVERSE RECOVERY 
CIRCUIT 
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NOTE 3 

Reverse recovery time is the period which elapses from the 
time thet the current. thru a previously forward biased rectifier 
diode. passes thru zero going negatively until the reverse current 
recovers to a point which is less than, 10% peak reverse currant. 

Reverse recovery time i. a direct function of tha forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend· 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF - 1.0 A, VR '" 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 250 C, 750 C. 1000C, and 
'5o"C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse reo 
covery t8st current waveform for all Motorola fast recovery 
rectifiers is shown. 

From stored charge curves versus dUdt, recovery time Itrr) 
and peak reverse recovery current (iRM(REC)) can ba closely 
approximated using the following formul8S: 

[a] 1/2 
trr'" 1.41 x di/:t 

JRMIAECI = 1.41 x [QR x dl/dt] 112 

FIGURE 24 - NORMALIZEO REVERSE CURRENT 
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® MOTOROLA 

Designers Data Sheet 

"SURMETIC" RECTIFIERS 

... subminiature size, axial lead-mounted rectifiers for general· 
purpose, low·power applications. 

Designers Data for ·'Worst Case·' Conditions 

The Designers Data Sheets permit the design of most circuits entirely 
from the information presented. Limits curves-representing boundaries on 
device characteristics-are given to facilitate "worst-case" design. 

*MAXIMUM RATINGS 

~ 
N .. 

~ " I I lI! lI! lI! 
III III III III III III III 

Rating Symbol Z Z Z ~ ~ ~ Z 
~ ~ ~ ~ 

Peak Repetitive Reverse Voltage VRRM 50 100 200 400 600 BOO 1000 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Nonrepetitive Peak Reverse Voltage VRSM 100 200 300 525 BOO 1000 1200 
(Hallwave, Single Pha.e, 60 Hz) 

RMS Reverse Voltage VR(RMS) 35 70 140 2BO 420 560 700 

Average Rectified Forward Current 10 . 1.5 • 
(Single Phase, Resistive Load, 
60 Hz, T L = 70°C, 
1/2" From Body) 

Nonrepetitive Peak Surge Current IFSM - 50 (lor 1 cycle)_ 
(Surge Appl ied at Rated Load 
Conditions, See Figure 2) 

Storage Temperature Range Tstg _-65to+175 . 
Operating Temperature Range TL _-65to+170 • 
DC Blocking Voltage Temperature TL . 150 . 
*ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions Symbol Typ Max 

Maximum Instantaneous Forward Voltage Drop vF - 1.4 
(iF = 4.7 Amp Paak, TL ~ 170°C, 
1/2 Inch Lead.) 

Maximum Reverse Current (Rated de Voltage) IR 250 300 
(TL = 150°C) 

Maximum Full-Cycle Average Reverse Current (1 t IR(AV) - 300 
(10 = 1.5Amp, TL = 70°C, 1/2 Inch Leads) 

"Indicates JEDEC Registered Data. 

Unit 

Volts 

Volt. 

Volts 

Amp 

Amp 

°c 

°c 

°c 

Unit 

Volt. 

I'A 

IlA 

NOTE1: Measured in a single-phase, halfwave circuit such as shown in Figure 6.25 of EIA 
RS·2B2, November 1963. Operated at rated load conditions 10 = 1.5 A, V r = VRWM, 
TL = 70°C. 

MECHANICAL CHARACTERISTICS 

CASE: Transfer molded plas1ic 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 240°C, 

118" from case for 10 seconds at Sibs. tension 

FINISH: All external surfaces are corrosion-resistant, leads are readily 
solderable 

POLARITY: Cathode indicated by color band 

WEIGHT: 0.40 grams (approximately) 

3-41 

INS391 
thru 

INS399 

LEAD-MOUNTED 
SILICON RECTIFIERS 

50-1000 VOLTS 
DIFFUSED JUNCTION 

NOTES: 

I 
K - 0 

L=3 
I 
K 

~ 
1. ALL RULES AND NOTES ASSOCIATED 

WITH JEOEC 00·41 OUTLINE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN "F" DIMENSION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5.97 6.60 0.235 0.260 
B 2.79 3.05 0.110 0.120 
0 0.76 0.86 0.030 0.034 
K 27.94 1.100 

CASE 59·04 

Dimensions Within JEDEC 00·15 Outline. 

II 
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The temperature of the lead should be measured using a thermocouple placed 
on the lead as close as possible to the tie point. The thermal mass connected to 
the tie point is normally large enough so that il will not significantly respond to 
heat surges generated in the diode as a result of pulsed operation once steady-

state conditions are achieved. Using the measured value of T l, the junction 
temperature may be determined by: 

TJ~Tc+6TJl' 
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FIGURE 5 - FORWARD POWER DISSIPATION 
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FIGURE 6 - EFFECT OF LEAD LENGTHS, RESISTIVE LOAD 
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NOTE 1 
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1 N5391 thru 1 N5399 

FIGURE 10 - FORWARD RECOVERY TIME 
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FIGURE 12 - JUNCTION CAPACITANCE 

100 

70 
50 TJ= 25°C 

30 
~ 
~ 

20 
'" u 
z « 

10 .... 
U 

I--- lN539117 

:-t---I.. -- lN539217 

1~ r-.... 
~ 

7.0 
5.0 

u' 

3.0 

2.0 

1.0 0.1 0.2 0.5 1.0 2.0 5.0 10 20 56 100 

1.0 

0.7 

~ 0.5 
t; 
:t 
~ 0.3 
U 

$ 0.2 
o· 

O. 1 

VR. REVERSE VOLTAGE (VOLTS) 

FIGURE 14 - RECTIFICATION WAVEFORM 
EFFICIENCY FOR SQUARE WAVE 

DATA NORMALIZED lN539117 t-
TO 1.0 kHz VALUE ~ 

1'< 
1 1 1 1 lN5398/9 

MEASURED DATA ~ .... t::::-.... /'.I? t'-.. H I I I TJ=250C'~"~ '. t--
- - - TJ=17OoC i"~ <" ~ t I I I I I I lN539117 [<:t<: t--:.' 

:~ ~R'I { ~" t' 
I I I I I III I 

~ t-... alsquare) = IV2m/2R LIIIV2m/R Ll '~53~81 
2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

REPETITION FREQUENCY (kHz) 

..., 

.3 

:E 
'" ffi 
> 

~ 
'" ~ <r 

'" ~ 
S 

<r 
Q 

t; 
:t 
>-u 
~ 
U 

~ 
o· 

FIGURE 11 - REVERSE RECOVERY TIME 

20 

10 

7.0 

'" II r" I 

"" 
I ...... 

r---.... I'N5198}9' 
0 

I- t-ta ["0, 

5.0 

3.0 

t--t- lN5391h' TJ=250C ......... 0.1 < IF < 1.0 Amp 

"'" 
I ...... ~ 

2.0 
r--. i"'-, "- !"... 

"-
i' 

1.0 
0.1 0.2 0.3 0.5 OJ 1.0 2.0 3.0 5.0 7.0 10 

1.0 

OJ 

0.5 

0.3 

0.2 

0.1 

IR/IF. DRIVE CURRENT RATIO 

FIGURE 13 - RECTIFICATION WAVEFORM 
EFFICIENCY FOR SINE WAVE 

DATA NORMALIZED TO 
1.0 kHz VALUE 

'L""! 
lN539117 

J1Ll =---
I!:!; 

1 1 1 1 
MEASURED DATA lN5398/9 • :-.." 

l J JJ TJ=25~C'" ~~ I": 1", ..... ~ b.. ~ r-- __ -TJ=170oC 

lN539,h~ ~~ 
.... 

I I I I II II :c9 .IR'~ { '" ~ I' 
I I I I I III 

'lj8/j ~ ~ asine = (V2 m/.2 R Ll/{V2m/4R L) 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

REPETITION FREQUENCY (kHz) 

RECTIFIER EFFICIENCY NOTE 

The rectification efficiency factor a shown in Figures 13 and 14 
was calculated using the formula: 

V20 1dc) 

Pdc (1=--= 
Prms 

RL • 100% = V201dc) • 100% 11) 

V20 1rms) V201ac) + V201dC) 

RL 
For a sine wave input V msin (wt) to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes 40%; for a 
square wave input of .nplitude Vm• the efficiency factor becomes 
50%. IA full wave circuit has twice these efficiencies). 

As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 11) becomes significant, result~ 
ing in an increasing ac voltage component across R L wh ich is 
opposite in polarity to the forward current therebv reducing the 
value of the efficiency factor (1, as shown in Figures 13 and 14. 

It should be emphasized that Figures 13 and 14 show wave­
form efficiencv onlV; they do not account for diode losses. Data 
was obtained by measuring the ac component of Vo with a true 
rml voltmeter and the de component with a de voltmeter. The 
data was used in Equation 1 to obtain points for the Figures. 
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® MOTOROLA 

LEAD MOUNTED 
STANDARD RECOVERY RECTIFIERS 

· .. designed for use in power supplies and other applications having 
need of a device with the following features: 

• High Current to Small Size 

• High Surge Current Capability 

• Low Forward Voltage Drop 

• Economical Plastic Package 

• Available in Volume Quantities 

MAXIMUM RATINGS 

! i ~ I I Rodng Symbol ~ ~ ~ 

Peak Repetitive Reverse Voltage VRRM 50 100 200 400 600 
Working Peak Reverse VRWM 

Voltage 
DC Blocking Voltage VR 

Nonrepetltive Peak Reverse VRSM 100 200 300 525 800 
Voltage 

Average Rectified Forward 10 . 3.0 . 
Current 
(Single Phase Resistive Load, 
(1/2" Leads, TL - 105°CI 

Nonrepetitiv8 Peak Surge IFSM ~ 200 (one cycle) ~ 
Current (Surge Applied at 
Rated load Conditionsl 

Operating and Storage JUnction TJ, Tstg ~-65to+175-
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 
(PC Board Mount, 1/2" Leads) 

*ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

Instantaneous Forward Voltage (1) vF 
(iF - 9.4 Amp) 

Average Reverse Current (1) IR(AV) 
DC Reverse Current IR 

(Rated dc Voltage, TL = 150°C) 

*JEDEC Registered Data. 

Min Typ Max 

- - 1.2 

- - 500 
- - 500 

Unit 

Volts 

Volts 

Amp 

Amp 

OC 

Unit 

Volts 

IlA 

(1) Measured in a single~phase half-wave circuit such as shown in Figure 6.25 of ErA RS-282, 
November 1963. Operated at rated load conditions TL =1050 C, 10=3.0 A, Vr=VRWM. 
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IN5400 
thru 

IN5406 

STANDARD 
RECOVERY RECTIFIERS 

50-1000 VOLTS 
3AMPERE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 9.40 9.65 0.370 0.380 
B 4.83 5.33 0.190 0.210 
D 1.22 1.32 0.048 0.052 
K 26.97 27.2 1.062 1.072 

CASE 267·01 

MECHANICAL CHARACTERISTICS 

ca .. : Transfer Molded Plastic 
Flnl8h: External Leeds are Plated, 

Lead. are readily Solderabla 
PoIartty: Indicated by Cathode Band 
Weight: 1.1 Grams (Approximately) 
Maximum lead Temperature for 
Soldertng Purposea: 

240°C, ltr from case for 10 • 
at 5.0 lb. tension 

II 
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NOTE 1 - AMBIENT MOUNTING DATA 

Data shown for thermal resistance junction-to-ambient (R8JAl 
10r the mounting' shown is to be used as tvpical guideline values 
for preUminarv engineering or in case the tie point temperature 
cannot be measured. 

TYPICAL VALUES FOR ROJAIN STILL AIR 

MOUNTING LEAD LENGTH, L (IN) 
METHOD 1/8 1/4 1/2 3/4 AoJA 

1 50 5 53 55 °CIW 
2 58 61 W 
3 28 CIW 

MOUNTING METHOD 1 

p.e. Board Where Available Copper 
Surface area is small. 

MOUNTING METHOD 3 

P.C. Board with 

.. -

3.2 

lI/I~/I,I 
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1-1/2")( 1-1/2" Copper Surface 
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® MOTOROLA 

AXIAL LEAD RECTIFIERS 

· .. employing the Schottky Barrier principle in a large area metal·to· 

silicon power diode. State·of·the·art geometry features epitaxial 

construction with oxide passivation and metal overlap contact. 

Ideally suited for use as rectifiers in low·voltage, high·frequency 

inverters, free wheeling diodes, and polarity protection diodes. 

• Extremely Low VF 
• Low Stored Charge, Majority Carrier Conduction 

• Low Power Loss/High Efficiency 

"MAXIMUM RATINGS 
0.. 0.. 0.. 0.. 

~ .... :;: 110:; O"I~ 
0: coiC com: co a: 
III "'Ill "'Ill "'Ill 

Rating Symbol ::. ;!:::. ;!:::. ;!:::. 
Peak Repetitive Reverse Voltage VRRM 15 20 30 40 

Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 15 24 36 48 

RMS Reverse Voltage VRIRMSI 10 14 21 28 
Average Rectified Forward Current (2) 10 .. 1.0 . 

IVRlequivl'; 0.2 VRldcl, 
TL = 90oC, 
RaJA = 80oC/W, P.C. Board 
Mounting, see Note 2, TA = 5SoC) 

Ambient Temperature TA 90 85 80 75 
IRated VRldcl. PFIAVI = 0, 

RaJA = 800 C/W I 
Non-Repetitive Peak Surge Current IFSM ~ 25 (for one cycle) ~ 

(Surge applied at rated load 
conditions, half-wave, single phase 
60 Hz, TL = 700CI 

Operating and Storage Junction TJ. Tstg ~-65to+125 ~ 

Temperature Range 
(Reverse Voltage applied) 

Peak Operating Junction Temperature TJlpkl • 150 . 
(Forward Current applied) 

"THERMAL CHARACTERISTICS INote 21 
Characteristic 

Thermal Resistance, Junction to Ambient 

"ELECTRICAL CHARACTERISTICS ITL = 250 C unless otherwise noted I 121 

.... 110 .. 0..0..0.. 0.. 
"'00 ~ Iii ~ Iii _NM 

'" '" ;:ct~ 0: 
;!: ;!: ;!: III III III III 

Characteristic Symbol :0::'::' ::. 
Maximum Instantaneous Forward vF 

Forward Voltage (1) 

liF =0.1 AI 0.320 0.330 0.340 0.350 0.350 
(iF = 1.0 AI 0.450 0.550 0.600 0.550 0.600 
liF = 3.0AI 0.750 0.875 0.900 0.850 0.900 

Maximum Instantaneous Reverse iR 
Current@RateddcVoltage (1) 

Ih = 250 CI 1.0 1.0 1.0 1.0 1.0 
ITL = l000 C) 10 10 10 10 10 

(1) Pulse Test: Pulse Width - 300 J.lS, Duty Cycle = 2.0%. 
(2) Lead Temperature reference is cathode lead 1/32" from case. 
*Indicates JEDEC Registered Data for 1N5817-19. 
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Unit 

V 

V 

V 

A 

°c 

A 

°c 

°c 

Unit 

V 

mA 

IN5817 
IN5818 

MBR115P 
MBR120P 

IN5819 MBR130P 
MBRI40P 

SCHOTTKY BARRIER 
RECTIFIERS 

OIM 
A 
B 
0 
K 

1 AMPERE 
15,20,30,40 VOLTS 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
5.97 6.60 0.235 0.260 
2.79 3.05 0.110 0.120 
0.76 0.86 0.030 0.034 

27.94 - 1.100 

CASE 59·04 

MECHANICAL CHARACTERISTICS 

CASE. . . . . . . .. Transfer molded plastic 

FINISH ............ AII external surfaces 

corrosion-resistant and the terminal 

leads are readily solderable 

POLARITY ........ Cathode indicated by 
polarity band 

MOUNTING POSITIONS .......... Any 

SOLDERING ......... 220oC 1/16" from 
case for ten seconds 



1N5817, 1N5818, 1N5819, MBR115p, MBR120P, MBR130P, MBR140P 

NOTE 1 - DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibilit\, of thermal 
runaway must be considered when operating this rectifier at 
reverse voltages above 0.1 VRWM. Proper derating may be accom­
plished by use of equation (1)' 

TA(max) = T J(max) - ReJAPF(AV) - ROJAPAIAV) (1) 

where T A (max) = Maximum allowable ambient temperature 
T J(max) = Maximum allowable junction temperature 

(1250 C or the temperature at which thermal 
runaway occurs, whichever is lowest) 

PF(AV) = Average forward power dissipation 
PR(AV) = Average reverse power dissipation 

R8JA = Junction-to.oambient thermal resistance 

Figures 1,2, and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2). 

slope in the vicinity of 115°C. The data of Figures 1, 2, and 3 is 
based upon de conditions. For use in common rectifier circuits, 
Table 1 indicates suggested factors for an equivalent de voltage 
to use for conservative design, that is: 

VR(equiv) = Vin(PK) X F (4) 

The factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

EXAMPLE: Find TA(max) for 1 N5818 operated in a 12-volt 
de supply using a bridge circuit with capacitive filter such that 
IDC = 0.4 A (IF(AV) = 0.5 A). I(FM)/I(AV) = 10. Input Voltage 
= 10 V(rms). ROJA = 80oCIW. 

Step 1. Find VA(equiv). Read F = 0.65 from Table 1. 
:. VR(equiv) = (1.41 )(10)(0.65) = 9.2 V. 

Step 2. Find TR from Figure 2. Read TA = 109°C 
@ VR = 9.2 V and ROJA = 80oC/W. 

Step 3. Find PF(AV) from Figure 4. ··Read PF(AV) = 0.5 W 
TR = TJ(max) - ROJAPR(AV) (2) I(FM) 

Substituting equation (2) into aquation (1) yields: @ I(AV) = 10 and IF (AV) = 0.5 A. 

TA(max) = TR - ROJAPF(AV) (3) Step 4. Find TA(max) from equation (3), 
I n,pection of equation, (2) and (3) reveal, that TR is the T A (max) = 109 - (80) (0.5) = 69°C. 

ambient temperature at which thermal runaway occurs or where **Values given are for the 1N5818. Power is slightly lower for the 
T J = 12SoC, when forward power is zero. The transition from one 1 N5817 because of its lower forward voltage, and higher for the 
boundary condition to the other is evident on the curves of 1 N5819. Variations will be similar for the MBA-prefix devices, 
Figures 1,2, and 3 as a difference in the rate of change of the using PF(AV) from Figure 7. 

TABLE 1 - VALUES FOR FACTOR F 

Circuit Full Wave, Full Wave. 
Half Wave Bridge Center Tapped*t 

Load Resistive 1 Capacitive* Resistive I Capacitive Resistive I Capacitive 

Sine Wave 0.5 I 1.3 0.5 I 0.65 1.0 I 1.3 

Square Wave 0.75 I 1.5 0.75 I 0.75 1.5 I 1.5 

*Note. that VR(PK) 1'::: 2.0 Vin(PK)' tUse line to center tap voltage for Vin' 
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1N5817, 1N5818, 1N5819, MBR115P, MBR120P, MBR130P, MBR140P 

THERMAL CHARACTERISTICS 

FIGURE 5 - THERMAL RESPONSE 
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NOTE 2 - MOUNTING DATA 

Dat8 shown for thermal resistance junction-to-ambient (Rf'JA) 
for the mountings shown is to be used as typical guideline values 
for preliminary engineering, or in case the tie point temperature 
cannot be measured. 

TYPICAL VALUES FOR R8JA IN STILL AIR 

Mounting Lead Length, L lin) 

Method 1/8 1/4 I 1/2 I 3/4 R8JA 

1 52 65 I 72 I 85 °C/W 

2 67 80 I 87 I 100 °CIW 

3 50 °C/W 

Mounting Method 1 
P ,C, Board with 

1-1/2" X 1-1/2" 
copper surface. 

Mounting Method 3 
P .C. Board with 
1·1/2" X H/2" 
copper surface. 

Mounting Method 2 

Board Ground 

Plane 

Vector Pin Mounting 

NOTE 3 - THERMAL CIRCUIT MODEL 
(For heat conduction through the leads) 

Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. For a given 
total lead length, lowest values occur when one side of the rectifier 
is brought as close as possible to the heat sink. Terms in the model 
signify: 
TA = Ambient Temperature TC = Case Temperature 
TL = Lead Temperature T J = Junction Temperature 
R6S = Thermal Resistance, Heat Sink to Ambient 
R6 L = Thermal Resistance, Lead to Heat Sink 
R6J = Thermal Resistance, Junction to Case 
Po = Power Dissipation 
(Subscripts A and K refer to anode and cathode sides, respec­
tively.) Values for thermal resistance components are: 

RO L = 1 OOoCIW/in typically and 1200 C/W/in maximum 
R8J = 3SoC/W typically and 460 C/W maximum. 

II 
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1N5817, 1N5818, 1N5819, MBR115p, MBR120P, MBR130p, MBR140P 

FIGURE 8 - TYPICAL FORWARD VOLTAGE 
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NOTE 4 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of 
majority carrier conduction, it is not subject to jucntion diode 
forward and reverse recovery transients due to minority carrier 
injection and stored charge. Satisfactory circuit analysis work 
may be performed by using a model consisting of an ideal diode in 
parallel with a variable capacitance. (See Figure 11.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordin~ry 
junction diodes, the loss in waveform efficiency is not indicative 
of power loss: it is simply a result of reverse current flow through 
the diode capactiance, which lowers the dc output voltage. 
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De~i~'llPI'~ Data ~heet 

AXIAL LEAD'RECTIFIERS 

· .. employing the Schottky Barrier principle in a large area metal·to·silicon 
power diode. State-of-the-art geometry features epitaxial construction with 
oxide passivation and metal overlap contact. Ideally suited for use as rectifiers 
in low·voltage, high·frequency inverters, free wheeling diodes, and polarity 
protection diodes. 

• Extremely Low vF • Low Stored Charge, Majority 

• Low Power Loss/High Efficiency Carrier Conduction 

Designer's Data for Worst-Case Conditions 
The Designers Data sheets permit the design of most circuits entirely from the informa-

tion presented. Limit curves-representing boundaries on device characteristics-are given 
to facilitate worst-case design. 

"MAXIMUM RATINGS 
1N5820 1N5821 1N5822 

Rating Symbol MBR320P MBR330P MBR340P Unit 

Peak Repetitive Reverse Voltage VRRM 20 30 40 V 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 24 36 48 V 

RMS Reverse Voltage VRIRMS) 14 21 28 V 

Average Rectified Forward Current(2) 10 .. 3.0 . A 
VRlequiv) .. 0.2 VRldc), TL = 95°C 

IROJA = 28oC/W, P.C. Board 
Mounting, see Note 2) 

Ambient Temperature TA 90 85 80 °c 
Rated VRldc), PFIAV) = 0 
ROJA = 280 C/W 

Non-Repetitive Peak Surge Current IFSM ~80 (for one cycle)~ A 
{Surge applied at rated load condi-
tions, half wave, single phase 60 Hz, 
TL = 75°C) 

Operating and Storage Junction TJ, Tstg - 65to+125 ~ C 
Temperature Range (Reverse 
Voltage applied) 

Peak Operating Junction Temperature TJlpk) .. 150 . °c 
(Forward Current Applied) 

"THERMAL CHARACTERISTICS INote 2) 

I Characteristic I Symbol I Max I Unit I 

I Thermal Resistance, Junction to Ambient I ROJA I 28 IOC/W I 

"ELECTRICAL CHARACTERISTICS ITL = 25°C unless otherwise noted) (2) 

Characteristic Symbol lN5820 lN5821 lN5822 MBR .. ·P Unit 

Maximum Instantaneous vF V 
Forward Voltage (1) 

!iF = 1.0 Amp) 0.370 0.380 0.390 0.400 
!iF = 3.0 Amp) 0.475 0.500 0.525 0.550 
!iF = 9.4 Amp) 0.850 0.900 0.950 0.950 

Maximum Instantaneous iR mA 
Reverse Current @ Rated 
dc Voltage (1) 

TL = 25°C 2.0 2.0 2.C 2.0 
TL = 100°C 20 20 20 20 

(1) Pulse Test: Pulse Width'" 300 lAS, Duty Cycle'" 2.0%. 
(2) Lead Temperature reference is cathode lead 1/32" from case. 
*Indicates JEDEC Registered Data for 1 N5820-22. 
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lN5820 
lN5821 
lN5822 

MBR320P 
MBR330P 
MBR340P 

SCHOTTKY BARRIER 
RECTIFIERS 

DIM 

A 
B 
0 
K 

3.0 AMPERES 
20, 30, 40 VOLTS 

ejB 
110 

011 

# 
L02 

MILLIMETERS INCHES 
MIN MAX. MIN MAX 

9.40 9.65 0.370 0.380 
4.83 5.33 0.190 0.210 
1.22 1.32 0.048 0.052 

26.97 27.23 1.062 1.072 

CASE 267·01 

MECHANICAL CHARACTERISTICS 

CASE ... Transfer molded plastic 

FINISH ............ AII external surfaces 
corrosion-resistant and the terminal 

leads are readily solderable 

POLARITY ........ Cathode indicated by 
polarity band 

MOUNTING POSITIONS .......... Any 

SOLDERING ...... 220°C 1/16" from case 
for ten seconds 

II 
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1 N5820, 1 N5821, 1 N5822, MBR320p, MBR330P, MBR340P 

NOTE 1 - DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal 
runaway must be considered when operating this rectifier at 
reverse voltages above 0.1 VRWM. Proper derating may be accom­
plished by use of equation (1). 

TAlmax) = TJlmax) - ReJAPFIAV) - ReJAPRIAV) 
where TA(max) == Maximum allowable ambient temperature 

TJ(max) "" Maximum allowable junction temperature 
(12SoC or the temperature at which thert;nal 
runaway occurs, whichever is lowest) 

PF(AV) "" Average forward power dissipation 
PR(AV) "" Average reverse power dissipation 

R8JA "" Junction-to-ambient thermal resistance 

Figures 1, 2, and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2). 

slope in the vicinity of 11SoC. The data of Figures 1,2, and 3 is 
based upon dc conditions. For use in common rectifier circuits, 
Table 1 indicates suggested factors for an equivalent dc voltage 
to use for conservative design, that is: 

VRlequiv) = VIFM) X F 14) 

The factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

EXAMPLE: Find T A(max) for 1 N5821 operated in a 12·volt 
dc supply using a bridge circuit with capacitive filter such that 
IOC = 2.0 A !IF(AV) = 1.0 A), I(FM)/I(AV) = 10,Input Voltage 
= 10 V(rms), ReJA = 4QoCIW. 

Step 1. Find VR(equiv)' Read F = 0.65 from Table 1, 
:. VR(equiv) = (1.41)(10)(0.65) = 9.2 V. 

Step 2. Find TR from Figure 2. Read TR = 108°C 
@ VR = 9.2 V and ReJA = 4QoCIW. 

Step 3. Find PF(AV) from Figure 6. ""Read PF(AV) = 0.85 W 
TR =TJ(max) -ROJAPR(AV) (2) IIFM) 

Substituting equation (2) into equation (1) yields: @ IIAV) = 10 and IF(AV) = 1.0 A. 

TAlmax) = TR - ReJAPFIAV) (3) Step 4. Find TAlmax) from equation 13). 

Inspection of equations (2) and 13) reveals that TR is the TAlmax) = 108 -10.85) 140) = 74°C. 
ambient temperature at which thermal runaway occurs or where **Values given are for the 1 N5821. Power is slightly lower for the 
T J ;;::: 12SoC, when forward power is zero. The transition from one 1 N5820 because of its lower forward voltage, and higher for the 
boundary condition to the other is evident on the curves of 1 N5822. Variations will be similar for the MBR-prefix devices, 
Figures 1, 2, and 3 as a difference in the rate of change of the using PF(AV) from Figure 7. 

TABLE 1 - VALUES FOR FACTOR F 

Circuit Full Wave, Full Wave, 
Half Wave Bridge Center Tapped*t 

Load Resistive I Capacitive* Resistive I Capacitive Resistive I Capacitive 

Sine Wave 0.5 I 1.3 0.5 I 0.65 1.0 I 1.3 

Square Wave 0.75 J 1.5 0.75 I 0.75 1.5 l 1.5 

*Note that VR(PK) ~ 2.0 Vin(PK)' tUse line to center tap voltage for Vin. 
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1 N5820, 1 N5821, 1 N5822, MBR320P, MBR330p, MBR340P 

FIGURE 5 - THERMAL RESPONSE 
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NOTE 2 - MOUNTING DATA 

Data shown for thermal resistance junction-to-ambient (AeJAI 
for the mountings shown is to be used as typical guideline values 
for preliminary engineering, or in case the tie point temperature 
cannot be measured. 

TYPICAL VALUES FOR R8JA IN STILL AIR 

Mounting Lead Length, L lin) 

Method 1/8 1/" 1/2 3/4 R8JA 
1 50 51 53 55 °CIW 

58 59 61 83 °CIW 

28 °C/W 

50 

nected to the tie point is normally large enough 1= so that it will not significantly respond to heat ~ surges generated in the diode as a result of pulsed 
operation once steady-state conditions are achieved. r-
Using the measured value of Tl, the junction tern- r-
perature may be determined by: r-

TJ=TL +IITJL 
II II I 1 I I 1 IIIII 

100 200 500 1.0k 2.0 k 5.0 k 10k 20k 
I. TlMElm~ 

NOTE 3 - APPROXIMATE THERMAL CIRCUIT MODEL 

Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. For a given 
total lead length, lowest values occur when one side of the rectifier 
is brought as close as possible to the heat sink. Terms in the model 
signify: 
TA = Ambient Temperature TC = Case Temperature 
TL = Lead Temperature T J = Junction Temperature 
Res = Thermal Resistance, Heat Sink to Ambient 
Re L = Thermal Resistance, Lead to Heat Sink 
R8J = Thermal Resistance, Junction to Case 
PD = Total Power Dissipation = PF + PR 
PF = Forward Power Dissipation 
PR = Reverse Power Dissipation 
(Subscripts (AI and (KI refer to anode and cathode sides, respec­
tively.) Values for thermal resistance components are: 
Re L = 420 C/W/in typically and 4SoC/W/in maximum 
ReJ = lOoC/W typically and 160 C/W maximum 

The maximum lead temperature may be found as follows: 

TL = TJlmax) - t.TJL 

where t. T JL '" ReJL • Po 

Mounting Method 1 
P.C. Board where 

available copper surface 

is small. 
Mounting Method 3 

P .C. Board with 
with 2-1/2" X 2-1/2" 

copper surface. 

~
L=1/2" 

Mounting Method 2 q: 
Vector Push-'n . JII 
Terminals T-28 

~ Board Ground P'ane 
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1 N5820, 1 N5821, 1 N5822, MBR320p, MBR330P, MBR340P 

FIGURE 8 - TYPICAL FORWARD VOLTAGE 
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FIGURE 11 - TYPICAL CAPACITANCE 
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FIGURE 9 - MAXIMUM NON-REPETITIVE SURGE CURRENT 
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NOTE 4 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of 
majority carrier conduction, it is not subject to junction diode 
forward and reverse recovery transients due to minority carrier 
injection and stored charge. Satisfactory circuit analysis work 
may be performed by using a model consisting of an ideal diode 
in parallel with a variable capacitance. (See Figure 11.1 
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® MOTOROLA 

Designers Data Sheet 

HOT CARRIER POWER RECTIFIERS 
· .. employing the Schottky Barrier principle in a large area metal-
to-silicon power diode. State-of-the-art geometry features epitaxial 
construction with oxide passivation and metal overlap contact. 
Ideally suited for use as rectifiers in low-voltage, high-frequency 
inverters, free-wheeling diodes, and polarity-protection diodes. 

• Extremely Low vF • High Surge Capacity 

• Low Stored Charge, Majority • TX Version Available 
Carrier Conduction 

• Low Power Loss/ High Efficiency 

Designer's Data for ~'Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves - representing boundaries on 
device characteristics - are given to facilitate "worst case" design. 

"MAXIMUM RATINGS 

Rating Symbol 1N5823 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 
DC Blocking Voltage VR 

Non~Repet;tjve Peak Reverse Voltage VRSM 24 

RMS Reverse Voltage VR(RMS) 14 

Average Rectified Forward Current 10 
VR(equiv)'; 0.2 VR (dc), TC = 75°C .. 
VR(equiv)'; 0.2 VR (dc), TL = 80°C .. 
R6JA = 25°C/W, P.C. Board 
Mounting, See Note 3) 

Ambient Temperature TA 
Rated VR (dc), PF(AV) = 0 65 
R6JA = 25°C/W 

Non-Repetitivel Peak Surge Current IFSM 
(Surge applied at rated load conditions, 
hallwave, single phase 60 Hz) 

Operating and Storage Junction Temperature Range TJ, Tstg .. 
(Reverse Voltage applied) 

Peak Operating Junction Temperature TJ(pk) . 
(Forward Current Applied) 

"THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

"ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol 1 N5823 

Maximum Instantaneous Forward Voltage (1) vF 
(iF = 3.0 Amp) 0.330 
(iF = 5.0 Amp) 0.360 
(iF = 15.7 Amp) 0.470 

Maximum Instantaneous Reverse Current iR 
@ rated dc Voltage 
TC = 25°C 10 
TC=100oC 75 

", 

IN5823,lN5824 
IN5825 

MBRS82S,H, H1 

SCHOTTKY BARRIER 
RECTIFIERS 

1 N5824 

30 

36 

21 

15 

5.0 

60 

5 AMPERE 
20.30.40 VOLTS 

1N5825 
M8R5825H, H1 

40 

48 

28 

. . 
55 

500 (lor 1 cycle) • 

-65 to +125 . 
150 . 

Max Unit 

3.0 °C/W 

lN5825 
1 N5824 MBR5825H, HI 

Unit 

Volts 

Volts 

Volts 

Amp 

°c 

Amp 

°c 

°c 

Unit 

Volts 
0.340 0.350 
0.370 0.380 
0.490 0.520 

mA 

10 10 
75 75 

(1) Pulse Test: Pulse W,dth = 300 "s, Duty Cycle = 2.0% 'Ind,cates JEOEC RegIstered Data for 1 N5823-1 N5825 

3-55 

II 



II 

1 N5823, 1 N5824, 1 N5825, MBR5825H, H1 

NOTE 1: OETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.1 VRWM. Proper derating may be accomplished by use 
of equation (1): 

TA(max) = TJ(max) - R6JA PF(AV) - R6JA PR(AV) (1) 
where 

T A(msx) '= Maximum allowable ambient temperature 

TJ(max) = Maximumsltowable junction temperature 
(1250 Cor the temperature at which ther­
mal runaway occurs, whichever is lowest). 

PF(AV) = Average forward power dissipation 

PR(AV) = Average reverse power dissipation 

R6JA = Junction'fo-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

TR = TJ(max) - R6JAPR(AV) (2) 

Substituting equation (2) into equation (1) yields: 
TA(max) = TR - R6JA PF(AV) (3) 

Inspection of equations (2) and (3) reveals that TR i. the ambient 
temperature atwhich thermal runaway occurs or where T J = 125°C, 
when forward power is zero. The transition from one bou ndary 
condition to the other is evident on the curves of figures 1, 2 and 

3 as a difference in the rate of change of the slope in the vicinity 
of 1150 C_ The data of Figures I, 2 and 3 i. ba",d upon dc condi­
tions. For use in common rectifier circuits, Table I indicates sug.­
gested factors for an equivalent dc voltage to use for conservative 
design; Le.: 

VR(eqUiv) = VIN(PK) x F (4) 
The Factor F is derived by considnring the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find TA(max) for lN5825 Dperated in a 12-Volt de 
supply using a bridge circuit with capacitive filter such that IDe = 
10 A (IF(AV) = 5 A), I(PK)/I(AV) = 10, Input Voltage = 10 
V(rm.l. R6JA = 100 C/W. 

Step 1: Find VR(equiv)' Read F = 0.65 from Table I :­
VR(equiv) = (1.41)(10)(0.65) = 9.2 V 

Step 2: Find TR from Figure 3. Read TR = 113°C @ VA = 
9.2 V & R6JA = 100 C/W. 

Step 3: Find PF(AV) from Figure 4. ··Read PF(AV) = 5.5 W 

@1(PK)=10&IFrAV)=5A 
I(AV) 

Step 4: Find!A(W.ax)fromequation(3l. TA(mox)= 113-(10) 
(5_5) - 58 C. 

··Value given are for the lN5825. Power is slightly lower for the 
other units because of their lower forward voltage. 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave Full Wav., Bridge Full Wave, 
Center Tapped *t 

Load Resistive I Capacitive* Resistive I Capacitive Resistive I Capacitive 

Sine Wave 0.5 I 1.3 0.5 I 0.65 1.0 I 1.3 
Square Wave 0.75 I 1.5 0.75 I 0.75 1.5 I 1.5 

"Note that VR(PK)"='2 Vin(PK) tUse line to center tap voltage for Vin. 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - lN5823 
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FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - lN5824 
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1N5823, 1N5824, 1N5825, MBR5825H, H1 

1.0 
w 

'" 
0.7 

z O.S 
"'" t; 

0.3 
~ 
~Q 0.2 
"",W 

~~ 
w"", 0.1 :r::E 

THERMAL CHARACTERISTICS 

FIGURE 5 - THERMAL RESPONSE 

-I-~ 

ZeJCItI" ROJC • r(tl 

DUTY CYCLE. 0 = tp/li 

~ ~ 0.07 ~~~~~~~~~~~~I!~~~~~~~~~~~~ Jl:J[PPk Ppk 

tp _ 
TIME PEAK POWE R, Ppk, is peak of an 

equivalent square power pulse . as ~ 0.05 . -q--
in z 
~ 
f-

:g 
0.03 

0.02 

6 TJC "Ppk . R'JC [0 + [1 - 01· rlq + tpl + ritp)-rltil[ 
H+I-H-+-+--t-+-t-H+tt---t--lf---+--t-++t+I+--t- where 
H+I-H-+-+--t-++H+tt---t--lf---+--t-++t+I+--t- 6 TJC -:: the Increase in junction temperature above the case temperature 
H+I-H-+-+--t-++H+tt---t--lf---+--t-++t+I+--1-- rlt) '" normalized value of tranSIent thermal resistance at time, t, from Figure 5, i.e.: 

dq + tp) '" normalized value of transient thermal resistance at time, tt + tp. 
0.010'".S-,-u..U1.-0 -'-2.1..0--'---'-...JS.-0 J.....J..J....t.ILO--'-...J21...0-'--'-S.1.0-'-u..ulOO'---'--2·00-~~S-'O-O~~I.·0-k ~-2-.0~k-~~S.·O-k~~10~k-~2~0-k~--5...JO k 

NOTE 2 - FINDING JUNCTION TEMPERATURE 

DUTY CYCLE, D" tp/I] FLJ[Pk Ppk 

_lp._ PEAK POWER, Ppk. IS peak of an 
eqUivalent square power pulse. 

TIME 
I----t t-----j 

To determine maximum junction temperature of the diode In a gwen situation, 
rhe fOl/owingprocedure IS recommended 

The temperature of the ,aseshould be measured ustr1!1a thermocouple placed 
on Ihe case al the temperature reference pornt (see Note 3). The thermal mass 
connected 10 the case IS normally I~r!le enough so Ihalll Will not significantly 
respondloheatsurgesgeneratedll'lthedlodeasaresultofpulsedoperatlononce 
steady·statecondrtlonsareachleved. Usrll!l the measured valueof TC.lhelunctlon 
lemperalure may be determrned by: 

TJ" TC + TJC 

where ·.TJC ISlhe Increase in lunclion temperature above the case temperature 
II may be determined by 

D. TJC =: Ppk ·RSJC [0 + (1- OJ· r(11 + tpJ + r(tpJ r(qll 
where 

rll) =: normalized value of tranSient thermal resrstance ~t time, t, from Figure 
5" 
r (11 + tpl ~ normaliled value of translenl thermal resistance at lIme 11' Ip 

t, TIMElmsl 

NOTE 3 - MOUNTING DATA 

Data shown for thermal resistance junction-to-ambient 
(ReJA) for the mountings shawn is to be used as typical 
guideline values for preliminary engineering. 

TYPICAL VALUES FOR ROJA IN STILL AIR 

LEAD LENGTH, L (IN) 

MOUNTING 
METHOD 

1 

2 

3 

MOUNTING METHOD 1 

~ 
MOUNTING METHOD 2 

~ 
Vector pin mounting 

1/4 

55 

65 

1 ROJA 

60 °C/W 

70 °C/W 

25 °C/W 

MOUNTING METHOD 3 
P. C. Board with 

21/2" x 21/2" copper surface 

Board Ground 
Plane 

FIGURE 6 - APPROXIMATE THERMAL CIRCUIT MODEL 

ROCA 

700 C/W 

ROLA 

ReSA 400 C/W/IN 

Use of the above model permits calculation of average 

junction temperature for any mounting situation. Lowest 

values of thermal resistance will occur when the cathode 

lead is brought as close as possible to a heat dissipator; as 

heat conduction through the anode lead is small. Terms 

in the model are defined as follows: 

"Case temperature reference 

is at cathode end. 

TEMPERATURES 

TA = Ambient 

T AA = Anode Heat Sink Ambient 

T AK = Cathode Heat Sink Ambient 

TLA = Anode Lead 

TLK = Cathode Lead 

T J = Ju nction 

3-57 

Ae LK ReSK 
40 0 C/W/IN 

TAK~ T A -=-

THERMAL RESISTANCES 

Rt}CA = Case to Ambient 

Rt}SA == Anode Lead Heat Sink to Ambient 

ReSK == Cathode Lead Heat Sink to Ambient 

Re LA = A node Lead 

Re LK "" Cathode Lead 

ReCL == Case to Cathode Lead 

R8JC == Junction to Case 
R8JA = Junction to Anode Lead (5 bend) 



1 N5823, 1 N5824, 1 N5825, MBR5825H, H1 
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FIGURE 7 - TYPICAL FORWARD VOLTAGE 
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FIGURE 8 - MAXIMUM SURGE CAPABILITY 
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NOTE 4 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 10), 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of de power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the de output voltage. 
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1 N5823, 1 N5824, 1 N5825, MBR5825H, H1 

NOTE 5 - HI-REL PROGRAM OPTIONS 

PRODUCTION PROC~SS, INSPECTION LOT FORMATION 
1. Raw Material - AFTER FINAL ASSEMBLY 
2. Factory Processing OPERATION (SEALING) 

• 100% PROCESS CONDITIONING 

1. High Temperature Storage 
2. Temperature Cycling 
3. Constant Acceleration 
4. Hermetic Seal (F ine and Grossl 

I 

• • INSPECTION TESTS 
MBR5825H HOLDING AREA, ~ TO VERIFY L TPD: 

100% Group A Test Group A 

Group B 

l 
(Sample Tests) 

• 
I 

PREPARATION 

I f 
REVIEW OF I 

FOR GROUPS A & B DATA 
DELIVERY FOR ACCEPT OR REJECT 

Accept I Accept 
Data Data 

MECHANICAL CHARACTERISTICS 

CASE: Welded. hermeticallv sealed construction. 

The 1 N5825 is also available with two levels of extra testin 
similar to "TX" screening and including GroupAand 8 inspectio 
programs. Both the MBR5825H and MBR5825H1 go throug 

g 
n 
h 

100% screening consisting of high temperature storage. temper 
sture cycling. constant acceleration and hermetic seal testin g 

n. prior to a sample being submitted to Group A and B inspectio 
After completion of Group B inspection. the MBR5825H is avail 
able without additional screening. MBR5B25H1 devices ar e 
further processed through a high temperature reverse bia 
(HTRB) and forward burn-in. Consult factory for detail s. 

• 100% POWER CONDITIONING 
1. Electrical Test 
2. HTRB (160 Hrs Min) 
3. Electrical Test (PDA = 10) 

4. DC Forward Burn-In (24 Hrs Min) 
5.'Electrical TlltSt (PDA = 10) 

j 
HO~~~~~2!~~A' I J PREPARATION j 

FOR 
100% Group A Test I -l DELIVERY 

FINISH: All external surfaces corrosion-resistant and the terminal leads are readily solderable. 
WEIGHT: 2.4 grams (approximately). 
POLARITY: Cathode to case. 
MOUNTING POSITONS: Any 

~, 
1-' o 

·MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 11.43 - 0.450 
K B 8.8. 0.350 

L C 7.62 0.300 
D 1.17 1.42 0.046 0.056 
K 24.89 - O. 8 -

c 

r CASE 60-1 

K 

L, 

3-59 



II 

IN5826 
IN5827 
IN5828 
Del-liguPI'i'"i Data Sheet 

HOT CARRIER POWER RECTIFIER 
. employing the Schottky Barrier principle in a large area metal~to-silicon power 

diode. State of the art geometry features epitaxial construction with oxide passiva­
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 

• Extremely Low vF • Low Power Loss/High Efficiency 
• Low Stored Charge, Majority • High Surge Capacity 

Carrier Conduction 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirelv from 
the information presented. Limit curves - representing boundaries on device char­
acteristics - are given to facilitate "worst case" design. 

*MAXIMUM RATINGS 

Rating Symbol lN5826 lN5827 lN5828 Unit 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 30 40 Volts 
DC Blocking Voltage VR 

Non· Repetitive Peak Reverse Vol tage VRSM 24 36 48 Volts 

Average Rectified Forward Current 10 .. 15 .. Amp 

VRlequiv) ':0.2 VRldc), TC = 85°C 

Ambient Temperature TA 95 90 85 vC 

Rated VRldc), PFIAV) = 0, 
ROJA = 5.00 C/W 

Non·Repetitive Peak Surge Current IFSM _ 500 Ifor 1 cycle) _ Amp 
(surge applied at rated load conditions, 
halfwave, single phase, 60 Hz) 

Operating and Storage Junction TJ,Tstg ~ -65 to +125 ______ °c 
Temperature Range (Reverse 
voltage applied) 

Peak Operating Junction Temperature TJlpk) .. 150_ °c 
IForward Current Applied) 

*THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

*ELECTRICAL CHARACTERISTICS ITC = 25°C unle .. otherwise noted.) 

Characteristic Symbol lN5826 lN5827 lN5828 Unit 

Maximum Instantaneous Forward vF Volts 
Voltage 11) 
(iF = 8.0 Amp) 0.380 0.400 0.420 
(iF = 15 Amp) 0.440 0.470 0.500 
(iF = 47.1 Amp) 0.670 0.770 0.870 

Maximum Instantaneous Reverse iR mA 
Current @ rated dc Voltage (1) 10 10 10 

TC = 100°C 75 75 75 

*Indlcates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 "s, Duty Cycle = 2.0%. 
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® MOTOROLA 

SCHOTTKY 
BARRIER 

RECTIFIERS 

15 AMPERE 
20,30.40 VOL TS 

STYlE 2: 

MILLIMETERS INCHES 
DIM MIN MA' MIN M 

• 11.94 12.83 0.470 0.505 

• 10.77 11.10 0.424 0.437 
- 1.2 - 0.405 

• - 6.3S - 0.250 
E 1.91 US 0.75 0.175 
F 1.52 - D. -• 10.72 11.51 0.422 0.53 
K - 0.32 - .. 
P 4.14 4.80 0.183 0.189 

• 1.62 - 0 -
- 1 7 - 4" 

AI1JEDECdimenliDn.lndnDte.lpply 

TERM 1. ANODE 
2. CATHODE 

CASE 56 
00-4 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and terminal leads are readily solderable. 

POLARITY: Cathode to Case 

MOUNTING POSITION: Any 

STUD TORQUE: 15 in. lb. max 



1N5826, 1N5827, 1N5828 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runavvav 
must be considered when operating this rectifier at reverse voltages 
above 0.2 VRWM. Proper derating may be accomplished by use 
of equation (1): 

TA(max) = TJ(max) -R9JA PF(AV) - R9JA PR(AV) (1) 
where 

T A(max) == Maximum allowable ambient temperature 

TJ(max) = Maximum allowablejunction temperature (1250 C 
or the temperature at which thermal runavvav 
occurs, whichever is lowest). 

PF(AV) = Average forward power dissipation 

PR(AV) = Average reverse power dissipation 

R9JA == Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined bV 
equation (2): 

TR =TJ(max) - R9JA PR(AV) (2) 

Substituting equation (2) into equation (1) yields: 
TA(max) = TR - R9JA PF(AV) (3) 

Inspection of equations (2) and (3) reveals that TR is the ambient 
tamperatureatwhich thermal runaway occursorwhereTJ = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 

3 as a differenca in the rate of change of the slope in the vicinity 
of 1160 C. The data of Figures I, 2 and 3 i. based upon dc concli· 
tions. For use in common rectifier circuits, Table I indicates ... g­
unted factors for an equivalent de voltage to use for conservative 
design; Le.: 

VR(equiv) = Vin(PK) x F (4) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottkv diodes. 

Example: Find TA(max) for lN5828 operated in a 12-Volt dc 
supply using 8 bridge circu it with capacitive filter such that I DC = 
10 A (IF(AV) = 5 A), I(PK)/I(AV) = 20, Input Voltage = 10 
V(rms), R9JA = 50 C/W. 

Steip 1: Find VR(equiv)' Reed F = 0.65 from Table I :. 
VR(equiv) = (1.41)(10)(0.65) = 9.18 V 

Step 2: Find TR from Figure 3. Read TR = 1210 C@ VR = 9.18 
& R8JA = 50 C/W 

Step 3: Find PF(AV) from Figure 4.** Read PF(AV) = 10 W 
I(PK) 

@'(AV) 20 & IF(AV) = 5 A 

Step 4: Find TA(max) from equation (3). TA(max) = 121·(5)(10) 

= 71 0 C 

•• Value given are for the lN5828. Power is slightly lewer for the 
other units because of their lower forward voltage. 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave 

Load Resistive J Capacitive * 
Sine Wave 0.5 I 1.3 

Square Wave 0.75 I 1.5 

°Note that VR(PK) "" 2 Vin(PK) 
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FIGURE 5 - TYPICAL FORWARO VOLTAGE 
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NOTE 2 - HIGH FREQUENCY QPERATION 

36 40 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11), 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of de power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
iunction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the de output voltage. 
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De!o'>igneJ'!o'> Data Sheet 

HOT CARRIER POWER RECTIFIERS 
· .. employing the Schottky Barrier principle in a large area metal­
to-silicon power diode. State-of-the-art geometry features epitaxial 
construction with oxide passivation and metal overlap contact. 
Ideally suited for use as rectifiers in low-voltage, high-frequency 
inverters, free-wheeling diodes, and polarity-protection diodes. 

• Extremely Low vF • Low Power Loss/High Efficiency 

• Low Stored Charge, Majority • High Surge Capacity 

Carrier Conduction • TX Version Available 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves - representing boundaries on 
device characteristics - are given to facilitate "worst case" design. 

"MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Non-Repetitive Peak Reverse Voltage 

Average Rectified Forward Current 

VR(equivl<; 0.2 VR (del, TC 85°C 

Ambient Temperature 
Rated VR (de), PF(AV) = 0 
R8JA = 3.5°C/W 

Non-Repetitive Peak Surge Current 
(Surge applied at rated load 
conditions, halfwave, single 
phase 60 Hz) 

Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied 

Peak Operating Junction 
Temperature (Forward 
Current Applied) 

Thermal Resistance, Junction 
to Case 

Characteristic 

Maximum Instantaneous Forward 
Voltage (1) 
(iF= 10Amp) 
(iF= 25 Amp) 
(iF = 78.5 Amp) 

Maximum Instantaneous Reverse 
Current @ Rated de Voltage (1) 
(TC = 100°C) 

Symbol 

VRRM 
VRWM 
VR 

VRSM 

10 

TA 

IFSM 

TJ, Tstg 

TJ(pk) 

Symbol 

vF 

iR 

IN 
6831 

1N 1N M8R 
5829 5830 5831H,Hl Unit 

20 30 40 Volts 

24 36 48 Volts 

Amp .. 25 • 
°C 

90 85 80 

800 (for 1 cycle) Amp 

___ -65 to +125 _ °C 

150 °C 

Max Unit 

1.76 °C/W 

1N 
6831 

1N IN MBR 
5829 5830 5831H,Hl Unit 

Volts 

0.360 0.370 0.380 
0.440 0.460 0.480 
0.720 0.770 0.820 

mA 
20 20 20 
150 150 150 

® MOTOROLA 

SCHOTTKY BARRIER 
RECTIFIERS 

25 AMPERE 
20,30,40 VOLTS 

STYLE 2: 
TERM 1. ANODE 

MILLIMETERS INCHES 
aiM MI. MAX MI. MAX 

A 111M 12.83 0.47 0.505 

• 10.77 IU~ 0.424 0.437 
- - 11.4115 

D 8.35 - 0.2&0 
E • 91 4.4 D • 
F 1.&2 - D. 
I 10.72 11.51 0.422 0.453 
K - 20.32 -• 4.14 4.80 0.183 0.19 
Q 1.62 - 0.080 -- 7 -
AIIJEDECdlmlnlionllndnotlllpply 

CASE 56 
00-4 

2. CATHODE 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion 

resistant and terminal leads are 
readily solderable. 

POLARITY: Cathode to Case 
MOUNTING POSITIONS: Any 
STUO TORQUE: 15 in. lb. Max 

(1) Pulse Test: Pulse Width = 300 I's, Duty Cycle = 2.0% 'Indicates JEDEC Registered Data for 1 N5829-1 N5831 
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1N582~ 1N5830,1N5831, MBR5831H,H1 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibUity of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 VRWM. Proper derating may be accomplished by use 
of equation ( 1): 

TA(max) = TJ(max) - R6JA PF(AV) - R6JA PR(AV) (1) 
where 

T A(max) ::: Maximum allowable ambient temperature 

TJ(max) = Maximumallowablejunction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

PF(AV) = Average forward power dissipation 

PR(AV) = Average reverse power dissipation 

R6JC = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

TR = TJ(max) - R6JA PR(AV) (2) 

Substituting equation (2) into equation (1) yields: 

TAlmax) = TR - R6JA PF(AV) (3) 
Inspection of equations (2) and (3) reveals that TR is the ambient 
temperature at which thermal runaway occurs or where T J = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 

3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1. 2 and 3 is based upon dc condi· 
tions. For use in common rectifier circuits, Table I indicates sug­
gested factors for an equivalent dc voltage to use for conservative 
design; Le.: 

VR(equiv) = Vin(PK) x F (4) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find TA(max) for 1N5831 operated in a 12·Volt dc 
supply using a bridge circu it with capacitive filter such that I DC = 
16 A (IF(AV) = 8 A). I(PK)/I(AV) = 20. Input Voltage = 10 
V(rms). R6JA = SOC/W. 

Step 1: Find VR(equiv)' Read F = 0.65 from Table I :. 
VR(equiv) = (1.41)(10)(0.65) =9.18 V 

Step 2: FindTR from Figure 3. ReadTR= 1130 C@VR=9.18 
& R6JA = 5 0 C/W 

Step 3: Find PF(AV) from Figure 4.** Read PF(AV) = 12.8 W 
I(PK) 

@1(AV)=20& IF(AV) = 8 A 

Step 4: Find TA(max) from equation (3). TA(max) = 113·(5) 
(12.8) "49°C 

** Value given are for the 1N5828. Power is slightly lower for the 
other units because of their lower forward voltage. 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave 

Load Resistive I Capacitive * 

Sine Wave 0.5 1 1.3 
Square Wave 0.75 I 1.5 

*Note that VR(PK) '" 2 Vin(PK) 
FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - lN5829 

12 5 

5t:-: 
-.. r--.. l"-s:::-r-... ..... 

~ t-- r--....... J 
I"'--.. I'-- 1'--, ....... r-.. i'- i" ~ ........... 1.7S-

....... 
I'-. 

....... 
r-.... ~ I .......... f'. i" ';X.5'.. -" 5 3.5 

r-.... i"-- I'.. f'... N:~ "- ""-
r-.... 1'-. f'... I"- 1'1.0 

~" I" 5 
f'. I"- I~ 

10 

" '\ 
iii' " " 5 ..... 30~ ~ "" '\ 

7 5 
ROJAloClW1 ~ so ..... l' """- 1"- " 

2.0 3.0 4.0 5.0 7.0 10 15 20 

VR. REVERSE VOLTAGE IVOLTS) 

FIGURE 3 - MAXIMUM REFERENCE TEMPERATURE 
1N5831 AND MBR5831H H1 

12 5 

;:::::-r-... t'"""' F::t-- ~ 1'-.. 5r--......, ......... ........ , ............ ~ ....... 
" 1.75 

5!'.... 
....... ........ "'" i'.. 2.5 r-...." 

"- .......... "'- ..... ............ N5', ..... 

~ "-
................. 5.0 ""'- ""'-

5" 
7.0 

........ ..... ............10""'- ""- 1""'-

'" " 15 ............ ""- ~ 5 
r-..... l' 20 -"" 

"" " " 5 ROJA' IOCIW) ~ SO' 
30 ............ ""- "" 1 

4.0 5.0 1.0 10 15 20 

VR. REVERSE VOLTAGE IVOLTS) 
• No external heat sink. 

..... 

i"",- "\ 

~ 

"'\ "\ 
30 

"\ 

'\ 

40 

Full Wave. Bridge Full Wave, 
Center Tapped * t 

Resistive I Capacitive Resistive I Capacitive 

0.5 I 0.65 1.0 I 1.3 
0.75 I 0.75 1.5 I 1.5 

*tUse line to center tap voltage for Vin. 

FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE -IN5830 

12 5 

t- t-:::--r-:: l"- t-... t-- ~ 
5r--. /'-... ......... l"'-

f" ."""" 
["--... .......... 1.75 

5b ~ ....... )'-., t'- ~ ~ 2.5-~ 
]'-..... ........ i"-- I" '" 3.~ '\ I"-

....... I'-. ......... tD'\ 1'\ 1\ 5 
1"-. I'. I'. 'S'O" I" 

I'-. ..... 10 

" '\ 1"\ ~ I'\. 5 
r-..... I\}. ~ -"'-1-"'-

5 
ROJA(OCIW) ~ SO:"'" 3D'\. '\ "'\ 1,\ 1"\ 1 

3.0 4.0 5.0 1.0 10 15 20 30 

VR. REVERSE VOLTAGE (VOLTS) 

FIGURE 4 - FORWARD POWER DISSIPATION 

8 

t- SI~EWLE r-r- ~IENS~S~~V~E LOAO-
4r-r- CAPACITIVE 

5.0 JLL - - LOADS 

~'20 10 L Ja.L'!. 0 IIAV) Y 
6 I 1/ / V VS~~~~E_ 

I / / 

2 / 1/ 
/ V de 

/ / v: f-"'"" 

'" l-'::: ~ 

0 IL .....: ::2: ....... TJ ~ 125°C 

I/: ~ :;;,:::: .-
0 -1 

4.0 8.0 12 16 20 24 28 

IF(AV). AVERAGE FORWARD CURRENT (AMP) 

3-65 



1 N5829, 1 N5830, 1 N5831, MBR5831 H, H1 

30 0 

20 0 

10 0 

0 

0 

0 

0 

0 

0 

0 

2,0 

1.0 

0, 7 

0, 5 

0,3 
o 

7 

1.0 
0, 

-' C 0.5 
"'w 
~ ~ 0.3 
w'" i= ~ 0.2 
.... 0 
ffi!;. 
en w O. 
zu 

1 

7 ~:i 0.0 
~~ 0.0 
-effl 

5 

'" 0,03 

0,02 

1 0,0 
0.05 

FIGURE 5 - TYPICAL FORWARD VOLTAGE 

V f..--" 
,/ f-"" 

/' ,..- f..--" 
Tc - 25°C 

100°C 

/. 

~ 

/ 
/' 

:1 
II 

I 

0,2 0,4 0,6 0,8 1.0 1.2 1.4 

YF,INSTANTANEOUS FORWARD VOLTAGE IVOLTS) 

FIGURE 6 - MAXIMUM SURGE CAPABILITY 

1000 

~ 700 
....... 

........ 

j 
w 
> 

'" ;;: 
~ 
~ 

~ 
'" '" ~ 
~ 

'" '" ~ 

j 
0 

'" '" ~ 
~ 
w 

'" ~ 
> 

'" ,; 
~ 

500 

300 

200 

100 
1.0 

28 

14 

20 

16 

11 

B,O 

I----
4,0 I----

.............. 
............ 

Prior to surge, the rectifier is operated such 
that T J '" lOOae; VRRM may be applied 
between each cycle of surge 

lYin I 
2,0 5,0 10 10 50 100 

NUMBER OF CYCLES 

FIGURE 7 - CURRENT DERATING 

............ dc, CONTINUOUS 

" r- 1M AX IOC' 39,3 A) 
--1--

~ i'... SINE WAVE, 

~ " 
-RESISTIVE LOAO 

........ ~ 
~ ~ I--SQUARE-r---.. WAVE_ 

......... ~ - ......... ~ '\. 
r-. r-...... '\. 

t--- --:,.. /' ., 
I---SINE WAVE IIPK)_ IL ~ :-.... " ,\ t-CAr~~~~VE iIAV) -10 10 5,0 r-.,.., "'-\ 

~ 

a 
75 

CURVES APPLY WHEN REVERSE POWER IS NEGLIGIBLE ~ 
85 B5 105 115 125 

TC, CASE TEMPERATURE 1°C) 

FIGURE 8 - THERMAL RESPONSE 

i-" 
ZeJCltl· ROJC • rlt) ,..-

/ J1:JtPk DUTY CYCLE, D· tp/tl 
tp - TIME PEAK POWER, Ppk., is peak of an 

I----tl-~ equivalent square power pulse. ., 
"TJC' Ppk • ROJC 10 + 11 - D)' rlt] + tp) + rltp)-rlt])] 
where 
t:. TJC" the increase injunction temperature above the case temperature 
fit) = normalized value of transient thermal resistance at time, t, from Figure 8, i.e.: 

r(q + tpl = normalized value of transient thermal resistance at time, 11 + tp. 

0,1 0,1 0.5 1.0 2,0 5,0 10 20 50 100 200 500 1.0 k 2,0 k 5,0 k 

t,TIMElm.) 

3-66 



1 N5829, 1 N5830, 1 N5831, MBR5831 H, H1 

5.0 

~ 3.0 
N 

~ 2.0 

'" ~ 1.0 

5 0.7 
~ 0.5 
::> 

~ 0.3 
a: 0.2 
~ 
'" :j 0, 

0.0 
0.0 

800 

600 

a 

0 

1 

7 
5 

400 

~300 

0 

0 
w 
'-' 
~ 200 

~ 150 
« 

a 

0 

0 ~~ 100 
80 a 

60 0 

40 0 

FIGURE 9 - NORMALIZED REVERSE CURRENT 

t-VR - VRWM L 
~ 

./ 

./ 

V-
I'" 

-' I'" 

25 45 65 85 106 125 
TC, CASE TEMPERATURE (OC) 

FIGURE 11 - CAPACITANCE 

r-... r-.. Tr250C -i""'- r-... 
..... r-.t'-

~ i'~ 
~ lN5829 

!l'1' I 

lN5~0 ~~ 

lN5831 

M1TIlhlI t-r"'< 
0.040.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 20 40 

VR, REVERSE VOLTAGE (VOLTS) 

FIGURE 10 - TYPICAL REVERSE CURR~NT 

TJ -125°C -
2m 

1 100 
F= 

-,... 
.;;~ 

laaoC 

.... - ---

~ 
13 
~ 
'" w 

20 

a 
~ ~ - t- -- -- ---

~ 5.0 
'" ~ 25°C V 

~ 0 lN5829 20V _ 

!---=-
~ z 

1.0 

n 5 
o 

I~ 
t-- - - lN5830-30V -

~ 

-----~~~~:~~H,~~V 40V 

4.0 8.0 12 16 20 24 28 32 36 40 

VR, REVERSE VOLTAGE (VOLTS) 

NOTE 2 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 111-

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 

NOTE 3 - HI-REL PROGRAM OPTIONS 

PRODUCTION PROCESS: INSPECTION LOT FORMATION 
1. Raw Material [- AFTER FINAL ASSEMBLY 
2. Factory Processing OPE.RATION (SEALING) 

• 100% PROCESS CONDITIONING 

1. High Temperature Storage 
2. Temperature Cycling 
3. Constant Acceleration 
4. Hermetic Seal (Fine and Gross) 

..1 

• .:i 
INSPECTION TESTS 

MBR5831H HOLDING AREA: ~ TO VERIFY LTPD: 
100% Group A Test Group A 

Group B 

l 
(Sample Tests) 

• 
I 

PREPARATION 

I I 
REVIEW OF I 

FOR GROUPS A & B DATA 
DELIVERY FOR ACCEPT OR REJECT 

Accept" 1 Accept 
Data Data 
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The 1 N5831 is also available wilh Iwo levels of exIra leslin 
similarto "TX" screening and including Group A and B inspectio 

programs. Bolh Ihe MBR5831 Hand MBR5831 H1 go Ihroug 

g 
n 
h 

100% screening consisting of high temperature storage, temper 
sture cycling, constant acceleration and hermetic seal testin 

prior 10 a sample being submitted to Group A and B inspection 
After completion of Group B inspection, Ihe MBR5831 H is avail 
able without additional screening. MBR5831 Hl devices ar e 
further processed through a high temperature reverse bia 
(HTRB) and forward burn-in. Consull faclory for delails 

• 100% POWER CONDITIONING 
1. Electrical Test 
2. HTRB (160 Hrs Min) 
3. Electrical Test (PDA "" 10) 
4. DC Forward Burn~ln (24 Hrs Min) 
5, 'Electrical Test (PDA "" 1 0) 

• Ho~~7~~3:~~A: I I PREPARATION 

I FOR 
100% Group A Test I I DELIVERY 



lN5832 
lN5833 
lN5834 
De!-iiigner!-ii l:Jata Sheet 

HOT CARRIER POWER RECTIFIER 

... employing the Schottky Barrier principle in a large area metal-to-silicon power 
diode. State of the art geometry features epitaxial construction with oxide passiva­
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 

• Extremely Low vF • Low Power Loss/High Efficiency 
• Low Stored Charge, Majority • High Surge Capacity 

Carrier Conduction 

Designer's Data for UWorst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves - representing boundaries on device char· 
acteristics - are given to facilitate "wors~ case'! design. 

*MAXIMUM RATINGS 

Rating Symbol lN5832 lN5833 lN5834 Unit 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 30 40 Volts 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 24 36 48 Volts 

Average Rectified Forward Current 10 • 40 .. Amp 

VRlequiv) ,;0.2 VRldc),TC = 75°C 

Ambient Temperature 
Rated VRldc), PFIAV) = 0, TA 100 95 90 °c 
ReJA = 2.00C/W 

Non-Repetitive Peak Surge Current IFSM 
(surge applied at rated load conditions _ 800 Ifor 1 cycle)_ Amp 
halfwave, single phase, 60 Hz) 

Operating and Storage Junction TJ,Tstg 
Temperature Range (Reverse ___ -65 to +125_ °c 
voltage applied) 

Peak Operating Junction Temperature TJlpk) _150 .. °c 
IForward CUrrent Applied) 

*THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

*ELECTRICAL CHARACTERISTICS ITC= 25°C unless otherwise noted.) 

Characteristic Symbol 1N5832 1N5833 1N5834 Unit 

Maximum I nstantaneous Forward vF Volts 
Voltagell) 
(iF = 10 Amp) 0.360 0.370 0.380 
(iF =40Amp) 0.520 0.550 0.590 
!iF = 125 Amp) 0.980 1.080 1.180 

Maximum Instantaneous Reverse iR mA 
Current@rateddc Voltage II) 20 20 20 
TC= 100°C 150 150 150 

"Indicates JEDEC Registered Data. 

11) Pulse Test: Pulse Width = 300 I'S, Duty Cycle = 2.0%. 
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® MOTOROLA 

SCHOTTKY 
BARRIER 

RECTIFIERS 

40 AMPERE 
20,30,40 VOL TS 

I t! I 

NOTES: 
1. DIM "P"IS DIA. 
2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 

OF HEXAGONAL BASE IS OPTIONAL. 
3. ANGULAR ORIENTATION AND CONTOUR OF 

TERMINAL ONE IS OPTIONAL. 
4. THREADS ARE PLATED. 
5. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5, 1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 16.94 17.45 0.BB9 0.687 
8 - 16.94 0.667 
C 11.43 0.450 
0 9.53 0.375 
E 1.92 5.08 0.115 0.200 
F - 1.03 - 0.080 
J 10.71 11.51 0.412 0.453 
K 15.40 1.000 
L 3.86 0.156 -
P 5.59 6.31' 0.110 0.149 
a 3.56 4.45 0.140 0.175 
R - 10.16 0.794 
5 - 1.16 - 0.089 

CASE 257·01 



1N5832, 1N5833, 1N5834 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runfNVay 
must be considered when operating this rectifier at reverse voltages 
above 0.2 VRWM. Proper derating may be accomplished by use 
of equation (1): 

TA(max) = TJ(max) -RaJA PF(AV) - RaJA PR(AV) (1) 
where 

T A(max) = Maximum allowable ambient temperature 

TJ(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

PF(AV) = Average fooward power dissipation 

PRtAVI = Average reverse power diSSipation 

R6JC = Junction~to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

TR = T J(max) - RaJA PR(AV) (2) 

Substituting equation (2) into equation (1) yields: 
T A(max) = TR - RaJA PF(AV) (3) 

Inspection of equations (2) and (3) reveals that TR is the ambient 
temperatu ra at wh ich thermal ru naway occu rs or where T J = 125°C. 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 

3 as a difference in the rate of change of the slope in the vicinitY 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi· 
tions. For use in common rectifier circuits, Table I indicates sug­
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

VR(equiv) = Vin(PK) x F (4) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find TA(max) for 1 N5834 operated in a 12·Volt dc 
supply using a bridge circu it with capacitive filter such that I DC = 
30 A (IF(AV) = 15A), I(PK)/I(AV) = 10, Input Voltage = 10 
V(rms), RaJA = 30 CIW. 

Step 1: Find VR(equiv)' Read F = 0.65 from Table I :. 

VR(equiv) = (10)(1.41)(0.65) = 9.18 V 

Step 2: FindTR from Figure 3. ReadTR.=118oC@VR=9.18V 
& RaJA = 30 C/W 

Step 3: Find PF(AV) from Figure 4.tRead PF(AV) = 20 W 
I(PK) 

@I(AV)= 10 & IF(AV) = 15 A 

Step 4: Find T A(max) from equation (3). T A(max) = 118-(3)(20) 

= 58°C 

tValues given are for the 1 N5834. Power is slightly lower for the 
other units because of their lower forward voltage. 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wa.e 

Load Resistive I Capacitive (1) 

Sine Wave 0.5 I 1.3 
Square Wave 0.75 I 1.5 

(1 )Nole that VR(PK) "'2 Vin(PK) 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE -lN5832 
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FIGURE 3 - MAXIMUM REFERENCE TEMPERATURE - lN5834 
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0.5 I 0.65 1.0 I 1.3 
0.75 I 0.75 1.5 I 1.5 

(2)Use line to center tap voltage for Vin. 

FIGURE 2 - MAXIMUM REFERENCE TEMPERATI,JRE -lN5833 
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FIGURE 4 - FORWARD POWER DISSIPATION 
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FIGURE 5 - TYPICAL FORWARD VOLTAGE 
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FIGURE 6 - MAXIMUM SURGE CAPABILITY 
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FIGURE 7 - CURRENT DERATING 
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FIGURE B - THERMAL RESPONSE 
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ITTIPk DUTY CYCLE, 0 - Iplll Ip _ 

PEAK POWER, Ppk. IS peak of an 
I-- TIME 

11----' equivalent square power pulse. 

~ TJC - Ppk . R8JC [0 + (1- 0) • '(11 + Ip) + ,(Ip) - ,(11)) 
where 
b. T JC '" the increase in junction temperature above the case temperature 
rh) '" normalized value of transient thermal resistance at time, tt from Figure 8, i.e.: 

r(tl + tpl '" normalized value of transient thermal resistance at time, 11 + tp. 

I I I III I I IIIIII I I I II 
20 50 100 200 500 1.0k 2.0k 5.0k 10 k 
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FIGURE 9 - NORMALIZED REVERSE CURRENT 
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FIGURE 11- CAPACITANCE 
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MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 

POLARITY: Cathode to Case 

MOUNTING POSITION: Any 

STUD TORQUE: 25 in. lb. Max 

SOLDER HEAT: See Nota 3 
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FIGURE 10 - TYPICAL REVERSE CURRENT 
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NOTE 2: HIGH FREQUENCY OPERATION 

--= 

20V -
30V == 
40V == 

36 40 

Since current flow in a SChottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analYSis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
.... iable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 

NOTE 3: SOLDER HEAT 

The excellent heat transfer property of the heavy duty copper 
anode terminal which transmits heat away from the die requires 
that caution be used when attaching wires. Motorola suggests a 
heat sink be clamped between the eyelet and the body during any 
solderi n9 operati on. 
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IN6095 
IN6096 
SD41 

SWITCH MODE POWER RECTIFIERS 

· .. using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 

• Guardring for Stress Protection 

• Low Forward Voltage 

• 150°C Operating Junction Temperature Capability 

• Guaranteed Reverse Avalanche 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
OC Blocking Voltage VR 

Average Rectified Forward Current 10 
(Rated VRI 

Case Temperature TC 
(RatedVRI 

Nonrepetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions 

hallwave. single phase, 60 Hzl 

Peak Repetitive Reverse Surge Current IRRM 
(2.0 ,..s, 1.0 kHzl See Figure 10. (1 I 

Operating and Storage Junction Temperature Range TJ, Tstg 

Peak Operating Junction Temperature TJ(pkl 
(Forward Current Appliedl 

Voltage Rate 01 Change dvldt 
(RatedVRI 

THERMAL CHARACTERISTICS 

Characteristic 

Maximum Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

Maximum Instantaneous Forward VQltage (21 vF 
(iF = 30 Amp, T C = 125°C) 
(iF = 78.5 Amp, TC = 70°C) 

Maximum Instantaneous Reverse Current (21 iR 
(Rated de Voltage, T C = 125°C) 

Capacitance Ct 
(100 kHz;' I;' 1.0 MHz) 

*Indicates JEDEC Registered Dat8. 
(1) Not JEDEC requirement. but 8 Motorola product capability. 
(21 Pul •• T.st: Pul •• Width = 300 ~s, DUlY Cycl." 2.0% 
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® MOTOROLA 

SCHOTTKY BARRIER 
RECTIFIERS 

25 and 30 AMPERES 
30 to 45 VOLTS 

t!~," • 00-4 

1 NS09S' 1NS09S' S041 Unit 

45 
30 40 35 Volts 

45 

25 25 30 Amps 
TC = 70°C TC = 70°C TC=105°C 

105 105 - °C 

400 400 600 Amp 

2.0 2.0 2.0 Amps 

-65 to + 125 -65 to + 125 -55 to + 150°C °C 

150 150 150 °C 

- - 700 V/,..s 

1 NS095' 1 NS09S' S041 Unit 

Volts 
- - 0.55 

0.86 0.86 -
250 250 125 mA 

@VR = 35V 

6000 6000 2000 pF 
VR = 1.0V VR = 1.0V VR = 5.0V 
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FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction. it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per­
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 4.1 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of de power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficieny is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the de output voltage. 
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FIGURE 2 - TYPICAL REVERSE CURRENT 
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FIGURE 3 - MAXIMUM SURGE CAPABILITY 
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FIGURE 4 - CAPACITANCE 
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FIGURE 5 - SD41 CURRENT DERATING FIGURE 6 - 1 N6095/6 CURRENT DERATING 
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FIGURE 9 - SCHOTTKY RECTIFIER 

Alloy 52 

Steel 

Copper Base 

Motorola builds quality and reliability into its Schottky Recti­
fiers. 

First is the chip. which has an interface metal between the 
platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dvl dt problems. so snubbers are not required. 
The guardring also operates like a zener to absorb over-voltage 
transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead is also stress-reliefed. 

FIGURE 10 - TEST CIRCUIT FOR dv/dt AND 
REVERSE SURGE CURRENT 

VCC 12Vdc 

n 2V 100 

--I I-- 2.01's 
1.0kHz 

Current 
Amplitude 

Adjust 
0-10 Amps 

2N2222 

100n 
Carbon 

1.0 Carbon 

lN6817 

Copper Lead 

Barrier Metal 

,-l:iE~~~~~;-f---- Oxide Passivation 

Moly Disk 

3-75 

Guardring VIEW A-A 

These two features give the unit the capability of passing 
stringent thermal fatigue tests for 5.000 cycles. The top copper 
lead provides a low resistance to current and therefore does not 
contribute to device heating; a heat sink should be used when 
attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in "sandwich" form. with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test. devices are 100% tested for dvl dt at 1.600 V II's 
and reverse avalanche. 

MILLIMETERS 
DIM MIN MAX 

A 11.94 12.83 
B 10.77 11.10 
C - 10.29 
D - B.35 
E 1.91 4.45 
F 1.52 
J 10.72 11.51 
K - 20.32 
P 4.14 4.80 
Q 1.52 -
R - 10.77 

INCHES 
MIN MAX 
0.470 0.505 
0.424 0.437 

- 0.405 
- 0.250 

0.075 0.175 
O.OBO 
0.422 0.453 
- 0.800 

0.IB3 0.189 
O.OBO -
- 0.424 

STYLE 2: 
TERM 1. ANODE 

2. CATHODE 

CASE 56 
00-4 



lN6097 
lN6098 
SDSI 

SWITCH MODE POWER RECTIFIERS 

___ using a platinum barrier metal in a large area metal-to-silicon 
power diode_ State-of-the-art geometry features epitaxial construc­
tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectifiers in low-voltage, high-frequency inverters, free­
wheeling diodes, and polarity-protection diodes. 

• Guaranteed Reverse Avalanche 

• Extremely Low VF 

• Low Stored Charge, Majority Carrier Conduction 

• Guardring for Stress Protection 

• Low Power Loss/High Efficiency 

• 150°C Operating Junction Temperature Capability 

• High Surge Capacity 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VAAM 
Working Peak Reverse Voltage VAWM 
DC Blocking Voltage VA 

Peak Repetitive Forward Current 'FAM 
(Aated VA, Square Wave, 20 kHz) 

Average Rectified Forward Current '0 
(Aated VA) 

Case Temperature TC 
(Rated VA) 

Nonrepetitive Peak Surge Current 'FSM • 
(Surge applied at rated load conditions 

hallwave, single phase, 60 Hz) 

Peak Repetitive Reverse Surge Currend2) 'RRM • 
(2.0 !,s, 1 .0 kHz) See Figure 10. 

Operating Junction Temperature Range TJ 
(Reverse Voltage Applied) 

Storage Temperature Range Tstg 

Voltage Rate 01 Change dv/dt 
(Rated VR) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction-to-Case 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

Characteristic Symbol 

Maximum Instantaneous Forward Voltage (2) vF 
(iF = 157 Amp, TC = 70°C) 
(iF= 60 Amp) 
(iF = 60 Amp, Te = 125°C) 
(iF = t 20 Amp, T C = 125°C) 

Maximum Instantaneous Reverse Current (2) iR 
(Rated Voltage, T C = 125°C) 
(Rated Voltage, T C = 25°C) 

DC Reverse Current 'R 
(Rated Voltage, T C = 115°C) 

Maximum Capacitance Ct 

® MOTOROLA 

SCHOTTKY BARRIER 
RECTIFIERS 

60 AMPERES 
20 to 45 VOLTS 

1fo CASE 257 
00-5 

1N6097* 1N609S* S051 Unit 

30 40 45 Volts 
35 
45 

- - 120 Amps 
TC = 90°C 

50 50 - Amps 
TC = 70°C TC = 70°C 

115 115 - °c 

BOO • Amps 

2.0 , Amps 

-65 to +125 -65 to +125 -65 to +150 °c 

-65 to +125 -65 to +125 -65 to +165 °c 

- - 700 V/!'s 

1N6097* 1N609S* S051 Unit 

Volts 
0.86 0.86 -
- - 0.70 
- - 0.60 
- - 0.84 

200 mA 
250 250 50 
- - @VR = 35V 

250 250 - mA 

7000 7000 4000 pF 
(100 kHz"; I..; 1.0 MHz) VR= 1.0Vdc VR = 1.0Vdc VR = 5.0 Vdc 

*lndic8tes JEDEC Registered Data. 
(1) Not a JEOEC requirement. but of Motorola product capability. 
(2) Pulse Test: Pulse Width = 300 "s, Duty Cycle = 2.0%. 

3-76 



1N6097, 1N6098, 5051 

200 

100 

10 

50 

30 

0 

0 

0 

1. 0 

O. 1 

O. 5 

O. 3 

2 o. 0 

FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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NOTE 1 
HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction. it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per­
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 4.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of de power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative 
of power loss; it is si mply a result of reverse current flow through 
the diode capacitance, which lowers the de output voltage. 

1.4 

FIGURE 2 - TYPICAL REVERSE CURRENT 
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FIGURE 3 - TYPICAL SURGE CAPABIUTY 
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1N6097,1N6098,SD51 

FIGURE 5 - CURRENT DERATING 
(SD51) 

FIGURE 6 - CURRENT DERATING 
(1 N6097/1 N6098) 
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FIGURE 7 - POWER DISSIPATION 
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NOTE 2 

RSLPk Ppk 

" 
TIME 

DUTY CYCLE, 0 '" tp/tl 
PEAK POWER. Ppk.is peak of an 
equivalent square power pulse. 

i---11----J 
To determine maximum junction temperature of the diode in a given 

situation, the following procedure is recommended: 
The temperature of the case should be measured using a thermocouple 

placed on the case. The thermal mass connected to the case is normally large 
enough so that it will not significantly respond to heat surges generated in 
the diode as a result of pulsed operation once steady-state conditions are 
achieved. Using the measured value of T C' the junction temperature may be 

determined by: T J = T C + j, T JC 

where j, T C is the increase in junction temperature above the case 
temperature. It may be determined by: 

j, TJc=ppkeR9JcIO+ (1- Dlerlt, +tpl +rltpl-rlt111 where 
r(ll = normalized value of transient t"ermal resistance at time, t, trom 

Figure 8, i.e.: 
r(lt + tpl '" normalized value of transient thermal resistance at time 11 + tp' 

FIGURE 8 - THERMAL RESPONSE 
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1N6097, 1N6098, S051 

FIGURE 9 - SCHOTTKY RECTIFIER 

VIEW A-A Copper Base 

Motorola builds quality and reliability into its Schottky Rectifiers. 
First is the chip, which has an interface metal between the 

platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not manda­
tory. The guardring also operates like a zener to absorb over­
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead has a stress relief 

FIGURE 10 - TEST CIRCUIT FOR dv/dt 
AND REVERSE SURGE CURRENT 

2.0kO 

VCC 12 Vdc 

Copper Lead 

Barrier Metal 

,-I~~~~~~~~-1---- Oxide Passivation 

Moly Disk 

Guardring VIEW A-A 

feature which protects the die during assembly. These two 
features give the unit the capability of passing stringent thermal 
fatigue tests for 5,000 cycles. The top copper lead provides a low 
resistance to current and therefore does not contribute to device 
heating; a heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in "sandwich" form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dv/dt at 1,600 V/I-'s 
and reverse avalanche. 

2.01-'s 
1.0kHz 

2N2222 

r~'i-
! om 1""' 

NOTES: 
1. OIM "P" IS OIA. 
2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENOS 

OF HEXAGONAL BASE IS OPTIONAL. 
3. ANGULAR ORIENTATION AND CONTOUR OF 

TERMINAL ONE IS OPTIONAL. 
4. THREADS ARE PLATED. 
5. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5, 1973. 

Current 
Amplitude 

Adjust 
0-10 Amps 

1000 
Carbon 

1.0 Carbon 

1N5817 
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DIM 
A 
B 
C 
D 
E 
F 
J 
K 
L 
P 
Q 

R 
S 

MILLIMETERS INCHES 
MIN MAX MIN 

16.94 17.45 0.669 
16.94 -
11.43 
9.53 

2.82 5.08 0.115 
2.03 

10.72 11.51 0.422 
- 25.40 -

3.86 0.156 
5.59 6.32 0.220 
3.56 4.45 0.140 

20.16 
2.26 

CASE 257-01 
(00-5) 

MAX 
0.687 
0.667 
0.450 
0.375 
0.200 
0.080 
0.453 
1.000 

0.249 
0.175 
0.794 
0.089 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and terminallaad is readily solderable. 

POLARITY: Cathode-to-Case 

MOUNTING POSITION: Any 

STUO TORQUE: 25 in.-rb Max 

SOLDER HEAT: The excellent heat transfer prop· 
erty of the heavy duty copper anode terminal which 
tranamita heat away from the die requirea that 
caution be u.ed when attaching wire •. Motorola 
,ugge'tla halt aink be clamped between the eye­
let and tha body during any aoldaring operation. 



MBR030 
MBR040 ® MOTOROLA 

Advance Information 

SWITCH MODE RECTIFIERS 

•.. designed for use in switching power supp'lies, inverters, and 
as free wheeling diodes, these devices have the following features: 

• Low Forward Voltage 

• Low Leakage Current 

• 00-204AH (00-35) Glass Package 

MAXIMUM RATINGS 
Rating Symbol MBR030 MBR040 

Peak Repetitive Reverse Voltage VRRM 30 40 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Average Rectified Forward Current IF(AV) 
(Rated VR) 

~0.5_ TL = 75'C, L = o/e" 
TA = 50'C, L = %", (M!. Method #1) 14--0.5-

Nonrepetitive Peak Surge Current IFSM 
1+--5.0 __ 

(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 

Operating Junction and Storage 
Temperature 

TJ, Tstg -65 to +160 

THERMAL CHARACTERISTICS 
Ch.ractarlltlc 

Thermal Resistance, Junction to Lead = o/e" 

ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Typ Max 

Instantaneous Foward Voltage (1) 
(iF = 0.1 A, TJ = 25'C) 
(iF = 0.5 A, TJ = 25'C) 

Reverse Current 
(Reted de Voltage, T J = 125'C) 
(Rated de Voltage, T J = 25'C) 

(1) Pulss Test: Pulss Width = 300 p.S, Duty Cycle" 2.0%. 
Switchmode is a trademark of Motorola Inc. 

vF 

iR 

0.460 0.500 
0.610 0.650 

0.6 1.0 
0.003 0.005 

This document contains information on B new product. Specifications and information herein 
are subject to change without notice. 
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Unit 

Volts 

Amps 

Amps 

Unit 

Volts 

mA 

8 
-Ie 1-

SCHOTTKY 
RECTIFIERS 

0.5 AMPERE 
30-40 VOLTS 

~~~ 

9~] NOTES: 
- - -- 1. PACKAGE CONTOUR OPTIONAL WITHIN A 

, AND B. HEAT SLUGS, IF ANY, SHALL BE 

A ~NOCTl~~:J~~~~~~~:~I~~~~N~~~MI~UT tF -----1 2. ~~:D DIAMETER NOT CONTROLLED IN r--- - ZONEFTOALLOWFORFLASH,LEAO 
LF FINISH BUILDUPANO MINOR IRREGU· 

K LARITIES OTHER THAN HEAT SLUGS. 

L~ 
3. POLARITY LlENOTEO BY CATHODE BAND. 
4. DIMENSIONING AND TOLERANCING PER 

ANSIYI4.5,1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 0.120 0.200 
B 1.52 2.29 0.060 0.090 
D 0.46 0.56 0.018 0.022 
F - 1.27 - 0.050 
K 25.40 38.10 1.000 1.500 

All JEDEC dimensions and notes applv. 

CASE 299-02 
00-204AH (00-35) 

MECHANICAL CHARACTERISTICS 

CASE: Glass 

FINISH: External leads are plated and are 
readily solderable 

POLARITY: Cethod indicated by polarity band. 

WEIGHT: 0.2 Gram (approximately). 

MAXIMUM LEAD TEMPERATURE FOR SOLD­
ERING PURPOSES: 230'C, Va" from case for 10 
seconds. 



MBR030, MBR040 

FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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FIGURE 3 - TYPICAL CAPACITANCE 

10 20 30 40 
VR, REVERSE VOLTAGE (VOLTS) 

FIGURE 5 - FORWARD POWER DISSIPATION 
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FIGURE 4 - CURRENT DERATING, LEAD TEMPERATURE 

8 

~ O. 7 

~ O. 
g:: 
a o. 
c 

~ o. 
f2 
~ o. 

~ ~ o. 
~ O. 
.B' 

3-81 

6 

5 L = %" W' Va" 

r---:: t---- "-4 
Resistive Loa~s ~ 0 

3 
~ 

Boih Le!ds tol Heatsink ~ 
2-

Witlh Leigths is shiwn. ~ 1 

0 r\ 
20 40 60 80 100 120 140 

TL, LEAD TEMPERATURE (OC) 

NOTE 1 

Data shown for thermal resistance junction·la-ambient (OJA) for the 
mountings shown is to be used IS typK:ilguidelin. vllu.s for pretiminary 
engineering or in ca. the tie point temperature cannot be musured. 

TVPICAl VALUES FOA BJA IN STILL AlA 

MOUNTING 1,.11/41318 METHOO ..... , 200 '" 250 'CNY 

2 210 235 260 'CNV , 
'" 'CNY 

MOUNTING METHOO 1 MOUNTING METHOD 3 

H ~ P. C. BOI,d with eH"H 1-112" x f.l12" cop",,' .. rt ... 

MOUNTING METHOO 2 ~l J' 318" rr 
~: II~ 

Vector pi" mounting Board Ground./"'" '=' 
Pt.ne 

ISO 
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MBR320 MBR340 
MBR330 MBR350 

MBR360 

AXIAL LEAD RECTIFIERS 

· .. employing the Schottky Barrier principle in a large area metal-to-silicon 
power diode. State-of-the-art geometry features epitaxial construction with 
oxide passivation and metal overlap contact. Ideally suited for use as rec­
tifiers in low-voltage, high-frequency inverters, free wheeling diodes, and 
polarity protection diodes. 

• Extremely Low vF 

• Low Power Loss/High Efficiency 

• Highly Stable Oxide Passivated Junction 

• Low Stored Charge, Majority 
Carrier Conduction 

MAXIMUM RATINGS 

® MOTOROI.A 

SCHOTTKY BARRIER 
RECTIFIERS 

3.0 AMPERES 
20,30,40,50,60 VOLTS 

CASE 267-01 

Rating Symbol MBR320 MBR330 MBR340 MBR350 MBR360 Unit 

Peak Repetitive Reverse Voltage VRRM 20 30 40 50 60 V 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Average Rectified Forward Current 10 3.0 A 
TA = 65'C 

(R8JA = 2S'CIW, P.C. Board Mounting, 
see Note 3) 

Nonrepetitive Peak Surge Current (2) IFSM SO A 
(Surge applied at rated load conditions, half wave, 
single phase 60 Hz, TL = 7S'C) 

Operating and Storage Junction 
Temperature Range (Reverse Voltage applied) 

TJ, Tstg -65 to 150'C 'C 

Peak Operating Junction Temperature 
(Forward Current Applied) 

TJ(pk) 150 'C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient, (see Note 3, Mounting Method 3) 

ELECTRICAL CHARACTERISTICS (TL = 25'C unless otherwise noted )(2) 

Characteristic Symbol MBR320 I MBR330 I MBR340 MBR350 I MBR360 Unit 

Maximum Instantaneous vF V 
Forward Voltage (1) 

(iF = 1.0 Amp) 0.500 0,600 
(iF = 3.0 Amp) 0.600 0.740 
(iF = 9.4 Amp) 0.S50 1.0S0 

Maximum Instantaneous iR mA 
Reverse Cu rrent @ Rated 
dc Voltage (1) 

TL = 25'C 0.60 
TL = 100'C 20 

(1) Pulse rest: Pulse Width ~ 300 fIS, Duty Cycle ~ 2.0%. 
(2) Lead Temperature reference is cathode lead 1/32u from case. 
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MBR320. 330 AND 340 

FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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-The curves shown are typical for the highest voltage 
device in the voltage grouping. Typical reverse current 
for lower voltage selections can be eslimated from 
these same curves if VR is sufficiently below rated VR. 

FIGURE 3 - CURRENT DERATING 
(MOUNTING METHOD #3 PER NOTE 3) 
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FIGURE 6 - TYPICAL FORWARD VOLTAGE 
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MBR320, MBR330, MBR340, MBR350, MBR360 

NOTE 3 - MOUNTING OATA 

Data shown for thermal resistance junction-to­
ambient (R8JAI for the mountings shown is to be used 
as typical guideline values for preliminary engineering, 
or in case the tie point temperature cannot be measured. 

TYPICAL VALUES FOR R/lJA IN STILL AIR 

Mounting 
Method 

1 

2 

3 

Lead Length, L IInl 

1/8 1/4 1/2 

50 51 53 

68 59 61 

28 

Mounting Method 1 
P.C. Board where 

available copper surface 
is small. 

Moumlng Method 2 
Vector Push-In 
Terminals T~28 

Mounting Method 3 
P.C. Board with 
2-1/2" x 2-1/2" 
copper surface. 

~'Iq: 
Board Ground Plane 

3/4 R/lJA 

55 'c/w 

63 'c/w 

'c/w 

3·85 

OUTLINE DIMENSIONS 

MILLIMETERS INCHES 
DIM MIN MAl{ MIN MAX 

A 9.40 9.65 0.370 0.380 
8 4.83 5.33 0.190 0.210 
D 1.22 1.32 0.048 0.052 
K 26.97 27.23 1.062 1.072 

CASE 267·01 

MECHANICAL CHARACTERISTICS 

CASE ........ Void free, transfer molded 

FINISH ........... AII external surfaces 
corrosion·resistant and the terminal 

leads are readily solderable 

POLARITY ........ Cathode indicated by 
polarity band 

MOUNTING POSITIONS .......... Any 

SOLDERING ...... 220'C 1/16" from case 
for ten seconds 



II 

MBR320M MBR330M 
MBR340M 

SCHOTTKY 
BARRIER 

RECTIFIERS 

3 AMPERE 
20, 30, 40 VOL TS 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Non-Repetitive Peak Reverse Voltage 

Average Rectified Forward Current 

VRlequiv)';; 0.2VR Ide), TC = 65°C 
VRlacuiv).;;0.2VR,lde), TL = 90°C 
I ROJA= 250 C/W, P,C. Board 
Mounting, See Note 3) 

Ambient Temperature 

Rated VR Idel. PFIAV) = 0 
ROJA = 250 C/W 

Non-Repetitive Peak Surge Current 
(surge applied at rated load condi-
tions. halfwave, single phase60 Hz) 

Operating and Storage Junction 
Temperature Range (Reverse 
Voltage appl ied) 

Peak Operating Junction Temperature 
IForward Current Appl ied) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Symbol 

VRRM 
VRWM 

VR 

VRSM 

10 

TA 

IFSM 

TJ,Tstg 

TJlpk) 

® MOTOROLA 

HOT CARRIER POWER RECTIFIERS 

. employing the Schottky Barrier principle in a large area metal-ta-silicon power 
diode. State of the art geometry features epitaxial construction with oxide passiva­
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 

• Extremelv Low vF 
• Low Stored Charge, Majority 

Carrier Conduction 

• Low Power Loss/High Efficiency 
• High Surge Capacity 

MBR320M MBR330M MBR340M Unit 

20 30 40 Volts 

24 36 48 Volts 

Amp ... 15 ,. 
... 3.0 .. ~, 

J 
°c 

65 60 55 1-' 
K 

D 

Amp 

- 500 Ifor 1 cycle) - L 
--- -65 to +125 _ °c C 

r .. 150 .. °c K 

L, 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A - 11.43 - 0.450 
B - 8.89 0.350 
C 7.62 0.300 
D 1.17 1.42 0.046 0.056 
K 24.89 0.980 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted.) CASE 60 

Characteristic Symbol Min 

Maximum I nstantaneous Forward vF 
Voltage 11) 
(iF = 5.0 Amp) -

Maximum Instantaneous Reverse ;R 
Current@rateddeVoltage (1) 

TC = 25°C -
TC = l00Dc -

(1) Pulse Test: Pulse WIdth - 3001'5, Duty Cycle = 2.0%. 

Typ Max 

- 0.450 

- 10 

- 75 

3-86 

Unit 

Volts 

rnA 

MECHANICAL CHARACTER ISTICS 

CASE: Welded, hermetically sealed construction. 

FINISH: All external surfaces corrosion-resistant 
and the terminal leads are readily 
solderable. 

POLARITY: Cathode to case. 

MOUNTING POSITIONS: Any 



MBR320M, MBR330M, MBR340M 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating th is rectifier at reverse voltages 
above 0.1 VRWM' Proper derating may be accomplished by use 
of equation (1): 

TA(max) = TJ(max) - R8JA PF(AV) - R9JA PR(AV) (1) 
where 

T A(max) = Maximum allowable ambient temperature 

T J(max) = Maximums/lowable junction temperature 
11250C or the temperature at which ther­
mal runaway occurs, whichever is lowestl. 

PFIAVI = Average forward power dissipation 

PRIAV) = Average reverse power dissipation 

ROJA = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

TR = TJ(max) - R8JAPR(AV) (2) 

Substituting equation (2) into equation (1) yields: 

TA(max) = TR - R8JA PF(AV) (3) 

Inspection of equations (2) and (3) reveals that TA is the ambient 
temperature at which thermal runaway occurs or where TJ = 125°C, 

when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1.2 and 

3 as a difference in the rate of change of the slope in the vicinity 
of 1150C_ The data of Figures 1, 2 and 3 iobased upon de condi­
tions. For use in common rectifier circuits, Table I indicates sug­
gested factors for an equivalent de voltage to use for conservative 
design; i.e.: 

VR(equiv) = VIN(PK) x F (4) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find TA(max) lor MBR340M operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that IDe = 

10 A (IF(AV) = 5 A), I(PK)/I(AV) = 10,Input Voltage = 10 
V(rms), R8JA = 100C/W. 

Step 1: Find VR(equiv). Read F = 0.651rom Table 1:_ 
VR(equiv) = (1.41)(10)(0.65) = 9.2 V 

Step 2: Find TR from Figure 3. Read TR = 1170C@ VR = 
9.2 it & R9JA = 100 C/W_ 

Step 3: Find PF(AV) from Figure 4. Read PF(AV) = 6_3W 

@I(PK)= 10 & IF(AV) = 5 A 
I(AV) 

Step 4: Find ! A(~ax) from equation (31. TA(max) = 117-(10) 
(6.3) - 54 C_ 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave Full Wave, Bridge Full Wave, 
Center Tapped (1), (2! 

Load Resistive I Capacitive (1) Resistive 1_ Capacitive Resistive I Capacitive 

Sine Wave 0_5 I 1.3 0.5 I 0_65 1.0 I 1.3 
Square Wave 0_75 1.5 0.75 0.75 1.5 1.5 

.( I)Note that VR(PK)"'2 Vin(PK) (2)Use Ime to center tap voltage for Vin-

FIGURE 1-MAXIMUM REFERENCE TEMPERATURE - MBR320M 
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MBR320M, MBR330M, MBR340M 
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THERMAL CHARACTERISTICS 

FIGURE 5 - THERMAL RESPONSE 
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_ ... 
~:i 0.1 

~ g; 0.07 
~ ~ 0.05 

... 11 .. equivalent square power pulse. 
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0.03 
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~ T JC = Ppk . R"JC 10 + 11 - 01' 'lit + tpl + 'Itpl-'Ilt II 
H.-r~r--+-+-+-++t-t+t+--t-t--t-t-++++t+-t- where 
H-Hfti-+-+-+-++-I-t++t--+-t--+-+-++-f-hft--tr- ..:. TJC = the increase in junction temperature above the case temperature 
H-Hfti-+-+-+-++-I-t++t--+-t--+-+-++-f-hft--tr- rltl ;: normalized value of transient thermal resistance at time, I, from Figure 5, i.e.: 
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NOTE 2 - FINDING JUNCTION TEMPERATURE 

DUTY CYCLE, 0 = tp/q FULPk Ppk 

tp PEAK POWER, Ppk. is peak of an 
equilJa:lent square power pulse. 

1---11--1 TIME 

To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 

The tempereture of Ihe citSeshould be measursd using a thermocoupl eplaced 
on the case at the temperature reference point !see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heltsurgelgenerated in the diode asa relUl! of pulsed operat ion once 
rteadv-stateconditionsareachievad. Usingthemeasuredvalu.ofTC, the junction 
lemperature may be determined by: 

TJ=TC +C.TJC 
where c. T JC is the increase in iunttion temperature above the case temperatura. 
It may be determined by: 

6 TJC = Ppk 'RSJC 10+(1- 0) . r(1I +tp)+r(tpl - r(I1)] 
where 

r(l) s normalized value of transient thermal resistance at time, I, from Figure 
Si.e.: 
r (tl + tpl = normalized value of transient thermal rlsistance at time t1+tp. 

t, TlMElm.1 

NOTE 3 - MOUNTING DATA 

Data shown for thermal resistance junctlon-to-amblent 
(AOJAI for the mountings shown is to be used as typical 
guideline values for preliminary engineering. 

TYPICAL VALUES FOR R9JA IN STILL AIR 

LEAD LENGTH, L (I NI 

MOUNTING 
METHOD 1/4 1 R8JA 

1 56 60 °C/W 

2 65 70 °C/W 

3 25 uC/W 

MOUNTING METHOD 1 MOUNTING METHOD 3 
P. C. Soard with 

~ 
MOUNTING METHOD 2 

~ 
Vector pin mounting 

2 1/2" x 21/2" copper surface 

Board Ground 
Plane 

FIGURE 6 - APPROXIMATE THERMAL CIRCUIT MODEL 

R8CA 

700 C/W 

R9LA 
R9SA 40oC/W/IN 

R9LK R9SK 
40oC/W/IN 

-=- TAA 

l~ __ ~~ ______ ~ 
Use of the above model permits calculation of average 

junction temperature for any mounting situation. l.owest 
values of thermal resistence will occur when the cathode 
lead Is brought as close as possible to a heat dissipator; as 
heat conduction through the anode lead is small. Terms 
In the model are defined as follows: 

TEMPE RATU RES 

TA'"' Ambient 
T AA '"' Anoda Heat Sink Ambient 
T AK '"' Cathode Heat Sink Ambient 
TLA '"' Anode Lead 
TLK '"' Cathode Lead 

THERMAL RESISTANCES 

R6CA = Case to Ambient 
R6SA = Anode Lead Heat Sink to Ambient 
A6SK.= Cathoda Lead HeatSink to Ambient 
R6 LA '"' A node Lead 
RO LK '"' Cathode Lead 

·CII.e temperature reference 
Is at cathode end. 

T J '"' Junction 

3·88 

R6CL co Case to Cathode Lead 
ROJC = Junction to Case 
A6JA = Junction to Anode Lead (5 bend) 
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FIGURE 7 - TYPICAL FORWARD VOL TAGE 
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FIGURE 8 - MAXIMUM SURGE CAPABILITY 
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NOTE 4 - HIGH FREQUENCY OPERATION 

36 40 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 10). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield' 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the de output voltage. 



II 

® MOTOROLA 

MBR73S MBR74S SWITCHMODE POWER RECTIFIERS 

. using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 

• Guardring for Stress Protection 

• Low Forward Voltage 

SCHOTTKY BARRIER 
RECTIFIERS 

• 150a C Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

• Epoxy Meets UL94, VO at 1/8" 
7.5 AMPERES 

35 and 45 VOLTS 

CROSS-REFERENCE GUIDE 

MOTOROLA GI UNITRODE 

MBR735 SB820 USD620, USD720 

MBR735 SB830 USD635, USD735 

MBR745 SB840 USD640, USD740 

MBR745 SB850 USD645, USD745 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Average Rectified Forward Current (Rated VR) 
TC= 105°C 

Peak Repetitive Forward Current 
(Rated VR, Square Wave, 20 kHz) TC = 105°C 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions halfwave. 

Single phase, 60 Hz) 

Peak Repetitive Reverse Surge Current 
(2.0 ~s, 1.0 kHz) 

Operating Junction Temperature 

Storage Temperature 

Voltage Rate of Change (Rated VR) 

THERMAL CHARACTERISTICS 

Maximum Thermal Resistance. Junction to Case 

Maximum Thermal Resistance. Junction to Ambient 

ELECTRICAL CHARACTERISTICS 

Maximum Instantaneous Forward Voltage (1) 
(iF = 7.5 Amp, TC = 125°C) 
(iF = 15 Amp, TC = 125°C) 
(iF= 15Amp, TC= 25°q 

Maximum Instantaneous Reverse Current (1) 
(Rated de Voltage, TC = 125°C) 
(Rated de Voltage, T C = 25°C) 

(1) Pulse Test: Pulse Width = 300 P.s, Duty Cycle ~ 2.0% 

VARO 

VSK62 

VSK63 

VSK64 

-

Symbol MBR735 

VRRM 
VRWM 35 

VR 

IF(AVI 7.5 

IFRM 15 

IFSM 150 

IRRM 1.0 

TJ -65 to +150 

Tst9 -65 to +175 

dv/dt 1000 

3.0 

60 

vF 
0.57 
0.72 
0.84 

iR 
15 
0.1 

3·90 

CASE 221 B-02 
TO-220AC 

MBR745 Unit 

45 Volts 

7.5 Amps 

15 Amps 

150 Amps 

1.0 Amps 

-65 to +150 °c 

-65 to +175 °c 

1000 V/"s 

3.0 

60 

Volts 
0.57 
0.72 
0.84 

mA 
15 
0.1 
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~ 
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TA. AMBIENT TEMPERATURE (0C) 

STYLE 1: 

=lrfJ ~~ 
PIN 1. CATHODE 

2. N/A 
3 ANODE 

r-[~ 
4.CATHOOE 

F TERS INCHES - ~~ MAX MIN MAX L tu K- 15.75 0.595 0.620 

'_, ~ e 10.29 0.380 0.405 
4.82 .160 0.190 Uf,[ H D D." 0.025 0.035 

A f 3.73 0.142 0.147 

-=:ij~r 
G 5.33 0.190 0.210 
H 3.30 0.110 0.130 
J 0.56 0.014 0.02 
K 1 14.27 0.500 0.562 

-IR L 1.1 0.045 0.050 
Q .54 3.04 0.1110 0.20 

I-J 
R 2.04 2.7 .080 0.110 
S 1.14 1.39 0.045 0.055 
T 5.9 ... 0.23 .25 
U O. .2 .05 

POLARITY: CATHODE-TO-CASE CASE 221 B-01 
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MBR1035 
MBR1045 ® MOTOROLA 

SWITCH MODE POWER RECTIFIERS 

· .. using the Schottky Barrier principle with a platinum barrier metal. 
These state-ot-the-art devices have the tollowing features: 

• Guardring tor Stress Protection 

• Low Forward Voltage 

• 1S0oC Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

• Epoxy Meets UL94, VO at liB" 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Average Rectified Forward Current (Rated VR) IFIAV) 
Te = 135°C 

Peak Repetitive Forward Current IFRM 
IRated VR, Square Wave, 20 kHz) T e = 135°C 

Nonrepetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions halfwave, 

single phase, 60 Hz) 

Peak Repetitive Reverse Surge Current IRRM 
(2.0 ~s, 1.0 kHz) See Figure 12 

Operating Junction Temperature TJ 

Storage Temperature Tstg 

Voltage Rate of Change (Rated VR) dv/dt 

THERMAL CHARACTERISTICS 

Characteristic 

Maximum Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

Maximum Instantaneous Forward Voltage (1) vF 
(iF= lOA, Te= 125°C) 
(iF = 20 A, Te = 125°C) 
(iF = 20 A, Te = 25°C) 

Maximum Instantaneous Reverse Current (1 ) iR 
(Rated de Voltage, T C = 125°C) 
(Rated de Voltage, T C = 25°C) 

(1) Pulse Test: Pulse Width = 300 ,...5, Duty Cycle S;;; 2.0% 
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SCHOTTKY BARRIER 
RECTIFIERS 

MBR1035 

35 

10 

20 

150 

1.0 

-65 to + 150 

-65 to +175 

1000 

MBR1035 

0.57 
0.72 
0.84 

15 
0.1 

10 AMPERES 
20 to 45 VOLTS 

CASE 221 B-01 
TO-220AC 

MBR1045 Unit 

45 Volts 

10 Amps 

20 Amps 

150 Amps 

1.0 Amps 

-65 to + 150 °e 

-65 to +175 °C 

1000 V/~s 

MBR1045 Unit 

Volts 
0.57 
0.72 
0.84 

mA 
15 
0.1 



MBR1035, MBR1045 

FIGURE 1 -MAXIMUM FORWARD VOLTAGE 
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FIGURE 2 -TYPICAL FORWARD VOLTAGE 
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MBR1035, MBR1045 

FIGURE 5 - CURRENT DERATING. INFINITE HEATSINK 
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~ 

J1:StPk 
Duty Cycl •• 0 = tpltl 

'p - Peak Power, Ppk. is peak of an 
~11--1 TIME equivalent square power pulse. 

AT Jl = Ppk . R8JlI0 + 11 - 01 . rltl +tpl + rltp) - rltl)] 

where AT J L :: the increase in junction temperature .bov. the lead temperature 
r(t) = normalized value of transient thermal resistance at time. t. 
lor nample, r(t, + tp) := normalized value of transient 
thermal resistance at time, t, + tp . 

10 100 1000 



MBR1035, MBR1045 

HIGH FREQUENCY OPERATION 

Since currentflow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per­
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 10.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficieny is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 

FIGURE 11 - SCHOTTKY RECTIFIER 

Anode 
Schottky Chip (See View A-A) 

FIGURE 12 - TEST CIRCUIT FOR dv/dt AND 
REVERSE SURGE CURRENT 

VCC 12Vdc 

It2V 100 

---l I-- 2.0 p's 
1.0kHz 

Current 
Amplitude 

Adjust 
0-10 Amps 

100 
Carbon 

rro'l·~ 2.0kfl 

! '"' j "" 
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lN5817 

~ 
w 
'-' z 

5 
: 
c( 
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FIGURE 10 - CAPACITANCE 
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VR. REVERSE VOLTAGE (VOLTSI 

Schottky Chip - View A-A 

Aluminum Contact Metal 
Platinum Barrier Metal / Oxide 

r:;~?:;;;;;;;~';:::;;;;;;;;;;;;;;;=;;;;;;~0{~ Passivation 

Guardring X-----------' 
Motorola builds quality and reliability into its Schottky 

Rectifiers. 
First is the chip, which has an interface metal between the 

barrier metal and aluminum-contact metal to eliminate any 
possible interaction between the two. The indicated guardring 
prevents dvldt problems, so snubbers are not mandatory. The 
guardring also operates like a zener to absorb over-voltage 
transients. 

Second is the package. The Schottky chip is bonded to the 
copper heat sink using a specially formulated solder. This gives 
the unit the capability of passing 10,000 operating thermal­
fatigue cycles having a LlTJ of 100°C. The epoxy molding 
compound is rated per UL 94, VO @ 1/8". Wire bonds are 100% 
tested in assembly as they are made. 

Third is the electrical testing, which includes 100% dvldt at 
1600 V/p.s and reverse avalanche as part of device 
characterization. 

OUTLINE DIMENSIONS 

CASE 2218-01 
TO-220AC 

DIM 
A 

K 

Q 

R 
S 
T 
U 

STYLE " 
PIN 1. CATHODE 

2. NfA 
3. ANODE 
4. 'CATHOOE 

MILLIMETERS 
MIN MAX 
15.11 15.75 
9.S5 10.29 
4.0S 4.82 
0.S4 0.89 
3.S1 3.73 
4.83 5.33 
2.79 3.30 
0.3S 0.5S 

12.70 14.27 
1.14 1.27 
2.54 3.04 
2.04 2.79 
1.14 1.39 
5.97 S.48 
0.7S 1.27 

INCHES 
MIN MAX 
D.595 D.S20 
0.380 0.405 
0.lS0 0.190 
0.025 0.035 
0.142 0.147 
0.190 0:210 
0.110 0.130 
0.014 0.02 
0.500 0.5S2 
0.045 0.050 
0.100 .12 
0.080 0.110 
0.045 0.055 
0.235 0.255 
0.03 .05 



MBRI060 

SWITCHMODE POWER RECTIFIERS 

• •. using the Schottky Barrier principle with a platinum barrier 
metal. These state-of-the-art devices have the following features: 

• Guardring for Stress Protection 

• Low Forward Voltage 

• 150'C Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

• Epoxy Meets UL94, VO at 1/S" 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Average Rectified Forward Current (Rated VR) 
TC = 133'C 

Peak Repetitive Forward Current 
(Rated VR, Square Wave, 20 kHz) TC = 133'C 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions hallwave, single phase, 60 Hz) 

Peak Repetitive Reverse Surge Current 
(2.0 p.S, 1.0 kHz) 

Operating Junction Temperature 

Storage Temperature 

Voltage Rate of Change (Reted VR) 

THERMAL CHARACTERISTICS 

Maximum Thermal Resistance, Junction to Case 

Maximum Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS 

! Maximum Instantaneous Forward Voltage (1) 
(iF = 10 Amp, TC = 125'C) 
(iF = 20 Amp, TC = 125'C) 
(iF = 20 Amp, TC = 26'C) 

Maximum Instantaneous Reverse Current (I) 
(Reted dc Voltage, TC = 125'C) 
(Rated dc Voltage, TC = 25'C) 

(1) Pulse Test: Pul.e Width = 300 p.O, Duty Cvcle "'2.0% 
Switchmode is a trademark of Motorola Inc. 
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® MOTOROLA 

Symbol 

VRRM 
VRWM 

VR 

IF(AV) 

IFRM 

IFSM 

IRRM 

TJ 

Tstg 

dv/dt 

Rruc 

vF 

iR 

SCHOTTKY BARRIER 
RECTIFIER 

10 AMPERES 
60 VOLTS 

CASE 2218-01 
TO-220AC 

Value 

60 

10 

20 

150 

1.0 

-65 to + 150 

-65 to + 175 

1000 

2.0 

60 

0.70 
0.85 
0.95 

25 
0.10 

Unit 

Volts 

Amps 

Amps 

Amps 

Amps 

'c 
'c 

V/p.S 

Volts 

mA 
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FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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FIGURE 2 - TYPICAL REVERSE CURRENT 
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MBR1520 
MBR1530 
MBR1540 

® MOTOROLA 

HOT CARRIER POWER RECTIFIER 

· .. employing the Schottky Barrier principle in a large area metal­
to-silicon power diode. State of the art geometry features epitaxial 
construction with oxide passivation and metal overlap contact. Ideal­
ly suited for use as rectifiers in low-voltage, high-frequency inverters, 
free wheeling diodes, and polarity protection diodes. 

• Extremely Low vF 

• Low Stored Charge, Majority Carrier Conduction 

• Low Power Loss/High Efficiency 

• High Surge Capacity 

MAXIMUM RATINGS 

Rating Symbol MBR1520 MBR1530 MBR1540 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 30 40 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 24 36 48 

Average Rectified Forward Current 10 .. 15 .. 
(VR(equiv)5:0.2 VR(dc), TC =8cPc 

Ambient Temperature TA 95 90 85 

Rated VR(dc), PF(AV) = 0, 
ROJA = 5.0oC/W 

Non-Repetitive Peak Surge Current IFSM - 500 (for 1 cycle) _ 
(surge applied at rated load condi-
tions, halfwave, single phase, 60 Hz 

Operating and Storage Junction TJ,Tstg --65to+125_ 
Temperature Range (Reverse 
voltage applied) 

Peak Operating Junction Tempera- TJ(pk) .. 150 .. 
ture (Forward Current Applied) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted.) 

Unit 

Volts 

Volts 

Amp 

°c 

Amp 

°c 

°c 

Characteristic Symbol Min Typ Max Unit 

Maximum Instantaneous Forward vF Volts 
Voltage (1) 
(iF = 15 Amp) - - 0.550 

Maximum Instantaneous Reverse ;R mA 
Current @ rated de Voltage (11 - - 10 
TC = l000 e - - 75 

(1) Pulse Test: Pulse Width = 300!,s, Duty Cycle = 2.0%. 
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I 

SCHOTTKY 
BARRIER 

RECTIFIERS 

15 AMPERE 
20,30,40 VOLTS 

STYLE 2: 
TERM 1. ANODE 

MILLIMETERS INCHES 
DIM MIN MAX MIN • 

11.94 12.83 0,410 0.5115 

• 10.11 11.10 0.424 0.431 
- I -• . ... - 0.250 

E 1.91 4. " • 1.S2 - O.DBO -• 10.72 11.51 0.422 0.463 

• - 20.2 -
P ~14 • 0.163 0.188 
Q 1.52 - 0,060 -

- -
All JEDeC dimenlioM.nd nota .pply 

CASE 56 
00-4 

2. CATHODE 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 

POLARITY: Cathode to Case 

MOUNTING POSITION: Any 

STUD TORQUE: 15 in. lb. max 



MBR1520, MBR1530, MBR1540 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibil ity of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 VRWM. Proper derating may be accomplished by use 
of equation 111: 

TAlmax)" TJlmax) -ROJA PFIAV) - ROJA PRIAV) 111 
where 

T A(max) "" Maximum allowable ambient temperature 

TJlmax)" Maximum allowable junction temperature 11250 C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

PFIAV)" Average forward power dissipation 

PR(AV) ::: Average reverse power dissipation 

R8JA = Junction-lo-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation 121: 

TR "T Jlma.1 - ROJA PRIAVI 121 

Substituting equation (2) into equation (1) yields: 

TAlmaxl = TR - ROJA PFIAVI 131 
I nspection of equations (2) and (31 reveals that TR is the ambient 
temperatu re at wh ich thermal runaway occurs or where TJ = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 

3 as a difference in the rate of change of the slope in the vicinity 
of 1150C. The data of Figures 1. 2 and 3 is based upon de condi· 
tions. For use in common rectifier circuits, Table I indicates sug­
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

VRlequivl" VinIPK) x F 141 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diades. 

Example: Find TAlma.) for MBR1540 operated in a 12·Voltde 
supply using a bridge circuit with capacitive filter such that IOC = 
10 A IIFIAV) " 5 AI. IIPKI/IIAVI = 20. Input Voltage" 10 
Vlrmsl. ROJA" 50 C/W. 

Step 1: Find VRlequiv)' Read F " 0.65 from Table I :. 
VRlequiv)" 11.41)(10)(0.651" 9.1B V 

Step 2: Find TR from Figure 3. Read TR" 1210C@VR"9.18 
& ROJA "50 C/W 

Step 3: Find PFIAV) from Figure 4. Read PFIAVI " 10.5 W 
IIPK) 

@IIAVi20& IFIAVI" 5 A 

Step 4: Find TAlmaxl from equation 13), TAlmax)" 121-(5) 
110.51 " 68.50C), 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave Full Wave, Bridge Full Wave, 
Center Tapped 11)(21 

Load Resistive Capacitive( 1) Resistive Capacitive Resistive Capacitive 

Sine Wave 0.5 1.3 0.5 0.65 1.0 1.3 
Square Wave 0.75 1.5 0.75 0.75 1.5 1.5 

11)Not. that VRIPKI ~2 VinlPKI (2) Use line to center tap voltage for Vin-

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - MBR1520 FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - MBR1530 
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FIGURE 9 - NORMALIZED REVERSE CURRENT 
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FIGURE 10 - TYPICAL REVERSE CURRENT 
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NOTE 2 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 



MBR1535CT 
MBR1545CT 

SWITCHMODE POWER RECTIFIERS 

. using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 

• Center-Tap Configuration 

• Guardring for Stress Protection 

• Low Forward Voltage 

• 150c C Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

• Epoxy Meets UL94, VO at liS" 

CROSS-REFERENCE GUIDE 

MOTOROLA G.I. IR UNITRODE VARO 

MBR1535CT SB1620 12CTQ030 US0620, USD720C VSK12 

MBR1535CT SB1630 12CT0035 USD635C. USD735C VSK13 

MBR1545CT SB1640 12CT0040 USD640C, USD740C VSK14 

MBR1545CT SB1645 12CT0045 USD645C. USD745C -

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Average Rectified Forward Current Per Diode IF(AV) 
T C = 105c C (Rated VR) Per Device 

Peak Repetitive Forward Current. T C = 105°C IFRM 
(Rated VR, Square Wave, 20 kHz) Per Diode 

Nonrepetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions halfwave. 

single phase. 60 Hz) 

Peak Repetitive Reverse Surge Current IRRM 
(2.0 I's. 1.0 kHz) 

Operating Junction Temperature TJ 

Storage Temperature Tstg 

Voltage Rate of Change (Rated VR) dvldt 

THERMAL CHARACTERISTICS PER DIODE 

Maximum Thermal Resistance, Junction to Case 

Maximum Thermal Resistance. Junction to Ambient 

ELECTRICAL CHARACTERISTICS PER DIODE 

Maximum Instantaneous Forward Voltage (1) vF 
(iF = 7.5 Amp, TC = 125°C) 
(iF = 15 Amp, TC = 125°C) 
(iF = 15 Amp, TC = 25°C) 

Maximum Instantaneous Reverse Current {1} iR 
(Rated de Voltage, TC = 125°C) 
(Rated de Voltage, TC = 25°C) 

(1) Pulse Test: Pulse Width = 300 fJ,S, Duty Cycle ~ 2.0% 

3-102 

® MOTOROL.A 

SCHOTTKY BARRIER 
RECTIFIERS 

15 AMPERES 
35 and 45 VOLTS 

MBR1535CT MBR1545CT Unit 

Volts 
35 45 

7.5 7.5 Amps 
·15 15 

15 15 Amps 

150 150 Amps 

1.0 1.0 Amps 

-65 to +150 -65 to +150 °c 

-65 to +175 -65 to +175 °c 

1000 1000 VII's 

3.0 3.0 

60 60 

Volts 
0.57 0.57 
0.72 0.72 
0.84 0.84 

mA 
15 15 
0.1 0.1 
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NOTES: 
1. DIMENSIONS lAND H APf'LlESTO ALL LEADS. 
2. DIMENSION Z DEFINES A ZONE WHERE All 

BODY AND LEAD IRREGULARlTIESARE 
ALLOWED. 

3. DIMENSIONING AND TDlERANCING PER ANSI 
Y14.51973. 

4. CONTROLLING OIMENSION: INCH 

POLARITY: CATHODE·TO·CASE 

STYLE 6: 
PIN 1. ANODE 

2. CATHODE 
3. ANODE 
4. CATHODE 

CASE 221 A·02 

160 
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MBR1635 
MBR1645 

SWITCHMODE POWER RECTIFIERS 

.. using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 

• Guardring for Stress Protection 

• Low Forward Voltage 

• 150°C Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

CROSS-REFERENCE GUIDE 

MOTOROLA UNITRODE 

MBR1635 USD920 

MBR1635 USD935 

MBR1645 USD940 

MBR1645 USD945 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Average Rectified Forward Current (Rated VR) IF(AV) 
TC; 125°C 

Peak Repetitive Forward Current IFRM 
(Rated VR, Square Wave, 20 kHz) TC; 125°C 

Nonrepetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions halfwave. 

single phase, 60 Hz) 

Peak Repetitive Reverse Surge Current IRRM 
(2.0,,5, 1.0 kHz) 

Operating Junction Temperature TJ 

Storage Temperature T5tg 

Voltage Rate of Change (Rated VR) dvldt 

THERMAL CHARACTERISTICS 

Maximum Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Maximum Instantaneous Forward Voltage (1) vF 
(iF; 16 Amp, Tc; 125°C) 
(iF; 16 Amp, Tc; 25°C) 

Maximum Instantaneous Reverse Current(1) iR 
(Rated de Voltage, T C; 125°C) 
(Rated de Voltage, TC; 25°C) 

(1) Pulse Test: Pulse Width = 300 P.s, Duty Cycle ~ 2.0% 
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® MOTOROLA 

SCHOTTKY BARRIER 
RECTIFIERS 

MBR1635 

35 

16 

32 
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1.0 

-65 to +150 

-65 to +175 

1000 

0.57 
0.63 

40 
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CASE 221 B-01 
TO-220AC 
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Volts 

Amps 

Amps 

Amps 

Amps 

°c 

°C 

V/"s 

Volts 

mA 
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FIGURE 2 - TYPICAL REVERSE CURRENT 
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CATHODE COMMON TO TAB 

STYLE 1: 
PIN 1. CATHODE 

2. NIA 
3. ANODE 
4. CATHODE 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
15.11 15.75 0.595 0.620 
9.65 111.29 a.3BO 0.405 
•. OS 4.82 0.160 0.190 
0.64 0,89 0.025 0.035 
3.61 3.73 0.142 0.147 
4.83 5.l3 0.190 0.210 
2.79 3.30 0.110 0.130 
0.36 0.56 0.014 0.022 

12.70 14.27 0.500 0.562 
1.14 1.27 0.045 0.050 
2.54 3.' 0.100 (1.120 
2.04 2.79 0.080 0.110 
1.14 1.39 O.MS 0.055 
5.97 6.48 0.235 0.255 
0.76 I. .00 0.50 

CASE 221 B-01 
(TO-220AC) 

PLASTIC 
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MBR203SCT 
MBR204SCT 

SWITCH MODE POWER RECTIFIERS 

... using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 

• Guardring for Stress Protection 

• Low Forward Voltage 

• 1500 C Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

• Epoxy Meets UL94. VO at 1/8" 

CROSS-REFERENCE GUIDE 

MOTOROLA IR FUJI 

MBR2035CT 20CTQ030 -

MBR2035CT 20CTQ035 -

MBR2045CT 20CTQ040 ESACB3-4 

MBR2045CT 20CTQ045 ESADB3-4 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Average Rectified Forward Current (Rated VR) IF(AV) 
TC= 135°C 

Peak Repetitive Forward Current Per Diode Leg IFRM 
(Rated VR. Square Wave. 20 kHz) T C = 135°C 

Nonrepetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions halfwave. 

single phase. 60 Hz) 

Peak Repetitive Reverse Surge Current IRRM 
(2.0 I's. 1.0 kHz) See Figure 11 

Operating Junction Temperature T 
Storage Temperature Tstg 

Voltage Rate of Change (Rated VR) dvldt 

THERMAL CHARACTERISTICS 

Maximum Thermal Resistance. Junction to Case 

ELECTRICAL CHARACTERISTICS 

Maximum Instantaneous Forward Voltage (1) vF 
(iF = 10 Amp. TC = 125°C) 
(iF = 20 Amp. TC = 125°C) 
(iF = 20 Amp. TC = 25°C) 

Maximum Instantaneous Reverse Current (1) iR 
(Rated de Voltage. TC = 125°C) 
(Rated de Voltage. T C = 25°C) 

(1) Pulse Test: Pulse Width = 300 p,S, Duty Cycle ~ 2.0% 
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® MOTOROLA 

SCHOTTKY BARRIER 
RECTIFIERS 

20 AMPERES 
35 and 45 VOLTS 

CASE 221A-02 
TO-220AB 

MBR2035CT MBR2045CT Unit 

35 45 Volts 

20 20 Amps 

20 20 Amps 

150 150 Amps 

1.0 1.0 Amps 

-65 to +150 -65 to +150 °c 
-65 to +175 -65 to +175 °c 

1000 1000 VII's 

2.0 

Volts 
0.57 0.57 
0.72 0.72 
0.B4 0.B4 

mA 
15 15 
0.1 0.1 

\ 
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FIGURE 2 -TYPICAL FORWARD VOLTAGE 
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HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per­
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 10.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz. e.g .. the ratio of de power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However. in contrast to ordinary 
Junction diodes, the loss in waveform efficieny is not Indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the de output voltage. 

FIGURE 11 - TEST CIRCUIT FOR dv/dt AND 
REVERSE SURGE CURRENT 
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FIGURE 10 - CAPACITANCE 

....... Maximum 

" ~t'-
Typical 

~ 
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r"" 
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VA. REVERSE VOLTAGE (VOLTS) 

NOTES: 
1. DIMENSIONS LAND H APPLIES TO ALL LEADS. 
2. DIMENSION Z DEFINES A ZONE WHERE ALL 

BODY AND LEAD IRREGULARITIES ARE 
ALLOWED. 

3. DIMENSIONING AND TO LERANCING PER ANSI 
Y14.51973. 

4. CONTROLLING DIMENSION: INCH. 

MILLIMETERS INCHES STYLE 6: 

"'M MIN MAX MIN MAX PIN 1. ANODE 1 
A 15.11 15.75 0.595 0.620 2. CATHODE 
8 9.65 10.29 0.380 0.40 

3. ANODE 2 c 4.06 4.82 0.160 0.190 
0 0.64 0.89 0.025 0.035 4. CATHODE 
F 3.61 3.73 0.142 0.147 
G 2.41 2.67 0.095 0.105 
H 2.79 3.30 0.110 0.130 
J 0.36 0.56 0.014 0.022 
K 12.70 14.27 0.500 0.562 
l 1.14 1.27 0.045 0.050 
N 4.83 5.33 0.190 0.210 
Q 2.54 3.04 O.Ioa 0.120 
R 2.04 2.79 0.080 0.110 
S 1.14 1.39 0.045 0.065 

• 5.97 6.48 0.235 0.256 
U 0.76 1.27 0.030 0.050 CASE 221A-02 

1.14 0.045 
2.03 0.080 TO-220AB 

50 



MBR2520 
MBR2530 
MBR2540 

® MOTOROLA 

HOT CARRIER POWER RECTIFIER 

· .. employing the Schottky Barrier principle in a large area metal·to· 
silicon power diode. State of the art geometry features epitaxial con· 
struction with oxide passivation and metal overlap contact. Ideally 
suited for use as rectifiers in low·voltage, high·frequency inverters, 
free wheeling diodes, and polarity protection diodes . 

• Extremely Low vF 

• Low Stored Charge, Majority 
Carrier Conduction 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Non-Repetitive Peak Reverse Voltage 

Average Rectified Forward Current 
VR(equiv.) ';;0.2 VR(dc), TC = 80°C 

Ambient Temperature 
Rated VR(dc),PF(AV) =0 

ROJA = 3.50 CIW 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions. halfwave, single phase. 
60 Hz) 

• Low Power Loss/High 
Efficiency 

• High Surge Capacity 

Symbol MBR2520 MBR2530 

VRRM 
VRWM 20 30 

VR 

VRSM 24 36 

10 • 25 

TA 
90 85 

IFSM 

MBR2540 

40 

48 

I 

80 

_ 800 (for 1 cycle) _ 

Operating and Storage Junction TJ, T stg ---65 to +125_ 
Temperature Range (Reverse 

voltage applied) 

Peak Operating Junction Temperature TJ (pk) .. 150 • 
(Forward Current Applied) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.1 

Unit 

Volts 

Volts 

Amp 

vc 

Amp 

°c 

°c 

Characteristic Symbol Min Typ Max Unit 

Maximum Instantaneous Forward vF Volts 
Voltage (1) 
(iF = 25 AmP) - - 0.550 

Maximum Instantaneous Reverse Current ;R - - 20 mA 
(jjI Rated dc Voltage (1) (TC· 10o"C) - - 15.0 

(1) Pulse Test: Pulse Width = 300 /loS, Duty Cycle· 2.0%. 
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SCHOTTKY 
BARRIER 

RECTIFIERS 

25 AMPERE 
20,30,40 VOLTS 

STYLE 2: 
TERM 1. ANODE 

Mil IMETERS INCHES 
DIM MI AX MIN MA 

A 11." 12.83 0.470 0.505 

• 1(1.17 11.10 0.424 0.437 
C - 10.2 - .• 06 
0 - .... - usn , 1.91 .... 0.075 0.75 
f 1. - aD60 -• 10.72 11.51 0.422 D .• 
I - 20.32 -• 4,14 .... 0.183 0.189 

• 1.52 - 0.080 -
- - • 

AtiJEDECdimlnlion •• ndnotlllpply 

CASE 56 
00-4 

2. CATHODE 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion 

resistance and terminal lead is 
readily solderable. 

POLARITY: Cathode to Case 
MOUNTING POSITIONS: Any 
STUD TORQUE: 15 in. lb. Max 



MBR2520, MBR2530, MBR2540 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 VRWM' Proper derating may be accomplished by use 
of equation (11: 

TA(maxl = TJ(maxl - ReJA PF(AVI - ReJA PR(AVI (11 
where 

T A(max) := Maxirn.um allowable ambient temperature 

TJ(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

PFIAV) = Average forward power dissipation 

PR(AV) = Average reverse power dissipation 

ROJC = Junction·to~ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (11 by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (21: 

(21 

Substituting equation (2) into equation (1) yields: 

TA(maxl = TR - ReJA PF(AVI 131 
I nspection of equations (2) and (3) reveals that TR is the ambient 
temperatu re at wh ich thermal ru naway occurs or where T J = 12SoC, 

when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 
3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi­
tions. For use in common rectifier circuits, Table I indicates sug­
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

VR(equivl = Vin(PKI x F (41 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find TA(max),for MBR2S40 operated in a 12·Voltdc 
supply using a bridge circuit with capacitive filter such that IDe = 
16 A (tF(AVI = 8 AI, I(PKIIi(AVI = 20, Input Voltage = 10 
V(rmsl, ReJA = 50 C/W. 

Step 1: Find VR(equivl. Read F = 0.65 from Table I :. 

VRlequivl = (1.411(10)(0.651 =9.18 V 

Step 2: Find TR from Figure 3. Read TR = 1130C@VR = 9.18 
& ReJA = SOC/W 

Step 3: Find PF(AVI from Figure 4. Read PF(AVI = 14.8 W 
I(PKI 

@1(AVi20& IF(AVI = 8 A 

Step 4: Find T A(maxl from equation (31. T Almaxl = 113-(51 
114.81 = 39°C 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave Full Wave, Bridge Full Wave, 
Center Tapped (11, (21 

Load Resistive I Capacitive (1) Resistive_l Capacitive Resistive I Capacitive 

Sine Wave 0.5 I 1.3 0.5 I 0.65 1.0 I 1.3 
Square Wave 0.75 I 1.5 0.75 I 0.75 1.5 ~ 1.5 

(11 Note that VR (PKI '" 2 Vin(PKI (2) Use line to center tap voltage for Vin. 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - MBR2520 FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - MBR2530 
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... 
."., 

ZilJCltl· ROJC • rlt) 

rrJLPk DUTY CYCLE, O· tp/tl 
tp - TIME PEAK POWER, Ppk. is peak at an 

1-.. - tl--1 equivalent square power pulse. 

6 TJC' Ppk • ROJC 10 + 11 - 01· rll1 + tpl + rltpl-rll1II 
where 
6 T JC " the increase in junction temperature above the case temperature 
r{t) = normalized value of transient thermal resistance at time. t, from Figure 8, i.B.: 

r(q + tpl'= normalized value of transient thermal resistance at time, t1 + tp. 
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FIGURE 9 - NORMALIZED REVERSE CURRENT 
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NOTE 2 - HIGH FREQUENCY OPERATIOIQ 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consistin'g of an ideal diode in parallel with a 
variable capacitance. (See Figure 11), 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz. e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency. whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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MBR2535CT 
MBR2545CT 

SWITCHMODE POWER RECTIFIERS 

... using the Schottky Barrier principle with a platinum barrier metal. 
These state-ol-the-art devices have the lollowing leatures: 

• Guardring for Stress Protection 

• Low Forward Voltage 

• 150°C Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

CROSS-REFERENCE GUIDE 

MOTOROLA IR FUJI 

MBR2535CT 30CTQ030 -

MBR2535CT 30CTQ035 -
MBR2545CT 30CTQ040 ESAC83-4 

MBR2545CT 30CTQ045 ESAD83-4 

MAXIMUM RATINGS 

® MOTOROLA 

--
--

--

--

SCHOTTKY BARRIER 
RECTIFIERS 

30 AMPERES 
35 and 45 VOLTS 

CASE 221A-02 
TO-220AB 

Rating Symbol MBR2535CT MBR2545CT Unit 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 35 45 Volts 
DC Blocking Voltage VR 

Average Rectified Forward Current (Rated VR) IF(AV) 30 30 Amps 
TC= 130°C 

Peak Repetitive Forward Current Per Diode Leg IFRM 30 30 Amps 
(Rated VR, Square Wave, 20 kHzIT C = 130°C 

Nonrepetitive Peak Surge Current per Diode Leg IFSM 150 150 Amps 
(Surge applied at rated load conditions halfwave, 

single phase, 60 Hz) 

Peak Repetitive Reverse Surge Current IRRM 1.0 1.0 Amps 
(2.0 I's, 1.0 kHz) 

Operating Junction Temperature T -65 to + 150 -65 to + 150 °C 
Storage Temperature Tstg 65 to +175"-

----~----.- ----,,(;-----
-65 to +1 75 

Voltage Rate of Change (Rated VR) dvldt 1000 1000 VII's 

THERMAL CHARACTERISTICS PER DIODE LEG 

Maximum Thermal Resistance, Junction to Case ROJC 1.5 1.5 °C/W 

ELECTRICAL CHARACTERISTICS PER DIODE LEG 

Maximum Instantaneous Forward Voltage (1) vF Volts 
(iF = 30 Amp, TC = 125°C) 0,73 0.73 
(iF = 30 Amp, TC = 25°C) 0.82 0.82 

Maximum Instantaneous Reverse Current(1) iR mA 
(Rated de Voltage, T C = 125°C) 40 40 
(Rated de Voltage, T C = 25°C) 0.2 0.2 

(1) Pulse Test: Pulse Width = 300 /lS, Duty Cycle ~ 2.0% 
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20 40 60 80 100 120 140 160 
TA. AMBIENTTEMPERATURE 1°C) 

NOTES' 
1. DIMENSIONS LAND H APPLIES TO ALL LEADS. 
2. DIMENSION Z OEFINES A ZONE WHERE ALL 

BODY AND LEAD IRREGULARITIES ARE 
ALLOWED. 

3. DIMENSIONING AND TOlERANCING PER ANSI 
Y14.51973. 

4. CONTROLUNG OIMENSION: INCH 

DIM 
A 

+ e 
D 
F 
G 
H 
J 
K 
L 
N 
Q 

R 
S 
T 

+.-V 
Z 

STYLES: 
PIN I. ANODE 1 

2. CATHODE 
3, ANODE2 
4 CATHODE 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

15.\1 15.75 0.595 0.62 
9.65 10.29 0.380 0.405 
4.06 4.82 0.160 0.190 
0.64 0.89 0.025 G.OlS 
3.61 3.73 0.142 0.147 
2.41 2.67 0.095 0.105 
2.79 3.30 0.110 0.130 
0.36 0.56 0.014 0.022 

12.70 14.27 a.500 0.562 
1.14 1.27 0.045 0.050 
4.83 5.33 0.190 0.210 
2.54 3.04 G.1Q{1 G.120 
1.04 2.79 0.080 0.11[1 
1.14 1.39 0.045 0.055 
5.97 6.48 0.235 0.255 
0.76 1.27 0.030 0.050 
1.14 0.045 
- 2.03 0.080 

CASE 221A-02 

II 
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MBR3020CT 
MBR3035CT 
MBR3045CT 

® MOTOROLA 

50241 

SWITCHMODE POWER RECTIFIERS 

... using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 

• Dual Diode Construction 

• Guardring for Stress Protection 

• Low Forward Voltage 

• 150°C Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

CROSS-REFERENCE GUIDE 

MOTOROLA TRW UNITRODE VARO IR 

50241 50241 50241 - -
._-

MBR3020CT - - VSK3020T 60COQ020 

MBR3035CT - - V5K3030T 60COQ035 

MBR3045CT 50241 - V5K3040T 60COQ045 

MAXIMUM RATINGS 

Rating Symbol MBR3020CT MBR3035CT 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 35 
DC Blocking Voltage VR 

Average Rectified Forward Current Per Device 10 30 30 
(Rated VR) TC = 105°C Per Diode 15 15 

Peak Repetitive Forward Current, Per Diode IFRM 30 30 
(Rated VR. Square Wave. 20 kHz) 

Nonrepetitive Peak Surge Current IFSM 400 400 
(Surge applied at rated load conditions 

halfwave, single phase, 60 Hz) 

Peak Repetitive Reverse Current. Per Diode IRRM 2.0 2.0 
(2.0 ~s, 1.0 kHz) See Figure 8 

Operating Junction Temperature TJ -65 to + 150 -65 to + 150 

Storage Temperature Tstg -65 to +1 75 -65 to +1 75 

Peak Surge Junction Temperature TJ(pk} 175 175 
(Forward Current Applied) 

Voltage Rate of Change (Rated VR) dv/dt 1000 1000 

THERMAL CHARACTERISTICS PER DIODE 

Maximum Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS PER DIODE 

Maximum Instantaneous Forward Voltage (1) vF 
liF= 10Amp, TC= 125°C) - -
(iF = 20 Amp, TC = 125°C) 0.60 0.60 
(iF = 30 Amp, TC = 125°C) 0.72 0.72 
(iF = 30 Amp, TC = 25°C) 0.76 0.76 

Maximum Instantaneous Reverse Current(1) iR 
(Rated de Voltage, TC = 125°C) 60 60 
(Rated de Voltage, T C = 25°C) 1.0 1.0 

Capacitance Ct 2000 2000 

(1) Pulse Test: Pulse Width = 300 P.s, Duty Cycle:::;;; 2.0% 

3-116 

SCHOTTKY BARRIER 
RECTIFIERS 

30 AMPERES 
20 to 45 VOLTS 

CASE 11-03 
TO-204AA 

(TO-3) 

MBR3045CT SD241 

45 45 

30 30 
15 15 

30 30 

400 400 

2.0 2.0 

-65 to + 150 -65 to +1 50 

-65 to +175 -65 to +1 75 

175 175 

1000 1000 

- 0.47 
0.60 0.60 
0.72 -
0.76 -

60 100 
1.0 VR = 35 V 

2000 2000 

Unit 

Volts 

Amps 

Amps 

Amps 

Amps 

°c 

°c 

°c 

V/~s 

Volts 

mA 

pF 
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MBR3020CT, MBR3035CT, MBR3045CT, 80241 

FIGURE 6 - THERMAL RESPONSE PER DIODE LEG 
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HIGH FREQUENCY OPERATION 

Since currentfiow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analYSis work may be per· 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 7.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example. relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz. e.g .. the ratio of de power to RMS power in the load is 
0.28 at this frequency. whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficieny is not indicative of 
power loss; it is simply a result of reverse currentflowthrough the 
diode capacitance. which lowers the de output voltage. 
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FIGURE 7 - CAPACITANCE 
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FIGURE 8 - TEST CIRCUIT FOR REPETITIVE 
REVERSE CURRENT 
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FIGURE 9 - SCHOTTKY RECTIFIER 

Aluminum 
Lead 

Steel Base (Cathode) 1---- Copper Core Steel Pins 

Motorola builds quality and reliability into its SChottky Recti­
fiers. 

First is the chip, which has an interface metal between the 
platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not required. 
The guardring also operates like a zener to absorb over-voltage 
transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The pin-ta-chip aluminum leadwire 

JF"::8-f t~1[O E 0 K 
SEAT~~~NEJ 

F--

NOTES: 

Guard 
Ring 

Moly Disk 

Chip 

View A-A 

provides stress relief. These two features give the unit the cap­
ability of passing stringent thermal fatigue tests for 5.000 
cycles. Copper-core steel pins match the expansion coefficient of 
the glass and are long enough (0.440 in. min.) to reach through a 
heat sirik to a printed circuit board. 

Third is the redundant electrical testing. The device is tested 
before assembly in "sandwich" form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test. devices are 100% tested for dvldt at 1.600 Vips 
and reverse avalanche. 

MECHANICAL CHARACTERISTICS 

CASE: Welded. hermetically sealed. 

FINISH: All external surfaces corrosion resis­
tant and terminal lead is readily solderable. 

POLARITY: Cathode to Case. 

MOUNTING POSITION: Any. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 1. a.tAMETERS a. v AND SURFACE T ARE DATUMS. 

A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
0 
R 
V 

- 39.37 - 1.550 
22.23 0.875 

6.35 11.43 0.250 0.450 
0.97 1.09 0.038 0.043 

3.43 0.135 
30.15 BSC 1.187 esc 
10.92 BSC 0.430 esc 
5.46 esc 0.215 esc 

16.89 esc 0.665 esc 
11.18 12.19 0.440 0.480 
3.84 4.09 0.151 0.161 

26.67 1.050 
3.84 4.09 0.151 0.161 

CASE 11-03 
TO-2D4AA 

2. POSITIONAL TOLERANCE FOR HOLE a: 
1.1@0.25(0.010) elT I v@1 

3. POSITIONAL TOLERANCE FOR LEADS: 
I ~lh30(0.012) elTI v elael 

4. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5.1973. 

STYLE 4: 
PIN 1. ANODE 1 

2. ANODE 2 
CASE. COMMON CATHODE 
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MBR3035PT 
MBR304SPT 

SWITCHMODE POWER RECTIFIERS 

· .. using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 

• Dual Diode Construction - Terminals 1 and 3 May Be Connected 
For Parallel Operation At Full Rating 

• Guardring For Stress Protection 

• Low Forward Voltage 

• 150°C Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
MBR3035PT 

Working Peak Reverse Voltage 
MBR3045PT 

DC Blocking Voltage 

Average Rectified Forward Current Per Device 
(Rated VR) T C = 105°C Per Diode 

Peak Repetitive Forward Current. Per Diode 
(Rated VR. Square Wave. 20 kHz) 

Nonrepetitive Peak Surge Current 
(Surge Applied at rated load conditions 

halfwave. single phase. 60 Hz) 

Peak Repetitive Reverse Current. Per Diode 
(2.0I's. 1.0 kHz) See Figure 6 

Operating Junction Temperature 

Storage Temperature· 

Peak Surge Junction Temperature 
(Forward Current Applied) 

Voltage Rate of Change (Rated VR) 

THERMAL CHARACTERISTICS PER 

Thermal Resistance. Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS PER 

Instantaneous Forward Voltage (1) 
(iF = 20 Amp. TC = 125°C) 
(iF = 30 Amp. TC = 125°C) 
(iF = 30 Amp. T C = 25°C) 

Instantaneous Reverse Current (1) 
(Rated de Voltage. TC = 125°C) 
(Rated de Voltage. TC = 25°C) 

11) Pulse rest: Pulse Width = 300 ~s, Duty Cycle';; 2,0% 
Switchmode is a trademark of Motorola Inc. 

Symbol 

VRRM 
VRWM 

VR 

IF(AV) 

IFRM 

IFSM 

IRRM 

TJ 

Tstg 

TJ(pk) 

dv/dt 

vF 

iR 

Maximum Unit 

35 
Volts 

45 

30 Amps 
15 

30 Amps 

200 Amps 

2.0 Amps 

-65 to +150 °c 

-65 to +175 °c 

175 °c 

1000 VII's 

Volts 
0.60 
0.72 
0,76 

mA 
100 
1.0 

3·120 

® MOTOROLA 

SCHOTTKY BARRIER 
RECTIFIERS 

30 AMPERES 
35 to 45 VOLTS 

CASE 340-01 
TO-218AC 

K 

___ J 
G~I-D 

1. ANODE 1 
2. CATHOOE(S) 
3. ANODE 2 
4. CATHODE(S) 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 20,32 21,08 0.800 0,830 
B 15.49 15.90 0,610 0,626 
C 4.19 5,08 0.165 0,200 
0 1.02 1.65 0.040 0,065 
E 1.35 1,65 0,053 0.065 
G 5,21 5,72 0,205 0,225 
H 2,41 3.20 0,095 0.126 
J 0,38 0,64 0,015 0,025 
K 12.70 15,49 0,500 0,610 
L 15,88 16.51 0,625 0,650 
N 12,19 12.70 0,480 0,500 
n 4,04 4.22 0.159 0.166 

CASE 340-01 
TO-218AC 
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MBR3520 
MBR3535 

MBR3545, H, HI 

SWITCHMODE POWER RECTIFIERS 

· .. using a plalinum barrier metal in a large area metal-to-silicon 
power diode. State-of-the-art geometry features epitaxial construc­
tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectifiers in low-voltage, high-frequency inverters, free­
wheeling diodes, and polarity-protection diodes. 

• Guardring for dv/dt Stress Protection 

• Guaranteed Reverse Surge Current! Avalanche 

• 150°C Operating Junction Temperature 

MAXIMUM RATINGS 

® MOTOROLA 

SCHOTTKY BARRIER 
RECTIFIERS 

35 AMPERES 
20 to 45 VOLTS 

Rating Symbol MBR3520 MBR3535 MBR3545. H. H1' Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Peak Repetitive Forward Current 
(Rated VR. Square Wave. 20 kHz, T C = 11 DOC) 

Average Rectified Forward Current 
(Rated VR, TC = 110'C) 

Peak Repetitive Reverse Surge Current 
(2.0 "s, 1.0 kHz) See Figure 8 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 

hallwave, single phase, 60 Hz) 

Operating Junction Temperature 

Storage Temperature 

Vollage Rate 01 Change 
(Rated VR) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction-ta-Case 

ELECTRICAL CHARACTERISTICS PER DIODE 

Characteristic 

Instantaneous Forward Voltage (1 ) 
(iF = 35 Amp, TC = 125°C) 
(iF = 35 Amp, T C = 25°C) 
(iF = 70 Amp, TC = 125°C) 

Instantaneous Reverse Current (1 ) 
(Rated Voltage, TC = 125°C) 
(Rated Voltage, T C = 25°C) 

Capacitance(VR = 1.0Vdc, 100 kHz> I> 1.0 MHz, TC= 25°C) 

*H and H1 deVices Include extra testmg. See Figure 10 . 
. (1) Pulse Test: Pulse Width = 300 loiS, Duty Cycle = 2.0% 

VRRM 
VRWM 

VR 

IFRM • 
IF(AV) • 
IRRM • 
IFSM • 

TJ • 
Tstg • 

dv/dt • 

Symbol 

vF 

iR 

Ct 

3-122 

20 35 45 Volts 

70 • Amps 

35 • Amps 

2.0 • Amps 

600 • Amps 

-65 to + 150 - • °C 

-6510 +175 • °c 

1000 I V/"s 

Typ Max 

1.3 1.5 

Typ Max Unit 

Volts 
0.49 0.55 
0.55 0.63 
0.60 0.69 

mA 
60 100 
0.1 0.3 

3000 3700 pF 
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FIGURE 1 -MAXIMUM FORWARD VOLTAGE 
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MBR3520, MBR3535, MBR3545, H, H1 

FIGURE 6 - THERMAL RESPONSE 
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ZOJC(t) = ROC' r(t) 

...... 1--" I I I I 
~ JtTIPk Outy Cycle. 0 = tplTl 

tp - TIME 
Peak Power. Ppk. is peak of an 

. - q -. equivalent square power pulse. 

6TJC - Ppk' ROJC [0 + (1 0) . r(tl + tp) + r(tp) - r(tl)] 
where 
~ TJC = the increase in junction temperature above the case temperature l--"' ..... 

2 - rjt) = normalized value of transient thermal resistance at time, t. from Figure 6, i.e.: 

1- rltl + tp) = normalized value of transient thermal resistance at time. 11 + tp. 

0.1 1.0 

t. TIME (ms) 

HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per­
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 7.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of de power to RMS power in the load is 
0.28 at this frequency. whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative 
of power loss; it is simply a result of reverse current flow through 
the diode capacitance, which lowers the de output voltage. 

FIGURE 8 - TEST CIRCUIT FOR dv/dt 
AND REVERSE SURGE CURRENT 

Vcc 12Vdc 

n ~2V 100 
-.l L.: 2N2222 

--t I-- 2.0,..s 
1.0kHz 

Current 

Amplitude 100 n 
Adjust Carbon 

0-10 Amps 

5000 
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~ 
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STYLE 2: 
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FIGURE 7 - CAPACITANCE 
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~ !. 
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I"""~,, 
Typ 

':--r-.... 

t-.... r-.... 
......, 

........ 

1.0 2.0 3.0 5.0 7.0 10 20 30 

VR. REVERSE VOLTAGE (VOLTS) 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 11.94 12.83 0.470 0.505 
B 10.77 11.10 0.424 0.437 
C 10.29 0.405 
D 6.35 0.250 
E 1.91 4.45 0.075 0.175 
F 1.52 0.060 
J 10.12 l1.6t 0.422 0.453 
K 20.32 0.800 
P 4.14 4.80 0.183 0.t89 
Q 1.52 0.060 
R 10.77 0424 

All JEDEC dimensions and notes apply 

TERM 1. ANODE 
2. CATHODE 
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FIGURE 9 - SCHOTTKY RECTIFIER 
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VIEW A-A Moly Disk 

Motorola builds quality and reliability into its Schottky Rectifiers. 
First is the chip, which has an interface metal between the 

platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not manda­
tory. The guardring also operates like a zener to absorb over­
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead is also stress-reliefed 
to prevent damage during assembly. These two features give the 

Guardring VIEW A-A 

unit the capability of passing powered thermal fatigue tests for 
5,000 cycles. The top copper lead provides a low resistance to 
current and therefore does not contribute to device heating; a 
heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in "sandwich" form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dvldt at 1,600 VII's 
and reverse avalanche. Devices are also 100% reverse scope 
tested for trace anomalies. 

FIGURE 10 - HI-REL PROGRAM OPTIONS 

PROOUCTION PROCESS, INSPECTION LOT FORMATION 
1. Raw Mat-erial r- AFTER FINAL ASSEMBLY 
2. Factory Processing OPE.RATION (SEALING) 

• 100% PROCESS CONDITIONING 

1. High Temperature Storage 

2. Temperature Cycling 

3. Constant Acceleration 
4. Hermetic Seal (F ine and Gross) 

I 

• • INSPECTION TESTS 
MBR3545H HOLDING AREA, 

f4 TO VERIFY LTPD: 
100% Group A Test Group A 

Group B 

l 
(Sample Tests) 

• ~ 
PREPARATION 

I 
I REVIEW OF I 

FOR GROUPS A & B DATA 
DELIVERY FOR ACCEPT OR REJECT 

Accept I Accept 

Data Data 
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The MBR3545 is also available with two levels of extra testin 
similar to "TX" screening and including Group Aand B inspectio 
programs. Both the MBR3545H and MBR3545Hl go throug 

n 
h 

100% screening consisting of high temperature storage, temper 
ature cycling, constant acceleration and hermetic seal testin g 
prior to a sample being submitted to Group A and B inspection. 
After completion of Group B inspection, the MBR3545H is avail-
able without additional screening. MBR3545Hl devices ar e 
further processed through a high temperature reverse bia 
(HTRB) and forward burn-in. Consult factory for details. 

, 
100% POWER CONDITIONING 

1. Electrical Test 
2. HTRB (160 Hrs Min) 

3. Electrical Test (PDA = 10) 

4. DC Forward Burn-In (24 Hrs Min) 

5. Electrical Test (PDA = 10) 

• MBR3545Hl I J PREPARATION 

I HOLDING AREA: FOR 
100% Group A Test I -I DELIVERY 

II 



II 

MBR4020 
MBR4030 
MBR4040 

HOT CARRIER POWER RECTIFIER 

· .. employing the Schottky Barrier principle in a large area metal-ta-silicon power 
diode. State of the art geometry features epitaxial construction with oxide passiva­
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 

• extremely Low vF • Low Power Loss/High Efficiency 
• Low Stored Charge, Majority 

Carrier Conduction 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Non-Repetitive Peak Reverse Voltage 

Average Rectified Forward Current 

VR(equiv) ,;:0.2 VR(dc)' TC = 70°C 

Ambient Temperature 
Rated VR(dc), PF(AV) = 0, 
R8JA = 2.00 C/W 

Non-Repetitive Peak Surge Current 
(surge applied at rated load conditions 
halfw .. e, single pha .. , 60 Hz) 

Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied) 

Peak Operating Junction Temperature 
(Forward Current Applied) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Symbol 

VRRM 
VRWM 

VR 

VRSM 

10 

TA 

IFSM 

TJ,Tstg 

TJ(pk) 

• High Surge Capacity 

MBR4020 MBR4030 MBR4040 

20 30 40 

24 36 48 

• 40 . 
100 95 90 

_ 800 (for 1 cyclel _ 

___ -65to+125_ 

_150 • 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted.I 

Characteristic Symbol Min Typ Max 

Maximum Instantaneous Forward vF 
Voltage 111 
liF - 40 Amp) - - 0.630 

Maximum Instantaneous Reverse iR 
Current@rateddcVoltage (1) - - 20 
TC = 100°C - - 150 

(1) Pulse Test: Pulse Width = 300"s, Duty Cycle = 2.0%. 

3-126 

Unit 

Volts 

Volts 

Amp 

°c 

Amp 

°c 

°c 

Unit 

Volts 

mA 

® MOTOROLA 

SCHOTTKY 
BARRIER 

RECTIFIERS 

40 AMPERE 
20,30,40 VOLTS 

I P ] 
r~ I A 
, I ~

I 

~~; 
K 

IS I 

LL _c! 
,-r--~ -p 

I J == '--114·28 UNF·2A 

i 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 16.94 17.45 0.669 0.687 
8 16.94 0.667 
C 11.43 - 0.450 
0 - 9.53 - 0.375 
E 2.92 5.08 0.115 0.200 
F - 2.03 - 0.080 
J 10.72 11.51 0.422 0.453 
K 25.40 1.000 
L 3.86 0.156 -
P 5.59 6.32 0.220 0.249 
Q 3.56 4.45 0.140 0.175 
R - 20.16 - 0.794 
S 2.26 0.089 

NOTES: 
1. DIM "P" IS DIA. 
2. CHAMFER OR UNOERCUT ON ONE OR BOTH ENDS 

OF HEXAGONAL BASE IS OPTIONAL. 
3. ANGULAR ORIENTATION AND CONTOUR OF 

TERMINAL ONE IS OPTIONAL. 
4. THREADS ARE PLATED. 
5. DIMENSIONING AND TOLERANCING PER 

ANSI YI4.5, 1973. 

CASE 267·01 
00·5 



MBR4020, MBR4030, MBR4040 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runBINay 
must be considered when operating th is rectifier at reverse voltages 
above 0.2 VRWM. Proper derating may be accomplished by use 
of equation (11: 

TA(maxl =TJ(maxl- R6JA PF(AVI- R6JAPR(AVI (11 
where 

T Almax) = Maximum aJlowable ambient temperature 

TJ(max) = Maximum allowable junction temperature 112SoC 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

PF(AV) = Average forward power dissipation 

PRIAV) = Average reverse power dissipation 

R6JC == Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation 121: 

TR = TJ(maxl - R6JA PRIAVI 121 

Substituting equation (21 into equation (1) yields: 

TA(maxl = TR - R8JA PFIAVI 131 
Inspection of equations (2) and (3) reveals that TR is the ambient 
temperature at which thermal runaway occurs or where TJ = 1250 e, 

when fOlWard power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 
3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1. 2 and 3 is based upon dc condi· 
tions. For use in common rectifier circuits, Table I indicates sug­
gested factors for an equivalent dc voltage to use for conservative 
design; Le.: 

VR(equivl = Vin(PKI x F (41 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find TA(max) for MBR4040 operated in a 12·Volt de 
supply using a bridge circuit with capacitive filter such that IDe = 
30 A IIF(AVI = 15 AI, I(PKI/I(AVI = 10, Input Voltage = 10 
V(rmsl, R6JA = 30 C/W. 

Step 1: Find VRlequivl. Read F = 0.65 from Table I :. 

VR(equivl = (10)(1.41)(0.651 = 9.18 V 

Step 2: FindTR from Figure 3. Read TR.= 11 SoC @ VR = 9.18 V 
& R6JA = 30 C/W 

Step 3: Find PFIAVI from Figure 4. Read PFIAVI = 25 W II 
I(PKI 

@IIAVI= 10 & IF(AVI = 15 A 

Step 4: Find T A(/r.axl from equation (31. T Almax) = 118·131 
(251 = 43 C. 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave 

Load Resistive I Capacitive ( , ) 

Sine Wave 0.5 I 1.3 
Square Wave 0.75 I 1.5 

111Note that VRIPKI "'2 Vin(PKI 

FIGURE 1 .- MAXIMUM REFERENCE TEMPERATURE -MBR4020 
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FIGURE 2 -MAXIMUM REFERENCE TEMPERATURE -MBR4030 
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MBR4()20, MBR4030, MBR4040 

FIGURE 6 - TYPICAL FORWARD VOLTAGE 
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FIGURE 6 - MAXIMUM SURGE CAPABILITY 
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MBR4020, MBR4030, MBR4040 

FIGURE 9 - NORMALIZED REVERSE CURRENT FIGURE 10 - TYPICAL REVERSE CURRENT 
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MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 

POLARITY: Cathode to Case 

MOUNTING POSITION: Any 

STUD TORQUE: 25 in. lb. Max 
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NOTE 2: HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 

NOTE 3: SOLDER HEAT 

The excellent heat transfer property of the heavy duty copper 
anode terminal which transmits heat away from the die requires 
that caution be used when attaching wires. Motorola suggests a 
heat sink be clamped betweon the eyelet and the body during any 
soldering operation. 
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MBR6035 
MBR6045, H, HI 

SCHOTTKY RECTIFIERS 

60 AMPERES 
35 AND 45 VOLTS 

CASE 257-01 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Peak Repetitive Forward Current 
(Rated VR, Square Wave, 20 kHz) T C = 100°C 

Average Rectified Forward Current 
(Rated VR) TC = 100°C 

Peak Repetitive Reverse Surge Current 
(2.0I's, 1.0 kHz) See Figure 7 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 

halfwave, single phase, 60 Hz) 

Operating Junction Temperature 

Storage Temperature 

Voltage Rate of Change 
(Rated VR) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction~to-Case 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Instantaneous Forward Voltage (1) 
(iF = 60 Amp, T C = 25°C) 
(iF = 60 Amp, T C = 125°C) 
(iF= 120 Amp, TC= 125°C) 

Instantaneous Reverse Current (I) 
(Rated Voltage, T C = 25°C) 
(Rated Voltage, TC = 125°C) 

Capacitance 
(VR = 1.0 Vde, 100kHz'" 1.0 MHz) 

*H and H1 devices include extra testing. 
11) Pul.e Test: Pulse Width = 300 ~., Duty Cycle: 2.0% 

® MOTOROLA 

SWITCH MODE POWER RECTIFIERS 

· .. using a platinum barrier metal in a large area metal-to-silicon 
power diode. State-of-the-art geometry features epitaxial construc­
tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectifiers in low-voltage, high-frequency inverters, free­
wheeling diodes, and polarity-protection diodes. 

• Guaranteed Reverse Avalanche 

• Guardring for dv/dt Stress Protection 

• 150°C Operating Junction Temperature 

• Low Forward Voltage 

Symbol 
MBR6035 MBR6045, H, H1' 

Unit MBR6035B MBR6045B 

VRRM 35 45 Volts 
VRWM 

VR 

IFRM • 120 • Amps 

10 • 60 • Amps 

IRRM. • 2.0 • Amps 

IFSM • 800 • Amps 

TJ • 65to+ 150 ~ °c 

Tstg • 65 to +175 • °c 

dvldt • 1000 • VII's 

Typ Max 

0.B5 1.0 

Symbol Typ Max Unit 

vF Volts 
0.65 0.70 
0.57 0.60 
0.70 0.76 

iR mA 
0.1 0.3 
55 100 

Ct 3000 3700 pF 
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MBR6035, MBR6045, H, H1, 

;;; 
'"-
:2 
~ 
>-

~ 
a 
Q 
cc 

~ 
cc 
5: 
'" '" 8 
z 
~ z 
~ 
'" ;;:: 
. ~ 

FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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NOTE 1 
HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per­
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. ISee Figure 4.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz. e.g" the ratio of de power to RMS power in the load is 
0.28 at this frequency. whereas perfect rectification would yield 
0.406 for sine wave inputs. However. in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative 
of power loss; it is simply a result of reverse current flow through 
the diode capacitance. which lowers the de output voltage. 
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FIGURE 2 - TYPICAL REVERSE CURRENT 
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MBR6035, MBR6045, H, H1, 
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DUTY CYCLE, 0 := tp/ll 
PEAK POWER. Ppk, is peak of an 
equtvIJlenl square power pulse. 

To determine maximum junction temperature of the diode in a given 
situation, the following procedure is recommended: 

The temperature of the case should be measured using a thermocouple 
placed on the case. The thermal mass connected to the case is normally large 
enough so that it will not significantly respond to heat surges generated in 
the diode as a result of pulsed operation once steady-state conditions are 
achieved. Using the measured value of T C. the junction temperature may be 
determined by: 

TJ=TC+j, TJC 
where .l. T C is the increase in junction temperature above the case 

temperature. It may be determined by: 

j, T JC '" PpkeRBJC!D + (1- Dler~t1 + tpl + r~tpl- r(t111 where 
r{tl = normalized value of transient thermal resistance at time, t, from 

Figure 8, i.e.: 
rlt, + tpl "" normalized value of transient thermal resistance at t.me t1 + tp. 
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MBR6035, MBR6045, H, H1, 

FIGURE 9 - SCHOTTKY RECTIFIER 

Copper Lead 

Barrier Metal 

~~~~~~~~~l~--- Oxide Passivation 

VIEW A-A Copper Base Moly Disk 

Guardring VIEW A-A 

Motorola builds quality and reliability into its Schottky Rectifiers. 
First is the chip, which has an interface metal between the 

platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not manda­
tory. The guardring also operates like a zener to absorb over­
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead has a stress relief 

feature which protects the die during assembly. These two 
features give the unit the capability of passing stringent thermal 
fatigue tests for 5,000 cycles. The top copper lead provides a low 
resistance to current and therefore does not contribute to device 
heating; a heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in "sandwich" form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dv/dt at 1,600 V I P.s 
and reverse avalanche. 

HI-REL PROGRAM OPTIONS 

The MBR6045 is also available with two levels of extra testing 
similar to "TX" screening and including Group A and B inspection 
programs. Both the MBR6045H and MBR6045Hl go through 
100% screening consisting of high temperature storage, tem­
perature cycling, constant acceleration and hermetic seal testing 

MILLIMETERS 
DIM MIN MAX 
A 16.94 17.45 
B 16.94 
C - 11.43 
0 - 9.53 
E 2.92 5.08 

TERM.l~,-1 DI::-' __ _ 
- I 

- - Q f-::7 I 
K 

F 2.03 
J 10.72 11.51 
K 25.40 
L 3.86 
P 5.59 6.32 
0 3.56 4.45 
R - 20.16 
S - 2.26 

NOTES: 
1. DIM "P" IS DIA. 

prior to a sample being submitted to Group A and B inspection. 
After completion of Group B inspection, the MBR6045H is 
available without additional screening. MBR6045Hl devices are 
further processed through a high temperature reverse bias 
(HTRB) and forward burn-in. Consult factory for details. 

INCHES 
MIN MAX 

0.669 0.687 
0.667 

- 0.450 
0.375 

0.115 0.200 
0.080 

0.422 0.453 
1.000 

0.156 
0.220 0.249 
0.140 0.175 
- 0.794 

0.089 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and terminal lead is readily soldarable. 

POLARITY: Cathode·to·Case 

MOUNTING POSITION: Any 

STUD TORQUE: 25 in.-Ib Max 

SOLDER HEAT: TheaxceJlent heatttansfer prop­
ertyof the heavy dutY coppar anode terminal which 
transmits hellt away from tha die requir •• that 
caution be used when attaching wlrea. Motorola 
suggests a heat sink beclsmpad between th. eVa­
lilt and the body during anv soldering operation. 

2. CHAMFER OR UNDERCUT ON ONE OR 80TH ENOS 
OF HEXAGONAL 8ASE IS OPTIONAL. Case 257-01 

(00-5) 3. ANGULAR ORIENTATION AND CONTOUR OF 
TERMINAL ONE IS OPTIONAL. 

4. THREADS ARE PLATED. 
5. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5, 1973. 
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MII6035PF 
MBR6045PF , ". 

® MOTOROLA 

SWITCHMODE POWE~ RECTIFIERS 

· .. using a platinum barrier metal in a large area metal-to-silicon 
power diode. State-of-the-art geometry features epitaxial construc­
tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectfiers in low-voltage, high frequency inverters, free­
wheeling diodes, and polarity-protection diodes. 

• Guaranteed Reverse Avalanche 

• Guardring for dv/dt Stress Protection 

• 150°C Operating Junction Temperature 

• Low Forward Voltage 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Peak Repetitive Forward Current IFRM 
(Rated VR, Square Wave, 20 kHz) T C ~ 100°C 

Average Rectified Forward Current 10 

(Rated VR) T C ~ 100°C 

Peak Repetitive Reverse Surge Current IRRM 
(2.0 JLS, 1.0 kHz) See Figure 7 

Nonrepetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions 

halfwave, single phase, 60 Hz) 

Operating Junction Temperature TJ 

Storage Temperature Tstg 

Voltage Rate of Cha nge dv/dt 
(Rated VR) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

Instantaneous Forward Voltage (1) vF 
(iF ~ 60 Amp, T C = 25°C) 
(iF= 60 Amp, TC= 125°C) 
(iF = 120 Amp, TC = 125°C) 

Instantaneous Reverse Current (1) IR 
(Rated Voltage, TC = 25°C) 
(Rated Voltage, T C = 125°C) 

Capacita nce Ct 
(VR = 1.0 Vdc, 100kHz .. 1.0 MHz) 

(1) Pul •• rest: Pul •• Width ~ 300 ~s, Duty Cycle .. 2.0% 

3-134 

SC!-IOTTKY RECTIFIERS 

50. AMPERES 
35 and 45 VOLTS 

J CASE 43·0;Z 

~ (00-21) 

MBR603ePF MBR6045PF 

35 45 

.. 120 • 
.. 60 • 
~ 2.0 

~ 800 • 

_-65to+150_ 

_-65to+175_ 

~ 1000 • 

Typ Max 

- -
0.65 0.70 
0.57 0.60 
0.70 0.76 

- -
0.1 0.3 
55 100 

3000 3700 

Unit 

Volts 

Amps 

Amps 

Amps 

Amps 

°C 

°C 

VljLs 

Unit 

Volts 

mA 

pF 



MBR6035PF, MBR6045PF 

FIGURE 1 - TYPICAL FORWARD VOLTAGE FIGURE 2 - TYPICAL REVERSE CURRENT 
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NOTE 1 
HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction. it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge, Satisfactory circuit analysis work may be per­
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance, (See Figure 4,) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz, For example. relative 
waveform rectification ~fficiency is approximately 70 per cent at 
2,0 MHz. e,g,. the ratio'of dc power to RMS power in the load is 
0,28 at this frequency. whereas perfect rectification would yield 
0.406 for sine wave inputs, However. in contrast to ordinary 
junction diodes. the loss in waveform efficiency is not indicative 
of power loss; it is Simply a result of reverse currentflow through 
the diode capacitance. which lowers the dc output voltage. 
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MBR6035PF, MBR6045PF 

FIGURE 6 - FORWARD CURRENT DERATING 
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To determine maximum junction ternpefatufe of the dtode in a given 
situation, the following procedure ilrecommended: 

The temperature of the case should be meaaured using a thermocouple 
pAaced on the CMe, The thermal tnIIII connected to the cae is normalty large 
enough 10 that it will not IIgnificently rnpond to helt surges generated in 
the diode H 8 reIYlt of pulsed operation once steady-state conditions are 
achiev«t. Using the measured value of T C. the junction temperature may be 

determined by: TJ=Tc+.:l TJC 
where .l T C is the increase in junction tempet'8ture above the case 

temperature. It may be determined by: 

<l. TJC= P ... R6JC1D+ 11- DI·~'1 +.,,1 + ~"'I-'I'111 where 
rlt) = normalized value of transient tNtrmal resistance at time, t, from 

FtguraB, i.8.: 
,It, + !pI "" normalized value of transient thermal resistance at time ., + Ip. 
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MBR6035PF, MBR6045PF 

FIGURE 9 - SCHOTTKY RECTIFIER 

Copper Lead 

Copper Lead 

Barrier Metal 

Steel 
Steel Weld Ring 

Motorola builds quality and reliability into its Schottky Rectifiers. 
First is the chip. which has an interface metal between the 

platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dvldt problems. so snubbers are not manda­
tory. The guardring also operates like a zener to absorb over­
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead has a stress relief 

.'M 
A 

• C 

• 
E 
f 
H 
J 
K 

MILLIMETERS INCHES 
MI. AX .,N 
15.494 16.256 a.SID 
12.125 12.827 0.501 
5.08 6.35 0.200 
1.193 1.346 0.047 
2.032 4.826 0.080 

10.77 
4.572 6.50 . IB 

3.556 
12.70 0.500 

CASE 43·02 
00-21 

MAX 

0.640 
0.505 
0.250 
0.053 
0.190 
D. 4 
D • 
0.140 

MECHANICAL CHARACTERISTICS 

CASE: Welded. hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 

POLARITY: Cathode to Case 

MOUNTING POSITION: Any 

WEIGHT: 9 grams (Approximately) 

,..,r~~~~~~~~l~- Oxide Passivation 

Moly Disk 

Guardring VIEW A-A 

feature which protects the die during assembly. These two 
features give the unit the capability of passing stringem thermal 
fatigue tests for 5.000 cycles. The top copper lead provides a low 
resistance to current and therefore does not contribute to device 
heating; a heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in "sandwich" form. with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test. devices are 100% tested for dvldt at 1.600 VII'S 
and reverse avalanche. 

MOUNTING INFORMATION 

Recommended procedures for mounting are as follows: 

1. Drill a hole in the heat sink 0.499 ± 0.001 inch in diameter. 

2. Break the hole edge as shown to provide a guide into the hole 
and prevent shearing off the knurled side of the rectifier. 

3. The depth and width of the break should be 0.010 inch 
maximum to retain maximum heat sink surface contact. 

4. To prevent damage to the rectifier during press-in, the 
pressing force should be applied only on the shoulder ring 
of the rectifier case. 

5. The pressing force should be applied evenly about the 
shoulder ring to avoid tilting or canting of the rectifier case 
in the hole during the press-in operation. Also, the use of a 
thermal lubricant such as D.C. 340 will be of considerable aid. 

For more information see: Mounting Techniques for Metal Pack­
aged Power Semiconductors. AN-599. 
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MBR6535 
MBR6545 

SWITCHMODE POWER RECTIFIERS 

· .. using a platinum barrier metal in a large area metal-to-silicon 
power diode. State-of-the-art geometry features epitaxial construc­
tion with oxide passivation and metal overlap contact. Ideally suited 
foruse as rectifiers in low-voltage, high frequency inverters, 
free-wheeling diodes, and polarity-protection diodes. 

• Guaranteed Reverse Avalanche 

• Guardring for dv/dt Stress Protection 

• 175°C Operating Junction Temperature 

• Low Forward Voltage 

CROSS-REFERENCE GUIDE 

MOTOROLA IR 

MBR6535 60CDQ030 

MBR6535 60CDQ035 

MBR6545 60CDQ040 

MBR6545 60CDQ045 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Peak Repetitive Forward Current IFRM 
(Rated VR, Square Wave, 20 kHz) TC = 120°C 

Average Rectified Forward Current 10 
(Rated VR) TC = 120°C 

Peak Repetitive Reverse Surge Current IRRM 
(2.0,..s, 1.0 kHz) See Figure 7 

Nonrepetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions halfwave, 

single phase, 60 Hz) 

Operating Junction Temperature and TJ, Tstg 
Storage Temperature 

Voltage Rate of Change dvldt 
(Rated VR) 

THERMAL CHARACTERISTICS 

Maximum Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Maximum Instantaneous Forward Voltage (1) vF 
(iF = 65 Amp, T C = 25°C) 
(iF = 65 Amp, T C = 1500 C) 
(if = 130 Amp, TC = 15QOC) 

Maximum Instantaneous Reverse Current (1) iR 
(Rated Voltage, T C = 25°C) 
(Rated Voltage, T C = 1500 C) 

Capacita nee Ct 
(VR = 1.0 Vdc, 100 kHz';;; f';;; 1.0 MHz) 

(1) Pulse Test: Pulse Width = 300 /.ls, Duty Cycle ~ 2.0% 
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® MOTOROLA 

HIGH TEMPERATURE 
SCHOTTKY RECTIFIERS 

MBR6535 

35 

130 

65 

2.0 

BOO 

-65 to +175 

1000 

0.78 
0.62 
0.73 

0.07 
125 

3700 

65 AMPERES 
35 and 46 VOLTS 

MBR6545 

45 

130 

65 

2.0 

BOO 

CASE 257-01 
00-203AB 

(00-5) 

Unit 

Volts 

Amps 

Amps 

Amps 

Amps 

-65 to +175 °c 

1000 V/,..s 

Volts 
0.78 
0.62 
0.73 

mA 
0.07 
125 

3700 pF 
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FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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NOTE 1 
HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction. it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per~ 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 4.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz. e.g., the ratio 01 de power to RMS power in the load is 
0.28 at this Irequency. whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative 
of power loss; it is simply a result of reverse current flow through 
the diode capacitance, which lowers the dc output voltage. 
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FIGURE 2 - TYPICAL REVERSE CURRENT 
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MBR6535, MBR6545 

FIGURE 5 - FORWARD CURRENT DERATING 
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To determine maximum junction temperature of the diode in a given 
situation, the following procedure is recommended: 

The temperature of the case should be measured using a thermocouple 
placed on the case. The tharmal mass connected to the case is normally large 
enough so that It will not significantly respond to heat surges generated In 

the diode as a result of pulsed operation once steady-state conditions are 
achieved. Using the measured value of T C. the Junction temperature may be 
determined by: 

TJ""TC+.lTJC 
where .l T C is the increase in junction temperature above the case 

temperature, It may be determined by: 

.l TJC '" PpkoROJCID + n - O)-r(t, + tp) + rUp) -. rlt,1I where 
rW", normalized value of transient thermal resistance at time, t, from 

Figure 8, Le.' 
rlt, + tp) = normalized value of transient thermal resistance at lime '1 + tp' 
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MBR6535, MBR6545 

FIGURE 9 - SCHOTTKY RECTIFIER 

VIEW A-A Copper Base 

Motorola builds quality and reliability into its Schottky Rectifiers. 
First is the chip, which has an interface metal between the 

platinum-barrier metal and nickel~gold ohmic~contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dV/dt problems, so snubbers are not manda­
tory. The guardring also operates like a zener to absorb over­
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead has a stress relief 

Copper Lead 

Barrier Metal 

,.l~~~~~~~C~~--- Oxide Passivation 

Moly Disk 

GuardrmQ VIEW A-A 

feature which protects the die during assembly. These two 
features give the unit the capability of passing stringent thermal 
fatigue tests for 5.000 cycles. The top copper lead provides a low 
resistance to current and therefore does no~ contribute to device 
heating; a heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in "sandwich" form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test. devices are 100% tested for dv/dt at 1.600 V I ~s 
and reverse avalanche. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 16.94 17.45 0.669 0.687 
B - 16.94 0.667 

STYLE 2: C - 11.43 0.450 
0 9.53 0.375 

NOTES: 
1. DIM "P" IS DIA. 
2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 

OF HEXAGONAL BASE IS OPTIONAL. 
3. ANGULAR ORIENTATION AND CONTOUR OF 

TERMINAL ONE IS OPTIONAL. 
4. THREADS ARE PLATEO. 
5. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5. 1973. 

TERM.!. ANODE 
2. CATHODE (CASEI 

CASE 257-01 
00-203AB 

(DO-51 

E 
F 
J 
K 
L 
P 
Q 

R 
S 

2.92 5.08 0.115 
2.03 

10.72 11.51 0.422 
- 25.40 -

3.86 0.156 
5.59 6.32 0.220 
3.56 4.45 0.140 
- 20.16 

2.26 

MECHANICAL CHARACTERISTICS 
CASE: Welded. hermetically sealed 

0.200 
0.080 
0.453 
1.000 
-

0.249 
0.175 
0.794 
0.089 

FINISH: All external surfaces corrosion r"esistant and terminal lead is 
readily solderable. 

POLARITY: Cathode-to-Case 

MOUNTING POSITION: Any 

STUD TORQUE: 25 in.-Ib Max 

SOLDER HEAT: The excellent heat transfer property of the heavy duty 
copper anode terminal which transmits heat away from the die requires 
that ca ution be used when attaching wires. Motorola suggests a heat sink 
be clamped between the eyelet a nd the body d uri ng a ny soldering operation. 
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MBR7520 MBR7530 
MBR7535 MBR7540 

MBR7545 

SWITCH MODE POWER RECTIFIERS 

· .. employing the Schottky Barrier principle in a large area metal­
to-silicon power diode. State-of-the-art geometry features epitaxial 
construction with oxide passivation and metal overlap contact. 
Ideally suited for use as rectifiers in low-voltage, high-frequency 
inverters, free-wheeling diodes, and polarity-protection diodes. 

• Extremely Low vF 

• Low Stored Charge, Majority 
Carrier Conduction 

• Low Power Loss/ 
High Efficiency 

• High Surge Capacity 

® MOTOROLA 

SCHOTTKY BARRIER 
RECTIFIERS 

75 AMPERES 
20 to 45 VOLTS 

IIL--------I 
FIGURE 1 - TYPICAL FORWARO VOLTAGE 

500 

300 

~r l;OOC 25~C 

V V 
V-

I 
L 

1/ 
J I 

II II 
.1 

3. 0 

1. 0 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 

VF,INSTANTANEOUS FORWARD VOLTAGE (VOLTSI 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion-
POLARITY: Cathode to case 

MOUNTING POSITIONS: Any 
resistant and terminal lead is readily STUD TORQUE: 25 in. lb. max 
solderable. 
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MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 16.94 17.45 0.669 0.687 
8 16.94 0.667 
C - 11.43 0.450 
D - 9.53 0.375 
E 2.92 5.08 0.115 0.200 
F 2.03 0.080 
J 10.72 11.51 0.422 0.453 
K - 25.40 1.000 
L 3.86 0.156 
P 5.59 6.32 0.220 0.249 
Q 3.56 4.45 0.140 0.175 
R - 20.16 0.794 
S 2.26 0.089 

NOTES: 
1. DIM "P"IS OIA. 
2. CHAMFER DR UNDERCUT ON ONE DR BOTH ENDS 

OF HEXAGONAL BASE IS OPTIONAL. 
3. ANGULAR ORIENTATION AND CONTOUR OF 

TERMINAL ONE IS OPTIONAL. 
4. THREADS ARE PLATED. 
5. DIMENSIDNING AND TOLERANCING PER 

ANSI Y14.5, 1973. 

CASE 257·01 
DO·5 



MBR7520, MBR7530, MBR7535, MBR7540, MBR7545 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Peak Repetitive Forward Current 
(Rated VR, Square Wave, 20 kHz) 

Average Rectified Forward Current 
(Rated VR) 

Non-repetitive Peak Surge Current 

(Surge applied at rated load conditions, 
halfwave, single phase, 60 Hz) 

Operating and Storage Junction Temperature Range 

Peak Operating Junction Temperature 
(Forward Current Applied) 

Voltage Rate of Change 
(Rated VR) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Symbol 

VRRM 
VRWM 

VR 

IFRM 

10 

IFSM 

TJ, T stg 

TJ(pk) 

dvidt 

MBR7520 MBR7530 MBR7535 MBR7540 MBR7545 

20 30 35 40 45 

150 .. 
TC=90oC • 

70 .. 
TC=900C • 

.. 1000 • 

.. -65 to +150 .. 

.. 175 • 
.. 1000 .. 

ELECTRICAL CHARACTERISTICS ITc = 25°C unless otherwise noted) 

Characteristic Symbol 

Maximum Instantaneous Forward Voltage (1) vF 
(iF = 60 Amp, TC = 125°C) 
(iF 220 Amp, TC =1250 C) 

Maximum Instantaneous Reverse Current (1) 'R 
IRated de Voltage, T C = 125°C) 

Capacitance Ct 
IVR = 5.0 Vdc, 100 kHz" f " 1.0 MHz) 

(1) Pulse Test: Pulse Width = 300 MS, Duty Cycle = 2.0%. 

if 160 .. 
FIGURE 2 - CURRENT DERATING 

MBR75201 MBR7530j MBR75351 MBR75401 MBR7545 

.. 0.60 .. .. 0.90 • 
100 I 125 I 150 I 200 I 250 

.. 4000 .. 

FIGURE 3 - TYPICAL REVERSE OPERATION 
1000 

Unit 

Volts 

Amp 

Amp 

Amp 

°c 

°c 

viI's 

Unit 

Volts 

mA 

pF 

5 

'\ 
-r-

.... 
z 
~ 120 

i3 
~ 
« 
~ 80 
~ 
w 
> 
;:: 

~ 40 

'\ 
I'\. 

VR" RATED 

I'\. VR" 0 

1'\ 1'\ 
'\ '\ 

'\. '\. 
r\ \. f-- f" 20 kHz 

S~UARE rAVE ~PERA1IDN \ '" ~ ! °SD 80 100 120 140 
TC. CASE TEMPERATURE (DC) 

10 

! 
.... 

i 
OF TJ" 1500C 

t-- 125'C t:: r---I r-
°1==100'C 
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ffi 1. 
'-- 75'C 
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~ 
""'" ~ o. 1= 250C 

\ 1 
160 

0.\1 
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MBR8035 
MBR8045 

SWITCHMODE POWER RECTIFIERS 

· .. using a platinum barrier metal in a large area metal-to-silicon 
power diode. State-of-the-art geometry features epitaxial construc­
tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectifiers in low-voltage. high frequency inverters. free­
wheeling diodes. and polarity-protection diodes. 

• Guaranteed Reverse Avalanche 

• Guardring for dv/dt Stress Protection 

• 175°C Operating Junction Temperature 

• Low Forward Voltage 

CROSS-REFERENCE GUIDE 

MOTOROLA IR TRW UNITROOE VARO 

MBRB035 75H0030. B5H0030 - US0520 -

MBRB035 75H0035. 85H0035 - US0535 -

® MOTOROLA 

SCHOTTKY RECTIFIERS 

80 AMPERES 
35 and 45 VOLTS 

MBRB045 75H0040. 85H0040 S071 US0545 VSK7-1-

CASE 257-01 
00-203AB 

(00-5) 

MBRB045 75H0045. 85H0045 S072 - VSK72 

MAXIMUM RATINGS 

Rating Symbol MBRS035 MBRB045 Unit 

Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VRWM 35 45 
OC Blocking Voltage VR 

Peak Repetitive Forward Current IFRM 160 160 Amps 
(Rated VR. Square Wave. 20 kHz) TC = 120°C 

Average Rectified Forward Current 10 80 BO Amps 
(Rated VR) TC = 120°C 

Peak Repetitive Reverse Surge Current IRRM 2.0 2.0 Amps 
(2.0 !,s. 1.0 kHz) See Figure 7 

Nonrepetitive Peak Surge Current IFSM 1000 1000 Amps 
(Surge applied at rated load conditions hallwave. 

single phase. 60 Hz) 

Operating Junction Temperature and TJ. Tstg -65 to +175 -65 to +175 °c 
Storage Temperature 

Voltage Rate of Change (Rated VR) dv/dt 1000 1000 VI!'s 

THERMAL CHARACTERISTICS 

Maximum Thermal Resistance, Junction to Case O.SO O.BO 

ELECTRICAL CHARACTERISTICS 

Maximum Instantaneous Forward Voltage (1) vF Volts 
(iF = 80 Amp. TC = 25°C) 0.72 0.72 
(iF = 80 Amp. TC = 150°C) 0.59 0.59 
(iF= 160 Amp. TC= 150°C) 0.67 0.67 

Maximum Instantaneous Reverse Current(1) iR mA 
(Rated Voltage. TC = 25°e) 1.0 1.0 
(Rated Voltage. T C = 150°e) 150 150 

CapacitB nee Ct 5000 5000 pF 
(VR = 1.0 Vdc. 100kHz';; I';; 1.0 MHz) 

(1) Pulse Test Pulse Width = 300 P.s, Duty Cycle:S;;; 2.0% 
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MBR8035, MBR8045 

FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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NOTE 1 
HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per­
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance.ISee Figure 4.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz. e.g .. the ratio of de power to RMS power in the load is 
0.28 at this frequency. whereas perfect rectification would yield 
0.406 for sine wave inputs. However. in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative 
of power loss; it is simply a result of reverse current flow through 
the diode capacitance. which lowers the de output voltage. 
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FIGURE 2 - TYPICAL REVERSE CURRENT 
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FIGURE 3 - MAXIMUM SURGE CAPABILITY 
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MBR8035, MBR8045 
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FIGURE 5 - FORWARD CURRENT DERATING 
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NOTE2 
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tp 

TIME 
I-------t 1------1 

DUTV CYCLE, 0 " tp/', 
PEAK POWER, Ppk, is peak 01 an 
eQuivalent square power pulse 

To determine maxImum junction temperature of the diode In a gIven 
situation, the following procedure is recommended' 

The temperature of the case should be measured using a thermocouple 
placed on the case. The thermal mass connected to the case is normally large 
enough so that it will not significantly respond to heat surges generated in 
the diode as a result of pulsed operation once steady'state conditions are 
achieved. Using the measured value of T C. the junction temperature may be 
determined by: 

TJ"'TC+.lTJC 
where .l T C is the increase In junction temperature above the case 

temperature. It may be determined by: 

.l TJC" Ppk,·R8JC1D + 11 - D)er(tl + tpl + rUp) - rlllll where 
rltJ '" normalrzed value of transient thermal resistance at tIme. t. from 

FigureS. i.e.: 
rtt, + tp) = normalized value of transient thermal resistance at time 11 + tp' 
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FIGURE 6 - POWER DISSIPATION 
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MBR8035, MBR8045 

FIGURE 9 - SCHOTTKY RECTIFIER 

Copper Lead 

Barrier Metal 

,..,[$~~~~~~~ll---- Oxide PassIvation 

VIEW A-A Copper Base Moly Disk 

/ 
Guardring VIEW A-A 

Motorola builds quality and reliability into its Schottky Rectifiers. 
First is the chip, which has an interface metal between the 

platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not manda­
tory. The guardring also operates like a zener to absorb Dver­
voltage transients. 

feature which protects the die during assembly. These two 
features give the unit the capability of passing stringent thermal 
fatigue tests for 5,000 cycles. The top copper lead provides a low 
resistance to current and therefore does not contribute to device 
heating; a heat sink should be used when attaChing wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in "sandwich" form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dvldt at 1,600 VII'S 
and reverse avalanche. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead has a stress relief 

NOTES: 
1. DIM "P" IS DIA. 

A 

K 

'/4-28 UNF-2A 

TERM.2 

2. CHAMFER DR UNDERCUT ON ONE OR BOTH ENDS 
OF HEXAGONAL BASE IS OPTIONAL, 

3, ANGULAR ORIENTATION AND CONTOUR OF 
TERMINAL ONE IS OPTIONAL, 

4, THREADS ARE PLATED, 
6, DIMENSIONING AND TOLERANCING PER 

ANSI YI4,6, 1973, 

MILLIMETERS INCHES 

STYLE 2: 
TERM. 1. ANODE 

2. CATHODE (CASE) 

CASE 257-01 
DO-203AB 

(00-5) 

DIM 
A 
B 
C 
0 
E 
F 
J 
K 
L 
P 
Q 
R 
S 

MIN MAX MIN 
16.94 17.45 0.669 
- 16.94 -

11.43 
9.53 -

2.92 5.08 0.115 
- 2.03 

10.72 11.51 0.422 
540 -

3.86 0.156 
5.59 6.32 0.220 
3.56 4.45 0.140 

20.16 
- 2,26 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 

MAX 
0.681 
0.661 
0.450 
0.315 
0.200 
0.080 
0.453 
'.000 
-

0.249 
0.115 
0.794 
0,089 

FINISH: All external surfaces corrosion resistan, and terminal lead is 
readily solderable. 

POLARITY: Cathode-to-Case 

MOUNTING POSITION: Any 

STUD TORQUE: 25 in.-Ib Max 

SOLDER HEAT: The excellent heat transfer property of the heavy duty 
copper anode terminal which transmits heat away from the die requires 
that ca ution be used when attaching wires. Motorola suggests a heal sink 
be clamped between the eyelet and the body during anysoldering operation. 
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® MOTOROLA 

POWERTAP 

SWITCHMODE POWER RECTIFIERS 
· .. using the Schottky Barrier principle with a platinum barrier 
metal. These state-of-the-art devices have the following features: 

• Dual Diode Construction - May Be Paralleled For Higher 
Current Output 

• Guardring For Stress Protection 

• Low Forward Voltage 

• 175°C Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

MAXIMUM RATINGS 
Rating Symbol 

Peak Repetitive Reverse Voltage MBR12035CT VRRM 
MBR12045CT 

Working Peak Reverse Voltage MBR12050CT VRWM 
DC Blocking Voltage MBR12060CT VR 

Average Rectified Forward Current Per Device IF(AV) 
(Rated VR) TC = 140°C Per Leg 

Peak Repetitive Forward Current, Per Leg IFRM 
(Rated VR, Square Wave, 20 kHz), TC = 140°C 

Nonrepetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 

Peak Repetitive Reverse Current, Per Leg IRRM 
(2.0 /LB, 1.0 kHz) See Figure 6 

Operating Junction and Storage Temperature TJ,Tsta 

Voltage Rate of Change (Rated VR) dv/dt 

THERMAL CHARACTER.ISTICS PER LEG 
I Thermal Resistance, Junction to Case Rruc 

ELECTRICAL CHARACTERISTICS PER LEG 
Instantaneous Forward Voltage (1) vF 

(iF = SO Amp, TJ = 125°C) 
(iF = 120 Amp, TJ = 175°C) 
(iF = 120 Amp, TJ = 125°C) 
(iF = 120 Amp, TJ = 25°C) 

Instantaneous Reverse Current (1) iR 
(Rated de Voltage, TJ = 125°C) 
(Rated de Voltage, T J = 25°C) 

(I) Puis. rest: Puis. Width = 300 ,.., Duty Cvcle '" 2.0%. 
PowerTap and Switchmode are trademarks of Motorola Inc. 

Max 

35 
45 
50 
60 

120 
60 

120 

800 

2.0 

-65 to + 175 

1000 

0.85 

0.590 
0.S20 
0.S80 
0.830 

25 
0.25 
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Unit 

Volts 

Amps 

Amps 

Amps 

Amps 

°c 

V//LB 

°CIW 

Volts 

mA 

MBR1203SCT 
MBR1204SCT 
MBR120SOCT 
MBR12060CT 

SCHOTTKY BARRIER 
RECTIFIERS 

120 AMPERES 
35 to 60 VOLTS 

POWERTAP 

NOTES 
\ DIMENSIONS A AND a ARE DATUMS AND 

·T· IS A DATUM SURfACE AND SEATING 
PLANE 

2 POSITIONAL TOLERANCE FOAN HOLES 
1-+-!cb0.13(Q,005!@lrIA(I,.I)la®\ 

3 POSITIONAL TOLERANCE FOROANOW 
HOLES. 

141 ~O.25(OOI(H®IT! A<$!s@1 
4 DIMENSIONING AND rOlERANCING PER 

ANSIY14.5.1973 

DIM 
A 
B 
C , 
f 
G 
H 

• D 
R 
U 
v 
w 
y 

CASE 3578-01 

Terminal Penetration 
Terminal Torque 
Mounting Base Torque 

0.280 Max. 
26-50 lb.-in. 
30-40 lb.-in. 



MBR12035CT, MBR12045CT, MBR12050CT, MBR12060CT 
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MBR2003SCT 
MBR2004SCT 
MBR200SOCT 
MBR20060CT 

SWITCHMODE POWER RECTIFIERS 

· .. using the Schottky Barrier principle with a platinum barrier 
metal. These state-of-the-art devices have the following features: 

• Dual Diode Construction - May Be Paralleled For Higher 
Current Output 

• Guardring For Stress Protection 

• Low Forward Voltage 

• 175'C Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

MAXIMUM RATINGS 
Rating Symbol 

Peak Repetitive Reverse Voltage MBR20035CT VRRM 
Working Peak Reverse Voltage MBR20045CT VRWM 
DC Blocking Voltage MBR2oo50CT VR 

MBR20060CT 

Average Rectified Forward Current Per Device IF(AV) 
(Rated VR) TC = 140"<: Per Leg 

Peak Repetitive Forward Current, Per Leg IFRM 
(Rated VR, Square Wave, 20 kHz), TC = 140'C 

Nonrepetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 

Peak Repetitive Reverse Current, Per Leg IRRM 
(2.0 iJ$>, 1.0 kHz) See Figure 6 

Operating Junction and Storage Temperature TJ,Tsta 

Voltage Rate of Change (Rated VR) dv/dt 

THERMAL CHARACTERISTICS PER LEG 

I Thermal Resistance, Junction to Case R8JC 

ELECTRICAL CHARACTERISTICS PER LEG 

Instantaneous Forward Voltage (1 I vF 
(iF = 200 Amp, TJ = 175'C) 
(iF = 200 Amp, TJ = 125'C) 
(iF = 100 Amp, TJ = 125'C) 
(iF = 100 Amp, TJ = 25'C) 

Instantaneous Reverse Current (1) iR 
(Rated de Voltage, T J = 125'C) 
(Rated de Voltage, T J = 25'C) 

(1) Puis. Test: Puis. Width = 300 pII, Duty Cycl. '" 2.0%. 
PowerTap and Switch mode are trademarks of Motorola Inc. 

Max 

35 
45 
50 
60 

200 
100 

200 

1500 

2.0 

-65 to +175 

1000 

0.5 

0.650 
0.825 
0.710 
0.800 

50 
0.5 

3-150 

Unit 

Volts 

Amps 

Amps 

Amps 

Amps 

'C 

VIiJ$> 

'CIW 

Volts 

mA 

® MOTOROLA 

SCHOTTKY BARRIER 
RECTIFIERS 

200 AMPERES 
35 to 60 VOLTS 

POWERTAPO 

Q I G:--'~ _BID 
'~ 'L ' ,j II 
1..::::... ..' ill 
l. y 

NOTES: 
1. OIMENSIDNSA AND B ARE DATUMS AND 

T IS A DATUM SURFACE AND SEATING 
PLANE. 

2. POSITIONAL TOLERANCE FOR N HOLES: 
1*110.13 (MoslelTI A lila 81 

3. POSITIONAL TOLERANCE fOR QAND W 
HOLES: 

1*110.2510.010) eITIAel.@1 
4. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.S, 1971. 

MILLIMETERS INCHES 
DIM MIN MAX MI. MAX 

A - 92.20 3.630 • 1.71 2.32 0.100 OJOO 
1.87 0.625 

E 3.06 3.30 0.12 0.130 
F 12AS 12.95 0.490 0.510 

34.2BSC 1. 758SC 
H 1.27 - 0.050 • lIHDUNC .. .2 .2B 
R .. BSC 3. • U 16.24 • -

8.38 B.89 0.330 0.350 
W 4.32 4. 0.170 "90 y 4D.OOBSC 1.57585C 

CASE 357B·Ol 

Terminal Penetration 
Terminal Torque 
Mounting Base Torque 

0.280 in. Max. 
25-75 Ib.·in. 
30-40 lb.· in. 



MBR2003SCT, MBR2004SCT, MBR200S0CT, MBR20060CT 

FIGURE 1 - TYPICAL FORWARD VOLTAGE. PER LEG 
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,- Square Wave, Resistive Load ~ 
50% Duty Cycl. /'/' 

~ V 
~ 

TJ= 125~ 
L.. '2 

...... 

~ 175°C 

~ ~ 

~ 
~ 

W 40 ~ ~ 1~ lW 
IF(AV). AVERAGE FORWARD CURRENT (AMPS) 

FIGURE 6 - TEST CIRCUIT FOR REPETITIVE 
REVERSE CURRENT 

n 2V 100 

--I I-- 2.0" 
1.0kHz 

Vee 12Vdc 

Current 
Amplitude 

Adjust 
0-10Amps 

1.0 Carbon 

1 N6817 

140 



MBR3003SCT 
MBR30045CT 

Advance Information 

SWITCHMODE POWER RECTIFIERS 

• .. using the Schottkv Barrier principle with a platinu m barrier metal. 
These state-of-tha-art davicas have the following features: 

• Dual Dioda Construction - Mav Ba Paralleled For Higher 
Current Output 

• Guardring For Stress Protection 

• Low Forward Voltage 

• 1750(; Operating Junction Temperature 

• Guaranteed Reverse Avalanche 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
MBR30035CT 

Working Peak Reverse Voltage 
MBR30045CT 

DC Blocking Voltage 

Average Rectified Forward Current Per Device 
(Rated VR) TC = 140"C Per Leg 

Peak Repetitive Forward Current. Per Leg 
(Rated VR. Square Wave. 20 kHz). T C = 140"C 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 

halfwave. Single phase. SO Hz) 

Peak Repetilive Reverse Current. Per Leg 
(2.0,.s. 1.0 kHz) See Figure 6 

Operating Junction and Storage Temperature 

Voltage Rale of Change (Rated VR) 

THERMAL CHARACTERISTICS PER LEG 

Thermal Resistance. Junction to Case 

ELECTRICAL CHARACTERISTICS PER LEG 

Instantaneous Forward Voltage (1) 
(ip 150 Amp. TC = 125"C) 
(iF = 300 Amp. TC = 125"C) 
(iF = 300 Amp. TC = 26"C) 

Instantaneous Reverse Currenl (1) 
(Rated de Voltage. TC = 125"C) 
(Rated de Voltage. TC = 25"C) 

11) PuiseTost: Pulse Width • 300 ~s. Duty Cycle" 2.0% 
Power Tap and Switchmode IrB trademarks of Motorola Inc. 

Symbol 

VRRM 
VRWM 

VR 

IF(AV) 

IFRM 

IFSM 

IRRM 

TJ. Tsto 

dv/dt 

R8JC 

vF 

iR 

Maximum Unit 

35 
Volts 

45 

300 Amps 
150 

300 Amps 

2500 Amps 

2.0 Amps 

-6510 +175 "C 

1000 V/,.s 

0.4 "CIW 

Volts 
0.570 
0.616 
0.760 

mA 
75 
0.8 

This document contains information on a new product. Specifications and information herein 
BrB subject to change without notice. 
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® MOTOROLA 

SCHOTTKY BARRIER 
RECTIFIERS 

300 AMPERES 
36 to 46 VOLTS 

PowerTap@> 

NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND 

T IS A DATUM SURf ACE AND SEATING 
PLANE. 

2. POSITIONAL TOLERANCE FOR N HOLES: 
Itl.o.13(0.005) elrl A elB 91 

3. POSITIONAL TOLERANCE FQR QAND W 
HOLES: 
'*1'0.25(0.0101 elll A ell@1 

4. DIMENSIONING AND lDLERANCING PER 
ANSIY14.5,1913, 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

• I 0,700 

CASE 3578·01 

Terminal Penatratlon 
Terminal Torque 
Mounting Base Torque 

0.280" Max. 
25-75 lb.-In. 
30-40 lb.-In. 



MBR30035CT, MBR30045CT 

FIGURE 1 - TYPICAL FORWARD VOLTAGE (PER LEG) 
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FIGURE 2 - TYPICAL REVERSE CURRENT (PER LEG) 
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II 

MBRL030 
MBRL040 

Advance Information 

SWITCHMODE RECTIFIERS 

• •• designed for use In switching power supplies. inverters. end 
a8 free wheeling diodes. theae devices heve the following fea· 
tures: 

• Low Forward Voltage 
• Low Leakage Current 

• Leadless Package for Surface Mount Technology 

MAXIMUM RATINGS 

Rating Symbol MBRlO30 MBRL040 

Peak Repetitive Reverse Voltage VRRM 30 40 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Average Rectified Forward Current IFIAV) 
(Rated VR) 
TC = 75'C, 0,5 
TA = SO'C, Mounting Per Note 1 0.5 

Nonrepetitive Peak Surge Current IFSM 5.0 
(Surge applied at rated load conditions 
hallwave, single phase, 60 Hz) 

Operating Junction and Storage Temper· TJ, Tstg -65 to + 150 
ature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to End Cap 

ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Typ Max 

Instantaneous Foward Voltage (1) 
(iF = 0.1 A, TJ = 25'C) 
(iF = 0.5 A, TJ = 25'C) 

Reverse Current 
(Rated dc Voltage, T J = 125'C) 
(Rated dc Voltage, T J = 25'C) 

(1) Puis. T •• t: Pulse Width - 300 "'S, Duty Cycl ... 2.0%. 
Switchmode is a trademark of Motorola Inc. 

vF 

iR 

0.460 0.500 
0.610 0.650 

0.6 1.0 
0.003 0.005 

This document contains Information on 8 new product. Specifications and information herein ,r. subj.ct to change without notice. 
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Unit 

Volts 

Amps 

Amps 

'c 

Unit 

Volts 

mA 

.([5) MOTOROL.A 

LEADLESS 
SCHOTTKY 
RECTIFIERS 

0.5 AMPERE 
30-40 VOLTS 

TERS INCHES 
DIM MAX MIN MAX 
A 3.70 0.130 0.146 
B 1.60 1.70 0.063 0067 
R 2.49 2.59 0.098 0.102 
U 0.41 0.55 0.016 0.022 

CASE 362-01 

MECHANICAL CHARACTERISTICS 

CASE: Glass 

FINISH: End caps are plated and are readily 
solderable 

POLARITY: Cathod indicated by polarity 
band. 

WEIGHT: 0.2 Gram (approximately). 

MAXIMUM lEAD TEMPERATURE FOR SOL· 
DERING PURPOSES: 230'C, @' end cap for 10 
seconds. 



MBRL030, MBRL040 
FIOURE 1 - TYPICAL FORWARD VOLTAGE 
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II 

MDA100A series 
(3N246 thru 

3N252) 

MINIATURE INTEGRAL DIODE ASSEMBLIES 

· .. with silicon rectifier chips interconnected and encapsulated into 
voidless rectifier bridge circu its. 

• High Resistance to Shock and Vibration 

• High Dielectric Strength 

• Built-In Printed Circuit Board Stand-Offs 

• U L Recognized 

• ROJA ~ 60°C/W 

<I: <I: <I: <I: <I: <I: <I: 
MAXIMUM RATINGS ~g .... -CON .,,,, 

0'" ~~ 
NO 

... 0 ... 0 ... 0 ",0 ",-
N- N- N- N- N- N-
z<l: z<l: z<l: z<l: z<l: z<l: z<l: 
",0 ",0 ",0 ",0 ",0 ",0 ",0 

Rating (Per Diodel Symbol ::0 ::0 ::0 ::0 ::0 ::0 ::0 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000 
DC Blocking Voltage VR 

DC Output Voltage 
Resistive Load Vdc 32 64 127 255 382 510 640 
Capadt ive Load Vdc 50 100 200 400 600 800 1000 

Sine Wave RMS Input Voltage VR(RMSi 35 70 140 280 420 560 700 

Average Rectified Forward 
Current 

(single phase bridge operation, 10 . 1.0 . 
resistive load, 60 Hz, 
TA" 750 Ci 

Non-Repetitive Peak Surge 
Current (Preceded and IFSM ~ 30 (for 1 cycle) ~ 

followed by rated current 
and voltage. T A = 750 Ci 

Operating and Storage Junction TJ.Tstg 
Temperature Range . -55 to +150 ---...-

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Typ Max 

Instantaneous Forward Voltage (Per Diode) vF 1.15 1.3 
(iF = 1.57 Amp. T J = 250 Ci 

Reverse Current (Per Diode) IR - 10 
(Rated VR. TA = 25°C) 

MECHANICAL CHARACTERISTICS 

Unit 

Volts 

Volts 
Volts 

Volts 

Amp 

Amp 

°c 

Unit 

Volts 

IlA 

CASE: Transfer Molded Plastic 

POLAR lTV: Terminal-designation on case 

Pin 1 "(+) for DC output 

MOUNTING POSITION: Any 
WEIGHT: 1.8 grams (approx) 
TERMINALS: R.adily sold.rable 

Pin 4 H for DC output connections. corrosion resistant. 

Pins 2 and 3 (AC) for AC input 
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® MOTOROLA 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

OIM 
A 
B 
C 
0 
F 
G 
J 
K 
l 
N 
R 

1.0AMPERE 
50-1000 VOLTS 

STYLE 1: 
TERM 1. POS 

1. At 
3. At 
4. NEG 

MilLIMETERS INCHES 
MIN MAX MIN MAX 
14.99 15.49 0.590 0.610 
4.57 5.08 0.180 0.100 
- 20.51 0.810 
0.16 1.01 0.030 0.040 
1.01 1.17 0.040 0.050 
3.68 3.94 0.145 0.155 
0.56 0.11 0.011 0.018 
- 9.01 - 0.355 
1.18 1.03 0.070 0.080 
1.54 1.19 0.100 0.110 
9.40 10.03 0.370 0.395 

CASE 312-02 



MDA100A Series (3N246 thru 3N252) 
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MAXIMUM RATINGS, BRIDGE OPERATION 
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II 

MDA200 series 
(3N253 thru 

3N259) 

MINIATURE INTEGRAL DIODE ASSEMBLIES 

· .. with silicon rectifier chips interconnected and encapsulated into 
voidless rectifier bridge circuits. 

• High Resistance to Shock and Vibration 

• High Dielectric Strength 

• Built·ln Printed Circuit Board Stand·Offs 

• UL Recognized 

• ROJA = 60°C/W 

MAXIMUM RATINGS 0 ;z= 
N 

:8~ .... :!: fg~ 
0 

",0 IDO 
"'~ IDN IDN 

~~ 
IDN IDN 

Nc( N~ Nc( Nc( Nc( Nc( Ze ze ze ",e Ze Ze ze 
Rating (Per Diode) Symbol "':; "':; "':; :; "':; "':; "':; 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 '00 200 400 600 800 1000 
DC Blocking Voltage VR 

DC Output Voltage 
Resistive Load Vdc 32 64 '27 255 382 5'0 640 
Capacitive Load Vdc 50 '00 200 400 600 800 1000 

Sine Wave RMS Input Voltage VR(RMSI 35 70 '40 280 420 560 700 

Average Rectified Forward 
Current 

(single phase bridge operation, 10 .. 2.0 .. 
resistive load, 60 Hz, 
TA" 550 CI 

Non-Repetitive Peak Surge 
Current (Preceded and IFSM ~ 60 (for 1 cycle) _______ 

followed by rated current 

and voltage, T A '" 55°C) 

Operating and Storage Junction TJ.T,tg 
Temperature Range . -55to+'65-

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Typ Max 

Instantaneous Forward Voltage (Per Diode) vF '.0 ,., 
{iF = 3.'4 Amp, TJ = 250CI 

Reverse Current (Per Diode) IR 
(Rated VR, TA = 250 C) - '0 

MECHANICAL CHARACTERISTICS 

Unit 

Volts 

Volts 
Volts 

Volts 

Amp 

Amp 

°c 

Unit 

Volts 

"A 

CASE: Transfer Molded Plastic 

POLARITV: Terminal·designation on case 

Pin 1 (+) for DC output 

MOUNTING POSITION: Any 
WEIGHT: 1.8 grams (approxl 
TERMINALS: Readily solderable 

Pin 4 H for DC output connections, corrosion resistant. 

Pins 2 and 3 (AC) for AC input 
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® MOTOROLA 

SINGLE·PHASE 
FULL-WAVE BRIDGE 

DIM 

A 
B 
C 
0 
F 
G 
J 
K 
L 
N 
R 

2.0 AMPERES 
50-100D VOLTS 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

'4.99 '5.49 0.590 0.6'0 
4.57 5.0B O.IBO 0.200 

20.57 0.810 
0.76 1.02 0.030 0.040 
'.02 1.27 0.040 0.050 
3.68 3.94 0.145 0.'55 
0.56 0.71 0.022 0.028 

9.02 - 0.355 
1.78 2.03 0.070 0.080 
2.54 2.79 0.100 0.110 
9.40 10.03 0.370 0.395 

CASE 3'2·02 
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MAXIMUM RATINGS, BRIDGE OPERATION 

FIGURE 1 - CURRENT DERATING 
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MOA920A9 
® MOTOROI.A 

Designers Data Sheet 

MINIATURE INTEGRAL DIODE ASSEMBLIES 

passivated, diffused-silicon dice interconnected and transfer 
molded into void less hybrid rectifier circuit assemblies. 

• Large Inrush Surge Capability - 45 A (For 1.0 Cycle) 

• Efficient Thermal Management Provides Maximum Power Handling 
in Minimum Space 

Designers Data for "Worst Case" Conditions 

The Designers DataSheet permits the design of most circuits entirely from 
the information presented. Limit curves - representing boundaries on device 
characteristics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Rating IPer Legl Symbol AI A2 A3 A4 A5. A6 A7 AS A9 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 2550 100 200 300 400 600 800 1000 

DC Blocking Voltage VR 

DC Output Voltage 
Resistive Load Vdc 1530 62 124 185 250 380 500 620 
Capacitative Load Vdc 2550 100 200 300 400 600 800 1000 

Sine WfNe RMS Input Voltage VR(RMS) 1835 70 140 210 280 420 560 700 

Average Rectified Forward 
Current 

(single phase bridge 10 .. 1.5 .. 
resistive load, 60 Hz, 
see Figure 6. T A = 500 C 

Non-Repetitive Peak Surge 
Current.lsee Figure 2) 

rated load. T J = 1750 C IFSM 45 for 1 cycle . 
Operating and Storage Junction 

TJ, Tstg Temperature Range 
.. -55 to +175 • 

ELECTRICAL CHARACTERISTICS 

Unit 

Volts 

Volts 
Volts 

Volts 

Amp 

Amp 

°c 

Characteristic Symbol Max Unit 

Maximum Instantaneous Forward Voltage Drop vF 1.2 Volts 
(Per Leg) (iF = 2.4 Amp, T J = 250 C) Figure 1 

Maximum Reverse Current (Rated dc Voltage IR 20 ",A 
across ac terminals, T J = 250 C) 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Effective Bridge Thermal Resistance, 
Junction to Ambient (Full-Wave Bridge Operation, R8JA 50 °C/W 
Typical Printed Circuit Board Mounting) 

MECHANICAL CHARACTERISTICS 

CASE: Transfer-molded plastic encapsulation. 
POLARITV: Terminal-designation embossed 

on case +DC output 
-DC output 

-AC input 

MOUNTING POSITION: Any 
WEIGHT: 1.0 gram (approx) 
TERMINALS: Readily solderable 

connections, corrosion resistant. 

3-160 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

1.6 AMPERES 

26-1000 VOLTS 

NOTES: 
1. LEAO OIM "0" TO BE 

MEASURED WITHIN 'IF" 

2. lEADS FORMED TO FIT INTO 
HO LE 0.94 mm 10,037) MIN, 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 6.10 6.73 0.240 0.265 
B 2.29 2.19 0.090 0.110 
D 0.51 0.94 0.020 0.031 
F 3.56 6.35 0.140 0.250 
G 3.68 3.94 0.145 0.155 
H 1.02 1.21 0.040 0.050 
K 6.60 10.16 0.260 0.400 
L 19.30 21.05 0.160 1.065 

CASE 109-03 
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FIGURE 5 - POWER DISSIPATION 
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Load 1 

load 2 

CIRCUIT A CIRCUIT B 

APPLICATION NOTE 

The Data of Figure4 applies for typical wire terminal or printed 
circuit board mounting conditions in still air. Under these or simi· 
lar conditions, the thermal resistance between the diode junctions 
and the leads at the edge of the case is a small fraction of the ther­
mal resistance from junction to ambient. Consequently. the lead 
temperature is very close to the"junction temperature. Therefore, 
it is recommended that the lead temperature be measured when the 
diodes are operating in prototype equipment, in order to determine 
if operation is within the diode temperature ratings. The lead having 
the highest thermal resistance to the ambient will yield readings 
closest to the junction temperature. By measuring temperature as 
outlined, variations of junction to ambient thermal resistance, 
caused by the amount of surface area of the terminals or printed 
circuit board and the degree of air convection, as well as proximity 
of other heat sources cease to be important design considerations. 

Bridge rectifiers are used in two basic circuit configurations as 
shown by circuits A and B of Figure 7. The current derating data 
of Figure 6 applies to the standard bridge circuit (A). where I A = 18. 
The derating data considers the thermal response of the junction 
and is based upon the criteria that the junction temperature must 
not exceed rated T J{max) when peak reverse voltage is applied. 
However, because of the slow thermal response and the close ther-

mal coupling between the individual semiconductor die in the 
M DA920A assembly, the maximum ambient temperature is given 
closely by 

TA = TJ(ma.) -R8JA PT 

where PT is the total average power dissipation in the assembly. 
For the circuit of Figure B, use of the above formula will yield 

suitable rating information. For example to determine T A(maxl 
for the conditions: 

IA = 0.5 A. Ipk = 10 lavg 
18 = 1.0 A. Ipk = lB lavg 

From Figure 5: For IA. read PTA" O.B W 
For lB. read PT8 '" 2.2 W 

(Division by 2 is necessary as data from Figure 5 is for full-wave 
bridge operation.) :. TA(ma.) = 1750 - (50) (1.5) = 1000C. 
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FIGURE 8 - FORWARD RECOVERY TIME 
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RECTIFIER EFFICIENCY NOTE 

FIGURE 12 - SINGLE·PHASE FULL·WAVE 
BRIDGE RECTIFIER CIRCUIT 

The rectification efficiency factor a shown in Figure 10 was 
calculated using the formula: 

V2olde) 

Plde) RL V2olde). 100% (1) 
0= PI,ms) = v2olrms)' 100% = V20lacl + V2olde) 

RL 

For a sine wave input Vm sin (wtl to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes: 

4V2m 

w2RL 8 
0lsine) = --·100% = -' 100%= 81.2% 

V2m w2 

For a square wave 
input of amplitude Vm• 
the efficiency factor 
becomes: 

RL 
01 square) = --' 100% = 100% 

V2m 

RL 

(2) 

(3) 

As the frequency of the input signal is increased. the reverse 
recovery time of the diode (Figure 9) becomes significant. result­
ing in an increasing ac voltage component across R L which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor a, as shown on Figure 10. 

It should be emphasized that Figure 10 shows waveform effi­
ciency only; it does not provide a measure of diode losses. Data 
was obtained by measuring the ac component of Va with a true 
rms ac voltmeter and the dc component with a dc voltmeter. The 
data was used in Equation 1 to obtain points for Figure 10. 
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INTEGRAL DIODE ASSEMBLIES 
· .. diffused silicon dice interconnected and transfer molded into 
rectifier circuit assemblies for use in application where high output 
current/size ratio is of prime importance. These devices feature: 

• Void-free, Transfer-molded Encapsulation to Assure High 
Resistance to Schock, Vibration, and Temperature Extremes 

• High Dielectric Strength 

• Simple, Compact Structure for Trouble-free Performance 

• High Surge Capability - 100 Amps 

Designer. Data for "Worst Case" Conditions 

The Designers Data Sheet permits the design of most circuits entirely from 
the information presented. limit curves - representing boundaries on device 
characteristics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol MOA970Al MOA970A2 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 100 
DC Blocking Voltage VR 

RMS Reverse Voltage VR{RMS) 35 70 

DC Output Voltage 
Resistive Load Vdc 31 62 
Capactive Load Vdc 50 100 

Average Rectified Forward Current 10 
TA = 25°C .. 
TC - 55°C .. 

Nonrepetitive Peak Surge Current IFSM .. 
(surge applied at rated load 
conditions, T J = 150°C) 

Operating and Storage Junction TJ, Tstg .. 
Temperature Range 

THERMAL CHARACTERISTICS 

Max 
Characteristics Symbol (Per Die) Unit 

Thermal Resistance. Junction to Case LEach Die R9JC 10 °C/W 

I Effective Bridge R9(EFF) 7.75 °C/W 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Max Unit 

Instaneous Forward Voltage (Per Diode) vF - Vdc 
(iF = 6.28 Amp, TJ = 25°C) - 1.1 
(iF = 6.28 Amp. TJ = 1500 C) - 1.0 

Reverse Current IR - 1.0 mA 
(Rated VRM applied to ac terminals, 
+ and - terminals open, TA = 25°C) 

CASE: Transfer-molded plastic encapsulation. 
FINISH: All external surfaces are corrosion-resistant. Leads are readily solderable. 
POLARITY: Embossed symbols 

AC input = - DC output = + DC output = -
MOUNTING POSITION: Any 
WEIGHT (Approximately): 7.5 Grams 
MOUNTING TORQUE: 5 in.-Ib. Max 
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MOA970A3 

200 

140 

124 
200 

4.0 
8.0 

100 

-65 to +150 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

4 AMPERES 
50-600 VOLTS 

MOA970A5 MOA970A6 

400 600 

280 420 

248 372 
400 600 

.. .. ... 
• 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

°c 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 22.35 23.37 0.880 0.920 

._.1 6.35 7.37 0.250 0.290 
C 18.54 19.56 0.730 0.770 

0.89 1.14 0.035 0.045 
f 11.18 11.IiB 0.440 0.460 
G 4.57 5.59 0.180 0.220 

8.89 9.91 0.350 0.390 
2.79 3.81 0.110 0.150 

14.61 0.575 

CASE 117A-02 3.18 3.43 0.125 0.135 
Q 3.56 4.06 0.140 0.160 

R 2,66 NOM 0.105 NOM 
2.66 3.17 0.105 0.125 
2.92 NOM O.115NOM 

W 1.90 2.41 0.075 0.095 
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MAXIMUM CURRENT RATINGS, BRIDGE OPERATION 
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MDA970A 1 thru MDA970A6 

FIGURE 11 - POWER DISSIPATION 
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FIGURE 12 - BASIC CIRCUIT USES FOR 
BRIDGE RECTIFIERS 

]1 
CIRCUIT A 

]I 
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IF(AV),AVERAGE FORWARD CURRENT (AMP) 

NOTE 1: THERMAL COUPLING AND EFFECTIVE THERMAL 

RESISTANCE 
I n multiple chip devices where there is coupling of heat between 

die, the junction temperature can be calculated as follows: 

(1) "TJl = Rel POl + Re2 Ke2 PD2 + Re3 Ke3PD3 
+ Re4 Ke4 PD4 

Where.Ot.T J1 is the change in junction temperature of diode 1 
Rel thru 4 is the thermal resistance of diodes 1 through 4 
POl thru 4 is the power dissipated in diodes 1 through 4 
Ke2 thru 4 is the thermal coupling between diode 1 and 
diodes 2 through 4. 
An effective package thermal resistance can be defined as 

follows: 
(2) Re(EFF) = "T Jl/PDT 
where: PDT is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) "TJl -ReI (POI +Ke2PD2+Ke3P03+K84Po4i 

For the conditions where POl - P02 - P03 - PD4, PDT - 4 Po 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4)Re(EFF)-Rel(1+Ke2+ Ke3+ Ke4)/4 

For this rectifier assembly, thermal couplillg between opposite 
diodes is 65% and between adjacent diodes is 72.5% when the case 
temperature is used as a reference. When the ambient temperature 
is used as the reference, the coupling is a function of the mounting 
conditions and is essentially the same for opposite and adjacent 
diodes. 

The effective bridge thermal resistance, junction to ambient, 
is (from equation 4). 

(5) Re(EFF)JA - ReJA(l +3Ke(AV)JA)/4 

Where: Ke(AV)JA "" (Ke(AV)JCReJc+ ReCA)/R6JA 
and Ke (AV)JC i. approximately 70%. ReCA is the case to 
ambient thermal resistance. 

Under tvpical wire terminal or printerJ circuit board mounting 
conditions, the thermal resistance between the diode junctions 
and the leads at the edge of the case is I small fraction of the ther· 
mal resistance from junction to ambient. Consequently, the lead 
temperature is very close to the junction temperature. Therefore, 
it is recommended that the lead temperature be measured when the 
diodes are operating in prototype equipment, in order to determine 

NOTE 3 

CIRCUIT 8 

NOTE 2: SPLIT LOAD DERATING INFORMATION 

Bridge rectifiers are used in two basic configurations as shown 
by circuits A and B of Figure 12. The current derating data of 
Figures 5 and 6 apply to the standard bridge circuit (AI where 
'A = 'B. For circuit B where 'A =PIB, derating information can be 
calculated as follows: 

(6) TR(MAX) - T J(MAX) - "T Jl 
Where TR(MAX) is the reference temperature (either case or 

ambient) 

"T Jl can be calculated using equation (3) in Note 1. 

For example, to determine T C(MAX) for the following load 
conditions: 

IA = 3.1 A ""erage with a peak of 11.2 A 
I B = 1.55 A average with a peak of 6.B A 

First calculate the peak to average ratio for IA. I(PK)/I(AV) -
11.2/1.55 - 7.23 (Note that the peak to average ratio is on a per 
diode basis.) 

From Figure 11, for an "" .. age current of 3.1 A end an I(PK)/ 
I(AV) = 7.23 read PTlAV) = 4.B watts or 1.2 watts/diode :. 
POl - PD3 = 1.2 watts. 

Similarly, for a load current I B of 1.55 A, diode" 2 and diode 
"4 each see 0.775 A average resulting in an I (PK)/I (A V) "" B.B. 

Thus, the package power dissipation for 1.55 A is 2.3 watts or 
0.575 watts/diode:. P02 • PD4 - 0.575 watts. 

The maximum junction temperature occurs in diode #1 and #3. 
From equation (3) for diode #1 "TJl = 9[1.2 +.651.575) +.725 
(1.2) + .725 (.575)] 

"T Jl "" 2s"C 
Thus TC(MAX) - 150-26 - 1240C 
The total package dissipation in thi$ example is: 

PJ - 2 X 1.2 + 2 X 0.575"" 3.6 watts 

(Note that although maximum ReJC is l00C/watt, 9"C/watt is 
used in this example and on the derating data as it is unlikely that 
all four die in a given package would be at the maximum value.) 

if operation is within the diode temperature ratings. The lead having 
the highest thermal resistance to the ambient will yield readings 
closest to the junction temperature. By measuring temperature ai 
outlined, variations of junction to ambient thermal resistance, 
caused by the amount of surface area of the terminals or printed 
circuit board and the degree of air convection, as welf as proximity 
of other heat sources cease to be important design considerations. 
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II 

MOA980-1 thru 
MOA980-6 

IOA990-1 thru 
MOA990-6 

Designpr!S Data Sheet 

RECTIFIER ASSEMBLY 
· .. utilizing individual void·free molded MR2500 Series rectifiers, 
interconnected and mounted on an electrically isolated aluminum 
heat sink by a high thermal·conductive epoxy resin. 

• 400 Ampere Surge Capability 
• Electrically Isolated Base 
• Cost Effective in Lower Current Applications 

Designers Data for ·'Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirelv from the 

information presented. Limit curves - representing boundaries on device character· 
istics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS (TC = 25°C unle .. otherwise noted) 

Rating Symbol -1 -2 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 100 
DC Blocking Voltage VR 

RMS Reverse Voltage VR(RMSI 35 70 

DC Output Voltage 
Resistive Load Vde 30 62 
Capacitive Load Vde 50 100 

Average Rectified Forward Current 10 
ISingle phase bridge resistive load, 
60 Hz. T C = 55"C) MDA980 

MDA990 

Non.Repetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions) ~ 

Operating and Storage Junction TJ.Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case MDA980 R8JC 
Each Die MDA990 

® MOTOROLA 

-3 

200 

140 

124 
200 

12 
30 

300 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

-4 

300 

210 

185 
300 

12 and 30 AMPERES 
50 thru 600 VOLTS 

-5 -6 

400 600 

280 420 

250 380 
400 600 

. . 

. 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

-65 to +175 °c 

Typ Max Unit 

8.5 11 oCIW 
4.5 6.0 

Effeclive Bridge MDA980 R8IEFF) - 6.05 oCIW 
MDA990 - 2.28 

ELECTRICAL CHARACTERISTICS(TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Tyl' Max Unit 

Instantaneous Forward Voltage IPer Diode) vF Volt. 
(iF = 18.9 A) MDA980 - 0.88 0.97 
(iF = 47 A) MDA990 - 0.98 1.07 
(iF = 18.9 A, T J = 1750 C) MDA980 - - 0.85 
(iF = 47 A, T J = 1750 C) MDA990 - - 0.98 

Reverse Current IR rnA 
I Rated VRM applied to ae terminals, + and- - - 0.5 
terminal. open) 
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MDA980-1 thru MDA980-6, MDA990-1 thru MDA990-6 
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II 

MDA980-1 thru MDA980-6, MDA990-1 thru MDA990-6 

MAXIMUM CURRENT RATINGS, BRIDGE OPERATION 

FIGURE 5 - MDA980 CURRENT DERATING FIGURE 6 - MDA990 CURRENT DERATING 
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MDA980-1 thru MDA980-6, MDA990-1 thru MDA990-6 
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NOTE 1 - THERMAL COUPLING ANO EFFECTIVE 
THERMAL RESISTANCE 

In multiple chip devices where there is coupling of heat between 
die, the junction temperature can be calculated as follows: 

(11 "TJl = Rei P02 + Re2 Ke2 P02 + Re3 Ke3P03 
+ Re4 Ke4 P04 

Where 6. T Jl is the change in junction temperature of diode 1 

R6t thru 4 is the thermal resistance of diodes 1 through 4. 

POt thru 4 is the power dissipated in diodes 1 through 4 
Ke2 thru 4 is the thermal coupling between diode 1 and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

121 RelEFFI = 6TJ11POT 

Where: PDT is the total package power dissipation. 
Assuming equal thermal resistance for each die, equation (1 J 

simplifies to 
(3) "TJl = Rel(POl + Ke2 P02 + Ke3 P03 + Ke4 P041 

For the condition where POI = P02 = P03 = P04, POT = 4POI 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) ReIEFFI= Rei 11+Ke2+Ke3+Ka4"4 

For the MDA980 rectifier assembly, thermal coupling between 
opposite diodes is 42% and between adjacent diodes is 50% when 
the case temperature is used as a reference. Similarly for the 
MDA990, thermal coupling between opposite diodes is 12% and 
between adjacent diodes is 20%. 

NOTE 2 - SPLIT LOAO OERATING INFORMATION 

Bridge rectifiers are used in two basic configurations as shown 
in circuits A and B of Figure 13. The current derating data of 
Figures 5 and 6 apply to the standard bridge circuit (A) where 
fA = 'B' For circuit B where 'AidS, derating information can be 
calculated as follows: 

(51 TR(MAXI = TJ(MAXI - "TJl 
Where TA(MAX) is the reference temperature (either case or 

ambient) 

.8T J1 can be calculated using equation (3) in Note 1. 

For example, to determine TC(MAXI for the MOAggO with 
the following capacitive load conditions: 

I A = 20 A average with a peak of 86 A 
I B = lOA average with a peak of 72 A 

First calculate the peak to average ratio for IA' I(PKI/I(AV) = 
86/10 = 8.6. (Note that the peak to average ratio is on a per diode 
basis and each diode provides 10A average). 

From Figure11, for an average current of 20 A and an I (PKI/ 
'(AV) = B.6 read POT(AVI = 40 watts or 10 watts/diode. Thus 
POI = P03 = 10 watts. 

Similarly, for a load current IB of 10 A, diode fl2 and diode fl4 
each see 5.0 A average resulting in an I(PK)iI(AV) "" 14.4 

Thus, the package power dissipation for 10 A is 20.2 watts or 
5.05 watts/diode .. : P02 = P04 = 5.05 watts. 

The maximum junction temperature occurs in diodes #1 and 
fl3. From equation (3) for diode fll "TJl = 5.6 [10 + 0.12 
(5,05) + 0.2 (101 + 0.2 (5.05)] . 

6TJ1'" 760 C 
Thus TC(MAXI = 175·76 = ggOC 
The total package dissipation in this example is: 
P J = 2 x 10 + 2 x 5.05"" 30.1 watts 

(Note that although maximum ReJC is 60 C/W, 5.60 C/watt is 
used in this example and on the derating data as it is unlikely that 
all four die in a given package would be at the maximum value). 

FIGURE 13 - BASIC CIRCUIT USES FOR BRIOGE 
RECTIFIERS 

]1 
LDad 

CIRCUIT A CIRCUIT B 
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MDA980-1 thru MDA980-6, MDA990-1 thru MDA990-6 

MECHANICAL CHARACTERISTICS 

CASE: Transfer-molded plastic encapsulation 

POLARITY: Terminal-designation embossed on case 
+DC output 
-DC output 

AC not marked 

MOUNTING POSITION: Bolt down-highest heat transfer efficiency accom­
plished through the surface opposite the terminals. 

WEIGHT: 40 grams (approx.) 

TERMINALS: Suitable for fost-on connections, reedily solderable connactions, 
corrosion resistant. 

MOUNTING TORQUE: 20 in. lb. Max. 

OUTLINE DIMENSIONS 

Q 

+~ 

NOTE: 
1. DIM "a" SHALL BE 

MEASURED ON 
HEATSINK SIDE OF 
PKG. 

2. DIMENSIONS F AND G 
SHALL BE MEASU RED 

A 

AT THE REFERENCE PLANE. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 34.80 35.18 1.370 1.385 
C 12.44 13.97 0.490 0.550 
D 6.10 6.60 0.240 0.260 
F 13.97 14.50 0.550 0.5 1 
G 28.00 29.uu 1.100 1.142 
J 0.71 0.86 0.D28 0.034 
K 9.52 11.43 0.375 U.4l1U 

L 1.52 2.06 0.060 0.081 
p 2.79 2.92 0.110 0.115 

4.32 4.8 7 0.190 

CASE 309A·02 
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® MOTOROLA 

RECTIFIER ASSEMBLY 

· .. utilizing individual void·free molded rectifiers, interconnected 
and mounted on an electrically isolated aluminum heat sink by 
a high thermal·conductive epoxy resin. 

• 400 Ampere Surge Capability 
• Electrically Isolated Base 

• UL Recognized 
• 1800 Volt Heat Sink Isolation 

MAXIMUM RATINGS 

MDA 
Rating (Per Diodel Symbol 25GO 2501 2502 2504 2508 

Peak Repetitive Reverse Voltage VRRM 50 100 200 400 600 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

DC Output Voltage Vdc 
Resistive Load 30 62 124 250 380 
Capacitive loed 50 100 200 400 600 

Sine Wave RMS Input Voltage VRIRMS) 35 70 140 280 420 

Unit 

Volts 

Volts 

Volts 

Average Rectified Forward Current 10 . 25 .. Amp 
(Single phase bridge resistive load, 
60 Hz, TC = 55"C) 

Nonrepetitive Peak Surge Current IFSM . 400 . Amp 
(Surge applied at rated load 

conditionsl 

Operating and Storage Junction TJ, Tstg ~-65to +175-----..... "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Typ Max 

Thermal Resistance, Junction to Case ROJC 
Each Die 8.0 10 
Total Bridge 2.0 2.8 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Instantaneous Forward Voltage (Per Diode) vF - 0.95 1.05 
liF=40A) 

Reverse Current (Per Diode) IR - - 0.10 
IRated VR) 

MECHANICAL CHARACTERISTICS 

CASE: 

POLARITY: 

Plastic case with an electrically isolated aluminum 
base. 

Terminal designation embossed on case: 
+DC output 
-DC output 
AC not marked 

MOUNTING POSITION: Bolt down. Highest heat transfer efficiency accom· 

WEIGHT: 

TERMINALS: 

plished through the surface opposite the terminals. 
Use silicone heat sink compound on mounting 
surface for maximum heat transfer. 

25 grams (approx.) 

Suitable for fast-on connections. Readily solderable, 
corrosion resistant. Soldering recommended for 
appl ications greater than 15 amperes. 

MOUNTING TORQUE: 20 in. lb. max. 
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Unit 

°C/W 

Unit 

Volts 

mA 

MDA2500 series 

Q 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

25 AMPERES 
50-600 VOL 1S 

+~ A 

NOTES: 
1. DIMENSION "Q" SHALL BE 

MEASURED ON HEATSINK 
SIDE OF PACKAGE. 

2. DIMENSIONS "F" AND "G" 
SHALL BE MEASURED AT 
THE REFERENCE PLANE. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 25.65 26.16 1.010 1.030 
C 1244 13.97 0.490 0.550 
D 6.10 6.60 0.240 0.260 
F 10.01 10.49 0.394 0.413 
G 19.99 21.01 0.787 0.827 
J 0.71 0.86 0.028 0.034 
K 9.52 11.43 0.375 0.450 
L 1.52 2.06 0.060 0.081 
P 2.79 2.92 0.110 0.115 
Q 4.42 4.67 0.174 0.184 

CASE 301A·03 
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MDA2500 Series 

FIGURE 1 - FORWARD VOLTAGE 
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MDA2500 Series 

FIGURE 6 - TYPICAL THERMAL RESPONSE 
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MDA2500 Series 

AMBIENT TEMPERATURE DERATING INFORMATION 

FIGURE 10A - THERMALLOY HEAT SINK 6005B 

0: 10 

~ .... 
~ 8.0 

=> u 

........ 
....... r-.... ......... ." v 

---1M.re1 ~', IResistiveall,llldulClive t'dsl-

~ 6.0 

~ 
~ 
~ 4.0 

~ 
> 
« 2.0 
:; 

....... j'-... ....... ....... r--... 
......... ~ " ...... ~ 

10 1 Capacitive 
/' ...... 20 Loads 

f-

R<; V ...... ~t-.. 
.... ~ 

i' g )-- R9JA ~ aoclW 
a 
40 

I I I ...... ~ 
60 ao 100 120 140 

TA, AMBIENT TEMPERATURE lOCI 

NOTE 2: THERMAL COUPLING AND 
EFFECTIVE THERMAL RESISTANCE 

160 1BO 

In multiple chip devices where there is coupling of heat be­

tween die, the junction temperature can be calculated as follows: 

where .6.TJ1 is the change in junction temperature of diode 1, 
A01 through 4 is the thermal resistance of diodes 1 through 4, 
P01 through 4 is the power dissipated in diodes 1 through 4, 
K02 through 4 is the thermal coupling between diode 1, and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

121 RelEFFI = L!.TJ1/POT 

where PDT is the total package power dissipation. 
Assuming equal thermal resistance for each die, equation (1) 

simplifies to 

131 L!.T Jl = RO 1 IPOI + K02P02 + K03P03 + K04P04) 

For the conditions where POl = P02 = P03 = P04, PDT = 
4 POl, equation (3) can be further simplified and by substituting 
into equation (2) results in 

141 ROIEFFI = ROlli + K02 + K03 + K041/4 

When the case is used as a reference point, coupling between 
opposite die is negligible for the MDA2500, and coupling between 

adjacent die is approximately 6%. 
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NOTE 3: SPLIT LOAD DERATING INFORMATION 
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Bridge rectifiers are used in two basic configurations as shown 
by circuits A and B of Figure 11. The current derating data of 
Figure 4 applies to the standard bridge circuit (AI where IA = lB' 
For circuit B where IA = IB' derating information can be calculated 
as follows: 

161 TRlmoxl = TJlmaxl -L!.TJl 

Where TR(max) is the reference temperature (either case 
or ambient), dT Jl can be calculated using equation (31 in Note 2. 

For example, to determine T C(max) for the MDA2500 with 
the following capacitive load conditions: 

I A = 20 A average with a peak of 60 A, 
IB = 10 A average with a peak of 70 A, 

first calculate the peak to average ratio for IA· I(PK)/I(AVI = 
60/10 = 6.0. (Note that the peak to average ratio is on a per diode 
basis and each diode provides lOA average.) 

From Figure 5, for an average current of 20 A and an I(PK11 
IIAVI = 6.0, read POTIAVI = 40 watts or 10 watts/diode. Thus 
POI = P03 = 10 watts. 

Similarly, for a load current I B of lOA, diode #2 and diode 
#4 each see 5,0 A average resulting in an IIPKI/IIAVI = 14. 

Thus, the package power dissipation for 10 A is 20 watts or 
5.0 watts/diode. Therefore, P02 = P04 = 5,0 watts. 

The maximum junction temperature occurs in diodes #1 and 
#3, From equation 131 for diode #1, 

L!.TJl = 10[10 + 0151 + 0,061101 + 0.061511 

L!.TJl '" 109°C, 

Thus, TClmaxl = 175 -109 = 66°C. 
The total package dissipation in this example is 

POTIAVI = 2 x 10 + 2 x 5,0 = 30 watts, 

which must be considered when selecting a heat sink. 

FIGURE 11 - BASIC CIRCUIT USES FOR 
BRIDGE RECTIFIERS 

]1 Load JII 
Circuit A Circuit B 
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® MOTOROL.A 

RECTIFIER ASSEMBLY 

· .. utilizing individual void-free molded rectifiers, interconnected 
and mounted on an electrically isolated aluminum heat sink by a 
high thermal-conductive epoxy resin. 

• 400 Ampere Surge Capability 

• Electrically Isolated Base - 1800 Volts 

MAXIMUM RATINGS 

MDA 

Rating (Per Diode) Symbol 2550 2551 

Peak Repetitive Reverse Voltage VRRM 50 100 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

DC Output Voltage Vdc 
Resistive Load 30 62 
Capacitive Load 50 100 

Sine Wave RMS Input Voltage VR(RMS) 35 70 

Average Rectified Forward Current 10 ~ 25-------. 
(Single phase bridge resistive load, 

60 Hz, TC = 55°C) 

Nonrepetitive Peak Surge Current IFSM _400_ 
(Surge applied at rated load 

conditions) 

Operating and Storage Junction TJ, Tstg --65to+175-
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Typ Max 

Thermal Resistance, Junction to Case ROJC 
Each Die 8.0 10 
Total Bridge 2.0 2.8 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ 

Instantaneous Forward Voltage vF - 0.95 
(Per Diode) (iF = 55 A) 

Reverse Current (Per Diode) IR - -
(Rated VR) 

MECHANICAL CHARACTERISTICS 

CASE: Plastic case with an electrically isolated aluminum base. 
POLARITY: Terminal-designation embossed on case 

+DC output 
-DC output 
AC not ma rked 

Max 

1.05 

0.50 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

°C 

Unit 

°C/W 

Unit 

Volts 

mA 

MOUNTING POSITION: Bolt down. Highest heat transfer efficiency accomplished 
through the surface opposite the terminals. Use silicon heat sink compound on 
mounting surface for maximum heat transfer. 

WEIGHT: 25 grams (approx.) 
TERMINALS: Suitable for fast-on connections. Readily solderable~ corrosion resis­

tant. Soldering recommended for applications greater than 15 amperes. 
MOUNTING TORQUE: 20 in. lb. max. 
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MDA2SS0 
MDA2SS1 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

25 AMPERES 
50-100 VOLTS 

HEATSINK 
A TEMPERATURE 

[ ~~ENCEPOINT DE 1 ~- +~ A 

= U 
NOTES: 

DIM 
A 
C 
0 
F 
G 
J 
K 
L 
P 
0 

1. OIMENSION "0" SHALL BE 
MEASUREO ON HEATSINK 
SlOE OF PACKAGE. 

2. OIMENSIONS "F" AND "G" 
SHALL BE MEASURED AT 
THE REFERENCE PLANE. 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
25.65 26.16 1.010 1.030 
12.44 13.97 0.490 0.550 
6.10 6.60 0.240 0.260 

10.01 10.49 0.394 0.413 
19.99 21.01 0.787 0.827 
0.71 0.86 0.028 0.034 
9.52 11.43 0.375 0.450 
1.52 2.06 0.060 0.081 
2.79 2,92 0.110 0.115 
4.42 4.67 0.174 0.184 

CASE 309A·03 
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MDA2550, MDA2551 

FIGURE 1 - FORWARD VOLTAGE 

700 

~OO I--TJ ~ 2~oC 
./ -~ 

300 

200 

100 

70 

~O 
..: ::. 
~ 
>- 30 
ffi 
~ 20 
i3 
~ 
~ 10 

~ 
(I) 7.0 
:::> 
~ 5.0 
z 
~ 
z 3.0 
~ 
z 
~ 2.0 

1.0 

o. 7 

o.~ 

0.3 

0.2 

r--

r--
f--. 

./ V 

/ V Mlximum 

f-- Typical ./ V 
/ / 

1 
I J 
1/ 
I 

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 

i 
Ii; 
W 
II: 
II: 
:::> 
u 

~ 
:::> 
o 
w 

28 

4-

0 

6 

2 

~ B.O 

~ 
P 4. 0 

0 
40 

'F, INSTANTANEOUS FORWARO VOLTAGE (VOLTS) 

FIGURE 4 - CURRENT DERATING 

NdTE: I~K/IL Ra~iO - f---..... 

" 
ft,'ersto I f--

" ) 
~ingle ~iOd~ f--

"- IpK/IAV=' - f--...... Resistive/lnduclive _ f--r-..: t' Loed, _ 
f---.....; , ...... 

:"~ 

IPK/IAV = 20 ::: 
~ ~ 

10 """l ~ 
5.0 .... .. 

CljiljLOj' l1li... 

60 60 100 120 140 160 180 

TC. CASE TEMPERATURE lOCI 

FIGURE 2 - NON REPETITIVE SURGE CURRENT 

600 
..: 
::i 

......... 

;: 40 
z 
w 

0 ........ 

~30 
:::> 
u 
w 
> 
~ 20 ... 
-' 
~ 15 

'" 

0 

0 

0 

r---.. 
i'- r-... "l"-

1"'--", 
TJ~17~oC .... 

fYY\ 

V R RM mey be applied be_n 
each cycle of surge. ~he T J nolld 
ii T J prior to surge. 

I 

r--.... i'- 2~oC 

" """-1'---1'-. " f' 1--- .... 
;:;'i 
.... 100 

~ 
t= 1----1- 1.0 Cycle 

iii 
:> 

0 

60 
1.0 

to.~ 

.5 -O.~ 
>-
~ 
;; 
tE -1.0 
w 
8 

1 1 1 1 
2.0 3.0 ~.O 7.0 10 20 30 

NUMBER OF CYCLES AT 60 HI 

FIGURE 3 - FORWARD VOLTAGE 
TEMPERATURE COEFFICIENT 

Typical Range , 

--"'" 
~ 

-~ -- ..... 

~o 70 100 

V? 
V 

-1.~ -I-

3-178 

-2.0 
0.2 

0 

0 

0 
-

0-

0 

0 

0 

01/ 

-
O.~ 1.0 2.0 5.0 10 20 50 100 200 

iF. INSTANTANEOUS FORWARD CURRENT (AMP) 

FIGURE & - FORWARD POWER DISSIPATION 

1.1. I I I T 
-.!..tE.Ml = I\' (Resistive and ./ 
IF(~V) IndUClt:! Load.1 1,/ ./ 

I ........ V ./ ./ I 50_ - / / Y 
~a;~~: I 10_ - ~ -. '/ 

20 /" 
/ I' ~ 

I/, ~ 
? ~ TJ,1750C_ i----1 f-

Ih.: jiP NOTE: TheIFM/I(AVI ralio ,efor. 10. 

-"'" P"" single diode; POTIAV) refen 10 

~ the package dissipation. 

1 I I I I 1 
5.0 10 15 20 25 30 35 

10. AVERAGE LOAD CURRENT (AMPI 



MDA2550, MDA2551 

FIGURE 6 - TYPICAL THERMAL RESPONSE 
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To determine ma:cimum junction temperatllre ollhe dIOde In a given SItuation, the following 
procedure is recommended. 

The temperature of the case should be measured using a thermocou pie placed on Ihe case at 
thetemperalurerelerencepornt(seetheoutlinedrlfWingonpagel).ThetlN!rrnalmassconnected 
to the case isnormallv large enough so thaI It will not significantly respond to heat surges 
generated In the diode as a resullot pulsed operahon oncesleady state condittons ate achieved. 
Using the measured value ot Te, the junction temperatLire may be determined by: 

TJ "'TC tt.TJC 
where t. TJC IS the In[rease In jLlnction temperatLire above the case temperatLire. It may be 
delerminedby· 

t.TJC '" Ppk • ROJC (0 + (1 - 01. rill + tpl + ritpl- dlll( 
where 

rlt) "'normalizedvalLleoftransientthermalresistanceattime,I,fromFIIIlIre6, i.e., 
rill ttpl '" normalizedvailleoftransllntthermairesistancea+timetl+tp. 
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MDA2550, MDA2551 

AMBIENT TEMPERATURE DERATING INFORMATION 
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FIGURE lOA - THERMALLOV HEAT SINK 6006B 
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NOTE 2: THERMAL COUPLING ANO 
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160 .80 

In multiple chip devices where there is coupling of heat be­
tween die, the junction temperature can be calculated as follows: 

(1) ATJl = R91 PD1 + R92K02P02 + R93K93P03 + R94K94P04 

where .6TJl is the change in junction temperature of diode 1, 
R91 through 4 is the thermal resistance of diodes 1 through 4. 
POI through 4 is the power dissipated in diodes 1 through 4. 
K92 through 4 is the thermal coupling between diode 1. and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R9(EFF) = ATJ1/POT 

where PDT is the total package power dissipation. 
Assuming equal thermal resistance for each die, equation (1) 

simplifies to 

(3) AT Jl = R91 (POI + K02P02 + K93P03 + K04P04) 

For the conditions where POI = P02 = P03 = P04. POT = 
4 POI. equation (3) can be further simplified and by substituting 
into equation (2) results in 

(4) R9(EFF) = R91 (1 + K92 + K93 + K94)/4 

When the case is used as a reference point, coupling between 
opposite die is negligible for the MDA2550, and coupling between 
adjacent die is approximately 6%. 

FIGURE lOB - IERC HEAT SINK UP3 
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NOTE 3: SPLIT LOAD DERATING INFORMATION 

Bridge rectifiers are used in two basic configurations as shown 
by circuits A and B of Figure 11. The current derating data of 
Figure 4 applies to the standard bridge circuit (A) where IA = lB. 
For circuit B where fA = 'B. derating information can be calculated 
as follows: 

(6) TR(max) = TJ(max) -tlTJl 

Where TR(max) is the reference temperature (either case 
or ambient), .6.T J1 can be calculated using equation (3) in Note 2. 

For example. to determine TC(max) for the MOA2550 with 
the following capacitive load conditions: 

IA = 20 A average with a peak of 60 A. 
IB = lOA average with a peak of 70 A. 

first calculate the peak to average ratio for IA. I(PK)/I(AV) = 
60/10 = 6.0. (Note that the peak to average ratio is on a per diode 
basis and each diode provides 10 A average.) 

From Figure 5. for an average current of 20 A and an I(PK)/ 
I(AV) = 6.0. read POT(AV) = 40 watts or 10 watts/diode. Thus 
POI = P03 = 10 watts. 

Similarly. for a load current IB of 10 A. diode #2 and diode 
#4 each see 5.0 A average resulting in an I(PK)Ii(AV) = 14. 

Thus, the package power dissipation for 10 A is 20 watts or 
5.0 watts/diode. Therefore. P02 = P04 = 5.0 watts. 

The maximum junction t~mperature occurs in diodes #1 and 
#3. From equation (3) for diode #1. 

ATJl = 10[10 + 0(5) + 0.06(10) + 0.06(5)] 

ATJl '" 1090 C. 

Thus. TC(max) = 175-109 = 66oC. 
The total package dissipation in this example is 

POT(AV) = 2 x 10 + 2 x 5.0 = 30 watts. 

which must be considered when selecting a heat sink. 

]\ 
FIGURE 11 - BASIC CIRCUIT USES FOR 

BRIOGE RECTIFIERS 

JII~ 
Load 1 

Load 2 

Circuit A Circuit B 
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® MOTOROLA 

RECTIFIER ASSEMBLY 
· .. utilizing individual void·free molded MR2500 Series rectifiers, 
interconnected and mounted on an electrically isolated aluminum 
heat sink by a high thermal·conductive epoxy resin. 

• 400 Ampere Surge Capability 
• Electrically Isolated Base -1800 Volts 
• UL Recognized 
• Cost Effective in Lower Current Applications 

MAXIMUM RATINGS 
MDA 

Rating (Per Diodel Symbol 3500 3501 3502 3504 3506 3508 

Peak Repetitive Reverse VRRM 
Voltage 

Working Peak Reverse VRWM 50 100 200 400 600 800 
Voltage 

DC Blocking Voltage VR 
DC Output Voltage 

Resistive Load Vdc 30 62 124 250 380 500 
Capacitive Load Vdc 50 100 200 400 600 800 

Sine Wave RMS Input VR (RMS 35 70 140 280 420 560 
Voltage 

Average Rectified Forward 10 . 35 
Current (Single phase 
bridge resistive load, 
60 Hz. T C = SSoC) 

Non-Repetitive Peak Surge IFSM . 400 
Current (Surge applied 
at rated load conditions) 

Operating and Storage T J,Tstg . -65 to +175 
Junction Temperature 
Range 

THERMAL CHARACTERISTICS (Total Bridge! 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted!. 
Characteristic Symbol Min 

Instantaneous Forward Voltage (Per VF -
Diode! 
OF = 55 A) 

Reverse Current (Per Diode) IR -

(Rated VR! 

MECHANICAL CHARACTERISTICS 

CASE: Plastic case with an electrically isolated aluminum base. 
POLARITY: Terminal-designation embossed on case 

+OC output 
-DC output 

AC not marked 

Typ Max 
1.0 1.1 

- 0.10 

MOUNTING POSITION: Bolt down. Highest heat transfer efficiency accom· 
plished through the surface opposite the terminals. 
Use silicon grease on mounting surface for maxi­
mum heat transfer. 

WEIGHT: 40 grams (approx.) 
TERMINALS: Suitable for fast-on connections. Readily solderable, 

corrosion resistant. Soldering recommended for appli­
cations greater than 15 Amperes. 

MOUNTING TORQUE: 20 in. lb. Max. 
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3510 Unit 

1000 Volts 

630 Volts 
1000 Volts 
700 Volts 

. Amp 

Amp 

. DC 

Unit 

Volts 

mA 

Q 

MOA3500 series 

SINGLE·PHASE 
FULL·WAVE BRIDGE 

35 AMPERES 
50·1000 VOLTS 

Heatsink 

1 
1- +1 A _____ Ll 

NOTE: 
1. DIM "[1" SHALL BE 

MEASURED ON 
HEATSINK SIDE DF 
PKG. 

2. DIMENSIDNS F AND G 
SHALL BE MEASURED 
AT THE REFERENCE PLANE. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 34.80 35.18 1.370 1.385 
C 11.44 13.97 0.4HU 0.550 
D 6.10 6.60 0.240 0.260 
F 13.97 14.50 0.5!1l 0.571 
G 28.00 29.ItO 1.100 1.142 
J Jl.7 0.88 0.028 0.034 
K 9.52 11.43 0.375 ~ 
L 1.52 2.06 0.060 0.081 
p 2.79 2.92 0.110 0.115 
0 4.32 4.83 o. 70 0.190 

CASE 309A·02 

II 
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MDA3500 Series 

FIGURE 1 - FORWARD VOLTAGE 
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MDA3500 Series 

FIGURE 6 - TYPICAL THERMAL RESPONSE 
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To determin. maximum junction lemperatUrt of the diode in a given situation, the following 

procedUfeis facommended. 
The temper.ture of the case should be rneasuredusing a tharrnocouple placed on the case at 

the temperaturereferencepoint!seetheoutlinedrawing on page l).Thethermalmassconnected 
to the case is normally large enough 50 that it will not significantly respond 10 heat surges 
generated in the diodeasa result of pulsad operation once steady sta tecondilionsareachiev.d. 
Using the measured value of T C. the junction temperature may be determined by: 

TJ=TC+t:.TJC 
where t:. TJC is the increase in junction temperature above the case temperature. It may be 
dlterminldby: 

6TJC =Ppk • ROJC [D +(1- 0) • r(tt +tpl+ r{tp) - r(l1)J 

who" 
r(t)=norma'izedvalueoflransienlthermalresistancealtiml,l,from Figura 6, i.I., 
rltt + Ip) = normalized valul of transient thermal rasiSianceat timet, +tp. 

FIGURE 8 - FORWARO RECOVERY TIME 
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MDA3500 Series 

AMBIENT TEMPERATURE DERATING INFORMATION 

FIGURE lOA - THERMALLOY HEATSINK 6006B 
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NOTE 2: THERMAL COUPLING AND EFFECTIVE THERMAL 
RESISTANCE 

In multiple chip devices where there is coupling of heat 
between die, the junction temperature can be calculated as follows: 

(1) ATJl = RBl POl +RB2KB2P02+RB3KB3P03 
+ R94 KB4 P04 

Where b.TJ1 is the change in junction temperature of diode 1 
RU1 thru 4 is the thermal resistance of diodes 1 through 4 
POl thru 4 is the power dissipated in diodes 1 through 4 

K02 thru 4 is the thermal coupling between diode 1 and 
diodes 2 through 4. 
An effective package thermal resistance can be defined as 

follows: 

(2) R8IEFF) = 6TJ1/POT 
Where: PDT is the total package power dissipation 
Assuming equa' thermal resistance for each die, equation (1 1 

simplifies to 
(3)ATJl = R811POl + K82 P02+ K93P03 + K94P04) 
For the condiitons where POl = P02 = PD3 = P04. PDT = 4 POl. 

equation (31 can be further simplified and by substituting into 
equation (2) results in 

(4) R8IEFF) = R91 11 + K82 + K93 + K94)/4 

When the case is used as a reference point, coupling between 
die is neglegible for the MOA3500. When the bridge is used without 
a heatsink. coupling between die is approximately 70% and 
R91 is 300 C/W. 

:.R9(EFF) - 30 11 + (3) (.7)) 14 - 230 C/W 

FIGURE lOB - IERC HEATSINK UP3 AND NO HEATSINK 
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Bridge rectifiers are use6 in two basic configurations as shown 
by circuits A and B of Figure11. The current derating data of 
Figure 4 applies to the standard bridge circuit IA) where IA = lB. 
For circuit B where IA = lB. derating information can be calcu­
lated as follows: 

(6) TRIMax) = TJ(Max) - ATJl 
Where TR(Maxl is the reference temperature (either case or 

ambient! 
~TJ1 can be calculated using equation (31 in Note 2. 

For example. to determine TCIMax) for the MOA3500 with 
the following capacitive load condiitons. 

I A "" 20 A average with a peak of 60 A 
IB = 10 A average with a peak of 70 A 

First calculate the peak to average ratio for IA' IIPK)/I(AV) = 
60/10 = 6.0'. (Note that the peak to average ratio is on a per 
diode basis and each diode provides 10 A average). 

From Figure 5, for an average cu.rrent of 20 A and an I(PK)I 
IIAV) = 6.0 read POTIAV) = 40 watts or 10 watts/diode. Thus 
POl = P03 = 10 watts. 

Similarfy, for a load current IB of 10 A, diode #2 and diode 
#4 each see 5.0 A average resulting in an IIPK)/IIAV) = 14. 

Thus, the package power dissipation for 10 A is 20 watts or 
5.0 watts/diode :. P02 = PD4 = 5.0 watts. 

The maximum junction temperature occurs in diode #1 and #3. 
From equation (3) for diode #1 ATJl = 17.5) (10). since 
coupling is negligible. 

ATJl "'750 C 
Thus TCIMax) = 175 -75 = l000 C 
The total package dissipation in this example is: 
PDTIAV) = 2 x 10 + 2 x 5.0 = 30 watts. which must be 

considered when selecting a heat sink. 

FIGURE 11- BASIC CIRCUIT USES FOR 
BRIDGE RECTIFIERS 

]1 L.oad 

Circuit A 
Circuit B 
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® MOTOROLA 

RECTIFIER ASSEMBLY 

· .. utilizing individual void-free molded MR2500 Series rectifiers, 
interconnected and mounted on an electrically isolated aluminum 
heat sink by a high thermal-conductive epoxy resin. 

• 400 Ampere Surge Capability 

• Electrically Isolated Base - 1 BOO Volts 

• Cost Effective in Lower Current Applications 

MAXIMUM RATINGS 

MDA 
Rating (Per Diode) Symbol 3550 3551 

Peak Repetitive Reverse Voltage VRRM 50 100 
Worki n9 Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

DC Output Voltage Vdc 
Resistive Load 30 62 
Capacitive Load 50 100 

Sine Wave RMS Input Voltage VR(RMS) 35 70 

Average Rectified Forward Current 10 ~35------. 

(Single phase bridge resistive load, 
60 Hz. T C = 55°C) 

Nonrepetitive Peak Surge Current 'FSM _400_ 
(Surge applied at rated load 

conditions) 

Operating and Storage Junction TJ, Tstg - -65 to +175-
Temperature Range 

THERMAL CHARACTERISTICS (Total Bridge) 

Characteristic 

Thermal Resistance. Junction to Case 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min 

Instantaneous Forward Voltage vF -
(Per Diode) (iF = 55 A) 

Reverse Current (Per Diode) 'R -
(Rated VR) 

MECHANICAL CHARACTERISTICS 

CASE: Plastic case with an electrically isolated aluminum base. 
POLARITY: Terminal-designation embossed on case 

+DC output 
-DC output 

AC not marked 

Typ Max 

1.0 1.1 

- 0.50 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

°C 

Unit 

Volts 

rnA 

MOUNTING POSITION: Bolt down. Highest heat transfer efficiency accomplished 
through the surface opposite the terminals. Use silicon grease on mounting surface 
for maximum heat transfer. 

WEIGHT: 40 grams (approx.) 
TERMINALS: Suitable for fast-on connections. Readi~y solderable, corrosion resis­

tant. Soldering recommended for applications greater than 15 amperes. 
MOUNTING TORQUE: 20 in. lb. max. 

3'-185 

MDA3SS0 
MDA3SS1 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

35 AMPERES 
50-100 VOLTS 

TEMPERATURE 

[ A -_I REFERENCE POINT 

nE I ~- +~ A 

= U 
NOTES: 

DIM 
A 
C 
D 
F 
G 
J 
K 
L 
P 
n 

1. DIMENSION "(1" SHALL BE 
MEASURED ON HEATSINK 
SIDE OF PACKAGE. 

2. OIMENSIONS "F" ANO "G" 
SHALL BE MEASURED AT 
THE REFERENCE PLANE. 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
25.65 26.16 1.010 1.030 
12.44 13.97 0.490 0.550 
6.10 6,60 0,240 0.260 

10.01 10.49 0.394 0.413 
19.99 21.01 0.787 0.827 
0.71 0.86 0.028 0.034 
9.52 11.43 0.375 0.450 
1.52 2.06 0.060 0.081 
2.79 2.92 0.110 0.115 
4.42 4.67 0.174 0.184 

CASE 309A·03 
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MDA3550, MDA3551 
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MDA3550, MDA3551 

FIGURE 6 - TYPICAL THERMAL RESPONSE 
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To determine maximum junction temperature of tile diode In a given situation, the follOWing 
procedure is recommended 
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The temperature of the case should be measured using a thermocollpleplaced on thteaseal 
tha temp&ralure relerence point (S~ the outline drawing on Pillle 1). The thermal mass connected 
to Ihe case is normally large enough so thai II will not significantly respond to heal surges 
generated m the diode ua result of pulsed operatioll once steady statecondlho nsareachilWed. 
Using the maasured value of Te, Ihe junction temperature may be determmed by· 

TJ "TC +l!.TJC 
where!J. TJC IS the mcrease m lunctlon temperature above the case temperature. It may be 
determmedby 

where 

."1.TJC" Ppk • ROJC (0 + (1 - 0) • r(11 + tp) t dtp) - rill)] 

r(l) "normalizedvalueof transient thermal resistanCl! al time, I,from Flgure6, i.e., 
r(ll+lp)""normllhzedvalueofuansienllhermalreslsllncea.timelltlp. 

FIGURE 8 - FORWARO RECOVERY TIME 
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MDA3550, MDA3551 

AMBIENT TEMPERATURE DERATING INFORMATION 
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NOTE 2: THERMAL COUPLING AND EFFECTIVE THERMAL 

RESISTANCE 

In multiple chip devices where there is coupling of heat 
between die, the junction temperature can be calculated as follows: 

(11 "TJ1 = R01 P01 + R02K02P02+R03K03P03 
+ R04 K04 P04 

Where t.:.TJ1 is the change in junction temperature of diode 1 
AO 1 thru 4 is the thermal resistance of diodes 1 through 4 
P01 thru 4 is the power dissipated in diodes 1 through 4 

Ke2 thru 4 is the thermal coupling between diode 1 and 
diodes 2 through 4. 
An effective package thermal resistance can be defined as 

follows: 

(21 RO(EFF) = "TJ1/POT 
Where: PDT is the total package power dissipation 
Assuming equal thermal resistance for each die, equation (1) 

simplifies to 
(3) "TJ1 = RO 1 (POI + K02P02 + K03P03 + K04P04) 
For the condiitons where POI = P02 = P03 = P04. POT = 4 P01. 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

(41 RO(EFF) = R01 (1 + K02 + K03 + K041/4 

When the case is used as a reference point, coupling between 
die is neglegible for the MDA3550. When the bridge is used without 
a heatsink, coupling between die is approximately 70% and 
R01 is 300 C/W, 

:.ROIEFF) = 30 11 + (3) (.7)) /4 = 230 C/W 

FIGURE 10B - IERC HEATSINK UP3 AND NO HEATSINK 
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NOTE 3: SPLIT LOAD DERATING INFORMATION 
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Bridge rectifiers are usett in two basic configurations as shown 
by circuits A and B of Figurel" The current derating data of 
Figure 4 applies to the standard bridge circuit (A) where IA lB. 
For circuit B where IA = IB' derating information can be calcu­
lated as follows: 

(6) TRIMax) = TJIMax) - 6TJ1 
Where TR(Max) is the reference temperature (either case or 

ambient) 
6TJl can be calculated using equation (3) in Note 2, 

For example. to determine TC(Maxl for the MOA3550 with 
the following capacitive load condiitons. 

I A = 20 A average with a peak of 60 A 
IS = 10 A average with a peak of 70 A 

First calculate the peak to average ratio for IA. IIPK)/I(AV) = 

60/10 = 6.0. (Note that the peak to average ratio is on a per 
diode basis and each diode provides 10 A average). 

From Figure 5, for an average current of 20 A and an I(PK)I 
I(AV) = 6.0 read POT(AVI = 40 watts or 10 watts/diode. Thus 
POI = P03 = 10 watts. 

Similarly. for a load current IS of 10 A. diode #2 and diode 
#4 each see 5.0 A average resulting in an I(PK)/I(AV) = 14. 

Thus, the package power dissipation for lOA is 20 watts or 
5.0 watts/diode :. P02 = P04 = 5.0 watts. 

The maximum junction temperature occurs in diode #1 and #3. 
From equation (31 for diode #1 L>TJ1 = (7.51 (101. since 
coupling is negligible. 

"TJ1 ""750 C 
Thus T C(Max) = 175 -75 = 1000 C 
The total package dissipation in this example is: 
POT(AV) = 2 x 10 + 2 x 5.0 = 30 watts, which must be 

considered when selecting a heat sink. 

FIGURE 11- BASIC CIRCUIT USES FOR 
BRIDGE RECTIFIERS 

Load 1 

Jllr . I 'V' Load 2 

Circuit A Circuit 8 
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® MOTOROLA 

Advance Information 

LEADLESS SURFACE MOUNTED RECTIFIERS 

... subminiature size, surface mounted rectifiers for general-purpose 
low-power·applications. 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Nonrepetitive Peak Reverse VRSM 
Voltage (hallwave, single 
phase, 60 Hz) 

RMS Reverse Voltage VR(RMS) 

Average Rectified Forward 10 
Current (single phase, resis-
tive load. 60 Hz, TA = 75°C) 

Nonrepetitive Peak Surge IFSM 
Current (surge applied at 
rated load conditions) 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions 

Maximum Instantaneous 
Forward Voltage Drop 
(iF = 1.0 Amp, TJ = 25°C) 

Maximum Full-Cycle 
Average Forward Voltage Drop 
(10 = 1.0 Amp, TC = 75°C) 

Maximum Reverse Current 
(rated dc voltage) TJ = 25°C 

TJ = 100°C 

Maximum Full-Cycle 
Average Reverse Current 
(10 = 1.0 Amp, T C = 75°C) 

MECHANICAL CHARACTERISTICS 

CASE: Glass 

MLL 

4001 4002 4003 4004 

50 100 200 400 

60 120 240 480 

35 70 140 280 

1.0 

20 (lor 1 cycle) 

-65 to +175 

Symbol Typ Max 

VF 0.95 1.1 

VF(AV) - 0.8 

IR 
0.05 10 
1.0 100 

IR(AV) - 30 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

°c 

Unit 

Volts 

Volts 

MA 

MA 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C @ 
end caps for 10 seconds 

FINISH: All external surfaces are corrosion-resistant, end caps are readily solderable 

POLARITY: Cathode indicated by color band 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MLL4001 
thru 

MLL4004 

LEADLESS 
SURFACE MOUNTED 
SILICON RECTIFIERS 

50-400 VOLTS 
DIFFUSED JUNCTION 

CASE 3628-01 

II 
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MRSOO MRSOt 
MRS02 MRS04 
MRS06 MRS08 

MRStO 

STANDARD RECOVERY 
POWER RECTIFIERS 

50-1000 VOLTS 
3 AMPERE 

® MOTOROLA 

Desigoprs Data Sheet 

MINIATURE SIZE, AXIAL LEAD MOUNTED 
STANDARD RECOVERY POWER RECTIFIERS 

. designed for use in power supplies and other applications having 
need of a device with the following features: 

• High Current to Small Size 

• High Surge Current Capability 

• Low Forward Voltage Drop 

• Economical Plastic Package 

• Available in Volume Quantities 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most CirCUits entirely from the 
information presented. Limit curves - representing boundaries on device character­
istics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Rating Symbol MR500 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 

Average Rectified Forward Current 10 
ISingle phase resistive load. TZ = 95°C, -PC Board Mounting) 11) 
lElA Standard Conditions L = 1/32", • 

TL = 85°C) 

Non-Repetitive Peak Surge Current IFSM .. 
Isurge applied at rated load conditions) 

Operating and Storage Junction TJ,Tstg .. 
Temperature Range 12) 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient ReJA 
(Recommended Printed Circuit Board 
Mounting, See Note 2 on Page 4). 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min 

Instantaneous Forward Voltage (3) vF 
!iF = 9.4 Amp, TJ = 175°C) -
!iF = 9.4 Amp, T J = 25°C) -

Reverse Current (rated dc voltage) 13) IR 
TJ = 2SoC -
TJ = 100°C -

(1) Derate for reverse power dissipation. See Note on Page 2. 
(2) Derate as shown in Figure 1. 
13) Pulse Test: Pulse Width = 300 "'s, Duty Cycle = 2.0%. 

50 

75 

Typ 

0.9 
1.04 

0.1 
2.8 

MR501 MR502 

100 200 

150 250 

Max Unit 

28 °C/W 

Max Unit 

Volts 
1.0 
1.1 

",A 
5.0 
25 
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MR504 MR506 MR508 MR510 Unit 

Volts 
400 600 800 1000 

450 650 850 1050 Volts 

Amp 
3.0 .. 
8.0 .. 
100 • Amp 

lone cycle) 

65 to +175 .. °C 

MECHANICAL CHARACTERISTICS 

Case: Transfer Molded Plastic 
Finish: External Leads are Plated, 

Leads are readily Solderable 
Polarity: Indicated by Cathode Band 

Weight: 1.1 Grams (Approximately) 
Maximum Lead Temperature for 
Soldering Purposes: 

300oC, 1 IS" from case for 10 s 
at 5.0 I b. tension 



MRSOO, MRS01, MRS02, MRS04, MRS06, MRS08, MRS10 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runavvay 
must be considered when operating th is rectifier at reverse yoltages 
above 200 volts. Proper derating may be accomplished by use 
of equation (I): 

TA(max) = TJ(max) - R9JAPF(AV) - R9JAPR(AV) (I) 

where 

T A(max) = Maximum allowable ambient temperature 

T J(max) = Maximum allowable junction temperature 
(1750 C or the temperature at wh ich ther· 
mal runaway occurs, whichever is lowest.) 

PF(AV) = Average forward power dissipation 

PR(AV) = Average revorse power dissipation 

R8JA = Junction-to-ambient thermal resistance 

Figure 1 pannits easier use of equation (1) by taking reverse power 
dissipation and thermal runauvay into consideration. The figure 
solves for a referance temperature as determined by equation (2): 

TR = TJ(max) - R9JAPR(AV) (2) 

Substituting equation (2) into equation (1) yields: 

TA(max) = TR - R9JAPF(AV) (3) 

Inspection of equations (2) and (3) roveals that TR is the ambient 
temperature at which thermal runaway occu rs or where T J = 17SoC. 

when fOlWard pOINer is zero. The transition from one boundary 
condition to the other is evident on the CUNes of Figure 1 as a 
difference in the rate of change of the slope in the vicinity of 16SoC. 
The data of Figure 1 is based upon de conditions. For use in 
common rectifier circuits, Table 1 indicates suggested factors for 
an equivalent dc voltage to use for conservative design; i.e.: 

VR(equiv) = Vin(PK) x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the rectifiers reverse characteristics. 

Example: Find TA(max) for MR510 operated in 8 400 Voltdc 
supply using a full wave center~tapped circuit with capacitive filter 
such that IOC = 6.0A,IIF(AV) =3.0A),I(PK)/I(AV) = 10,Input 
Voltage = 283 V(rms) (line to center tap), R9JA = 280 C/W. 

Step 1: Find VR(equiv)' Reed F = 1.11 from Table 1 :. 

VR(equiv) = 1.41)(283)(1.11) = 444 V 

Step 2: Find TR from Figure 1. Read TR = 167°C @ 

VR - 444 V & R9JA = 2r!'C/W. 

Step 3: Find PF(AV) from Figure 8. Read PF(AV) = 4 W 

@ IpK = 10 & IF(AV) - 3.0 A 
IAV 

Step 4: Find TAlma.) from equation (3), T A(ma.) = 167·(28) 
(4) = 5S0 C. 

TABLE I - VALUES FOR FACTOR F 

Circuit HalfWavo Full Wova, Bridge 
Full Wave 

Canter· Tappad' t 

Load Resistive Capacitive· Resistive Capacitive Resistive Capacitive 

Sine Wave 0.45 1.11 0.45 0.55 0.90 1.11 

Square Wave 0.61 1.22 0.61 0.61 1.22 1.22 

°Note that VR(PK) ""'2 Vin(PK) tUse line"to center tap voltage for Vin-

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE FIGURE 2 - MAXIMUM SURGE CAPABILITY 

180 

:~ ~115 
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:::> 
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5 
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'" ... 135 
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~ ~ 10 -..:::-r-- --20 0;;:::::: ~ t:--: 'ii~ r-;:: :::::- .:::::--~ t"--.. " .......... k'-- ......... 40 

~~ 
I'... I'... ~~ 

i' " 
Rl/JA (OCIWI;r~ 
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15 0 ........... 

IJ1 2lt= VRRMMAYBEAPPLIED ....... 1'---. BETWEEN EACH CYCLE 
0 I- OF SURGE. TJ NOTED IS 

- TJ PRIOR TO SURGE 
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...-?'NDN.REPETITIVE 
0 

...... r-., 
R1iC 

~PETITIVE I"'::. ........ 
o ...... ~ f..i..25OC"- ..( 

........... f\.-
·\)5fc' 
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r-.:.: ....... 

1= 60Hz III ................ 
0 

5 1 
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III 
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NUM8ER OF CYCLES 

........... 
r...... 
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MR500, MR501, MR502, MR504, MR506, MR508, MR510 

0 

5 '-. 
0 

5 ::::::: 
o ...... -5 

0 

CURRENT DERATING 
(Reverse Power Loss Neglected) 

FIGURE 3 - PC BOARD MOUNTING 

........ - R9JA • 280CIW I(PK} _ I I .... ~ '"7fi 
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0 
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FIGURE 4 - SEVERAL LEAD LENGTHS 

....... 
~ ~1132" 
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I""-I ..... l' ~ ~ 
I" ~ ~ 

~~ 
60 80 100 120 140 160 180 

TL. LEAD TEMPERATURE (DC) 

FIGURE 5 - 1/8" LEAD LENGTH 
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........ i'< !.. .. SQUAREWAVE 
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200 

100 

70 

50 

0 

0 

0 

0 

0 

0 

1. 0 

o. 7 

o. 5 

o. 3 

2 O. 
0.4 

FIGURE 6 - MAXIMUM FORWARD VOLTAGE 

I I """-
TJ ~ 250~ V " ...... ...... 

V 

TYPICAL/ MAXIMUM 

V 
/ 1/ 
/ 

I 
"/ 

0.8 1.2 1.6 2.0 2.4 2.8 ·3.2 

YF.INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 

FIGURE 7 - FORWARD VOLTAGE TEMPERATURE 
COEFFICIENT 
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MR500, MR501, MR502, MR504, MR506, MR508, MR510 

fiGURE 8 - fORWARD POWER DISSIPATION 
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fiGURE 9 - TYPICAL REVERSE CURRENT 
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20% RATED VOLTAGE ..... 'y ./ 

./ 

./ ./ 

./ 
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TJ, JUNCTION TEMPERATURE lOCI 

THERMAL CHARACTERISTICS 

fiGURE 10 - THERMAL RESPONSE 

1.0 

.... '5' 0.3 

~ ~ 0.2 

~PPk Ppk DUTYCYCLE-tp/tl LEAD LENGTH' 1/4" 

r-~ PEAK POWER,Ppk. is peak of an 
~ f-- 11-----1 TIME equivalent square power pulse. .... .... I I I 1111 
f- ATJL = Ppk. ROJL [0 + (I. 01· 'It 1 +tpl + 'Itpl' 'Itll1 

Thatemp.atureof the lead should be m .... red -

0.5 

w<c 

~ ~ o. 
~~ 

r-where: 
1 ~ ATJL '" the increase injunction temperature above the "",,'" using 8 thermocouple placed on the lead as clol8 as 

possible to the tie point The thermal mall con- = 

~ ~ 0.05 

~ lead temperature. 
~ r(t) = normalized value of transient thermal resistance 
rattime,t, i.e.: 

«<C 

~~ 0.03 

-E ~ 0.0 

~ ,r(l1 + tpl = normalized value of 
transient thermal resistB~ 

H_at time 11 + tp. ~ 

I 0.0 
0.2 
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j 
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fiGURE 11 - STEADY·STATE THERMAL RESISTANCE 
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NOTE 2 - AMBIENT MOUNTING DATA 

Data shown for thermal resistance junction·to·ambient (A6JA' 
for the mountings shown Is to be ul8d a. typical guideline values 
for preliminary engineering or in e8H the tie point temperature 
eennot be measured. 

TYPICAL VALUES FOR ROJAIN ST[LLA[R 

MOUNTING LEAD LENGTH L UNI 
METHOD 1/8 

1 50 

3 

MOUNTING METHOD 1 

P.C. Board Where Available Copper 
Surtac:e .rea i •• mall. 

1;)f$;;~;;lwH 
MOUNTING METHOD 2 

Vector Push·ln Tarmlnal, T·28 

1/4 

51 

1/2 3/4 ReJA 

53 55 ~ 
1 

28 C/W 

MOUNTING METHOD 3 

P.C. Board with 
1-1/2" x 1-112" Copper Surfaca 
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MR500, MR501, MR502, MR504, MR506, MR508, MR510 

FIGURE 12 - APPROXIMATE THERMAL CIRCUIT MODEL 

THERMAL CIRCUIT MOOEL 
IFo, Hu. Contl",'ion Through the Loads) 

T A .. Ambient T.mp .... tur. RtlS - Thermal A .. 'stence, Heat 
Sink to Ambient 

R6JK TL '" Lead Temperatur. RtlL· Thermal R .. iltance, Lead 
to Heat Sink 

RflSA 
TC" C ... Temperature ReJ· Thermal Rnistance, June-

tlon toe ... 
T J .. Junction Tempe,atur. PO" Tota' Power DI .. ipation = 

Po TAK -=--=- TAA 

1.0 

~ 0.7 
w 

'"' ;:: 0.5 
>­.. 
W~ 0.3 .. 
Q 

i 0.2 

~ 
S 

1 

U .. of the above mode' permit. junction to lead thermal 
' .. 'Itence for any mounting confl,uratlon to btl found. For a 
given tot.1 lead length, 10Wilft valu .. occur when one lide of the 
rectifier il brought .. close .1 ponible to the heat link. Termlln 
the model lignifv; 

PF + PR 
PF .. Forward Powe, Dinipatlon 
PR" Rever. Power DiHipation 

(SublCripts A and K rafer to anode and cathode sides respectively.) 
Values for thermal r •• lltance components are: 

RtlL" 46oC/WIIN. Typically and 480C/W/IN Maximum. 
R6J .. 100 C!W Typically and 1sDeIW Maximum. 

The maximum lead temp.ratur. may be found as follow.: 

TL '" TJlmax) _6 TJL 

where 

TYPICAL DYNAMIC CHARACTERISTICS 
(TJ = 25°C) 

FIGURE 13 - FORWARD RECOVERY TIME FIGURE 14 - REVERSE RECOVERY TIME 
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FIGURE 15 - RECTIFICATION WAVEFORM EFFICIENCY FIGURE 16 - JUNCTION CAPACITANCE 
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REPETITION FREQUENCY 1kHz) VR. REVERSE VOLTAGE IVOLTS) 
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MR500, MR501, MR502, MR504, MR506, MR508, MR510 

RECTIFIER EFFICIENCY NOTE 

FIGURE 17 - SINGLE-PHASE HALF-WAVE 
RECTIFIER CIRCUIT 

The rectification efficiency factor a shown in Figure 15 was 
calculated using the formula: 

V'o(dc) 

P(dc) RL V'o(dc) 
a=--=---'100%= ,100%(1) 

p(rms) V'o(rms) V'o(ac) + V'o(dc) 

RL 

For a sine wave input Vm sin (wt) to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes: 

V2 m 

,,2RL 4 
a(sine) = --;;;- . 100% = ;;> . 100% = 40.6% 

m 
(2) 

For a square WiNe input of 
amplitude V m. the efficiency 
factor becomes: 

2RL 
a(square) = V2m . 100% = 50% (3) 

RL 
(A full wave circuit has twice these efficiencies) 

As the frequency of the input signal is increased, the reverse re~ 
covary time of the diode (Figure 14) becomes significant, resulting 
in an increasing ae voltage component across RL which is opposite 
in polarity to the forward current, thereby reducing the value of 
the efficiency factor a, as shown on Figure 15. 

It should be emphasized that Figure 15 shows waveform efficien· 
cv only; it does not provide a measure of diode losses. Data was 
obtained by measuring the ac component of Va with a true rms ae 
voltmeter and the de component with a de voltmeter. The data was 
used in Equation 1 to obtain points for the figure. 

OUTLINE DIMENSIONS 

o 

f 
K 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 9.40 9.65 0.370 0.380 
B 4.83 5.33 0.190 0_210 
0 1.22 1.32 0.048 0.052 
K 26.97 27.23 1.062 1072 

CASE 267-01 
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MR750 
MR751 MR752 
MR754 MR756 

@ MOTOROLA 

, Designers Data Sheet 

HIGH CURRENT LEAD MOUNTED RECTIFIERS 

• Current Capacity Comparable To Chassis Mounted Rectifiers 

• Very High Surge Capacity 

• Insulated Case 

HIGH CURRENT 
LEAD MOUNTED 

SILICON RECTIFIERS 

50-600 VOLTS 
DIFFUSED JUNCTION 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves - representing boundaries on 
device characteristics - are given to facilitate "worst case" design. 

-.~. 
MAXIMUM RATINGS 

Characteristic Symbol MR760 MR761 MR762 MR754 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 100 200 400 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 60 120 240 480 (halfwave, single phase, 60 Hz peak) 

RMS Reverse Voltage VR(RMS) 35 70 140 280 

Average Rectified Forward Current 10 .. 22 (TL; 60°C, 1/8" Lead Lengths) 
(Single phase, resistive load, 60 Hz.) 6.0 (TA; 60°C, P.C. Board mounting) 
See Figures 5 and 6. 

Non-Repetitive Peak Surge Current IFSM 
(surge applied at rated load .. 400 (for 1 cvcle) 
conditions) 

Operating and Storage Junction TJ, Tstg .. -65 to +175 Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions Symbol Max Unit 

Maximum Instantaneous Forward Voltage vF 1.25 Volts 
Drop (iF; 100 Amp, TJ; 25;C) 

Maximum Forward Voltage Drop VF 0.90 Volts 
(IF; 6.0 Amp, TA ; 25°C, 3/8" leads) 

Maximum Reverse Current IR 
(rated de voltage) TJ = 25;C 0.25 mA 

TJ; 100°C 1.0 

MECHANICAL CHARACTERISTICS 

CASE: Transler Molded Plastic 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C 3/8" 
from case for 10 seconds at 5.0 Ibs. tension MILLIMETERS 

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable 
POLARITY: Indicated by diode symbol 
WEIGHT: 2.5 Grams (approx.) 

DIM 
A 
B 
D 
K 

MIN MAX 
8.43 8.68 
5.94 6.25 
1.27 1.35 

25.15 25.65 

MR756 

600 

720 

420 

.. 

.. 
.. 

INCHES' 
MIN MAX 

0.322 0.342 
0.234 0.246 
0.050 0.053 
0.990 1.010 

CASE 194-05 
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Amp 

Amp 

°C 
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FIGURE 1 - FORWARD VOLTAGE 
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Both leads to heat sink, with lengths as shown. Variations in 

...... ROJL(t) below 2.0 seconds are independent of lead connections 
of 1/8 inch or greater,and vary only about ±20% from the values 
shown. Values for times greater than 2.0 seconds may be ob~ained 
by drawing a curve, with the end point (at 70 seconds) taken 
from Figure 8, or calculated from the notes, using th~ given 
curves as a guide. Either typical or maximum values may be 
used. For R8JL(t) values at pulse widths less than 0.1 second, 
the above curve can be extrapolated down to 10 iJS at a con· 
tinuingslope. 
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FIGURE 8 - STEADY STATE THERMAL RESISTANCE 
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~t--.. R6JA = 250C/W, 
SEE NOTE 

":':'.. ~ - ..... RESISTlVE·INOUCTIVE LOAOS ..... 
~" CAPACITANCE LOADS-l. & 3. 

~ ...... '. ~~ - - -- I(pk) =51,vg --' .. ~ ~ " . .~ 00- 0000 ••• I(pk) = 10 I,vg --

1\"" ·L 'P'>< ~ ~ __ 0_. l(pk)=20I,vg--

\/. ...... :~ ",~ 

V ...... ~ .£' ~ 
f = 60 Hz-r---

_R6JA - 40oC/W, ..... ~ I'~ 

o 

SEE NOTE / '''''~'' ~ 6. (IPK/IAVE = 6,2S) .",~ 

1 ~~ 
1 1 1 """ 20 ~ 60 SO 100 120 140 160 lS0 200 

TA. AMS"NTTEMPERATURE (OC) 

NOTES 
THERMAL CIRCUIT MOOEL 

(For Heat Conduction Through The Leads) 

R6SK 

Use of the above model permits junction to lead thermal resistance for any 
mounting configuration to be found. lowest values occur when one side of the 
rectifier is brought as dose as possible to the heat sink as shown below. Terms in 
the model signify: 

T A = Ambient Temperature AUS = Thermal Resistance, Heat Sink to Ambient 
TL = Lead Temperature RUL'" Thermal Resistance, Lead to Heat Sink 
TC = Case Temperature ROJ = Thermal Resistance, Junction to Case 
T J = Junction Temperature PF '" Power Dissipation 
(Subscripts A and K refer to anode and cathode sides respectively.) 
Values for thermal resistance components are: 
ROL = 400 C/W/IN. Typically and 440 C/W/IN Maximum 
ROJ '" 20 C/W Typically and 40 C/W Maximum 

Since ROJ is so low, measurements ofthe case temperature, T C, will be approx­
imately equal to junction temperature in practical lead mounted applications. 
When used as a 60 Hz rectifier, the slow thermal response holds T J(PK) close to 
TJ(AVG). Therefore maximum lead temperature may be found from: TL = 

17So-R9JL PF. PF may be found from Figure 7. 
The recommended method of mounting to a P .C. board is shown on the sketch, 

where ROJA is approximately 250 C!W for a 1-1/2" x 1-1/2" capper surface area. 
Values of 40oC/W are typical for mounting to terminal strips or P.C. boards where 
available surface area is small. 

~. .. 

-
]l1g: 

Board ground plane ----------= 
Recommended mounting for half wave circuit 
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TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 13 - SINGLE-PHASE HALF-WAVE 
RECTIFIER CIRCUIT 

The rectification efficiency factor a shown in Figure 9 was 
calculated using the formula: 

V2o(dc) 

P(dc) RL V 2o (dc) 
u~--=---·100%= ·100% (I) 

p(rms) V2o (rms) V2 o(ac) + V2o(dc) 

RL 

For a sine wave input Vm sin (wt) to the diodel assumed lossless, 
the maximum theoretical efficiency factor becomes: 

FIGURE 10 - REVERSE RECOVERY TIME 
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FIGURE 12 - FORWARD RECOVERY TIME 
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U(sine) = ---;;;- - 100% =;;2 . 100% ~ 40_6% 

m 
4RL 

V2 m 
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r-r-

7.0 10 

(2) 

For a square waJe input of 
amplitude V m, the efficiency 
factor becomes: U(square) ~ V2m' 100%=50% (3) 

RL 
(A full wave circuit has twice these efficiencies) 

As the frequency of the input signal is increased, the reverse re­
covery time of the diode (Figure 10) becomes significant, resulting 
in an increasing ac voltage component across RL which is opposite 
in polarity to the forward current, thereby reducing the value of 
the efficiency factor a, as shown on Figure 9. 

It should be emphasized that Figure 9 shows waveform efficien­
cy only; it does not provide a measure of diode losses. Data was 
obtained by measuring the ac component of Vo with a true rms ac 
voltmeter and the dc component with a dc voltmeter. The data was 
used in Equation 1 to obtain points for Figure 9. 
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MR810thru MR814 
MR816thru MR818 

D('~jg"-lPI'~ 1~ata ~hp('t 

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

... designed for special applications such as dc power suppl ies, 

inverters, converters, ultrasonic systems, choppers, low RF inter· 
ference and free-wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 350 nanoseconds providing 
high efficiency at frequencies to 100 kHz. 

DESIGNER'S DATA FOR ''WORST CASE" CONDITIONS 
The Designers Data Sheet permits the design of most circuits entirely from the 

information presented. Limit curves - representing device characteristic boundaries -
are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Ratlna Symbol MR810 MRS11 MR812 MR813 MR814 MRS16 MRS17 MRB1S Unit 

Peak Repetitive Reverse VRRM Volts 
Voltage 

Working Peak Rever$8 VRWM 50 100 200 300 400 600 800 1000 
Voltage 

DC Blocki~ Voltage VA 

Non-Repetitive Peak VRSM 100 200 300 400 500 800 1000 1200 Volts 
RaverseVoltag8 

RMS Reverse Voltage VAIAMS! 35 70 140 210 280 420 560 700 Volts 

Average Rectified 10 Amp 
Forward Current (Single 1.0 
phase, resistive load, 
T = 7SoCI 

Non-Repetitive Peak Surge iFSM 30 Am .. 
Current (surge applied at 
rated load conditions) 
IT '" 7S0 C) 

Operating Junction TJ -65 to +150 °c 
Tempereture Range 

Storage Temperature 
Range 

Tstg -65 to +175 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 
IT ieal Primted Circuit Board Mounting) 

ELECTRICAL CHARACTERISTICS 

Ch...:teristic Symbol Min Ty. M .. Unit 

Instantaneous FOl'Wlrd Voltage "F Volts 
(I -3.14Amp, T "'1SOOC) 1.1 1.2 

FOlWlrd Voltage VF Volts 
(II: = 1.0 Amp. T "" 250Cl 1.0 1.2 

R8V8rt8 Current (rated de vol., T A '" 2SoC IA 1.0 la "" TA=l00"C 50 100 

REVERSE RECOVERY CHARACTERISTICS 

CharllCterimc Symbol Min Ty. Mo. Unit 

Reverte Recovery Time t" 
IIF -1.0Ampto VR'" 3OVdc) tFI9Un 21) 350 750 n. 
(IF'" 20mA,IR" 2.0mA. Tektronix S-Plug-lnlIFiliun 22) 1.5 3.a p-

Revent Recovery Curnnt IAMIRECI Amp 
(I ='.OAmp to VA = 3OVdc11Fi~n211 3.0 

3·200 

® MOTOROLA 

I 

I 

; 

FAST RECOVERY 
POWER RECTIFIERS 

5()'1000 VOLTS 
1 AMPERE 

K 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5.97 6.60 0.235 0.260 
B 2.79 3.05 0.110 0.120 
D 0.76 0.86 0.030 0.034 
K 27.94 - 1.100 -

CASE 69-04 

MECHANICAL CHARACTERISTICS 

CASE: Transfer Molded Plastic 

FINISH: External leads are plated 
and are readily solderable 

POLARITY: Cathode indicated by 
PolaritY band 

WEIGHT: 0.4 Grams (Approximatelyl 
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FIGURE 2 - MAXIMUM SURGE CAPABILITY 

100 

90 
........... IIII I I I I I 

0 

0-

D-

O 

0 

o 
1.0 

4. 

4. 
3. 
3. 

5 

0 
5 
0 

02. 
~ 

5 

.g 2. 0 

E ~: 5 
0 

(3 O. 

~ 
5 

B -0. 

-1. 

0 
5 

0 
-1. 5 
-2. 0 
-2 .5 

0.05 

.0 

6 

2 

.8 

.4 

0 

.6 

.2 

.8 

Prior to surge, the rectifier 
... is operated such that TJ:: 150oC; 

..... VRRM may be applied between 
each cycle of surge. .-

tNl. 
III ........ 

A A Al ... 
r-

1-----1-1 CYCLE J 
1 lUll 
I IIIII 

2.0 3.0 5.0 1.0 10 20 30 50 10 100 

NUMBER OF CYCLES AHO Hz 

FIGURE 3 - TEMPERATURE COEFFICIENT 

J 
IL 

TYPICAL RANG E 
L 

vt 
a 
J/ 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 
if. INSTANTANEOUS FORWARD CURRENT (AMP) 

FIGURE 5 - FORWARD POWER DISSIPATION 

~1 Vf~ I(PK)-L 
I(AV) 1 1 2.0 

L L V V 
11 ~ V L 
1~ V de 

A ~ LI' 

~ ~ V TJ ~ 1500C 

~ :;...-
~ ~ '" .4 

0'" ~ 
...... 

0.4 0.8 1.2 1.6 2.0 2.4 2.8 

'F(AV). AVERAGE FORWARO CURRENT (AMP) 



II 
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SINE WAVE INPUT 

MAXIMUM CURRENT RATINGS 
ISEE NOTES 1 and 21 

SQUARE WAVE INPUT 
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FIGURE 7 - EFFECT OF LEAD LENGTHS, 
RESISTIVE LOAD 
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FIGURE 12 - THERMAL RESPONSE 
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NOTE 1 

RSLPk Ppk 
DUTY CYCLE, 0 = tp/tl 

tp PEAK POWER, Ppk, ~ poak olan 
equivalent square power pulse. 

I ~IME 
I---tl_ 

To determine maximum junction temperature of the diode in II given situation. 
the faJiowing procedure is recommended: 

The temperature of the case should be measured using a thermocouple placed 
on the case as close as possible to the tie point. The thermal mass connected to 
the tie point is normally large enough so that it will not significantly respond to 
heat surges generated in till:l diode as a result of pulsed operation once steady­
state conditions are aehiewd. Using the measured value of Te, the junction 
temperature may be determined by: 

TJ"'TC+ 6 TJC 
where 6. T JC is the increase in junction temperature above the case temperature. 
It may be determined by: 

HJC = Ppk 'ROJC [0 + 11 - 0) 'rltl +tpl + rltp) - rltll] 
where 

r(t) :::: normalized value of transient thermal resistance at time, t, from Figure 
12, i.e.: 
r (11 + tp) = normalized value of transient thermal resistance at time t,+ tp. 

FIGURE 13 - THERMAL RESISTANCE 
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NOTE 2 

Data shown for thermal resistance junction·to-ambient (OJA) for the 
mountings shown is to be used as typical guideline values for preliminarv 
engineering or in case the tie point temperature cannot be measured. 

TVPICAL VALUES FOR 8JA IN STILL AIR 

LEAD LENGTH L (INI 

M~Eu,.r:~Gi 118. L 114 11/21 3/4 ReJA 
1 65 72 B2 92 CIW 
2 74 81 91 101 °CIW 
3 40 'CIW 

MOUNTING METHOD 1 MOUNTING METHOO 3 

H ~ p, C. Board with 
P~4 1-1/2"x 1·1/2" copper surface 

MOUNTING METHOD 2 ~LJ=3/8" rr 
~: II~ 

Vector pin mounting Board Ground ":' 
Plane 

FIGURE 14 - THERMAL CIRCUIT MODEL 

Use of the above model permits junction to lead thermal resistanCfJ for 
anv mounting configuration to be found. For a given total lead length, 
lowest values occur when one side of the rectifier is brought as close as 
postible to the heat sink. Terms in the model signify: 

3-203 

T A'" Ambient Temperature Res = Thermal Resistance, Heat Sink to Ambient 
TL = Lead Temperature ReL = Thermal Resistance, Lead to Heat Sink 
T C = Case Temperature ReJ" Thermal Resistance, Junction to c.se 
T J '" Junction Temperature PO"" Power Dissipation 
(Subscripts A and K refer to anode and cathode sides respectively.) 
Values for thermal resistance components are: 
Re L '" 11~c!w/IN. Typically and 12f1OCIW/IN Maximum 
ReJ = 1SOCIW Typically and 300CIW Maximum 

The maximum lead temperature mav be calculated as follows: 
TL=16()O-ATJl 

AT JL can be calcu(ated as shown in NOTE 1 or it may be approximated 
as follows: 

6T Jl otl R8JL. PF; PF mev be formulated for sine-wave operation from 
Figure 3 or from Figure 4 for square-wave operation. 

II 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 15 - FORWARD RECOVERY TIME 
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MR810 thru MR814, MR816 thru MR818 
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FIGURE 21 - REVERSE RECOVERY CIRCUIT 
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NOTE 3 

Reverse recovery time IS the perrod whIch elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero gOing negatively until the reverse current 
recovers to a point which is less than·10% peak reverse current. 

Reverse recovery tIme is a direct functIon of the forward 
current prior to the application of reverse voltage. 

For any gIven rectifier, recovery time IS very cirCUit depend­
ent. Typical and maximum recovery time of aU Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF '" 1.0 A, VA '" 30 V. In order to cover all CltCUlf 

conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 2SoC, 7SoC, 1000C, and 
'50"C. 

To use these curves, it IS necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re­
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

From stored charge curves versus di/dt, recovery time Itrrl 
and peak reverse recovery current OAM(AECII can be closely 
approximated using the follOWing formulas: 

[ 
Q J 1/2 

t r, '" 1.41 x di/:t 

IAMIAECI '" 1.41 x [QR x di/dt] 112 

FIGURE 24 - TYPICAL REVERSE LEAKAGE 
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MR820 MR821 MR822 
MR824 MR826 

® MOTOROLA 

Dp!o'ii~'npr!o'i Data Sheet 

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer­
ence and free wheeling diodes_ A complete line of fast recovery 
rectifiers having typical recovery time of 150 nanoseconds prov'iding 
high efficiency at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets perl\lit the design of most circuits entirely from the in­
formation presented. Limit CUrvlllS - representing boundaries on device characteris­
tics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

flirting Symbol MR820 MR821 MR822 

Peak Repetitive Reverse Vol~ge VRRM 
Working Peak Reverse Voltage VRWM 50 100 200 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse VRSM 75 150 250 
Voltage 

RMS Reverse Vo!tage VRIRMSI 36 70 140 

Average Rectified Forward 10 
Current 

(Single phase, resistive load, . 5.0 
TA' 550Cllli 

Non-Repetitive Peak Surge IFSM 
Current 

(Surge applied at rated load . 300 
conditions) 

Operating and Storage Junction TJ.Tstg . -65 to +175 
Temperature Range (2) 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient ReJA 
(Rec;:ommended Printed Circuit Board 

Mounting, See Note 6, Page 8) 

ELECTRICAL CHARACTERISTICS 

Characteristic Sy~bol Min 

I nstantaneous Forward Voltage vF 
(iF' 15.7 Amp. TJ - 15QDCI 

Forward Voltage VF 
(IF = 5.0 Amp. T J = 250CI 

Maximum Reverse Current, (rated de voltage) T J = 25°C IR 
TJ = l000C 

REVERSE RECOVERY CHARACTERISTICS 

CharltCtwistic Symbol Min 

Reverse Recovery Tirou I" 
(IF = 1.0 Amp to VR .. 30 Vdc, Figure 25) -
(lFM"" 15 Amp, diJdt '" 25 AJlJs, Figure 26) -

Reverse Recovery Current IRMIRECI 
(IF = 1.0 Amp 10 VR' 30 Vdc. Figura 251 -

(1) Must be derated for rever .. power dlnipetion. See Note 3 
(2) Oereta .. Shown in Figure 1. 

MR824 MR828 Unit 

Volts 
400 600 

450 650 Volts 

260 420 Volts 

Amp . 
Amp 

.. 

. °c 

Ma' Unit 

25 °C/W 

TV. Ma. Unit 

Volts 
0.75 1.05 

Volts 
0.9 1.11 

5.0 25 .A 
0.4 1.0 mA 

TV. Max Unit 

n. 
150 200 
150 300 

Amp 

- 2.0 

3-206 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
5_0 AMPERES 

STYLE 1: 
PIN 1. CATHOOE 

2. ANODE 

NOTE: 
1. CATHODE SYMBOL ON PKG 

MI LliMETERS 
DIM MIN MAX 

A 8.43 8.69 
8 5.94 6.25 
D 1.27 1.35 
K 25.15 25.65 

INCHES 
MIN MAX 

0.332 0.342 
0.234 0.246 
0.050 0.053 
0.990 1.010 

CASE 194-04 

MECHANICAL CHARACTERISTICS 

CASE: Transfer Molded Plastic 

FINISH: External Surfaces are Cor-
rosion Resistant 

POLARITY: Indicated I:>Y Diode 
Symbol 

WEIGHT: 2.5 Grams (Approximately) 

MAXIMUM LEAD TEMPERATURE 
FOR SOLDERING PURPOSES: 

3500 C, 3/8" from case for lOs 
at 5.0 II:>. tension. 



MR820, MR821, MR822, MR824, MR826 

MAXIMUM CuRRENT AND TEMPERATURE RATINGS 
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NOTE 1 
MAXIMUM JUNCTION TEMPERATURE DERATING 

When operating this rectifier at junction temperatures 
over approximately 8SoC, reverse power dissipation 
and the possibility of thermal runavv8y must be con­
sidered. The data of Figure 1 is based upon worst case 
reverse power and should be used to derate T J(maxl 
from its maximum value of 17SoC. See Note 3 for 
additional information on derating for reverse power 
dissipation. 

When current ratings are computed from T J(max) and 
reverse power dissipation is also included, ratings vary 
with reverse voltage as shown on Figures 2 thru 5. 

RESISTIVE LOAD RATINGS 
PRINTED CIRCUIT BOARD MOUNTING - SEE NOTE 6, PAGE 8 
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MR820, MR821, MR822, MR824, MR826 

MAXIMUM CURRENT RATINGS 
NOTE 2 

Current derating data i, based upon tha thermal response data of Figura 29 and the forward power dIssipa­
tion data of Figures 19 and 20. Since reverse power dissipation is not considered in Figures 6 thru 11. addi­
tional derating for reverse vOltage and for junction to ambient thermal resistance must be applied. See Note 3, 
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MR820, MR821, MR822, MR824, MR826 

REVERSE POWER OISSIPATION AND CURRENT 

NOTE 3 
DERATING FOR REVERSE POWER DISSIPATION 

In thl5 rectifier, power loss due to feverse current IS generally not 
negligible. For reliable circuit design. the maximum lunctlon 
temperature must be limited to either 175°C or the temperature 
which results In thermal runaway Proper derating may be aecom· 
plished by use of equation 1 or equation 2 

Equation' T A = T, - (175 - TJlmaxli - PR ROJA 

Where. T 1 = MaXimum Allowable AfT'blent Temperature 
neglecting reverse power diSSipation Ifrom Figures 
lOor 11) 

TJlmax) = MaXimum Allowable Junction Tempera­
ture to prevent thermal runaway or 175°C. which 
ever IS lower. (See Figure 1) 

PR = Reverse Power DISSipation IFrom Figure 12 
or 13, adjusted for T J(ma1\) as shown belowl 

ReJA = Thermal ReSistance, Junction to Ambient 

When thermal reSistance, Junction to ambient, IS over 200 C!W, 
the effect of thermal response IS negligible. Satisfactory derating 
may be found by uSing 

Equation 2 T A = T Jimaxl - IPR + PFI RIlJA 

PF = Forward Power Dissipation ISee Figures 19 & 201 

Other terms defined above 

The reverse power given on Figures 12 and 13 IS calculated for 
T J '" 1500 C. When T J is lower, PR will decrease, its value can be 
found by multiplying PR by the normalized reverse current from 
Figure 14 at the temperature of Interest 

The reverse pow.'r data IS calculated tor halt wave rectificatIOn 
Circuits. For full wave rectification uSing either a bridge or a 
center-tapped transformer, the data for reSistive loads is equwa-

lent when Vp IS the line to line voltage across the rectifierS For 
capacitive loads, it is recommended that the dc case on Figure 13 
be used, regardless of Input waveform, for bridge CircuItS For 
capacltlvely loaded full wave center·tapped circuits, the 20.1 
data of Fiqure 12 should be used for sine wave Inputs and the 
capacitive load data of Figure 13 should be used for SQuare wave 
Inputs regardless of Ilpkllilavl' For these two cases, Vp is the 
voltage across one leg of the transformer. 

EXAMPLE 

Find MaXimum Ambient Temperature for IAV = 2 A, Capacitive 

Load of IPK/IAV '" 20, Input Voltage = 120 V Irmsl Sine Wave, 

ReJA" 250CJW, Half Wave CircUit. 

Solution 1 

Step 1 Find Vp: Vp '" .J2 Vm " 169 V, VR(pkl = 338 V 

Step 2' Find T Jlmaxl from Figure 1. Read T Jlmaxl = 119°C, 

Step 3' Find PRlmaxl from Figure 12. Read PR = 770mW@1400 C 

Step4 Find IR normalized from Figure 14. Read IR(norml =OA 
Step5 CorrectPRtoTJ(maxl. PR""IRlnormlxPRIFlgure121 

PR = OA X 770=310 mW. 

Step 6' Find PF from Figure 19. Read PF = 2A W 

Step 7 Compute T A from T A = T J(maxl (PR + PF) ReJA 
TA=1l9 (O.31+2.4H25) 

TA" 51 0 e 

Solution 2 

Steps 1 thru 5 are as above. 
Step6 FlndTA=T1fromFlgure10 ReadTA""1150 C. 

Step 7. Compute T A from T A = T l' (175 - IT jlmax)1 . PR RflJA 
TA'" 115 - (175·119) - (O.3n(251 

TA",51 0C 

At times, a discrepancy between methods Will occur because 
thermal response is factored Into Solution 2. 

FIGURE 12 - SINE WAVE INPUT DISSIPATION FIGURE 13 - SQUARE WAVE INPUT DISSIPATION 
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TYPICAL RECOVERED STORED CHARGE DATA 
(See Note 41 
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FIGURE 21 - T J = 25°C 
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NOTE 4 

Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

FIGURE 22 - T J = 75°C 
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FIGURE 24 - TJ = 150°C 
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For any given rectifier, recovery time is very circuit depend­
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, VR == 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 250 C, 750 C, l000C, and 
15o"C. 

From stored charge curves versus di/dt, recovery time (trr) 
and peak reverse recovery current liRM(REC)1 can be closely 
approximated using the following formulas: 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
dildt, and the operating junction temperature. The reverse re­
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 
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MR820, MR821, MR822, MR824, MR826 

0 

115Vac 10k 
60Hz 2W 

DVNAMIC CHARACTERISTICS 

FIGURE 25 - REVERSE RECOVERY CIRCUIT 
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FIGURE 27 - FORWARD RECOVERY TIME 
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THERMAL CHARACTERISTICS 

FIGURE 29 - THERMAL RESPONSE 
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NOTE 5 

To determine maximum junction temperature of the diode 
In a given situation, the follow!":-' procedure is recommended: 

The temperature of the lead should be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point, The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat 
surges generated in the diode as a result of pulsad operation once 
steady-state conditions are achieved. Using the measured value 
of TL. the junction temperature may be determined by: 

TJ=TL+l'l.TJL 

where !:J. T Jl is the increase in junction temperature above the 
lead temperature. It may be determined by: 

'" TJL = Ppk • RSJL [0 + (I - 0) • rCt, + t p ) + rCtp ) - r(t,lI 
where r(t) ::;; normalized value of transient thermal resistance at 

time t from Figure 29, i.e.: 

r(t1 + t p ) = normalized value of transient thermal resistance at 
time t1 + tp' 

r.:l Ppk n Ppk DUTY CYCLE = 'plli 
-::J tp C-J L PEAK POWER, Ppk, is peak of an 
~tl~ TIME equivalent square power pulse. 

FIGURE 30 - STEADY-STATE THERMAL RESISTANCE 
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NOTE 6 

Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. Lowest 
values occur when one side of the rectifier is brought as close as 
possible to the heat sink as shown below. Terms in the model 
signify: 

T A:: Ambient Temperature 

T L :;; Lead Temperature 

Res = Thermal Resistance, Heat 
sink to Ambient 

Re L = Thermal Resistance. Lead 
to Heat Sink 

TC "" Case Temperature ReJ = Thermal ReSistance, Junc-
tion to Case 

TJ = Junction Temperature PO"" Power Oissipetion = PF + 
PR 

PF = Forward Power Oissipation 
PR "" Reverse Power Oissipation 

(Subscripts A and K refer to anode and cathode sides respectively). 
Values for thermal resistance components are: 

ReL = 400 C/W/IN. Typically and 440C/WIIN Maximum. 
ReJ "" 20 C/W Typically and 40 C/W Maximum. 

Since ReJ is so low, measurements of th. case temperature, 
TC, will be approximatalv equal to junction temperature in prac­
tical lead mounted applications. When used as a 60 Hz rectifier. 
the slow thermal response holds T JIPK) close to T JIAV). There­
fore maximum lead temperature may be found as follows: 

TL=TJ(max)-6TJL 

where 

6TJL can be approximated as follows: 

6TJL R:: ReJL • PO; Po is the sum of forward and 
reversapower dissipation shown in Figures 12 &I 19 for 
sine wave operation and Figures 13 & 20 for square 
wave operation. 

The reeommended method of mounting to a P .C. board is 
shown on the sketeh, where R(UA Is approximately 250 C/W for 
a 1-112" x 1-1/2" eopper surface area. Values of 400 C/W are 
typical for mounting to terminal strips or P.C. boards where avail­
able surface aree Is small. 

~--,~g 
RltClimmendedmlluntingflirhalfwavecircuit 
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MR830 MRI31 
MR832 MR834 

MRI36 

HERMETICALL Y SEALED, AXIAL LEAD 
MOUNTED FAST RECOVERY POWER 

RECTIFIERS 

. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low R F interfer­
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 150 nanoseconds providing 
high efficiency 'at frequencies to 250 kHz. 

MAXIMUM RATINGS 

Rating Symbol MRB30 MRB31 MRB32 MR834 MR838 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 60 100 200 <100 800 
DC Blocking Voltage VR 

Average Rectified Forward Current 10 
ISingle phase, resi.tive load. . 3.0 . 

TC = lOODe) 

Non-Repetitive Peak Surge Curr.nt 'FSM 
(surge applied at rated load . 100 . 

conditibnsJ 

Operating Junction Temperatur. TJ . -65 to +150 . 
Range 

Storage Temperature Range Tstu . -65 to +175 . 
ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Mo. 

Forward Voltage VF 
(IF - 3.0 Ado. T A· 250 CI - 1.1 

Reverse Current (rated DC Voltage) 'R 
TA-250C - 0.05 

TA = l000C - 1.5 

REVERSE RECOVERY CHARACTERISTICS 

Characteristic Symbol Min Typ Max 

Reverse Recovery Time ", (IF -1.0Amp to VR = 30Vdcl - 150 200 

(lFM' 15 Amp. dUd. = 26 AI"') - 150 300 

Ravena Recovery Current IRMCREeJ 
(IF -1.0Amp to VR - 30 Vdcl - - 2.0 
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Unit 

Volts 

A ..... 

Amps 

°c 

°c 

Unit 

Volts 

mA 

Uni' 

ns 

n. 
Amp 

® MOTOROLA 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
3 AMPERES 

~. 
r= o 
K 

L 
C 

r 
K 

L 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A - 11.43 - 0.450 
B 8.89 - ~50 
C - 7.62 - 0.300 
D 1.17 1.42 0.046 0.056 
K 24.89 0.980 

CASE 60-1 

MECHANICAL CHARACTERISTICS 

CASE: WeCded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and leads readily solderable 

POLARITY: Cathode to Ca .. 

WEIGHT: 2.4 Grams (Approximately) 



® MOTOROLA 

Desig'npr!S Data Sheet 

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

designed for special appl ications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer­
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 150 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the in­
formation presented. Limit curves - representing boundaries on device characteris­
tics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Rating Symbol MRS50 MR851 MR852 MR854 MR856 Unit 

Peak Repetitive Reverse Voltage VRRM Volts 

Working Peak Reverse Voltage VRWM 50 100 200 400 600 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 75 150 250 450 650 Volts 

RMS Reverse Voltage VRIRMSI 35 70 140 280 420 Volts 

Average Rectified Forward Current 10 3.0 Amp 
(Single phase resistive load, 

TA =90"C)lll 

Non-Repetitive Peak Surge Current IFSM 100 Amp 
(surge applied at rated load (one cycle) 

conditions) 

Operating and Storage Junction TJ,Tstg -65 to +175 °c 
Temperature Range(2) 

THERMAL CHARACTERISTICS 

Charaeteristic 

Thermal Resistance, Junction to Ambient 
(Recommended Printed Circuit Board Mouting, 

See Note 6, Page 8) 

ELECTRICAL CHARACTERISTICS 

Chafacteristic 

Instantaneous Forward Voltage 
(iF'" 9.4 Amp, TJ '" 175°C) 

Forward Voltage 
(IF'" 3.0 Amp, TJ" 250 CI 

Reverse Current (rated de voltage) T J - 25°C 

MRSS1 
{ MR850 

T J • 100"C MR852 
MR854 
MRa56 

REVERSE RECOVERY CHARACTERISTICS 

Characteristic 

Reverse Recovery Time 
IIF'" 1.0 Amp to VR =- 30 Vdc,Figure 251 
(IF'" 15 Amp. diJdt = 10 Alps, Figure 261 

Reverse Recovery Current 
(IF'" 1.0Ampto VR"" 3OVdc. Figure 251 

Symbol 

ROJA 

Symbol 

vF 

VF 

'R 

Symbol 

t" 

'RMIRECI 

(1) Must be derated for rever. power dissipation. See Note 2, Page 4. 
(2) Derate as shown in Figure 1 

Min 

-

-

-
-
-
-
-

Min 

M .. 

28 

TV. 

a .• 

1.04 

2.0 
-

60 
-
-

100 

TV. 

150 
200 

Max 

1.1 

1.25 

10 
150 
150 
200 
250 
300 

Max 

200 
300 

2.0 
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Unit 

°C/W 

Unit 

Volts 

Volts 

.A 

Unit 

Amp 

MR850 MR851 MR852 
MR854 MR856 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
3 AMPERE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 9.40 9.65 0.370 0.380 
B 4.83 5.33 0.190 0.210 
D 1.22 1.32 0.048 0.052 
K 26.97 27.23 1.062 1.072 

CASE 267-01 

MECHANICAL CHARACTERISTICS 

Case: Transfer Molded Plastic 
Finish: External Leads are Plated, 

Leads are readily Solderable 
Polarity: Cathode I ndicated by Po-

larity Band 
Weight: 1.1 Grams (Approximately) 
Maximum Lead Temperature for 
Soldering Purposes: 

3000 C, l/B" from case for 10 s 
at 5.0 lb. tension 

II 



MR850, MR851, MR852, MR854, MR856 

MAXIMUM CURRENT AND TEMPERATURE RATINGS 

FIGURE 1 - MAXIMUM ALLOWABLE JUNCTION TEMPERATURE 
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NOTE 1 
MAXIMUM JUNCTION TEMPERATURE DERATING 

When operating this rectifier at junction temperatures 
over 1200 C, reverse power dissipation and the possibil· 
ity of thermal runaway must be considered. The data 
of Figure 1 is based upon worst case reverse power and 
should be used to derate T J(max) from its maximum 
value of 1750C. See Note 2 for additional information 
on derating for reverse power dissipation. 
When current ratings are computed from T J(max) and 
reverse power dissipation is also included. ratings vary 
with reverse voltage as shown on Figures 2 thru 5. 

RESISTIVE LOAD RATINGS 
Printed Circuit Board Mounting - Sea Note 6, Page 8 
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MR850, MR851, MR852, MR854, MR856 

MAXIMUM CURRENT RATINGS 

Current derating data is based upon the thermal response data of Figura 29 and the forward power dissipa~ 
tion data of Figures 19 and 20. Since reverse power dissipation is not considered in Figures 6 thru 11, addi­
tional derating for reverse voltage and for junction to ambient thermal resistance must be applied. See Note 2. 

SINE WAVE INPUTS 

FIGURE 6 - EFFECT OF LEAD LENGTHS. 
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FIGURE S - I/S" LEAD LENGTH. VARIOUS LOADS 
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FIGURE 9 - I/S" LEAD LENGTH. VARIOUS LOADS 
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MR850, MR851, MR852, MR854, MR856 

REVERSE POWER DISSIPATION AND CURRENT 

NOTE 2 
DERATING FOR REVERSE POWER DISSIPATION 

I n this rectifier. power loss due to reverse current Is generally not 
negligible. For reliable circuit design. the maximum junction 
temperature must be limited to either 17Soe or the temperature 
which results in thermal runaway. Proper derating may be accom­
plished by use of equation 1 or equation 2. 

Equation 1 TA "'T1- (17S-TJ(max» -PA ReJA 

Where: T 1 .. Maximum Allowable Ambient Temperature 
neglecting reverse power dissipation (from Figures 
100r 11) 

T Jlmaxl '" Maximum Allowable Junction Tempera­
ture to prevent thermal runaway or 1750 C, which 
aver Is lower. (See Figure 11-

PR "" Reverse Power Dissipation (From Figure 12 
or 13. adjusted for T Jlmax) as shown below) 

ReJA = Thermal Resistance, Junction to Ambient. 

When thermal resistance, junction to ambient, is over 2rPC/W, 
the effect of thermal response is negligible. Satisfactory derating 
may be found by using: 

Equation 2 T A = TJ(maxl - (PR + PFI R6JA 

PF ,., Forward Power Dissipation (See Figures 19 & 20) 

Other terms defined above. 

The reverse power given on Figures 12 and 13 is calculated for 
T J ,., 150°C. When T J is lower, PA will decrease; its value can be 
found by multiplying PR by the normalized reverse current from 
Figure 14 at the temperature of interest. 
The reverse povwr data is calculated for half wave rectification 
circuits. For full wave rectification using either a bridge or a 
center-tapped transformer. the data for resistive loads is equiva­
lent when Vp is the line to line voltage across the ractifiers. For 
capacitive loads, it is recommended that the de case on Figure 13 
be used, regardless of input waveform, for bridge circuits. For 

FIGURE 12 - REVERSE POWER DISSIPATION. SINE WAVE 
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capacitlvely loaded full wave center-taPped circuits, the 20: 1 
data of Figure 12 should be used for sine wave inputs and the 
capacitive load data of Figure 13 should be used for square wave 
inputs regardleu of I(pkl/l(av). For these two cases. Vp is the 
voltage across one leg of the transformer. 

Example 1 Find maximum ambient temperature for IAV .. 2 A. 
capacitive load of IpK/'AV = 20. Input Voltage "" 
~~~i~.rms), sine wave, ReJA - 2Soe/W, half wave 

Solution 1 (using Equation 1) 

Step 1, Find Vp: Vp = J2 Vin = 85 V. VRlpkl = 170 
Step 2: 

Step 3: 

Step 4: 

~~n7iJ Jlmax) from Figure 1. Read T J(maxl = 

~i~d:r~'bx) from Figure 12. Read PR "" 360 

Find IR normalized from Figure 14. Read I R(norml 
= 1.5 

Step 5: Correct PR to TJ(max). PR" IRlnorm) x PR 
(Figure 12) PR = 1.5 x 360 '" 540 mW 

Step 6: Find TA = T1 from Figure 10. Aead T1 = 94°C 

Step 7: ComputeTA fromTA "'T1· 1175 -TJ(max)· PR ReJA 

Solution 2 (using Equation 21 

Steps 1 thru 5 are as Solution 1 

T A = 94 ·1175·1571 ·10.5411281 
TA = 61°C 

Step 6: Find PF from Figure 19. Read PF '" 3.0 W 

Step 7: ComputeTA from T A'" T J(maxl - (PR +PF) ReJA 
T A = 157 - (0.54 + 3128 
TA ::58oe 

The discrepancy occurs because thermal response is factored into 
solution 1, and advantage is taken of the cooling time after the 
power pulse and before reverse \/'0lt8ge achieves its maximum. 
61 0 e is a satisfactory ambient temperature. 

FIGURE 13 - REVERSE POWER DISSIPATION, SQUARE WAVE 
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TYPICAL RECOVERED STORED CHARAGE DATA 

FIGURE 21 - T J. 25°C (See Note 3) 
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NOTE 3 

Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passesthru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

FIGURE 22 - TJ = 75°C 
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For any given rectifier, recovery time is very circuit depend­
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, VA = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation dUdt for various levels of forward current 
and for junction temperatures of 2SoC. 7SoC. 1000C. and 
lSo"C. 

From stored charge curves versus dUdt, recovery time Itrr) 
and peak reverse recovery current (lRM(RECJ) can be closely 
approximated using the following formulas: 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re­
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 
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[OJ 1/2 
'rr = 1.41 x _R_ 

di/dt 

IRM(REC) = 1.41 x [OR x di/dt] 112 
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115 Vac 10 k 
60Hz 2W 

DVNAMIC CHARACTERISTICS 

FIGURE 25 - REVERSE RECOVERY CIRCUIT 
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FIGURE 28 - JUNCTION CAPACITANCE 
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FIGURE 29 - THERMAL RESPONSE 
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NOTE 4 

To determine maximum junction temperature of the diode 
in a given situation, the following procedure is recommended: 

The temperature of the lead should be measured using a 
thermocouple placed on the lead as clos. as pOllible to the tie 
point. The thermal mess connected to the tie point is normally 
large enough so that it wUl not significantly respond to heat 
surges generated In the diode a'. result of pulsed operation once 
steady-state conditions ara achieved. Using the measured value 
of TL. the junction temperature may be determined by: 

TJ"'TL+oTJL 

where a T JL is the increase in junction temperature above the 
lead temperature. It may be determined by: 

aT JL .,. Ppk • ASJL [0 + (I - 0) • r(t, + tp ) + r(tp) - r(t,)] 

NOTE 6 

Use of the above model permits junction to lead thermal 
r&sistanca for anv mounting configuration to be found. For a 
given total lead length, lowelt values occur when one side of the 
rectifier is brought as close as· possible to the heet sink. Terms In 
the mOdel slgnlfv; 

T A = Ambient Temperature RSS = Thermel Reliltance. Heat 
Sink to Ambient 

TL .. Laad Temperature ASL = Thermal Aeslstance, Leed 
to Heat Sink 

TC = Case Temperature ASJ'" Thermal Resiltance, Junc-
tion to Case 

T J = Junction Temperature Po = Total Power Dissipation .. 
PF + PR 

PF - Forward Power DiSSipation 
P R = Reverse Power Dissipation 

(Subscripts A and K refer to anode and cathode sides respectivelv.) 
Values for thermal resistance components are: 

RSL .. 460C/W/IN. Tvpicallv lind 48°c,;/W/IN Maximum. 
RSJ ,.. 100C/W Tvplcallv and 160C/W Maximum. 

The maximum lead temperature may be found es follows: 

where 

R8SA 

-=- TAA 

TL""TJ(max)-oTJL 

aT JL cen be approximated al follows: 

£>TJL ~ RSJL • PO; Po II the sum of forwerd 
and reverse power diSSipation shown in Figures 
2 and 4 for line wave operation and Figures 3 
and 5 for square wave operation. 

THERMAL CIRCUIT MOOEL 
(For Heat Conduction Through the Leads) 
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FIGURE 30 - STEADY-5TATE THERMAL RESISTANCE 
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DUTY CYCLE = 'pl'l 
PEAK POWER, Ppk, is p8ak of.n 
equivalent square power pulse. 

NOTE 6 

Data shown for thermal resistance junctlon-to-ambient (R8JA) 
for the mountings shown Is to be used as typical guideline values 
for prellminarv engineering or in case the tie point temperature 
cannot be measured. 

TYPICAL VALUES FOR ROJAIN STILL AIR 

MOUNTING LEAD LENGTH L (IN) 
METHOD 1/8 1/4 112 3/4 , .0 5' 53 55 

2 
3 28 

MOUNTING METHOD 1 

P.C. Board Where Available Copper 
Surfece area is small. 

C'--1 f-l=:J 
1ff~#U 

MOUNTING METHOD 2 
Vector Pin Mountl .... 

Vector Push-In Terminals T-2B 

MOUNTING MET'-'OD 3 

P .C_ Board with 
1-1/2" JC 1-1/2" Coppar Surface 

JIIq: 

RoJA 

·C/W 

°C/W 
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® MOTOROLA 

De~igneJ'~ Data Sheet 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

. designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the 
inforlllation presented. Limit curves - representing boundaries on device character­
istics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 
Aating Symbol MR860 

Peak Repetitive Reverse Voltage VAAM 
Working Peak Reverse Voltage VRWM 50 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 75 
RMS Reverse Voltage VR(RMS) 35 
Average Rectified Forward Current 10 

(Single phase, resistive load, 

TC"0o"CI 
Non-Repetitive Peak Surge Current IFSM 

(surge applied at rated load 
conditions) 

Operating Junction Temperature TJ 
Ran~ 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

Instantaneous Forward Voltage vF 
(iF = 125 Amp, T J = 1S00C) 

Forward Voltage VF 
(IF = 40 Amp. TC = 2SoCI 

Reverse Current (rated de voltage) IH 
TC" 25°C 
TC = l00"C 

REVERSE RI'COVERY CHARACTERISTICS 

Ch.acteristic SYmbol 

Reverstl Recovery Time t" 
IIF • 1.0 Amp to VR = 30 Vdc, Figure 161 
II • 36 Amo. dl dt· O. A F· ~M 171 

Rev«M Recovery Currant IRMIRECI 
II. ·1.0Ampto VA' 3OVdc, FIGure 161 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and readily solderabl. 

MRS61 MRB62 MRB64 MR866 Unit 

Volts 
100 200 400 600 

150 250 450 650 Volts 

70 140 280 420 Volts 

Amps 
40 

Amps 
350 

-65 to +160 °c 

-65 to +175 °c 

Min Tvp Max Unit 

1.3 1.6 Volts 

1.0 1.4 Volts 

25 50 "A 
1.0 2.0 mA 

Min TV1I Max Unit 

n, 

- 150 200 
- 200 400 

- 2.0 3.0 Amp 

POLARITY: Cathod. to Case 

WEIGHT: 17 GI1IITIS (Approximately) 

STUD TORQUE: 25 in. Ibs. 
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MR860 MR861 
MR862 MR864 

MR866 

NOTES: 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
40 AMPERES 

K 

,..c...,--.-...... i I 
F-F:~'='i'i::::rip--

MILLIMETERS 
DIM MIN MAX 
A 16.94 17.45 
8 - 16.94 
C - 11.43 
D - 9.53 
E 2.92 5.08 
F - 2.03 
J 10.72 11.51 
K 25.40 
L 3.86 
P 5.59 6.32 
Q 3.56 4.45 
R 20.16 
S - 2.26 

1/4-28 UNF·2A 

TERM.2 

INCHES 
MIN MAX 

0.669 0.687 
0.667 
0.450 

- 0.375 
0.115 0.200 
- 0.080 

0.422 0.453 
1.000 

0.156 
0.220 0.249 
0.140 0.175 

0.794 
0.089 

1. DIM "P" IS DIA. 
2. CHAMFER OR UNDERCUT ON ONE OR 80TH ENDS 

OF HEXAGONAL 8ASE IS OPTIONAL. 
3. ANGULAR ORIENTATION AND CONTDUR OF 

TERMINAL ONE IS OPTIONAL. 
4. THREADS ARE PLATED. 
5. DIMENSIONING AND TOLERANCING PER 

ANSI YI4.5, 1973. 

CASE 257·01 
DO·5 
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NOTE 1 

FLfLPPk Ppk 
DUTY CYCLE, 0 = Ip/ll 

tp PEAK PQWEA,Ppk,ispeak of an 
equivalent square power pulse. 

I TIME 
1----11----< 

10 determine maximum junction temperature of the diode in a given situation. 
the following procedure iSrircornmlnded: 

The lemperature of the case should be measured using a thermocouple p laced 
on the case at the temperature reference point (see Note 3). The thBfmal mass 
connected to the case is normally large enoUUh so lliat it will not significantly 
respond 10 hHt surgesgeneretad in the diode asa result of pulsed operatio nonCf 
steady·stateconditionsareachiem!. UsingthemHsuredvalueolTC,thejunclion 
ttmpentutemay bedettrmined by: 

TJ '" TC +to TJC 
where /, T JC is the increm in junction temperature above the caw temperature. 
It may be determined by: 

t:. TJC = Ppk 'R9JC ID + 11- 0) . rltl +tpl +rltpl- r(tl)] 
wh.~ 

rlt~ ". normalized value of trensienl thermal resistance al time. t. from Figure 
3.I,e .. 
r It 1 + tpl " normalized value of transient thermal resistance at lime 11 + tp. 

FIGURE 3 - THERMAL RESPONSE 

i-" 

(SEE NOTE 11 
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FIGURE 10 - FORWARDilECOVERV 
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FIGURE 16 - REVERSE RECOVERY CIRCUIT 

115 Vac 10 k 
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3011 
SOW 
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POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE ~ 3B ~H 

R2 - TEN-I W, 10 n. 1% CARBON CORE 
IN PARALLEL 

TA - 25 ~1~oC FOR RECTIFIER 
R2 
III MINIMIZE ALL LEAD LENGTHS 
lOW 

30 Vdc NON-INDUCTIVE CI 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE 1.0"F RIPPLE-3mVrmsMAX 

SUPPLYQ"+ __ .... ____ .... _____ ... 30:,:0...;V .... __ O- Zout - I~ 11 MAX, DC to 2 kHz 

RI - 50 Ohms 

FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 
RI 

T1 

CI 

LI 
di/dt ADJUST 

R2 - 250 Ohms 
OI-IN4723 
02-IN4001 
03 -IN493J 

SCRI - MCR729-10 
CI - 0_5 to 50 ~F 
C2 ~ 4000~F 
Ll-1.0-27 ~H 

]:)

T2 

120VAC II 
60 Hz 

OJ I (PK) ADJUST au_T. 

T1 = Variac Adjusts I(PKI and dildt 
T2 -1:1 
T3= 1:1 (to trigger circuit) 

1:1 
02 

01 

CURRENT 
VIEWING 
RESISTOR 

NOTE 2 

Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse reoovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier. recovery time is very circuit depend­
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, VR = 30 V. In order to cover all circuit 
oonditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperature. of 25°C, 75°C, H)OOC, and 
15OOC. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re­
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

di/dt 

IRM(REC)+-------'K-

From stored charge curves versus di/dt, recovery time (trr) 
and peak reverse recovery current ORM(REC)I can be closely 
approximated using the following formulas: 

[OJ 1/2 
trr = 1.41 x _R_ 

di/dt 

IRM(REC) = 1.41 x [OR x di/dtJl/2 
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MR870 MR871 
MR872 MR874 

MR876 
Designers Data Sheet 

STUD MOUNTED 
FAST RECOVERY POWER RECTiFIERS 

.. designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low R F inter-
ference, sonar power supplies and free wheeling diodes. A complete 
line of fast recovery rectifiers having typical recovery time of 150 
nanoseconds providing high efficiency at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 

information presented. Limit curves - representing boundaries on device character~ 
isties - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 
Rating 

Peak Repetitive Reverse VOltage 
Working Peak Reverse Voltage 
DC Block ing Voltage 

on-Repetitive Peak Reverse Voltage 

RMS Reverse Voltage 

Svmbol 

VRRM 
VRWM 

VA 

VRSM 

VAIAMSI 

10 

MR870 MR871 

50 100 

5 ~ 
35 70 

MR872 

200 

250 

140 

Average ectl lea OMaro I".urrent 
tSingle phase, resistive load, _---50 

TC ~ lOo"CI 
Non-Hepetitive eak Surge !.;urrent 

(surge applied at rated load 
conditions) 

'FSM 

Operating Junction Temperature 
Range 

TJ 

Storage Temperature Range Tst9 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Case R8JC 

ELECTRICAL CHARACTERISTICS 
Characteristic Symbol 

Instantaneous Forward Voltage 'F 
(iF'" 157 Amp, T J = 160DcI 

Forward Voltage VF 
(IF = 50 Amp, TC '" 250 CI 

Reverse Current (rated dc voltage) 'A 
TC = 25°C 
Te'" 100°C 

REVERSE RECOVERY CHARACTERISTICS 
Characteristic Symbol 

Reverse Recoverv Time t" 
(IF" 1.0 Amp to VR '" 30 Vdc, Figure 16) 
IIFM" 36 Amp, di/dt .. 25 A/lls,Figure 17) 
everse Mecovery \"Ourrent AMIAECI 
(IF -1.0Amp toVR =30Vdc, Figure 16) 

MECHANICAL CHARACTERISTICS 

400 

-65 to +160 

-65 to +175 

Min Tv. 
1.3 

1.1 

25 
1.0 

Min TV. 

- 150 

- 240 

2.0 

MR874 MR8?6 

400 600 

450 650 

280 420 

Max 

1.6 

1.4 

50 
2.0 

Max 

200 

400 

3.0 

CASE: Welded, hermetically sealed POLARITY: Cathode to Case 

Unit 

Volts 

Volts 

Volts 

Amps 

Amps 

°c 

C 

Unit 

Volts 

Volts 

,.A-
mA 

Unit 

n. 

Amp 

FINISH: All external surfaces WEIGHT: 17 grams (approximately) 
corrosion resistant STUD TORQUE: 25 in. Ibs. 
and readily solderable 
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® MOTOROLA 

NOTES: 

FAST RECOVERY 
POWER RECTIFIERS 

DIM 
A 
B 
C 
0 
E 
F 
J 
K 
L 
P 
Q 

R 
S 

50-600 VO L TS 
50 AMPERES 

MILLIMETERS 
MIN MAX 

16.94 17.45 
16.94 
11.43 
9.53 

2.92 5.08 
2.03 

10.72 11.51 
25.40 

3.86 -
5.59 6.32 
3.56 4.45 

20.16 
2.26 

K 

1/4-28 UNF·2A 

TERM.2 

INCHES 
MIN MAX 

0.669 0.687 
0.667 

- 0.450 
0.375 

0.115 0.200 
- 0.080 

0.422 0.453 
- 1.000 

0.156 
0.220 0.249 
0.140 0.175 

0.794 
0.089 

1. DIM "P" IS DIA. 
2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENOS 

OF HEXAGONAL BASE IS OPTIONAL. 
3. ANGULAR ORIENTATION AND CONTOUR OF 

TERMINAL ONE IS OPTIONAL. 
4. THREADS ARE PLATED. 
5. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5, 1973. 

CASE 257·01 
D0-5 
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r-.. Prior to surge, the rectifier 
is operated such that T J '" 160oC; 

I'-
VRRM may be applied between 

each cycla ofsurga 

i'NJ 
III"' 

r--
0- 1\ 1\ 1\ 
0-

0 

0 

o 
1.0 

I 
I 

1-----l-1 CYCLE 

IIII 
1111 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 

NUMBER OF CYCLES AT 60 Hz 

NOTE 1 

DUTY CYCLE, 0 '" tpltl JULPk Ppk 

tp PEAK POWER, Ppk. is plllk of an 
IQuivalentsquartpOW8l"pulsa. 

~,,-----l TIME 

To determine maximum junction temperature of the diode in a given situation, 
the following proclldure is recommended: 

The temperature of the case should be measured using a thermocouple piKed 
on the elsa .t the temperature raterance point lsee Note 31. The th.mal mass 
connected to the ca. is normally large enough so that it will not signifil:tntly 
respondtoh8lt$llrg8$genaratad in the diodeas. result 01 pulsed oplrationonct 
steady-state conditions are achieved. Using the measured value of Te. the junction 
temp.ature may be determined by: 

TJ"Te+ 6TJC 
where t:. T JC is thl increase in junction tempereture abOYt the case tempereture. 
It may be detlrmined by: 

!J. TJC" Ppk 'R8JC 10 + fl· 01 . r{tl +tpl +r(tpl- r(qll 
w .... 

rll) ::: normalized value of transient th8fmal resistance al time. t. from Figure 
3.LI.: 
r Itt + tpl .. normalized value of transient thermal resistance al tima tl+tp· 

FIGURE 3 - THERMAL RESPONSE 
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SINE WAVE INPUT 

FIGURE 4 - FORWARD POWER DISSIPATION 
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SQUARE WAVE INPUT 

FIGURE 5 - FORWARD POWER DISSIPATION 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME 
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FIGURE 16 - REVERSE RECOVERY CIRCUIT 

t15Vac 10k 
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FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 

RI • 50 Ohm. 
R2' 250 Ohms 
DI=IN4723 
D2'IN4001 
03 ·IN4933 

SCRI • MCR729·10 
CI·0.5to50~F 

C2 ~ 4000.F 
LI·1.0-27~H 

T1 

~
T2 

120VAC II 
60 Hz 

1:1 

TI • Variac Adjust, I(PK) and di/dt 
T2 '1:1 . 
T3 = 1:1 (to trigger circuit) 

RI 

03 CI 

01 

L1 
dVdt AOJUST 

I(PK) ADJUST om 

02 

CURRENT 
VIEWING 
RESISTOR 

NOTE 2 

Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a ~int which is less than 10% peak reverse current. 

Reverse recovery time is a direct fu netio" of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend­
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, c",rves are given for tvPical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 250 C, 750 C, 100"C, and 
15o"C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the opereting Junction temperature. The reverse re­
covery test current waveform for all Motorola fOlt recovery 
rectifiers Is shown. 

dl/dt 

IRM(REC)-t------

From stored charge curves versus di/dt, recovery time Ctrrl 
and peak reverse recovery current ClRMCRECII can be closely 
approximated using the following formulas: 

[~ 1/2 
trr = 1.41 x /R 

dl dt 

IRMCRECI = 1.41 x [QR x di/d~ 1/2 
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MEDIUM-CURRENT SILICON RECTIFIER 

Medium-current silicon rectifiers feature high surge current 

capacity, and low forward voltage drop. 

MAXIMUM RATINGS 

Rating Symbol 
MR MR MR 

1120 1121 1122 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VAWM 50 100 200 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VASM 100 200 300 
(one half-wave, single phase, 
60 cycle peak) 

RMS Reverse Voltage VR(RMS) 35 70 140 

Average Rectified Forward Current 10 
(single phase, resistive load, 60 Hz. 
TC = 150°C) 

Peak Repetitive Forward Current IFRM .. 
(TC = 150°C) 

Non-Repetitive Peak Surge Current IFSM 
(superimposed on rated current at .. 
rated voltage. T C = 1500 C) 

12t Aating (non-repetitive, 12t .. 
I ms <t <8.3 ms) 

Maximum Junction Operating and TJ, Tstg 
Storage Temperature Range -

ELECTRICAL CHARACTERISTICS (All Types) 

Characteristic Symbol Max Unit 

Full Cycle Average Forward Voltage Drop VF(AV) Volts 
(10 = 12 Amps and Aated Vr• 0.55 
T C = 150oC, Half Wave Rectifier) 

DC Forward Voltage Drop VF 1.0 Volts 
(IF = 12 Adc, TC = 25°C) 

Full Cycle Average Aeverse Current 'R(AV) mA 
(10 = 12 Amps and Rated Vr, 1.5 
T C = 150°C, Half Wave Rectifier) 

DC Reverse Current IR 0.5 
mA 

(Rated VR, TC = 25°C) 
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MR 
1123 

300 

400 

210 

MRl120thru MRl126 
MRl128 MRl130 

MR 
1124 

400 

500 

280 

12 

75 

MEDIUM-CURRENT 
SILICON RECTIFIERS 

MR 
1125 

500 

600 

350 

50-1000 VOLTS 
12 AMPERES 

MR MR MR 
1126 1128 1130 

600 800 1000 

720 100 1200 

420 560 700 

... 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

300 (for 1!2 cycle) Amp 

375 - A(rms)2S 

-65 to +190 • °c 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 10.77 11.10 0.424 0.437 
C lD.29 - 0.405 
D - 6.35 - 0.250 
E 1.91 4.45 0.075 0.175 
F 1.52 - 0.060 -
J 10.72 11.51 0.422 0.453 
K 20.32 0.800 

CASE 246-01 

I 



MR1120 thru MR1126, MR1128, MR1130 

THERMAL CHARACTERISTICS 
Maximum Steady State DC Thermal Resistance, R8JC: 2.5'C/Walt 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed construction. 
FINISH: All external surfaces corrosion-resistant and the terminal lug is readily solderable. 
POLARITY: CATHODE-TO-CASE (reverse polarity unHs are available upon request and are designated by an 

"Ru suffix I.e. MRl120R). 
MOUNTING POSITIONS: Any 
STUD TORQUE: 15 in-Ibs maximum. 

TYPICAL FORWARD CHARACTERISTICS 
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MR1120 thru MR1126, MR1128, MR1130 

MAXIMUM CURRENT RATINGS 
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II 

® MOTOROI.A 

I MR2400 Ihra MR24061 

TAB-MOUNTED MEDIUM-CURRENT 
SILICON RECTIFIERS 

MEDIUM-CURRENT 

SILICON RECTIFIERS 

50-600 VOLTS 

... compact, highly efficient silicon rectifiers for medium current 
applications requiring: 

• High Current Surge - 400 Amperes @ T J = 175°C 

• Peak Performance @ Elevated Temperature - 24 Amperes @ 
TC=150oC 

• Low Cost 

• Same Mounting as a TO-220AB 

MAXIMUM RATINGS 

24 AMPERES 

CASE 339-02 

Rating Symbol MR2400 MR2401 MR2402 MR2404 MR2408 Unit 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 
DC Blocking Voltage VR 

Nonrepetitive Peak Reverse Voltage VRSM 60 
(half wave, Single phase, 60 Hz peak) 

Average Rectified Forward Current 10 . 
(Single phase, resistive load, 60 Hz, TC = 150°C) 

Nonrepetitive Peak Surge Current IFSM . 
(surge applied @ rated load conditions, 
half wave, single phase, 60 Hz) 

Operating and Storage Junction TJ. T8tg .. 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance. Junction to Air PC Board Mount. Perpendicular to Surface 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions 

Maximum Instantaneous Forward Voltage (iF = 75.4 Amp, T C = 25°C) 

Maximum Reverse Current (rated de voltage) 
TC = 25°C 
TC=I00oC 

MECHANICAL CHARACTERISTICS 

CASE: Plastic encapsulated, metal tabs. 

100 200 

120 240 

24 

400 (for 1 cycle) 

65 to +175 

Symbol 

R8JC 

R8JA 

Symbol 

YF 

IR 

FINISH: All external surfaces are corrosion resistant and the leads are readily solderable. 

POLARITY: Cathode to tab with hole; Reverse polarity available by adding "R" Suffix. MR2402R. 

MOUNTING TORQUE: 8lin-11l max. 

MAXIMUM TEMPERATURE FOR SOLDERING PURPOSES: 350°C, 3/S' from case for 10 seconds. 

WEIGHT: 3.6 Grams (Approximataly). 

3-236 

Volts 
400 600 

4S0 720 Volts 

- Amp 

- Amp 

. °C 

Max Unit 

O.S °C/W 

55 °C/W 

Max Unit 

1.IS Volts 

I'A 
100 
500 



MR2400 thru MR2406 
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MR2400 thru MR2406 

;; FIGURE 6 - THERMAL RESPONSE 
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NOTE 1 

P P DUTY CYCLE, D = tpltl n "'pk n "'pk PEAK POWER, Ppk, is peak of an 
~tp~ L ~uivalent square power pulse. 

I----tl---1 Time 

To determine maximum junction temperature of the 
diode in a given situation, the following procedure is 
recommended. 

The temperature of the case should be measureed us­
ing a thermocouple placed on the case at the temperature 
reference point. The thermal mass connected to the case 
is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result 
of pulsed operation once steady-state conditions are 
achieved. Using the measured value of TC, the junction 
temperature may be determined by: 

TJ = TC + .:1TJC 

where .:1TJC is the increase in junction temperature 
above the case temperature. It may be determined by: 

.:1TJC=PpkeR8JC[D+(I-Dler(ll + tpl+r(tp)-r(tl») 
where 

1. 0 

r(t) = normalized value oftransientthermal resistance 
at time, t, from Figure 3, i.e.: 

r(t1 + tp) = normalized value oftransientthermal resis­
tance at time tl + tp. 

FIGURE 8 - FORWARD RECOVERY TIME 
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MR2400 thru MR2406 

FIGURE 10 - RECTIFICATION WAVEFORM EFFICIENCY 
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RECTIFICATION EFFICIENCY NOTE 

The rectification efficiency factor a shown in Figure 10 was 
calculated using the formula: 

V20ldcl 

Pdc RL 

fI = Prms = V20lrmsl 

V201dc) 
.100% = .100% 

V201ac) + V20ldcl 
111 

RL 

For a -sine wave input Vm sin (wt) to the diode, assume lossless, 
the maximum theoretical efficiency factor becomes: 

V 2m 

n 2RL 4 
flisinel = V2m • 100% = -;:;2 • 100% c 40.6% 

4RL 

For a square wave input of amplitude V m , the efficiency factor 
becomes: 

V2m 

2RL 
flisquarel =-2- .100%~ 50% 

V m 

RL 

(A full wave circuit has twice these efficiencies) 

121 

131 

As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 9) becomes significant, result­
ing in an increasing ae voltage component across R L which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor cr, as shown on Figure 10. 

I t should be emphasized that Figure 10 shows waveform 
efficiency only; it does not provide a measure of diode losses, 
Data was obtained by measuring the ac component of Va with a 
true rms ae voltmeter and the dc component with a dc voltmeter, 
The data was used in Equation 1 to obtain points for Figure 10. 
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o r"l iT 
TT$-~ i; , ~ , I~ 
I1Jj 
L~ 2 

~I-D J-=r G -H 

'·CATHODE 2·ANODE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 14.22 15.88 0.560 0.625 
B 9.65 10.67 0.380 0.420 
C 7.21 7.87 0.284 0.310 
D 0.64 1.14 0.025 0.045 
F 1.52 2.29 0.060 0.090 
G 4.32 5.33 0.170 0.210 
H 2.03 2.92 0.080 0.115 
J 0.58 0.74 0.023 0.029 
K - 14.27 - 0.562 
L - 30.15 - 1.187 
N 5.84 6.86 0.230 0.270 
p 2.54 3.05 0.100 0.120 
Q 3.53 3.73 0.139 0.147 
R - 5.08 - 0.200 

CASE 339-02 
(M •• ts TO-220AB .xcept dlmtrnsion "C") 



MR2400F 
th~u 

MR2406F 

TAB·MOUNTED FAST RECOVERY 
POWER RECTIFIERS 

· .. designed for special applications such as dc power supplies. 
inverters. converters. ultrallonic systems. choppers, low RF inter­
ference. sonar power supplies and free wheeling diodes. A complete 
line of fast recovery rectifiers having typical recovery time of 150 
nanoseconds providing high efficiency at frequencies to 250 kHz. 

• Same Mounting as a TO-220AB 

• Cost Effective in Low Current Applications 

• Lead or Chassis Molinted 

• High Surge Current Capability 

MAXIMUM RATINGS 

® MOTOROLA 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
24 AMPERES 

Rating Symbol MR2400F MR2401F MR2402F MR2404F MR2406F Unit 

Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VRWM 50 100 200 400 600 
DC Blocking Voltage VR 

Nonrepetitive Peak Reverse Voltage VRSM 75 150 250 450 650 Volts 

RMS Reverse Voltage VR(RMSI 35 70 140 280 420 Volts 

Average Rectified Forward Current 10 • 24 .. Amp 
(Single phase. resistive load. T C • 125°q 

Nonrepetitive Peak Surg~ Current IFSM • 300 (for 1 cyclel .. Amp 
(surge applied @ rated load conditions) 

Operating Junction Temperature Range TJ • -65 to +150 .. °C 

Storage Temperature Range Tstg .. -65 to +175 .. °C 

THERMAL CHARACTERISTICS 

Characteriltic Symbol Max Unit 

Thermal Resistance. Junction to Case R8JC 0.8 °C/W 

Thermal Resistance. Junction to Air. PC Board Mount; Perpandicular to Surface R8JA 55 °C/W 

ELECTRICAL CHARACTERISTICS 

Characteriotic Symbol Min Typ Max Unit 

Instantaneous Forward Voltage (IF = 75 Amp. TJ = 150°C) vF - 1.15 1.29 Volts 

Forward Voltage (IF = 24 Amp. T C = 26°CI VF - 1.00 1.15 Volts 

Reverse Current (rated dc voltage) T C = 25°C IR - 10 25 I'A 
TC = 100°C - 0.5 1.0 mA 
TC = 150°C - 7.0 10 mA 

REVERSE RECOVERY CHARACTERISTICS 

Characterlotlc Symbol Min Typ Max Unit 

Reversa Racover Time - Soft Recovery trr · ns 
(lFI= 1.0AmptoVR= 30Vdc, Figura 19) - 150 200 
(IFM = 36 Amp. di/dt = 25 AIl'S, Figure 201 - 200 300 

Reverse Recovery Current IRM(REC) Amp 
(IF = 1.0 Amp to VR = 30 Vdc, Figure 19) - - 4.0 

3·240 



MR2400F thru MR2406F 
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FIGURE 2 - MAXIMUM SURGE CAPABILITY 
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NOTE 1 

P P DUTY CYCLE, 0 = tpltl n r'pk n r'pk PEAK POWER, Ppk, is peak of an 
Jtp~ L equivalent square power pulse. 

I--tl--1 Time 

To determine maximum junction temperature of the 
diode in a given situation, the following .procedure is 
recommended. 

The temperature olthe case should be measureed us­
ing a thermocouple placed on the case at the-temperature 
reference point. The thermal mass connected to the case 
is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result 
of pulsed operation once steady· state conditions are 
achieved. Using the measured value of TC, the junction 
temperature may be determined by: 

TJ = TC + IlTJC 

where ATJC is the increase in junction temperature 
above the case temperature. It may be determined by: 

IlTJC = PpkeROJC [0 + 11 - Olerltl + tpl + rltpl- rltl)] 
where 

r(t) = normalized value of transient thermal resistance 
at time, t, from Figure 3, i.e.: 

rlt1 + tpl = normalized value oftransientthermal resis­
tance at time tl + tp. 

@~------------------------------------------~ 

FIGURE 3 - THERMAL RESPONSE, CHASSIS MOUNTED 
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MR2400F thru MR2406F 

CHASSIS MOUNT RATING DATA 

Sine Wave Input 
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4.0 r---~----'-----r----r-----'---~----~--~ 

20 40 60 BO 100 120 140 160 
TA. AMBIENT TEMPERATURE 1°C) 



MR2400F thru MR2406F 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME 
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FIGURE 12 - TYPICAL REVERSE CURRENT 
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NOTE 2 

Figure 14 shows the current carrying capability of a 
device mounted on a printed circuit board with a typical 
TO·220 type heatsink having a sink-to·air thermal resis· 
tance of 12°C/W. Allowing anolher 2°C/W for R8JC plus 
Recs (case·to·sink) puts the total at 14°C/Was indicated. 
The unit and heatsink were mounted perpendicular to the 
printed circuit board for this data. 
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TYPICAL RECOVERED STORED CHARGE DATA 
(See Note 3) 
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NOTE 3 

Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend· 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A. VR = 30 V, In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 2SoC. 7SoC. 100"C. and 
1So"C. 

To use these curves, it is necessary to know the forward 
current level just before commutation. the circuit commutation 
dildt, and the operating junction temperature. The raverse re­
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

di/dt 

'A MIA ECI .... ----'---

From stored charge curves versus di/dt. recovery time (trr) 
and peak reverse recovery current ORM(REC)) can be closely 
approximated using the following formulas: 

[OJ 1/2 
trr= 1,41 x ~ 

dildt 

IRM(REC) = 1.41 x [OR x dildt] 1/2 
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FIGURE 19 - MOTOROLA REVERSE RECOVERY CIRCUIT 
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FIGURE 20 - JEDEC REVERSE RECOVERY CIRCUIT 
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FIGURE 21 - REVERSE RECOVERY CHARACTERISTIC 
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I-CATHODE 
MILLIMETERS 

DIM MIN MAX 
A 14.22 15.88 
B 9.S5 10.S7 
C 7.21 7.87 
0 0.64 1.14 
F 1.52 2.29 
G 4.32 5.33 
H 2.03 2.92 
J 0.58 0.74 
K 14.27 
L 30.15 
N 5.84 6.86 
P 2.54 3.05 
Q 3.53 3.73 
R 5.08 

2 ANODE 
INCHES 

MIN MAX 
0.560 0.625 
0.380 0.420 
0.284 0.310 
0.025 0.045 
0.060 0.090 
0.170 0.210 
0.080 0.115 
0.023 0.029 

0.562 
1.187 

0.230 0.270 
0.100 0.120 
0.139 0.147 

0.200 

CASE 339-02 

SOFT RECOVERY 

MECHANICAL CHARACTERISTICS 

CASE: Plastic Encapsulated. Metal Tabs. 

FINISH: All external surfaces are corrosion resistant and are readily solderable. 

(Meets TO·220AB except dimension "C'" 

POLARITY: Cathode to Tab with hole; Reverse polarity available by adding "R" Suffix. MR2402FR. 

WEIGHT: 3.6 Grams (Approximately). 

MOUNTING TORQUE: 8 in-Ibs max. 

MAXIMUM TEMPERATURE FOR SOLDERING PURPOSES: 350·C, 3/8" from case for 10 seconds. 
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MR2500,M 
Series ® MOTOROLA 

MEDIUM-CURRENT SILICON RECTIFIERS 

· .. compact, highly efficient silicon rectifiers for medium-current 
applications requiring: 

• High Current Surge - 400 Amperes @ T J = 1750 C 

• Peak Performance @ Elevated Temperature - 25 Amperes @ 

TC=l50oC 

• Low Cost 
• Compact, Molded Package - ·For Optimum Efficiency in a Small 

Case Configuration 

• Available WHh a Single Lead Attached 

MAXIMUM RATINGS 

Characteristic Symbol 

Peak Aepetiti~e Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse VRSM 
VoJtage (halfwave, single phase, 
60 Hz peak) 

Average Rectified Forward Curren 10 
(Single phase, resistive load, 
60 Hz. TC = 150°C) 

Non-Repetitive Peak Surge IFSM 
Current (surge applied@fated 

load conditions, half wave, 
single phase, 60 Hz) 

Operating and Storage Junction T J.T stg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal A esistance, Junction to Case 
(Single Side Cooled) 

ELECTRICAL·CHARACTERISTICS 

Characteristics and Conditions 

MR MR MR MR MR 
2500 2501 2502 250 2501 

50 100 200 400 600 

60 120 240 480 720 

.. 25 

... 400 (for 1 cycle) 

.. -65 to +175 

Symbol Max 

MR MR 
25011 2510 

800 1000 

960 1200 

.. 

.. 

.. 

Unit 

Unit 

Volts 

Volts 

Amp 

Amp 

°c 

Maximum Instantaneous Forward Voltage vF 1.18 Volts. 
(iF = 78.5 Amp, TC = 25°C) 

Maximum Reverse Current (rated dc voltage) IR "A 
TC = 25°C 100 
Te' 100°C 500 

MECHANICAL CHARACTERISTICS 

CASE: Transfer Molded Plastic 

FINISH: All External Surfaces are Corrosion Resistant and the Contact Areas Readily 
Solder.ble. 

POLARITY: I.ndicated by dot on Cathode Side 

MOUNTING POSITIONS: Anv 

MAXIMUM TEMPERATURE FOR SOLDERING PURPOSES: 2500C 

WEIGHT: 1.8 Grams (Approximatelv) 
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MEDIUM-CURRENT 

SILICON RECTIFIERS 

50 - 1000 VOL TS 
25 AMPERES 

DIFFUSED JUNCTION 

DIM 
A 
B 
0 
F 
M 

DIM 
A 
B 
0 
F 
M 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
8.43 8.69 0.332 0.342 
4.19 --".45 0.165 0.175 
5.54 5.64 0.218 0.222 
5.94 6.25 0.234 0.246 

50 NOM 50 NOM 

CASE 193-04 
MR2500M SERIES 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
10.03 10.29 0.395 0.405 
4.19 4.45 0.165 0.175 
5.54 5.64 0.218 0.2 
5.94 6.25 0.234 0.246 

50 NOM 50 NOM 

CASE 139-03 
MR2500 SERIES 
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To determine mBlIimum junction lempe!'atule 01 the diode in II given situation, Ihe lollowmg 
procedure IS recommended 

The temperature ollhe case should be measured using II thermocouple placed on the case at 
Ihe temperature relerellc, point (see Ihe outline drawing on page 1). The thermal mass connected 
til The case i1normally large IInough so Ihal it will nol significantly respond to heal surges 
g.neratedin the diodeasaresult01 pulsed operauononceSleadysiate condilionsare achieved. 
Using lhe measured value 01 T C, Ihe junction temperature may be determined by' 

TJ =TC ':1TJC 
where /1 TJC is the illCllIue in ;unction temperature aboV! the ca!ll! temperature. It may be 
determinedbv: 

.\TJC = Ppk • ROJC [0. (I D). r(ll + tpl t r(lp) - r(II)1 

where 

1. 

O. 

O. 

O . 

o. 

O. 

r(l) = nornlaliled value 01 Iransient Ihefmalresislanceal lime, I.irom F igure6, i.e., 
rltl; Ipl = normaliledvalueoflransiar1llhermal resislanceat time 11 t tp. 
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FIGURE 10 - RECTIFICATION WAVEFORM EFFICIENCY 
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RECTIFICATION EFFICIENCY NOTE 

FIGURE 11 - SINGLE·PHASE HALF·WAVE RECTIFIER CIRCUIT 

The rectification efficiency factor a shown in Figure 10 was 
calculated using the formula: 

V201dc) 

Pdc RL _ 100%= V201dc) _ 100% 

a = Prms = v20lrmsl V20lacl + V201dc) 
(1) 

RL 

For a sine wave input V m sin (wd to the diode, assume 
the maximum theoretical efficiency factor becomes: 

V 2 m 

n 2RL 4 
alsinel' V2m - 100% =;2 - 100%' 40.6% 

4RL 

lossless, 

121 

3·249 

For a square wave input of amplitude V m • the efficiency factor 
becomes: 

V2m 

2RL 
G{square) = V 2m - 100% = 50% 

RL 

(A full wave circuit has twice these efficiencies) 

(3) 

As the frequency of the input signal is increased. the reverse 
recovery time of the diode (Figure'g) becomes significant, result­
ing in an increasing ae voltage component....- across R L which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor a, as shown on Figure 10. 

It should be emphasized that Figure 10 shows waveform 
efficiency only; it does not provide a measure of diode losses. 
Data was obtained by measuring the ac component of Va with a 
true rms ac voltmeter and the. dc component with a dc voltmeter. 
The data was used in Equation 1 to obtain point~ for Figure 10. 

II 
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MR2500 Series, MR2500M Series 

ASSEMBLY AND SOLDERING INFORMATION 

There are two basic areas of consideration for successful 
implementation of button rectifiers: 

1. Mounting and Handling 
2. Soldering 

each should be carefully examined before attempting a 
finished assembly or mounting operation. 

MOUNTING AND HANDLING 
The button rectifier lends itself to a multitude of 

assembly arrangements but one key consideration must 
always be included: 

One Side of the Connections to 
the Button Must Be Flexible! Strain Relief Termln.1 

for Button Rectifier 

This stress relief to the button 4:Copper 
should also be chosen for maxi- ~ Terminal 

mum contact area to afford the Button 

best heat transfer - but not at -..-
the expense of flexibility. For an __ r~:t 
annealed copper terminal a thick· Sink 

ness of 0.015" is suggested. Moterlal) 

The base heat sink may be of various materials whose 
shape and size are a function of the individual application 
and the heat transfer requirements. 

Common 
Materials 
Steel 

Advantages and Disadvantages 

Copper 
Low Cost; relatively low heat conductivity 
High Cost; high heat conductivity 

Aluminum Medium Cost; medium heat conductivity 
Relatively expensive to plate and not all 
platers can process aluminum. 

Handling of the button during assembly must be 
relatively gentle to minimize sharp 'impact shocks and 
avoid nicking of the plastic. I mproperly designed automatic 
handling equipment is the worst source of unnecessary 
shocks. Techniques for vacuum handling and spring load­
ing should be investigated. 

The mechanical stress limits for the button diode are 
as follows: 

Compression 321bs. 
Tension 321bs. 
Torsion 
Shear 

6-inch Ibs. 
551bs. 

142.3 Newton 
142.3 Newton 
0.68 lI!ewton-meters 
244.7 Newton 

MECHANICAL STRESS 

I 
Compression 

~ 
;;;" Shear 

Exceeding these recommended maximums can result in 
electrical degradation of the device. 

SOLDERING 
The button rectifier is basically a semiconductor chip 

bonded between two nickel-plated copper heat sinks with 
an encapsulating material of thermal-setting silicone. The 
exposed metal areas are also tin piated to enhance 
solderability . 

In the soldering process it is important that the tem­
perature not exceed 2500C if device damage is to be 
avoided. Various solder alloys can be used for this oper­
ation but two types are recommended for best results: 

1. 96.5% tin, 3.5% silver; Melting point is 221 0 C (this 
particular eutetic is used by Motorola for its button 
rectifier assemblies). 

2. 63% tin, 37% lead; Melting point 1830 C (eutetic). 
Solder is available as preforms or paste. The paste 

contains both the metal and flux and can be dispensed 
rapidly. The solder preform requires the application of a 
flux to assure good wetting of the solder. The type of 
flux used depends upon the degree of cleaning to be 
accomplished and is a function of the metals involved. 
These fluxes range from a mild rosin to a strong acid; e.g., 
Nickel plating oxides are best removed by an acid base 
flux while an activated rosin flux may be sufficient 
for tin plated parts. 

Since the button is relatively light-weight, there is a 
tendency for it to float when the solder becomes liquid. 
To prevent bad joints and misalignment it is suggested 
that a weighting or spring loaded fixture be employed. It 
is also important that severe thermal shock (either heating 
or cooling) be avoided as it may lead to damage of the die 
or encapsulant of the part. 

Button holding fixtures for use during soldering may be 
of various materials. Stainless steel has a longer use life 
while black anodized aluminum is less expensive and will 
limit heat reflection and enhance absorption. The assembly 
volume will influence the choice of materials. Fixture 
dimension tolerances for locating the button must allow 
for expansion during soldering as well as allowing for 
button clearance. 

HEATING TECHNIQUES 
The following four heating methods have their ad­

vantages and disadvantages depending on volume of 
buttons to be soldered. 

3-250 

1. Belt Furnaces readily handle large or small volumes 
and are adaptable to establishment of "on-line" 
assembly since a variable belt speed sets the run 
rate. Individual furnace zone controls make 'excellent 
temperature control possible. 

2. Flame Soldering involves the directing of natural 
gas flame jets at the base of a heatsink as the heat­
sink is indexed to various loading-heating-cooling­
unloading positions. This is the most economical 
labor method of soldering large volumes. Flame 
soldering offers good temperature control but re­
quires sophisticated temperature monitoring systems 
such as infrared. 
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ASSEMBLY AND SOLDERING INFORMATION (continued) 

3. Ovens are good for batch soldering and are produc­
tion limited. There are handling problems because 
of slow cooling. Response time is load dependent, 
being a function of the watt rating of the oven and 
the mass of parts. Large ovens may not give an 
acceptable temperature gradient. Capital cost is low 
compared to belt. furnaces and flame soldering. 

4. Hot Plates are good for soldering small quantities of 
prototype devices. Temperature control is fair with 
overshoot common because of the exposed heating 
surface. Solder flow and positioning can be cor· 
rected during soldering since the assembly is exposed. 
Investment cost is very low. 

Regardless of the heating method used, a soldering 
profile giving the time·temperature relationship of the 
particular method must be determined to assure proper 
soldering. Profiling must be performed on a scheduled 
basis to minimize poor soldering. The time· temperature 
relationship will change depending on the heating meth· 
od used. 

SOLDER PROCESS EVALUATION 

Characteristics to look for when setting up the solder· 
ing process: 

I Overtemperature is indicated by anyone or all three 
of the following observations. 
1. Remelting of the solder inside the button rectifier 

shows the temperature has exceeded 2850 C and is 
noted by "islands" of shiny solder and solder 
dewetting when a unit is broken apart. 

2. Cracked die inside the button may be observed by a 
moving reverse oscilloscope trace when pressure is 
applied to the unit. 

3. Cracked plastic may be caused by thermal shock as 
well as overtemperature so cooling rate should 
also be checked. 

II Cold soldering gives a grainy appearance and solder 
build·up without a smooth continuous solder fillet. The 
temperature must be adjusted until the proper solder 
fillet is obtained within the maximum temperature 
limits. 

III Incomplete solder fillets result from insufficient solder 
or parts not making proper contact. 

IV Tilted buttons can cause a void in the solder between 
the heatsink and button rectifier which will result in 
poor heat transfer during operation. An eight degree 
tilt is a suggested maximum value. 

V Plating problems require a knowledge of plating 
operations for complete understanding of observed 
deficiencies. 
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1. Peeling or plating separation is generally seen when 
a button is broken away for solder inspection. If 
heatsink or terminal base metal is present the 
plating is poor and must be corrected. 

2. Thin plating allows the solder to penetrate through 
to the base metal and can give a poor connection. 
A suggested minimum plating thickness is 300 
microinches. 

3. Contaminated soldering surfaces may out·gas and 
cause non-wetting resulting in voids in the solder 
connection. The exact cause is not always readily 
apparent and can be because of: 
(a) improper plating 
(b) mishandling of parts 
(c) improper and/or excessive storage time 

SOLDER PROCESS MONITORING 
Continuous monitoring of the soldering process must 

be established to minimize potential problems. All parts 
used in the soldering operation should be sampled on a lot 
by lot basis by assembly of a controlled sample. Evaluate 
the control sample by break· apart tests to view the solder 
connections, by physical strength tests and by dimensional 
characteristics for part mating. 

A shear test is a suggested way of testing the solder 
bond strength. 

POST SOLDERING OPERATION CONSIDERATIONS 

After soldering, the completed assembly must be un· 
loaded, washed and inspected. 

Unloading must be done carefully to avoid unnecessary 
stress. Assembly fixtures should be cooled to room 
temperature so solder profiles are not affected. 
Washing is mandatory if an acid flux is used because 
of its ionic and corrosive nature. Wash the assemblies 
in agitated hot water and detergent for three to five 
minutes. After washing; rinse, blow off excessive water 
and bake 30 minutes at 1500 C to remove trapped 
moisture. 
Inspection should be both electrical and physical. Any 
rejects can be reworked as required. 

SUMMARY 
The Button Rectifier is an excellent building block for 

specialized applications. The prime example of its use is 
the output bridge of the automative alternator where 
mill ions are used each year. Although the material pre· 
sented here is not all inclusive, primary considerations for 
use are presented. For further information, contact the 
nearest Motorola Sales Office or franchised distributor. 
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OVERVOLTAGE TRANSIENT SUPPRESSORS 

· .. designed for applications requiring a diode with reverse ava­
lanche characteristics for use as reverse power transient suppres­
sors. Developed to suppress transients in the automotive system, 
these devices operate in the forward mode as standard rectifiers or 
reverse mode as power zener diodes and will protect expensive 
mobile transceivers, radios and tape decks from over-voltage 
conditions. 

• High Power Capability 

• Economical 

• Increased Capacity by Parallel Operation 

MAXIMUM RATINGS 

Rating Symbol Limit Unit 

DC Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VRWM 23 
DC Blocking Voltage VR 

Repetitive Peak Reverse Surge Current IRSM Amp 
MR2520L 66 
MR2525L 110 

(Time Constant = 10 ms, 
Duty Cycle';; 1.0%, T C = 25°C) 

Operating and Storage Junction TJ, Tstg -65 to +175 °c 
Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Max Unit 

Reverse Current IA ~Adc 

(VR = 20 Vdc, T C = 25°C) - 50 
(VA = 20 Vdc, T C = 100°C) - 300 

Breakdown Voltage V(BA) 24 32 Volts 
(IA = 100 mAde, TC = 25°C) 

Breakdown Voltage (1) MA2525L V(BA) - 40 Volts 
only (lR = 40 Amp, T C = 65°C) 

(1) Pulse Test: Pulse Width:;:;; 10 ms, Duty Cycle ~ 2.0%. 

THERMAL CHARACTERISTICS 

Lead 
Characteristic length Symbol Max Unit 

Thermal Resista nee, Junction 1/4- A8JL 7.5 °C/W 
to Lead @ Both Leads to Heat Sink, 3/B- 10 
Equal Length 112- 13 

(1) Pulse Test: Pulse Wldth:S;;;; 10 ms, Duty Cycle:S;;;; 2.0%. 

MECHANICAL CHARACTERISTICS: 

CASE: Tra nsfer Molded Plastic 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C 3/B-
from case for 10 seconds at 5 Ibs. tension 

FINISH: All external surfaces are corrosion-resistant. leads are readily solderable 

POLARITY: Indicated by diode symbol or cathode band 

WEIGHT: 2.5 Grams (approx.) 
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OVERVOLTAGE 
TRANSIENT SUPPRESSORS 

DIM 

A 
B 
D 
K 

DIM 
A 
B 
D 
K 

2.SK-10K WATTS 

I 

MILLIMETERS INCHES 
MIN MAX MIN 

10.03 10.29 0.395 
5.94 6.25 0.234 
1.27 1.35 0.050 

25.15 25.65 0.990 

CASE 194-01 
MR2525L 

MAX 

0.405 
0.246 
0.053 
1.010 

MILLIMETERS INCHES 
MIN MAX MIN 
8.43 8.68 0.332 
5.94 6.25 0.234 
1.27 1.35 0.050 

25.15 25.65 0.990 

CASE 194-05 
(MR2520L) 

MAX 
0.342 
0.246 
0.053 
1.010 
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REVERSE SURGE DESIGN LIMITS 

FIGURE 1 - PEAK CURRENT 
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FIGURE 2 - PEAK POWER 
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FIGURE 3 - ENERGY 
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NOTE 1 - TRANSIENTS IN THE 
AUTOMOTIVE ELECTRICAL SYSTEM 

The introduction of electronics into the automobile has 
brought with it the interesting sidelight of characterizing 
the automotive electrical system for transients. 

Since most electro-mechanical systems exhibit a wear­
out phenomenon as electrical stresses are increased, 
there has been no need to separately define transients 
from the normal load conditions. Any transient condition 
was simply accounted for by increasing contact ratings, 
etc. The introduction of semiconductors changes the pic­
ture since they exhibit a different sensitivityto transients. 
Semiconductors tend to have a black and white failure 
characteristic when exposed to transients in that nodam­
age is caused below a certain level and total failure results 
above a certain level. Unfortunately these two levels are 
separate and the problem is further complicated by the 
fact that the energy tolerance of semiconductors is nor­
mally subject to a production distribution. This leaves 
solid state systems open to problems which are discovered 
only after many units are in the field. 

SUMMARY OF TRANSIENTS 

Transients in the automotive electrical system have 
widely varying energy levels occurring over widely varing 
times, but most become insignificant compared to the 
worst transient known as "Load Dump". Load dump 
happens when the battery becomes disconnected while 
the alternator is supplying charging current. or the dis­
connection of some other load with no battery present. 
Load dump transients generally are of 200 to 500 milli­
seconds duration, having an exponential decay from a 
worst case peak voltage of 80-120 volts. A clamped load 
dump, it should be noted, will be of considerably shorter 
duration. 

Although the possibility ohhe battery becoming dis­
connected while the engine is running may seem remote, 
it is not reasonable this occurrence should result in the 
total failure of the electrical system of a car. 

The following table lists some olthe transients the auto­
motive electronic designer must consider and should 
cause him to provide some level of protection. 

Power Source 

Battery Line 

Ignition Line and 
Accessory Line 

Available Transients 

1. ±200 Volts for microseconds 
2. +Load Dump 

1. -300 Volts for milliseconds 
2. ±200 Volts for microseconds 
3. +Load Dump 

Note: All transients are 
exponential decay. 

The voltages and times shown are reasonable values 
from many on-car measurements. Since the nonload­
dump transients are of low energy, but high voltage, it is 
recommended they be clamped rather than blocked. It is 
imperative that source impedances also be known to allow 
proper selection of clamp devices. 

II 
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STOPPING THE TRANSIENTS AT THE SOURCE 

Figure 4 shows the most straight forward method of 
preventing large negative transients from disrupting the 
accessory and ignition busses. At the instantthe switch is 
opened, the currentflowing in the inductance will transfer 
to the diode producing about 1 volt negative on that par­
ticular buss. This condition will remain until the current 
in the inductance decays at a rate determined by the LlR 
time constant for the circuit. It can be shown that the 
peak currents and tra nsient durations available in the car 
can easily be absorbed by a 1 N4003 diode. 

FIGURE 4 

Accessory Vout h 
Switch t-b-;;;.:. ~ Tr:oo. 
i i su~~ressor 

Figure 5 shows the most straight forward scheme for 
protecting against the series L-C type of transient. The 
forward biased diode action to protect the negative tran­
sient is similar to the action described for Figure 4. An 
avalanche device is required to clip offthe positive portion. 

Just applying these two techniques and calling the 
result a master suppressor, overlooks the result of mutual 
coupling. Because of this effect, it becomesapparentthat 

protecting against positive inductive transients at one spot 
is useless. Using the technique shown in Figure 5 to 
protect the various lines, would not be money well spent, 
since the same level of protection would still be required 
at each module anyway, dueto mutual coupling. The best 
central suppressorfor negative transients, then, is shown 
in Figure 6. 

FIGURE 6 

I I" I l-f"1 I or I I I I 
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To complete the job, protection is needed against load 
dump. The easiest method is to simply clamp the output 
of the alternator with an avalanche device, as shown in 
Figure 7. The completed suppressor would then appear as 
in Figure 8. It could easily be more cost effective to 
incorporate the load dump suppressor into the alternator 
itself. The end effect would be identical to Figure 7, 

FIGURE 7 

Alternator Battery 

VOU! 
(Battery 
Wire) 

MR2525R 
Suppressor 

however, the implementation would require placing 3 
avalanche devices in place of the present 3 diodes in the 
ground side of the diode bridge in the alternator. 

FIGUREB 

I 'r 1 1"""["1 I or I I I I 

REVERSE BATTERY 

Installing a battery with the terminals reversed today 
causes total fail ure of the charging system. Usually a fuse 
link fails, however, some cars suffer alternator failure. 
This condition is caused by a large current in-rush through 
the diode bridge which is forward biased during reverse 
battery condition. The master suppressor proposed in 
Figure 8 will suffer the same fate. While a suppressor can 
easily be devised, which will not drain current during 
-12 V condition, it is apparent that this defeats the purpose 
of the suppressor. In order to make this concept feasible, a 
circuit breaker must be inserted in series with the main 
battery)ead. 

PARALLEL OPERATION 

Higher surge current capabilities can be obtained by 
paralleling the basic suppressor cells. Contact Motorola 
Semiconductor Products Division through the nearest 
sales office or authorized distributorfor more information 
on number of cells required and package configurations 
available. 
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FIGURE 9 - STEADY STATE THERMAL RESISTANCE 
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THERMAL CIRCUIT MODEL 
(For Heat Conduction Through The Leads) 

Use ofthe above model permits junction to lead thermal 
resistance for any mounting configuration to be found. 
Lowest values occur when one side of the rectifier is 
brought as close as possible to the heat sink as shown 
below. Terms in the model signify: 

TA = Ambient Temperature R6S = Thermal Resistance, 
Heat Sink to Ambient 

TL = Lead Temperature 

TC = Case Temperature 

R6L = Thermal Resistance, 
Lead to Heat Sink 

ROJ = Thermal Resistance, 
Junction to Case 

T J = Junction Temperature PF = Power Dissipation 
(Subscripts A and K refer to anode and cathode sides 
respectively.) 
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Values for thermal resistance components are: 
R6L = 40oC/W/IN. Typically and 44°C/W/(N Maximum 
R6J = 2°C/W Typically and 4°C/W Maximum 

Since R6J is so low, measurements of the case tempera­
ture, TC will be approximately equal to junction tempera­
ture in practical lead mounted applications. When used as 
a 60 Hz rectifier, the slow thermal response holds T J(PK) 
close to TJ(AVG). Therefore maximum lead temperature 
may be found from: TL = 175°C-R6JL PF· 

The recommended method of mounting to a P.C. board 
is shown on the sketch, where R6JA is approximately 
25°C/Wfora 1-1 12"x 1-1 12"coppersurface area. Values 
of 400 C/W are typical for mounting to terminal strips or 
P.C. boards when available surface area is sma(1. 

Recommended mounting for half wave circuit 
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NOTE 2 - METHOD FOR CALCULATING ENERGY DISSIPATED IN A SURGE 
SUPPRESSOR DURING CAPACITIVE DISCHARGE TESTS 

One of the major parameters of interest in the rating of 
a Ifiode surge suppressor is the energy dissipated in the 
device during an exponentially' decaying transient pulse. 
Surge suppressor diodes are usually characterized using 
a capacitive discharge test. asshown in Figures 11 and 12. 
Calculation of the energy, peak power and the R-C time 
constant of the capacitive discharge power pulse is 
described in the material that follows and correlates with 
both of th!! circuits. 

EMPIRICAL PARAMETER DETERMINATION 

Figure 13 shows the instantaneous current and volt­
age applied to the OUT as obtained with a dual trace 
memory oscilloscope during pulse testing using the 
circuit of Figure 11. Points on the instantaneous power 
curve can 'be found by multiplying the instantaneous 
current by the instantaneous voltage at various points in 
time. 

From equation (1): pIt) = Pm e-tlT (4) 

FIGURE 11 - AUTOMOTIVE LOAD DUMP TEST CIRCUIT 

1O01l 2N6399 

22011 
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0.1611 

MR751 

(Simulate Car 
Batteryl 

4.0n 
OUT 

T= RC = 0.16' 30.6 x 10-3 = 4.896ms 

FIGURE 12 - CAPACITIVE DISCHARGE TEST CIRCUIT 

I ~5 
50-85 Vdc 

1 
THEORETICAL ENERGY CALCULATION 

Assuming that the instantaneous power dissipated in 
the OUT (Oiode Under Test) can be represented as an 

exponential decay represented by 

pIt) = Pm e-tlT (1) 

where Pm is the peak power at t = 0 and T is the R-C time 
constant of the test circuit, then the energy dissipated in 
the OUT can be calculated as: 

w =la Pm e-tlT dt 

:.W=T Pm 

(2) 

(3) 

Empirical determination of Pm andT will allowcalculation 
of the energy in the pulse using expression (3) above. 
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FIGURE 13 - REPRESENTATION OF CURRENT AND 
VOLTAGE APPLIED TO TEST DIODE 
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thus, Inplt) = In Pm - ~ 15) 
T 

Calculation of pit) and Inplt) using data points off Figure 3 
tabulates as follows: 

t vlt) ilt) pit) 
Ims) IVolts) lAmps) IWatts) Inplt) 

0.5 36.0 80.0 2880 7965 
1.5 37.5 54.0 2025 7.613 
2.5 370 50.0 1850 7523 
3.5 36.5 42.0 1533 7335 
4.5 36.0 38.0 1368 7.221 
9.5 34.5 22.0 759 6.632 

19.5 32.0 8.0 256 5.545 
29.5 30.0 2.0 60 4.094 

Expression 15) is the equation form for a straight line 

y = mx + b 

Where m is the slope and b is the intercept 

-1 

16) 

Forexpression 15)- is the slope and InPm is the intercept 
T 

-1 
thUS,T= -

m 
Pm = In-lib) 

17) 

18) 

Accurately fitting a straight line to the Inplt) vs. t data 
points allows determination of Pm and T for use in equa­
tion 13) 

REGRESSION APPROACH 

The method of least squares can be used to determine 
the slope and intercept of the line which best fits the data 
points Inplt) vs. t calculated above. Least squares 
regression routines are available on most time sharing 
computer systems as well as on many scientific calcu­
lators. 

A least squares regression for the above data points 
shows the intercept and slope to be 7.8588 and -0.12429 
respectively, and from 16) and 17). 

Pm = In-lib) = In-l(78588) = 2588.4 Watts 

-1 -1 
T=-

m -0.12499 
8.046 ms 

Finally, the energy dissipated in the OUT is' 

W = T Pm = 20.825 Joules 

The multiple correlation coefficient of the regression for 
this example was 0.994 indicating a 99.4% accuracy of 
the fit to the theoretical equation 11). In general, accu­
racies above 97% can be obtained. 
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SUMMARY: 

The energy dissipated in a diode in a capacitive dis­
charge test can be calculated from data obtained from a 
dual trace memory oscilloscope using the following pro­
cedure: 

1. Record the current and voltage pulses simultane­
ously on a dual trace memory oscilloscope using 
appropriate scales to utilize the entire scope to 
display the decay. 

2. Pick off approximately five voltage and current data 
points across the decay Ida not use t = 0 as a data 
point since the voltage across the OUT is initially 
very low, the current is at its peak and the energy 
dissipated is negligible). 

3. Multiply these instantaneous current and voltage 
values and take the naturallogrithm of the product. 

4. Perform a least squares regression of Inplt) vs. t to 
determine the slope and intercept of the "best fit­
ting" straight line. The R2 Icorrelation coefficient) 
should be above 90% for good accuracy. 

5. Calculate T and Pm using equations (7) and 18). 

6. Calculate the energy using equation 13). 

COMMENTS: 

Using this method, the time constant derived will be 
slightly larger than the R-C product of the capacitor and 
resistor used in the circuit. This occurs due to the series 
resistance of the OUTand the Thyristor in the firing circuit. 
The peak energy calculated from this method will be less 
than what is indicated by the current and voltage traces at 
t = O. This difference is of little consequence, however, 
because of the short duration during which it exists. In 
the example used, thecurrentandvoltageatt=Oare 100A 
and 30 Volts. These conditions exist for 0.5 ms or less 
and thus the energy dissipated is less than 1.5 Joules or 
7% of the calculated energy. This 7% difference is a 
typical value. 

Perhaps more accuracy could be obtained by adding 
7% to the calculated energy, however, without the 7% 
"adder" this method can be used as a comparison of 
different transient suppressors. 
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INDUSTRIAL PRESSFIT 
SILICON POWER RECTIFIERS 

· .. designed for use in all medium·current applications or for higher 
current industrial alternators and chassis mounted power supply 
rectifiers. 

• 50 Amp @ TC = 1500 C 

• 600 Amp Surge Capability 

• Reverse Polarity Available 

• Rugged Construction 

MAXIMUM RATINGS 

Rating Svmbol MR5005 MR5010 MR5020 MR5030 MR5040 

Peak Repetitive Reverse Voltage VRRM 50 100 200 300 400 
Working Peak Reverse Voltage VAWM 
DC Block ing Voltage V. 

Non-R£lpetitive Peak Reverse Voltage VRSM 75 150 250 400 450 

- RMS Reverse Voltage VRIRMS 35 70 140 210 280 

Average Rectified Forward Current '0 
(Single phase, resistive load, . 50 .. 
TC'" 150°C 

Non-Repetitive Peak Surge Current 'FSM 
(Surge applied at rated load . 600 .. 

conditions) 

Operating and Storage TJ,Tstg .. -65 to +195 . 
Junction Temperature Range 

THERMAL CHARACTERISTICS 

Unit 

Volts 

Volts 

Volts 

Aillp 

Amp 

°c 

Characteristic Svmbol I Max I Unit 

Thermal Resistance, Junction to Case ROJC 
, 

0.8 
, °cm 

ELECTRICAL CHARACTERISTICS 

Characteristic Svmbol Min Tvp Max Unit 

Instantaneous Forward Voltage vF Volts 
(iF = 157 Amp. T J = 250 CI - 1.10 1.18 
(iF =50Amp, T = 250 CI - 0.95 1.00 

Reverse Current (rated de voltage) IR rnA 
(TC = 250 C) - 0.05 0.2 
(TC = 1S0oCI - 1.0 2.0 

MECHANICAL CHARACTERISTICS 

CASE: Welded hermetically sealed construction 

FINISH: All external surfaces corrosion resistant, terminals readily solerable 

WEIGHT: 9 grams (approx.) 

POLARITY: Cathode connected to case (reverse polarity available denoted 
by Suffix R, i.e.: MRS030RI 

MOUNTING POSITION: Any 
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SILICON 
POWER RECTIFIERS 

50-400 VO L T5 
50AMPERE 

~ 
--n--_D ___ -. 

~ 1 

Lllr~h1j 
SEATING~ 1- -, I I 

PLANE I-- B --j 

NOTES: 
1. 50TPI STRAIGHT KNURL 
2. POLARITY, INK MARKED ON 

PACKAGE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 15.49 16.26 0.610 0.640 
B 12.73 12.83 0.501 0.505 
C 5.08 6.35 0.200 0.250 
D 2.46 2.62 0.097 0.103 
E 2.03 4.83 0.080 0.190 
H 5.08 6.35 0.200 0.250 
J - 3.56 0.140 
K 15.24 0.600 

CASE 43-04 
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FIGURE 1 - CURRENT DERATING 
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FIGURE 2 - FORWARD POWER DISSIPATION 
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Recommended procedures for mounting are as follows: 

1. Drill a hole in the heat sink 0.499 ± 0.001 inch in diameter. 
2. Break the hole edge as shown to pl'"ovide a guide into the 

hole and prevent shearing off the knurled sideof the rectifier. 
3. The depth and width of the break should be 0.010 inch 

maximum to retain maximum heat sink surface contact. 
4. To prevent damage to the rectifier during press-in, the 

pressing force should be applied only on the shoulder ring 
of the rectifier case as shown. 

5. The pressing force should be applied evenly about the 
shoulder ring to avoid tilting or canting of the rectifier case 
in the hole during the press-in operation. Also, the use of a 
thermal lubricant such as D.C. 340 wilt be of considerable aid. 

TVPICAlTHERMAl ~ II RESISTANCE. CASE 1- - 01 NOM 

TOSINK.~c~=1l2-C/W / ~ r 
SHOULDER RING 1_ ~_I NOM 

I 505,/' 
-~OIA_HEATSINK_ 
~ _I I 0499:t:0001DIA 

HEAT SINK MOUNTING J. ADDITIONAL 
RIVET""" /SINKPlATE 

raw_I 
INTIMATE ~ COMPLETE KNURL ------ THIN 

CONTACT AREA CONTACT AREA CHASSIS 

THIN-CHASSIS MOUNTINC 
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MRSOS9 
MRS060 
MRS061 

AVALANCHE RECTIFIERS 

. subminiature size, axial lead-mounted rectifiers for general­
purpose, low~power applications requiring avalanche protection. 

• Avalanche power capability 

- 1000 Watts at 20 fJs 
- 450 Watts at 100 fJs 

• Low Forward Voltage 

• Low Cost 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Nonrepetitive Peak Reverse Voltage 
(Halfwave, Single Phase, 60 Hz) 

RMS Reverse Voltage 

Average Rectified Forward Current 
(Single Phase. Resistive Load. 
60 Hz, TL = 70°C, 
1/2" From Body) 

Nonrepetitive Peak Surge Current 
(Surge Applied at Rated Load 
Conditions) 

Junction & Storage 
Temperature Range 

Cross Reference Guide 

Motorola JEDEC G.I. 

MR5059 1 N5059 lN5059GP 

MR5060 1 N5060 1 N5060GP 

MR5061 lN5061 lN5061GP 

Symbol MR5059 MR5060 MR5061 Unit 

VRRM 200 400 600 Volts 

VRWM 
VR 

VRSM 300 525 800 Volts 

VR(RMS) 140 280 420 Volts 

10 1.5 Amp 

IFSM 50 (for 1 cycle) Amp 

TJ, Tstg -65 to +175 °C 

® MOTOROLA 

LEAD-MOUNTED 
AVALANCHE RECTIFIERS 

200-400-600 VOLTS 
1.5 AMPS 

Nonrepetitive Peak PRM 1000 Watts 
Reverse Surge Power 
(t= 20 I's) 

ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions Symbol Typ Max 

Instantaneous Forward Voltage vF 0.93 1.04 
(if = 1.5 Amp, T J = 25°C) 

Reverse Current TJ=150°C IR 250 300 
(Rated de Voltage) TJ = 25°C 3.0 5.0 

THERMAL CHARACTERISTICS 

Characteristic Symbol Typ Max 

Thermal Resistance, Junction to Lead ROJL 
114" 21 38 
112" 31 50 

MECHANICAL CHARACTERISTICS 

CASE: Void free, tra nsfer molded plastic 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 

240°C, 1 IB" from case for 10 seconds at 5 Ibs. tension 
FINISH: All external surfaces are corrosion-resistant. leads are readily 

solderable 
POLARITY: Cathode indicated by color band 
WEIGHT: 0.40 grams (approximately) 

3-260 

Unit 

Volts 

I'A 

Unit 

°C/W 

CATHODE 
BAND 

DIM MIN MAX 
A 5.97 6.60 
B 2.79 3.05 
D 0.76 0.86 
K 27.94 

o 

CASE 69-04 
Dimensions Within JEDEC 00-15 Outline. 
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NOTE 1 

Data shown for thSfmitllelilSlllllce junctlulI·lu-amblent (OJA) for the 
mountings shown is to be used as typical guideline values for preliminary 
engineering or in case the tie point temperature cannot be measured. 

TYPICAL VALUES FOR (JJA IN STILL AIR 

LEAD LENGTH, L IINI 
MOUNTING 

1181114 11121 3'" METHOD . ..... 
1 65 
2 74 
3 

MOUNTING METHOD 1 

H~ 
e~* 
MOUNTING METHOD 2 

~ 
Vector pin mounting 

" .2 .2 CfW ., 
" 101 CIW 

40 CIW 

MOUNTING METHOO 3 

P. C. Board with 
1·1/1" x 1·111" coppor .. rtace 

~'Sg: 
BOlrd Ground 

Plana 
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MRLOOS 
MRLOIO 
MRL020 
MRL040 . ,~ 

Advance Information 

LEAD LESS SURFACE MOUNTED RECTIFIERS 

... subminiature size, surface mounted rectifiers for general-purpose 
low-power applications. 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Nonrepetitive Peak Reverse VRSM 
Voltage (hallwave, single 
phase, 60 Hz) 

RMS Reverse Voltage VR(RMS) 

Average Rectified Forward 10 
Current (single phase, resis-
tive load, 60 Hz, TA; 75°C) 

Nonrepetitive Peak Surge IFSM 
Current (surge applied at 
rated load conditions) 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions 

Maximum Instantaneous 
Forward Voltage Drop 
(iF; 0.5 Amp, TJ; 25°C) 

Maximum Full·Cycle 
Average Forward Voltage Drop 
(10 ; 0.5 Amp, T C ; 75°C) 

Maximum Reverse Current 
(rated de voltage) TJ; 25°C 

TJ; 100°C 

Maximum Full·Cycle 
Average Reverse Current 
(10 ; 0.5 Amp, T C ; 75°C) 

MECHANICAL CHARACTERISTICS 

CASE: Glass 

MRL 

005 010 020 040 

50 100 200 400 

60 120 240 480 

35 70 140 280 

0.5 

10 (lor 1 cyclel 

-65 to +175 

Symbol Typ Max 

vF 0.95 1.1 

VF(AV) - 0.8 

IR 
0.05 10 
1.0 100 

IR(AV) - 30 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

°C 

Unit 

Volts 

Volts 

~A 

~A 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C @ 
end caps lor 10 seconds 

FINISH: All external surfaces are corrosion-resistant, end caps are readily solderable 
POLARITY: Cathode indicated by color band 

Motorola reserves the right to make changes without further notice to any products herein to improve 
reliability, function or design. Motorola does not assume any liability arising out of the application or 
use of any product or circuit described herein; neither does it convey any license under its patent 
rights nor the rights of others. Motorola and ® are registered trademarks of Motorola, Inc. Motorola. 
Inc. is an Equal Employment Opportunity/Affirmative Action Employer. 

Thlsdocument contains Information on a new product. Specifications and Information herein 
are subject to change without notice. 
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SILICON RECTIFIERS 

50-400 VOLTS 
DIFFUSED JUNCTION 

CASE 362-01 



® MOTOROLA 

• • 

SWITCHMODE POWER RECTIRERS 

• •. designed for use in switching power supplies, inverters and 
as free wheeling diodes, these state-of-the-art devices have the 
following features: 

• Ultrafast 25, 50 and 75 Nanosecond Recovery Times 

• 175°C Operating Junction Temperature 

• Low Forward Voltage 

• Low Leakage Current 

• High Temperature Glass Passivated Junction 

• Reverse Voltage to 1000 Volts 

MAXIMUM RATINGS 

Rating Symbol 105 110 115 

Peak Repetitive Reverse Voltage VRRM 50 100 150 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Average Rectified Forward Current (Square Wave IF(AV) 1.0@TA= 
Mounting Method #3 Per Note 1) 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions. halfwave, 
single phase, 60 Hz) 

Opereting Junction Temperature and 
Storage Temperature 

THERMAL CHARACTERISTICS 

Maximum Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS 

Maximum Instantaneous Forward Voltage (1) 
(iF=I.0Amp, TJ=ISOOC) 
(iF=I.0Amp, TJ=25'C) 

Maximum Instantaneous Reverse Current (1) 
(Rated dc Voltage, T J = 150'C) 
(Rated dc Voltage, T J = 25OC) 

Maximum Reverse Recovery Time 
(IF= 1.0 Amp, dildt= 50 Amp/",,) 
(IF = 0.5 Amp, iR = 1.0 Amp, IREC = 0.25 A) 

Maximum Forward Recovery Time 
(IF= 1.0 A, di/dt = 100 AI"", IREC to 1.0 V) 

(1 )Pulse Teat: Pulse Width = 300",., Duty Cycle "'2.0% 
Swltchmode ia a tradamark of Motorola Inc. 

13O"C 

IFSM 

TJ, Tstg 

vF 
0.710 
0.875 

iR 
50 
2.0 

trr 
35 
25 

tfr 25 
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120 

200 

MURI05 MURl50 
MURIIO MURI60 
MURl15 MURl70 
MURl20 MURI80 
MURl30 MURl90 
MURI40 MURIIOO 

ULTRAFAST 
RECTIFIERS 

1.0 AMPERE 
50-1000 VOLTS 

'------II 

MUR 

130 140 150 

300 400 500 

CASE 59-04 
PLASTIC PACKAGE 

180 170 180 190 

600 700 800 900 

1100 

1000 

1.0 @TA = 120'C 1.0 @ TA = 950C 

35 

-65 to + 175 

See Note 1 

1.05 1.50 
1.25 1.75 

150 600 
5.0 10 

75 100 
50 75 

50 75 

Unit 

Volts 

Amps 

Amps 

'c 

°CIW 

Volts 

p.A 

ns 

ns 
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MUR105 Series 

MUR105. 110 AND 115 

-::;;<~ 

10 

7.0 

5.0 

3.0 

2.0 

1.0 

0.7 

! O. 
5 

3 

2 

Q O. 

~ 
~ O. 

1 
i 
!Z O. 

~ 
7 ~ 0.0 

.~ 
0.0 5 

0.0 3 

0.0 2 

0.0 1 

FIGURE 1 - TYPICAL FORWARD VOLTAGE 

III 
/ / 

II IV 
TJ = 175'0/ fH I-l~C 

/ j.. f--25'C 

II/II 

I I 
II III 
/ 

III 
j 11/ 

,/ /1/ 
/ 
I 

/11 
/ III 

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 

en 5.0 

~ 
~ 
:z 4.0 
o 
!;ii 

~ 3.0 

~ 2.0 

~ 
~ 1.0 .... 
~ 
E 0 

vF, INSTANTANEOUS VOLTAGE (VOLTS) 

FIGURE 4 - POWER DISSIPATION 

(Capacitive Load) ~ = 20-
~TJ = 17J'C AV 

./ ~ 

o 

./ 
/" /' Y 

/" /' ~ /' ,/ ........- ....... dc/ 

./ /' ::.,.....-- :.....-- V -h ~ ~ ....-f-"_ I--

0.5 1.0 1.5 2.0 
IF(AV), AVERAGE FORWARD CURRENT (AMPS) 

2.5 

80 
40 
20 
8.0 

~ ~~ 
!Z 0.8 
~ 0.4 
_ 0.2 
~ 0.08 
~ 0.04 
a: 0.02 
$0.008 

0.004 
0.00 
0.00 

2 
1 

FIGURE 2 - TYPICAL REVERSE CURRENT· 

TJ - 175'C-

l00'C= F= 

'The curves shown are typical for the highest voltage 

:i:!r~~:g~f:i:~~gcJX~~'=~u::~ 
these same curves If VR is sufficiently below rated VR. 

25'C= 1== 

02040 ~ 80 ~ m ~ ~ W ~ 
VR, REVERSE VOLTAGE (VOLTS) 

~ 5.0 

~ 
~ 4.0 
~ 
=> u 
!i1 3.0 

~ a: 

~ 2.0 

~ 
~ 1.0 
~ 

.B= 
o 
o 

50 

40 

3D '\ 
~ 20 

I 
tJ 10 

9.0 
B.O 
7.0 
6.0 
5.0 

o 

\. 

FIGURE 3 - CURRENT DERATING 
(MOUNTING METHOD #3 PER NOTE 11 

Rated VR 
R8JA = 5O'CIW 

........ 0... 
......... ~dc 

Squar8' :::..... 
~ave '" ~ ~ 

" 50 100 150 200 
TA, AMBIENT TEMPERATURE 

FIGURE 5 - TYPICAL CAPACITANCE 

TJ = 25'C 

i\.. 

" ........ 
~ 

.............. 

10 20 3D 40 
VR, REVERSE VOLTAGE (VOLTS) 

50 

3-264 



MUR105 Series 

MUR120. 130. 140. 150. 160 

FIGURE 6 - TYPICAL FORWARD VOLTAGE FIGURE 7 - TYPICAL REVERSE CURRENT-

10 

7.0 
/ 

5.0 / / 
VI 

3.0 

2.0 

1I11 
TJ = moc/ I ~ HOOop 

/ f-- f-2SoC 

1.0 I II 
5 0.7 
I-z 0.5 
~ 
'" I 
::;) 
u 
c 0.3 '" ~ 

0.2 lr 
<I) 
::;) 

I I 
I III 
I I 

~ 0.1 I I 
~ ;;; 0.07 
.!:f-

0.05 
I 

0.03 

0.02 

I I 
I II 
I I 

0.01 I I I 
0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 

- 5. 

S 
~ 
z 4. 
o 
~ ... 
~ 3. 

0 

0 

0 

VF INSTANTANEOUS VOLTAGE IVOLTS) 

FIGURE 9 - POWER DISSIPATION 

TJ = 175°C 

y---e 
~ 10 /' .,(), .. ~\. 

~ - 2. 

! 
o _ICapaeitive Load) ~ 20 / V ./ ::.,...-- de 

AV .......-: ./ J...-::::: /' 

~ 1.0 

~ 
E O~ 

/. c.? ~ ~ 
~ ~ p 

P 
0.5 1.0 1.5 2.0 2.5 

IFIAV). AVERAGE FORWARD CURRENT (AMPS) 

400 
200 
100 

40 

~ 20 
10 

~ 4.0 
'" 2.0 '" ::;) 1.0 u 
w 
<I) 0.4 
'" 0.2 
~ 0.1 
$ 0.04 

0.02 
0.008 
0.004 

5.0 
<i) 

~ 
!z 4.0 
~ a 
c 3.0 
'" ~ 
~ 2.0 

~ 
:1( 1.0 

~ 
j!:' 0 

20 

10 
9.0 

~ B.O 
;;; 7.0 
l;1 6.0 
~ 5.0 

~ 4.0 

U 3.0 

0 

-
-

o 

1\ 

2.0 
o 

3-265 

TJ 175°C..: 

[725° -

100 200 300 400 500 600 
VR. REVERSE VOLTAGE IVOLTS) 

FIGURE 8 - CURRENT DERATING 
(MOUNTING METHOD #3 PER NOTE 1) 

Rated VR 
R6JA = SOoCiW 

r-..... 
r-..... " .............. ""de 

Squar ...... 
t--.."'" Wive ~ , 

50 100 150 200 
TA. AMBIENT TEMPERATURE 

FIGURE 10 - TYPICAL CAPACITANCE 

TJ = 25Ic 

'\. 
'\. 

"-. 

"' " I'-.... --h. 
'-.::; t--

10 20 30 40 
VR. REVERSE VOLTAGE (VOLTS) 

800 

250 

I--
so 

II 



MUR105 Series 
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MUR105 Series 

NOTE 1 - AMBIENT MOUNTING DATA 

Data shown for thermal resistance junction-to­
ambient (R6JA) for the mountings shown is to be used 
as typical guideline values for preliminary engineering 
or in case the tie point temperature cannot be measured. 

TYPICAL VALUES FOR RuJA IN STILL AIR 

MOUNTING LEAD LENGTH, L 

METHOD 1/8 1/4 

1 

2 

3 

52 65 

R6JA 67 80 

50 

MOUNTING METHOD 1 

MOUNTING METHOD 2 

~ 
Vector Pin Mounting 

MOUNTING METHOD 3 

Board Ground 
Plane 

P.C. Board with 
1-1/2" x 1-1/2" Copper Surface 

1/2 

72 

87 

UNITS 

·CIW 

·CIW 

·CIW 
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MECHANICAL CHARACTERISTICS 

Case: Transfer Molded Plastic 
Finish: External Leads are Plated, Leads are 

readily Solderable 
Polarity: Indicated by Cathode Band 
Weight: 1.1 Grams (Approximately) 
Maximum Lead Temperature for Soldering 
Purpose.: 240·C, 1/8" from case for 10 

seconds at 5.0 lb •. tension. 

OUTLINE DIMENSIONS 

K 
o 

L=3 
CATHOOEI 1 

BAND 

K 

_J 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 
A 5.97 6.60 0.235 0.260 
B 2.79 3.05 0.110 0.120 
0 0.76 0.86 0.030 0.034 
K 27.94 - 1.100 

CASE 59-04 
. PLASTIC PACKAGE 

II 
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MUR40S MUR4S0 
MUR410 MUR460 
MUR41S MUR470 
MUR420 MUR480 
MUR430 MUR490 
MUR440 MUR4100 

• ~I • 

SWITCH MODE POWER RECTIFIERS 

• •. designed for use in switching power supplies, inverters and 
as free wheeling diodes, these state-of-the-art devices have the 
following features: 

• Ultrafast 25, 50 and 75 Nanosecond Recovery Times 

• 175°C Operating Junction Temperature 

• Low Forward Voltage 

• Low Leakage Current 

• High Temperature Glass Passivated Junction 

• Reverse Voltage to 1000 Volts 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Average Rectified Forward Current (Square Wave) 
(Mounting Method #3 Per Note 1) 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions halfwave, 

single phase, 60 Hz) 

Operating Junction Temperature and 
Storage Temperature 

THERMAL CHARACTERISnCS 

Maximum Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISnCS 

Maximum Instantaneous Forward Voltage (1) 
liF=3.0 Amp, TJ = 150°C) 
liF=3.0 Amp, TJ=25°C) 
(iF=4.0 Amp, TJ=25°C) 

Maximum Instantaneous Reverse Current (1) 
(Rated de Voltage, TJ = 150°C) 
(Rated de Voltage, TJ=25°C) 

Maximum Reverse Recovery Time 
(iF= 1.0 Amp, dildt=50 Amp/p.a) 
(iF=0.5 Amp, iR=I.0 Amp, IREC=0.25 Amp) 

Maximum Forward Recovery Time 
(iF= 1.0 A. dildt = 100 A/p.a, Recovery to 1.0 V) 

(1lPulsa Test: Pulse Width = 300 p,S, Duty Cycle "'2.0% 
Switchmode is a trademark of Motorola Inc. 

Symbol 

VRRM 
VRWM 

VR 

IF(AV) 

IFSM 

TJ, Tstg 

vF 

iR 

trr 

tfr 

405 410 415 

50 100 150 

4.0 @ TA = BO'C 

125 

0.710 
0.B75 
0.B90 

150 
5.0 

35 
25 

25 
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420 

200 

430 

300 

ULTRAFAST 
RECTIFIERS 

4.0 AMPERES 
50-1000 VOLTS 

CASE 267-01 
PLASTIC PACKAGE 

MUR 

440 450 460 470 480 490 

400 500 600 700 BOO 900 

4100 

1000 

4.0 @ TA = 40°C 4.0 @ TA = 35°C 

70 

-65 to + 175 

See Note 1 

1.05 1.53 
1.25 1.75 
1.2B I.B5 

250 900 
10 25 

75 100 
50 75 

50 75 

Unit 

Volts 

Amps 

Amps 

°C 

°CIW 

Volts 

p.A 

ns 

ns 



MUR405 Series 

MUR405. 410 AND 415 
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FIGURE 2 - TYPICAL REVERSE CURRENT' 

TJ 175"C-

l00"C= i=: 

'The curves shown are tvPical for the highest voltage 
device in the vohage grouping. Typical reverse current 
fo, lower voltage selections can be estimated from 
these SIITle curves if VR is sufficiently below rated VR. 

2S"C= 1== 
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IMOUNTING METHOD #3 PER NOTE 1) 
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VR. REVERSE VOLTAGE VOLTS 

FIGURE 8 - CURRENT DERATING 
(MOUNTING METHOD #3 PER NOTE 1) 
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MUR470, 480, 490, 4100 
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MUR405 Series 

NOTE 1 - AMBIENT MOUNTING DATA 

Data shown for thermal resistance junction-to_ 
ambient (R6JA) for the mountings shown is to be used 
as typical guideline values for preliminary engineering 
or in case the tie point temperature cannot be measured. 

TYPICAL VALUES FOR RaJA IN STILL AIR 

MOUNTING LEAD LENGTH, L (IN) 

METHOD 1/8 1/4 112 3/4 

~R6JA 
50 51 53 55 

68 59 61 63 
28 

MOUNTING METHOD 1 
P.C. Board Where Available Copper 
Surface area is small. 

MOUNTING METHOD 2 
Vector Push-In Terminals T-28 

MOUNTING METHOD 3 
P.C. Board with 
1-1/2" x 1-1/2" Copper Surfaca 

(,kL= 1/2' 

~JQ: 
Board Ground Plane 

UNITS 

0c/w 
0c/w 
0c/w 

3-272 

MECHANICAL CHARACTERISncs 

Case: Transfer Molded Plastic 
Finish: External Leads are Plated, Leads are 

readily Solderable 
Polarity: Indicated by Cathode Band 
Weight: 1.1 Grams (Approximately) 
Maximum Lead Temperature for Soldering 
Purposes: 

300°C, 1/8" from case for 10 s 

OUTUNE DIMENSIONS 

DIM 

A 
8 
0 
K 

STYLE 1: 
PIN 1. CATHODE 

2. ANODE 

MILLIMETERS INCHES 
MIN MAX MIN 

9.40 9.65 0.370 
4.83 5.33 0.190 
1.22 1.32 0.048 

26.97 27.23 1.062 

CASE 267-01 
PLASTIC PACKAGE 

MAX 

0.380 
0.2llf 
0.052 
1.072 



® MOTOROLA 

SWITCHMODE POWER RECTIFIERS 

· .. designed for use in switching power supplies, inverters and 
as free wheeling diodes, these state-of-the-art devices have the 
following features: 

• Ultrafast 35 Nanosecond Recovery Time 

• 175'C Operating Junction Temperature 

• Popular TO-220 Package 

MAXIMUM RATINGS 

MUR60SCT 
MUR610CT 
MUR61SCT 
MUR620CT 

ULTRAFAST 
RECTIFIERS 

6 AMPERES 
50-200 VOLTS 

CASE 221A-02 
TO-220AB 

Rating Symbol MUR605CT MUR61 OCT MUR615CT MUR620CT Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Average Rectified Forward Current Per Diode 
(Rated VR) TC 130'C Total Device 

Peak Repetitive Forward Current Per Diode Leg 
(Rated VR, Square Wave, 20 kHz) TC = 130'C 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) 

Operating Junction Temperature and 
Storage Temperature 

THERMAL CHARACTERISTICS PER DIODE LEG 

Rating 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS PER DIODE LEG 
Instantaneous Forward Voltage (1) 

(iF = 3.0 Amp, TC = lS0'C) 
(iF = 3.0 Amp, TC = 2S'C) 

Instantaneous Reverse Current (1) 
(Rated dc Voltage, TC = 150'C) 
(Rated dc Voltage, TC = 25'C) 

Reverse Recovery Time 
(IF = 1.0 Amp, di/dt = 50 Amp//LS) 

(1) Pulse Test: Pulse Width = 3001'8, Duty Cycle" 2.0%. 
Switch mode is a trademark of Motorola Inc. 

VRRM 
VRWM 

VR 

IF(AV) 

IFRM 

IFSM 

TJ, Tstg 

vF 

iR 

trr 

3-273 

50 100 150 200 Volts 

3.0 . Amps 
6.0 

6.0 Amps 

Amps . 75 

-65to +175 'c 

Typical Maximum 

5.0-6.0 7.0 

Volts 
0.80 0.895 
0.94 0.975 

pA 
2.0-10 2S0 

0.Q1-3.0 5.0 

20-30 35 ns 

II 
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MUR605CT, MUR610CT, MUR615CT, MUR620 
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FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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TA, AMBIENT TEMPERATURE ('C) 

CASE2Z1A·02 
(TD·22OABI 

PIN I AMODE 
2. CATHODE 
3 ANODE 
4 CATHODE 

NOTES: 
LDIMiNSIONHAPPLIfSTOAlllEA05. 
2 DIMENSION lAPPUESTOlEADS 1 AN03DNLV . 
3.DIMENSIDNZOEfINESAZONEWHEAEALL 
!~~~::~ LEAD IRREOUi.ARITIESAAE 

4. e~~.~~ll~~ING ANDTOLERANCING PER ANSI 

5. CONTAOLLING DIIiENSlON: INCH. 
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• • 

SWITCHMODE POWER RECTIFIERS 

; .. designed for use in switching power supplies, inverters and 
as free wheeling diodes, these state-of-the-art devices have the 
following features: 

• Ultrafast 25, 50 end 75 Nanosecond Recovery Time 

• 175°C Operating Junction Temperature 

• Popular TO-220 Package 

• Epoxy meets UL94, Vo @ Va" 

• Low Forward Voltage 

• Low Leakage Current 
• High Temperature Glass Passivated Junction 

• Reverse Voltage to 1000 Volts 

MAXIMUM RATINGS 

Rating 

Peak Repatilive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Average Rectified Forward Current 
TOlal Device. (Rated VR), TC = 15lrC 

Peak Repetitive Forward Current 
(Rated VR, Square Walle, 20 kHz), 
TC = 15lrC 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 

halfwave, single phase, 60 Hz) 

Operating Junction Temperature and 
Storage Temperature 

THERMAL CHARACTERISTICS 

Maximum Thermal Resistance, Junction 
to Case 

ELECTRICAL CHARACTERISTICS 

Maximum Instantaneous Forward 
Voltage (1) 

(iF = 8.0 Amp, TC = 150'C) 
(iF = 8.0 Amp, TC = 25'C) 

Maximum Instantaneous Reverse 
Current (1) 

(Rated dc Voltage, TC = 150'C) 
(Rated dc Voltage, TC = 25'C) 

Maximum Reverse Recovery Time 
(IF = 1.0 Amp, di/dt = 50 Amp/p.S) 
(IF = 0.5 Amp, iR = 1.0 Amp, 

IREC = 0.25 Amp) 

Symbol 

VRRM 
VRWM 

VR 

IF(AV) 

IFM 

IFSM 

TJ, T.lg 

vF 

iR 

trr 

(1) ""Iss Test: Pulse Width ~ 300 p.O, Duty Cycle" 2.0% 
Switchmode is 8 trademark of Motorola Inc. 

805 

50 

810 815 

lOa 150 

3.0 

0.895 
0.975 

250 
5.0 

35 

25 
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820 

200 

830 

300 

1.00 
1.30 

500 
10 

MUR80S MUR8S0 
MUR810 MUR860 
MUR8lS MUR870 
MUR820 MUR880 
MUR830 MUR890 
MUR840 MUR8100 

ULTRAFAST 
RECTIFIERS 

8 AMPERES 
50-1000 VOLTS 

CASE 2218-02 
TO-220AC 

MUR 

840 850 860 870 860 890 8100 Unit 

400 500 600 700 800 900 1000 Volts 

8.0 Amps 

16 Amps 

100 Amps 

-65to +175 'c 

2.0 

Volts 
1.20 1.5 
1.50 1.8 

IIA 
500 500 
10 25 

ns 
60 100 

50 75 
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MUR805 Series 

MUR805. 810 AND 815 

FIGURE 1-TYPICAL FORWARD VOLTAGE 

100 

70 

50 

30 

20 

v/ / 
[7/ 7 

1/ v) 
~ 10 ~ 

/ 7 7 
~ 

7.0 
~ T 

:::> 5.0 u 
0 

~ 3.0 a: 
~ 
en 
:::> 2.0 S 
~ 
~ 1.0 ;;!; 

/ / I 
/ I / 

I 
/ / / 

TJ=l175'C / /'00'C / 25'C 

.~ 
0.7 

0.5 
I 

0.3 

0.2 

/ I 
II / / 

I I 
0.1 

0.2 

/ 
0.4 

II 
0.6 

I 
0.8 1.0 1.2 

14 
in 
'" ::; 12 :0. .... z 
~ 
'" 

10 

13 
0 B.O 
'" '" ~ 6.0 
~ 

'" ffi 4.0 

~ 20 
;; 
:; 0 

VF, INSTANTANEOUS VOLTAGE (VOLTS! 

FIGURE 4 - CURRENT DERATING, AMBIENT 

I 1._ I--
-RflJA= 16°C/W I--r-- ""'" - - - RflJA = 60oC/W -

~ (No Heat Sinkl . - I--
I-- I--.. 

........ ......... 

I---SquareW;;"" I'-... 
I'-... 

~ 

de 
........ "----- -- ......... , 

I-- Square Wave -::: ... -- ~ -- - ~ 
I .... X 

o 20 40 60 BO 100 120 140 160 lBO 200 

TA, AMBIENT TEMPERATURE I'C! 

1.0K 
400 

1 ~~ 
40 
20 
10 

~ 4.0 

a:~ 2.0 
1.0 

J$. 0.4 

in ... 
~ 
~ z 
~ 
ex: 
:::> 
u 
0 

~ 
ex: 
~ 
w 
!;i! 
ex: w ::;: 

0.2 
0.1 

0.04 
0.02 
0.01 

10 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

;;: 1.0 

$ 

FIGURE 2 - TYPICAL REVERSE CURRENT· 

'The curves shown are typical for the highest voltage 
device in the voltage grouping. Tvpk:al reverse current 
for lower voltage selections can be estimated from 
these seme curves if VR is sufficientlv below rated VR. 
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MUR805 Series 

MUR860 AND 860 
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MUR805 Series 

MUR870. 880. 890 AND 8100 

FIGURE 16 - TYPICAL FORWARD VOLTAGE 
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II 

MUR805 Series 
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3. ANODE G 4.83 5.33 0.190 0.210 
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® MOTOROLA 

• • 

SWITCHMODE POWER RECTIFIERS 

· .. designed for use in switching power supplies, inverters and 
as free wheeling diodes, these state-of-the-art devices have the 
following features: 

• Ultrafast 35 and 60 Nanosecond Recovery Time 

• 175'C Operating Junction Temperature 

• Popular TO-220 Package 

• High Voltage Capability to 600 Volts 

• Low Forward Drop 

• Low Leakage Specified @ 150'C Case Temperature 

• Current Derating Specified @ Both Case and Ambient 
Temperatures 

MAXIMUM RATINGS 

Reting 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Average Rectified Forward Current (Rated VR) 

Peak Repetitive Forward Current 
(Rated VR, Square Wave, 20 kHz) 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions halfwave, 

single phase, 60 Hz) 

Operating Junction Temperature and 
Storage Temparature 

THERMAL CHARACTERISTICS 

Maximum Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 
Maximum Instantaneous Forward Voltage (1) 

(iF = 15 Amp, TC = 150'C) 
(iF = 15 Amp. TC = 25'C) 

Maximum Instantaneous Reverse Current (1) 
(Rated dc Voltage, T C = 150'C) 
(Rated dc Voltage, TC = 25'C) 

Maximum Reverse Recovery TIme 
(IF = 1.0 Amp, di/dt = 50 Amplps) 

(1) Puis. T.st: Puis. Width = 300 p.S, Duty Cycle .. 2.0% 
Switch mode is a trademark of Motorola Inc. 

Symbol 1505 1510 

VRRM 
VRWM 50 100 

VR 
IF(AV) 

IFRM 

IFSM 200 

TJ, Tstg 

vF 
0.85 
1.05 

iR 

trr 35 
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1515 

150 

MUR1505 MUR1530 
MUR1510 MUR1540 
MUR1515 MUR1550 
MUR1520 MUR1560 

MUR 

1520 1530 

200 300 

15 

ULTRAFAST 
RECTIFIERS 

15 AMPERES 
50-600 VOLTS 

CASE 221 B-Ol 
TO-220AC 

1540 1550 1580 Unit 

400 500 600 Volts 

15 Amps 
@TC = 15O'C @TC = 145'C 

30 30 Amps 
@TC = 150'C @TC = 145'C 

150 Amps 

-65 to +175 'c 

1.5 

I 
Volts 

1.12 1.20 
1.25 1.50 

p.A 
500 1000 
10 10 

I 
60 ns 



MUR1505 thru MUR1560 

MUR1505, 1510, and 1515 

FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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*The curves shown are typical for the highest voltage device in the 
voltage grouping. Typical reverse current for lower voltage selections 
can be estimated from these same curves if VR is sufficiently below 
rated VR. 
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MUR1505 thru MUR1560 
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MUR1505 thru MUR1560 

MUR1550, 1560 

FIGURE 11 - TYPICAL FORWARD VOLTAGE 
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MUR1505 thru MUR1560 

FIGURE 16 - THERMAL RESPONSE 
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II 

MURl60SCT MURl630CT 
MUR1610CT MURl640CT 
MUR161SCT MUR1650CT 
MURl620CT MURI660CT 

• ~I • 

SWITCHMODE POWER RECTIFIERS 

· .• designed for use in switching power supplies, inverters and 
as free wheeling diodes, these state-of-the-art devices have the 
following features: 

• Ultrafast 35 and 60 Nanosecond Recovery Times 

• 175·C Operating Junction Temperature 

• Popular TO-220 Package 

• Epoxy meets UL94, Vo @ 'I." 

• High Temperature Glass Passivated Junction 

• High Voltage Capability to 600 Volts 

• Low Leakage Specified @ 150·C Case Temperature 

• Current Derating @ Both Case and Ambient Temperatures 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Average Rectified Forward Current Per Leg 
Total Device, (Rated VR), TC = 150·C Total Device 

Peak Repetitive Forward Current Per Diode Leg 
(Rated VR, Square Wave, 20 kHz), TC = 150·C 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions halfwave, 

single phase, 60 Hz) 

Operating Junction Temperature and 
Storage Temperature 

THERMAL CHARACTERISTICS, PER DIODE LEG 

Maximum Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS, PER DIODE LEG 

Maximum Instantaneous Forward Voltage (1) 
(iF=8.0 Amp, TC= 150·C) 
(iF=8.0 Amp, TC=25·C) 

Maximum Instantaneous Reverse Current (1) 
(Rated dc Voltage, TC= 150·C) 
(Rated dc Voltage, TC = 25·C) 

Maximum Reverse Recovery Time 
(IF= 1.0 Amp, di/dt=50 Amp/pS) 
(IF=0.5 Amp, iR=1.0 Amp, IREC=0.25 Amp) 

(l)Pul •• rest: Pulse W.dth=300 /LB, Duty Cycle "'2.0% 
Switch mode is 8 trademark of Motorola Inc. 

Symbol 160SCT 

VRRM 50 
VRWM 

VR 

IF(AV) 

IFM 

IFSM 

TJ, Tstg 

vF 

iR 

trr 
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1e1OCT 

100 
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0.975 

260 
5.0 

35 
25 

® MOTOROLA 

1e1SCT 

150 

ULTRAFAST 
RECTIFIERS 

8 AMPERES 
50-60<1 VOLTS 

CASE 221A-Q2 
TO-220A8 

MUR 

1620CT 1630CT 1640CT 1e5OCT 1660CT 

200 300 400 500 600 

8.0 
16 

16 

100 

-65 to + 175 

2.0 

1.00 1.20 
1.30 1.50 

500 500 
10 10 

60 
50 

Unit 

Volts 

Amps 

Amps 

Amps 

·C 

.C/W 

Volts 

pA 

ns 



MUR1605CT thru MUR1660CT 

MUR1605CT, 1610CT AND 1615CT 

FIGURE 1 - TYPICAL FORWARD VOLTAGE, PER LEG 
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'The curves shown are typical for the highest voltage 
device in the voltage grouping. Typical reverse current 
for lower voltage selections can be estimated from 
these same curves ij VR is sufficiently below rated VR. 
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MUR1605CT thru MUR1660CT 
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MUR1605CT thru MUR1660CT 

MUR1650CT AND 1660CT 
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MUR1605CT thru MUR1660CT 
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OUTLINE DIMENSIONS 

CASE 221A-02 

W a + STYlE 1: 
J---n PIN 1. BASE 

2. COLLECTOR 

I~ 3 -.l 
3. EMITTER 
4. COLLECTOR 

NOTES: 
1. DIMENSION H APPLIES TO ALL LEADS. 
2. DIMENSION L APPLIES TO LEADS 1 

AND 3. 
3. DIMENSION Z DEFINES A ZONE WHERE 

5CT 

100 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
N 
D 
R 

50 100 

MILLIMETERS 
MIN MAX 
14.60 15.75 
9.65 10.29 
4.06 4.82 
0.64 0.89 
3.61 3.73 
2.41 2.67 
2.79 3.93 
0.36 0.56 

12.70 14.27 
1.14 1.39 
4.83 5.33 
2.54 3.04 
2.04 2.79 

i,~,c 
-JJt ALL BODY AND LEAD IRREGULARITIES S 1.14 1.39 

I-~ D£CG 

ARE ALLOWED. T 5.97 6.4B 
4. DIMENSIONING AND TOLERANCING PER U 0.00 1.27 

ANSI Y14.5M, 1982. V 1.14 -
5. CONTROLLING DIMENSION: INCH. Z - 2.03 
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200 500 lK 

INCHES 
MIN MAX 

0.575 0.620 
0.380 0.405 
0.160 0.190 
0.025 0.035 
0.142 0.147 
0.095 0.105 
0.110 0.155 
0.014 0.022 
0.500 0.562 
0.045 0.055 
0.190 0.210 
0.100 0.120 
0.080 0.110 
0.D45 0.055 
0.235 0.255 
0.000 0.050 
0.045 -

- 0.080 



® MOTOROLA 

• • 

SWITCHMODE POWER RECTIFIERS 

. designed for use in switching power supplies, inverters and as 
free wheeling diodes, these state-of-the-art devices have the fol­
lowing features: 

• Ultrafast 50 Nanosecond Recovery Time 

• Low Forward Voltage Drop 

• Hermetically Sealed Metal 00-203AA (00-4) Package 

MAXIMUM RATINGS 

MUR 
Rating Symbol 

2505 2510 2515 2520 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 100 150 200 
OC Blocking Voltage VR 

Nonrepetitive Peak Reverse VRSM 55 ltO 165 220 
Voltage 

Average Forward Current IF(AV) 25 
TC = 145°C 

Nonrepetitive Peak Surge IFSM 500 
Forward Current (half cycle, 
60 Hz, Sinusoidal Waveform) 

Operating Junction and Storage TJ, Tstg -65 to +t75 
Temperature 

THERMAL CHARACTERISTICS 

Rating 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Maximum Instantaneous Forward Voltage Drop vF 
(iF = 25 Amp, TJ = 25°C) 0.95 
(iF = 25 Amp, TJ = 125°C) 0.80 
(iF = 50 Amp, TJ = t25°C) 0.88 

Maximum Reverse Current @ DC Voltage IR 
(TJ = 25°C) 10 
(TJ = 125°C) 1.0 

Maximum Reverse Recovery Time trr 50 
IIF = 1.0 Amp, di/dt = 50 Amp/!,s, VR = 30 V, 
TJ = 25°C) 

Switch mode is a trademark of Motorola Inc. 

3-291 

Unit 

Volts 

Volts 

Amps 

Amps 

°c 

Volts 

!,A 
mA 

ns 

MUR2505 
MUR2510 
MUR2515 
MUR2520 

ULTRAFAST 
RECTIFIERS 

25 AMPERES 
50 to 200 VOLTS 

®J 
!-

MILLIMETERS INCHES 
DIM 

~ 
C 
D 
E 
f 
J 
K 

MIN MAX MIN 
10.77 11.10 0.424 

10.29 
6.35 

1.91 4.45 0.D75 
1.52 - D.060 

10.72 11.51 0.422 
- 20.32 -
CASE 245-01 

00-203AA 
(00-4) 

MAX 
0.437 
0.405 
0.25D 
0.175 
-

0.453 
O.80D 

MECHANICAL CHARACTERISTICS 

Case: Welded, hermetically sealed 

Finish: All external surface corrosion resistant 
and terminal leads are readily solderable 

Polarity: Cathode to Case 

Mounting Positions: Any 

Stud Torque: 15 in/lb. Max 



MUR2505, MUR2510, MUR2515, MUR2520 

FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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can be estimated from these same curves jf VR is sufficiently below 
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MUR2505, MUR2510, MUR2515, MUR2520 
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MUR3005PT MUR3020PT 
MUR3010PT MUR3030PT 
MUR3015PT MUR3040PT 

SWITCHMODE POWER RECTIFIERS 

• •. designed for use in switching power supplies, inverters and 
as free wheeling diodes, these state-of-the-art devices have the 
following features: 

• Ultrafast 35 and 60 Nanosecond Recovery Time 

• 175·C Operating Junction Temperature 

• Popular TO-218 Package 

• High Voltage Capability to 400 Volts 

• Low Forward Drop 

• Low Leakage Specified @ 150·C Case Temperature 

• Current Derating Specified @ Both Case and Ambient 
Temperatures 

• Epoxy Meets UL94, Vo @ W' 

• High Temperature Glass Passivated Junction 

MAXIMUM RATINGS 

Retlng 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltege 

Average Rectified Forward Current (Rated VR) 
@TC = lSOOC 

Peak Repetitive Forward Current, Per Leg 
(Rated VR, Square Wave, 20 kHz), TC = 150·C 

Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions halfwave, 

single phase, 60 Hz) Per Leg 

Operating Junction Temperature and 
Storage Temperature 

THERMAL CHARACTERISTICS PER DIODE LEG 
Maximum Thermal Resistance, Junction to Case 

Junction to Ambient 

ELECTRICAL CHARACTERISTICS PER DIODE LEG 
Maximum Instantaneous Forward Voltage (1) 

(iF = 15 Amp, TC = 150·C) 
(iF = 15 Amp, TC = 25·C) 

Maximum Instantaneous Reverse Current (1) 
(Rated dc Voltage, TC = 150·C) 
(Rated dc Voltage, T C = 25°C) 

Maximum Reverse Recovery Time 
(IF = 1.0 Amp, di/dt = 50 Amp/lAS) 

(11 Pul •• T.st: Pul •• Width = 300 1'5, Duty Cycle .. 2.0% 
Switch mode is a trademark of Motorola Inc. 

Per Leg 
Per Device 

Symbol 

VRRM 
VRWM 

VR 

IF(AV) 

IFRM 

IFSM 

TJ, Tstg 

vF 

iR 

trr 
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3005PT 301 OPT 

50 100 

200 

0.85 
1.05 

35 

ULTRAFAST 
RECTIFIERS 

30 AMPERES 
50-400 VOLTS 

CASE 340-01 
TO-21aAC 

MUR 

3015PT 3020PT 

160 200 

16 
30 

30 

-65to+175 

1.5 
40 

I 
500 
10 

I 

3030PT 

300 

160 

1.12 
1.25 

60 

3040PT Unit 

400 Volts 

Amps 

Amps 

Amps 

·C 

Volts 

pA 

ns 



MUR3005PT thru MUR3040PT 

MUR3005PT, 3010PT, and 3015PT 

FIGURE 1 - TYPICAL FORWARD VOLTAGE (PER LEG) 
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*The curves shown are typical for the highest voltage device in the 
voltage grouping. Typical reverse current for lower voltage selections 
can be estimated from these same curves if VR is sufficiently below 
rated VR. 
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*The curves shown are typical for the highest voltage device in the 
voltage grouping. Typical reverse current for lower voltage selections 
can be estimated from these same curves if VR is sufficiently below 
rated·VR. 
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TJ 25'C 

50 100 

MILLIMETERS INCHES 
MIN MAX MIN 

20.32 21.08 0.800 
15.49 15.90 0.610 
4.19 5.08 0.165 
1.02 1.65 0.040 
1.35 1.65 0.053 
5.21 5.72 0.205 
2.41 3.20 0.095 
0.38 0.64 0.015 

12.70 15.49 0.500 
15.88 16.51 0.625 
12.19 12.70 0.480 
4.04 4.22 0.159 

CASE 340-01 
TO-218AC 

MAX 
0.830 
0.626 
0.200 
0.065 
0.065 

I 
0.500 
0.166 

500 lK 

II 



II 

MURSOOS 
MURS010 
MURS01S 
MURS020 

• • 

SWITCH MODE POWER RECTIFIERS 

· .. designed for use in switching power supplies, inverters and as 
free wheeling diodes, these state-of-the-art devices have the fol­
lowing features: 

• Ultrafast 50 Nanosecond Recovery Time 

• Low Forward Voltage Drop 

• Hermetically Sealed Metal 00-203AB (00-5) Package 

MAXIMUM RATINGS 

MUR 
Rating Symbol 

5005 5010 5015 5020 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 tOO t50 200 
DC Blocking Voltage VR 

Nonrepetitive Peak Reverse VRSM 55 110 165 220 
Voltage 

Average Forward Current IF(AV) 50 
TC = 125°C 

Nonrepetitive Peak Surge IFSM 600 
Forward Current (half cycle, 
60 Hz, Sinusoidal Waveform) 

Operating Junction and Storage TJ, Tstg -55 to +175 
Temperature 

THERMAL CHARACTERISTICS 

Rating 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Maximum Instantaneous Forward Voltage Drop vF 
(iF = 50 Amp, TJ = 25°C) 1.15 
(iF = 50 Amp, TJ = 125°C) 0.95 
(iF = 100 Amp, TJ = 125°C) 1.10 

Maximum Reverse Current @ DC Voltage IR 
(TJ= 25°C) 10 
(TJ = 125°C) 1.0 

Maximum Reverse Recovery Time trr 50 
(IF = 1.0 Amp, di/dt = 50 Amp/ P.s, VR = 30 V, 
TJ = 25°C) 

Switch mode is a trademark of Motorola Inc. 
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Unit 

Volts 

Volts 

Amps 

Amps 

°C 

Volts 

p.A 
mA 

ns 

NOTES: 

ULTRAFAST 
RECTIFIERS 

50 AMPERES 
50 to 200 VOLTS 

~t6<~": 1 A 

I~I R-< 

1. DIM"P"ISDIA. 
2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 

OF HEXAGONAL BASE IS OPTIONAL 
3. ANGULAR ORIENTATION AND CONTOUR OF 

TERMINAL ONE IS OPTIONAl. 
4. THREADS ARE PLATED. 
5. DIMENSIONING AND TOLERANCING PER 

ANSI YI4.S.1913. 

MILLIMETERS INCHES 
• ,M 
A 
B 
C 

• • F 

• • L 
P 

• 
" S 

MIN MAX MI • 
16.94 11AS 0.669 

16.94 
- 11.43 

9.&3 -
2.92 5.08 0.115 

2.03 
10.12 11.51 0.422 
- 25.40 

3.86 0.156 
'.59 6J2 0.220 
3.56 4.45 0.140 

20.16 
2.26 

CASE 257-01 
00-203AB 

(00-5) 

MAX 
0.681 
0.661 
0.450 
0.37& 
0.200 
0.080 
0.453 
1.000 

0.249 
0.17& 
0.194 
0.089 

MECHANICAL CHARACTERISTICS 

Case: Welded, hermetically sealed 

Finish: All external surface corrosion resistant 
and terminal leads are readily solderable 

Polarity: Cathode to Case 

Mounting Positions: Any 

Stud Torque: 25 in/lb. Max 



MURSOOS, MURS010, MURS01S, MURS020 

FIGURE 1 - TYPICAL FORWARD VOLTAGE 
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*The curves shown are typical for the highest voltage device in the 
voltage grouping, Typical reverse current for lower voltage selections 
can be estimated from these same curves if VR is sufficiently below 
rated VR. 
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MUR5005, MUR5010, MUR5015, MUR5020 

FIGURE 6 - THERMAL RESPONSE 
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Advance Information 

ULTRAFAST 
SWITCHMODE POWER RECTIFIERS 

· •• designed for use in switching power supplies, inverters, and 
as free wheeling diodes. These state-of-the-art devices have the 
following features: 

• Dual Diode Construction - May Be Paralleled For Higher 
Current Output 

• Low Leakage Current 

• Low Forward Voltage 

• 175°C Operating Junction Temperature 

• Labor Saving POWERTAPOl> Package 

MAXIMUM RATINGS MUR 

Rating Symbol 10005CT 10010cr 1001SCT 100z0CT 

Peak Repetitive Reverse 50 100 150 200 
Voltage VRRM 

Working Peak Reverse 
Voltage VRWM 

DC Blocking Voltage VR 

Average Rectified Forward IF(AV) 
Current, (Rated VR), 
TC ='14O°C 

Per Device 100 
Per Leg 50 

Peak Repetitive Forward IFRM 100 
Current, Per Leg, (Rated VR, 
Square Wave, 20 kHz), 
TC = 1400C 

Nonrepelitive Peak Surge IFSM 400 
Current 
(Surge applied at rated 
load conditions 
halfwave, single 
phase, 60 Hz) 

Operating Junction and TJ.Tstg -65to +175 
Storage Temperature 

THERMAL CHARACTERISTICS PER LEG 

Rating 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS PER LEG 

Unit 

Volts 

Amps 

Amps 

Amps 

OC 

Instantaneous Forward Voltage (1) vF 1.10 Volts 
(iF = 50 Amp, TC = 25OC) 

Instantaneous Reverse Current (1) 
(Rated de Voltage, TC = 125°C) 
(Rated de Voltage, TC = 25OC) 

Maximum Reverse Recovery Time 
(IF = 1.0 Amps, diJdt = 50 Amps/l'8) 

(1 I Pulss Test: Pulss W,dth = 300 /lA. Duty Cycle" 2.0%. 
POWERTAP and Swllehmode are Iradema,i<s of Motorola Inc. 

iR p.A 
250 
25 

trr 50 ns 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MUR1OOO5CT 
MUR10010CT 
MUR1OO15CT 
MUR1OO20CT 

NOTES: 

ULTRAFAST 
RECTIFIERS 

100 AMPERES 
50 TO 200 VOLTS 

CASE 357B-01 
POWERTAp· 

1. DIMENSIDNS A AND B ARE DATUMS AND 
·T· IS A DATUM SURFACE AND SEATING 

PLANE. 
2. POSITIONAL TOtEIIANCE FORN HOLES: 

1+1 !b0.13{O.OO5ICM)Ir! A(M)IB@! 
3. POSITIONAL TOLERANCE fOR 0 AND W 

HOLES: 
Iii ,pD.Z5ID.D1DI®IT\ A@IB®I 

4. OIMENSlO~ING AND TDLERANCING PER 
ANSIY!4.5.1973. 

MILUMETERS D'. .,. . .. 
• 9Z.20 

Pl.78 2.32 0.700 

• - 15.87 -
E 3.06 3.30 0.120 
F 12,45 12.95 0.490 

• 34.92BSC 1.315 

• 1.27 -• 1/4·0 • 8.18 7.11 0.270 
R 80.01BSC 3.160 • 15.24 - D.600 -
V 8.38 8.89 0.33D 0.350 
W 4.32 4.82 0.170 0.190 , 46.10BSC 1.81588C 

CASE 3578-01 

Terminal Penetration 
Terminal Torque 
Mounting Base Torque 

0.300 Max 
50-100 lb.-in. 
30-40 lb.-in. 
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MUR10005CT, MUR10010CT, MUR10015CT, MUR10020CT 
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estimated from these same curves, if VR is sufficiently below rated VR. 
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® MOTOROLA 

Advance Information 

ULTRAFAST 
SWITCHMODE POWER RECTIFIERS 

· .. designed for use in switching power supplies, inverters, and 
as free wheeling diodes. These state-of-the-art devices have the 
following features: 

• Dual Diode Construction - May Be Paralleled For Higher 
Current Output 

• Low Leakage Current 

• Low Forward Voltage 

• 175°C Operating Junction Temperature 

• Labor Saving PowERTAP® Package 

MAXIMUM RATINGS MUR 

Rating Symbol 20005CT 2001 OCT 20015CT 20020CT 

Peak Repetitive Reverse 50 100 150 200 
Voltage VRRM 

Working Peak Reverse 
Voltage VRWM 

DC Blocking Voltage VR 

Average Rectified Forward IF(AVI 
Current, (Rated VR), 
TC = 95°C 

Per Device 200 
Per Leg 100 

Peak Repetitive Forward IFRM 200 
Current, Per Leg, (Rated VR. 
Square Wave, 20 kHz), 
TC = 95°C 

Nonrepetitive Peak Surge IFSM 800 
Current 
(Surge applied at rated 
load conditions 
halfwave. single 
phase, 60 Hz) 

Operating Junction and 
Storage Temperature 

TJ,Tstg -65 to +175 

THERMAL CHARACTERISTICS PER LEG 

Rating 

Thermal Resistance, Junction.to Case 

ELECTRICAL CHARACTERISTICS PER LEG 

Unit 

Volts 

Amps 

Amps 

Amps 

°c 

Instantaneous Forward Voltage (1) vF 1.25 Volts 
(iF = 100 Amp, TC = 25°C) 

Instantaneous Reverse Current (1) 
(Rated dc Voltage, T C = 125°C) 
(Rated dc Voltage, TC = 25°C) 

Maximum Reverse Recovery Time 
(IF = 1.0 Amps, di/dt = 50 Ampsl",,) 

(1) Puis. Test: Pulse W,dth = 300 IJ.S, Duty Cycl. '" 2.0%. 
PowERTAP and Switchmode are trademarks of Motorola Inc. 

iR 
500 
50 

trr 50 

This document contains information on a new product. Specifications and information herein 
are subject 10 change without notice. 
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MUR2000SCT 
MUR20010CT 
MUR2001 SCT 
MUR20020CT 

ULTRAFAST 
RECTIFIERS 

ZOO AMPERES 
50 TO 200 VOLTS 

NOTES 

CASE 3578-01 
POWERTAP~ 

1 DIMENSIONS A AND BARE OATUMS AND 
·T· 15 A DATUM SURFACE ANO SEATING 

PLANE 
2 POSITIONAl TOLERANCE FOR N HOLES 

1 ... ldl0.13(O.oos)@lrIA@IB@! 
3 POSITIONAL TOLERANCE FOR 0 AND W 

HOLES· 
1_1.0.2510010101,1001.01 

4. DIMENSIONING AND TDLERANCING PER 
ANSIYI4.5,1973 

DIM 

• • c , 
F 

• H 

• • • u 
v 
w , 

CASE 357B-01 

Terminal Penetration 
Terminal Torque 
Mounting Base Torque 

0.300 Max 
50-100 lb.-in. 
30-40 lb.-in. 
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® MOTOROLA 

SWITCHMODE POWER RECTIFIERS 

· .. designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF inter­
ference, sonar power supplies and free wheeling diodes. A complete 
line of fast recovery rectifiers having typical recovery time of 150 
nanoseconds providing high efficiency at frequencies to 50 kHz. 

• Dual Diode Construction 

• 150°C Operating Junction Temperature 

CROSS-REFERENCE GUIDE 

MOTOROLA VARO 

A710XPT -
A711XPT A711X --
A712XPT A712X 

A714XPT R714X 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage A710XPT VARM 
Working Peak Reverse Voltage A711XPT VRWM 
DC Blocking Voltage A712XPT VA 

A714XPT 

Average Rectified Forward Current Per Device 10 
(Aated VA) TC; 100°C Per Diode 

Peak Repetitive Forward Current, Per Diode IFAM 
(1 Second at 60 Hz. TC; 100°C) 

Nonrepetitive Peak Surge Current IFSM 
(Surge applied at rated load conditions 

halfwave. single phase. 60 Hz) 

Operating Junction and Storage Temperature TJ. Tstg 

THERMAL CHARACTERISTICS PER DIODE 

Characteristic Symbol 

Thermal Resistance, Junction to Case ABJC 

Thermal Resistance, Junction to Ambient RBJA 

ELECTRICAL CHARACTERISTICS PER DIODE 

Characteristic 

Instantaneous Forward Voltage (1) 
(iF; 15 Amp. TC; 25°C) 

Instantaneous Reverse Current (1) 
(Aated de Voltage. T C = 100°C) 
(Aated de Voltage. TC; 25°C) 

Reverse Recovery Time 
(IF; 1.0 Ampere to VA ; 30 Vde) 

(1) Pulse Test: Pulse Width = 300 IlS, Duty Cycle ~ 2.0% 
Switchmode is a trademark of Motorola Inc. 

Symbol 

vF 

iA 

trr 

Maximum Unit 

50 Volts 
100 
200 
400 

30 Amps 
15 

50 Amps 

150 Amps 

-65 to +150 °C 

Maximum Unit 

1.5 °C/W 

40 °C/W 

Maximum Unit 

1.30 Volts 

mA 
1.0 

0.015 

100 ns 

3-305 

R710XPT R712XPT 
R711XPT R714XPT 

FAST RECOVERY 
RECTIFIERS 

30 AMPERES 
50 to 400 VOLTS 

:r ll 
CASE 340-01 

TO-21BAC 

I-~I~D 
G--l-J 

1. ANODE 1 
2. CATHODE(S) 
3. ANODE 2 
4. CATHODE(S) 

MILLIMETERS INCHES 

. .1. 

DIM MIN MAX MIN MAX 
A 20.32 21.0B O.BOO 0.B30 
B 15.49 15.90 0.610 0.626 
C 4.19 5.08 0.165 0.200 
0 1.02 1.65 0.040 0.065 
E 1.35 1.65 0.053 0.065 
G 5.21 5.72 0.205 0.225 
H 2.41 3.20 0.095 0.126 
J 0.38 0.64 0.015 0.025 
K 12.70 15.49 0.500 0.610 
L 15.B8 16.51 0.625 0.650 
N 12.19 12.70 0.480 0.500 
Q 4.04 4.22 0.159 0.166 

CASE 340-01 
TO-21BAC 
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R710XPT,R711XPT,R712XPT,R714XPT 
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FIGURE 2 - TYPICAL REVERSE CURRENT 

VR. REVERSE VOLTAGE (VOLTS) 

FIGURE 4 - TYPICAL CAPACITANCE 
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II 

1/4M2.4AZIO 
thru 

1/4MIOSZIO 
® MOTOROLA 

114 WATT SILICON ZENER DIODES 

Hermetically sealed, all-glass case with all external surfaces cor­
rosion resistant. Cathode end, indicated by color ba nd, wi II be positive 
with respect to anode end when operated in the zener region. These 
devices are in the same 400 mW glass package as the 1 N746 and 
1 N957 Series, but designated 114 Watt to allow characterization 
at a different test current level. 

MAXIMUM RATINGS 

Junction an~ Storage Temperature: -65°C to +175°C 
DC Power Dissipation: 1/4 Wall (Derate 1.67 mW/oC Abo1/9 25°C) 

The type numbers specified have a standard voltage (VZ) tolerance of ±1 0%. 
For closer tolerances. add suffix "5" for ±5%. (3%. 2%. 1 % tolerances also 
available). 

ELECTRICAL CHARACTERISTICS (TA' 25°C. VF' 1.5 V max @ 100 rnA) 

Maximum 
Nominal Zener Maximum 

Zener Test Impedance DCZaner 
Voltage@IZT Current (ZZT)@IZT Current 

Type No. (VZ) Volta (IZT)mA Ohms (lZM)mA 

1/4M2.4AZ10 2.4 10 60 70 
1/4M2.7AZ10 2.7 10 60 65 
1 14M3.0AZ1 0 3.0 10 55 60 
1/4M3.3AZ10 3.3 10 55 55 
1I4M3.6AZ1D 3.6 10 50 52 

·VR1 - Test Voltage for 5% Tolerance Device 

4-2 

1/4 WATT 

Sll.ICON ZENER DIODES 
2.4-106 VOLTS 

NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN A 

AND S. HEAT SLUGS, IF ANY,SHAlL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OFB. 

2. LEAD DIAMETER NOT CONTROLLED IN. 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU­
lARITIES orHER THAN HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TOlERANCING PER 

ANSIYI4.5,1973. 

MILLIMETERS INCHES 
DIM M'N MAX 

A 5.08 0.120 

• 2.29 0.060 O. 0 
D ., 0.18 0.022 
F 1.27 
K 25.4ll 38.10 1.000 1.500 

All JEDECdlmenllDnsand nOtelapply. 

CASE 288-02 
DO-204AH 

(D0-35) 

Reverse Leakage Current 

IR Max Test Voltage Vdc' 
{"A) vR1 VR2 

75 1 1 
75 1 1 
50 1 1 
50 1 1 
50 1 1 

VR2 - Test Voltage for 10% Tolerance Device 



1/4M2.4AZ10 thru 1/4M10SZ10 

ELECTRICAL CHARACTERISTICS (TA = 25°C, VF = 1.5 V max @ 100 mAl 

Maximum 
Nominal Zener Maximum Reverse Leakage Currant 

Zener Test Impedance DC Zener 
Voltage @ IZT Currant {ZZT)@IZT Currant IR Max Test Voltage Vdc' 

Type No. (VZ) Volta {lZTlmA Ohms {lZMlmA ("A) VR1 VR2 

1/4M3.9AZ10 3.9 10 50 49 25 1 1 
1/4M4.3AZ10 4.3 10 45 46 25 1.5 1.5 
1/4M4.7AZ10 4.7 10 35 42 10 1.5 1.5 
1/4M5.1AZ10\ 5.1 10 25 39 5 1.5 1.5 
1/4M5.6AZ10 5.6 10 20 36 5 1.5 1.5 

1/4M6.2AZ10 6.2 10 15 33 5 3.5 3.5 
1/4M6.8Z10 6.8 9.2 7.0 33 150 5.2 4.9 
1/4M7.5Z10 7.5 8.3 8.0 30 75 5.7 5.4 
1/4M8.2Z10 8.2 7.6 9.0 26 50 6.2 5.9 
1/4M9.1Z10 9.1 6.9 10 24 25 6.9 6.6 

1/4Ml0Zl0 10 6.3 11 21 10 7.6 7.2 
1/4MllZl0 11 5.7 13 19 5 8.4 8.0 
1/4M12Z10 12 5.2 15 18 5 9.1 8.6 
1/4M13Z10 13 4.8 18 16 5 9.9 9.4 
1/4M14Z10 14 4.5 20 15 5 10.6 10.1 

1/4M15Z10 15 4.2 22 14 5 11.4 10.8 
1/4M16Z10 16 3.9 24 13 5 12.2 11.5 
1/4M17Z10 17 3.7 26 12.5 5 13.0 12.2 
1/4M18Z10 18 3.5 28 11.5 5 13.7 13.0 
1/4M19Z10 19 3.3 30 11.0 5 14.4 13.7 

1/4M20Z10 20 3.1 33 10.5 5 15.2 14.4 
1 14M22Z1 0 22 2.8 40 9.5 5 16.7 15.8 
1/4M24Z10 24 2.6 46 9.0 5 18.2 17.3 
1 14M25Z1 0 25 2.5 50 8.0 5 19.0 18.0 
1 14M21Z1 0 27 2.3 58 7.5 5 20.6 19.4 

1/4M30Z10 30 2.1 70 7.0 5 22.8 21.6 
1/4M33Z10 33 1.9 85 6.5 5 25.1 23.8 
1/4M36Z10 36 1.7 100 6.0 5 27.4 25.9 
1/4M39Z10 39 1.6 120 5.0 5 29.7 28.1 
1/4M43Z10 43 1.5 140 4.8 5 32.7 31.0 

1 14M45Z1 0 45 1.4 150 4.5 5 34.2 32.4 
1/4M47Z10 47 1.3 160 4.3 5 35.8 33.8 
1/4M50Z10 50 1.2 180 4.1 5 38.0 36.0 
1/4M52Z10 52 1.2 200 4.0 5 39.5 37.4 
1 14M56Z1 0 56 1.1 230 3.8 5 42.6 40.3 

1/4M62Z10 62 1.0 290 3.3 5 47.1 44.6 
1I4M68Z10 68 0.92 350 3.0 5 51.7 49.0 
1/4M75Z10 75 0.83 450 2.8 5 56.0 54.0 
1/4M82Z10 82 0.76 550 2.5 5 62.2 59.0 
1/4M91Z10 91 0.69 700 2.3 5 69.2 65.5 

1/4MlOOZl0 100 0.63 900 2.0 5 76.0 72.0 
1/4Ml05Z10 105 0.60 1000 1.9 5 79.8 75.6 

*VR1 - Test Voltage for 5% Tolerance Device VR2 - Test Voltage for 10% Tolerance Device 

SPECIAL SELECTIONS AVAILABLE INCLUDE: 
1 - Nominal zener voltages between those shown. 
2 - Matches sets: (Standard Tolerances are ±5.0%, ±3.0%. ±2.0%, ±1.0%) depending on voltage per device. 

a. Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher zener voltages and 
provide lower temperature coefficients, lower dynamic impedance and greater power handling ability. 

b. Two or more units matched to one another with any specified tolerance. 
3 - Tight voltage tolerances: 1.0%, 2.0%, 3.0%. 
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lN746 thru lN759 
lN957A thru lN986A 
lN4370 thru lN4372 

GLASS ZENER DIODES 

500 MILLIWATTS 
2.4-110 VOLTS 

MAXIMUM RATINGS 

Rating 

De Power Dissipation @ TL .. 50oe, 
Lead Length = 3/S" 

*JEOEC Registration 
°Derate above T L = 500 e 

Motorola Device Ratings 
Derate above TL = 500 e 

Operating Bnd Storage Junction 

Temperature Range 
*JEDEC Registration 
Motorola Device Ratings 

"Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 

Svmbol 

Po 

TJ, Tstg 

® MOTOROLA 

Designers Data Sheet 

SOO-MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 2.4 to 110 Volts 
• 00·35 Package - Smaller than Conventional 00·7 Package 
• Double Slug Type Construction 
• Metallurgically Bonded Construction 
• Nitride Passivated Die 

Designer's Data for "Worst Case" Conditions 

The Designer's Data sheets permit the design of most circuits 
entirely from the information presented. Limit curves - representing 
boundaries on device characteristics - are given to facilitate 
"worst case" design. 

Value Unit 

400 mW 
3.2 mW/oe 
500 mW 
3.33 mW/oe 

°e 

-65 to +175 
-65 to +200 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230oe. 1/16" 
from case for 10 seconds 

FINISH: All external surfaces are corrosion resistant with readily solderable leads. 

POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 
will be positive with respect to anode. 

MOUNTING POSITION: Any 

STEADY STATE POWER DERATING 
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NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN A 

AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR flASH. LEAD 
FINISH BUILOUPANO MINOR IRREGU· 
lARlTlES OTHER THAN HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TOLEAANCING PER 

ANSI Y14.5, 1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 0.120 0.200 
B 1.52 1.29 0.060 0.090 
0 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 25.40 38.10 1.000 1.500 

All JEDEC dimensions and notes apply. 

eASE 299-02 
DO·204AH 

(00-35) 



1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372 
ELECTRICAL CHARACTERISTICS ITA· 2SoC VF • 1.5 V max at 200 mA fa' _II tYpe.) 

Nominal -Maximum Maximum Reverse Leakalle Currant 
Zena, Voltage Test Maximum Zener Impedance DC Zaner Currant 

Type VZ@IZT Current ZZT@IZT IZM TA = 25"<: TA=I50oC 
Number (Note 2) IZT (Note 3) (Note 4) IR@VR=IV IROVR ~ 1 V 
(Not. 1) Volts mA Ohms mA ~A ~A 

lN4370 2.4 20 30 150 190 100 200 
lN4371 2.7 20 30 135 165 75 150 
lN4372 3.0 20 29 120 150 50 100 
lN746 3.3 20 28 110 135 10 30 
lN747 3.6 20 24 100 125 10 30 
lN748 3.9 20 23 95 115 10 30 

lN749 4.3 20 22 85 105 2 30 
lN750 4.7 20 19 75 95 2 30 
lN751 5.1 20 17 70 85 1 20 
lN752 5.6 20 11 65 80 1 20 
lN753 6.2 20 7 60 70 0.1 20 
lN754 6.8 20 5 55 65 0.1 20 

lN755 7.5 20 6 50 60 0.1 20 
lN756 8.2 20 8 45 55 0.1 20 
lN757 9.1 20 10 40 50 0.1 20 
lN758 10 20 17 35 45 0.1 20 
lN759 12 20 30 30 35 0.1 20 

Nominal Maximum Zener Impedance ·Maximum 
Zaner Voltage Test (Note 3) DC Zaner Currant Maximum Reverse Currant 

Type Vz Currant IZM 
Number (Note 2) IZT ZZT@IZT ZZK@IZK IZK (Note 4) IRMaximum Test Voltage Vdc 
(Not. 1) Volts mA Ohms Ohms mA mA ~A 5% VR 10% 

lN957A 6.8 18.5 4.5 700 1.0 47 61 150 5.2 4.9 
lN958A 7.5 16.5 5.5 700 0.5 42 55 75 5.7 5.4 
IN9S9A 8.2 15 6.5 700 0.5 38 50 50 6.2 5.9 
lN960A 9.1 14 7.5 700 0.5 35 45 25 6.9 6.6 
lN961A 10 12.5 8.5 700 0.25 32 41 10 7.6 7.2 
lN962A 11 11.5 9.5 700 0.25 28 37 5 8.4 8.0 

lN963A 12 10.5 11.5 700 0.25 26 34 5 9.1 8.6 
lN964A 13 9.5 13 700 0.25 24 32 5 9.9 9.4 
lN965A 15 8.5 16 700 0.25 21 27 5 11.4 10.8 
1 N966A 16 7.8 17 700 0.25 19 37 5 12.2 11.5 
lN967A 18 7.0 21 750 0.25 17 23 5 13.7 13.0 
lN968A 20 6.2 25 750 0.25 15 20 5 15.2 14.4 

lN969A 22 5.6 29 750 0.25 14 18 5 16.7 15.8 
lN970A 24 5.2 33 750 0.25 13 17 5 18.2 17.3 
lN971A 27 4.6 41 750 0.25 11 15 5 20.6 19.4 
lN972A 30 4.2 49 1000 0.25 10 13 5 22.8 21.6 
lN973A 33 3.8 58 1000 0.25 9.2 12 5 25.1 23.8 
lN974A 36 3.4 70 1000 0.25 8.5 11 5 27.4 25.9 

lN975A 39 3.2 80 1000 0.25 7.8 10 5 29.7 28.1 
lN976A 43 3.0 93 1500 0.25 7.0 9.6 5 32.7 31.0 
lN977A 47 2.7 105 1500 0.25 6.4 8.8 5 35.8 33.8 
lN978A 51 2.5 125 1500 0.25 5.9 8.1 5 38.8 36.7 
lN979A 56 2.2 150 2000 0.25 5.4 7.4 5 42.6 40.3 
lN980A 62 2.0 185 2000 0.25 4.9 6.7 5 47.1 44.6 

lN981A 68 1.8 230 2000 0.25 4.5 6.1 5 51.7 49.0 
lN982A 75 1.7 270 2000 0.25 1.0 5.5 5 56.0 54.0 
lN983A 82 1.5 330 3000 0.25 3.7 5.0 5 62.2 59.0 
IN984A 91 1.4 400 3000 0.25 3.3 4.5 5 69.2 65.5 
lN985A 100 1.3 500 3000 0.25 3.0 4.5 5 76 72 
lN986A 110 1.1 750 4000 

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance Designation 
The type numbers shown have tolerance designations 

as follows: 
1 N4370 series: ±10%, suffix A for ±5% units. 
1 N746 series: ± 10%, suffix A for ±5% units. 
1 N957 series: suffix A for ± 10% units, 

suffix B for ±5% units. 
Voltage Designation 

To designate units with zener voltages other than those 
listed, the Motorola type number should be modified as 
shown below. Unless otherwise specified, the electrical 
characteristics other than the nominal voltage (Vz) and 
test voltage for leakage current will conform to the 
characteristics of the next higher voltage type shown 
in the table. 

0.25 2.7 4.1 5 83.6 79.2 
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EXAMPLE: 1 N746 series, 1 N4370 series variations 
0.5 1\11 3.7 A Z 5 

Powe, Rating T T TIT L T6Ie,ancel±%) 
Motorola Zener Diode 

Low Voltage Series 

Nominal Voltage 

EXAMPLE: 1N957 series variations 
0.5 M 59 Z 10 

Powe, Rating T T T r" Tole,snc. (±%) 
Motorola _ Zener Diode 

Nominal Voltage 

Matched Sets for Closer Tolerances or Higher Voltages 
Series matched sets make zener voltages in excess of 

100 volts or tolerances of less than 5% possible as well 
as providing lower temperature coefficients,lower dynamic 
impedance and greater power handling ability. 

For Matched Sets or other special circuit requirements, 
contact your Motorola Sales Representative. 



II 

1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372 

NOTE 2. ZENER VOLTAGE IVz) MEASUREMENT 

Nominal zener voltage is measured with the device 
junction in thermal equilibrium at the lead temperature 
of 300C ± 1 °C and 3/8" lead length. 

NOTE 3. ZENER IMPEDANCE IZz) DERIVATION 

ZZT and ZZK are measured by dividing the ac voltage 
drop across the device by the ac current applied. The 
specified limits are for Iz(ac) = 0.1 IZ(dc) with the ac 
frequency = 60 Hz. 

NOTE 4. MAXIMUM ZENER 
CURRENT RATINGS (tZM) 

Maximum zener current ratings are based on the 
maximum voltage of a 10% 1 N746 type unit or a 20% 

,1 N957 type unit. For closer tolerance units (10% or 5%) 
or units where the actual zener voltage (VZ) is known at 
the operating point, the maximum zener current may be 
increased and is limited by the derating curve, 

APPLICATION NOTE 

Since the actual voltage available from a given zener 
diode is temperature dependent, it is necessary to 
determine junction temperature under any set of 
operating conditions in order to calculate its value, The 
following procedure is recommended: 

Lead Temperature, TL, should be determined from: 

lL = Ii LAPO + T A 
Ii LA is the lead·to·ambient thermal resistance (OC/W) 
and Po is the power dissipation. The value for Ii LA 
will vary and depends on the device mounting method. 
liLA is generally 30-400C/W for the various clips and 
tie points in common use and for printed circuit 
board wiring. 

The temperature of the lead can also be measured using 
a thermocouple placed on the lead as close as possible 
to the tie point. The thermal mass connected to the tie 
point is normally large enough so that it will not signi· 
ficantly respond to heat surges generated in the diode as 
a result of pulsed operation once steady·state conditions 
are achieved. Using the measured value of TL, the 
junction temperature may be determined by: 

TJ=TL+ATJL 

l>TJL is the increase in junction temperature above 
the lead temperature and may be found from Figure 1 
for de power. 

ATJL = IiJLPO 
For worst·case design, using expected limits of IZ, 

limits of Po and the extremes of T J(AT J) may be esti· 
mated. Changes in voltage, VZ, can then be found from: 

AV = IiVZATJ 
IiVZ, the zener voltage temperature coefficient, is 
found from Figures 3 and 4. 

Under high power·pulse operation, the zener voltage 
will vary with time and may also be affected signifi· 
cantly by the zener resistance. For best regulation, keep 
current excursions as low as possible. 

Surge limitations are given in Figure 6. They are 
lower than would be expected by considering only 
junction temperature, as current crowding effects cause 
temperatures to be extremely high in small spots, 
resulting in device degradation should the limits of 
Figure 6 be exceeded. 

~ FIGURE 1 - TYPICAL THERMAL RESISTANCE 
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1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372 

FIGURE 3 - TEMPERATURE COEFFICIENTS 
(-5SoC to +150oC temperature range; 90% of the units are in the ranges indicated.) 
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1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372 

1000 

500 ., 
'" e 200 
w 100 <-> z .. 

50 
~ 
~ 

20 <-> 
i .. 10 z 
>-
CJ 5.0 
N 

N 

2.0 

1.0 
0.1 

10000 

5000 

_2000 

@1000 
..t: 
:; 500 

~ 200 

~ 100 
c 50 
w 
on 
0 20 
z 
.:, 10 
z 

5.0 

2.0 
1.0 

0 

"' 

FIGURE 7 - EFFECT OF ZENER CURRENT 
ON ZENER IMPEDANCE 

TJ - 25°C VZ" 2.7 V 
izlrmsl" O.IIZldel 

r-... 
I ...... 

r..... 

0.2 O.S 

'" 47 V 

27 V 

6.2 V 

1.0 2.0 S.O 10 
IZ. ZENER CURRENT ImAI 

f" 60 Hz 

20 

FIGURE 9 - TYPICAL NOISE DENSITY 

IZ" 2S0pA' 
TA" 2SoC 

20 40 60 80 

Vz. ZENER VOLTAGE IVOLTSI 

so 100 

E r== 

100 

on 

'" :r: 
~ 
w 
<-> z .. 
~ 
~ 
u 
i .. 
z 
>-c 

0 100 
700 
500 

20 0 

FIGURE 8 - EFFECT OF ZENER VOLTAGE 
ON ZENER IMPEDANCE 

TJ" 25°C 
-lz"I.0mA izlrmsl "O.llzldel 

f" 60 Hz 

10 
7 ~== F'5.0m 
5 0 

0-r-.2OmA 1\ 

1 0 
7. 0 
5. 0 

N 
N 

2. 0 

1. 0 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VZ. ZENER VO L TAGE IVOLTSI 

FIGURE 10 - NOISE DENSITY MEASUREMENT METHOD 

DC Power 
Supply 

Filter 

fO = 2.0 kHz 
f1=1.0kHz V out 
f2 = 3.0 kHz 

BW = 2.0 kHz 

True 

RMS 
Volt 

Meter 

Noise Density V out 
(Volts Per Square Root Bandwidth) = Overall Gain vew 

Where: BW =:: Filter Bandwidth (Hz) 
V out =:: OUtput Noise (Volts AMS) 

The input voltage and load resistance are high so that the zener 
diode is driven from a constant current source. The amplifier is 
low noise so that the amplifier noise Is negl igible compared to 
that of the test zener. The filter bandpass is known so that the 
noise density can be calculated from the formula shown. 

FIGURE 11 - TYPICAL FORWARD CHARACTERISTICS 
1000 

SOO 

~ 200 

~ 100 

'" SO 
~ 
c 

'" 20 .. 
" '" 10 
~ 
.i- 5.0 

___ MINIMUM 

MAXIMUM 

I -
=750e -

f'd 

150°C 

'\, 

.r / 
2.0 

1.0 
0.4 O.S 0.6 

/ ...... v:, 

'J.. ~ L 

...... IL 

2SoC 

/IV ..,..... 
ooe 

0.7 0.8 0.9 1.0 
VF. FORWARD VOLTAGE IVOLTSI 

4-8 

L".ooo'" 

1.1 



1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372 

FIGURE 12 - ZENER VOLTAGE versus ZENER CURRENT - Vz = 1 THRU 16 VOL TS 
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IN821,A IN823,A 
IN825,A IN827,A 

IN829,A 
De!->igner~ Data Sheet 

TEMPERATURE-COMPENSATED ZENER 
REFERENCE DIODES 

Temperature-compensated zener reference diodes utilizing a 
nitride passivated junction for long-term voltage stability. A rugged, 
glass-enclosed, hermetically sealed structure. 

Designer's Data for "Worst-Case" Conditions 

The Designers Data Sheet permits the design of most circuits 
entirely from the information presented. Limit data - representing 
device characteristic boundaries - are given to facilitate "worst­
case" design. 

MAXIMUM RATINGS 

Junction Temperature w55 to +17SoC 

Storage Temperature: -65 to +17SoC 

DC Power Dissipation: 400 mW @ T A == SOoC 

I MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, allwglass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily 
solderable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approxl 

MOUNTING POSITION: Any 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted. 

Vz = 6.2 V ± 5.0%* @ IZT = 7.5 mAl 

Maximum Ambient Maximum 
JEDEC Voltage Test Temperature Dynamic 

Type No. Change Temperature Coefficient Impedance 
b>J Z (Volts) °c %1°C ZZTOhms 

(Nota 1) ±1°C (Note 1) (Note 2) 

lN821 0.096 -55,0, +25, +75, +100 0.D1 15 
lN823 0.048 0.005 

I lN825 0.019 0.002 
lN827 0.009 0.001 
lN829 0.005 0.0005 
lN821A 0.096 0.01 10 
lN823A 0.048 0.005 

! lN825A 0.D19 0.002 
lN827A 0.009 0.001 
lN829A 0.005 0.0005 

*Tighter-tolerance units available on special request. 
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® MOTOROLA 

TEMPERATURE­
COMPENSATED 
SILICON ZENER 

REFERENCE DIODES 

6.2V,400mW 

8 
-is 1-
~~=-r 

9-=4t 
rr--~ 
K IF CASE 299-02 

L~ 00-204AH 
~ (00-35) 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 0.120 0.200 
B 1.52 2.29 0.060 0.090 
0 0.46 0.56 0.018 0.022 
F - 1.27 - 0.050 
K 25.40 38.10 1.000 1.500 

All JEDEC dimenSions and notesapplv. 

D 

1*--1 
K 

L 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.101 
0 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 25.40 38.10 1.000 1.500 

All JEDEC dimensions and notes apply 

CASE 51-02 
DO-204M 

(00-7) 
"A" SUFFIX ONLY 



1N821,A,1N823,A,1N825,A,1N827,A,1N829,A 

;( 

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(with IZT = 7.S mA ±O.Ol mAl (See Note 3) 

FIGURE 1a 1N821 thru 1 N829 FIGURE 1b 
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ZENER CURRENT versus MAXIMUM VOLTAGE CHANGE 
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(At Specified Temperatures) 
(S.e Note 4) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 

FIGURE 2 - 1N821 SERIES FIGURE 3 - 1N821A SERIES 
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1N821,A,1N823,A,1N825,A,1N827,A,1N829,A 

MAXIMUM ZENER IMPEDANCE versus ZENER CURRENT 
(See Note 2) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 
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FIGURE 4 - 1N821 SERIES 
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Voltage Variation (l>VZ) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (AVZI over the specified 
temperature range, at the specified test current liZT). verified by 
tests at indicated temperature points within the range. Vz is m9as-­
ured and recorded at each temperature specified. The A Vz between 
the highest and lowest values must not exceed the maximum AVZ 
given. This method of indicating voltage stability is now used for 
JEDEC registration as well as for military qualification. The former 
method of indicating voltage stability - by means of temperature 
coefficient - accurately reflects the voltage deviation at the tempera­
ture extremes, but is not necessarily accurate within the tempera­
ture range because reference diodes have a nonlinear temperature 
relationship. The temperature coefficient, therefore, is given only 
as a reference. 

NOTE 2: 
The dynamic zener impedance, ZZT, is derived from the SO-Hz ac 
voltage drop which results when an ae current with an rms value 
equal to 10% of the de zener current, 'ZT, is superimposed on 'ZT. 
Curves showing the variation of zener impedance with zener current 
for each series are given in Figures 4 and 5. 
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FIGURE 5 - 1N821A SERIES 
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These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from 0 to +500 C will cause a volt~ 
age change no greater than +31 mVor -31 mV for 1NB21 or 1N821A, 
as illustrated by the dashed lines in Figure 1. The boundaries given 
are maximum values. For greater resolution. an expanded view of 
the shaded area in Figure 1 a is shown in Figure 1 b. 

NOTE 4: 
The maximum voltage change, AVZ, Figures 2 and 3 is due en­
tirely to the impedance of the device. If both temperature and IZT 
are varied, then the total voltage change may be obtai ned by graph­
ically adding AVZ in Figure 2 or 3 to the AVZ in Figure 1 for the 
device under consideration. I f the device is to be operated at some 
stable current other than the specified test current, a new set of 
characteristics may be plotted by superimposing the data in Figure 2 
or 3 on Figure 1. For a more detailed explanation see AN-437 
(Application Notel. 
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® MOTOROLA 

TEMPERATURE-COMPENSATED ZENER 
REFERENCE DIODES 

Temperature-compensated zener reference diodes utilizing an 
oxide-passivated junction for long-term voltage stability. A rugged, 
glass-enclosed, hermetically sealed structure. 

Designer's Data for "Worst Case" Conditions 

The Designers Data Sheet permits the design of most circuits 
entirely from the information presented. Limit data - representing 
device characteristic boundaries - are given to facilitate "worst 
case" design. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +17SoC 

Storage Temperature. -65 to +17SoC 

DC Power Dissipation: 500 mW@ T A = 2SoC 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, alJ-glass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily 
solderable and weldable. 

POLAR lTV: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approx) 

MOUNTING POSITION: Any 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted 
Vz = 9.0 V ±S.O%* @ IZT = 7.5 mAl 

Maximum Ambient Maximum 
Voltage Test Temperature Dvnamic 

JEOEC Change Temperature Coefficient Impedance 
Type No. t:NZ(Volt.) °c %/C ZZT (Ohms) 
(Notel) (Note 2) ±1°C (Note 2) (Note 3) 
lN935 0.067 0.01 
lN936 0.033 0.005 
lN937 0.013 0, +25, +75 0.002 20 
lN938 0.006 0.001 
lN939 0.003 0.0005 
lN935A 0.139 0.01 
lN936A 0.069 ·55,0, +25, 0.005 
lN937A 0.027 0.002 20 
lN938A 0.013 

+75,+100 
0.001 

lN939A 0.007 0.0005 
lN9358 0.184 0.01 
lN9368 0.092 

·55,0, +25, 
0.005 

lN937B 0.037 0.002 20 
lN938B 0.D18 

+75,+100,+150 
0.001 

lN939B 0.009 0.0005 

*Tighter-tolerance units available on special request. 
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NOTES: 

lN935,A,B 
thru 

lN939,A,B 

TEMPERATURE­
COMPENSATED 
SILICON ZENER 

REFERENCE DIODES 

DIM 

A 
8 
D 
F 
K 

9,OV,500mW 

liB 
@ 

o 

ri·-i 
K 

L 
MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.84 7.62 0.230 0.300 
2.16 2.72 0.085 0.107 
0.46 0.56 0.D18 0.022 
- 1.27 - 0.050 

25.40 38.10 1.000 1.500 

All JEOEC dimensions and notes apply 

CASE 51 
DO·7 

I. PACKAGE CONTOUR OPTIONAL WITHIN OIA 8 AND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT 8E SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAO DIA NOT CONTROLLED IN ZONES F, TO AllOW 
FOR FLASH, LEAD FINISH BUILOUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 
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1 N935, A, B thru 1 N939, A, B 

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
(with IZT "" 7.5 mA ±O.01 mA) (See Note 4) 

1 N935 thru 1 N939 
FIGURE 1. 
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MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
(with IZT '" 7.5 mA ±O.01 rnA) (See Note 4) 
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1N935, A, B thru 1N939, A, B 
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FIGURE 5 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT 

(See .Note 3) 

10MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 

+250C 

1000MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURves 

8UU 

-550C +150oC 
9.0 I------I------j-----t-=~W".....r---_j 

1 8.01------I----:-IZ-T--jr----t-l'---+----j 

.... 
~ 7.01------1-------j--...... F-t----+---_j 

G 
~ 6.0 

B 5.01---:::--1-"709.~~--_t---_+---_1 
+750C 

4.0'___....L.:....JC.:....L~_.L... __ _L ___ '__ __ ...J 

-150 -100 -50 50 100 
AVZ, MAXIMUM VOLTAGE CHANGE (mV) 

IReferenced to IZT· 7.5 rnA) 

4-15 

r;; 600 
~ 40U 
e 
~ 200 

<C 100 
Q 80 
~ 60 

~ 40 

~ 20 

" 10 

~ ~:~ 
« 4.0 ,. 
N 2.0 

N 

1.0 
0.1 

~ Vl500C 

-55°C ~ 

1.0 10 
IZ, ZENER CURRENT ImA) 

f.- 25°C 

100 

II 



II 

1 N935, A, B thru 1 N939, A, B 

NOTE 1: 

Types lN935B, lN937B, and lN939B are available to MIL-5-195001 
156 and MEG-A-LiFE II, Levels I, 2, & 3, specifications_ 

NOTE 2: 

Voltage Variation (6VZ) and Temperature Coefficient. 

All reference diodes are characterized by the "box method": This 
guarantees a maximum voltage variation (L't.VZ) over the specified 
temperature range. at the specified test current (lZT), verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JE DE C registration as 
well as for military qualification. The former method of indicating 
voltage stability - by means of temperature coefficient - accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore. is given only as a reference. 

NOTE 3: 

Zener Impedance Derivation 

The dynamic zener impedance. ZZT. is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current. IZT, is superimposed on IZT-

Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 5. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from +25 to +500 C will cause a volt­
age change no greater than +22 mV or -22 mV for 1 N935, as illus­
trated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution, expanded views of the 
shaded areas in Figures 1a. 2a, and 3a are shown in Figures 1b, 2b, 
and 3b respectivel y. 

NOTE 5: 

The maximum voltage change, b. VZ, in Figure 4 is due entirely to the 
impedance of the device. If both temperature and 'ZT are varied, 
then the total voltage change may be obtained by adding 6. Vz in Fig­
ure 4 to the t:::.VZ in Figure 1.2, or 3 for the device underconsidera­
tion" I f the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimposing the d"ata in Figure 4 on Figure 1,2, or 3. 
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])p!-ii~'n.PI·!-i I)ata Shppt 

TEMPERATURE-COMPENSATED ZENER 
REFERENCE DIODES 

Temperature-compensated zener reference diodes utilizing an 
oxide-passivated junction for long-term voltage stability. A rugged, 
glass-enclosed, hermetically sealed structure. 

Designer's Data for "Worst Case" Conditions 

The Designers Data Sheet permits the design of most circuits 
entirely from the information presented. Limit data - representing 
device characteristic boundaries - are given to facilitate "worst 
case" design. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +17SOC 

Storage Temperature: -65 to +175°C 

DC Power Dissipation: 500 mW @ T A = 25°C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily 
solderable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram lapprox) 

MOUNTING POSITION: Any 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted 

Vz = 11.7 V ± 5.0%* @ IZT = 7.5 mAl 

Maximum Ambient Maximum 
Voltage Test Temperature Dvnamic 

JEDEC Change Temperature Coefficient Impedance 
Type No. 6VZ (Volts) °c %/oC ZZT (Ohms) 
(Not. I) (Note 2) ±l°C (Not. 2) (Note 3) 

lN941 0.088 0.Q1 
lN942 0.044 0.005 
lN943 0.018 0, +25, +75 0.002 30 
lN944 0.009 0.001 
lN945 0.004 0.0005 
lN941A 0.181 0.01 
lN942A 0.090 0.005 
lN943A 0.036 ·55,0,+25, 0.002 30 
lN944A 0.018 +75, +100 0.001 
lN945A 0.009 0.0005 
lN941B 0.239 0.01 
I N942B 0.120 0.005 
lN943B 0.047 -55,0, +25, 0.002 30 
lN944B 0.024 +75,+100,+150 

0.001 
lN945B 0.012 0.0005 

*Tighter-tolerance units available on special request. 
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NOTES, 

IN941,A,B 
thru 

IN945,A,B 

TEMPERATURE­
COMPENSATED 
SILICON ZENER 

REFERENCE DIODES 

DIM 

A 
B 
D 
F 
K 

11.7 V, 500 mW 

o 

--, i B 
@ 

K 

A _I 
1 1;"' -I 

K 

_I 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.84 7.62 0.230 0.300 
2.16 2.72 0.085 0.107 
0.46 0.56 0.01a 0.022 

1.27 0.050 
25.40 38.10 1.000 1.500 

All JEDEC dimensions and notes apply 

CASE 51'()2 
00·7 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA BAND 
LENGTH A. HEAT SLUGS. IF ANY. SHALL BE INCLUDEO 
WITHIN THIS CYLINDER. BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAD OIA NOT CONTROLLED IN ZONES F. TO ALLOW 
FOR FLASH. LEAD FINISH 8UILOUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 
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1N941, A, B thru 1N945, A, B 

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(With IZT = 7.5 mA ±-0.01 mAl (See Note 4) 
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(With IZT = 7.5 mA ±-O.Ol mAl (See Note 4) 
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1N941, A, B thru 1N945, A, B 
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MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
(with 'ZT = 7.5 mA ±O.Ol mAl (S •• Not. 41 

1N941B thru 1N945B 
FIGURE 3a FIGURE 3b 
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FIGURE 5 - MAXIMUM ZENER IMPEDANCE versus 
ZENER CURRENT 
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(See Note 3) 
MORE THAN 95" OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 
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~ 
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IZ. ZENER CURRENT (mAl 

II 
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1 N941, A, B thru 1 N945, A, B 

FIGURE 6 - DISTRIBUTION OF MAXIMUM GENERATED NOISE 
0 
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0 f..... --t-...... 

IZl" 7.5 mA r--
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NOTE 1: 

Types 1N941B. 1N943B, and 1N944B are available to MIL-S-196001 
157 and MEG-A-LIFE II, Levels 1, 2, & 3, specifications. 

NOTE 2: 

Voltage Variation (l!.VZ) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (.6 VZ) over the specified 
temperature range, at the specified test current (IZT), verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability - by means of temperature coefficient - accurately 
reflects the voltage deviation at the temperature extremes. but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient. therefore. is given only as a reference. 

NOTE 3: 

Zener I mpedance Derivation 

The dynamic zener impedance, ZZT. is derived from the GO-Hz ac 
voltage droD which results when an ac current with an rms value 
equal to 10% of the dc zener current. IZT. is superimposed on IZT' 

Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 5. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example. a temperature change from +25 to +500 C will cause a volt­
age change no greater than +29 mV or -28 mV for 1N941. as illus­
trated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution. expanded views of the 
shaded areas in Figures 1a. 2a. and 3a are shown in Figures 1b. 2b. 
and 3b respectively. 

NOTE 5: 

The maximum voltage change. e:. VZ. in Figure 4 is due entirely to the 
impedance of the device. I f both temperature and I ZT are varied. 
then the total voltage change may be obtained by adding .:::..VZ in Fig­
ure 4 to the ~VZ in Figure 1.2. or 3 for the device underconsidera­
tion. If the device is to be operated at some stable current other 
than the specified test current. a new set of characteristics may be 
plotted by superimposing the data in Figure 4 on Figure 1,2, or 3. 
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Advance InforIDation 

CONSTANT -VOLTAGE REFERENCES FOR 
120 thru 200-VOL T APPLICATIONS 

• 400-Milliwatt 

• Guaranteed Low Zener Impedance 

• Guaranteed Low Leakage Current 

• Controlled Forward Characteristics 

• Temperature Range: -65 to + 1750 C 

• No Heat Sink Required 

MAXIMUM RATINGS 

Rating 

DC Power Dissipation @ T L - 50°C 
Derate above T L = 50°C 

Operating and Storage Junction Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed all glass case. 

DIMENSIONS: See outline drawing. 

Symbol Value 

Po 400 
3.2 

TJ. Tstg 65 to +175 

Unit 

mW 
mW/oC 

C 

FINISH: All external surfaces are corrosion resistant with readily solderable leads .. 

POLARITY: Cathode end indicated by color band. When operated in zener region, 
the cathode end will be positive with respect to anode end. 

WEIGHT: 0.2 grams (approx,) 

MOUNTING POSITION: Any 

3 .s 700 
z 

" ~ 600 

~ 500 

" a: 
3: 400 
~ 
~ 300 

~ 
~ 200 

~ 100 

;Eo 
25 

FIGURE 1 - POWER DISSIPATION 

~ 
........... r--.. 

....... 1'-.., 

~ 
50 75 100 125 160 175 

TA. AMBIENT TEMPERATURE lOCI 
200 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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NOTES: 

lN987A 
thru 

lN992A 

400-MILLIWATT 

SILICON ZENER 
DIODES 

D 

rt---f 
K 

L 
1. PACKAGE CONTOUR OPTIONAL WITHIN OIA B ANO 

LENGTH A. HEAT SLUGS. IF ANY. SHALL BE INCLUOEO 
WITHIN THIS CYLINOER. BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIAB. 

2. LEAD DIA NOT CONTROLLED IN ZONES F. TO ALLOW 
FOR FLASH. LEAD FINISH BUILDUP, ANO MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MA 

A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 
0 0.46 0.56 0.D18 0.022 
F - 1.27 0.050 
K 5.40 3B.l0 1.000 1.500 

All JEDEC dimensions and notes apply 

CASE 51-02 
Do-204AA 

(00-7) 

a 



II 

1 N987 A thru 1 N992A 

ELECTRICAL CHARACTERISTICS ITA = 25°C, VF = 1.5 V max at 200 mA for all types) 

Nominal Maximum Zener Impedance Maximum DC Maximum Reverse Current 
Zener Voltage Test INote 3) 

Type Vz Current 
Number INote 2) IZT ZZT@IZT ZZK@IZK 
INote 1) Volts rnA Ohms Ohms 

lN987A 120 1.0 900 4500 
lN988A 130 0.95 1100 5000 
lN989A 150 0.85 1500 6000 
lN990A 160 0.80 1700 6500 
lN991A 180 0.68 2200 7100 
lN992A 200 0.65 2500 8000 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance Designation 
The tolerance design,ations are as follows: 

Suffix A: ± 10% 
Suffix B: ±5% 

Voltage Designation 
To designate units with zener voltages other than those listed, 

a Motorola type number should be used, as shown below. Unless 
otherwise specified, the electrical characteristics other than the 
nominal voltage (VZ) and test voltage for leakage current will 
conform to the characteristics of the next higher voltage type 
shown in the table. 

EXAMPLE: 

0.4 M 115 Z 10 

Power Rating TTl T T Tolerance (±%I 
Motorola Zener Diode 

Nominal Voltage 

Matched Sets for Closer Tolerances or Higher Voltages 
Series matched sets make zener voltages in excess of 200 volts 

or tolerances of less than 5% possible as well as providing lower 
temperature coefficients, lower dynamic impedance and greater 
power handling ability. 

For Clippers, Parallel Matched Sets or other special circuit 
requirements, contact your Motorola Representative, 

Zener Current INote 5) 

IZM 
IZK INote 4) IR Maximum Test Voltage Vdc 

mA rnA J.l.A 5% VR 10% 

0.25 2.5 5.0 91.2 86.4 

0.25 2.3 5.0 98.8 93.6 
0.25 2.0 5.0 114 108 

0.25 1.9 5.0 121.6 115.2 

0.25 1.7 5.0 136.8 129.6 

0.25 1.5 5.0 152 144 

NOTE 2 - ZENER VOL TAGE IVZ) MEASUREMENT 

Nominal zener voltage is measured with the device junction in 
thermal equilibrium with ambient temperature of 2SoC. 

NOTE 3 - ZENER IMPEDANCE IZz) DERIVATION 

The zener impedance is derived from the 60 cycle ae voltage, 
which results when an ae current having an rms value equal to 10% 

of the de zener current (lZT) is superimposed on IZT 
A cathode ray oscilloscope curve test is used to insure that 

each zener diode breakdown region begins at a low current level 
and that zener voltage remains nearly constant to a current level in 
excess of IZM. 

NOTE 4 - MAXIMUM ZENER CURRENT RATINGS I1ZM) 

Maximum zener current ratings are based on the maximum 
voltage of a 20% unit. For closer tolerance units (10% or 5%) or 
uni~s where the actual zener voltage (Vz) is known at the 
operating point. the maximum zener current may be increased 
and is limited by the derating curve. 

NOTE 5 - REVERSE LEAKAGE CURRENT IR 

Reverse leakage currents are guaranteed only for 5% and 10% 
400 mW silicon zener diodes and are measured at VR as shown 
on the table. 
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® MOTOROLA 

ZENER DIODES 

Units are available with anode-to-case and cathode-to-case 
connections (standard and reverse polarity). For reverse polarity, 
add suffix "R" to type number. 

MAXIMUM RATINGS 
Junction and Storage Temperature: -65"C to + 175"C. 

DC Power Dissipation: 50 Walts. (Derate 0.5 W/"C above 75"C). 
TOLERANCE DESIGNATION: The type numbers shown have a standard 
tolerance of ± 20% on the nominal zener voltage. Add suffix "A" for 
±10% units or "B" for ±5% units. (2% and 1% tolerance also 
available. 

CASE 54 APPLICATIONS INFORMATION: If these units are used with a 
socket, the unregulated line should be connected to one pin through a 
suitable current limiting resistor and the load should be connected to 
the other pin. The load will now be disconnected from the line if the unit 
is removed from the socket. 

Typical circuit connections for anode-to-case and cathode-to-case 
polarities (standard and reverse polarities, respectively) are shown 
below. 

Pin 

Load 

CIRCUIT CONNECTIONS 

8T AN DARD POLARITY 
(Anode to Case) 

IN2804 thru IN2846 
6.8V thru 200V (Case 54) 

IN3305 thru IN3350 
6.8V thru 200V (Case 58) 

IN4549 thru IN4556 
3.9V thru 7.5V (Case 58) 

IN4557 thru IN4564 
3.9V thru 7.5V (Case 54) 

50 WATTS 
ZENER DIODES 

CASE 54 
(TO·3 Modified) 

CASE 58 
(stud package) 

Load 
REVERSE POLARITY 

(Cathode to Case) 
+ 

.... Chassis 
or Gnd. 
(-I 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT­
AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: 

To designate units with zener voltages other than 
those assigned JEDEC numbers and/or tight voltage 
tolerances (±3%, ±2%, ±1%), the Motorola type 
number should be used. 

50 M 90 S Z 3 
T T T T T I 

Device Motorola Nominal Zener Tolerance 
Description Voltage Stud Diode (±%) 

Example: 50M90ZS3 

(B) MATCHED SETS: (Standard Tolerances are ±5.0%, 
±2.0%, ~1.0%). 

Zener diodes can be obtained In sets consisting of two 
or more matched devices. The method for specifying 
such matched sets similar to the one described in (A) for 
specifying units with a special voltage and/or tolerance 
except that two extra suffixes are added to the code 
number described. 

These units are marked with code leiters to identify the 
matched sets and, In addition, each unit in a set is 
marked with the same serial number which is different 
for each set being ordered. 

50 M 

Device 

Chassis 
or Gnd. 

(+1 

51 S Z 5 B 1 

51 Volts Zener Overall TJ Description (each deVice) Diodes Tolerance T J T Tli of set 
Motorola Stud (±1%) 

Tolerance 
perdevice(±5%) Code· 

(omitfor ± 20% units) (A-Not used) 
'Code: 

B - Two devices in series 
C - Three devices in series 
D - Four devices in series 

Example: 50M51SZ5Bl 

(C) ZENER CLIPPERS: (Standard Tolerance ± 10% and 
±5%). 

Special clipper diodes with opposing Zener junctions 
built into the device are available by using the following 
nomenclature: 

50 M 20 S IJ Device 
Description 

Motorola 

N~a0· Voltage 

Stud 

Example: 50M20SZZ10 

Z Z 10 

T IJ Zener 
Diodes 

Clipper 
Tolerance for each of 
the two Zener volt­
ages (not a matching 
requirement) 
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1 N2804 thru 1 N2846, 1 N3305 thru 1 N3350, 1 N4549 thru 1 N4564 

ELECTRICAL CHARACTERISTICS (Tc = 30·C unless otherwise specified, VF = 1.5 V max @ 10 A on all types.) 
Nominal 

Max Zener Impedance 
Max DC Zen.r 

Zener T •• t Current 
SO Wall 50 W.II Voltage Current 7S·C Ca •• Temp 
C ••• S4 C ••• 58 @Izr ~zr} (IZMlmA 

(VzI Volt. mA Zzr @ Izr ZZK @ IZK m SmA 
ohm. ohms 

lN4557 1N4549 3.9 3200 0.16 400 11900 
lN4558 lN4550 4.3 2900 0.16 500 10650 
lN4559 lN4551 4.7 2650 0.12 600 9700 
lN45SO lN4552 5.1 2450 0.12 650 5900 
lN4581 lN4553 5.6 2250 0.12 900 8100 
lN4562 lN4554 6.2 2000 0.14 1000 7300 
lN2804 lN3305 6.8 1850 0.2 70 8800 
lN4583 lN4555 8.8 1850 0.16 200 6650 
lN2805 lN3306 7.5 1700 0.3 70 5900 
lN4564 lN4556 7.5 1650 0.24 100 8050 
iN2806 lN3307 8.2 1500 0.4 70 5200 
lN2807 lN3306 9.1 1370 0.5 70 4800 
lN2808 lN3309 10 1200 0.6 80 4300 
lN2809 lN3310 11 1100 0.8 80 3900 
lN2810 lN3311 12 1000 1.0 80 3800 
lN2811 lN3312 13 960 1.1 80 3300 
lN2812 lN3313 14 890 1.2 80 3000 
lN2813 lN3314 15 830 1.4 80 2800 
lN2814 lN3315 16 780 1.6 80 2650 
lN2815 lN3316 17 740 1.8 80 2500 
lN2816 lN3317 18 700 2.0 80 2300 
lN2817 lN3318 19 660 2.2 80 2200 
lN2818 lN3319 20 630 2.4 80 2100 
iN2819 lN3320 22 570 2.5 80 1900 
lN2820 lN3321 24 520 2.6 80 1750 
lN2821 lN3322 25 500 2.7 90 1550 
lN2822 lN3323 27 460 2.8 90 1500 
lN2823 lN3324 30 420 3.0 90 1400 
lN2824 lN3325 33 380 3.2 90 1300 
lN2825 lN3326 36 350 3.5 90 1150 
lN2826 lN3327 39 320 4.0 90 1050 
lN2827 lN3328 43 290 4.5 90 975 
lN2828 lN3329 45 280 4.5 100 930 
lN2829 lN3330 47 270 5.0 100 880 
lN2830 lN3331 50 250 5.0 100 830 
lN2831 lN3332 51 245 5.2 100 810 

- lN3333 52 240 5.5 100 790 
lN2832 lN3334 56 220 6 110 740 
lN2833 lN3335 62 200 7 120 660 
lN2834 lN3338 68 180 8 140 600 
lN2835 lN3337 75 170 9 150 540 
lN2836 lN3338 82 150 11 180 490 
lN2837 lN3339 91 140 15 180 420 
lN2838 lN3340 100 120 20 200 400 
lN2839 lN3341 105 120 25 210 380 
lN2840 lN3342 110 110 30 220 385 
lN2841 lN3343 120 100 40 240 335 
lN2842 lN3344 130 95 50 275 310 

- lN3345 140 90 60 325 290 
lN2843 lN3346 150 85 75 400 270 
lN2844 lN3347 180 80 80 450 250 

- lN3346 175 70 85 500 230 
lN2845 lN3349 180 68 90 525 220 
lN2846 lN3350 200 65 100 600 200 

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details} 

·VRI - Test Voltage for 5% Tolerance Device 
VR2 - Test Voltage for 10% Tolerance Device 
No Leakage Specified as 20% Tolerance Device 
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Revers.· Typical 
Leakag. Current Zener 

Voltage 
T.mp. Coell. 

IRMax VR1 VR2 %/·C 
(..A} 
150 0.5 0.5 -.025 
150 0.5 0.5 -.025 
100 1.0 1.0 .010 
20 1.0 1.0 .015 
20 1.0 1.0 .030 
20 2.0 2.0 .040 

150 4.5 4.3 .040 
10 2.0 2.0 .045 
75 5.0 4.7 .045 
10 3.0 3.0 .053 
50 5.4 5.2 .048 
25 6.1 5.7 .051 
10 6.7 8.3 .055 

5 8.4 8.0 .060 

5 9.1 8.6 .065 
5 9.9 9.4 .065 
5 10.6 10.1 .070 
5 11.4 10.8 .070 
5 12.2 11.5 .070 
5 13.0 12.2 .075 
5 13.7 13.0 .075 
5 14.4 13.7 .075 
5 15.2 14.4 .075 
5 16.7 15.8 .080 
5 18.2 17.3 .080 
5 19.0 18.0 .080 
5 20.6 19.4 .085 
5 22.8 21.6 .085 
5 25.1 23.8 .085 
5 27.4 25.9 .085 
5 29.7 28.1 .090 
5 32.7 31.0 .090 
5 34.2 32.4 .090 
5 35.8 33.8 .090 
5 38.0 36.0 .090 
5 38.8 36.7 .090 
5 39.5 37.4 .090 
5 42.6 40.3 .090 
5 47.1 44.6 .090 
5 51.7 49.0 .090 
5 56.0 54.0 .090 
5 62.2 59.0 .090 
5 69.2 65.5 .090 
5 76.0 72.0 .090 
5 79.8 75.6 .095 
5 83.6 79.2 .095 
5 91.2 68.4 .095 
5 98.8 93.6 .095 
5 106.4 100.8 .095 
5 114.0 108.0 .095 
5 121.6 115.2 .095 
5 133.0 126.0 .095 
5 136.8 129.6 .095 
5 152.0 144.0 .100 



1 N2804 thru 1 N2846, 1 N3305 thru 1 N3350, 1 N4549 thru 1 N4564 

FIGURE 1 - TEMPERATURE CHARACTERISTICS 
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1 N2804 thru 1 N2846, 1 N3305 thru 1 N3350, 1 N4549 thru 1 N4564 

II 

L~' ~ 1-; K 
SEATiNG PLANE D I I rDO 

r--F ~~ 

~ir -J-

Q~r~ 1 t: 1/4
E
28 UNf 2A 

H + ~ t ~ 
lG I I ~O./ 

STYLE 1: 
TERM. 1. CATHODE 

2. ANODE 
STYLE 2: 

TERM. 1. ANODE 
MILLIMETERS INCHES 2. CATHODE 

DIM MIN MAX MIN MAX 

A - 39.12 - 1.540 
MILLIMETERS INCHES 

B 20.70 0.815 DIM MIN MAX MIN MAX 
C 7.91 0.311 

STYLE 3: 18.91 119.18 0.745 10.755 0 1.11 1.30 0.048 0.051 A 
E 1.84 3.05 0.111 0.110 PIN 1. CATHODE B 16.94 17.45 0.667 0.687 
F 19.90 30.40 1.177 1.197 1. CATHODE C 11.94 0.470 
G 10.67 11.18 0.410 0.440 CASE: ANODE 0 3.18 NOM 0.125 NOM 
H 5.33 5.59 0.110 0.120 STYLE 4: E 2.92 5.08 0.115 0.200 
J 16.54 16.79 0.651 0.661 PIN 1. ANODE J 10.71 11.51 0.422 0.453 
K 8.13 10.67 0.320 I 0.420 2. ANODE K 21.34 0.840 
Q 3.84 4.09 0.151 0.161 CASE: CATHODE Q 1.78 NOM 0.070 NOM 
R - 26.16 - 1.030 R 7.11 0.280 

CASE 54 CASE 58 
(T0·3 Modified) (stud package) 
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® MOTOROLA 

ZENER DIODES 

Diffused-junction zener diodes for both military and hlgh­
reliability industrial applications. Available with anode-to-case 
and cathode-to-case connections (standard and reverse 
polarity), i.e., 1N2970 and 1N2970R. Supplied with mounting 
hardware. 

The type numbers shown have a standard tolerance of ± 20% on the 
nominal zener voltage. Add suffix "A" for ± 10% units or "8" for ± 5% 
units. (2% and 1 % tolerance also available.) 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65·C to + 175·C. 

DC Power Dissipation: 10 Watts. (Derate 83.3 mW'·C above 55·C). 

ELECTRICAL CHARACTERISTICS (TC=25°C unless otherwise noted, 

IN2970 
thru 

IN3015 

10 WATTS 
ZENER DIODES 

m,,, ~! 
TERM.!. CATHODE 

2. ANODE R 

nY~2: A 
TERM 1 

2 
. ANODE --; DC 
. CATHODE 1 

I a~ 
K 

t.r.I ---. j I 
~~:I\' 1 SEATING - p 

PLANE I 10.32 UNF.2A· ..... - 2 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 11.94 12.83 0.470 0.505 
B 10.77 11.10 0.424 0.437 
C - 10.29 0.405 
0 - 6.35 0.250 
E 1.91 4.45 0.075 0.175 
F 1.52 0.060 
J 10.72 11.51 0.422 0.453 
K 20.32 0.800 
P 4.14 4.80 0.163 0.189 
Q 1.52 - 0.060 
R 10.77 0.424 

All JEDEC dImenSIOns and notes apply 

CASE 58 
DO-4 

VF= 1.5 V max @ IF =2 amp on ali types.)'-----------------' 

Nominal Teat Max Zener Impedance Max DC Zener Max. Reverse Current-
Zener Voltage Current Current 

Type No. vz@ IZT IZT zZT@ IZT ZZK @ IZK IZK IZMmA IR Max VRI VR2 
Volta mA Ohm, Ohm, mA /!IAl 

lN297Q 6.8 370 1.2 500 1.0 1,320 150 5.2 4.9 

lN2971 7.5 335 1.3 250 1.0 1,180 75 5.7 5.4 
lN2972 8.2 305 1.5 250 1.0 1,040 50 6.2 5.9 
lN2973 9.1 275 2.0 250 1.0 960 25 6.9 6.6 
lN2974 10 250 3 250 1.0 880 10 7.6 7.2 
IN2975 II 230 3 250 1.0 780 5 8.4 8.0 
IN2976 12 210 3 250 1.0 720 5 9.1 8.6 
IN2977 13 190 3 250 1.0 680 5 9.9 9.4 
IN2978 14 180 3 250 1.0 800 5 10.6 10.1 
lN2979 15 170 3 250 1.0 580 5 11.4 10.8 

·VRI - Tes' Voltage lor 5% Tolarance Device. VR2 - Tes' Voltage lor 10 % Tolerance Device. No Leakage Specilled as 20% Tolerance Device. 
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1 N2970 thru 1 N3015 

ELECTRICAL CHARACTERISTICS (TC=25"C unless otherwise noted, VF= 1.5 V max @ IF =2 amp on all types.) 

Nominal Teot Max lener Impedance Max DC zener Max. Reverse Current* 
Zener Voltage Current Current 

Type No. VZ@ IZT IZT ZZT @ IZT ZZK@ IZK IZK IZMmA IR Max VRl VR2 
Volts mA Ohms Ohms mA (jAA) 

lN2980 16 155 4 250 1.0 530 5 12.2 11.5 
lN2982 18 140 4 250 1.0 460 5 13.7 13.0 
lN2983 19 130 4 250 1.0 440 5 14.4 13.7 
lN2984 20 125 4 250 1.0 420 5 15.2 14.4 
lN2985 22 115 5 250 1.0 380 5 16.7 15.8 
lN2986 24 105 5 250 1.0 350 5 18.2 17.3 
lN2988 27 95 7 250 1.0 300 5 20.6 19.4 
lN2989 30 85 8 300 1.0 280 5 22.8 21.6 
lN2990 33 75 9 300 1.0 260 5 25.1 23.8 
lN2991 36 70 10 300 1.0 230 5 27.4 25.9 
lN2992 39 65 11 300 1.0 210 5 29.7 28.1 
lN2993 43 60 12 400 1.0 195 5 32.7 31.0. 
lN2995 47 55 14 400 1.0 175 5 35.8 33.8 
lN2996 50 50 15 500 1.0 165 5 38.0 36.0 
lN2997 51 50 15 500 1.0 163 5 38.8 36.7 
lN2998 52 50 15 500 1.0 160 5 39.5 37.4 
lN2999 56 45 .16 500 1.0 150 5 42.6 40.3 
lN3000 62 40 17 600 1.0 130 5 47.1 44.6 
lN3001 68 37 18 600 1.0 120 5 51.7 49.0 
lN3002 75 33 22 600 1.0 110 5 56.0 54.0 
lN3003 82 30 25 700 1.0 100 5 62.2 59.0 
lN3004 91 28 35 800 1.0 85 5 69.2 65.5 
lN3005 100 25 40 900 1.0 80 5 76.0 72.0 
lN3006 105 25 45 1.000 1.0 75 5 79.8 75.6 
lN3007 110 23 55 1.100 1.0 72 5 83.6 79.2 
lN3008 120 20 75 1,200 1.0 67 5 91.2 86.4 
lN3009 130 19 100 1,300 1.0 62 5 98.8 93.6 
lN3010 140 18 125 1,400 1.0 58 5 106.4 100.8 
lNJOll 150 17 175 1,500 1.0 54 5 114.0 108.0 
lN3012 160 16 200 1,600 1.0 50 5 121.6 115.2 
lN3014 180 14 260 1,850 1.0 45 5 136.8 129.6 
lN3015 200 12 300 2,000 1.0 40 5 152.0 144.0 

·VR1 - Test Voltage for 5% Tolerance Device. VR2 - Test Voltage for 10 % Tolerance Device. No Leakage Specified as 20% Tolerance Device. 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT· 
AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: 

To designate units with zener voltages other than 
those assigned JEDEC numbers andlor tight voltage 
tolerances (±3'10, ±2'10, ±1%), the Motorola type 
number should be used. 

10 M 90 Z 3 
T T T T , 

Device Motorola Nominal Zener Tolerance 
Description Voltage Diode (±%) 

Example: 10M90Z3 

(B) MATCHED SETS: (Standard Tolerances are ±5.0%, 
± 2.0%, ± 1.0%). 

Zener diodes can be obtained in sets consisting of two 
or more matched devices. The method for specifying 
such matched sets is similar to the one descrlbecl in (A) 
for specifying units with a special voltage and/or 
tolerance except that two extra suffixes are added to the 
code number described. 

These units are marked with code letters to identify the 
matched sets and, In addition, each unit in a set is 
marked with the same serial number, which Is different 
for each set being ordered. 

SPECIAL SELECTIONS AVAILABLE INCLUDE: (see Selector Guide for details) 
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10 M 

T J Device 
Description 

Motorola 

51 
T 

51 Volts 
(each device) 

Z 5 B 1 'IlT Zener Overall 
Diodes Tolerance 

of set 
(±1%) 

Tolerance 
per device (± 5%) Code* 

(omit for ± 20% units) (A-Not used) 
'Code: 

B - Two devices in series 
C - Three devices in series 
D - Four devices in series 

Example: 10M51Z5Bl 

(C) ZENER CLIPPERS: (Standard Tolerance ± 10% and 
±5'10). 

Special clipper diodes with opposing Zener junctions 
built into the device are available by using the following 
nomenclature: 

.!p- JM Device 
Description 

Motorola 

20 
T 

Nominal 
Voltage 

Example: 10M20ZZ10 

+ JZ Zener 
Diodes 

Clipper T 
Tolerance for each of 
the two Zener volt­
ages (not a matching 
requirement) 



® MOTOROLA 

TEMPERATURE·COMPENSATED SILICON 
ZENER REFERENCE DIODES 

Temperature-compensated zener reference diodes utilizing an 
oxide-passivated junction for long-term voltage stability. A rug­
ged, glass-enclosed, hermetically sealed structure. 

MAXIMUM RATINGS 

Junction Temperature: -55 to + 175'C 
Storage Temperature: -65 to + 175'C 

DC Power Dissipation: 500 mW @ TA = 25'C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all glass. 

DIMENSIONS: See outline drawing. 
FINISH: All external surlaces are corrosion resistant and leads are 

readily solderable and weldable. 
POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Grams (approx) 
MOUNTING POSITION: Any 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted 
Vz = 8.4 V ±5.0%* @ IZT = 10 mAl 

Maximum Ambient Maximum 
Voltage Test Temperature Dynamic 

JEDEC Change Temperature Coefficient Impedance 
Type No. AVZ (Volts) 'c %I'C Zzr(Ohms) 
(Note 1) (Note 2) ±1 DC (Note 2) (Note 3) 

lN3154 0.130 0.01 
lN3155 0.065 -55, 0, + 25, + 75, 0.005 

15 lN3156 0.026 +100 0.002 
lN3157 0.013 0.001 
lN3154A 0.172 0.Q1 
lN3155A 0.086 -55, 0, + 25, + 75, 0.005 

15 lN3156A 0.034 +100, +150 0.002 
lN3157A 0.017 0.001 

*Tighter-tolerance units available on special request. 
CAPACITANCE (C) = 20 to 180 pF @ 90% of Vz 
FORWARD BREAKDOWN VOLTAGE (Vf) = 100 to BOO V 
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NOTES: 

lN3154,A 
thru 

lN3157,A 

TEMPERATURE· 
COMPENSATED 
SILICON ZENER 

REFERENCE DIODES 

DIM 

A 
B 
0 
F 
K 

8.9 V, 500 mW 

liB 
@ 

D 

K 

ri'--l 
K 

L 
MILLIMETERS INCHES 
MIN M/tX MIN MAX 

5.84 7.62 0.230 0.300 
2.16 2.72 0.OB5 0.107 
0.46 0.56 0.018 0.022 

1.27 - 0.050 
25.40 38.10 1.000 1.500 

All JEDEC dimensions and notes apply 

CASE 51 
00·7 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA BAND 
LENGTH A. HEAT SLUGS. IF ANY. SHALL8E INCLUDED 
WITHIN THIS CYLINDER. BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAD DIA NOT CONTROLLED IN ZONES F. TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 

II 



II 

1N3154A thru 1N3157A 
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1N3154A thru 1N3157A FIGURE 2b 

200 

IZP10~A lN3 54A 

,----
lN3154A/ IN3155A 

/ / 
50 

150 

~ 100 
W 

~ 
~ 50 
W 

'" 
~ 
o 
> 

'" ::> 

'" ~ -50 

'" N 
~ 

-10 

-15 

-20 

0 

0 

0 

~ 

'" 
-55 

/ 

/ 
V 

30 

I 
/ 

I 

40 

1/ 
IN 55A --(--

~r- lN3156A 

lN3157A , 
r-: r--- • 1--- lN3157A 

1"---. IN3156A 

"'-., 
i'... ~ lN3155A_ 

"'" "" 

} 
I / 
I / 
ilL 
f/£,/ 
~ 
~ 
\'\ 
\'\ 
~ 

\ 
0 \ 

\ 

20 

10 

-10 

-20 

-3 

"- -40 

lN31,54A 
-5 0 

50 100 150. -55 

TA, AMBIENT TEMPERATURE IOC) 

4-30 

/ 
/ ..... r--- IN3156A 

/ 
/" 

/" 
~ lN3157A 

r--
1-"""""" I .......... 

i' ~ lN3157A 
~ 

I'\. r-.., 
'\ ~ 

'\. '\ lN3156A 

'\ 
'\. 

\IN3154A ~ IN3155A 

50 100 150 



1N3154A thru 1N3157A 
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FIGURE 3 - ZENER CURRENT versus MAXIMUM 
VOLTAGE CHANGE (at specified temperatures) 

(See Note 5) 
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NOTE 1: 

Types 1 N3154 thru 1 N3157 are available to M I L-S-19500/158 and 
MEG-A-LiFE II, Levels 1, 2, & 3, specifications. 

NOTE 2: 

VOltage Variation b VZ) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (.~~VZ) over the specified 
temperature range, at the specified test current (lZT), verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability - by means of temperature coefficient - accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relatio.nship. The temperature 
coefficient, therefore, is given only as a reference. 

NOTE 3: 

Zener Impedance Derivation 

The dynamic zener impedance, ZZT, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the de zener current. 'ZT. is superimposed on IZT' 

Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 4. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from 0 to +500 C will cause a vott­
age change no greater than +42 mV or -42 mV for 1N3154, as 
illustrated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution, expanded views of the 
shaded areas in Figures 1a and 28 are shown in Figures 1b and 2b 
respectively. 

NOTE 5: 

The maximum voltage change, t:.VZ, in Figure 3 is due entirely to 
the impedance of the device. If both temperature and I ZT are varied. 
then the total voltage change may be obtained by adding b.VZ in 
Figure 3 to the b.VZ in Figure 1 or 2 for the device under considera­
tion. If the device is to be operated at some stable current other 
than the specified test current, 8 new set of characteristics may be 
plotted by superimposing the data in Figure 3 on Figure 1 or 2. 
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IN3785 thru IN3820 
® MOTOROLA 

ZENER DIODES 

Low silhouette single·ended package for printed circuit or 
socket mounting. Cathode connected to case. 

11.------------, 
MAXIMUM RATINGS 

Junction and Storage Temperature: - 65'C to + 175 ·C. 
DC Power Dissipation: 1.5 Watts at 25'C Ambient. (Derate 10 mW/·C). 

The type numbers shown have a standard tolerance of ± 20% on the 
zener voltage. Standard tolerances of ± 10% and ± 5% on individual 
units are also available and are indicated by suffixing "A" for ± 10% 
and "B" for ± 5% units to the standard type number. 

ELECTRICAL CHARACTERISTICS (T A = 25 'C unless otherwise noted, 
VF = 1.5 V max @ 300 mAl 

Test Max Zener Impedance 
Nominal Current Max DC Zener 

Type No. Zener Voltage @ Izr (lzr) Zzr @ Izr ZZK @ IZK IZK Current 
(VZ) Volts mA Ohms Ohms mA (IZM)mA 

lN3785 6.8 55 2.7 700 1.0 195 
IN3786 7.5 50 3.0 700 0.5 175 
lN3787 8.2 46 3.5 700 0.5 ISS 
lN3788 9.1 41 4.0 700 0.5 140 
IN3789 10 37 5 700 0.25 125 
lN3790 11 34 6 700 0.25 115 
lN3791 12 31 7 700 0.25 105 
IN3792 13 29 8 700 0.25 98 
lN3793 15 25 10 700 0.25 85 
lN3794 16 23 11 700 0.25 80 

1.5 WATTS 
ZENER DIODES 

-@ STYLE I 
o 0 PIN I. CATHODE 
1 2 2. ANODE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

r-+ f ..... " ,10.59 .. 0.417 

r+ 1-=-_J.59 0.338 

r-+ - . 650 0.256 

r4-~Ul:09 0.039 0.043 
E - I 1.19 - 0.047 
G 2.92 3.43 0.115 0.135 

c.......!L. 1ULJ...25.40 0.8BO 1.000 

CASE 55 

Typical 
Reverse Leakage Current* Zener 

Voltage 

IR Max VRI VR2 Temp. Coolf. 
(,A) %/OC 

150 5.2 4.9 .040 
75 5.7 5.4 .045 
50 6.2 5.9 .048 
25 6.9 6.6 .051 
10 7.6 7.2 .055 
5 8.4 8.0 .060 
5 9.1 8.6 .065 
5 9.9 9.4 .065 
5 11.4 10.8 .070 
5 12.2 11.5 .070 

·VR1 - Test Voltage for 5% Tolerance Device. VR2 - Test Voltage for 10 % Tolerance Device. No Leakage Specified as 20% Tolerance Device. 
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1 N3785 thru 1 N3820 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted, VF = 1.5 V max @ 300 mAl 

Test Max Zener Impedance Reverse Leakage Currant· 
Nominal Current 

Type No. Zener Voltage @ IZT (IZT) ZZT @ IZT ZZK @ IZK IZK 
(VZ) Volts mA Ohms Ohms mA 

1N3795 18 21 13 750 0.25 
1N3796 20 19 15 750 0.25 
1N3797 22 17 16 750 0.25 
1N3798 24 16 17 750 0.25 
1N3799 27 14 20 750 0.25 
1N3800 30 12 25 1,000 0.25 
1N3801 33 11 30 1,000 0.25 
lN3802 36 10 35 1,000 0.25 
1N3803 39 10 40 1,000 0.25 
1N3804 43 9.0 45 1,500 0.25 
1N3805 47 8.0 55 1,500 0.25 
1N3806 51 7.4 65 2,000 0.25 
1N3807 56 6.7 75 2,000 0.25 
1N3808 62 6.0 85 2,000 0.25 
1N3809 68 5.5 95 2,000 0.25 
1N3810 75 5.0 110 2,000 0.25 
1N3811 82 4.5 130 3,000 0.25 
1N3812 91 4.1 150 3,000 0.25 
1N3813 100 3.7 200 3,000 0.25 
1N3814 110 3.4 300 4,000 0.25 
1N3815 120 3.1 350 4,500 0.25 
1N3816 130 2.9 400 5,000 0.25 
1N3817 150 2.5 700 6,000 0.25 
1N3818 160 2.3 750 6,500 0.25 
1N3819 180 2.1 800 7,000 0.25 
1N3820 200 1.9 1,000 8,000 0.25 

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 
1 - Nominal zener voltages between those shown. 

Max DC Zener 

Current IR Ma. 
(lZM)mA (JA) 

70 5 
62 5 
56 5 
51 5 
46 5 
41 5 
38 5 
35 5 
31 5 
28 5 
26 5 
24 5 
22 5 
20 5 
18 5 
16 5 
14 5 
13 5 
12.0 5 
11.0 5 
10.5 5 
9.0 5 
8.0 5 
8.0 5 
7.0 5 
6.0 5 

2 - Matched sets: (Standard Tolerances are ± 5.0%, ± 3.0%, ± 2.0%, ± 1.0%) depending on voltage per device. 

VR1 VR2 

13.7 13.0 
15.2 14.4 
16.7 15.8 
18.2 17.3 
20.6 19.4 
22.8 21.6 
25.1 23.8 
27.4 25.9 
29.7 28.1 
32.7 31.0 
35.8 33.8 
38.8 36.6 
42.6 40.3 
47.1 44.6 
51.7 49.0 
56.0 54.0 
62.0 59.0 
69.2 65.5 
76.0 72.0 
83.6 79.2 
91.2 86.4 
98.8 93.6 

114.0 108.0 
121.8 115.0 
137.0 130.0 
152.0 144.0 

Typical 
Zener 

Voltage 

Temp. Coell. 
%/OC 

.075 

.075 

.080 

.080 

.085 

.085 

.085 

.085 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.095 

.095 

.095 

.095 

.095 

.095 

.100 

a. Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher zener voltages and 
provide lower temperature coefficients, lower dynamic impedance and greater power handling ability. 

b. Two or more units matched to one another with any specified tolerance. 
3 - Tight voltage tolerances: 1.0%, 2.0%, 3.0%. 

·VR1 - Test Voltage for 5% Tolerance Device. VR2 - Test Voltage for 10 % Tolerance Device. 
No leakage Specified as 20% Tolerance Device. 
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IN3821 thru IN3830 
SERIES 

(1M3.3AZ10 thru 1M7.5AZ10) 

IN3016 thru IN3051 
SERIES 

(1M6.8Z thru 1M200Z) 

l)p~igTlPI·~ Data Shppt 

1.0 WATT METAL SILICON ZENER DIODES 

a complete series of 1.0 Watt Zener Diodes with limits and 
operating characteristics that reflect the superior capabilities of 
silicon·oxide·passivated junctions. All this in an axial-lead, metal 
package offering protection in all common environmental conditions. 

• To 100 Watts Surge Rating @ 10 ms 

• Maximum Limits Guaranteed on Five Electrical Parameters 

• Power Capability to MI L·S·19500 Specifications 

Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the in­

formation presented. Limit curves - representing boundaries on device characteris­
tics - are given to facilitate "worst case" design. 

*MAXIMUM RATINGS 

Rating 

DC Power Dissipation@TA = 25°C 
Derate above 25°C (S.e Figure 11 

Operating and Storage Junction 
Temperature Range 

Symbol Value 

1.0 
6.67 

-65 to +175 

Unit 

Lead Temperature 230°C at a distance not tess than 1/16" from the casefar 10seconds. 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed metal and glass. 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion-resistant and leads are readily solderable 
and weldable. 

POLARITV: Cathode connected to the case. When operated in zener mode, cathode will 
be positive with respect to anode. 

WEIGHT: 1.4 Grams (approxl 

MOUNTING POSITION: Any 

FIGURE 1 - POWER· TEMPERATURE DERATING CURVE 

in 

i 

'" "' 

2.0 

1.6 

~ 0.8 

'" '" ,. 
X: 0.4 « 
'" ~ o 

LI. LEAd LENG+H-I--
~11/8" TO HEAT SINK 

........... ~ 

~ 
31;::-- :::---.. 
........... 1'-." 

1.0" ........... r-.., ~ 
I'-- ::'::::: 

...... ~ ~ 
~ ...... 

o 20 40 60 80 100 120 140 160 180 200 

TL. LEAD TEMPERATURE IOC) 

*Indicates JEOEC Registered Data. 

4-34 

® MOTOROLA 

1.0 WATT 
ZENER REGULATOR DIODES 

DIM 

A 
B 
0 
D 
F 
J 
K 
L 

3.3-200 VOL TS 

MILLIMETERS 
MIN MAX 
7.44 9.07 
5.46 5. 
- 1. 

0.64 .9 
- 4.78 

1.14 2.54 
25.40 41.28 
25.40 41.28 

STYLE 1: 
PIN 1. CATHODE 

2. ANODE 

INCHES 
MIN MAX 

0.293 0.357 

-
- 0.188 

0.045 0.100 
1.000 l.ij25 
1.000 1.625 

All JEOEC dimensions and notes apply 

NOTE: 

CASE 52·03 
00·13 

1. ALL RULES AND NOTES ASSOCIATED 
WITH 00·13 OUTLINE SHALL APPLY. 



1 N3821 thru 1 N3830, 1 N3016 thru 1 N3051 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted I 
VF = 1.5 V max@ IF = 200 rnA lor all types 

·Nominal "'Max Zener Impedance 
JEDEC Zener Voltage -Test (Note 4) 

Type No. VZ@IZT Current 
(Flangeless) Volts 'ZT ZZT@IZT ZZK@IZK 'ZK 

(Note 1 & 2) (Note 3) mA Ohms Ohms mA 

lN3821 3.3 76 10 400 1.0 
lN3822 3.6 69 10 400 1.0 
lN3823 3.9 64 9.0 400 1.0 
lN3824 4.3 58 9.0 400 1.0 

lN3825 4.7 53 8.0 500 1.0 
, N3826 5.1 49 7.0 550 1.0 
lN3827 5.6 45 5.0 600 1.0 
lN3828 6.2 41 2.0 700 1.0 

lN3829 6.8 37 1.5 500 1.0 
1 N3B30 7.5 34 1.5 250 1.0 

lN3016 6.8 37 3.5 700 1.0 
lN3Q17 7.5 34 4.0 100 0.5 

lN3018 8.2 31 4.5 700 0.5 
lN3019 9.1 28 5.0 100 0.5 
lN3020 10 25 1.0 100 0.25 
lNJ021 11 23 8.0 100 0.25 

, N3022 12 21 9.0 100 0.25 
lN3023 13 19 10 700 0.25 
lN3024 Is 11 14 100 0.25 
lN3025 16 15.5 16 100 0.25 

1 N3026 18 14 20 150 0.25 
lN3027 20 12.5 22 ,.0 0.25 
lN3028 n 11.5 23 150 0.25 
lN3Q29 24 10.5 2. 150 0.25 

lN3030 21 9.5 35 150 0,25 
lN3031 30 8.5 40 1000 0,25 
1 N3032 33 1.5 4. 1000 0.25 
lN3033 36 1.0 50 1000 0.25 

lN3034 39 6.5 60 1000 0.25 
1N3035 43 6.0 10 1500 0.25 
lN3036 41 55 80 1500 0.25 
lN3037 51 5.0 95 1500 0.25 

lN3038 56 4.5 110 2000 0.25 
lN3039 62 4.0 125 2000 0.25 
lN3040 68 3.1 150 2000 0.25 
1N3041 15 3.3 115 2000 0.25 

lN3042 82 3.0 200 3000 0.25 
1N3043 91 2.8 250 3000 0.25 
lN3044 100 2.5 350 3000 0.25 
lN3045 110 2.3 4.0 4000 0.25 
lN3046 120 2.0 5.0 4500 0.25 

lN3047 130 1.9 100 5000 0.25 
1 N3048 150 1.1 1000 6000 0.25 
lN3049 160 1.6 1100 6500 0.25 
lN3050 180 1.4 1200 7000 0,25 
lN3051 200 1.2 1500 8000 0.25 

• JEDEC RegIstered Data on lN3821 thru 1N3830and lN3016thru lN3051 

Max Reverse Current 
(Note 5) '""Max DC Zener 

Current 
'R Max VR1 VR2 'ZMmA 

I"AI 5% 10% (Note 6) 

·,00 a1.0 1.0 276 
·100 ·1.0 1.0 2.2 
-50 ·'.0 1.0 238 
-10 ·1.0 1.0 213 

-'0 ·'.0 1.0 194 
-10 ·'.0 1.0 178 
-10 °2.0 2.0 162 
-'0 "3.0 3.0 146 

-'0 °3.0 3.0 133 
-'0 °3.0 3.0 121 

10 5.2 4.9 140 

10 5.1 5.4 125 

10 6.2 5.9 115 

7.5 6.9 6.6 IDS 

5.0 1.6 1.2 95 

5.0 8.4 8.0 85 

2.0 9.1 8.6 80 

1.0 9.9 9.4 14 

'0 11.4 10.8 63 

1.0 12.2 '1.5 60 

0.5 13.7 13.0 52 
D .• 15.2 14.4 41 
D .• 16.7 15.8 43 
D .• 18.2 17.3 40 

0.5 20.6 19.4 34 
D .• 22.S 21.6 31 
0.5 25.1 23.S 28 
0.5 27.4 25.9 26 

D .• 29.7 2S.1 23 
D .• 32.7 31.0 21 
0.5 35.S 33.S 19 
0.5 38.S 36.7 18 

0.5 42,6 40.3 11 

D .• 47.1 44.6 15 
0.5 51,7 49.0 14 
0.5 56.0 54.0 12 

D .• 62.2 59.0 11 
0.5 69.2 65.5 10 
0.5 76.0 72,0 9.0 
0.5 83.6 79.2 8.3 
D .• 91.2 86.4 8.0 

D .• 98.8 93.6 6.9 
0.5 114.0 108.0 5.1 
D .• 121.6 115.2 5.4 
D .• 136.8 129.6 4.9 
D .• 152.0 144.0 4.6 

NOTE 1 - TOLERANCE AND TYPE NUMBER DESIGNATION 

lN3821 thru lN3830 - The JEDEC type numbers shown have a 
standard tolerance for the nominal zener voltage of ±10%. A 
standard tolerance of ±5% for individual units is also available and 
is indicated by adding suffix "A" to the standard type number. 

(S) MATCHED SETS: (Standard Toierances are ±5.0%, ±2.0%, 
±1.0%1. 

lN3016 thru lN3051 - The JEDEC type numbers shown have a 
standard tolerance of ±20% for the nominal zener voltage. Suffix 
"A" for ±10% units or "B" for ±5% units. 

NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

(AI NOMINAL ZENER VOLTAGES BETWEEN THE VOLT­
AGES SHOWN AND TIGHTER VOLTAGE TOLER­
ANCES: To designate units with zener voltages other than 
those assigned JEDEC numbers andlor tight voltage toler­
ances (±3%, ±2%, ±1%1, the Motorola type number should 
be used. 

1 M 5.1 A 

Device J T No-;[;nal 1 ;:J821 
Description Motorola Voltage thru 

lN3830 
only 

EXAMPLE lM5.1AZ3 

Z 
T 

Zener 
Diode 

3 
T 

Tolerance 
(±%I 

Zener diodes are available in sets consisting of two or more 
matched devices. The method for specifying matched sets 
is similar to the one described in (A) except that two addi­
tional suffixes are added to the code number described. 

These devices are marked with code letters to identify the 
matched sets and, in addition, each unit in a set is marked 
with the same serial number, which is different for each 
set ordered. 

M 5 A 5 B 

Desc~~~~~on (each device) thru Tolerance Tolerance 
D T T ~ IN:J21 T 1 ove:1I 

Motorola lN3830 per device of set (±1%) 
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only ±5% (omit for 

EXAMPLE lM51Z5Bl 

±20% units) 
Code 

A - Not used 
B - Two devices in series 
C - Three devices in series 
o - Four devices in series 

II 
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1N3821 thru 1N3830, 1N3016 thru 1N3051 

(C) ZENER CLIPPERS: (Standard Tolerance±IO% and ±5%1. 

1 

1 
Device 

Special clipper diodes with opposing Zener junctions built 
into the device are available by using the following nomen­
clature: 

M 7.5 A Z Z 10 

T T T T 
cJperT Zensr 

Motorola Diodes 
1N3821 Tolerance for each of 

Nominal thru 
Description Voltage lN3830 

the two Zener voltages 
(not a matching require-

only mentl 

Example: lM7.5AZZ10 

NOTE 3 - ZENER VOLTAGE (VZ) MEASUREMENT 

Motorola guarantees the zener voltage when measured at 90 
seconds while maintaining the lead temperature IT L) at 300 e ± lOC, 
3/B" from the diode body. 

NOTE 4 - ZENER IMPEDANCE (ZZ) DERIVATION 

The zener impedance is derived from the 60 cycle ae voltage, 
which results when an ae current having an rms value equal to 10% 
ofthedc zener current (lZT or IZK) is superimposed on IZT or IZK· 

NOTE 5 - REVERSE LEAKAGE CURRENT IR 

Reverse leakage currents are guaranteed only for 5% and 10% 
zener diodes and are measured at V R as shown in the Electrical 
Characteristics Table. 

NOTE 6 - MAXIMUM ZENER CURRENT RATINGS (lZM) 

1N3821 thru 1N3830 - Maximum zener current ratings are based 
on maximum voltage of 10% tolerance units. 

1N3016 thru 1N3051 - Maximum zener current ratings are based 
on maximum voltage of 5% tolerance units. 

NOTE 7 - SURGE CURRENT Ii,) 

Surge current is specified as the maximum allowable peak. non­
recurrent square-wave current with a specified pulse width, PW. 
The data presented in Figures 8 and 9 may be used to find the 
maximum surge current for a square wave of any pulse width 
between 0.01 ms and 1000 ms. 
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APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent. it is necessary to determine junction tem­
perature under any set of operating conditions in order to calculate 

its value. The following procedure is recommended: 

Lead Temperature, TL, should be determined from: 

8 LA is the lead·to-ambient thermal resistance CoC/W) and 
Po is the power dissipation. The value for 8 LA will vary 
and depends on the device mounting method. 8 LA is gen· 
eral/y 30·400 C/W for the various .,;lips and tie points in 
common use and for printed circuit board wiring. 

The temperature of the lead can also be measured using a thermo­
couple placed on the lead as close as possible to the tie point. The 

thermal mass connected to the tie point is normally large enough 
so that it will not significantly respond to heat surges generated in 

the diode as a result of pulsed operation once steady-state condi­

tions are achieved. Using the measured value of TL' the junction 
temperature may be determined by: 

aT JL Is the Increase In junction temperature above the lead 

temperature and may be found from Figure 6 for a train of 
power pulses (L "" 3/8 inch) or from Figure 7 for dc power. 

For worst-case design. using expected limits of IZ' limits of Po 
and the extremes of T JC.o. T J) may be estimated. Changes in voltage, 
VZ' can then be found from: 

fJvz. the zener voltage temperature coefficient, is found from 
Figures 2 and 3. 

Under high power-pulse operation. the zener voltage will vary 
with time and may also be affected significantly by the zener resist" 
ance. For best regulation, keep current excursions as low as possible. 

Data of Figure 6 should not be used to compute surge capability. 
Surge limitations are given in Figure 8. They are lower than would 

be expected by considering only junction temperature, as current 
crowding effects cause temperatures to be extremely high in small 

spots resulting in device degradation should the limits of Figure 8 
be exceeded. 



1 N3821 thru 1 N3830, 1 N3016 thru 1 N3051 
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1N3821 thru 1N3830, 1N3016 thru 1N3051 
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1N3821 thru 1N3830, 1N3016 thru 1N3051 
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lN3993 
thru 

lN4000 

ZENER DIODES 

Low·Yoltage, alloy·junction zener diodes in hermetically sealed 
package with cathode connected to case. Supplied with mount· 
ing hardware. 

MAXIMUM RATINGS 
Junction and Storage Temperature: -65'C to + 175'C. 
DC Power Dissipation: 10 Walls. (Derate 83.3 mW/'C above 55'C). 

The type numbers shown in the table have a standard tolerance on the 
nominal zener voltage of :t 10%. A standard tolerance of :t 5% on in· 
dlvidual units is also available and is Indicated by suffixing "A" to the 
standard type number. 

ELECTRICAL CHARACTERISTICS (Ta = 30 'C ± 3, 
VF = 1.5 max @ IF = 2 amp for all units) 

Nominal Ma. Reverse 
Zener Tast Ma. Zana, Impedance DC Zanar Laakaga Currant 

Yoltage Current Currant 
Type No. YZ@ IZT IZT ZZT@ IZT ZZK@IZK=I.0mA IZMmA IR VR 

Volts mA Ohms Ohms "A Yolto 
lN3993 3.9 640 2.0 400 2380 100 0.5 
lN3994 4.3 580 1.5 400 2130 100 0.5 
lN3995 4.7 530 1.2 500 1940 50 1.0 

lN3996 5.1 490 1.1 550 1780 10 1.0 
lN3997 5.8 445 1.0 600 1620 10 1.0 

lN3998 6.2 405 1.1 750 1460 10 2.0 
lN3999 6.8 370 1.2 SOO 1330 10 2.0 
lN4000 7.5 335 1.3 250 1210 10 3.0 

SPECIAL SELECTIONS AYAILABLE INCLUDE: (See Selector Guide for details) 
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10 WATTS 
ZENER DIODES 

"i~:~' , ~'"'"' ijl 
STYLE 2: 2. ANODE t A 

TERM 1. ANODE 
2. CATHODE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 11.94 12.83 0.470 0.505 
B 10.77 11.10 0.424 0.437 
C 10.29 - 0.405 
D 6.35 0.250 
E 1.91 4.45 0.075 0.175 
f 1.52 0.060 
J 10.72 11.51 0.422 0.453 
K 20.32 O.BOO 
P 4.14 4.80 0.163 0.189 
Q 1.52 - 0.060 -
R 1077 0.424 

All JEDEC dimensions and notes apply' 

CASE 58 
00·4 



1 N3993 thru 1 N4000 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT· 
AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: 

To designate units with zener voltages other than 
those assigned JEDEC numbers and/or tight voltage 
tolerances (± 3%, ± 2%, ± 1 %), the Motorola type 
number should be used. 

10 M 5.0 A Z 3 
T T T T 

, , 
Device Motorola Nominal Zener Tolerance 

Description Voltage Alloy Diode (±%) 

Example: 10M5.0AZ3 

(B) MATCHED SETS: (Standard Tolerances are ± 5.0%, 
±2.0%, ±1.0%). 

Zener diodes can be obtained in sets consisting of two 
or more matched devices. The method for specifying 
such matched sets is similar to the one described in (A) 
for specifying units with a special voltage andlor 
tolerance except that two extra suffixes are added to the 
code number described. 

These units are marked with code letters to identify the 
matched sets and, in addition, each unit in a set is 
marked with the same serial number, which is different 
for each set being ordered. 
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10 M 5.1 A Z 5 B 1 

Device 5.1 Volts Zener Overall 
T J Description (each device) Diodes Tolerance , J' Tl' of set 

Motorola Alloy (±1%) 
Tolerance 

per device (±5%) Code" 
(omit for ± 20% units) (A·Not used) 

• Code: 
B - Two devices in series 
C - Three devices in series 
o - Four devices in series 

Example: 10M5.1AZ5Bl 

(C) ZENER CLIPPERS: (Standard Tolerance ± 10% and 
±5%). 

Special clipper diodes with opposing Zener junctions 
built into the device are available by using the following 
nomenclature: 

10 M 

'J Device 
Description 

Motorola 

E~ample: 10M4.7AZZ10 

4.7 A 

No-;;r"alJ 
Voltage 

Alloy 

~~:JZ T10 II 
Clipper 
Tolerance for each of 
the two Zener volt­
ages (not a matching 
requirement) 



lN4099thru lN4135 
lN4614 thru lN4627 

LOW-LEVEL SILICON PASSIVATED ZENER DIODES 

... designed for 250 mW applications requiring low leakage, low 
impedance, and low noise. 

• Voltage Range from 1.8 to 100 Volts 

• First Zener Diode Series to Specify Noise - 50% Lower than 
Conventional Diffused Zeners 

• Zener Impedance and Zener Voltage Specified for Low-Level 
Operation at IZT = 250 p.A 

• Low Leakage Current -IR from 0.01 to 1 0 p.A over Voltage Range 

II, MAX'MUM • .,'NGS 

Rating 

DC Power Dissipation @ TA::; 25°C 
Derate above 25°C 

Junction and Storage Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass. 

DIMENSIONS: See outline drawing. 

Symbol 

PD 

TJ. Tstg 

Value Unit 

250 mW 
1.43 mW/OC 

-65 to +200 °C 

FINISH: All external surfaces are corrosion resistant and leads are readily solder~ 
able and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 gram (approx.1 

MOUNTING POSITION: Any 

POWER TEMPERATURE DERATING CURVE 

250 
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T A, AMBIENT TEMPERATURE (oC) 
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NOTES: 

SILICON 
ZENER DIODES 

(±5.0% TOLERANCE) 

250 MILLIWATTS 

1.8-100 VOLTS 

SILICON OXIDE 
PASSIVATED JUNCTION 

1. PACKAGE CONTOUR OPTIONAL WITHIN A 
AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECTTD THE MINIMUM LIMIT 
OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU· 
LARITIES OTHER THAN HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TDLERANCING PER 

ANSI Y14.5, 1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 0.120 0.200 
8 1.52 2.29 O.DBO 0.090 
0 0.46 0.56 0.018 0.022 
F - 1.27 - 0.050 
K 25.40 38.10 1.000 1.500 

All JEDEC dimenSions and notes apply. 
CASE 299-02 

DO-204AH 
(00-35) 



1N4099 thru 1N4135, 1N4614 thru 1N4627 

ELECTRICAL CHARACTERISTICS 

(At 25°C Ambient temperature unless otherwise specified) IZT = 250 J.lA and VF = 1.0 V max @ IF = 200 mA on all Types 

Nominal Max Zenar Max 
Zenar Voltage Impedance Ravarse 

TYpe Vz ZZT Current 
Number (Note 1) (Note 2) IR 
(Note 1) (Volts) (Ohms) (".A) 

lN4614 1.8 1200 7.5 
lN4615 2.0 1250 5.0 
lN4616 2.2 1300 4.0 
lN4617 2.4 1400 2.0 
lN4618 2.7 1500 1.0 
lN4619 3.0 1600 0.8 
1 N4620 3.3 1650 7.5 
lN4621 3.6 1700 7.5 
1 N4622 3.9 1650 5.0 
1 N4623 4.3 1600 4.0 
lN4624 4.7 1550 10 
1 N4625 5.1 1500 10 
1 N4626 5.6 1400 10 
1 N4627 6.2 1200 10 
lN4099 6.8 200 10 
lN4100 7.5 200 10 
lN4101 8.2 200 1.0 
lN4102 8.7 200 1.0 
lN4103 9.1 200 1.0 
lN4104 10 200 1.0 
lN4105 11 200 0.05 
lN4106 12 200 0.05 
lN410~ 13 200 0.05 
lN4108 14 200 0.05 
lN4109 15 100 0.05 
lN4110 16 100 0.05 
lN4111 17 100 0.05 
lN4112 18 100 0.05 
lN4113 19 150 0.05 
lN4114 20 150 0.01 
lN4115 22 150 0.01 
lN4116 24 150 0.01 
lN4117 25 150 0.01 
lN4118 27 150 0.01 
lN4119 28 200 0.01 
lN4120 30 200 0.01 
lN4121 33 200 0.01 
lN4122 36 200 0.01 
lN4123 39 200 0.01 
lN4124 43 250 0.01 
lN4125 47 250 0.Q1 
lN4126 51 300 0.01 
lN4127 56 300 0.01 
lN4128 60 400 0.01 
lN4129 62 500 0.01 
lN4130 68 700 0.01 
lN4131 75 700 0.01 
lN4132 82 800 0.01 
lN4133 87 1000 0.01 
lN4134 91 1200 0.01 
lN4135 100 1500 0.01 

NOTE 1: TOLERANCE AND VOLTAGE DESIGNATION 

The type numbers shown have a standard tolerance of ±S.O% 
on the nominal zener voltage. 

NOTE 2: ZENER IMPEDANCE (ZZT) DERIVATION 

The zener impedance is derived from the 60 cycle ae voltage, 
which results when an ae current having an rms value equal to 10% 
of the dc zener current IIZT) is superimposed on IZT. 

Max Noise Danslty 
At IZT = 250".A 

Test NO Max Zener Current 
@ Voltage (Fig 1) IZM 

(Note 4) VR (micro-volts per (Nota 3) 

4-43 

(Volts) Squara Root Cycle) (mA) 

1.0 1.0 120 
1.0 1.0 110 
1.0 ,.0 100 
1.0 1.0 95 
1.0 1.0 90 
1.0 1.0 85 
1.5 1.0 80 
2.0 1.0 75 
2.0 1.0 70 
2.0 1.0 65 
3.0 1.0 60 
3.0 2.0 55 
4.0 4.0 50 
5.0 5.0 45 
5.2 40 35 
5.7 40 31.8 
6.3 40 29.0 
6.7 40 27.4 
7.0 40 26.2 
7.6 40 24.8 
8.5 40 21.6 
9.2 40 20.4 
9.9 40 19.0 

10.7 40 17.5 
11.4 40 16.3 
12.2 40 15.4 
13.0 40 14.5 
13.7 40 13.2 
14.5 40 12.5 
15.2 40 11.9 
16.8 40 10.8 
18.3 40 9.9 
19.0 40 9.5 
20.5 40 8.8 
21.3 40 8.5 
22.8 40 7.9 
25.1 40 7.2 
27.4 40 6.6 
29.7 40 6.1 
32.7 40 5.5 
35.8 40 5.1 
38.8 40 4.6 
42.6 40 4.2 
45.6 40 4.0 
47.1 40 3.8 
51.7 40 3.5 
57.0 40 3.1 
62.4 40 2.9 
66.2 40 2.7 
69.2 40 2.6 
76.0 40 2.3 

NOTE 3: MAXIMUM ZENER CURRENT RATINGS (lZM) 

Maximum zener current ratings are based on maximum zener 
voltage of the individual units. 

NOTE 4: REVERSE LEAKAGE CURRENT IR 

Reverse leakage currents are guaranteed and are measured at 
V R as shown on the table. 

II 
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1 N4099 thru 1 N4135, 1 N4614 thru 1 N4627 

ZENER NOISE DENSITY 

A zener diode generates noise when it is biased in the 
zener direction. A small part of this noise is due to the 
internal resistance associated with the device. A larger part 
of zener noise is a resu It of the zener breakdown phenom­
enon and is called microplasma noise. This microplasma 
noise is generally considered "white" noise with equal 
amplitude for all frequencies from about zero cycles to 
approximately 200,000 cycles. To eliminate the higher 
frequency components of noise a small shunting capacitor 
can be used. The lower frequency noise generally must be 
tolerated since a capacitor required to eliminate the lower 
frequencies would degrade the regulation properties of the 
zener in many applications. 

Motorola is rating this series with a maximum noise 
density at 250 microamperes. The rating of microvolts 
RMS per square root cycle enables calculation of the 
maximum RMS noise for any bandwidth. 

Noise density decreases as zener current increases. This 
can be seen by the graph in Figure 2 where a typical noise 
density is plotted as a function of zener current. 

The junction temperature will also change the zener 
noise levels. Thus the noise rating must indicate band­
width, current level and temperature. 

The block diagram given in Figure 1 shows the method 
used to measure noise density, The input voltage and load 
resistance is high so that the zener is driven from a con­
stant current source. The amplifier must be low noise so 
that the amplifier noise is negligible compared to the test 
zener. The filter bandpass is known so that the noise 
density in volts RMS per square root cycle can be 
calculated. 

FIGURE 1 - NOISE DENSITY MEASUREMENT METHOD 
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AMPLIFIER 

FILTER 

fo = 2 kHz 

fl=lkHz 

f2 = 3 kHz 
BW=2kHz 

NOISE DENSITY (VOLTS PER SQUARE ROOT CYCLE) == v'"' VBW 
OVERALL GAIN BW 

WHERL BW == FILTER BANDWIDTH (CYCLES) 

Vo.' == OUTPUT NOISE (VOLTS RMS) 

FIGURE 2 - TYPICAL NOISE DENSITY versus ZENER CURRENT 
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1N4099 thru 1N4135, 1N4614 thru 1N4627 
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FIGURE 3 -TYPICAL CAPACITANCE 
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II 

LOW-LEVEL TEMPERATURE-COMPENSATED 
ZENER REFERENCE DIODES 

Highly reliable reference sources utilizing a nitride/oxide­
passivated junction for long-term voltage stability. Glass construc­
tion provides a rugged. hermetically sealed structure. 

• Low Power Drain Devices Specified @ 0.5 mA, 1.0 mA, 2.0 mA, 
and 4.0 mA 

• Maximum Voltage Change Specified over TestTemperature 
Range 

• Temperature Compensation Guaranteed over Two Standard 
Operating Temperature Ranges: 

o to 75°C 
-55 to 100°C 

MAXIMUM RATINGS 

Rating 

DC Power Dissipation @ TA = 50°C 
Derate above 50°C 

Junction and Storage Temperature Range 

MECHANICAL CHARACTERiSTICS 

CASE: Hermetically sealed, all·glass. 

DIMENSIONS: See outline drawing. 

Svmbol 

Po 

TJ, Tstg 

Value Unit 

400 mW 
3.2 mW/oC 

-65 to +175 °C 

FINISH: All external surfaces are corrosion resistant and leads are readily solder-
able and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 gram (appro •. ) 

MOUNTING POSITION: Any 
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lN4565 thru lN4584 
lN4765 thru lN4784 

REFERENCE DIODES 
LOW LEVEL 

TEMPERATURE-COMPENSATED 
ZENER 

". @ 

A 

rf. -, 
L 

NOTES: 

1 N4765 thru 1 N47S4 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA BAND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B 

2. LEAD DIANOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEATSLUGS 

MIllIMETERS INCHES 
DIM MIN .<K MIN MAk 

A 5.84 7.62 

• 2.16 2.72 
D 0.46 0.58 
f - 1.21 
K 2.40 38.tO 

0.230 
0.085 
0.018 

1.000 

0.00 
0.107 
0.022 
0.050 
1.500 

CASE 51-02 
DO-204AA 

(00·7) 

AIiJEDECdimensionsandnotesapplv 

MILLIMETERS 
DIM MIN MAX 

A 3.05 5.08 

• 1.52 2.29 
D 0.46 0.56 
f 1.27 
K 25.40 38.10 

1 N4565 thru 1 N4584 

NOTES-
1. PACKAGE CONTOUR OPTIONAL WITHIN A 

AND 8. HEAT SLUGS, If ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OFB. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUJlDUPANDMINOR IRREGU· 
LARlTIES OTHER THAN HEAT SLUGS. 

3 POLARITY DENOTEO BY CATHODE BAND • 
. 1 DIMENSIONING AND TOlERANCING PEA 

ANSIY14.5,1973. 

INCHES 
MI. 
0.120 
0.060 
0.018 

1.000 

MAX 
0.200 
0.090 
0.022 

1.500 

CASE 299-02 
DO-204AH 

(00-35) 

AIIJEDECdlmll'llionSlndn0181Bpply. 



1N4565 thru 1N4584, 1N4775 thru 1N4784, 1N4765 thru 1N4774 

AVZ @ Teat Tamperature Dynamic AVZ @ Teat Temperature DynamiC 
(Note 1) Temperature Coefficient Impec!. (Note 1) Temperature Coefficient Imped. 

for Rat.ranee Ohms for Reterenee Ohms 
Volls %/·C Max 

TYPE Max ·C (Notal) (Nota 2) 

Volta %/·C Max TYPE Max OC (Note 1) (Note 2) 

Vz = 8.4 Voila :t5% (Izr = O.s mAl Vz = 8.5 Voila :t5% (lzr=O.5 mAl 

lN4585 0.048 0.Q1 lN4775 0.064 0.01 
lN4588 0.024 0.005 lN4776 0.032 0.005 
lN4587 0.Q10 0, +25, 0.002 200 lN4777 0.013 0, +25, 0.002 200 
lN4588 0.005 +75 0.001 lN4778 0.006 +75 0.001 
lN4589 0.002 0.0005 lN4779 0.003 0.0005 
lN4585A 0.099 0.Q1 lN4775A 0.132 0.01 
lN4588A 0.050 -55,0, 0.005 lN4776A 0.066 -55,0, 0.005 
lN4587A 0.020 +25, + 75, 0.002 200 lN4777A 0.026 +25, +75, 0.002 200 
lN4588A 0.Q10 +100 0.001 lN4778A 0.013 +100 0.001 
lN4589A 0.005 0.005 lN4779A 0.007 0.0005 

VZ=8.4 Volts :t5% (lzr=I.o mAl VZ=8.5 Volts :t5% (lzr=I.0 mAl 

lN4570 0.048 0.Q1 lN4780 0.064 0.01 
lN4571 0.024 0.005 lN4781 0.032 0.005 
lN4572 0.010 0, +25, 0.002 100 lN4782 0.013 0, +25, 0.002 100 
lN4573 0.005 +75 0.001 lN4783 0.006 +75 0.001 
lN4574 0.002 0.0005 lN4784 0.003 0.0005 
lN4570A 0.099 0.Q1 lN4780A 0.132 0.01 
lN4571A 0.050 -55,0, 0.005 lN4781A 0.066 -55,0, 0.005 
lN4572A 0.020 +25, +75, 0.002 100 lN4782A 0.026 +25, + 75, 0.002 100 
lN4573A 0.Q10 +100 0.001 lN4783A 0.013 +100 0.001 
lN4574A 0.005 0.0005 lN4784A 0.007 0.0005 

Vz = 6.4 Volls :t5% ~zr=2.0 mAl VZ=9.1 Volls :t5% (lzr=O.5 mAl 

lN4575 0.048 0.Q1 lN4785 0.068 0.01 
lN4576 0.024 0.005 lN4758 0.034 0.005 
lN4577 0.Q10 0, +25, 0.002 50 lN4767 0.014 0, +25, 0.002 350 
lN4578 0.005 +75 0.001 lN4768 0.007 +75 0.001 
lN4579 0.002 0.0005 lN4789 0.003 0.0005 
lN4575A 0.099 0.Q1 lN4765A 0.141 0.01 
lN4576A 0.050 -55,0, 0.005 lN4766A 0.070 -55,0, 0.005 
lN4577A 0.020 +25, +75, 0.002 50 lN4767A 0.028 +25, +75, 0.002 350 
lN4578A 0.010 +100 0.001 lN4786A 0.014 +100 0.001 
lN4579A 0.005 0.0005 lN4789A 0.007 0.0005 

VZ=6.4 Volls :t5% ~zr=4.0 mAl VZ=9.1 Volts :t5% ~zr=I.0 mAl 

lN4580 0.048 0.01 lN4770 0.068 0.01 
lN4581 0.024 0.005 lN4771 0.034 0.005 
lN4582 0.010 0, +25, 0.002 25 lN4772 0.014 0, +25, :0.002 200 
lN4583 0.005 +75 0.001 lN4773 0.007 +75 0.001 

lN4584 0.002 0.0005 lN4774 0.003 0.0005 

lN4580A 0.099 0.01 lN4770A 0.141 0.01 

lN4581A 0.050 -55,0, 0.005 lN4771A 0.070 -55,0, 0.005 

lN4582A 0.020 +25, +75, 0.002 25 lN4772A 0.028 +25, +75, 0.002 200 
lN4583A 0.010 +100 0.001 lN4773A 0.014 +100 0.001 

lN4584A 0.005 0.0005 lN4774A 0.007 0.0005 

NOTE 1: Voltage Variation ILlVZ) and Temperature Coefficient. 
All reference diodes are characterized by the "box method". This guarantees a maximum voltage variation ILlVZ) over the specified 
temperature range, at the specified test current (lZT), verified by tests at indicated temperature points within the range. This method of 
indicating voltage stability is now used for JEOEC registration as well as for military qualification. The former method of indicating 
voltage stability-by means of temperature coefficient-accurately reflects the voltage deviation at the temperature extremes, but is 
not necessarily accurate within the temperature range because reference diodes have a nonlinear temperature relationship. The 
temperature coefficient, therefore, is given only as a reference. 
NOTE 2: 
The dynamic zener impedance. ZZT. is derived from the 60 Hz ac voltage drop which results when an ac current with an rms value equal 
to 10% of the dc zener current. IZT is superimposed on 'ZT. A cathode-ray tube curve-trace test on a sample basis is used to ensure that 
the zener has a sharp and stable knee region. 
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IN4678 
thru 

IN4717 

® MOTOROLA 

ZENER REGULATOR DIODES 

Low level nitride passivated zener diodes for applications requiring 
extremely low operating currents, low leakage, and sharp break­
down voltage. 

ZENER REGULATOR 
DIODES 

• Zener Voltage Specified @ IZT = 50 JlA 

250 MILLIWATTS 
• Maximum Delta Vz Given from 10 to 100 JlA 

ABSOLUTE MAXIMUM RATINGS 

Rating 

DC Power Dissipation @ T A == 50°C 
Derate above T A == 50°C 

Operating and Storage Junction Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed all glass case, 

DIMENSIONS: See outline drawing. 

Symbol 

PD 

TJ, Tstg 

FINISH: All external surfaces are corrosion resistant with readily 
solerable leads. 

Value 

250 
1.67 

-65 to +175 

POLARITY: Cathode end indicated by color band. When operated in zener 
region, the cathode end will be positive with respect to anode 
end. 

WEIGHT: 0.2 grams (approx.) 

MOUNTING POSITION: Any. 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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Unit 

mW 
mW/oC 

°c 

NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN A 

ANO B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUOED WITHIN THIS CYLINDER, BUT 
NOT SUBJECTTD THE MINIMUM LIMIT 
OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAO 
FINISH BUILDUPAND MINOR IRREGU· 
LARITIES OTHER THAN HEAT SLUGS. 

3. POLARITY OENOTEO BY CATHODE BANO. 
4. DIMENSIONING ANO TOLERANCING PER 

ANSI Y14.5, 1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 0.120 0.200 
B 1.51 2.29 0.060 0.090 
0 0.46 0.56 0.018 0.021 
F 1.27 0.050 
K 25.40 3B.l0 1.000 1.500 

All JEOEC dimensions and nDtesapply. 

CASE 299-02 
DD·204AH 



1 N4678 thru 1 N4717 

ELECTRICAL CHARACTE R ISTICS ITA = 25°C V F = 1 5 V max at I F ~ 100 mA for all types) 

Zener Voltage Maximum Test Maximum Maximum 

Type VZ@IZT= 5O I'A Reverse Current Voltage Zener CUrrent Voltage Change 
Number Volts IR I'A VR Volts IZM mA D.VZ Volts 
(Note 1) Nom (Note 1) Min Max (Note 3) (Note 2) (Note 4) 

1 N4678 1.8 1.710 1.890 7.5 1.0 120 0.70 

1 N4679 2.0 1.900 2.100 5.0 1.0 110 0.70 
1 N4680 2.2 2.090 2.310 4.0 1.0 100 0.75 

lN4681 2.4 2.280 2.520 2.0 1.0 95 0.80 

lN4682 2.7 2.565 2.835 1.0 1.0 90 0.85 

1 N4683 3.0 2.850 3.150 0.8 1.0 85 0.90 

lN4684 3.3 3.135 3.465 7.5 1.5 80 0.95 

lN4685 3.6 3.420 3.780 7.5 2.0 75 0.95 

1 N4686 3.9 3.705 4.095 5.0 2.0 70 0.97 

lN4687 4.3 4.085 4.515 4.0 2.0 65 0.99 

1 N4688 4.7 4.465 4.935 10 3.0 60 0.99 

1 N4689 5.1 4.845 5.355 10 3.0 55 0.97 

1 N4690 5.6 5.320 5.880 10 4.0 50 0.96 

lN4691 6.2 5.890 6.510 10 5.0 45 0.95 

1 N4692 6.8 6.460 7.140 10 5.1 35 0.90 

lN4693 7.5 7.125 7.875 10 5.7 31.8 0.75 

1 N4694 8.2 7.790 8.610 1.0 6.2 29.0 0.50 

1 N4695 8.7 8.265 9.135 1.0 6.6 27.4 0.10 

1 N4696 9.1 8.645 9.555 1.0 6.9 26.2 0.08 

1 N4697 10 9.500 10.50 1.0 7.6 24.8 0.10 II 
1 N4698 11 10.45 11.55 0.05 8.4 21.6 0.11 

lN4699 12 11.40 12.60 0.05 9.1 20.4 0.12 

1 N4700 13 12.35 13.65 0.05 9.8 19.0 0.13 

lN4701 14 13.30 14.70 0.05 10.6 17.5 0.14 

1 N4702 15 14.25 15.75 0.05 11.4 16.3 0.15 

1 N4703 16 15.20 16.80 0.05 12.1 15.4 0.16 

1 N4704 17 16.15 17.85 0.05 12.9 14.5 0.17 

1 N4705 18 17.10 18.90 0.05 13.6 13.2 0.18 

1 N4706 19 18.05 19.95 0.05 14.4 12.5 0.19 

1 N4707 20 19.00 21.00 0.01 15.2 11.9 0.20 

1 N4708 22 20.90 23.10 0.01 16.7 10.8 0.22 

1 N4709 24 22.80 25.20 0.01 18.2 9.9 0.24 

lN4710 25 23.75 26.25 0.01 19.0 9.5 0.25 

lN4711 27 25.65 28.35 0.01 20.4 8.8 0.27 

lN4712 28 26.60 29.40 0.01 21.2 8.5 0.28 

lN4713 30 28.50 31.50 0.01 22.8 7.9 0.30 

lN4714 33 31.35 34.65 0.01 25.0 7.2 0.33 

lN4715 36 34.20 37.80 0.01 27.3 6.6 0.36 

lN4716 39 37.05 40.95 0.01 29.6 6.1 0.39 

lN4717 43 40.85 45.15 0.01 32.6 5.5 0.43 

NOTES: 1. TOLERANCE AND VOLTAGE DESIGNATION (VZ) 
The type numbers shown have a standard tolerance of ± 5% on the nominal Zener voltage. 

2. MAXIMUM ZENER CURRENT RATINGS !lZM) 
Maximum Zener current ratings are based on maximum Zener voltage of the individual units. 

3. REVERSE LEAKAGE CURRENT !lR) 
Reverse leakage currents are guaranteed and measured at VR as shown on the table. 

4. MAXIMUM VOLTAGE CHANGE (D.VZ) 
Voltage change is equal to the difference between Vz at 1 00 ~A and Vz at 10 pA. 
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IN4128,A 
thru 

IN4164,A 
® MOTOROLA 

ONE WATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 3.3 to 100 Volts 

• 00·41 Package - Smaller than Conventional 00-7 Package 

• Double Slug Type Construction 

• Metallurgicallv Bonded Construction 

• Nitride Passivated Die 

Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits 

entirelv from the information presented. Limit curves - representing 
boundaries on device characteristics - are given to facilitate "worst II case" design. 

~ I "MAXIMUM RATINGS 

Ratina Symbol Value Unit 

DC Power Dissipation @TA = so"C Po 1.0 Watt 

Derate above so"C 6.67 mW/oC 

Operating and Storage Junction TJ, T stg -65 to +200 °c 
Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16" 
from case for 10 seconds 

FINISH: All external surfaces are corrosion resistant with readily solderable leads. 

POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 
will be positive with respect to anode. 

MOUNTING POSITION: Any 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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-'ndicates JE OEC Registered Data 
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1.0 WATT 

ZENER REGULATOR DIODES 

3.3-100 VOLTS 

• 

MILLIMETERS INCHES 
DIM MIN 

A 4.07 
B 2.04 
D 0.71 
F -
K 27.94 

NOTES: 

MAX MIN 
5.20 0.160 
2.71 0.080 
0.86 0.028 
1.27 -

1.100 

CASE 59-03 
DO·41 

MAX 
0.205 
0.107 
0.034 
0.050 
-

1. ALL RULES AND NOTES ASSOCIATED 
WITH JEOEC 00·41 OUTliNE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN "F" DIMENSION. 



1 N4728, A thru 1 N4764, A 

*ELECTRICAL CHARACTERISTICS (TA ~ 250 C unless otherwise noted) VF ~ 1.2 V max IF ~ 200 mA for all types. 

Nominal Zener Voltage Test 
Maximum Zener Impedance (Note 4) Leakage Current 

Surge Current @ 

JEDEC VZ@IZT Current TA ~ 2SoC 
Type No. Volts IZT ZZT@IZT 
(Note 1) (Notes 2 and 3) mA Ohms 
, N4728 3.3 76 
lN4729 3.6 69 
1 N4730 3.9 64 
lN4731 4.3 58 
lN4732 4.7 53 

1 N4733 5.1 49 
lN4734 5.6 45 
1 N4735 6.2 41 
lN4736 6.8 37 
lN4737 7.5 34 

lN4738 8.2 31 
lN4739 9.1 28 
lN4740 10 25 
lN4741 11 23 
lN4742 12 21 

lN4743 13 19 
lN4744 15 17 
lN4745 16 15.5 
, N4746 18 14 
1 N4747 20 12.5 
1 N4748 22 11.5 
lN4749 24 10.5 
lN4750 27 9.5 
lN4751 30 8.5 
lN4752 33 7.5 

lN4753 36 7.0 
lN4754 39 6.5 
1 N4755 43 6.0 
lN4756 47 5.5 
1 N4757 51 5.0 

lN4758 56 4.5 
lN4759 62 4.0 
lN4760 68 3.7 
lN4761 75 3.3 
1 N4762 82 3.0 
lN4763 91 2.8 
lN4764 100 2.5 

tlndlcates JEDEC Registered Data. 

NOTE 1 - Tolerance and Type Number Designation. The 
JEOEC type numbers listed have a standard tolerance on the 
nominal zener voltage of ± 10%. A standard tolerance of ± 5% on 
individual units is also available and is Indicated by suffixing "A" 
to the standard type number. 

NOTE 2 - Specials Available Include: 

A. Nominal zener voltages betwean the voltages shown and 
tighter voltage tolerances, 

8. Matched sets. 

For detailed information on price, availability, and delivery, 
contact your nearest Motorola representative. 

10 
10 
9.0 
9.0 
8.0 

7.0 
5.0 
2.0 
3.5 
4.0 

4.5 
5.0 
7.0 
8.0 
9.0 

10 
14 
16 
20 
22 

23 
25 
35 
40 
45 

50 
60 
70 
80 
95 

110 
125 
150 
175 
200 
250 
350 

ZZK@ IZK IZK IR VR ir-rnA 
Ohms rnA p,AMax Volts (Note 5) 

400 1.0 100 1.0 1380 
400 1.0 100 1.0 1260 
400 1.0 50 1.0 '190 
400 1.0 10 1.0 1070 
500 1.0 10 1.0 970 

550 1.0 10 1.0 890 
600 1.0 10 2.0 810 
700 1.0 10 3.0 730 
700 1.0 10 4.0 660 
700 0.5 10 5.0 605 

700 0.5 10 6.0 550 
700 0.5 10 7.0 500 
700 0.25 10 7.6 454 
700 0.25 5.0 8.4 414 
700 0.25 5.0 9.1 380 

700 0.25 5.0 9.9 344 
700 0.25 5.0 11.4 304 
700 0.25 5.0 12.2 285 
750 0.25 5.0 13.7 250 
750 0.25 5.0 15.2 225 

750 0.25 5.0 16.7 205 
750 0.25 5.C 18.2 190 
750 0.25 5.0 20.6 170 

1000 0.25 5.0 22.8 150 
1000 0.25 5.0 25.1 135 

1000 0.25 5.0 27.4 125 
1000 0.25 5.0 29.7 115 
1500 0.25 5.0 32.7 110 
1500 0.25 5.0 35.8 95 
1500 0.25 5.0 38.8 90 

2000 0.25 5.0 42.6 80 
2000 0.25 5.0 47.1 70 
2000 0.25 5.0 51.7 65 
2000 0.25 5.0 56.0 60 
3000 0.25 5.0 62.2 55 
3000 0.25 5.0 69.2 50 
3000 0.25 5.0 76.0 45 

NOTE 3 - Zener Voltage (VZ) Measurement. Motorola 
guarantees the zener voltage when measured at 90 seconds while 
maintaining the lead temperature (T L) at 30°C ± 1°C, 3/8" 
from the diode body. 

NOTE 4 - Zener Impedance (Zz) Derivation. The zener 
impedance is derived from the 60 cycle ae voltage, which results 
when an ac current having an rms value equal to 10% of the dc 

zener current (lZT or IZK) is superimposed on IZT or IZK· 

NOTE 5 - Surge Current Or) Non-Repetitive. The rating listed 
in the electrical characteristics table is maximum peak, non­
repetitive, reverse surge current of 1/2 square wave or equivalent 

sine wave pulse of 1/120 second duration superimposed on the 
test current, 'ZT, per JEOEC registration; however, actual device 
capability is as described in Figure 5. 

APPLICATION NOTE 
Since the actual voltage available from a given zener diode is 

temperature dependent, it is necessary to determine junction 
temperature under any set of operating conditions in order to 
calculate its value. The following procedure is recommended: 

Lead Temperature, TL, should be determined from 

TL~9LAPD+TA 

8 LA is the lead-to-ambient thermal resistance (oCIW) and Po is 
the power dissipation. The value for 9 LA will vary and depends on 
the device mounting method. 8 LA is generally 30 to 400 C/W for 
the various clips and tie points in common use and for printed 
circuit board wiring. 

The temperature of the lead can also be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat surges 
generated in the diode as a result of pulsed operation once steady­
state conditions arB achieved. Using the measured value of TL, 
the junction temperature may be determined by: 

TJ ~ TL + ATJL· 

4-51 

~ T JL is the increase in junction temperature above the lead 
temperature and may be found as follows: 

ATJL ~9JLPD 

BJL may be determined from Figure 3 for dc power conditions. 
For worst-case design, llsing expected limits of 'Z, limits of Po 
and the extremes of TJCATJ) may be estimated. Changes in volt­
age, VZ, can then be found from: 

AV ~ 9VZATJ 
8VZ, the zener voltage temperature coefficient, is found from 
Figure 2. 

Under high power-pulse operation, the zener voltage will vary 
with time and may also be affected significantly by the zener 
resistance. For best regulation, keep current excursions as low 
as possible. 

Surge limitations are given in Figure Sr. They are lower than 
would be expected by considering only junction temperature, as 
current crowding effects cause temperatures to be extremely high 
in small spots resulting in device degradation should the limits 
of Figure 5 be exceeded. 
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1 N4728, A thru 1 N4764, A 

FIGURE 2 - TEMPERATURE COEFFICIENTS 
(-55°C to + 150°C temperature range; 90% of the units are in the ranges indicated,) 
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1N4728, A thru 1N4764, A 
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FIGURE 6 - EFFECT OF ZENER CURRENT 
ON ZENER IMPEOANCE 
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lNS221 
t~ru 

·lN5272 

GLASS ZENER DI.ODES 

500 MILLIWATTS 
2.4-110 VOLTS 

II.MAXIMUM RATING. 

Rating 

DC Power Dissipation @ TL .. 750 C 
Lead Length = 3/8" 
Derate above T L = 75°C 

Operating and Storage Junction Temperature Range 

*Indicates JEDEC Registered Data 
"See 1 N5273 thru 1 N5281 for devices> 110 volts. 

MECHANICAL CHARACTERISTICS 

® MOTOROLA 

. 

500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 2.4 to 110 Volts" 

• DO·35 Package - Smaller than Conventional DO-7 Package 

• Double Slug Type Construction 

Symbol 

Po 

• Metallurgically Bonded Construction 

• Nitride Passivated Die 

Designer's Data for "Worst Case" Conditions 

The Designer's Data sheets permit the design of most circuits 
entirely from the information presented. Limit curves - representing 
boundaries on device char~cteristics - are given to facilitate "worst 
case" design. 

Value Unit 

500 mW 
4.0 mW/oC 

TJ, Tstg -65 to +200 DC 

CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 2300C, 
1/16" from case for 10 seconds 

FINISH: All external surfaces are corrosion resistant with readily solderable 
leads 

POLARITY: Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode 

MOUNTING POSITION: Any 
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NOTES: 
I. PACKAGE CONTOUR OPTIONAL WITHIN A 

AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECTTD THE MINIMUM LIMIT 
OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR flASH, LEAD 
FINISH BUILDUPAND MINOR IRREGU­
LARITIES OTHER THAN HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TDLERANCING PER 

ANSI Y14.5, 1973 • 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 I 0.12!l D.2!Ill 
B 1.52 2.29 0.060 0.090 
D 0.46 0.56 0.018 0.022 
F - I. 0.050 
K 26.40 3B.l0 1.000 1.500 

All JEDEC dlmenllonsand notes apply. 
CASE 299-112 

DO·204AH 
(00-35) 



1 N5221 thru 1 N5272 

ELECTRICAL CHARACTERISTICS 
(T A = 2SoC unless otherwise noted. Based on de measurements at thermal equilibrium; lead length = 3/8"; thermal resistance of heat sink 
= 30oC/W) VF = 1.1 max@ IF = 200 mA for all types. 

Nominal Max Zener Impedance Max Reverse Leakage Current 
Max Zener Voltage 

Zener Voltage Test A and B Suffix only A and B Suffix only Non-Suffix Temperature Coeff. 

JEDEC VZ@ IZT Current IR @ VR IR@VR Used IA and B Suffix only) 
Type No. Volts IZT ZZT@IZT ZZK @ IZK = 0.25 mA J.lA Volts for Suffix A 8VZ 1%/oC) 
INote 1) INote 2) mA Ohms Ohms 

lN5221 2_4 20 30 1200 
lN5222 2.5 20 30 1250 
lN5223 2.7 20 30 1300 
IN5224 2.8 20 30 1400 
lN5225 3.0 20 29 1600 

lN5226 3.3 20 28 1600 
IN5227 3_6 20 24 1700 
IN5228 3.9 20 23 1900 
lN5229 4.3 20 22 2000 
IN5230 4.7 20 19 1900 

lN5231 5.1 20 17 1600 
lN5232 5.6 20 II 1600 
IN5233 6.0 20 7.0 1600 
IN5234 6.2 20 7.0 1000 
IN5235 6.8 20 5.0 750 

lN5236 7.5 20 6.0 500 
IN5237 8.2 20 8.0 500 
IN5238 8.7 20 8.0 600 
IN5239 9.1 20 10 600 
lN5240 10 20' 17 600 

lN5241 11 20 22 600 
lN5242 12 20 30 600 
lN5243 13 9.5 13 600 
lN5244 14 9.0 15 600 
lN5245 15 8.5 16 600 

lN5246 16 7.8 17 600 
lN5247 17 7.4 19 600 
lN5248 18 7.0 21 600 
lN5249 19 6.6 23 600 
lN5250 20 6.2 25 600 

lN5251 22 5.6 29 600 
lN5252 24 5.2 33 600 
IN5253 25 5.0 35 600 
1 N5254 27 4.6 41 600 
lN5255 28 4.5 44 600 

lN5256 30 4.2 49 600 
lN5257 33 3.8 58 700 
lN5258 36 3.4 70 700 
lN5259 39 3.2 80 800 
IN5260 43 3.0 93 900 

IN5261 47 2.7 lOS 1000 
IN5262 51 2.5 125 1100 
lN5263 56 2_2 150 1300 
lN5264 60 2.1 170 1400 
IN5265 62 2_0 185 1400 

lN5266 68 1.8 230 1600 
lN5267 75 1.7 270 1700 
lN5268 82 1.5 330 2000 
lN5269 87 1.4 370 2200 
lN5270 91 1.4 400 2300 
lN5271 100 1.3 500 2600 
lN5272 110 1.1 750 3000 

NOTE 1_ Tolerance - The JE DEC type numbers shown indicate a 
tolerance of .10%lwith guaranteed limits on only VZ.IR and VF 
as shown in the electrical characteristics table. Units with guaran­
teed limits on all six parameters are indicated by suffix "A" for 
± 1 0% tolerance and suffix "B" for ± 5.0% units. 

tFor more information on special selections contact your nearest 
Motorola representative. 
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A B J.lA INote 3) 

100 0.95 1.0 200 -0.085 
100 0.95 1.0 200 -0.085 
75 0.95 1.0 150 -0.080 
75 0.95 1.0 150 -0.080 
50 0.95 1.0 100 -0.075 

25 0.95 1.0 100 -0.070 
15 0.95 1.0 lOa -0.065 
10 0.95 1.0 75 -0.060 
5.0 0.95 1.0 50 ±0.055 
5.0 1.9 2.0 50 .0.030 

5.0 1.9 2.0 50 ±0.030 
5.0 2.9 3.0 50 +0.038 
5.0 3.3 3.5 50 +0.038 
5_0 3.8 4.0 50 +0.045 
3.0 4.8 5.0 30 +0.050 

3.0 5.7 6.0 30 +0.058 
3.0 6.2 6.5 30 +0.062 
3.0 6.2 6.5 30 +0.065 
3.0 6.7 7.0 30 +0.068 
3.0 7.6 8.0 30 +0.075 

2.0 8.0 8.4 30 +0.076 
1.0 8.7 9.1 10 +0.077 
0.5 9.4 9.9 10 +0.079 
0.1 9.5 10 10 +0.082 
0.1 10.5 II 10 +0.082 

0.1 11.4 12 10 +0.083 
0.1 12.4 13 10 +0.084 
0.1 13.3 14 10 +0_085 
0.1 13.3 14 10 +0.086 
0.1 14.3 15 10 +0.086 

0.1 16.2 17 10 +0.087 
0.1 17.1 18 10 +0.088 
0.1 18.1 19 10 +0.089 
0.1 20 21 10 +0.090 
0.1 20 21 10 +0.091 

0.1 22 23 10 +0.091 
0.1 24 25 10 +0.092 
0.1 26 27 10 +0.093 
0.1 29 30 10 +0.094 
0.1 31 33 10 +0.095 

0.1 34 36 10 +0.095 
0.1 37 39 10 +0.096 
0.1 41 43 10 +0.096 
0.1 44 46 10 +0.097 
0.1 45 47 10 +0.097 

0.1 49 52 10 +0.097 
0.1 53 56 10 +0.098 
0.1 59 62 10 +0.098 
0.1 65 68 10 +0.099 
0.1 66 69 10 +0.099 
0.1 72 76 10 +0.110 
0.1 80 84 10 +0.110 

NOTE 2_ Special Selections t Available Include: 
1. Nominal zener voltages between those shown. 
2. Two or more units for series connection with specified 

tolerance on total voltage. Series matched sets make zener voltages 
in excess of 200 volts possible as well as providing lower tempera­
ture coefficients, lower dynamic impedance and greater power 
handling ability. 

3. Nominal voltages at non-standard test currents. 
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1 N5221 thru 1 N5272 

NOTE 3. Temperature Coefficient (BVZ} - Test conditions for 
temperature coefficient are as follows: 

s. IZT = 7.5 mA, T1 = 250 e, 
T2 = 1250 e 11 N5221A,B through 1 N5242A,Bl. 

b.IZT = Rated IZT, T1 = 25°C, 
T2 = 125°C I1N5243A,B through lN5272A, B). 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 

NOTE 4. Zener Voltage IVZ) Measurement - Nominal zener 
voltage is measured with the device junction in thermal equilib­
rium at the lead temperature of 300 e ± 1 °c and 3/8" lead length. 

NOTE 5. Zanar Impedance IZZ} Derivation - ZZT and ZZK are 
measured by dividing the ae voltage drop across the device by the 
ac current applied. The specified limits are for Izlac) = IZldc) 
with the ac frequency = 60 Hz. 

APPLICATION NOTE 

Since the actual voltage available from a given zener 
diode is temperature dependent, it is necessary to deter­
mine junction temperature under any set of operating 
conditions in order to calcu)ate its value. The following 
procedure is recommended: 

Lead Temperature, TL, should be determined from: 

TL = OLAPO + TA-

O LA is the lead-to-ambient thermal resistance (OC/W) and 
Po is the power dissipation. The value for 0 LA will vary 
and depends on the device mounting method. 0 LA is 
generally 30 to 400 C/W for the various clips and tie 
points in common use and for printed circuit board 
wiring. 

The temperature of the lead can also be measured using 
a thermocouple placed on the lead as close as possible to 
the tie point. The thermal mass connected to the tie point 
is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result 
of pulsed operation once steady-state conditions are 
achieved. Using the measured value of TL, the junction 
temperature may be determined by: 

TJ = TL + t..TJL· 

t..TJL is the increase in junction temperature above 
the lead temperature and may be found from Figure 1 
for dc power: 

For worst-case design, using expected limits of IZ, 
limits of Po and the extremes of TJ{t..TJ) may be esti­
mated. Changes in voltage, VZ, can then be found from: 

t..V = OVZt..TJ. 

OVZ, the zener voltage temperature coefficient, is found 
from Figures 3 and 4_ 

Under high power-pulse operation, the zener voltage 
will vary with time and may also be affected significantly 
by the zener resistance. For best regulation, keep current 
excursions as low as possible. 

Surge limitations are given in Figure 6_ They are 
lower than would be expected by considering only junc-

tion temperature, as current crowding effects cause 
temperatures to be extremely high in small spots, result­
ing in device degradation should the limits of Figure 6 
be exceeded. 

~ FIGURE 1 - TYPICAL THERMAL RESISTANCE 
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FIGURE 3 - TEMPERATURE COEFFICIENTS 
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The input voltage and load resistance are high so that the zener 
diode is driven from a constant current source. The amplifier is 
low noise so that the amplifier noise is negligible compared to 
that of the test zener. The filter bandpass is known so that the 
noise density can be calculated from the formula shown. 
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1 N5221 thru 1 N5272 

FIGURE 12 - ZENER VOLTAGE versus ZENER CURRENT - VZ· 1 THRU 16 VOLTS 
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Advance In:forIDation 

500 MILLIWATT SURMETIC 20 SILICON'ZENER DIODES 
(SILICON OXIDE PASSIVATED) 

· .. in answer to the Circuit Design and Component Engineers' many 
requests - A complete new series of Zener Diodes in the popular 
DO'204AA case with higher ratings, tighter limits, better operating 
characteristics and a full set of designers' curves that reflect the 
superior capabilities of silicon-ox ide-passivated junctions. All this in 
an axial-lead, transfer-molded plastic package offering protection 
in all common environmental conditions. 

• Proven Capabil ity to M I L-S-195oo Specifications 
• 10 Watt Surge Rating 

• Weldable Leads 
• Maximum Limits Guaranteed on Six Electrical Parameters 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Power Dissipation Cii> TL = 75°C, Po 
Lead Length = 3/S" 500 

Unit 

mW 
Derate above T L = 75°C 4.0 mW/oC 

Surge Power - 10 Watts 
(Non·Recurrent Square Wave @ PW =' 8.3 ms, 

TJ = 55°C) 

Operating and Storage Temperature Range TJ, Tstg -65 to +200 °c 

Lead Temperature not less than 1/16" from the case for 10 seconds: 230°C. 

MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded, thermosetting plastic. 

FINISH: All external surfaces are corrosion resistant. leads are readily solderable 
and weldable. 

POLARITY: Cathode indicated by color band. When operated in zener mod., 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.18 gram (approximately). 
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ThiS document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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® ItIIOTOROLA 

NOTES: 

500 MILLIWATT 

ZENER REGULATOR 
DIODES 

120-200 VOLTS 

K 

rt--i 
K 

L 
1. PACKAGE CONTOUR OPTIONAL WITHIN DIA BAND 

LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAD OIA NOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH,LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 
0 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 2.40 38.10 1. 1.500 
All JEDEC dimenSIOns and notes apply 

CASE 51-02 
DO-204AA 

(DO-7l 



1 N5273 thru 1 N5281 

ELECTRICAL CHARACTERISTICS 
(T A = 250 C unless otherwise noted. Based on dc measurements at thermal equilibrium; lead length = 3/8"; thermal resistance of heat sink = 
300 C/WI. VF = 1.1 max @ IF = 200 mA for all types. 

Nominal Max Zener Impedance 

Zener Voltage Test A and B Suffix Only 

JEDEC VZ@IZT Current 
Type No. Volts IZT ZZT@IZT ZZK @ IZK ~ 0.25 mA 
(Nota 11 (NotM28r41 mA Ohms Ohm. 

lN5273 120 1.0 900 4000 
lN5274 130 0.95 1100 4500 
lN5275 140 0.90 1300 4500 

lN5276 150 0.85 1500 5000 
lN5277 160 0.80 1700 5500 
lN5278 170 0.74 1900 5500 
lN5279 180 0.68 2200 6000 
lN5280 190 0.66 2400 6500 
lN5281 200 0.65 2500 7000 

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 
Tolerance Designation - The JEDEC type numbers shown 

indicate a tolerance of ± 1 0% with guaranteed limits on only VZ, 
IR. and VF as shown in the above table. Units with guaranteed 
limits on all six parameters are indicated by suffix "A" for ± 10% 
tolerance and suffix "S" for ± 5.0% units. 

Non-Standard Voltage Designation - To designate units 
with zener voltages other than those assigned JEDEC numbers. the 
Motorola type number should be used. 

EXAMPLE 

0.5 M 90 

0.5W.tt~ T] 
Motarola~ 

Nominal Voltage 

Z S 5.0 

L l LrOlerance 
(±%) 

"Surmetlc" 
Zaner 0 lodes 
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Max Rev ..... Leakage Current 
Max Zener Voltage 

A and B Suffix Only NonRSuffix Temperature Coefficient 
IR @ VR IR@VRUsed (A and B Suffix Only I 
jJA Volts For Suffix A 8VZ (%I"CI 

A B jJA (Note 31 

0.1 86 91 10 +0.110 
0.1 94 99 10 +0.110 
0.1 101 106 10 + 0.110 

0.1 108 114 10 + 0.110 
0.1 116 122 10 + 0.110 
0.1 116 129 10 + 0.110 
0.1 130 137 10 +0.110 
0.1 137 144 10 + 0.110 
0.1 144 152 10 +0.110 

NOTE 2. SPECIAL SELECTIONS AVAILABLE INCLUDE: 
1. Nom inal zener voltages between those shown. 
2. Matched sets (standard tolerances are ± 5.0%, ± 2.0%, 

±1.0%1. 
a. Two or more units for series connection with specified 

tolerance on total voltage. Series matched sets make zener voltages 
in excess of 200 volts possible as well as providing lower tempera­
ture coefficients, lower dynamic impedance and greater power 
handling ability. 

b. Two or more units matched to one another with any 
specified tolerance. 

3. Tight voltage: tolerances: 1.0%,2.0%,3.0%. 

NOTE 3. TEMPERATURE COEFFICIENT (9VZI 
Test conditions for temperature coefficient are as follows: 

IZT = Rated IZT, Tl = 250 e, 
T2 = 1250 e. 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 

NOTE 4. ZENER VOLTAGE (VzI MEASUREMENT 
Motorola guarantees the zener voltage when measured at 90 

seconds while maintaining the lead temperature (TL) at 300 e 
±loC. 3/8" from the diode body. 

II 
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CURRENT REGULATOR DIODES 

Field-effect current regulator diodes are circuit elements that 
provide a current essentially independent of voltage. These 
diodes are especially designed for maximum impedance over 
the operating range. These devices may be used in parallel to 
obtain higher currents. 

MAXIMUM RATINGS 

Rating Symbol Value 

Peak Operating Voltage pov 
(TJ = -55· C to +200·C) 100 

Steady State Power Dissipation Po 
@ TL=75·C 600 

Unit 

Volts 

mW 

Derate above TL = 75·C 4.8 mW/·C 

Lead Length = 3/8" 
(Forward or Reverse Bias) 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55 to +200 ·C 
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® MOTOROLA 

NOTES: 

DIM 

A 
8 
0 
F 
K 

CURRENT 
REGULATOR 

DIODES 

K 

liB 
@ 

L 
MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.84 7.62 0.230 0.300 
2.16 2.72 0.085 0.107 
0.46 0.56 0.Q18 0.022 
- 1.27 0.050 

25.40 38.10 1.000 1.500 

All JEDEC dimensions and notes apply 

CASE 51 
00·7 

1. PACKAGE CONTOUR OPTIONAL WITHIN OIA BAND 
LENGTH A. HEAT SLUGS. IF ANY. SHALL BE INCLUDED 
WITHIN THIS CYLINDER. BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF OIA B. 

2. LEAO DIA NOT CONTROLLED IN lONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 



1N5283 thru 1N5314 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted) 

Minimum Minimum Maximum 
Regulator Current Dynamic Knee limiting 

Ip (mA) @ VT=25 V Impedance Impedance Voltage 
@ VT=25 V @ VK=6.0V @ IL = 0.8 Ip (min) 

Type No. nom min max ZT(M2) ZK(M2) VL (Volts) 
lN5283 0.22 0.198 0.242 25.0 2.75 1.00 
lN5284 0.24 0.216 0.264 19.0 2.35 1.00 
lN5285 0.27 0.243 0.297 14.0 1.95 1.00 
lN5286 0.30 0.270 0.330 9.0 1.60 1.00 
lN5287 0.33 0.297 0.363 6.6 1.35 1.00 
lN5288 0.39 0.351 0.429 4.10 1.00 1.05 
lN5289 0.43 0.387 0.473 3.30 0.870 1.05 
lN5290 0.47 0.423 0.517 2.70 0.750 1.05 
lN5291 0.56 0.504 0.616 1.90 0.560 1.10 
lN5292 0.62 0.558 0.682 1.55 0.470 1.13 
lN5293 0.68 0.612 0.748 1.35 0.400 1.15 
lN5294 0.75 0.675 0.825 1.15 0.335 1.20 
lN5295 0.82 0.738 0.902 1.00 0.290 1.25 
1 N5296 0.91 0.819 1.001 0.860 0.240 1.29 
1 N5297 1.00 0.900 1.100 0.800 0.205 1.35 
lN5298 1.10 0.990 1.210 0.700 0.180 1.40 
lN5299 1.20 1.08 1.32 0.640 0.155 1.45 
lN5300 1.30 1.17 1.43 0.580 0.135 1.50 
lN5301 1.40 1.26 1.54 0.540 0.115 1.55 II 
lN5302 1.50 1.35 1.65 0.510 0.105 1.60 
lN5303 1.60 1.44 1.76 0.475 0.092 1.65 
lN5304 1.80 1.62 1.98 0.420 0.074 1.75 
lN5305 2.00 1.80 2.20 0.395 0.061 1.85 
1N5306 2.20 1.98 2.42 0.370 0.052 1.95 
1N5307 2.40 2.16 2.64 0.345 0.044 2.00 
1N5308 2.70 2.43 2.97 0.320 0.Q35 2.15 
lN5309 3.00 2.70 3.30 0.300 0.029 2.25 
lN5310 3.30 2.97 3.63 0.280 0.024 2.35 
lN5311 3.60 3.24 3.96 0.265 0.020 2.50 
lN5312 3.90 3.51 4.29 0.255 0.017 2.60 
lN5313 4.30 3.87 4.73 0.245 0.014 2.75 
1N5314 4.70 4.23 5.17 0.235 0.012 2.90 
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SYMBOLS AND DEFINITIONS 

10 - Diode Current. 
Il - limiting Current: 80% of I, minimum used to determine limiting 

voltage. Vl_ 
I, - Pinch-off Current: Regulator current at specified Test Voltage, VT­

POV - Peak Operating Voltage: Maximum voltage to be applied to device. 
8\ - Current Temperature Coefficient. 

V AK - Anode-ta-cathode Voltage. 
VI( - Knee Impedance Test Voltage: Specified voltage used to establish 

Knee Impedance. ZK_ 
Vl - limiting Voltage: Measured at 'L- Vl • together with Knee AC im­

pedance, ZK. indicates the Knee characteristics of the device. 

VT - Test Voltage: Voltage at which I, and ZT are specified . 

ZK - Knee AC Impedance at Test Voltage: To test for ZI(. a 90 Hz signal 
VI( with RMS value equal to 10% of test voltage, VI(. is superimposed 
on VK: 

ZI( =Vr;liK 
where il( is the resultant ac current due to VI( 
To provide the most constant current from the diode, ZI( should be 
as high as possIble: therefore. a minimum value of ZI( is specified. 

ZT - AC Impedance at Test Voltage: Specified as a mimmum value. To 
test for ZT. a 90 Hz signal wIth RMS value equal to 10% of Test 
Voltage. VT• is superimposed on VT. 

APPLICATION NOTE 

As the current available from the diode is temperature dependent. it is 
necessary to determine junction temperature. TJ • under specific operating 
conditions to calculate the value of the diode current. The following 
procedure is recommended: 

Lead Temperature. T L, shall be determined from: 
TL=fhAPD+T,. 

where ~LA is lead·to-ambient thermal resistance 
and Po is power dissipation. 
(hA is generally 30-40·C/W for the various clips and tie points in 
common use. and for printed circuit-board wiring . 

Junction Temperature. TJ • shall be calculated from: 
TJ = TL +OJl Po 

where OJL is taken from Figure 2. 
For circuit design limits of VAl(. limits of Po may be estImated and 

extremes of TJ may be computed. Using the information on Figures 4 and' 
5. changes in current may be found. To improve current regulation. keep 
VAl( low to reduce PD and keep the leads short, especially the cathode lead, 
to reduce flJL' 

FIGURE 3 - TYPICAL FORWARD CHARACTERISTICS 
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INS333 
thru 

INS388 
® MOTOROLA 

Dp!-'ii~T1PI'!-'i Data Shppt 

S.O WATT SURMETIC 40 SILICON ZENER DIODES 
(SILICON OXIDE PASSIVATED) 

· ...... a complete series of 5.0 Watt Zener Diodes with tight 
limits and better operating characteristics that reflect the 
superior capabilities of sllicon·oxide·passivated junctions. All 
this in an axial·lead, transfer·molded plastic package offering 
protection in all common environmental conditions. 

• Up to 180 Watt Surge Rating @ 8.3 ms 

• Maximum Limits Guaranteed on Seven Electrical Parameters 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to + 200·C 

Lead Temperature not less than 1/16" from the case for 10 seconds: 
230·C 

DC Power Dissipation: 5.0 W @ TL=75·C. Lead Length =3/8" 
(Derate 40 mW/·C above 75 ·C) 

MECHANICAL CHARACTERISTICS 

CASE: Void-free. transfer-molded, thermosetting plastic 
FINISH: All external surfaces are corrosion resistant. Leads are 

readily solderable 

POLARITY: Cathode indicated by color band. When operated in zener 
mode, cathode will be positive with respect to anode. 

MOUNTING POSITION: Any 

WEIGHT: 0.7 gram (approx) 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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SM3.3ZS10 thru SM200ZS10 
1 NS333A thru 1NS388A 

SM3.3ZSS thru SM200ZS5 
1 N5333B thru 1 N5388B 

5.0 WATT 
ZENER REGULATOR DIODES 

DIM 

A 
B 
0 
F 
K 

3.3 - 200 VOLTS 

8 
-iBL 
~~=1 

~'4i 
rt~~ 
LK ~ STYLE 1: 

PIN 1. ANODE 
2. CATHODE 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
B.38 8.89 0.330 0.350 
3.30 3.68 0.130 0.145 
0.94 1.09 0.037 0.043 

1.27 - 10.050 
25.40 31.75 1.000 1.250 

CASE 17 

NOTE: 
1: LEAD DIAMETER & FINISH NOT 

CONTROLLED WITHIN DIM "F". 



1N5333 thru 1N5388 

ELECTRICAL CHARACTERISTICS (TA =25°C unless otherwise noted, VF = 1.2 Max @ IF = 1.0 A for all types) 

Applle. A"B 
Max Zener Impedance MIIJI _e Lookage loa" SUlfI_ 

A " B SUlfI_ Only CUmin! SUlfI_ Only Maximum 
NomInal Ta.' Regulator 

JEDEC Zenor CUmlnl Current 
Type No. Voltage Izr Zzr @ Izr ZZK @ IZK = 1.0 mA IR @ VR Ma_ Max IZM 

(Note 1 "2) VZ@ Izr mA Ohms Ohms "A Volts Surge VoIlage mA 
Volts (Note 3) (Note 3) CUmlnl Ragulallon 

(Note 3) Non IA B-SulfI_ I"Amps !J. Yz, Volts 
SUIII_ (Nota 4) (Nota 5) (Nota 6) 

lN5333 3.3 3BO 3.0 400 300 1.0 1.0 20.0 0.B5 1440 
lN5334 3.6 350 2.5 SOD 150 1.0 1.0 18.7 0.80 1320 
lN5335 3.9 320 2.0 500 SO 1.0 1.0 17.6 0.54 1220 
lN5336 4.3 290 2.0 500 10 1.0 1.0 16.4 0.49 1100 
lN5337 4.7 260 2.0 450 5.0 1.0 1.0 15.3 0.44 1010 
lN5338 5.1 240 1.5 400 1.0 1.0 1.0 14.4 0.39 930 
lN5339 5.6 220 1.0 400 1.0 2.0 2.0 13.4 0.25 865 
lN5340 6.0 200 1.0 300 1.0 3.0 3.0 12.7 0.19 790 
lN5341 6.2 200 1.0 200 1.0 3.0 3.0 12.4 0.10 765 
lN5342 6.8 175 1.0 200 10 4.9 5.2 11.5 0.15 700 
lN5343 7.5 175 1.5 200 10 5.4 5.7 10.7 0.15 630 
lN5344 8.2 150 1.5 200 10 5.9 6.2 10.0 0.20 580 
lN5345 8.7 ISO 2.0 200 10 6.3 6.6 9.5 0.20 545 
1N5346 9.1 ISO 2.0 150 7.5 6.6 6.9 9.2 0.22 520 
lN5347 10 125 2.0 125 5.0 7.2 7.6 8.6 0.22 475 
IN534B 11 125 2.5 125 5.0 8.0 8.4 B.O 0.25 430 
lN5349 12 100 2.5 125 2.0 8.6 9.1 7.5 0.25 395 
lN53SO 13 100 2.5 100 1.0 9.4 9.9 7.0 0.25 365 II 
lN5351 14 100 2.5 75 1.0 10.1 10.6 6.7 0.25 340 
lN5352 15 75 2.5 75 1.0 10.B 11.5 6.3 0.25 315 
lN5353 16 75 2.5 75 1.0 11.5 12.2 6.0 0.30 295 
lN5354 17 70 2.5 75 0.5 12.2 12.9 5.8 0.35 280 
lN5355 18 85 2.5 75 0.5 13.0 13.7 5.5 0.40 264 
lN5356 19 65 3.0 75 0.5 13.7 14.4 5.3. 0.40 250 
lN5357 20 65 3.0 75 0.5 14.4 15.2 5.1 0.40 237 
lN5358 22 50 3.5 75 0.5 15.8 16.7 4.7 0.45 216 
lN5359 24 SO 3.5 100 0.5 17.3 18.2 4.4 0.55 198 
lN5360 25 SO 4.0 110 0.5 lB.O 19.0 4.3 0.55 190 
lN5361 27 50 5.0 120 0.5 19.4 20.6 4.1 0.80 176 
lN5362 28 50 6.0 130 0.5 20.1 21.2 3.9 0.80 170 
lN5363 30 40 8.0 140 0.5 21.6 22.B 3.7 0.60 158 
lN5364 33 40 10 150 0.5 23.8 25.1 3.5 0.80 144 
lN5365 36 30 11 160 0.5 25.9 27.4 3.3 0.65 132 
lN5366 39 30 14 170 0.5 28.1 29.7 3.1 0.65 122 
lN5367 43 30 20 190 0.5 31.0 '32.7 2.8 0.70 110 
lN5368 47 25 25 210 0.5 33.B 35.8 2.7 0.80 100 
lN5369 51 25 27 230 0.5 36.7 38.8 2.5 0.90 93.0 
lN5370 56 20 35 280 0.5 40.3 42.6 2.3 1.00 B6.0 
lN5371 60 20 40 350 0.5 43.0 45.5 2.2 1.20 79.0 
lN5372 62 20 42 400 0.5 44.8 47.1 2.1 1.35 76.0 
lN5373 sa 20 44 500 0.5 49.0 51.7 2.0 1.50 70.0 
lN5374 75 20 45 620 0.5 54.0 56.0 1.9 1.60 63.0 
lN5375 B2 15 65 720 0.5 59.0 62.2 1.8 1.80 56.0 
lN5376 87 15 75 760 0.5 63.0 66.0 1.7 2.00 54.5 
lN5377 91 15 75 760 0.5 65.5 69.2 1.6 2.20 52.5 
lN5378 100 12 90 800 0.5 72.0 76.0 1.5 2.50 47.5 
lN5379 110 12 125 1000 0.5 79.2 B3.6 1.4 2.50 43.0 
lN5380 120 10 170 1150 0.5 86.4 91.2 1.3 2.50 39.5 
lN5361 130 10 190 1250 0.5 93.6 98.8 1.2 2.SO 38.6 
lN5382 140 8.0 230 1500 0.5 101 106 1.2 2.50 34.0 
lN5383 ISO 8.0 330 1500 0.5 106 114 1.1 3.00 31.6 
lN5384 160 B.O 350 1650 0.5 115 122 1.1 3.00 29.4 
lN5385 170 B.O 380 1750 0.5 122 129 1.0 3.00 2B.0 
lN53B6 180 5.0 430 1750 0.5 130 137 1.0 4.00 26.4 
lN5367 190 5.0 450 1850 0.5 137 144 0.9 5.00 25.0 
lN536B 200 5.0 480 1850 0.5 144 152 0.9 5.00 23.6 
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1 N5333 thru 1 N5388 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 

TOLERANCE DESIGNATION - The JEOEC type numbers shown 
indicat. a tolerance of ±20% with guaranteed limits on only VZ, IR, 
ir• and VF as shown in the electrical characteristics table. Units 
with guaranteed limits on all seven parameters are indicated by 
suffix "A" for ±10% tolerance and suffix "B" for ±5.0% units. 

NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

IA) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT· 
AGES SHOWN AND TIGHTE R VOLTAGE TO LE RANCES: 
To designate units with zener voltages other than those 
assigned jEDEC numbers and/or tight voltage tolerances 
1±3%, ±2%, ± 1 %), the MfWI .. type number should be used. 

5 M 90 Z S 3 

Device .J T No~nal T T L Tolerance 
Description Voltage I±%) 

Manufacturer Zener "Surmetic" 
Diode 

Example: 5M90ZS3 

IB) MATCHED SETS: IStandard Tolerances are ±5.O%, ±2.O%, 
±1.0%1. 

Zener diodes can be obtained in sets consisting of two or more 
matched devices. The method for specifying such matched 
sets is similar to the one described in (A) for specifying units 
with a special voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 

These units are marked with code letters to identify the 
matched sets and, in addition, each unit in a set is marked 
with the same serial number, which is different for each set 
being ordered. 

5 M 51 Z S 5 B 1 

D~ce T 511:,. TTl lovIrall Description leach device) "Surmetic" Tolerance 
M f Zener of set 

·C d' anu acturer D' d Tolerance I± 1%) 
o e. 10 es per device 1±5%) 
B - Two devices in series (omit for .z.20% units) Code* 
C - Three devices in series (A-Not used) 
0- Four devices in series 

Example: 5M51ZS5B1 

IC) ZENER CLIPPERS: IStandardTolerance±10%and±5%1. 

Special clipper diodes with opposing Zener junctions built 
into the device are available by using the following nomen­
clature: 

5 M 20, 

DJce T N:I:al 
Description Voltage 

Manufacturer 

Z Z 

T cliLr 
Zener 
Diodes 

Example: 5M20ZZ10 

10 
T 

Tolerance for each of 
the two Zener voltages 
(not a matching require­
ment) 

NOTE 3 - ZENER VOLTAGE (VZ) AND IMPEDANCE 
(ZZT&ZZK) 

Test conditions for Zener voltage and impedance are as follows: 
IZ is applied 40 ± 10 ms prior to reading. Mounting contacts are 
located 3/8" to 1/2" from the inside edge of mounting clips to 

the body of the diode. IT A = 250 C ~~ °CI. 

NOTE 4 - SURGE CURRENT lir ) 

Surge current is specified as the maximum allowable peak, non­
recurrent square-wave current with a pulse width,PW, of 8.3 ms. 
The data given in Figure 6 may be used to find the maximum 
surge current for a square WfNe of any pulse width between 1.0 
ms and 1000 ms by plotting the applicable points on logarithm ic 
paper. Examples of this, using the 3.3 V and 200 V zeners, are 
shown in Figure 7. Mounting contact located as soecified in 

Note 3. IT A = 250 C ~~oC). 

NOTE 5 - VOLTAGE REGULATION (L:>VZ) 

Test conditions for voltage regulation are as follows: Vz meas­
urements are made at 10% and then at 50% of the IZ max value 
listed in the electrical characteristics table. The test currents are 
the same for the 5% and 10% tolerance devices. The test current 
time dur~tion for each Vz measurement is 40 ± 10 ms. (TA == 

25°C ~~ CI. Mounting contact located as specified in Note 3. 

NOTE 6 - MAXIMUM REGULATOR CURRENT (lZM) 

The maximum current shown is based on the maximum voltage 
of a 5% type unit, therefore, it applies only to Jhe B-suffix 
device. The actual I ZM for any device may not exceed the 
value of 5.0 watts divided by the actual Vz of the device. 
T L == 75°C at 3/8" maximum from the device body. 

TEMPERATURE COEFFICIENTS 

FIGURE 2 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 3.0 TO 10 VOLTS 
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FIGURE 3 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 10 TO 220 VOLTS 
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1 N5333 thru 1 N5388 

FIGURE 4 - TYPICAL THERMAL RESPONSE 
L, LEAD LENGTH = 3/8 INCH 
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5 NOTE: Below 0.1 Second.Thermal 
_ SINGLE PULSE "'TJL = 6JL(t)PPK 1--'2---1 
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Response CUNe is Applicable ~E~ETI!I~E t~Lm"'TJ~ = 6iL(~. D)PPIK 
to any lead length (L). 
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FIGURE 5 - TYPICAL THERMAL RESISTANCE 
0 

V 
./ V 

0 

V 
./ 

./' 
0 

V 
~,= 

-
./ 

./ 

.-/" 
-

PRIMARY PATH OF 
CONOUCTION IS THROUGH -

THE CATHODE LEAD 

0.2 0.4 0.6 0.8 1.0 

L. LEAD LENGTH TO HEAT SINK (INCH) 

APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction temp­
erature under any set of operating conditions, in order to calculate its 
value. The following procedure is recommended: 

Lead Temperature, TL. should be determined from: 

h=9LA PO+TA 

8 LA is the lead-ta-ambient thermal resistance and Po is the 
power dissipation. 

Junction Temperature. T J. may be found from: 

TJ = TL +6TJL 

6.T JL is the increase in junction temperature above the lead 
temperature and may be found from Figure 4 for a train of 
power pulses or from Figure 5 for dc power. 

nT JL = 9JL Po 

For worst-case design, using expected limits of IZ, limits of Po 
and the extremes of T J(nT JI may be estimated. Change. in voltage, 
VZ, can then be found from: 

nV = 9vz nT J 

8vz. the .zener voltage temperature coefficient. is found from 
Figures 2 and 3. 

Under high power-pulse operation, the zener voltage will vary with 
time and may also be affected significantly by the zener resistance. 
For best regulation, keep current excursions as low as possible. 

FIGURE 6 - MAXIMUM NON-REPETITIVE SURGE 
CURRENT versus NOMINAL ZENER VOLTAGE 

(See Note 4) 
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FIGURE 7 - PEAK SURGE CURRENT 
versus PULSE WIDTH 

(See Note 4) 
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PLDTTED FRDM INFORMATION 

~Z-200V 
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Data of Figure 4 should not be u~ to compute surge capability. 
Surge limitations are given in Figure 6. They are lower than would 
be expected by considering only junction temperatu re, as current 
crowding effects cause temperatures to be extremely high in small 
spots resulting in device degradation should the limits of Figure 6 
be exceeded. 
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IN5518A,B 
thru 

IN5546A,B 

LOW VOLTAGE AVALANCHE SILICON OXIDE 
PASSIVATED ZENER REGULATOR DIODES 

Highly reliable silicon regulators utilizing an oxide-passivated 
junction for long-term voltage stability. Double slug construction 
provides a rugged. glass-enclosed. hermetically sealed structure. 

• Low Zener Noise Specified 

• Low Maximum Regulation Factor 

• Low Zener Impedance 

• Low Leakage Current 

• Controlled Forward Characteristics 

• Temperature Range: -65 to + 2000 C 

II MAXIMUMRATINGS 

Rating Symbol Value Unit 

DC Power Dissipation @ T A = 5o"C Po 400 mW 
Derate above 5o"C 3.2 mW/oC 

DC Power Dissipation @TL = 5o"C Po 500 mW 
Lead Length = 118" 

Derate above 5o"C IFigure 1 I 3.3 mWJOC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: l:Iermetically sealed. all'glass 

DIMENSIONS: See outline drawing. 

FINISH: Allexternel surfaces ere corrosion rasistantand leads are 
readily solderable and weldable. 

POLARITY: cathode indicatad by polarity band. 

WEIGHT: 0.2 Gram lapproxl 

MOUNTING POSITION: Any 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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® MOTOROI.A 

LOW VOLTAGE AVALANCHE 
ZENER DIODES 

NOTES: 

400 MILLIWATTS 
3.3 THRU 33 VOLTS 

8 
-Is 1-
~~~ 

9-~ rt--~ 

L~ 
1. PACKAGE CONTOUR OPTIONAL WITHIN A 

AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER. BUT 
NOT SUSJECT TO THE MINIMUM liMIT 
OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH. LEAD 
FINISH BUILDUP AND MINOR IRREGU· 
LARITIES OTHER THAN HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TOLERANCING PER 

ANSI YI4.5. 1973 . 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 10.12Q 0.200 
B 1.52 2.29 0.060 0.090 
0 0.46 0.56 0.018 0.022 
F - 1.27 - 0.050 
K 25.40 3S.10 1.000 1.500 

All JEDEC dlmanaonl8nd notasapply. 

CASE 299-02 
DO·204AH 



1N5518A, B thru 1N5546A, B 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium; 
VF = 1.1 Max @ IF = 200 mA for all types) 

a.oC-OSutfix 
B~·DSuffix Max Noilo Density 

Nominal Max Zener Impedance Max Raverte Leakage Current Maximum "IZ=250~A Regulation Low 
Zenar Voltage Test a-C·DSuffix 

JEDEC YZ@IZT Current ZZT@lIZT IR 
TypaNo. Volts IZT Ohms ~Ade 
(Note1l (Note 2) mAde (Nota 3) (Note 4) 

lN5618A 3.3 20 26 5.0 
lN5519A 3.6 20 24 3.0 
lN5520A 3.9 20 22 1.0 
lN5521A 4.3 20 18 3.0 
lN5522A 4.7 10 22 2.0 
lN5523A 5.1 5.0 28 2.0 
lN5524A 5.6 3.0 30 2.0 
lN5525A 6.2 1.0 30 1.0 
lN5526A 6.8 1.0 30 1.0 
lN5527A 7.5 1.0 35 0.5 
lN5528A 8.2 1.0 40 0.5 
lN5529A 9.1 1.0 45 0.1 
lN5530A 10.0 1.0 60 0.05 
lN5531A 11.0 1.0 80 0.05 
lN5532A 12.0 1.0 90 0.05 
lN5533A 13.0 1.0 90 0.01 
lN5534A 14.0 1.0 100 0.Q1 
lN5535A 15.0 1.0 100 0.01 
lN5536A 16.0 1.0 100 0.01 
lN5537A 17.0 1.0 100 0.01 
lN5536A 18.0 1.0 100 0.Q1 
lN5539A 19.0 1.0 100 0.01 
lN5540A 20.0 1.0 100 0.01 
lN5541A 22.0 1.0 100 0.Q1 
lN5542A 24.0 1.0 100 0.01 
lN5543A 25.0 1.0 100 0.01 
lN5544A 28.0 1.0 100 0.01 
lN5545A 30.0 1.0 100 0.Q1 
lN5546A 33.0 1.0 100 0.Q1 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 
The JEOEC type numbers shown are :t 10% with guaranteed limits 
for VZ, )R, and VF. Units with guaranteed limits for an six parameters 
are indiceted by a "8" suffix for :t 5.O"k units, "C" suffix for :t 2.0% 
and "0" suffix for :t 1.0%. 

NOTE 2 - ZENER VOLTAGE (Vzl MEASUREMENT 

Nominal zener voltage is measured with the device junction in 
thermal equilibrium with ambient temperature of 250 C. 

NOTE 3 - ZENER IMPEDANCE (Zzl DERIVATION 

The zener impedance is derived from the 60 Hz ac voltage, which 
results when an ae current having an rms value equal to 10% of 
the de zener current IIZT) is superimposed on 'ZT. 

DC Zenar Currant ND Factor YZ 
VR -Volts IZM (Figure 1) I>YZ Current 

NonlcA- B-C·D mAde (micro-volts per Yoits IZL 
Suffix Suffix· (No," 5) square root cycle' INoteS) mAde 

0.90 
0.90 
0.90 
1.0 
1.5 

2.0 
3.0 
4.5 
5.5 
6.0 

6.5 
7.0 
8.0 
9.0 
9.5 

10.6 
11.5 
12.5 
13.0 
14.0 

15.0 
16.0 
17.0 
18.0 
20.0 

21.0 
23.0 
24.0 
28.0 

1.0 115 0.5 0.90 2.0 
1.0 105 0.5 0.90 2.0 
1.0 96 0.5 0.85 2.0 
1.6 88 0.5 0.75 2.0 
2.0 81 0.5 0.60 1·0 
2.5 75 0.5 0.65 0.25 
3.5 68 1.0 0.30 0.25 
5.0 61 1.0 0.20 om 
6.2 56 1.0 0.10 0.01 
6.8 51 2.0 0.05 0.01 

7.5 46 4.0 0.05 am 
8.2 42 4.0 0.05 0.01 
9.1 38 4.0 0.10 0.01 
9.9 35 5.0 0.20 om 
10.8 32 10 0.20 am 
11.7 29 15 0.20 0.01 
12.6 27 20 0.20 0.01 
13.5 25 20 0.20 0.01 
14.4 24 20 0.20 0.01 
15.3 22 20 0.20 0.01 

16.2 21 20 0.20 0.01 
17.1 20 20 0.20 0.Q1 
18.0 19 20 0.20 0.01 
19.8 17 20 0.25 0.01 
21.6 16 20 0.30 0.01 

22.4 15 20 0.35 0.01 
25.2 14 20 0.40 0.01 
27.0 13 20 0.45 0.Q1 
29.7 12 20 0.50 0.01 

NOTE 4 - REVERSE LEAKAGE CURRENT URI 

Reverse leakage currents are guarantaed and are measured at VR 
as shown on the table. 

NOTE 5 - MAXIMUM REGULATOR CURRENT (lZMI 

The maximum current shown is based on the maximum voltage 
of a 5.0% type unit, therefore, it applies only to the "B" suffix 
devica. The actual I ZM for any device may not exceed the value 
of 400 milliwatts divided by the actual Vz of the device. 

NOTE 6 - MAXIMUM REGULATION FACTOR (~Vzl 
AVZ is the maximum difference betwean Vz at 'ZT and Vz 
at IZL measured with the device junction in thermal equilibrium. 
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1 N5518A, B thru 1 N5546A, B 

ZENER NOISE DENSITY 

A zener diode generates noise when it is biased in the zener direc­
tion. A small part of this noise is due to the internal resistance ass0-

ciated with the device. A larger part of zener noise is a result of the 
zener breakdown phenomenon and is celled microplasme noise. 
To eliminate the higher frequency components of noise a small 
shunting capacitor can be used. The lower frequency noise generally 
must be tolerated since a capacitor required to eliminate the lower 
frequencies would degrade the regulation properties of the zener in 
many applications. 

Motorola is rating this series with a maximum noise density at 
250 microamperes, a bandwidth of 2.0 kHz and a center frequency 
of 2.0 kHz. 

Noise density decreases as zener current increases. The junction 
temperature will also change the zener noise levels, thus the noise 
rating must indicete frequency, bandwidth, current level and 
temperature. 

The block diagram shown in Figure 2 represents the method used 
to measure noise densltv. The Input voltage and load resistance is 
high SO that the zener is driven from a constant current source. The 
amplifier must be low noise so that the amplifier noise is negligible 
compared to the test zener. The filter frequency and bandpass is 
known so that the noise density in volts RMS per square root cycle 
can be calculated. 

FIGURE 2 - NOISE DENSITY MEASUREMENT METHOD 
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1 N5518A, B thru 1 N5546A, B 

FIGURE 5 - ZENER DIODE CHARACTERISTICS AND SYMBOL IDENTIFICATION 
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lN5908 
lN6373/ICTE-5, C 

MPTE-5, C 
thru 

lN6389/ICTE-45, C 
MPTE-45, C 

lN6267, A/l.5KE6.8, A 
thru 

lN6303, A/l.5KE200, A 

MOSORBS 
ZENER OVERVOLTAGE 

TRANSIENT SUPPRESSORS 

5.0-200 VOLT 
1500 WATT PEAK POWER 

5.0 WATTS STEADY STATE 

8 -iB 1_ 

--~=l 

~-4i rt---~ 

L~ 
NOTE: 

DIM 

8 
D 
F 
K 

1. LEAD FINISH AND OIA 
UNCONTROLLED IN 
AREA "F': 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

.1 
4.83 5.21 0.190 0.205 
0.97 1.07 0.038 0.042 
- 1.27 - 0.050 

27.94 - 1.100 -

CASE 41·\1 

® MOTOROLA 

ZENER OVERVOLTAGE TRANSIENT SUPPRESSOR 

Mosorb devices are designed to protect voltage sensitive compo­
nents from high voltage, high energy transients. They have excellent 
clamping capability, high surge capability,low zener impedance and 
fast response time. These devices are Motorola's exclusive, cost­
effective, highly reliable Surmetic axial leaded package and are 
ideally-suited for use in communication systems, numerical con­
trols, process controls, medical equipment, business machines, 
power supplies and many other industrial/consumer applicalions, 
to protect CMOS, MOS and Bipolar integrated circuits. 

SPECIFICATION FEATURES 

• Standard Voltage Range - 5.0 to 200 V 

• Peak Power - 1500 Watts @ 1.0 ms 

• Maximum Clamp Voltage @ Peak Pulse Current 

• Low Leakage < 5.0 /-<A above 10 V 

• Standard Back to Back Versions Available 

MAXIMUM RATINGS 

Rating Svmbol Valul 

Peak Power Dissipation (1) PPK 1500 
@TL" 25°C 

Steady State Power Dissipation Po 
@ TL .. 75°C, Lead Length = 3/S" 5.0 

Units 

Watts 

Watts 

Derated above TL = 75°C 50 mW/oC 

Forward Surge Current (21 IFSM 200 Amps 
@TA = 25°C 

Operating and Storage Temperature Range TJ, Tstg -65 to +175 °c 
Lead Temperature not less than 1116" from the case for 10 seconds: 230°C 

MECHANICAL CHARACTERISTICS 

CASE: Void~free. transfer-molded. thermosetting plastic 

FINISH: All external surfaces are corrosion resistant and leads are readilv solderable 
and weldable 

POLARITY: Cathode indicated by polarity band. When operated in zener mode, 
will be positive with respect to anode 

MOUNTING POSITION: Any 

NOTES: 1. Nonrepetitive Current Pulse per Figure 4 and Derated above 
T A - 25°C per Figure 2. 

2. 112 Square Wave lor equivalent), PW = S.3 ml, 
Duty Cycle = 4 Pulses per minute maximum. 
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1 N5908 thru 1 N6389, 1 N6267 thru 1 N6303 

"ELECTRICAL CHARACTERISTICS (TA = 26"C unle •• othorwllO noied) VF# = 3.6 V max, IF"" = looA 

Clompln Va)tage 
lrookdown Maximum Pllk Pul .. PoIkPul .. 

Voltage Maximum Raver •• Maximum Reve, .. Voltage Curront@ Currsmt@ 
VIR @IT Stand·Off Voltlge Rlve"a Leakage @lIRSMt = 120 A Ipplt = 30 A )pp2t' 10 A 

(Volta) (mA) VRWM··· @lVRWM (Clamping Voltage) VCl VC2 
Oovl.e Min (Valli) IR(~A) VRSM (Voltl) (Volt.mox) (Valli mix) 

lN6908 8.0 1.0 6.0 300 8.6 7.8 B.O 

ELECTRICAL CHARACTERISTIC (TA = 26"C unla •• otherwi.e notad)VF# = 3.6 V max, IF""' looA)(C .ulfixdenota •• tenda,d back to back va,.ion •. 
Test both polarities) 

Maximum Clamping Voillgi 
Maximum Maximum Rever .. 

Breakdown R8varH Maximum Rever •• Voillge Peak Pul.e Peak Pul .. 
Valtaaa Stand·Off Rever •• Sur". @IRSMt Current@) Cu,ront@ 

VIR @IT Voltaga Leakage Current (Clamping Ipplt = 1.0 A Ipp2t' 10 A 
JEDEC Voltl (mA) VRWM""" @VRWM IRSMt Voltage) VCl VC2 
Cevic. Oevice Min (Volta) IR (~A) (AmpI) VRSM(Volts) (Volts max) (Valli mix) 

lN6373 ICTE·5/MPTE·5 6.0 l.d 5.0 300 160 9.4 7.1 7.5 
- ICTE·5C/MPTE-5C 6.0 1.0 5.0 300 160 9.4 8.1 8.3 

1 N6374 ICTE-8/MPTE-8 9.4 1.0 8.0 25 lOa 15.0 11.3 11.5 
lN6382 ICTE·8C/MPTE·8C 9.4 1.0 8.0 25 lOa 15.0 11.4 11.6 

I N6375 ICTE·l0/MPTE·10 11.7 1.0 10 2.0 90 16.7 13.7 14.1 
I N6383 ICTE·l0C/MPTE·IOC 11.7 1.0 10 2.0 90 16.7 14.1 14.5 
I N6376 ICTE·12/MPTE· 12 14.1 1.0 12 2.0 70 21.2 16.1 16.5 
IN6384 ICTE·12C/MPTE·12C 14.1 1.0 12 2.0 70 21.2 16.7 17.1 II 
I N6377 ICTE· I 5/MPTE·15 17.6 1.0 15 2.0 60 25.0 20.1 20.6 
I N6385 ICTE-15C/MPTE·15C 17.6 1.0 15 2.0 60 25.0 20.8 21.4 
I N6378 ICTE·18/MPTE·18 21.2 1.0 18 2.0 50 30.0 24.2 25.2 
I N6386 ICTE·18C/MPTE-18C 21.2 1.0 18 2.0 50 30.0 24.8 25.5 

I N6379 ICTE-221MPTE-22 25.9 1.0 22 2.0 40 37.5 29.8 32.0 
I N6387 ICTE-22C/MPTE·22C 25.9 1.0 22 2.0 40 37.5 30.8 32.0 
I N6380 ICTE-36/MPTE-26 42.4 1.0 36 2.0 23 65.2 50.6 54.3 
I N6388 ICTE·36C/MPTE-36C 42.4 1.0 36 2.0 23 65.2 50.6 54.3 

IN6381 ICTE·45/MPTE·45 52.9 1.0 45 2.0 19 78.9 63.3 70.0 
I N6389 ICTE·45C/MPTE·45C 52.9 1.0 45 2.0 19 78.9 63.3 70.0 

Maximum 
Reverse 

Working Maximum Voillge 
Pe.k Maximum Reverse @IASM Maximum 

Breakdown Voltage Reverse Rever •• Surge (Clamping Temperatur. 
VBA @IT Valteg. Leakaga Current Vallalla) Coefficient 

JEDEC Volts (mA) VRWM @VAWM IRSMt VRSM ofVBR 
Cevice Device Min Nom Ma. (Volts) IA (~A) (Amps) (Volts) (%I"C) 

I N6267 1.5KE6.8 6.12 6.8 7.48 10 5.50 1000 139 10.8 0.067 
lN6267A 1.5KE6.8A 6.46 6.8 7.14 10 5.80 1000 143 10.6 0.067 
lN6268 1.5KE7.6 6.76 7.5 8.25 10 6.06 500 128 11.7 0.061 
lN6268A 1.5KE7.5A 7.13 7.5 7.88 10 6.40 500 132 11.3 0.061 

I N6269 1.5KE8.2 7.38 8.2 9.02 10 6.63 200 120 12.6 0.q66 
lN6269A 1.5KE8.2A 7.79 8.2 8.61 10 7.02 200 124 12.1 0.065 
lN6270 1.5KE9.1 8.19 9.1 10.0 1.0 7.37 50 109 13.8 0.068 
lN6270A I .5KE9. lA 8.65 9.1 9.55 1.0 7.78 50 I I 2 13.4 0.068 

lN6271 1.6KE10 9.00 10 II 1.0 8.10 10 100 16.0 0.073 
lN6271A 1.5KE10A 9.50 10 10.5 1.0 8.66 10 103 14.5 0.073 
lN6272 1.6KEI I 9.90 II 12.1 1.0 8.92 5.0 93.0 16.2 0.075 
lN6272A 1.5KEIIA 10.5 II 11.6 1.0 9.40 5.0 96.0 15.6 0.075 
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1 N5908 thru 1 N6389, 1 N6267 thru 1 N6303 

'ELECTRICAL CHARACTERISTICS (Continued) 

Maximum 
Reverse 

Working Maximum Voltage 
Peak Maximum Reverse @IRSM Maximum 

Breakdown Voltage Reverse Reverse Surge (Clampling Temperature 
VBR @IT Voltage Leakage Current Voltage) Coefficient 

JEDEC Volts (mA) VRWM @VRWM IRSMt VRSM ofVBR 
Device Device Min Nom Max (Volts) IR (~A) (Amps) (Volts) (%/'C) 

1 N6273 1.5KE12 10.8 12 13.2 1.0 9.72 5.0 87.0 17.3 0.078 
lN6273A 1.5KE12A 11.4 12 12.6 1.0 10.2 5.0 90.0 16.7 0.078 
1 N6274 1.5KE13 11.7 13 14.3 1.0 10.5 5.0 79.0 19.0 0.081 
1 N6274A 12.4 13 13.7 1.0 11.1 5.0 82.0 18.2 0.081 

1 N6275 1.5KE15 13.5 15 16.5 1.0 12.1 5.0 68.0 22.0 0.084 
1 N6275A 1.5KE15A 14.3 15 15.8 1.0 12.8 5.0 71.0 21.2 0.084 
1 N6276 1.5KE16 14.4 16 17.6 1.0 12.9 5.0 64.0 23.5 0.086 
1 N6276A 1.5KE16A 15.2 16 16.8 1.0 13.6 5.0 67.0 22.5 0.086 

lN6277 1.5KE18 16.2 18 19.8 1.0 14.5 5.0 56.5 26.5 0.088 
1 N6277A 1.5KE18A 17.1 18 18.9 10 15.3 5.0 59.5 25.2 0.088 
1 N6278 1.5KE20 18.0 20 22.0 1.0 16.2 5.0 51.5 29.1 0.090 
lN6278A 1.5KE20A 19.0 20 21.0 1.0 17.1 5.0 54.0 277 0.090 

1 N6279 1.5KE22 19.8 22 24.2 1.0 17.8 5.0 47.0 31.9 0.092 
lN6279A 1.5KE22A 20.9 22 23.1 1.0 18.8 5.0 49.0 30.6 0.092 
1 N6280 1.5KE24 21.6 24 26.4 1.0 19.4 5.0 43.0 34.7 0.094 
lN6280A 1.5KE24A 22.8 24 25.2 1.0 20.5 5.0 45.0 33.2 0.094 

II 
lN6281 1.5KE27 24.3 27 29.7 1.0 21.8 5.0 38.5 39.1 0.096 
lN6281A 1.5KE27A 25.7 27 28.4 1.0 23.1 5.0 40.0 37.5 0.096 
1 N6282 1.5KE30 27.0 30 33.0 1.0 24.3 5.0 34.5 43.5 0.097 
1 N6282A 1.5KE30A 28.5 30 31.5 1.0 25.6 5.0 36.0 41.4 0.097 

1 N6283 1.5KE33 29.7 33 36.3 1.0 26.8 5.0 31.5 47.7 0.098 
1 N6283A 1.5KE33A 31.4 33 34.7 1.0 28.2 5.0 33.0 45.7 0.098 
1 N6284 1.5KE36 32.4 36 39.6 1.0 29.1 5.0 29.0 52.0 0.099 
lN6284A 1.5KE36A 34.2 36 37.8 1.0 30.8 5.0 30.0 49.9 0.099 

1 N6285 1.5KE39 35.1 39 42.9 1.0 31.6 5.0 26.5 56.4 0.100 
1 N6285A 1.5KE39A 37.1 39 41.0 1.0 33.3 5.0 28.0 53.9 0.100 
1 N6286 1.5KE43 38.7 43 47.3 1.0 34.8 5.0 24.0 61.9 0.101 
lN6286A 1.5KE43A 40.9 43 45.2 1.0 36.8 5.0 25.3 593 0.101 

1 N6287 1.5KE47 42.3 47 51.7 1.0 38.1 5.0 22.2 67.8 0.101 
I N6287A 1.5KE47A 44.7 47 49.4 1.0 40.2 5.0 23.2 64.8 0.101 
1 N6288 1.5KE51 45.9 51 56.1 1.0 41.3 5.0 20.4 73.5 0.102 
1 N6288A 1.5KE51A 48.5 51 53.6 1.0 43.6 5.0 21.4 70.1 0.102 

I N6289 1.5KE56 50.4 56 61.6 1.0 45.4 50 18.6 805 0.103 
1 N6289A 1.5KE56 53.2 56 58.8 1.0 47.8 5.0 19.5 77.0 0.103 
1 N6290 1.5KE62 55.8 62 68.2 1.0 50.2 5.0 16.9 89.0 0.104 
1 N6290A 1.5KE62A 58.9 62 65.1 1.0 53.0 5.0 17.7 85.0 0.104 

lN6291 1 5KE68 61.2 68 74.8 1.0 55.1 5.0 15.3 98.0 0.104 
lN6291A 1.5KE68A 64.6 68 71.4 1.0 58.1 5.0 16.3 92.0 0.104 
1 N6292 1.5KE75 57.5 75 82.5 1.0 50.7 5.0 13.9 108.0 0.105 
I N6292A 1.5KE75A 71.3 75 78.8 1.0 64.1 5.0 14.6 103.0 0.105 

1 N6293 1.5KE82 73.8 82 90.2 1.0 66.4 5.0 12.7 118.0 0.105 
1 N6293A 1.5KE82A 77.9 82 86.1 1.0 70.1 5.0 13.3 113.0 0.105 
1 N6294 1.5KE91 81.9 91 100.0 1.0 73.7 5.0 11.4 131.0 0.106 
lN6294A 1.5KE91A 86.5 91 95.50 1.0 77.8 5.0 12.0 125.0 0.106 

I N6295 1.5KE100 90.0 100 110.0 1.0 81.0 5.0 10.4 144.0 0.106 
lN5295A 1.5KE100A 95.0 100 105.0 1.0 85.5 5.0 11.0 137.0 0.105 
1 N6295 1.5KE110 99.0 110 121.0 1.0 89.2 5.0 9.5 158.0 0.107 
lN6296A 1.5KEI IDA 105.0 110 116.0 1.0 94.0 5.0 9.9 152.0 0.107 

1 N6297 1.5KE120 108.0 120 132.0 1.0 97.2 5.0 8.7 173.0 0.107 
lN6297A 1.5KE120A 114.0 120 126.0 1.0 102.0 5.0 9.1 165.0 0.107 
1 N6298 1.5KE130 117.0 130 143.0 1.0 105.0 5.0 8.0 187.0 0.107 
lN6298A 1.5KE130A 124.0 130 137.0 1.0 111.0 5.0 8.4 179.0 0.107 

I N6299 1.5KE150 135.0 150 165.0 1.0 121.0 5.0 7.0 215.0 0.108 
lN6299A 1.5KE150A 143.0 150 158.0 1.0 128.0 5.0 7.2 207.0 0.108 
1 N6300 1.5KE160 144.0 160 176.0 1.0 130.0 5.0 6.5 230.0 0.108 
lN6300A 1.5KE160A 152.0 160 168.0 1.0 136.0 5.0 6.8 219.0 0.108 
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1 N5908 thru 1 N6389, 1 N6267 thru 1 N6303 

"ELECTRICAL CHARACTERISTICS (Continued) 

Breakdown Voltage 

VBR 
JEDEC Volts 
Device Device Min Nom Ma. 

lN6301 1.5KE170 153.0 170 187.0 
lN6301A 1.5KE170A 162.0 170 179.0 
lN6302 1.5KE180 162.0 180 198.0 
lN6302A 1.5KE180A 171.0 180 189.0 

lN6303 1.5KE200 180.0 200 220.0 
lN6303A 1.5KE200A 190.0 200 210.0 

tSurge Current Waveform per Figure 4 and Derate per Figure 2. 
*Indicates JEDEC Registered Data. 

Working 
Peak Maximum 

Revefse Reverse 

@IT Voltage Leakage 
(mA) VRWM @VRWM 

(Volts) IR ("A) 

1.0 138.0 5.0 
1.0 145.0 5.0 
1.0 146.0 5.0 
1.0 154.0 5.0 

1.0 162.0 5.0 
1.0 171.0 5.0 

** 1 12 Square Equivalent Sine Wave, PW = 8.3 ms, Duty Cycle = 4 Pulses per Minute maximum. 

Maximum 
Reverse 

Maximum Voltage 
Reverse @IRSM Maximum 
Surge (Clampling Temperature 

Current Voltage) Coefficient 

IRSMt VRSM olVBR 
(Amps) (Volts) (%/oC) 

6.2 244.0 0.108 
6.4 234.0 0.108 
5.8 258.0 0.108 
6.1 246.0 0.108 

5.2 287.0 0.108 
5.5 274.0 0.108 

***A Transient Suppressor is normally selected according tathe maximum reverse stand-off voltage (VRWMI, which should beequal toorgreaterthanthe de 
or continuous peak operating voltage level. 

#VF applies to Non-C suffix devices only. 
C suffix denotes standard back-to-back versions. Test both polarities. 

To order clipper-bidirectional device in 1 N6267 series, add a "C" suffix to 1.5KE device title. Le., 1.5KE7.5C or 1.SKE7 .5CA. 
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1 N5908 thru 1 N6389, 1 N6267 thru 1 N6303 . ,. ., 
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1 N5908 thru 1 N6389, 1 N6267 thru 1 N6303 

APPLICATION NOTES 
SPECIAL DEVICES 

Matched sets and back-to-back configurations for 
bidirectional applications can be ordered upon special 
request. Contact your nearest Motorola representative. 

RESPONSE TIME 
In most applications. the transient suppressor device 

is placed in parallel with the equipment or component 
to be protected. In this situation. there is a time delay 
associated with the capacitance of the device and an 
overshoot condition associated with the inductance of 
the device and the inductance of the connection method. 
The capacitive effect is of minor importance in the parallel 
protection scheme because it only produces a time delay 
in the transition from the operating voltage to the clamp 
voltage as shown in Figure A. 

The inductive effects in the device are due to actual 

turn-on time (time required for the device to go from zero 
current to full current) and lead inductance. This induc­
tive effect produces an overshoot in the voltage across 
the equipment or component being protected as shown 
in Figure B. Minimizing this overshoot is very important 
in the application. since the main purpose for adding 
a transient suppressor is to clamp voltage spikes. These 
devices have excellent response time. typically in the 
picosecond range and negligible inductance. However. 
external "inductive effects could produce unacceptable 
overshoot. Proper circuit layout. minimum lead lengths 
and placing the suppressor device as close as possible 
to the equipment or components to be protected will 
minimize this overshoot. 

Some input impedance represented by Zin is essential 
to prevent overstress of the protection device. This impe­
dance should be as high as possible. without restricting 
the circuit operation. 

TYPICAL PROTECTION CIRCUIT 

Yin (Transient) 

v 

Vin----" 

to ~ Time Delay Due to Capacitive Effect 

FIGUREA FIGURE B 
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lN5913A 
thru 

lN5956A 

1.5 WATT SURMETIC 30 
SILICON ZENER DIODES 

· .. A complete line of 1.S·Watt Zener Diodes offering the following 
advantages: 

• Complete Voltage Range - 3.3 to 200 Volts 

• 00-41 Package - Smaller than Conventional Metal Devices 

• Metallurgically Bonded Construction 

• JEDEC Registered Parameters 

• Oxide Passivated Diode 

II·MAXIMUM RATONGS 
Rating Symbol Value Unit 

DC Power Dissipation @ TL = 75°C, Po 1.5 Watts 
Lead Length = 3/8" 
Derate above 75°C 12 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +200 °c 
Temperature Range 

*Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, surmetic 30 void-free, transfer-molded, thermosetting-plastic 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, IllS" from 

case for 10 seconds 

FINISH: All external surfaces are corrosion resistant with readily solderable leads 

POLARITY: Cathode indicated by color band. When operated in zener mode, cathode will 
be positive with respect to anode. 

MOUNTING POSITION: Any 

FIGURE 1 - STEADY STATE POWER DERATING 
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® ItIIOTOROLA 

DIM 
A 
B 
D 
F 
K 

NOTES: 

1.SWATTS 

ZENER DIODES 

3.3 - 200 VOLTS 

MILLIMETERS INCHES 
MIN 
4.07 
2.04 
0.71 

27.94 

MAX MIN 
5.20 0.160 
2.71 0.080 
0.86 0.028 
1.27 

1.100 

CASE 59-03 
DO ... 1 

MAX 
0.205 
0.107 
0.034 
0.050 

1. ALL RULES AND NOTES ASSOCIATED 
WITH JEDEC 00·41 OUTLINE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN "F" DIMENSION. 



1 N5913A thru 1 N5956A 

*ElECTR ICAl CHARACTER ISTICS ITL = 300 C unless otherwise noted. VF= 1.5 Volts Max @ IF = 200 mAde for all types.) 

Nominal Max. Zener Impedance 
Max. Reverse 

Maximum DC 

Motorola Zener Voltage Test 
Type VZ@IZT Current 

Number Volts IZT ZZT@ IZT 
INot.1) INot.21 rnA Ohms 

1N5913A 3.3 113.6 10 

1N5914A 3.6 104.2 9.0 

1N5915A 3.9 96.1 7.5 

lN5916A 4.3 87.2 6.0 

lN5917A 4.7 79.8 5.0 
lN5918A 5.1 73.5 4.0 
lN5919A 5.6 66.9 2.0 
lN5920A 6.2 60.5 2.0 
lN5921A 6.8 55.1 2.5 
lN5922A 7.5 50.0 3.0 
lN5923A 8.2 45.7 3.5 
lN5924A 9.1 41.2 4.0 
lN5925A 10 37.5 4.5 
lN5926A 11 34.1 5.5 
lN5927A 12 31.2 6.5 
lN5928A 13 28.8 7.0 

lN5929A 15 25.0 9.0 

lN5930A 16 23.4 10 

lN5931A 18 20.8 12 

lN5932A 20 18.7 14 
lN5933A 22 17.0 17.5 

lN5934A 24 15.6 19 

lN5935A 27 13.9 23 

lN5936A 30 12.5 26 
lN5937A 33 11.4 33 
lN5938A 36 10.4 38 
lN5939A 39 9.6 45 

lN5940A 43 8.7 53 
lN5941A 47 8.0 67 

lN5942A 51 7.3 70 

lN5943A 56 6.7 86 

lN5944A 62 6.0 100 

lN5945A 68 5.5 120 

lN5946A 75 5.0 140 

lN5947A 82 4.6 160 

lN5948A 91 4.1 200 

lN5949A 100 3.7 250 
lN5950A 110 3.4 300 

lN5951A 120 3.1 380 

lN5952A 130 2.9 450 

lN5953A 150 2.5 600 

lN5954A 160 2.3 700 

lN5955A 180 2.1 900 
lN5956A 200 1.9 1200 

*lndicates JEDEC Registered Data. 

NOTE 1 - TOLERANCE AND VOL TAGE DESIGNATION 

Tolerance designation - Device tolerances of ::tl0% are indicated by an 
"A" suffix, ±5% by a "B" suffix, ±2% by a "C" suffix, ±1% by a "0" 
suffix. 

Non-Standard voltage deSignation - To deSignate units With zener 
voltages other than those assigned the Motorola type number 
should be used. 

EXAMPLE: 

M Z 
Mofurola Z-;rer 

41 
S~s 

6.0 A 
- --r: TO~leranee Nominal Voltage 

(±%) 

ZZK 
Ohms 

500 
500 
500 
500 
500 
350 
250 
200 
200 
400 
400 
500 
500 
550 
550 
550 
600 
600 
650 
650 
650 
700 
700 
750 
800 
850 
900 
950 
1000 
1100 
1300 
1500 
1700 
2000 
2500 
3000 
3100 
4000 
4500 
5000 
6000 
6500 
7000 
8000 
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Zener 
Leakage Current 

Current 
@ IZK IR @ VR IZM 

mA ~A Volts mAde 

1.0 100 1.0 454 

1.0 75 1.0 416 

1.0 25 1.0 384 

1.0 5.0 1.0 348 

1.0 5.0 1.5 319 

1.0 5.0 2.0 294 

1.0 5.0 3.0 267 

1.0 5.0 4.0 241 

1.0 5.0 5.2 220 

0.5 5.0 6.8 200 

0.5 5.0 6.5 182 

0.5 5.0 7.0 164 

0.25 5.0 8.0 150 

0.25 1.0 8.4 136 

0.25 1.0 9.1 125 

0.25 1.0 9.9 115 

0.25 1.0 11.4 100 

0.25 1.0 12.2 93 

0.25 1.0 13.7 83 

0.25 1.0 15.2 75 
0.25 1.0 16.7 68 

0.25 1.8 18.2 62 

0.25 1.0 20.6 55 

0.25 1.0 22.8 50 

0.25 1.0 25.1 45 

0.25 1.0 27.4 41 

0.25 1.0 29.7 38 

0.25 1.0 32.7 34 

0.25 1.0 35.8 31 

0.25 1.0 38.8 29 

0.25 1.0 42.6 26 

0.25 1.0 47.1 24 

0.25 1.0 51.7 22 
0.25 1.0 56.0 20 

0.25 1.0 62.2 18 

0.25 1.0 69.2 16 

0.25 1.0 76.0 15 

0.25 1.0 83.6 13 

0.25 1.0 91.2 12 

0.25 1.0 98.8 11 

0.25 1.0 114 10 

0.25 1.0 121.6 9.0 

0.25 1.0 136.8 8.0 

0.25 1.0 152 7.0 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 

(a) NomInal zener voltages between those shown. 
fbI Matched sets (Standard Tolerances are ±5.0%, ±2.0%, ± 1 0%) 

a. Two or more units for series connection with speCIfied 
tolerance on total voltage. Series matched sets make 
zener voltages in excess of 200 volts possible as well as 

prOViding lower temperature coefficients, lower dynamiC 
impedance and greater power handling ability 

b. Two or more units matched to one another with any 
specified tolerance. 
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1 N5913A thru 1 N5956A 

TYPICAL CHARACTERISTICS 

TEMPERATURE COEFFICIENTS (-5SOC to +1500C temperature range I 

FIGURE 2 - ZENER VOLTAGE - TO 12 VOLTS FIGURE 3 - ZENER VOLTAGE - 14 TO 200 VOLTS 
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® MOTOROLA 

500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

· .. A complete line of 500 mW Zener Diodes offering the following 
advantages: 

• Complete Voltage Range - 2.4 to 110 Volts 

• DO-35 Package - Smaller than Conventional DO-7 Package 

• Double Slug Type Construction 

• Metallurgically Bonded Construction 

• JEDEC Registered 

• Oxide Passivated Die 

*MAXIMUM RATINGS 

Rating Svmbol Value Unit 

DC Power Dissipation @TL"5o"C. PD 500 mW 
Lead Length = 3/8" 
Derate above 5o"C 3.33 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +200 °c 
Temperature Range 

*Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 23o"C, 1/16" 
from case for 1 0 seconds 

FINISH: All external surfaces are corrosion resistant with readily solderable leads. 

POLARITY: Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Anv 

FIGURE 1 - STEADY STATE POWER DERATING 
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IN5985A 
thru 

IN6025A 

500 MILLIWATT 

GLASS ZENER DIODES 

2.4-110 VOLTS 

NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN A 

AND S. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUSJECTTO THE MINIMUM LIMIT 
OF S. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH SUILDUPAND MINOR IRREGU· 
LARITIES OTHER THAN HEAT SLUGS. 

3. PDLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5, 1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 0.120 0.200 
B 1.52 2.29 0.060 0.090 
0 0.46 0.56 O.OlS 0.022 
F - 1.27 - 0.050 
K 25.40 38.10 1.000 1.500 

All JEDEC dimansionsand notas apply. 
CASE 299·02 

DO·204AH 
(DO-351 

II 
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1 N5985A thru 1 N6025A 

*ELECTRICAL CHARACTERISTICS ITL = 3fPc unless otherwise noted) IVF = 1 5 Volts Max @ IF = 100 mAdc for all types) 

Max. Zener Impedance (Note 4) Max. Reverse Leakage Current 

NOlllinal ZZT @ IZT 
MoUlrola Zener Vohage Test Ohms 

Type VZOIZT Current B A. 
Number Volts IZT Non-
(Note 1) (Note 2) mA Suffix Suffix 

lN5985A 2.4 5.0 100 110 
lN5986A 2.7 5.0 100 110 
lN5987A 3.0 5.0 95 100 
lN5988A 3.3 5.0 95 100 
lN5989A 3.6 5.0 90 95 
lN5990A 3.9 5.0 90 95 
1 N5991 A 4.3 5.0 88 90 
lN5992A 4.7 5.0 70 90 
lN5993A 5.1 5.0 50 88 
lN5994A 5.6 5.0 25 70 
lN5995A 6.2 5.0 10 50 
lN5996A 6.8 5.0 8.0 25 
lN5997A 7.5 5.0 7.0 10 
lN5998A 8.2 5.0 7.0 15 
lN599!1A 9.1 5.0 10 18 
lN6000A 10 5.0 15 22 
lN6001A 11 5.0 lB 25 
lN6002A 12 5.0 22 32 
lN6003A 13 5.0 25 36 
lN6004A 15 5.0 32 42 
lN6005A 16 5.0 36 48 
lN6006A 18 5.0 42 55 
lN6007A 20 5.0 48 62 
lN6008A 22 5.0 55 70 
lN6009A 24 5.0 62 78 
lN6010A 27 5.0 70 88 
lN6011A 30 5.0 7B 95 
lN6012A 33 5.0 88 110 
lN6013A 36 5.0 95 130 
lN6014A 39 2.0 130 170 
1 N6015A 43 2.0 150 180 
lN6016A 47 2.0 170 200 
lN6017A 51 2.0 180 225 
lN6018A 56 2.0 200 240 
1 N6019A 62 2.0 225 265 
lN6020A 68 2.0 240 280 
1 N6021A 75 2.0 265 300 
lN6022A 82 2.0 280 350 
lN6023A 91 2.0 300 400 
lN6024A 100 1.0 500 800 
lN6025A 110 1.0 650 950 

• Indicates JEOEC Registered Data. 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance designation - Device tolerances of ±10% are indicated 
by an "A" suffix. ±5% by a "B" suffix. ±2% by a "c" suffix. ±1% 
by a "0" suffix. 
Non-Standard voltage designation - To designate units with zener 
voltages other than those assigned the Motorola type number 
should be used. 
EXAMPLE: M Z G 35 6.0 A 

I I 
Motorola Zener Glass Series Nominal Voltage Tolerance 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: I±%) 

la) Nominal Zener voltages between those shown. 
Ib) Matched sets: (Standerd Tolerances are ±5.0%. ±2.0%. ±1.0%) 

8. Two or more units for series connec~ion with specified 

ZZK 0 IZK g IR ~ VR Max. DC 
Ohms 

B 

Suffix 

1800 
1900 
2000 
2200 
2300 
2400 
2500 
2200 
2050 
1800 
1300 
750 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
700 
700 
800 
900 
1000 
1300 
1400 
1400 
1600 
1700 
2000 
2300 
2600 
3000 

0.25 rnA ItA volts Zener 

A. B A. B A. Current 
Non- Non- Non- IZM 

Suffix Suffix Suffix Suffix Suffix (Note 3) 

2000 100 100 1.0 0.5 208 
2200 75 100 1.0 0.5 185 
2300 50 100 1.0 0.5 167 
2400 25 75 1.0 0.5 152 
2500 15 50 1.0 0.5 139 
2500 10 25 1.0 1.0 128 
2500 5.0 15 1.0 1.0 116 
2500 3.0 10 1.5 1.0 106 
2500 2.0 5.0 2.0 1.0 98 
2200 2.0 3.0 3.0 1.5 89 
2050 1.0 2.0 4.0 2.0 81 
1800 1.0 2.0 5.2 3.0 74 
1300 0.5 1.0 6.0 4.0 67 
750 0.5 1.0 6.5 5.2 61 
600 0.1 0.5 7.0 6.0 55 
600 0.1 0.5 8.0 6.5 50 
600 0.1 0.1 8.4 7.0 45 
600 0.1 0.1 9.1 8.0 42 
600 0.1 0.1 9.9 8.4 38 
600 0.1 0.1 11 9.1 33 
600 0.1 0.1 12 9.9 31 
600 0.1 0.1 14 11 28 
600 0.1 0.1 15 12 25 
600 0.1 0.1 17 14 23 
600 0.1 0.1 18 15 21 
700 0.1 0.1 21 17 19 
700 0.1 0.1 23 18 17 
BOO 0.1 0.1 25 21 15 
900 0.1 0.1 27 23 14 
1000 0.1 0·1 30 25 13 
1100 0.1 0.1 33 27 12 
1300 0.1 0.1 36 30 11 
1400 0.1 0.1 39 33 9.8 
1600 0.1 0.1 43 36 8.9 
1700 0.1 0.1 47 39 8.0 
2000 0.1 0.1 52 43 7.4 
230q 0.1 0.1 56 47 6.7 
2600 0.1 0.1 62 52 6.1 
3000 0.1 0.1 69 56 5.5 
4000 0.1 0.1 76 62 5.0 
4500 0.1 0.1 84 69 4.5 

tolerance on total voltage. Series matched sets make 
zener voltages in excess of 200 volts possible as well as 
providing lower temperature coefficients, lower dynamic 
impedance and greater power handling ability 

b. Two or more units matched to one another with any 
specified tolerance. 

NOTE 3: 
This data was calculated using nominal voltages. I n order to 
determine the maximum current handling capability on a worst 
case basis the follOwing formula must be used: 

I I worst case) = 500 mW 
zm V z{nom) + tolerance 

NOTE 4: 
ZZT and ZZK are measured by dividing the ac voltage drop 
across the device by the ac current applied. The specified limits 
are for IZlac) ~ 0.1 IZldc) with the 8C frequency d 1.0 kHz. 
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1 N5985A thru 1 N6025A 

TYPICAL CHARACTERISTICS 

TEMPERATURE COEFFICIENTS (-55°C to +l50oC temperature range) 

FIGURE 2A - ZENER VOLTAGE 2.4 to 12 VOLTS FIGURE 2B - ZENER VOLTAGE 12 to 200 VOLTS 
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FIGURE 3 - EFFECT OF ZENER CURRENT ON ZENER IMPEDANCE 

FIGURE 3A FIGURE 3B 

. Tr 250C H 
IZ{rms) = O.lIZ(de} 

" 
f 1.0 kHz 

2.0 k 

0; 1.0 k 

'" :J:: 700 
£ 
w 500 
u 

r-"- TJ-250C .III 
!-- - IZ(rm,) = O.lIZ(de} 

\iZ 
VZ-200V 

150 V 

z 

" 300 
0 

~ 200 
~ 

" 
"- i'-... -1--- 91 V -........ Vz 2.7 V 

u 
iii 100 " 

r--. -"- ~6V 
z 

.].... 
,. 70 0 

N 50 
11 v 

6.2 V 

N 

30 r- 30V 
n-

0.5 1.0 2.0 5.0 10 20 50 100 
20 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IZ. ZENER CURRENT (rnA) IZ. ZENER CURRENT {rnA} 

FIGURE 4 - EFFECT OF ZENER VOLTAGE ON ZENER IMPEDANCE 
2.0 k 

_ 1.0k 

~ 
:J:: 500 
£ 
w 
~ 200 

;§ 100 
~ 

~ 50 
iii 
;2 20 ,. 
~ 10 
N 

5. a 
2.0 

I 
IZ= 1.0 rnA 

r--.2.0mA -
5.0 rnA t\ 

_lOrnA 

2.0 3.0 

Tr 250C 
iZ(rms} - O.lIZ(de) 

f = 1.0 kHz 

~ 

-- .....-.: ..... 
~ r-: ~ 

5.0 7.0 10 20 30 50 70 100 200 

Vz. ZENER VOLTAGE (VOLTS) 

4-85 

II 



® MOTOROLA 

CURRENT LIMITING DIODES 

MCll300 
thru 

MCll304 

Field-effect current limiting diodes designed for applications re­
quiring a current reference or a constant current over a specified 
voltage range. 

CURRENT-LIMITER CHARACTERISTICS AND SYMBOL IDENTIFICATION 
(See Notes 1 thru 6) 

CURRENT LIMITING 
DIODES I 

JI 

r r-

ZK 
~ 

VL 

! 
IpJ)VT I 1 

.J 

Vpo ~ 
I 

1 
00 10 20 30 40 50 60 70 80 90 

VOLTS 

~ MAXIMUM RATINGS (TA=25·C unless otherwise noted) 

~ Junction and Storage Temperature: -65·C to +200·C a ~ Peak Operating Voltage: See Table 

~ ELECTRICAL CHARACTERISTICS (T A = 25·C uL-n-le-s-s-o-t-he-r-w-is-e-n-o-t-ed-)---;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Knee Peak 

Nominal Test Limiter Impad. Limiting Operating 
Plnch·Oll Volt. Imped. at6V Vottage Voltage 
Currant Note 2 Note 3 Note 4 Note 5 Note 6 

Type Note 1 Tol. VT ZT(mln) ZK(min) VL (max) VPO 
Number Ip(mA) (mA) (Volts) (Megohms) (Megohms) (Volts) (Volts) 

MCLI300 0.5 ±O.3 25 4.000 0.500 1.0 75 
MCL1301 1.0 ±O.6 25 0.600 0.200 1.5 75 
MCL1302 2.0 ±O.6 25 0.400 0.100 2.0 75 
MCL1303 3.0 ±0.6 25 0.300 0.050 2.0 75 
MCL1304 4.0 ±O.6 25 0.250 0.025 2.5 75 

These specIfications are preliminary. SelectIons may be made to obtain 
nominal currents between those shown, as well as tighter tolerance units. 

SYMBOL DEFINITIONS: 
NOTE 1 Ip - The pinch-off current is the guaranteed current at a specified VT. 

Ip Is specified as a nominal with a tolerance. 
NOTE 2 VT - The test voltage for measurement of Ip. 
NOTE 3 ZT - The impedance at the test voltage, VT, specified. To provide the 

most constant current ZT should be as high as possible; thus a 
minimum ZT Is specified. ZT is derived from the 90 cycle per sec­
ond current which results when an AC voltage having an RMS 
value equal to 10% of the test voltage (VT) is superimposed on 
VT· 

NOTE 4 ZK - Knee impedance is specified as a minimum also since again the 
highest value is desired. VK is established as 6.0 V for con­
venience. 

NOTE 5 VL - Limiting Voltage. This specification is provided with ZK to in· 
dicate the sharp knee of the device. The specification is 
analogous to IR and ZK of a zener diode. VL a maximum specifi­
cation is measured at 60% on I p tolerance. 

NOTE 6 VPO - The peak-operating voltage Is provided and Indicates the max­
imum voltage to be applied to the device. The specification is 
necessary since the device is either power limited or breakdown 
limited beyond this specified voltage. 
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NOTES: 

DIM 

A 
B 
0 
F 
K 

--, IB 
@ 

o 

ri---T 
K 

L 
MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.84 1.62 0.230 0.300 
2.16 2.12 0.085 0.101 
0.46 0.56 0.D18 0.022 
- 1.21 0.050 

25.40 38.10 1.000 1.500 

All JEDEC dimensions and notes apply 

CASE 51 
00-7 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA BAND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAD DIA NOT CDNTRO LLED IN ZONES F, TO ALLOW 
FDR FLASH, LEAD FINISH BUILDUP. AND MINDR 
IRREGULARITIES DTHER THAN HEAT SLUGS. 



® MOTOROLA 

500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 2.4 to 110 Volts 

• Leadless Package for Surface Mount Technology 

• Double Slug Type Construction 

• Metallurgically Bonded Construction 

• Nitride Passivated Die 

• Available in 8 mm Tape and Reel 
T1 Cathode Facing Sprocket Holes 
T2 Anode Facing Sprocket Holes 

MAXIMUM RATINGS 

Rating Symbol 

DC Power Dissipation @ T A '" 50·C Po 
Derate above T A = 50·C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

Value 

500 
3.3 

-65 to +200 

Unit 

mW 
mWrC 

·C 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230·C, for 10 
seconds 

FINISH: All external surfaces are corrosion resistant and readily solderable 

POLARITY: Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode 

MOUNTING POSITION: Any 

1.4 

@ 
~ 1.2 

z 
Q 1.0 

~ 
~ 0.8 

ffi 
~ 0.6 

~ 0.4 

'" i 02 

rP 0 
o 

STEADY STATE POWER DERATING 

Po Ivs Te 

"-
I'\. 

......, 

II'\. 
r-- ~"TA I'\. 

I'\. .,......., I'\. - ~ 
20 40 60 80 100 120 140 160 180 200 

TA, LEAD TEMPERATURE I·CI 
AMBIENT 
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MLL746 
thru 

MLL759 

MLL957A 
thru 

MLL986A 

MLL4370 
thru 

MLL4372 

LEAD LESS 
GLASS ZENER DIODES 

SOD MILLIWATTS 
2.4-110 VOLTS 

INCHES 
DIM MIN MAX 

A D.130 0.146 
B 0.063 0.067 
R 0.098 0.102 
U 0.016 0.022 

CASE 362·01 

II 



MLL746 thru MLL759, MLL957A thru MLL986A, MLL4370 thru MLL4372 

ELECTRICAL CHARACTERISTICS (T A = 25°C VF = 1 5 V Max @ 200 mA for all types) 

Nominal Test Maximum Reverse Leakage Current 
Zener Voltage Current Maximum Zener Impedance Maximum 

Type VZ@IZT IZT ZZT@IZT DC Zener Current TA = 25'C TA = 15O'C 
Number (Notes 1.2.3) (Note 2) (Note 4) IZM IR@VR=1V IR@VR=1V 
(Note 1) Volts mA Ohms mA pA pA 

MLL4370 2.4 20 30 150 190 100 200 
MLL4371 2.7 20 30 135 165 75 150 
MLL4372 3.0 20 29 120 150 50 100 
MLL746 3.3 20 28 110 135 10 30 
MLL747 3.6 20 24 100 125 10 30 
MLL748 3.9 20 23 95 115 10 30 

MLL749 4.3 20 22 85 105 2 30 
MLL750 4.7 20 19 75 95 2 30 
MLL751 5.1 20 17 70 85 1 20 
MLL752 5.6 20 11 65 80 1 20 
MLL753 6.2 20 7 60 70 0.1 20 
MLL754 6.8 20 5 55 65 0.1 20 

MLL755 7.5 20 6 50 60 0.1 20 
MLL756 8.2 20 8 45 55 0.1 20 
MLL757 9.1 20 10 40 50 0.1 20 
MLL758 10 20 17 35 45 0.1 20 
MLL759 12 20 30 30 35 0.1 20 

Nominal Test Maximum Zener Impedance 
Zener Voltage Current (Note 4) Maximum Maximum Reverse Current 

II 
Type Vz IZT DC Zener Current Test Voltage Vdc 

Number (Notes 1,2,3) (Note 2) ZZT@IZT ZZK@IZK IZK IZM IRMaximum 
(Note II Volts mA Ohms Ohms mA mA pA 5% VR 10% 

MLL957A 6.8 18.5 4.5 700 1.0 47 61 150 5.2 4.9 
MLL958A 7.5 16.5 5.5 700 0.5 42 55 75 5.7 5.4 
MLL959A 8.2 15 6.5 700 05 38 50 50 6.2 5.9 
MLL960A 9.1 14 7.5 700 0.5 35 45 25 6.9 6.6 
MLL961A 10 12.5 8.5 700 0.25 32 41 10 7.6 7.2 
MLL962A 11 11.5 9.5 700 0.25 28 37 5 8.4 8.0 

MLL963A 12 10.5 11.5 700 0.25 26 34 5 9.1 8.6 
MLL964A 13 9.5 13 700 0.25 24 32 5 9.9 9.4 
MLL965A 15 8.5 16 700 0.25 21 27 5 11.4 10.8 
MLL966A 16 7.8 17 700 0.25 19 37 5 12.2 11.5 
MLL967A 18 7.0 21 750 0.25 17 23 5 13.7 13.0 
MLL968A 20 6.2 25 750 0.25 15 20 5 15.2 14.4 

MLL969A 22 5.6 29 750 0.25 14 18 5 16.7 15.8 
MLL970A 24 5.2 33 750 0.25 13 17 5 18.2 17.3 
MLL971A 27 4.6 41 750 0.25 11 15 5 20.6 19.4 
MLL972A 30 4.2 49 1000 0.25 10 13 5 22.8 21.6 
MLL973A 33 3.8 58 1000 0.25 9.2 12 5 25.1 23.8 
MLL974A 36 3.4 70 1000 0.25 8.5 11 5 27.4 25.9 

MLL975A 39 3.2 80 1000 0.25 7.8 10 5 29.7 28.1 
MLL976A 43 3.0 93 1500 0.25 7.0 9.6 5 32.7 31.0 
MLL977A 47 2.7 105 1500 0.25 6.4 8.8 5 35.8 33.8 
MLL978A 51 2.5 125 1500 0.25 5.9 8.1 5 38.8 36.7 
MLL979A 58 2.2 150 2000 0.25 5.4 7.4 5 42.6 40.3 
MLL980A 62 2.0 185 2000 0.25 4.9 6.7 5 47.1 44.6 

MLL981 A 68 1.8 230 2000 0.25 4.5 6.1 5 51.7 49.0 
MLL982A 75 1.7 270 2000 0.25 1.0 5.5 5 56.0 54.0 
MLL983A 82 1.6 330 3000 0.25 3.7 5.0 5 62.2 59.0 
MLL984A 91 1.4 400 3000 0.25 3.3 4.5 5 69.2 65.5 
MLL985A 100 1.3 500 3000 0.25 3.0 4.5 5 76 72 
MLL986A 110 1.1 750 4000 0.25 2.7 4.1 5 83.6 79.2 
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MLL746 thru MLL759, MLL957A thru MLL986A, MLL4370 thru MLL4372 

NOTE 1. Tolerance Designation - The type numbers 
shown have tolerance designations as follows: 

MLL4370 series: ± 10%, suffix A for ± 5% units. 
MLL746 series: ± 10%, suffix A for ± 5% units. 
MLL957 series: suffix A for ± 10% units, 

suffix B for ± 5% units. 

NOTE 2. Special Selectionst Available Include: 
1. Nominal zener voltages between those shown. 
2. Two or more units for series connection with spec­

ified tolerance on total voltage. Series matched sets 
make zener voltages in excess of 200 volts possible as 
well as providing lower temperature coefficients, lower 
dynamic impedance and greater power handling ability. 

3. Nominal voltages at non-standard test currents. 

NOTE 3. Zener Voltage (VZ) Measurement - Nominal 
zener voltage is measured with the device junction in 
thermal equilibrium at the case temperature of 30'C 
±l'C. 

NOTE 4. Zener Impedance (ZZ) Derivation - ZZT is 
measured by dividing the ac voltage drop across the 
device by the ac current applied. The specified limits 
are for Iz(ac) = 0.1 x IZ(dc) with the ac frequency = 
1.0 kHz. 

tFor more information on special selections contact your nearest 
Motorola representative. 

APPLICATION NOTE 

Since the actual voltage available from a given zener 
diode is temperature dependent, it is necessary to de­
termine junction temperature under any set of operat­
ing conditions in order to calculate its value. The fol­
lowing procedure is recommended: 

Case Temperature, TC, should be determined from: 

TC = DcAPo + TA· 
ileA is the case-to-ambient thermal resisstance ('CIW) 
and Po is the power dissipation. The value for 8CA will 
vary and depends on the device mounting method. DcA 
is generally 200'CIW for the various clips and tie points 
in common use and for printed circuit board wiring. 

The temperature of the case can also be measured 
using a thermocouple placed at the case end as close 
as possible to the tie point. The thermal mass connected 
to the tie point is normally large enough so that it will 
not significantly respond to heat surges generated in 
the diode as a result of pulsed operation once steady­
state conditions are achieved. Using the measured 
value of TC, the junction temperature may be deter­
mined by: 

TJ = TC + <1TJC· 
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<1TJC is the increase in junction temperature above the 
case temperature and may be found by using: 

<1 T JC = 8JCPO. 
For worst-case design, using expected limits of IZ, 

limits of Po and the extremes of TJ(<1TJ) may be esti­
mated. Changes in voltage, VZ, can then be found from: 

<1V = OyZ<1TJ. 

OVZ, the zener voltage temperature coefficient, is 
found from Figures 2 and 3. 

Under high power-pulse operation, the zener volt­
age will vary with time and may also be affected sig­
nificantly by the zener resistance. For best regulation, 
keep current excursions as low as possible. 

Surge limitations are given in Figure 6. They are 
lower than would be expected by considering only 
junction temperature, as current crowding effects 
cause temperatures to be extremely high in small 
spots, resulting in device degradation should the lim­
its of Figure 6 be exceeded. 

FIGURE 1 - TYPICAL LEAKAGE CURRENT 
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MLL746 thru MLL759, MLL957A thru MLL986A, MLL4370 thru MLL4372 

FIGURE 2 - TEMPERATURE COEFFICIENTS 
(-&5"C to + 15O'C temperature range; 90% of the units are In the rang •• indicated,) 
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FIGURE 3 - EFFECT OF ZENER CURRENT 
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FIGURE 4 - TYPICAL CAPACITANCE 
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FIGURE 5 - MAXIMUM SURGE POWER 
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MLL746 thru MLL759, MLL957A thru MLL986A, MLL4370 thru MLL4372 
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FIGURE 8 - TYPICAL NOISE DENSITY 
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FIGURE 9 - NOISE DENSITY MEASUREMENT METHOD 

True 
RMS 

Volt 
Meter 

Noise Density V out 
(Volts Per Square Root Bandwidth) = Overall Gain VBW 

Where: BW'" Filter Bandwidth (Hz) 
V out "'" Output Noise (Volts RMS) 

The input voltage and load resistance are high so that the zener 
diode is driven from a constant current source. The amplifier is 
low noise 50 that the amplifier noise is negligible compared to 
that of the test zener. The filter bandpass is known so that the 
noise density can be calculated from the formula shown. 

FIGURE 10 - TYPICAL FORWARD CHARACTERISTICS 
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MLL4099-MLL4135 
MLL4614-MLL4627 

LOW NOISE LEVEL SIUCON PASSIVATED 
ZENER DIODES 

· .. designed for 250 mW applications requiring low leakage. low 
impedance. and low noise. 

• Leadless Package for Surface Mount Technology 

• Voltage Range from 1.B to 100 Volts 

• First Leadless Zener Diode Series to Specify Noise - 50% 
Lower than Conventional Diffused Zeners 

• Zener Impedance and Zener Voltage Specified for Low-Level 
Operation at IZT = 250 /LA 

• Low Leakage Current - IR from 0.01 to 10 /LA over Voltage 
Range 

• Available in Bmm Tape and Reel 
Tl Cathode Facing Sprocket Holes 
T2 Anode Facing Sprocket Holes 

II MAXIMUM RA11NOS 
Rating Symbol 

DC Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

Junction and Storage Temperature Range TJ. Tsta 

MECHANICAL CHARACTERISTICS 

CASE: Double slug, hermetically sealed glass 

Value 

250 
1.43 

-65 to +200 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 
230°C for 10 seconds 

FINISH: All external surfaces are corrosion resistant and readily 
solderable 

Unit 

mW 
mWrC 

°c 

POLARITY: Cathode indicated by color band. When operated in the 
zener mode, cathode will be positive with respect to anode 

MOUNT1NG POSmON: Any 

250 

~ 200 
z o 
~150 
<>-

~ 
<:> 100 

~ 50 ,p 
o 
o 

POWER TEMPERATURE DERATING CURVE 

'" "" " "' ~ ...... 
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® MOTOROLA 

SIUCON LEADLESS 
GLASS ZENER DIODES 

DIM 
A 
B 
R 
U 

1±5.0% TOLERANCE) 

250 MILLIWATTS 

1.8-100 VOLTS 

SILICON NITRIDE 
PASSIVATED JUNCTION 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
3.30 3.70 0.130 0.146 
1.60 1.70 0.063 0.067 
2.49 2.59 0.098 0.102 
0.41 0.55 0.016 0.022 

CASE 362-01 



MLL4099 thru MLL4135, MLL4614 thru MLL4627 

ELECTRICAL CHARACTERISTICS 

(At 25°C Ambient temperature unless otherwise specified) IZT = 250 pA and VF = 1.0 V max @ IF = 200 mA on all Types 

Nominal Ma.Zener Ma. 
Zenar Voitaga Impedance Reverse 

Type Vz ZZT Cunent 
Number (Note 1) (Note 2) IR 
(Note 1) (Volts) (Ohms) (pA) 

MLL4614 1.8 1200 7.5 
MLL4615 2.0 1250 5.0 
MLL4616 2.2 1300 4.0 
MLL4617 2.4 1400 2.0 
MLL4618 2.7 1500 1.0 
MLL4619 3.0 1600 0.8 
MLL4620 3.3 1650 7.5 
MLL4621 3.6 1700 7.5 
MLL4622 3.9 1650 5.0 
MLL4623 4.3 1600 4.0 
MLL4624 4.7 1550 10 
MLL4625 5.1 1500 10 
MLL4626 5.6 1400 10 
MLL4627 6.2 1200 10 
MLL4099 6.8 200 10 
MLL4100 7.S 200 10 
MLL4101 8.2 200 1.0 
MLL4102 8.7 200 1.0 
MLL4103 9.1 200 1.0 
MLL41 04 10 200 1.0 
MLL410S 11 200 0.05 
MLL4106 12 200 0.05 
MLL4107 13 200 0.05 
MLL4108 14 200 0.05 
MLL4109 1S 100 0.05 
MLL4110 16 100 0.05 
MLL4111 17 100 0.05 
MLL4112 18 100 0.05 
MLL4113 19 150 0.05 
MLL4114 20 150 0.01 
MLL4115 22 150 0.01 
MLL4116 24 150 0,01 
MLL4117 25 150 0.01 
MLL4118 27 150 0,01 
MLL4119 28 200 0.01 
MLL4120 30 200 0.01 
MLL4121 33 200 0.01 
MLL4122 36 200 0,01 
MLL4123 39 200 0.01 
MLL4124 43 250 0.01 
MLL4125 47 250 0.01 
MLL4126 51 300 0.01 
MLL4127 56 300 0,01 
MLL4128 60 400 0,01 
MLL4129 62 500 0.01 
MLL4130 68 700 0,01 
MLL4131 75 700 0.01 
MLL4132 82 800 0.01 
MLL4133 87 1000 0.01 
MLL4134 91 1200 0,01 
MLL4135 100 1500 0.01 

NOTE 1: TOLERANCE AND VOLTAGE DESIGNATION 
The type numbers shown have a standard tolerance of 

±5.0% on the nominal zener voltage. 

NOTE 2: ZENER IMPEDANCE (ZZT) DERIVATION 
The zener impedance is derived from the 1000 cycle ac volt­

age, which results when an ac current having an rms value 
equal to 10% of the dc zener current (lZT) is superimposed on 

IZT' 

Ma. Noise Density 
At IZT = 250 pA 

Test ND Ma. Zener Cunent 
Voltage (Fig 1) IZM 

(Note 3) VR (mlcro-yolts per (Nota 4) 
(Vohs) Square Root Cycle) (mA) 

1.0 1.0 120 
1.0 1.0 110 
1.0 1.0 100 
1.0 1.0 95 
1.0 1.0 90 
1.0 1.0 85 
1.5 1.0 80 
2.0 1.0 75 
2.0 1.0 70 
2.0 1.0 65 
3.0 1.0 60 
3.0 2.0 55 
4.0 4.0 50 
5.0 5.0 45 
5.2 40 35 
5.7 40 31.8 
6.3 40 29.0 
6.7 40 27.4 
7.0 40 26.2 
7.6 40 24.8 
8.5 40 21.6 
9.2 40 20.4 
9.9 40 19.0 

10.7 40 17.5 
11.4 40 16.3 
12.2 40 15.4 
13.0 40 14.5 
13.7 40 13.2 
14.5 40 12.5 
15.2 40 11.9 
16.8 40 10.8 
18.3 40 9.9 
19.0 40 9.5 
20.5 40 8.8 
21.3 40 8.5 
22.8 40 7.9 
25.1 40 7.2 
27.4 40 6.6 
29.7 40 6.1 
32.7 40 5.5 
35.8 40 5.1 
38.8 40 4.6 
42.6 40 4.2 
45.6 40 4.0 
47.1 40 3.8 
51.7 40 3.5 
57.0 40 3.1 
62.4 40 2.9 
66.2 40 2.7 
69.2 40 2.6 
76.0 40 2.3 

.NOTE3:REVERSELEAKAGECURRENTIR 
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Reverse leakage currents are guaranteed and are measured 
at VR as shown on the table. 

NOTE 4: MAXIMUM ZENER CURRENT RATINGS (lZM) 

Maximum zener current ratings are based on maximum ze­
ner voltage of the individual units. 

II 
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MLL4099 thru MLL4135, MLL4614 thru MLL4627 

ZENER NOISE DENSITY 

A zener diode generates noise when it is biased in 
the zener direction. A small part of this noise is due to 
the internal resistance associated with the device. A 
larger part of zener noise is a result of the zener break­
down phenomenon and is called microplasma noise. 
This microplasma noise is generally considered "white" 
noise with equal amplitude for all frequencies from 
about zero cycles to approximately 200,000 cycles. To 
eliminate the higher frequency components of noise a 
small shunting capacitor can be used. The lower fre­
quency noise generally must be tolerated since a ca­
pacitor required to eliminate the lower frequencies 
would degrade the regulation properties ofthe zener in 
many applications. 

Motorola is rating this series with a maximum noise 
density at 250 microamperes. The rating of microvolts 

RMS per square root cycle enables calculation of the 
maximum RMS noise for any bandwidth. 

Noise density decreases as zener current increases. 
This can be seen by the graph in Figure 2 where a typical 
noise density is plotted as a function of zener current. 

The junction temperature will also change the zener 
noise levels. Thus the noise re'ting must indicate band­
width, current level and temperature. 

The block diagram given in Figure 1 shows the 
method used to measure noise density. The input volt­
age and load resistance is high so that the zener is 
driven from a constant current source. The amplifier 
must be low noise so that the amplifier noise is negli­
gible compared to the test zener. The filter bandpass is 
known so that the noise density in volts RMS per square 
root cycle can be calculated. 

FIGURE 1 - NOISE DENSITY MEASUREMENT METHOD 

51 k 
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Load Resistor 
Ammeter 

dc Power Test Zener 

Filter 

fO=2kHz 
f1 = 1 kHz 
f2 = 3kHz Supply 

BW=2kHz 

Vout 
Noise Density (volts per square root cycle) = Overall Gain VBW 

Where: BW = Filter Bandwidth (Cycles) 

Vout = Output Noise (Volts RMS) 

FIGURE 2 - TYPICAL NOISE DENSITY versus ZENER CURRENT 
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MLL4099 thru MLL4135, MLL4614 thru MLL4627 
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FIGURE 4 - TYPICAL FORWARD CHARACTERISTICS 
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MLL4678 
thru 

MLL4717 

250 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

Low level nitride passivated zener diodes for applications re­
quiring extremely low operating currents, low leakage, and sharp 
breakdown voltage. 

• Complete Voltage Range - 1.8 to 43 Volts 

• Zener Voltage Specified @ IZT = 50 pA 

• Leadless Package for Surface Mount Technology 

• Maximum Delta Vz Given from 10 to 100 pA 

• Available in 8 mm Tape and Reel 
T1 Cathode Facing Sprocket Holes 
T2 Anode Facing Sprocket Holes 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 

DC Power Dissipation @ T A = 50·C Po 
Derate above T A = 50·C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Double slug, hermetically sealed glass 

Value 

250 
1.67 

-65 to +175 

Unit 

mW 
mWrC 

·C 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230·C 
for 10 seconds 

FINISH: All external surfaces are corrosion resistant and readily 
Bolderable 

POLARITY: Cathode end indicated by color band. When operated in 
zener mode, the cathode will be positive with respect to 
anode 

MOUNTING POSITION: Any 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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® MOTOROLA 

LEADLESS GLASS 
ZENER DIODES 

250 MILLIWATTS 

U 0.4 0.016 

CASE 362·01 



MLL4678 thru MLL4717 

ELECTRICAL CHARACTERISTICS ITA = 25°C, VF = 1.5 V max at IF = 100 mA for all types) 

Zener Vohage Maximum Test Maximum Maximum 
Type VZ@IZT=50pA Reverse Current Vohage Zener Current Vohage Change 

Number Volts IRpA VRVoits IZMmA 4.VZ Volts 
(Note 1) Nom (Note 1) Min Max (Note 3) (Note 2) (Note 4) 

MLL4678 1.8 1.710 1.890 7.5 1.0 120 0.70 
MLL4679 2.0 1.900 2.100 5.0 1.0 110 0.70 
MLL4680 2.2 2.090 2.310 4.0 1.0 100 0.75 
MLL4681 2.4 2.280 2.520 2.0 1.0 95 0.80 
MLL4682 2.7 2.565 2.835 1.0 1.0 90 0.85 

MLL4683 3.0 2.850 3.150 0.8 1.0 85 0.90 
MLL4684 3.3 3.135 3.465 7.5 1.5 80 0.95 
MLL4685 3.6 3.420 3.780 7.5 2.0 75 0.95 
MLL4686 3.9 3.705 4.095 5.0 2.0 70 0.97 
MLL4687 4.3 4.085 4.515 4.0 2.0 65 0.99 

MLL4688 4.7 4.465 4.935 10 3.0 60 0.99 
MLL4689 5.1 4.845 5.355 10 3.0 55 0.97 
MLL4690 5.6 5.320 5.880 10 4.0 50 0.96 
MLL4691 6.2 5.890 6.510 10 5.0 45 0.95 
MLL4692 6.8 6.460 7.140 10 5.1 35 0.90 

MLL4693 7.5 7.125 7.875 10 5.7 31.8 0.75 
MLL4694 8.2 7.790 8.610 1.0 6.2 29.0 0.50 
MLL4695 8.7 8.265 9.135 1.0 6.6 27.4 0.10 
MLL4696 9.1 8.645 9.555 1.0 6.9 26.2 0.08 
MLL4697 10 9.500 10.50 1.0 7.6 24.8 0.10 

MLL4698 11 10.45 11.55 0.05 8.4 21.6 0.11 
MLL4699 12 11.40 12.60 0.05 9.1 20.4 0.12 
MLL4700 13 12.35 13.65 0.05 9.8 19.0 0.13 
MLL4701 14 13.30 14.70 0.05 10.6 17.5 0.14 
MLL4702 15 14.25 15.75 0.05 11.4 16.3 0.15 

MLL4703 16 15.20 16.80 0.05 12.1 15.4 0.16 
MLL4704 17 16.15 17.85 0.05 12.9 14.5 0.17 
MLL4705 18 17.10 18.90 0.05 13.6 13.2 0.18 
MLL4706 19 18.05 19.95 0.05 14.4 12.5 0.19 
MLL4707 20 19.00 21.00 0.Q1 15.2 11.9 0.20 

MLL4708 22 20.90 23.10 0.01 16.7 10.8 0.22 
MLL4709 24 22.80 25.20 0.01 18.2 9.9 0.24 
MLL4710 25 23.75 26.25 0.01 19.0 9.5 0.25 
MLL4711 27 25.65 28.35 0.01 20.4 8.8 0.27 
MLL4712 28 26.60 29.40 0.01 21.2 8.5 0.28 

MLL4713 30 28.50 31.50 0.Q1 22.8 7.9 0.30 
MLL4714 33 31.35 34.65 0.01 25.0 7.2 0.33 
MLL4715 36 34.20 37.80 0.Q1 27.3 6.6 0.36 
MLL4716 39 37.05 40.95 0.Q1 29.6 6.1 0.39 
MLL4717 43 40.85 45.15 0.Q1 32.6 5.5 0.43 

NOTES: 1. TOLERANCE AND VOLTAGE DESIGNATION (VZ) 
The type numbers shown have a standard tolerance of ± 5% on the nominal zener voltage. 

2. MAXIMUM ZENER CURRENT RATINGS UZM) 
Maximum Zener current ratings are based on maximum Zener voltage of the individual units. 

3. REVERSE LEAKAGE CURRENT UR) 
Reverse leakage currents are guaranteed and are measured at VR as shown on the table. 

4. MAXIMUM VOLTAGE CHANGE (4.VZ) 
Voltage change is equal to the difference between Vz at 100 pA and Vz at 10 pA. 

4·97 



II 

MLL4728 
thru 

MLL4764 

1.0 WATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 3.3 to 100 Volts 

• Leadless Package for Surface Mount Technology 

• Double Slug Type Construction 

• Metallurgically Bonded Construction 

• Nitride Passivated Die 

• Available in 12 mm Tape and Reel 
Tl Cathode Facing Sprocket Holes 
T2 Anode Facing Sprocket Holes 

MAXIMUM RATINGS 
Rating Symbol 

DC Power Dissipation @ T A .. 50°C Po 
Derate above T A = 50°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

Value 

1.0 
6.67 

-65 to +200 

MAXIMUM TEMPERATURE FOR SOLDERING PURPOSES: 230°C, for 10 
seconds 

Unit 

W 
mW(,C 

°C 

FINISH: All external surfaces are corrosion resistant and readily solderable 

POLARITY: Cathode indicated by color band. When operated in zener mode. 
cathode will be positive with respect to anode 

MOUNTING POSITION: Any 
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® MOTOROLA 

LEADLESS 
GLASS ZENER DIODES 

Dill 
A 
8 
R 
U 

1.0 WATT 
3.3-100 VOLTS 

IIILLlIIETERS leHES 
1111 IIAlI III. IIAlI 
4.80 5.20 0.189 0.205 
2.44 2.54 0.089 0.100 
3.71 4.58 0.148 0.181 
0.38 0.50 0.014 0.020 

CASE 362B-01 



MLL4728 thru MLL4764 

ELECTRICAL CHARACTERISTICS 
(TA = 25°e unless otherwise noted. Based on de measurements at thermal equilibrium; 
case temperature maintained at 30 + 2°e. VF = 1.2 V max @ IF = 200 rnA for all types) -

Nominal Zener Voltage Test Maximum Zener Impedance (Note 4) 
VZ@ IZT Current 

Typa No. Volts IZT ZZT@IZT ZZK@IZK IZK 
(Note 1) (Notes 2 and 3) mA Ohms Ohms mA 

MLL4728 3.3 76 10 400 1.0 
MLL4729 3.6 69 10 400 1.0 
MLL4730 3.9 64 9.0 400 1.0 
MLL4731 4.3 58 9.0 400 1.0 
MLL4732 4.7 53 8.0 500 1.0 

MLL4733 5.1 49 7.0 550 1.0 
MLL4734 5.6 45 5.0 600 1.0 
MLL4735 6.2 41 2.0 700 1.0 
MLL4736 6.8 37 3.5 700 1.0 
MLL4737 7.5 34 4.0 700 0.5 

MLL4738 8.2 31 4.5 700 0.5 
MLL4739 9.1 28 5.0 700 0.5 
MLL4740 10 25 7.0 700 0.25 
MLL4741 11 23 8.0 700 0.25 
MLL4742 12 21 9.0 700 0.25 

MLL4743 13 19 10 700 0.25 
MLL4744 15 17 14 700 0.25 
MLL4745 16 15.5 16 700 0.25 
MLL4746 18 14 20 750 0.25 
MLL4747 20 12.5 22 750 0.25 

MLL4748 22 11.5 23 750 0.25 
MLL4749 24 10.5 25 750 0.25 
MLL4750 27 9.5 35 750 0.25 
MLL4751 30 8.5 40 1000 0.25 
MLL4752 33 7.5 45 1000 0.25 

MLL4753 36 7.0 50 1000 0.25 
MLL4754 39 6.5 60 1000 0.25 
MLL4755 43 6.0 70 1500 0.25 
MLL4756 47 5.5 80 1500 0.25 
MLL4757 51 5.0 95 1500 0.25 

MLL4758 56 4.5 110 2000 0.25 
MLL4759 62 4.0 125 2000 0.25 
MLL4760 68 3.7 150 2000 0.25 
MLL4761 75 3.3 175 2000 0.25 
MLL4762 82 3.0 200 3000 0.25 
MLL4763 91 2.8 250 3000 0.25 
MLL4764 100 2.5 350 3000 0.25 

4-99 

Leakage Current Surge Current @ 
TA = 25°C 

IR VR ir - mA 
p.A Max Volts (Note 5) 

100 1.0 1380 
100 1.0 1260 
50 1.0 1190 
10 1.0 1070 
10 1.0 970 

10 1.0 890 
10 2.0 810 
10 3.0 730 
10 4.0 660 
10 5.0 605 

10 6.0 550 
10 7.0 500 
10 7.6 454 
5.0 8.4 414 
5.0 9.1 380 

5.0 9.9 344 
5.0 11.4 304 
5.0 12.2 285 
5.0 13.7 250 
5.0 15.2 225 

5.0 16.7 205 
5.0 18.2 190 
5.0 20.6 170 
5.0 22.8 150 
5.0 25.1 135 

5.0 27.4 125 
5.0 29.7 115 
5.0 32.7 110 
5.0 35.8 95 
5.0 38.8 90 

5.0 42.6 80 
5.0 47.1 70 
5.0 51.7 65 
5.0 56.0 60 
5.0 62.2 55 
5.0 69.2 50 
5.0 76.0 45 
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MLL4728 thru MLL4764 

NOTE 1. Tolerance and Type Number Deolgnltion - The type numbers 
listed have a standard tolerance on the nominal zener voltage of ::t: 100/0. 
A standard tolerance of ±5% on individual units is also available and 
is indicated by suffixing "A" to the standard type number. 

NOTE Z. Special SelectloMt Available Include: 
1. Nominal zener voltages between those shown. 
2. Two or more units for series connection with specified tolerance 

on total voltage. Series matched sets make zener voltages in excess of 
200 volts possible as well as providing lower temperature coefficients, 
lower dynamic impedance and greater power handling ability. 

3. Nominal voltages at non-standard test currents. 

NOTE 3. Zener Voltage IVzlMaasurement - Nominal zener voltage is 
measured with the device junction in thermal equilibrium at the clse 
temperature of 30°C ±2OC. 

NOTE 4. Zener Impedance IZZI Derivation - ZZT and ZZK are measured 
by dividing the ae voltage drop across the device by the ae current 
applied. The specified limits are for Izlacl = 0.1 x IZldcl with the ac 
frequency = 1.0 kHz. 

tFor more information on special selections contact your nearest Motorola 
representative. 

APPLICATION NOTE 

Since the actual voltage available from a given zenar diode is tern­
perature dependent, it is necessary to determine junction temperature 
under any set of operating conditions in order to calculate its value. 
The following procedure is recommended: 

Case Temperature, Te. should be determined from: 

TC = IleAPo + TA· 

IleA is the case-to-ambient thermal resistance I'ClWI and Po is the 
power dissipation. The value for BcA will vary and depends on the 
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FIGURE 1 - TYPICAL LEAKAGE CURRENT 

2.0 4.0 

TYPICAL LEAKAGE CURRENT _ 
AT VR AS STATED FOR == 
5.0% UNITS (2.4 V-20 V) = 
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VZ. NOMINAL ZENER VOLTAGE (VOLTS) 

device mounting method. ileA Is generally 200'CIW for the various clips 
and tie points in common use and for printed circuit board wiring. 

The temperature of the case can also be measured using a thermo­
couple placed at the case end as close as possible to the tie point. The 
thermal mass connected to the tie point is normally large enough so 
that it will not significantly respond to heat surges generated in the 
diode as a result of pulsed operation once steady-state conditions are 
achieved. Using the measured value of TC, the junction temperature 
may be determined by: 

TJ = TC + .1TJC· 

4.TJC is the increase in junction temperature above the case tempera­
ture and may be found by using: 

.1TJC = 9JCPO· 
For worst-case design, using expected limits of IZ, limits of Po and 

the extremes of TJI.1T JI may be estimated. Changes in voltage, VZ, can 
then be found from: 

.1V = 9yz.1TJ. 

8yz, the zener voltage temperature coefficient, is found from Figures 
3 and 4. 

Under high power-pulse operation, the zener voltage will vary with 
time and may also be affected significantly by the zener resistance. For 
best regulation, keep current excursions as low as possible. 

NOTE 5. Surge Current IIrl Nonrepetitive - The rating listed in the 
electrical characteristics table is maximum peak, non-repetitive, 
reverse surge current of 1/2 square wave or equivalent sine wave pulse 
of 1/120 second duration superimposed on the test current, In, per 
JEDEC registration; however, actual device capability is as described 
in Figures 4 and 6. 

Surge limitations are given in Figure 6. They are lower than would 
be expected by considering only junction temperature, as current 
crowding effects cause temperatures to be extremely high in small 
spots, resulting in device degradation should the limits of Figure 6 be 
exceeded. 
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MLL4728 thru MLL4764 

FIGURE 3 - TEMPERATURE COEFFICIENTS @ IZT 

(-55OC to + 15O'C temperature range; !IO% of the units are In the ranges indicated.) 
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MLL4728 thru MLL4764 
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FIGURE 10 - NOISE DENSITY MEASUREMENT METlIOD 

True 
RMS 
Volt 

Meter 

Noise Density V 
(Volts Per Square Root Bandwidth) = 0 )( ~u.t v1!W 
Where: BW = Filter Bandwidth (Hz) . vera Bin 

Vout = Output Noise (Volts RMS) 
The input voltage and load resistance are high so that the zener 
diode is driven from a constant current source. The amplifier is low 
noise so that the amplifier noise is negligible compared to that of 
the test zener. The filter bandpass is known so that the noise density 
can be calculated from the formula shown. 

FIGURE 11 - TYPICAL FORWARD CHARACTERISTICS 
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® MOTOROI.A 

500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 2.4 to 91 Volts 

• Leadless Package for Surface Mount Technology 

• Double Slug Type Construction 

• Metallurgically Bonded Construction 

• Nitride Passivated Die 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Power Dissipation @ TA ~ 50°C Po 500 
Derate above TA:= 50°C 3.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

Unit 

mW 
mW/oC 

°C 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 
for 10 seconds 

FINISH: All external surfaces are corrosion resistant and readily solderable 

POLAR lTV: Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode 

MOUNTINGPOSmON: A~ 

STEADY STATE POWER DERATING 

1.4 

"PD vs TC 

" I'.. 
"-

....... ....... --!1: vs TA "-
"--,....... "-....... "-

o I ~ 
o 20 40 60 80 100 120 140 160 180 200 

T. TEMPERATURE 1°C) 
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MLLS221 
thru 

MLLS270 

LEADLESS 
GLASS ZENER DIODES 

DIM 
A 
B 
R 
U 

500 MILLIWATTS 
2.4-110 VOLTS 

MllliMETUS INCHES 
MIN MAX MIN MAX 
3.30 3.70 0.130 0.146 
1.60 1.70 0.063 0.067 
2.49 2.59 0.098 0102 
0.41 0.55 0.D16 0.022 

CASE 362-01 

II 
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MLL5221 thru MLL5270 

ELECTRICAL CHARACTERISTICS 
(TA. = 25°C unless otherwise noted. Based on de measurements at thermal equilibrium; 
case temperature maintained at 30±2°C. VF = 1.1 max @ IF = 200 mA for all types.) 

Max Zener Impedance Max Reverse Leakage Current 
Nominal 

Test A and B Suffix only A and B Suffix only Non-Suffix 
Type No. 

Zener Voltage Current 
(Note 1) VZ@IZT 

IZT 
IR @ VR IR @VR Used 

Volts mA ZZT@IZT ZZK @ IZK = 0.25 mA I'A Volts for Suffix A 
(Note 2) Ohms Ohms A B I'A 

MLL5221 2.4 20 30 1200 100 0.95 1.0 200 
MLL5222 2.5 20 30 1250 100 0.95 1.0 200 
MLL5223 2.7 20 30 1300 75 0.95 1.0 150 
MLL5224 2.8 20 30 1400 75 0.95 1.0 150 
MLL5225 3.0 20 29 1600 50 0.95 1.0 100 

MLL5226 3.3 20 28 1600 25 0.95 1.0 100 
MLL5227 3.6 20 24 1700 15 0.95 1.0 100 
MLL5228 3.9 20 23 1900 10 0.95 1.0 75 
MLL5229 4.3 20 22 2000 5.0 0.95 1.0 50 
MLL5230 4.7 20 19 1900 5.0 1.9 2.0 50 

MLL5231 5.1 20 17 1600 5.0 1.9 2.0 50 
MLL5232 5.6 20 11 1600 5.0 2.9 3.0 50 
MLL5233 6.0 20 7.0 1600 5.0 3.3 3.5 50 
MLL5234 6.2 20 7.0 1000 5.0 3.8 4.0 50 
MLL5235 6.8 20 5.0 750 3.0 4.8 5.0 30 

MLL5236 7.5 20 6.0 500 3.0 5.7 6.0 30 
MLL5237 8.2 20 8.0 500 3.0 6.2 6.5 30 
MLL5238 B.7 20 B.O 600 3.0 6.2 6.5 30 
MLL5239 9.1 20 10 600 3.0 6.7 7.0 30 
MLL5240 10 20 17 600 3.0 7.6 8.0 30 

MLL5241 11 20 22 600 2.0 8.0 8.4 30 
MLL5242 12 20 30 600 1.0 B.7 9.1 10 
MLL5243 13 9.5 13 600 0.5 9.4 9.9 10 
MLL5244 14 9.0 15 600 0.1 9.5 10 10 
MLL5245 15 8.5 16 600 0.1 10.5 11 10 

MLL5246 16 7.8 17 600 0.1 11.4 12 10 
MLL5247 17 7.4 19 600 0.1 12.4 13 10 
MLL5248 18 7.0 21 600 0.1 13.3 14 10 
MLL5249 19 6.6 23 600 0.1 13.3 14 10 
MLL5250 20 6.2 25 600 0.1 14.3 15 10 

MLL5251 22 5.6 29 600 0.1 16.2 17 10 
MLL5252 24 5.2 33 600 0.1 17.1 18 10 
MLL5253 25 5.0 35 600 0.1 18.1 19 10 
MLL5254 27 4.6 41 600 0.1 20 21 10 
MLL5255 28 4.5 44 600 0.1 20 21 10 

MLL5256 30 4.2 49 600 0.1 22 23 10 
MLL5257 33 3.8 58 700 0.1 24 25 10 
MLL5258 36 3.4 70 700 0.1 26 27 10 
MLL5259 39 3.2 80 800 0.1 29 30 10 
MLL5260 43 3.0 93 900 0.1 31 33 10 

MLL5261 47 2.7 105 1000 0.1 34 36 10 
MLL5262 51 2.5 125 1100 0.1 37 39 10 
MLL5263 56 2.2 150 1300 0.1 41 43 10 
MLL5264 60 2.1 170 1400 0.1 44 46 10 
MLL5265 62 2.0 185 1400 0.1 45 47 10 

MLL5266 68 1.8 230 1600 0.1 49 52 10 
MLL5267 75 1.7 270 1700 0.1 53 56 10 
MLL5268 B2 1.5 330 2000 0.1 59 62 10 
MLL5269 87 1.4 370 2200 0.1 65 68 10 
MLL5270 91 1.4 400 2300 0.1 66 69 10 
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Max Zener Voltage 
Temperature Coeff. 

(A and B Suffix only) 
8VZ (%/OC) 

(Note 3) 

-0.085 
-0.085 
-0.080 
-0.080 
-0.075 

-0.070 
-0.065 
-0.060 
±0.055 
±0.030 

±0.030 
+0.038 
+0.038 
+0.045 
+0.050 

+0.058 
+0.062 
+0.065 
+0.06B 
+0.075 

+0.076 
+0.077 
+0.079 
+0.082 
+0.082 

+0.083 
+0.084 
+0.085 
+0.086 
+0.086 

+0.087 
+0.088 
+0.089 
+0.090 
+0.091 

+0.091 
+0.092 
+0.093 
+0.094 
+0.095 

+0.095 
+0.096 
+0.096 
+0.097 
+0.097 

+0.097 
+0.098 
+0.098 
+0.099 
+0.099 



MLL5221 thru MLL5270 

NOTE 1. Tolerance - The type numbers shown indicate a tal· 
eranca of ±20% with guaranteed limits on only VZ. IR and VF as 
shown in the electrical characteristics table. Units with guaran­
teed limits on all six parameters are indicated by suffix "A" for 
±10% tolerance and suffix "8" for ±5.0% units. 

NOTE 2, Special Selectionst Available Include: 
1. Nominal zener voltages between those shown. 
2. Two or more units for series connection with specified tal· 

eranca on total voltage. Series matched sets make zener volt­
ages in excess of 200 volts possible as well as providing lower 
temperature coefficients, lower dynamic impedance and greater 
power handling ability. 

3. Nominal voltages at non-standard test currents. 

NOTE 3. Temperature Coefficient (BVZ) - Test conditions for 
temperature coefficient are as follows: 

a. IZT = 7,5 rnA, Tl = 25°e, 
T2 = 125°e (MLL5221A,B through MLL5242A,B). 

b. IZT = Rated IZT, Tl = 25°e, 
T2 = 125°e (MLL5243A, B through MLL5270A.B). 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 

NOTE 4. Zener Voltage (VZ) Measurement - Nominal zener 
voltage is measured with the device junction in thermal equilib­
rium at the case temperature of 30°C ±1 °C. 

NOTE 5, Zener Impedance IZz) Oerivation - ZZT and ZZK are 
measured by dividing the ae voltage drop across the device by 
the ae current applied. The specified limits are for Iz(ac):: 0.1 x 
IZ(dc) with the ac frequency = 1.0 kHz. 

t For more Information on special selectIons contact your nearest Motorola 
representative. 

APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction 
temperature under any set of operating conditions in order to 
calculate its value. The following procedure is recommended: 

Case Temperature, TC, should be determined from: 

Te = 8eAPD + TA' 

flCA is the case~to~ambient thermal resistance (OC/WI and PD 
is the power dissipation. The value for DCA will vary and depends 
on the device mounting method. DCA is generally 200oC/W for 
the various clips and tie points in common use and for printed 
circuit board wiring. 

The temperature of the case can also be measured using a 
thermocouple placed at the case end as close as possible to the 
tie point. The thermal mass connected to the tie point is nor~ 
mally large enough so that it will not significantly respond to 
heat surges generated in the diode as a result of pulsed opera~ 
tion once steady~state conditions are achieved. Using the mea~ 
sured value of TC, the junction temperature may be determined 
by: 

TJ = Te + .lTJe, 

.lTJC is the increase in junction temperature above the case 
temperature and may be found by using: 

.lTJC = 8JCPD, 

For worst-case design, using expected limits of IZ, limits of PD 
and the extremes of TJI.lTJ) may be estimated, Changes in volt­
age, VZ, can then be found from: 

.lV = 8VZ.lTJ. 
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RVZ, the zener voltage temperature coefficient. is found from 
Figures 3 and 4. 

Under high power~pulse operation, the zener voltage will vary 
with time and may also be affected significantly by the zener 
resistance. For best regulation, keep current excursions as low 
as possible. 

Surge limitations are given in Figure 6. They are lower than 
would be expected by considering only junction temperature, as 
current crowding effects cause temperatures to be extremely 
high in small spots, resulting in device degradation should the 
limits of Figure 6 be exceeded. 
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FIGURE 1 - TYPICAL LEAKAGE CURRENT 
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MLL5221 thru MLL5270 

FIGURE 3 - TEMPERATURE COEFFICIENTS 

(-55°C to +150oC temperature range; 90% of the units ilre in the ranges indicated.) 
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MLL5221 thru MLL5270 
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FIGURE 7 - EFFECT OF ZENER CURRENT 
ON ZENER IMPEDANCE 
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FIGURE 9 - TYPICAL NOISE DENSITY 
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FIGURE 10 - NOISE DENSITY MEASUREMENT METHOD 
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Noise DensitY V out 
(Volts Per Square Root Bandwidth) '" Overall Gain VBW 

Where: BW = Filter Bandwidth (HZ) 
V out = Output Noise (Volts RMS) 

The input voltage and load resistance are high so that the zener 
diode is driven from a constant current source. The amplifier is 
low noise so that the amplifier noise Is negligible compared to 
that of the test zener. The filter bandpass is known so that the 
noise density can be calculated from the formula shown, 

FIGURE 11 - TYPICAL FORWARD CHARACTERISTICS 
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MLL5221 thru MLL5270 

FIGURE 12 - ZENER VOLTAGE versus ZENER CURRENT - Vz = 1 THRU 16 VOLTS 
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® MOTOROLA 

SILICON POWER TRANSIENT SUPPRESSOR 

designed for applications requiring protection of voltage 
sensitive electronic devices in danger of destruction by high energy 
voltage transients. Individual cells are matched to insure current· 
sharing under high current pulse conditions. 

• Peak Surge Power Capacity Given From 0.1 ms To 10 Seconds 

• Low Clamping Factor Assures Low Voltage Overshoot 

• Negligible Power Loss 

• Small Size and Weight 

• Following Variations are Available: 

Non·Standard Voltages 

Higher Power Capacity 

Other Package Configurations 

MAXIMUM RATINGS 

Transient Power Dissipation: 40 kW 
Pulse Width: O.lms, (See Figure 1) 
DC Power Dissipation: 350 Watts @ TC=25"C 

(Derate 2.33 W/"C above 25 "C) 
Operating Junction & Storage Temperature Range: 

-65"C to + 175"C 

MECHANICAL CHARACTERISTICS 

POLARITY: Anode·to·Case is Standard. Cathode·to·Case Available 
Upon Request. 

MPZS-16 Series 
MPZS-32 Series 

MPZS-ISO Series 

SILICON POWER 
TRANSIENT SUPPRESSOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 50.29 51.31 1.980 2.020 
B 37.59 38.61 1.480 1.520 
C - 16.51 0.650 
0 20.24 21.01 0.797 0.827 
E 2.92 3.43 0.115 0.135 
F 1.32 1.83 0.052 0.072 
G 29.97 30.99 1.180 1.220 
H 3.56 4.06 0.140 0.160 
J 10.06 10.57 0.396 0.416 
L 46.74 47.74 1.840 1.860 
Q 3.30 3.81 0.130 0.150 

CASE 119·01 
NOTE: CIA "0" 5 PLACES 

ELECTRICAL CHARACTERISTICS (T A = 25 ·C, VF = 1.5 V max @ 10 A for all types) 
Maximum 

Device 
Nominal Clamping Minimum Zener Voltate Maximum Z .... Voltage Maximum Typical 

Operating Voltage Factor Pulse Width "" 1.0 ms Rever. Current Capacitance 
INotoll CF _ VZ@IZI!!!! ... I 'R(max) C Itypl 

VOPIPKI VOP(RMSI VZ@IZT VZ(minJ @ IZT VZ(maxl 0 IZ(pul.1 o VR = VOPIPKI o VR = VOP(PKI 
Type Vde Vrms (Noto21 Vde Ade Vde Ade pAde pF 

MPZ5-16A 

" 10 1.25 16 0.' 2' 200 50 0.025 
-16B •• 10 1.25 .6 0.' 20 200 

1 
0.025 

-32A 28 20 1.25 32 0.2 50 100 0.011 

·328 2. 20 1.25 32 0.2 ." '00 0.011 

·32C 2. 20 '.25 32 0.2 40 100 0.011 

·lBOA 16. 117 1.14 180 0.03 250 20 0.0012 

·.806 165 117 1.14 180 0.03 22. 20 0.0012 

·1SOC 16. 117 1.14 180 0.03 20. 20 0.0012 
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MPZ5-16 Series, MPZ5-32 Series, MPZ5-180 Series 

FIGURE 1 - MAXIMUM NON-REPETITIVE SURGE POWER 
(RECTANGULAR WAVEFORM) 

100 
70 
50 
30 
20 

~ 
ffi l~ 
~ 5.0 
"" 3.0 
~ 2.0 

;2 1.0 
e:. 0.7 
a.... 0.5 

0.3 
0.2 

O. 1 

-:--

0.0001 0.0002 

.... 

0.0005 0.001 0.002 0.005 

FIGURE 2 - TYPICAL DYNAMIC ZENER 
VOLTAGE CHARACTERISTICS (Note 2) 
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NOTE 1: Nominal operating voltage is defined as normal 
input voltage to device for non-operating condi­
tion. If non-sinusoidal wave or de input is pre­
sent, peak voltage input values VOP(PK) should 
be used to select device type. 

NOTE 2: The maximum device clamping factor CF is a 
ratio of Vz measured at IZ (pulse) given in the 
Electrical Characteristics Table divided by Vz 
measured at I ZT under steady state conditions. 
This value guarantees the sharpness of the voltage 
breakdown of individual devices. Figure 2 de­
monstrates the typical sharpness of the break· 
down, and indicates the voltage regulation over 
a wide range of currents. 

tNz = VZ@ IZ(pulse) - VZ@ IZT 

10 



® MOTOROLA 

PRECISION REFERENCE DIODES 

... designed, manufactured and tested for applications requir· 
ing a precision voltage reference with ultra·high stability of 
voltage with time and temperature change. 

Special test laboratory uses precision measurement equipment, 
four-terminal (separate contacts for current and voltage) meas­
urement techniques and voltage standards to provide cali­
bration directly traceable to the National Bureau of Standards. 

~~~TeST DaTa 
Every Precision Reference Diode is individually 
serialized and its test data recorded on a Certificate of 
Precision that accompanies the device when shipped. 
This data shows: 

• Actual device voltage at 168 hour Intervals 
during verification test 

• Voltage stability throughout the entire 
1000 hour test period 

• Certification of Precision 

• All diodes are marked with the device type 
number and polarity band 

4-111 

NOTES, 

MZ600 Series 
6.2 VOLTS 

PRECISION REFERENCE 
DIODES 

with 
CERTIFIED 

ZENER VOLTAGE-TIME 
STABILITY 

D 

liB 
@ 

rt--i 
K 

L 
1. PACKAGE CONTOUR OPTIONAL WITHIN OIA BAND 

LENGTH A. HEAT SLUGS. IF ANY. SHALL BE INCLUDED 
WITHIN THIS CYLINDER. BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF OIA B. 

2. LEAD OIA NOT CONTROLLED IN ZONES F. TO ALLOW 
FOR FLASH. LEAD FINISH BUILDUP. AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 
0 0.46 0.56 0.D18 0.022 
F 1.27 0.050 
K 25.40 38.10 1.000 1.500 

All JEOEC dimensions and notes apply 

CASE 51-02 
DO-204AA 

IDO-71 
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MZ600 Series 

OPERATING TEMPERATURE RANGE:· 25 to 100'C. 

MZ800 SERIES (Voltage 6.2V ± 5%. IZT = 7.5 mAdct. ll.VZ = 2.5 mVdc"") 

Volll",,·Tlme Sleblllly Plrts Plr Million Ching. 
Type No. ",V/l000 Hours' (ppm/l000 Hours' 

MZ605 31 Maximum < 5 
MZ610 62 Maximum <10 
MC620 124 Maximum <20 
MZ640 248 Maximum <40 

DYNAMIC IMPEDANCE: 10 Ohms at IZT=7.5 mAdc. lac =0.75 mAo 

NOTES 

tTEST CURRENT 
For certification testing of time stability, Motorola main· 
talns IZT constant and repeatable to ± 0.05 ,..A tolerance. 
For voltage tolerance, impedance and voltage temperature 
stability IZT needs to be held to 0.Q1 tolerance only. 

"Maximum limits for use as a precision reference device. 
limits are well below the maximum thermal limits. 

··VOLTAGE·TEMPERATURE STABILITY: Maximum allow· 
able voltage change between voltages recorded at 25, 75 
and l00'C ambient. 

VOLTAGE·TIME STABILITY 
(ll.VZ/1000 Hours). 

The device voltage is read and recorded initially and at 168 
hour Intervals through 1000 hours. The maximum change of 
voltage between readings, taken at any of the seven paints, 
must be less than the maximum voltage change per 1000 
hour specified as Voltage·Tlme Stability. 

TURN·ON CHARACTERISTICS 

Precision Reference Diodes have been tested to determine 
the behavior of the device under interrupted power operation. 
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To Insure specified performance, adequate time must be 
allowed for the device and Its environment to reach thermal 
equilibrium. "Warm·up" time may range from 8 to 24 hours. 
Thermal equilibrium is reached when the chamber is cycling 
at the required temperature with the device energized. 

After this "'warm·up" period, the device voltage will be 
between the minimum and the maximum voltage of those 
recorded at the seven paints of the Voltage·Time Stability 
certification. 

MOUNTING 

Excellent results have been obtained by using a mechanical 
mounting. If necessary, the device may be soldered Into a 
circuit using a heat sink between the heat source and the 
body of the diode. A low thermal EMF solder is 
recommended. 

SPECIAL NOTE 

Voltage tolerance less than 5.0% is available upon special 
request. 

Precision Reference Diodes capable of meeting special 
requirements for standard voltages regardless of required 
test current, temperature range, or test temperatures are 
available. Custom requirements of particular devices for 
specific applications are also available. 



MZ600 Series 

VOLTAGE·CURRENT 
STABILITY 
CHARACTERISTICS 

For verification of time stability, and 
for repeatable operation, IZT should 
be maintained with a tolerance of 
± 0.1 JJA. Figure 1 will assist in design 
where the supply current stability 
cannot be maintained to better than 
0.2 JJA deviation. 

VOLTAGE·TEMPERATURE 
CHARACTERISTICS 

CHOICE OF OPERATING 
TEMPERATURE 

The stability certification is 
performed at 65'C ±0.02'C. The 
operating temperature can be 
selected within the operating temper· 
ature range. II the desired tempera· 
ture Is not 65 'C, the precise voltage 
of the device will be different but the 
certified stability will still be 
observed. 

VOLTAGE TEMPERATURE 
STABILITY 

For verification of time stability 
and/or repeatable operation, the 
ambient temperature should be 
controlled to ± 0.1 'C. 

Figure 2 will assist in deSigns where 
ambient temperature cannot be 
controlled to better than 0.2 'C 
deviation. 

1000 

1.0 

1000 

I 10 

1.0 

FIGURE 1 - MAXIMUM VOLTAGE CHANGE,IN "V AND PPM, 
DUE TO CURRENT SUPPLY STABILITY 

~ MZ600 SERIES 
_ Vz·· 6.2V 
- Zzr 100llms 
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L .,/ 

"/ I I 11111 
0.1 1.0 10 

61z, CURRENT STABILITY Ip.AI 

FIGURE 2 - TYPICAL VOLTAGE CHANGE,IN jJ.V AND PPM, 
DUE TO AMBIENT TEMPERATURE STABILITY 
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MZ2360 
MZ2361 

CONSTANT·VOLTAGE REFERENCE DIODES FOR 
LOW·VOLTAGE APPLICATIONS 

... high·conductance silicon diodes designed as a stable 
forward reference source for biasing transistor amplifiers and 
similar applications . 

• Guaranteed Forward Voltage Range 

• Temperature Effects Provided 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

DC Power Dissipation Po 400 mW 
@ TL =30"C ±3"C, 
Lead Length = 318· 

Operating and Storage Junction 
Temperature Range 

TJ, Totg -65 to+ 175 "C 

MECHANICAL CHARACTERISTICS 

CASE: Surmetic 

DIMENSIONS: See outline drawings 
FINISH: All external surfaces are corrosion resistant and leads are 

readily solderable and weldable 
POLARITY: Cathode indicated by polarity band. Cathode negative for 

forward reference application. 
WEIGHT: 0.2 Gram (approximate) 
MOUNTING POSITIONS: Any 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

® MOTOROLA 

MILLIMETERS 

FORWARD REFERENCE 
DIODES 

STABISTORS 

MZ2361 

CASE 51 
DQ.204AA 

INCHES 

MZ2360 

CASE 59 
00·41 

DIM MIN MAX MIN MAX 
A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 K 
D 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 25.40 38.10 1.000 1.500 

AU JEOEC dimensions and notes apply rt·-i 
NOTES: 

MZ2361 

CASE 51 
DO-204AA 

K 

L 
1. PACKAGE CONTOUR OPTIONAL WITHIN DIA 8 AND 

LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA 8. 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 
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A 4.07 
B 2.04 
D 0.71 
F 
K 27.94 

NOTES: 

5.20 0.160 
2.71 0.080 
0.86 0.028 
1.27 -

1.100 

MZ2360 

CASE 59 
00·41 

0.205 
0.107 
0.034 
0.050 

1. ALL RULES AND NOTES ASSOCIATED 
WITH JEDEC DO·41 OUTLINE SHALL 
APPLY. 

2. POLARITY OENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN "F" DIMENSION. 



MZ2360, MZ2361 

ELECTRICAL CHARACTERISTICS (TA = 25 'C unless otherwise noted) 

Forward Reference Reverse Leakage 
Vollage (1) Currenl (Max) 

@ @ 

VF 'F 'R VR 
Type Number Volls mA ~A Volls Packaga Casa 

Min/Max 
MZ2360 0.63/0.71 10 10 5.0 Surmetic 59 
MZ2361 1.24/1.38 10 10 5.0 Surmetic 51 

(1) Motorola guaranlees the forward reference voltage when measured at 90 seconds while maintaining the lead temperature (TLl at 
30 'C ± 1 'C, 318" from the diode body. 
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FIGURE 1 - MZ2360 

, , .' 
TJ "\25oC / / / TJ" 25°C 

'/ I' 

/ MINJ / IMAX 

F , , 
/ ,. , 

,- /f ,. 
I I 

u u V U 0.9 

VF, FORWARD VOLTAGE (VOLTS) 

10 0 

0 
0 

~ 3 0 

~ 2 
0 

a 1 a 
c 
~ 7. 0 

0 ~ 5. 

5: 
0 !f. 3. 

2. 0 / 

FIGURE 2 - MZ2361 

, , 
TJ"\25oC / ,- I .' , , _, TJ" 25°C 

/ MIN I / -~ MAX 

, , , 
II J / , 

/ / II 
1.8.6 0.7 0.8 0,9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 

VF, FORWARD VOLTAGE (VOLTS) 

TYPICAL TEMPERATURE COEFICIENT 

FIGURE 3 - MZ2380 

~ ,.,. i-""" 
/ 

",. 

-2 . 
G 

~ -2. 

~ -3. 
<; 
u: 
tt; -3. 
8 
w 

2 

6 

0 

4 

~ -3. 8 

FIGURE 4 - .4Ml.38FRSIMZ2381 

I".; 

,.. 
i""" 

/~ ~ i""" 

/"' 
3 

ffi 
~ -2. 

2 
1/ 

/' 

If -4. 

~ 
>-
1;;" 

5 -2. 
1.0 2.0 3.0 5,0 7.0 10 20 

'F, FORWARO CURRENT 

30 50 70 100 

4-115 

..... -4. 6 
~ 

0 -5. 
1,0 2,0 3,0 5.0 7.0 10 20 30 50 70 100 

IF, FORWARD CURRENT (mAl 

II 



II 

P6KE6.8,A 
thru 

P6KE200,A 

ZENER OVERVGlTAGE TRANSIENT SUPPRESSOR 

The P6KE6.8 series is designed to protect voltage sensitive 
components from high voltage. high energy transients. They have 
excellent clamping capability. high surge capability. low zener 
impedance and fast response time. The P6KE6.8 series is supplied 
in Motorola's exclusive. cost-effective. highly reliable surmetic axial 
leaded package and is ideally-suited for use in communication 
systems. numerical controls. process controls. medical equipment. 
business machines. power supplies and many other industrial/ 
consumer applications. 

SPECIFICATION FEATURES 

• Standard Zener Voltage Range - 6.8 to 200 V 

• Peak Power - 600 Watts @ 1.0 ms 

• Maximum Clamp Voltage @ Peak Pulse Current 

• Low Leakage < 5.0 I'A above 10 V 

• Maximum Temperature Coefficient Specified 

MAXIMUM RATINGS 

Rating Symbol Value Units 

Peak Power Dissipation (1) PPK 600 Watts 
@TL" 25°C 

Steady State Power Dissipatior PD Watts 
@ TL " 75°C. Lead Length = 3/8" 5.0 

Derated above TL '" 75°C 50 mW/oC 

Forward Surge Current (2) IFSM 100 Amps 
@TA = 2SoC 

Operating and Storage Temperature Range TJ. Tstg -65to+175 °c 

Lead Temperature not less than 1/16" from the case for 10 seconds: 230°C 

MECHANICAL CHARACTERISTICS 

CASE: Void-free, transfer-molded, thermosetting plastic 

FINISH: AI! external surfaces are corrosion resistant and leads are readily solderable 
and weldable 

POLARITY: Cathode indicated by polarity band, When operated in zener mode, 

will be positive with respect to anode 

MOUNTING POSITION: Any 

NOTES: 1, Non-Repetitive CUrrent Pulse per Figure 4 and Derated above 

T A = 25°C per Figure 2, 

2. 1/2 Square Wave (or equivalent), PW:: 8,3 ms, 

Duty Cycle = 4 Pulses per Minute maximum, 
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® MOTOROLA 

ZENER OVERVOLTAGE 
TRANSIENT SUPPRESSORS 

6.8-200 VOLT 
600 WATT PEAK POWER 

5.0 WATTS STEADY STATE 

NOTE: 
1. LEAD DIAMETER & FINISH NOT 

CONTROLLED WITHIN DIM "F". 

STYLE 1: 
PIN 1. ANODE 

2. CATHODE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.38 8.89 0.330 0.360 
B 3.30 3.68 0.130 0.145 
D 0.94 1.09 0.037 0.043 
F "27 - 0.050 
K 25.40 31.75 1.000 1.250 

CASE 17-02 



P6KE6.8,A thru P6KE200,A 

ELECTRICAL CHARACTERISTIC (TA = 25°C unless otherwise noted) VF = 3.5 V max, IF" = 50 A for all types . 

•• , Voltage' Working Peak Maximum Maximum Maximum Reverse Maximum 
VBR @IT Reverse Voltage Reverse leakage Reverse Surge Voltage@ IRSM Temperature 

(Volts) (mA) VRWM @VRWM Current I RSMt (Clamping Voltage) Coefficient of VBR 
Device Min Nom Max (Volts) IR (IlA) (Amps) VRSM (Volts) (%/oC) 

P6KE6.8 6.12 6.8 7.48 10 5.50 1000 56 10.8 0.057 

PSKES.8A S.45 S.8 7.14 10 5.80 1000 57 10.5 0.057 

PSKE7.5 S.75 7.5 8.25 10 S.05 500 51 11.7 O.OSI 
PSKE7.5A 7.13 7.5 7.88 10 S.40 500 53 11.3 0.061 

P6KE8.2 7.38 8.2 9.02 10 6.63 200 48 12.5 0.065 
P6KE8.2A 7.79 8.2 8.61 10 7.02 200 50 12.1 0.OS5 

P6KE9.1 8.19 9.1 10.0 1.0 7.37 50 44 13.8 0.068 
PSKE9.1A 8.S5 9.1 9.55 1.0 7.78 50 45 13.4 0.OS8 

PSKE10 9.00 10 11.0 1.0 8.10 10 40 15.0 0.073 
PSKE10A 9.50 10 10.5 1.0 8.55 10 41 14.5 0.073 
PSKEll 9.90 11 12.1 1.0 8.92 5.0 37 IS.2 0.075 
P6KEllA 10.5 11 II.S 1.0 9.40 5.0 38 15.6 0.075 

PSKE12 10.8 12 13.2 1.0 9.72 5.0 35 17.3 0.078 
PSKE12A 11.4 12 12.6 1.0 10.2 5.0 36 16.7 0.078 
PSKE13 11.7 13 14.3 1.0 10.5 5.0 32 19.0 0.081 
P6KE13A 12.4 13 13.7 1.0 11.1 5.0 33 18.2 0.081 

PSKE15 13.5 15 16.5 1.0 12.1 5.0 27 22.0 0.084 
P6KE15A 14.3 15 15.8 1.0 12.8 5.0 28 21.2 0.084 
P6KE16 14.4 16 17.6 1.0 12.9 5.0 26 23.5 0.086 
P6KE16A 15.2 16 16.8 1.0 13.6 5.0 27 22.5 0.086 

P6KE18 16.2 18 19.8 1.0 14.5 5.0 23 2S.5 0.088 
P6KE18A 17.1 18 18.9 1.0 15.3 5.0 24 25.2 0.088 
P6KE20 18.0 20 22.0 1.0 16.2 5.0 21 29.1 0.090 
PSKE20A 19.0 20 21.0 1.0 17.1 5.0 22 27.7 0.090 

P6KE22 19.8 22 24.2 1.0 17.8 5.0 19 31.9 0.092 
P6KE22A 20.9 22 23.1 1.0 18.8 5.0 20 30.6 0.092 
P6KE24 21.S 24 26.4 1.0 19.4 5.0 17 34.7 0.094 
P6KE24A 22.8 24 25.2 1.0 20.5 5.0 18 33.2 0.094 

PSKE27 24.3 27 29.7 1.0 21.8 5.0 15 39.1 0.09S 
PSKE27A 25.7 27 28.4 1.0 23.1 5.0 IS 37.5 0.09S 
PSKE30 27.0 30 33.0 1.0 24.3 5.0 14 43.5 0.097 
PSKE30A 28.5 30 31.5 1.0 25.S 5.0 14.4 41.4 0.097 

PSKE33 29.7 33 36.3 1.0 2S.8 5.0 12.S 47.7 0.098 
P6KE33A 31.4 33 34.7 1.0 28.2 5.0 13.2 45.7 0.098 
PSKE3S 32.4 3S 39.S 1.0 29.1 5.0 II.S 52.0 0.099 
PSKE3SA 34.2 3S 37.8 1.0 30.8 5.0 12 49.9 0.099 

PSKE39 35.1 39 42.9 1.0 31.6 5.0 10.6 5S.4 0.100 
PSKE39A 37.1 39 41.0 1.0 33.3 5.0 11.2 53.9 0.100 
PSKE43 38.7 43 47.3 1.0 34.8 5.0 9.S S1.9 0.101 
PSKE43A 40.9 43 45.2 1.0 3S.8 5.0 10.1 59.3 0.101 

PSKE47 42.3 47 51.7 1.0 38.1 5.0 8.9 67.8 0.101 
P6KE47A 44.7 47 49.4 1.0 40.2 5.0 9.3 64.8 0.101 
P6KE51 45.9 51 56.1 1.0 41.3 5.0 8.2 73.5 0.102 
P6KE51A 48.5 51 53.6 1.0 43.6 5.0 8.6 70.1 0.102 

P6KE5S ,50.4 56 61.6 1.0 45.4 5.0 7.4 80.5 0.103 
P6KE56A 53.2 56 58.8 1.0 47.8 5.0 7,8 77.0 0.103 
P6KE62 55.8 62 68.2 1.0 50.2 5.0 6.8 89.0 0.104 
P6KE62A 58.9 62 S5.1 1.0 53.0 5.0 7.1 85.0 0.104 

P6KE68 61.2 68 74.8 1.0 55.1 5.0 6.1 98.0 0.104 
P6KE68A 64.6 68 71.4 1.0 58.1 5.0 6.5 92.0 0.104 
P6KE75 67.5 75 82.5 1.0 60.7 5.0 5.5 108.0 0.105 
P6KE75A 71.3 75 78.8 1.0 64.1 5.0 5.8 103.0 0.105 

P6KE82 73.8 82 90.2 1.0 66.4 5.0 5.1 118.0 0.105 
P6KE82A 77.9 82 86.1 1.0 70.1 5.0 5.3 113.0 0.105 
P6KE91 81.9 91 100.0 1.0 73.7 5.0 4.8 131.0 0.106 
PSKE91 A 86.5 91 95.50 1.0 77.8 5.0 4.8. 125.0 0.106 
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P6KE6.8,A thru P6KE200,A 

ELECTRICAL CHARACTERISTICS (continued) 

Breakdown Voltage Working Peak Maximum Maximum Maximum Reverse Maximum 

VBR @IT Reverse Voltage Reverse Leakage Reverse Surge Voltage@ IRSM Temperature 
(Volts) (mA) VRWM @VRWM Curront IRSMt (Clamping Voltage) Coefficient of VB R 

Device Min Nom Max (Volts) IR (IlA) (Amps) VRSM (Volts) (%/oC) 

P6KE100 90.0 100 110.0 1.0 81.0 5.0 4.2 144.0 0.106 

P6KE100A 95.0 100 105.0 1.0 85.5 5.0 4.4 137.0 0.106 

P6KEll0 99.0 110 121.0 1.0 89.2 5;0 3.8 158.0 0.107 

P6KEll0A 105.0 110 116.0 1.0 94.0 5.0 4.0 152.0 0.107 

P6KE120 108.0 120 132.0 1.0 97.2 5.0 3.5 173.0 0.107 

P6KE120A 114.0 120 126.0 1.0 102.0 5.0 3.6 165.0 0.107 

P6KE130 117.0 130 143.0 1.0 105.0 5.0 3.2 lB7.0 0.107 

P6KE130A 124.0 130 137.0 1.0 111.0 5.0 3.3 179.0 0.107 

P6KE150 135.0 150 165.0 1.0 121.0 5.0 2.8 215.0 0.10B 
P6KE150A 143.0 150 15B.0 1.0 128.0 5.0 2.9 207.0 0.108 
P6KE160 144.0 160 176.0 1.0 130.0 5.0 2.6 230.0 0.108 
P6KE160A 152.0 160 168.0 1.0 136.0 5.0 2.7 219.0 0.10B 

P6KE170 153.0 170 lB7.0 1.0 138.0 5.0 2.5 244.0 0.108 
P6KE170A 162.0 170 179.0 1.0 145.0 5.0 2.6 234.0 O.lOB 
P6KE1BO 162.0 180 198.0 1.0 148.0 5.0 2.3 25B.0 0.108 
P6KE180A 171.0 180 189.0 1.0 154.0 5.0 2.4 246.0 0.108 

P6KE200 180.0 200 220.0 1.0 162.0 5.0 2.1 287.0 0.10B 
P6KE200A 190.0 200 210.0 1.0 171.0 5.0 2.2 274.0 0.108 

tSurge Current Waveform per Figure 4 and Derate per Figure 2. 11**1/2 Square or Equivalent Sine Wave, PW = 8.3 ms, Duty Cycle "'- 4 Pulses per Minute maximum. 
~ *VSR measured after IT applied for 300 p.s, IT = Square Wave Pulse or equivalent. 

FIGURE 1 - PULSE RATING CURVE FIGURE 2 - PULSE DERATING CURVE 
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P6KE6.8,A thru P6KE200,A 

FIGURE 5 - STEADY STATE POWER DERATING 
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APPLICATION NOTES 
SPECIAL DEVICES 

Matched sets and back·to-back configurations for 
bidirectional applications can be ordered upon special 
request. Contact your nearest Motorola representative. 

For a bidirectional device use a C or CA suffix (i.e. 
P6KE6.8CA). Electrical characteristics apply in both 
directions except for VF. 

RESPONSE TIME 

In most applications, the transient suppressor device 

is placed in parallel with the equ ipment or component 
to be protected. In this situation, there is a time delay 
associated with the capacitance of the device and an 

overshoot condition associated with the inductance of 

the device and the inductance of the connection method. 

TYPICAL PROTECTION CIRCUIT 

v 

Vin---v 

to "'" Time Delay Due to Capacitive Affect 

FIGURE A 
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The capactive affect is of minor importance in the parallel 
protection scheme because it only produces a time delay 

in the transition from the operating voltage to the clamp 
voltage as shown in Figure A. 

The inductive affects in the device are due to actual 
turn-on time (time required for the device to go from zero 
current to full current) and lead inductance. This induc­
tive affect produces an overshoot in the voltage across 
the equipment or component being protected as shown 
in Figure B. Minimizing this overshoot is very important 
in the application, since the main purpose for adding 
a transient suppressor is to clamp voltage spikes. The 

P6KE6.8 series has very good response time, typically 
< 1.0 ns and negligible inductance. However, external 
inductive affects could produce unacceptable overshoot. 

Proper circuit layout, minimum lead lengths and placing 
the suppressor device as close as possible to the equipment 
or components to be protected will minimize this 

overshoot. 
Some input impedance represented by lin is essential 

to prevent overstress of the protection device. This 

impedance should be as high as possible, without restrict­
ing the circuit operation. 

Overshoot Due to 

V Inductive Affects 

L--+----r. 
r--

FIGURE B 
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