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About Siliconix

Siliconix designs and manufactures semiconductor products that regulate and manage power supplies and
enable the digitally-operated microprocessor to interface with real-world analog signals. The company’s
power transistors and integrated circuits are mainly used for power management and motion control in
computers, hard disk drives, automobiles, and telecom systems. The company’s analog switches,
multiplexers, and low-power transistors are used to sense, switch, and route signals in video, multimedia,
instrumentation, and test equipment in both the industrial and hi-rel environments.

Siliconix provides products and technologies that directly answer the market’s demand for smaller, more
efficient, and more cost-effective components. The company’s LITE FOOT ™ discrete power transistors
are the industry’s most compact solution for motion control in hard disk drives and for load management
in portable computers. These miniaturized products can be mounted directly to the printed circuit board
and are the first such products thin enough to fit inside any standard PCMCIA card. Siliconix introduced
the first true surface-mount power transistor on the market with its LITTLE FOOT® product line.
Besides computer and computer peripheral products, LITTLE FOOT has been designed into telecom
systems, automotive air bag triggers, and numerous other applications where space-savings and efficiency
are at a premium.

Siliconix power integrated circuits combine interface circuitry with power functions. A family of regulator
and controller ICs designed for use with LITTLE FOOT discretes offers the optimal level of intcgration
for dc-to-dc conversion in battery-operated equipment, including laptop and notebook computers. For
data storage customers the company has produced highly integrated chips for voice coil and spindle motor
control. New products include power ICs for computers equipped with dual battery packs or PCMCIA
slots, and power ICs for bus control in automobiles.

Siliconix is a member of TEMIC, the microelectronics enterprise of AEG within the Daimler-Benz Group.
The company now shares the technologies and applications expertise of its sister companies and takes
advantage of a combined international sales network.
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About This Data Book

The products detailed in this data book include both discrete and integrated devices for power control,
conversion, and switching in computers, automobiles, data storage, communications, industrial, and hi-rel
systems.

Siliconix’ power MOSFET offerings include its LITTLE FOOT® and LITE FOOT™ families of small-outline
devices, plus a distinguished selection of low-on-resistance products in other packages rated for both the
industrial and military temperature ranges. Devices available in TO-220 and TO-263 packages include the
company’s 60-V TrenchFETS, the first power MOSFETS on the market to offer a maximum on-resistance as low
as 8 mQ at 10-V gate drive.

. Siliconix power ICs for power management and motor control serve applications ranging from load switching in
battery-operated portable computers to dc-to-dc conversion in communications systems. Bus interface ICs
include devices designed for such protocols as ABUS and ISO 9141.

For More Information

To request additional literature, please call your local TEMIC Sales Representative. Office listings with phone
and fax numbers are available in Section 8. In North America, you may also request information directly from
Siliconix at 1-800-554-5565.

For Technical Support

In addition to the individual data sheets, Siliconix offers a number of Application Notes to help you with your
designs. Please refer to the Application Note listing in Section 7, and use our FaxBack system at 1-408-970-5600
to obtain copies.
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» N-Channel MOSFETs
Maximum Ratings Packages
TDS(on) (£2)
Vps V) Vgs =10V Vgs =45V Vgs == 2.7V In (A) Configuration 8-Pin SOIC Page | 16-Pin SOIC | Page
0.05 008 +5 Dual Si9925DY 1-37
20 0.1 02 +35 Dual Si9956DY 1-113
0.03 0.05 +7 Single Si9410DY 1-13
30 0.05 0.08 +5 Dual Si9936DY 1-51
0.05 0.07 +53 Dual Si9940DY 1-61
50 0.13 0.2 +3 Dual Si9955DY 1-109
03 +2 Dual Si9959DY 1-123
60 0.1 02 +33 Dual Si9945DY 1-81
200 1 +1 Single Si9420DY 1-17
240 6 8 +04 Dual Si9944DY 1-77
P-Channel MOSFETs
Maximum Ratings Packages
I'DS(on) (Q)
Vps (V) Vgs=—10V | Vgs=—6V | Vgg=—45V | Vgs=-27V Ip (A) Configuration 8-Pin SOIC Page
-12 0.04 +6.4 Single Si9434DY 1-29
0.065 0.1 +54 Single Si9433DY 1-25
0.11 0.19 +34 Dual Si9933DY 1-47
0.05 0.065 0.09 +58 Single Si9430DY 1-21
-20 0.16 +4.3 Single Si9405DY 15
o1 0.19 +3.5 Dual Si9947DY 1-85
025 04 +23 l?ua\ S?9953DY 1-105
+2.5 Single Si9400DY 11
-30 0.055 0.07 0.105 +5.1 Single Si9435DY 1-33
0.15 0.24 +3 Single Si9407DY 19
—60 0.28 0.5 +2 Dual Si9948DY 1-89

IPIN) 10399F @ LOOA A'LLLI'T

ms

OIWA ]

XIuod1



Complementary MOSFETs
Maximum Ratings Packages
rps(en) ()
Vps V) Vgs= 10V | Vgg= 6V | Vgs= 45V | Vgs= £2.7V Ip (A) Configuration 8-Pin SOIC | Page | 16-Pin SOIC | Page

20 0.05 0.08 +5 N-Channel
Si9928DY 1-41

-20 0.13 0.19 +3.2 P-Channel

20 0.15 +35 N-Channel
0.1 0.12 Si9958DY 1-117

-20 0.19 +3.5 P-Channel

20 0.125 0.25 +3 N-Channel
Si9943DY 171

=20 0.16 03 +2.8 P-Channel

20 0.125 0.25 +3 N-Channel
Si9942DY 1-65

-20 0.2 0.35 +2.5 P-Channel

25 0.1 0.15 +35 N-Channel
Si9952DY 1-99

=25 0.25 0.4 +23 P-Channel

30 0.05 0.07 0.08 +3.5 N-Channel
Si9939DY 1-55

-30 0.1 0.12 0.16 +35 P-Channel

50 03 1 +2 N-/P-Channel Half-Bridge Si9950DY 193
General

Information

[ooIIs
DINA],

XIUOodI

IpIY) 103993S 0 L.OOA H'TLLI'T



4

N-Channel MOSFETSs
Maximum Ratings Packages
rps(ony (€2)
Vps V) Vs =10V Vgs =45V Ip (A) Configuration 8-Pin TSSOP Page
20 0.100 0.200 +2.5 Dual Si6956DQ 2-23
30 0.050 0.080 +4.2 Single Si6436DQ 2-3
P-Channel MOSFETs
Maximum Ratings Packages
IDS(on) @
Vps (V) Vos=~10V | Vgs=-45V | Vgg=~27V Ip (A) Configuration 8-Pin TSSOP Page
-12 0.075 0.110 +35 Single Si6433DQ 2-1
20 0.100 0.190 +3.0 Single Si6447DQ 2-5
- 0.200 0.350 +1.7 Dual Si6953DQ 2-15
Complementary MOSFETS
Maximum Ratings Packages
rps(on) (€2)
Vps V) Vgs = =10V Vgs = 145V Ip (A) Configuration 8-Pin TSSOP Page
20 0.100 0.200 +2.5 N-Channel
- Si6542DQ 2-7
=20 0.350 0.200 +1.7 P-Channel
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Power Conversion, PCMCIA Interface and Battery Management
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Recommended Operating Range
Function Peak Output Current (A) Voltage Range (V) Part Number Packages Page
. . . 14-Pin Plastic DIP
3-W High-Voltage Switchmode Regulator 2.5 10-70 Si9100 20-Pin PLCC 31
. . . 14-Pin Plastic DIP
3-W High-Voltage Switchmode Regulator 2 10 - 120 Si9102 20-Pn PLCC 39
14-Pin Plastic DIP
High-Voltage Switchmode Regulator 2 10 - 120 Si9104 16-Pin Widebody SOIC 3-16
20-Pin PLCC
14-Pin Plastic DIP
1-W High-Voltage Switchmode Regulator 2 10 - 120 Si9105 16-Pin Widebody SOIC 3-24
20-Pin PLCC
14-Pin Plastic DIP
High-Voltage Switchmode Controller +0.252 10 - 120 Si9110 14-Pin SOIC 3-31
14-Pin CerDIP
14-Pin Plastic DIP
High-Voltage Switchmode Controller +0252 10 - 120 Si9111 14-Pin SOIC 331
14-Pin CerDIP
14-Pin Plastic DIP
oy . - _ " 2
High-Voltage Switchmode Controller +0.25 9-80 Si9112 14-Pin SOIC 3-38
14-Pin Plastic DIP
1 - 1 a —_ -
High-Frequency Switchmode Controller +0.4 15 - 200 Si19114 14-Pin SOIC 3-44
16-Pin Plastic DIP
. . 2 _ . ’
Universal Input Switchmode Controller +0.25 10 - 450 Si9120 16-Pin SOIC 3-49
y 16-Pin SOIC
5 i a - R
Low-Voltage Switchmode Controller +0.2 27-17 Si9145 16-Pin TSSOP 3-55
Synchronous Buck Converter Controller +0.252 6.0 —16.5 Si9150 14-Pin SOIC 3-62
PCMCIA Interface Switch 1.0b N.A Si9710CY 16-Pin SOIC 3-68
PCMCIA Interface Switch 1.0b N. A Si9711CY 16-Pin SOIC 372
Battery Disconnect Switch 35 6—18 Si9717CY 16-Pin SOIC 3-76
Battery Disconnect Switch 3.5 618 Si9718CY 16-Pin SOIC 3-79
Notes
a. Driver output
b. Multiple outputs
General

Information
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1a

Motor Control and MOSFET Drivers

Recommended Operating Range

Function Peak Output Current (A) Voltage Range (V) Part Number Packages Page
. . 14-Pin Plastic DIP
- a - -
Quad High-Current Power Driver 1.5 12-15 D469A 14-Pin Sidebraze 4-1
. 8-Pin Plastic DIP
. a _ . :
Adaptive Power MOSFET Driver +1 108 - 16.5 Si9910 8-Pin SOIC 4-5
12-V Voice Coil Motor Driver 18 16 Si9961 24-Pin SOIC 4-10
N-Channel Half-Bridge Driver +0.52 20 - 40 Si9976 14-Pin SOIC 4-17
Configurable H-Bridge Driver +0.52 20 - 40 Si9978 24-Pin SOIC 4-22
3-Phase Brushless DC Motor Controller +0.52 20 - 40 Si9979 48-Pin SQFP 4-28
Notes
a. Driver output
Bus Interface
Recommended Operating Range
Function Peak Output Current (A) Voltage Range (V) Part Number Packages Page
Single-Ended Bus Driver N. A 5V,8-35V Si9241 8-Pin SOIC 5-1
Single-Ended Bus Driver N. A 5V,8-35V Si9243 8-Pin SOIC 55

IPIND) J0JII[AS D] I2MO]
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N-Channel

Maximum Ratings Packages
4-Pin
V(BR)DSS m‘s;go,.) Ip Pp DZPAK DPAK DIP
Q) (A) W) TO-220AB Page TO-263 Page TO-252 Page TO-251 Page TO-247AD Page | TO-250 | Page
30 0.03 30 50 SMD30N03-30L | 6-93 | SMU30NO03-30L | 6-93
0.01 60 105 SMP60NO03-10L {6-121
0.04 30 75 BUZ11 6-1
0.045 25 50 SMD25N05-45L | 6-89 | SMU25N05-45L | 6-89
0.045 25 70 SMP25N05-45L |6-101
50 0.1 24 1 IRFDO020 | 6-33
0.1 14 40 BUZ71 6-5
0.1 15 40 SMD15N05 6-83 SMU15N05 6-83
0.12 13 40 BUZ71A 6-5
0.008 60 150 SUPG6ON06-08 |6-157 | SUB60N06-08 | 6-153
0.014 60 100 SUPG6ON06-14 | 6-161 | SUB60N06-14 |6-161
0.014 60 150 SMP60N06-14 |6-125
0.014 70 150 SMW70N06-14 |6-149
0.018 48 83 SUP50N06-18 |6-155 | SUBSON06-18 |6-155
60 0.018 60 105 SMWG60N06-18 |6-141
0.018 60 125 SMP60N06-18 | 6-129
0.025 46 105 SMP50N06-25 |6-117
0.1 15 40 SMD15N06 6-87
0.4 11 1 IRFD123 | 6-41
0.025 60 180 SMW60N10 [6-145
0.04 40 125 SMP40N10 6-109
0.04 45 150 SMW45N10  |6-137
0.06 30 100 SMP30N10 6-105
0.085 27 125 IRF540 6-25
100 0.18 14 75 IRF530 6-21
03 13 1 IRFD120 | 6-41
03 8 40 IRF520 6-17
0.6 1 IRFD110 | 6-37
06 4 20 IRF510 6-13
General

Information
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P-Channel
Maximum Ratings Packages
V(BR)DSS fugan) In Pp D?PAK DPAK 4-Pin DIP
(€2 4 W) TO-220AB | Page TG-263 Page TO-252 Page TO-251 Page | TO-247AD | Page | TO-250 | Page
04 -7 40 BUZ171 6-9
-50 028 ~16 1 IRFDY020 | 6-45
028 ~10 40 SMD10P05 | 6-73 | SMUIO0P05 | 6-73
0.02 ~60 150 | SUP60P06-20 | 6-163 | SUB6VP06-20 | 6-163
0045 | -40 125 SMP40P06 | 6-113
—60 028 ~10 40 SMD10POSL | 6-79
028 ~10 2 SMD10P06 | 6-77
08 =08 1 IRFD9123 | 6-49
02 20 125 SMP20P10 | 6-97
02 ~20 150 SMW20P10 | 6-133
~100 =53 12 75 IRF9530 | 629
06 -1 1 TRFD9120 | 6-49

9pINg) 103093 LAASOIN 1Mo

'S

DINA],

X1TuodI



N-Channel Hermetic Packages and Industry-Standard Military MOSFETSs

Maximum Ratings Packages
Hermetic Power Module Equivalent QPL Product
V@BR)DSS | IDS(on) Ip Pp Commercial in Accordance
(‘2) (€) (A) W) Lead Bent Down | Page | Lead Bent Up | Page | TO-254AA | Page | TO-257AB | Page Part With 19500/
0.065 30 150 2N7075 | 6-173 IRFM150
0075 20 60 2N7085 | 6-201 2N7085
100 0.08 21 150 MOD100B 6-53 MOD100C 6-53 MOD100B/C
0081 34 150 2N7224 | 6-221 IRFM150 592
0.15 13 50 2N7081 | 6-197 2N7081
0.1 28 150 2N7076 | 6-177 IRFM250
0.105 27.4 150 2N7225 | 6-223 IRFM250 592
200 0.11 21 150 MOD200B 6-57 MOD200C 6-57 MOD200B/C
0.16 14 60 2N7086 | 6-208 2N7086
03 15 150 2N7077 | 6-181 IRFM350
400 0.35 15 150 MOD400B 6-61 MOD400C 6-61 MOD400B/C
0.415 14 150 2N7227 | 6-225 IRFM350 592
0.4 13 150 2N7078 | 6-185 IRFMA450
500 0.43 13 150 MODS00B 6-65 MOD500C 6-65 MODS500B/C
0.515 12 150 2N7228 | 6-227 IRFM450 592
20 ] o1 [ o5 [ 3 ] Quad | LCC-20 | Si8956AZ/883 [ 669
P-Channel Hermetic Packages and Industry-Standard Military MOSFETSs
Maximum Ratings Packages
Equivalel}t QPL Product
Vemypss oR (IR) (lv’% TO-205AF Page TO-254AA Page TO-257AB Page Compae ™ | i Toson,
02 -14 70 2N7091 6-217 2N7091
100 0.21 -17 100 2N7079 6-189 2N7079
0.3 —-6.5 25 2N6849 6-165 IRFF9130 564
03 -10 60 2N7089 6-209 2N7089
0.5 -9.5 100 2N7080 6-193 2N7080
-200 0.8 -5.7 60 2N7090 6-213 2N7090
0.8 -4 25 2N6851 6-169 IRFF9230 564
General

Information
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TEMIC
Ordering Information Siliconix

Power Products Nomenclature

For Power MOSFETsSs

Manufacturer—Siliconix - —_ —_ —_ —_— — —_

M: MOSPOWER, U: Ultrahigh Density MOSPOWER

Package: B - TO-263 (D?PAK) P - TO-220
C — Chip U - TO-251
D — TO-252 (DPAK) W - TO-247

Maximum Drain Current in Amperes

Polarity: N — N-Channel, P — P-Channel

Breakdown Voltage (Multiply by 10 for Voltage)

rps(on) in Millichms (Where Applicable)

Logic Level (Where Applicable)

xii (06/01/94)






About LITTLE FOOT

Siliconix’ LITTLE FOOT® is the industry’s first and largest family of small-outline, surface-mount power
MOSFET for motion control and load management in space-sensitive applications from the portable
computer to the automobile. LITTLE FOOT products come in single and dual versions and can be
mounted directly to printed circuit boards, where they are fully compatible with other surface-mounted
components. First designed for computers and computer peripheral products, LITTLE FOOT is now
widely used in telecom systems, automotive air bag triggers, and numerous other applications where
space-savings and efficiency are at a premium.



TEMIC

Siliconix

Si9400DY

P-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) IDS(on) (§2) Ip (A)
2% 025@Vgs = —-10V £25
040 @ Vgs = —4.5V £20
S S
SO-8
Ne [T ] o .
s 7] o |
s 5] 1o
¢ @ <] 0
Top View
DDDD
P-Channel MOSFET

Absolute Maximum Ratings (T, = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -20
v
Gate-Source Voltage Vgs +20
Tp = 25°C +2.5
Continuous Drain Current (Ty = 150°C) Ip
T = 70°C +20
A
Pulsed Drain Current Ipm +10
Continuous Source Current (Diode Conduction) Is -2.0
Ta =25°C 25
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 1.6
Operating Junction and Storage Temperature Range Ty, Tag —55t0 150 °C
. .
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rthja 50 °C/W
P-34826—Rev. G (05/16/94) 1-1
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TEMIC
Si9400DY Siliconix

Specifications (Tj = 25°C Unless Otherwise Noted)

Parameter | Symbol J Test Condition | Min | Typ* Max | Unit
Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = =250 pA -1.0 v
Gate-Body Leakage Igss Vps =0V, Vgs = £20V +100 nA
Vps=-16V,Vgg =0V -2
Zero Gate Voltage Drain Current Ipss Voe= —16V Vas S0V T, = 55°C 5 HA
On-State Drain Current® ID(on) Vps = =5V, Vgg=-10V -10 A
Vgs=-10V,Ip=1A 0.16 0.25
Drain-Source On-State Resistance® DS(on) Q
Vgs=-45V,Ip=05A 0.30 0.40
Forward Transconductance® s Vps=-15V,Ip=-25A 25 S
Diode Forward Voltage? Vsp Is=-125A,Vgs=0V -0.9 -1.6 v
Dynamic?
Total Gate Charge Qg 54 25
Gate-Source Charge Qgs Vps= =10V, Vgs = ~-10V,Ip = -2.0A 0.9 nC
Gate-Drain Charge di 1.4
Turn-On Delay Time td(on) 10 40
Rise Time te Vpp = -10V,RL =10Q 10 40
Turn-Off Delay Time td(oft) Ip=-1A,Veen=-10V,RG=6Q 38 90 ns
Fall Time t 27 50
Source-Drain Reverse Recovery Time ter Ig = 2 A, di/dt = 100 A/us 69 100
Notes

a. For design aid only; not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.

1-2 P-34826—Rev. G (05/16/94)



TEMIC
Si9400DY

Siliconix

Typical Characteristics (25°C Unless Otherwise Noted)

Transfer Characteristics

Output Characteristics

20 10 "
Vgs =10V L~ 9V l 25°C
7 T
L 125°C
8 L
Z 15 //// , \'/ =
g o F
g | | £ 6
8 gd 6V 3
= 10 =
§ / _———————T §
a L~ 8 ¢
| sV |
a 5 t a
- 3V,2V av - 2 /
\ L
N
0 0
0 2 4 6 8 10 0 2 4 6 8 10 1
Vps — Drain-to-Source Voltage (V) Vgs — Gate-to-Source Voltage (V)
-
. . . Q
On-Resistance vs. Drain Current Capacitance @)
1.0 700 =
. l 600 \ E
g o8 -~ \ =
8 g 500 [
: 'Y =
z 06 f £ 400 =
@ - he——
‘;‘; Vgs =4.5 \/ ,§- \ \ Cow
S o4 8§ 300 ]
L —/ | \
=) e _———
g Vgs =10V o 20 Cis —]
g o2
100 ]
0 O CI'SS
0 1 2 3 4 5 ] 5 10 15 20
Ip ~ Drain Current (A) Vps — Drain-to-Source Voltage (V)
10 Gate Charge 20 On-Resistance vs. Junction Temperature
' [
S Vps=10V / Vgs =10V
e | _m-2a ~ Ip=10A /
S -
K] ' g 15
) / 3
> / = —
g 6 23 e
2 / %8 1
% / & g 1.0 —
] & E
" 4 o8 ]
é‘: 7 &
r / & o5
3 a8
>
0 0
0 1 2 3 4 5 6 -50 =25 0 25 S0 75 100 125 150
Qg — Total Gate Charge (nC) Ty — Junction Temperature (°C)
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Si9400DY

TEMIC

Siliconix

Typical Characteristics (25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage

On-Resistance vs. Gate-to-Source Voltage

20
—~ & 04— Ip=25A
< 10 — Ty=150°C 7/ <) D
8 i 8
E /1 g
5 w 03
3 /1 g
g / . =
3 l I Ty =25°C =o=
4] l 02
! -
. Il D \L
g o1 N
\\
1 0
0 04 08 12 16 20 24 0 2 4 6 8 10
Vsp — Source-to-Drain Voltage (V) Vs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
1.0 100 \
80
o 05 — Ip =250 pA \
3 // = \ |
8 L~ J N;
§ 0.0 / 5 \
E
g o £ 40
8
> _os ™
20 N
IR
-1 0
-50 -25 0 25 S0 75 100 125 150 0.001 0.010 0.100 1 10
Ty — Temperature (°C) Time (sec)
2 Normalized Thermal Transient Imped , Junction-to-Ambient
I
E E Duty Cycle = 0.5 EE=
[Z] L mp
§8 I
Fg _ 0'2 I
‘g & N . _---/ Notes®
3 - = + n
g"E' 0;1 ——_”;=’- Ppm
A% 01 = 4 _
k-1 E — 0.05 - m— =
82 5" —u k= =
SE — 0.02 — 2y —
g —— 1.DuyOyele, D= - -
2 2.Per Unit Base = Ryjp = 50°C/W ~ —
- o 3. Tym — Ta = PpmZuga® -
Lt Single Pulse 4 Surface Mounted
001 =1 v I I T T
10—4 10-3 10—2 10-1 1 10 30

Square Wave Pulse Duration

(sec)
P-34826—Rev. G (05/16/94)



TEMIC

Siliconix

Si9405DY

P-Channel Enhancement-Mode MOSFET

Product Summary

Vs (V) Ips(on) (€2) Ip (A)
0 0.10@ Vgs = 10V +43
016 @ Vgs= 45V 3.4

Recommended upgrade: Si9430DY
Lower profile/smaller size—see LITE FOOT™ equivalent: Si6447DQ

S S
S0-8
Ne [T ] o G
s [T A I
s[5 ] o
¢ 1 o
Top View

DDDD

P-Channel MOSFET

Absolute Maximum Ratings (T4 = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps =20
\%
Gate-Source Voltage Vas +20
Ta =25°C +4.3
Continuous Drain Current (Ty = 150°C) Ip
Tp = 70°C +33
A
Pulsed Drain Current Ipm +20
Continuous Source Current (Diode Conduction) Is -22
Tp = 25°C 25
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Tp = 70°C 1.6
Operating Junction and Storage Temperature Range Ty, Tatg -5510150 °C
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Riha 50 °C/W
P-34826—Rev. F (05/16/94) 15
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TEMIC
Si9405DY

Siliconix
Specifications (Ty = 25°C Unless Otherwise Noted)
Parameter | Symbol I Test Condition | Min | Typ? I Max | Unit

Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = =250 pA -05 v
Gate-Body Leakage Igss Vps=0V,Vgs = £20V +100 nA

Vps=-16V,Vgs =0V -2
Zero Gate Voltage Drain Current Ipss HA

Vps = =16V, Vgs =0V, Ty = 55°C =25
Vps = -5V, Vgs = =10V =20
On-State Drain Current® ID(on) A
Vps s =5V, Vgs=—-45V -5

Vgs=-10V,Ip =20A 0.07 0.10
Drain-Source On-State Resistance? TDS(on) Q

Vgs = —45V,Ip=20A 0.11 0.16
Forward Transconductanceb s Vps=—-15V,Ip = -43 A 6 S
Diode Forward Voltageb Vsp Is=-125A,Vgs=0V -0.8 -1.6 v
Dynamic®
Total Gate Charge Qg 29 40
Gate-Source Charge Qgs Vps=-10V, Vgg=-10V,Ip = -2.0 A 2.7 nC
Gate-Drain Charge Qgd 14
Turn-On Delay Time td(on) 15 30
Rise Time t Vpp = -10V,R. = 10Q 30 80
Turn-Off Delay Time taoft) Ip=-1AVeen=-10V,Rg=6Q 142 | 200 ns
Fall Time t 130 200
Source-Drain Reverse Recovery Time tr Ir = 1.25 A, di/dt = 100 A/us 70

Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.

P-34826—Rev. F (05/16/94)




TEMIC

Siliconix

Si9405DY

Typical Characteristics (25°C Unless Otherwise Noted)

20
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Vgs — Gate-to-Source Voltage (V)
(=)

Output Characteristics

Vgs = 10,9,8,7,6 V
I / 5V
y
I / A%
// 3V ]
0 2 4 6 8 10
Vps — Drain-to-Source Voltage (V)

On-Resistance vs. Drain Current

Vgs =45V //

Vgs =10V —

0 2 4 6 8
Ip — Drain Current (A)

10 12

Qg — Total Gate Charge (nC)

P-34826—Rev. F (05/16/94)

Gate Charge
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Transfer Characteristics
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Si9405DY

TEMIC

Siliconix

Typical Characteristics (25°C Unless Otherwise Noted)

Vas(th) Variance (V) Is — Source Current (A)

Normalized Effective Transient
Thermal Impedance

Source-Drain Diode Forward Voltage

On-Resistance vs. Gate-to-Source Voltage
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TEMIC

Siliconix Si9407DY
P-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) rps(on) (§2) Ip (A)
o 0.150 @ Vgs = —10 V +3.0
0240 @ Vgs = —45V 24
sss
SO-8
s [1] [8] D G
s 2] [ 7] D I
s 3] [6] D
G [4] [5] D
Top View SeeS

P-Channel MOSFET

Absolute Maximum Ratings (T, = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vbps -60
v
Gate-Source Voltage Vas +20
Ta = 25°C +3.0
Continuous Drain Current (Ty = 150°C) Ip
Ta=70°C +24
A
Pulsed Drain Current Ipm +12
Continuous Source Current (Diode Conduction) Is -25
Ta =25°C 25
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 1.6
Operating Junction and Storage Temperature Range Ty, Tag —55t0150 °C

Thermal Resistance Ratings

Parameter Symbol Limit Unit

Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Riwa 50 °C/W

P-35337—Rev. C (05/02/94) 1-9
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Si19407DY

TEMIC

Siliconix
. . — o .
Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter | Symbol | Test Condition | Min | Typ? | Max I Unit
Static
Gate Threshold Voltage Vas(th Vps = Vgs, Ip = —250 pA -1 \%
Gate-Body Leakage Igss Vps=0V,Vgs = £20V +100 nA
Vps =-48V,Vgg=0V -1
Zero Gate Voltage Drain Current Ipss HA
Vps = =48V, Vgs =0V, Ty = 55°C -10
On-State Drain Current? ID(on) Vps < =5V, Vgs = -10V -12 A
Vgs=-10V,Ip=3.0A 0.11 0.150
Drain-Source On-State Resistanceb IDS(on) Q
Vgs= -45V,Ip=16A 0.15 0.24
Forward Transconductance® s Vps = -15V,Ip = -3.0A 5.5 S
Diode Forward Voltaged Vsp Is=-25A,Vgs=0V -0.9 -12 v
Dynamic®
Total Gate Charge Qg 246 50
Gate-Source Charge Qs Vps=-30V, Vgs = -10V,Ip = -3.0A 35 nC
Gate-Drain Charge Qqd 7.5
Turn-On Delay Time td(on) 11 30
Rise Time tr Vpp = =25 V,RL =25Q 13 40
Turn-Off Delay Time td(off) Ip=-1A,VGen=-10V,Rg =68 55 100 ns
Fall Time t 20 45
Source-Drain Reverse Recovery Time tr If = —3.0 A, di/dt = 100 A/ps 80 120

Notes

a. Guaranteed by design, not subject to production testing.

b. Pulse test; pulse width < 300 ps, duty cycle < 2%.

1-10
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TEMIC

Siliconix

Si9407DY

Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics
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Qg — Total Gate Charge (nC)

P-35337—Rev. C (05/02/94)

ms(on) — On-Resistance (Q)

Ip — Drain Current (A)

C — Capacitance (pF)

(Normalized)

Transfer Characteristics
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TEMIC
Si9407DY

Siliconix
. o 4o ) .
Typical Characteristics (25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage 05 On-Resistance vs. Gate-to-Source Voltage
~ & 04 Ip=3A —
< 10 ’/ 1 g D
g y g
E [ Ty=150c LI Z 03
&} ] I a

~
§ [ Ty =25°C &
3 / S o2
|
I I L
= S f—
8 o1
1 0
0 04 0.8 12 1.6 0 2 4 6 8 10
Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
1.0 100
' 80 \
05 F— Ip =250 pA ~
— \
g -~ g o \
5 00 o
> £
g ] &
8 N
N
> _os M.
20
\N‘
N
-1 0 |
-50 =25 0 25 S0 75 100 125 150 0.01 0.1 1 10 30
Ty — Temperature (°C) Time (sec)
) Normalized Thermal Transient Impedance, Junction-to-Ambient
= —
) [— Duty Cycle = 0.5 -
58 | Lt I
FE - 2' Lo I I
°>) o . T Notes:
28 ] .
Q& ! A -
g; 0.1 —” j-- Ppm
i o .= E
— 0. - 1 3
£ B i e, £
E j 1. Duty Cycle, D = o N
2 — 0.02 = L 2. Per Unit Base = Rypja = 50°CW
> o 3 Tim — Ta = PpMZunia®
. > 4 Surface Mounted
001 Single Pulse_4A1 L
104 1073 1072 10-1 1 10 30

Square Wave Pulse Duration (sec)
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TEMIC

Siliconix Si9410DY
N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) rps(on) (§2) Ip (A)
0.030 @ Vgs = 10V £7.0
30 0040 @ Vgs =5 V 6.0
0.050@ Vgs = 45V +5.4
DDDD
SO-8
NC [T] [8] D
s 2] 7] D G OJ
s 3 6] D
G ] 5] D

Top View
S s

N-Channel MOSFET

Absolute Maximum Ratings (T, = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps 30
v
Gate-Source Voltage Ves +20
Ta =25°C +7.0
Continuous Drain Current (Ty = 150°C) Ip
Ta =70°C +5.8
A
Pulsed Drain Current Ipm +20
Continuous Source Current (Diode Conduction) Is 28
Ta =25°C 2.5
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 1.6
Operating Junction and Storage Temperature Range Ty, Tatg —55t0150 °C

Thermal Resistance Ratings

Parameter Symbol Limit Unit

Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rinja 50 °C/W

P-35964—Rev. G (06/13/94) 1-13
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TEMIC
Si9410DY

Siliconix
o . — o .
Specifications (Ty = 25°C Unless Otherwise Noted)
Parameter 7 Symbol | Test Condition I Min | Typ? Max | Unit
Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = 250 pA 1.0 v
Gate-Body Leakage Igss Vps =0V, Vgs = 20V +100 nA
Vps=24V,Vgs =0V 2
Zero Gate Voltage Drain Current Ipss HA
Vps =24V, Vgs =0V, Ty =55°C 25
On-State Drain Currentb ID(on) Vps =2 5V,Vgs =10V 20 A
Vgs=10V,Ip =7.0A 0.026 0.030
Drain-Source On-State Resistance® DS(on) Vgs=5V,Ip=40A 0.034 0.040 Q
Ves=45V,Ip=35A 0.042 0.050
Forward Transconductance® 8fs Vps=15V,Ip=70A 14 S
Diode Forward Voltage® Vsp Is=2A,Vgs=0V 0.75 11
Dynamic?
Total Gate Charge Qg 30 50
Gate-Source Charge Qgs Vps=15V, Vgs =10V, Ip =2 A 34 nC
Gate-Drain Charge Qgd 105
Turn-On Delay Time td(on) 13 30
Rise Time tr Vpp =25V,R, =25 Q 30 60
Turn-Off Delay Time t4off) Ip = 1A, VGeN =10V, Rg =6Q 95 150 ns
Fall Time tf 80 140
Source-Drain Reverse Recovery Time ter Ir = 2 A, di/dt = 100 A/us 100
Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulsc width = 300 ps, duty cycle < 2%.
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TEMIC
Siliconix Si94 IODY

Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics 2 Transfer Characteristics
T T

2 l Vgs=10,9,8,7,6 V ,

16 SV 16
< <

= g
£ 12 £ 12
= =
Q O
= =
g 4v 5
=] 8 [ a 8
| I
5 / A 125°C i
— 4 — 4 | Tc = -55°C
I/ 3V [~— 25°C
0 0 1
0 1 2 3 4 5 0 2 4 6 8
Vps — Drain-to-Source Voltage (V) Vgs — Gate-to-Source Voltage (V)
On-Resistance vs. Drain Current Capacitance
0.12 2500
@ o 2000
8 K=
§ 0.08 8
2 2 1500
g 3
& Vgs =45V g
P GS - o
ol __—-/ 6 1000 \ ‘\ Cuss
1
o 004 ]
g Vs =10V 0 \
é’z 500 & Coss
N |
\,g Crss
0 0 .
0 4 8 12 16 0 5 10 15 20 25 30
Ip — Drain Current (A) Vps — Drain-to-Source Voltage (V)

10 Gate Charge 20 On-Resistance vs. Junction Temperature
§ Vps=15V / - Vgs =10V Py
& 8 — Ip=2A e 16 — Ip=70A v
S 8 v
g s / 23 12
5 2 g 1. =
7 &S L~
] s E L~
s 4 — Sf o0s |
6 1 "
| / )

2 B o4
$ /
0 0
0 5 10 15 20 25 30 ~-50 -25 0 25 S0 75 100 125 150
Qg — Total Gate Charge (nC) Ty — Junction Temperature (°C)
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TEMIC
Si9410DY

Siliconix
. o g0 ) .
Typical Characteristics (25°C Unless Otherwise Noted)
20 Source-Drain Diode Forward Voltage 012 On-Resistance vs. Gate-to-Source Voltage
b ~ 010
< 10 — Ty=150°C ,’ / g
B 7 / £ oom
£ / s
3 Z
8 I & 006
5 =
o o
@ / I Ty =25°C — | \ Ip=7A
| 1004 ~ D
“ 5 T —~——
/ / £ om
1 0.00
0.4 0.6 0.8 1 4 5 6 7 8 9 10
Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
1.0 25 .
20
0.5
g ‘
Ip = 250 pA ~
g \\ g \
5 \\ L 10
8 \ N
> N N
-0.5 N
5
I Q|
e SRE
L s
-50 =25 0 25 50 75 100 125 150 0.01 0.1 1 10 100
Ty — Temperature (°C) Time (sec)
Normalized Thermal Transient Impedance, Junction-to-Ambient
2 I
- 1 =
g — Duty Cycle = 0.5
‘@ 1
=
3 1 1
£ g — Og et 1 11
‘g E‘ '. ‘/’ Notes:
k3 T MBS 4 ]
SE 0.1 =TT Pom
Fake] . L] 4
3 E 01 &= o0s R — E
. t, —I 3
EEE el LDutyCycle,zD= —é ]
g l— 0.02 —— e 2. Per Unit Base = Ryyja = S0°C/W
- > - 3 Tom — Ta = PomZuua® 4
" 4 Surface Mounted
001 Single Pulse / L Ll |
10-4 10-3 10-2 10-1 1 10 30

Square Wave Pulse Duration (sec)
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TEMIC

Siliconix

Si9420DY

N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) Ips(on) (§2) Ip (A)
200 1.0@Vgs=10V +1.0
PDD D
17
N/C |I E D -
s [2 71D G o—Jt}
S E 6| D
G [ (5] D
Top View 15[0!’
N-Channel MOSFET

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps 200
v
Gate-Source Voltage Vas +20
Ta =25°C *1.0
Continuous Drain Current (Ty = 150°C) Ip
Ta =70°C +0.38
A
Pulsed Drain Current Ipm +10
Continuous Source Current (Diode Conduction) Is 1.0
Ta =25°C 25
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta =70°C 1.6
Operating Junction and Storage Temperature Range Ty, Totg -5510150 °C
. .
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Ripsa 50 °C/W
P-35420—Rev. D (06/06/94) 1-17
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Si9420DY

TEMIC

Siliconix

Specifications (Ty = 25°C Unless Otherwise Noted)

Parameter I Symbol | Test Condition l Min | Typ? l Max T Unit
Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = 250 pA 2 v
Gate-Body Leakage Igss Vps=0V,Vgsg= £20V +100 nA
Vps =160V, Vgg =0V 2
Zero Gate Voltage Drain Current Ipss A
Vps = 160V, Vgs = 0V, Ty = 55°C 25
On-State Drain Current® ID(on) Vps =10V, Vgs =10V 5.0 A
Drain-Source On-State Resistance® IDS(on) Vgs=10V,Ip=10A 0.8 1.0 Q
Forward Transconductance® gfs Vps=15V,Ip =10 A 15 S
Diode Forward Voltage® Vsp Is=10A,Vgs =0V 0.7 12 v
Dynamic®
Total Gate Charge Qg 8.6 16
Gate-Source Charge Qgs Vps =100V, Vgg=10V,Ip =10 A 1.5 nC
Gate-Drain Charge Qgd 32
Turn-On Delay Time td(on) 7 14
Rise Time tr Vpp = 100 V, R, = 100 Q 12 24
Turn-Off Delay Time taoff) Ip =104 Veen =10V, Rg = 6Q 26 50 ns
Fall Time tf 15 30
Source-Drain Reverse Recovery Time tr Ir = 1.0 A, di/dt = 100 A/ps 130

Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Siliconix

Si9420DY

Typical Characteristics (25°C Unless Otherwise Noted)
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Output Characteristics
T T
Vgs =10,9V

8V (A%

6V —

5V

4v

0 4 8 12 16 20

Vps — Drain-to-Source Voltage (V)

On-Resistance vs. Drain Current

Vos = 10V /

0 2 4 6

Ip — Drain Current (A)

Gate Charge

Vps = 100 V /
| Ip=1A

/

/|

_

0 4 8 12 16

Qg — Total Gate Charge (nC)

P-35420—Rev. D (06/06/94)

Ds(on) — On-Resistance (Q)

Ip — Drain Current (A)

C — Capacitance (pF)

(Normalized)
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200
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15
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0

-50 -25 0 25 50 75 100 125 150

Transfer Characteristics

T //
Tc = -55°C
255 = /7

//

/ 125°C

S

0 2 4 6 8 10

Vgs — Gate-to-Source Voltage (V)

Capacitance

N

1 1

0 5 10 15 20 25 30 35

Vps — Drain-to-Source Voltage (V)

On-Resistance vs, Junction Temperature

|1 ]
Vgs =10V /
| Ip=1A

1

L~

Ty — Junction Temperature (°C)
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Typical Characteristics (25°C Unless Otherwise Noted)
20 Source-Drain Diode Forward Voltage 20 On-Resistance vs. Gate-to-Source Voltage
< 10 £t @ 15
g —  Ty=150°C £ ’
5 d 4 :
E 77 3
O / [/ E’ o
: /1 I B
,,I, Ty =25°C I Ib=1A
P / g o5
g
1 0 ‘
0 0.5 1.0 15 2 5 6 7 8 9 10
Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
1.00 25
20
0.50
IS Ip = 250 pA \
g \ S 1 \
€ 000 ™. - \
> ~N 2
g \ £ 10
N
N
Z —0s0 \\
5 Nyj|
-1.00 0
—50 0 50 100 150 0.01 01 1 10 100
Ty — Temperature (°C) Time (sec)
5 . Normalized Thermal Transient Impedance, Junction-to-Ambient
§ F Duty Cycle = 0.5 §
8 ! = = |
[:E 0 2I ’ h
‘?: 54 2 | ! Notes*
] E‘ 1 I g i N I
=l 0.1 LAt T FoM
HE 01 — 4
o g e + 3
38 = 0.05 K3 [:—_J 3
Eﬁ 1 - > 1. Duty Cyele, D = -:—; 7
S - 0.02 = - 2 Per Umt Base = Ryia = 50°CW |
“ ol 3.Tym — Ta = PDMZia®
T
Single Pulse 4. surface Mounted
PO I iy o1 NI
10—4 10-3 10-2 10-1 1 10 30

Square Wave Pulse Duration (sec)
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TEMIC

Siliconix

Si9430DY

P-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) DS (on) (§2) Ip (A)
0.050 @ Vgs = —10V £58
-20 0.065 @ Vgs = —6 V £49
0090 @ Vgs = —-45V +4.0
SSS
SO-8
s [T | 5] D G
s [7] 7] D I
s [3] 6] D
G [} 5] D
Top View 58S s

P-Channel MOSFET

Absolute Maximum Ratings (T, = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -20
A%
Gate-Source Voltage Vas +20
Ta =25°C +5.8
Continuous Drain Current (Ty = 150°C) Ip
Ta = 70°C +4.6
A
Pulsed Drain Current Ipm +15
Continuous Source Current (Diode Conduction) Is -2.4
Ta =25°C 25
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 16
Operating Junction and Storage Temperature Range Ty, Ttg —55t0 150 °C
. .
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rihia 50 °C/W

P-35963—Rev. E (05/24/94)
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TEMIC
Si9430DY Siliconix

Specifications (Tj = 25°C Unless Otherwise Noted)

Parameter l Symbol I Test Condition | Min | Typ? | Max | Unit

Static

Gate Threshold Voltage ‘ vGS(th) Vps = Vgs, Ip = =250 A -1.0 \%

Gate-Body Leakage Igss Vps=0V,Vgg = +20V +100 nA

Vps=-16V,Vgg =0V -1

Zero Gate Voltage Drain Current Ipss Vos = —10V Vas SOV T, =70°C - RA
Vps € -5V, Vgs=-10V -15

On-State Drain Current® ID(on) A
Vps £ =5V, Vgg=—-45V =36
Vgs= -10V,Ip = —53 A 0040 | 0.050

Drain-Source On-State Resistance® TDS(on) Vgs=-6V,Ip=-36A 0.055 0.065 Q
Vgs=-45V,Ip=-20A 0.070 0.090

Forward Transconductance® 8fs Vps=-15V,Ip=-53A 8.0 S

Diode Forward Voltage® Vsp Is=~24A,Vgs=0V -09 -12 \Y

Dynamic?®

Total Gate Charge Qg 25 50

Gate-Source Charge Qgs Vps=-10V, Vgs= -10V,Ip = =53 A 5 nC

Gate-Drain Charge Qgd 8

Turn-On Delay Time td(on) 14 30

Rise Time t Vpp=-10V,R. = 10Q 22 60

Turn-Off Delay Time (o) Ip=-1AVeen = -10V,Rg =62 50 120 | s

Fall Time t 25 100

Source-Drain Reverse Recovery Time trr Ip = —2.4 A, di/dt = 100 A/us 85 100

Notes

a  Guaranteed by design. not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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TEMIC

Siliconix

Si9430DY

Typical Characteristics (25°C Unless Otherwise Noted)

Ip — Drain Current (A)

™s(on) — On-Resistance (Q)

Vgs — Gate-to-Source Voltage (V)

16

12
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0.12

0.08
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o

Output Characteristics

T T
"_/VGS =10,9,8,7,6 V

/ v

3V

)
1 2 3 4 5
Vps — Drain-to-Source Voltage (V)

On-Resistance vs. Drain Current

Vgs =45V
P
// 6V
v
|
3 6 9 12 15

Ip — Drain Current (A)

Gate Charge
Vps =10V /
Ip=53A
4 8 12 16 20 24

Qg — Total Gate Charge (nC)

P-35963—Rev. E (05/24/94)

Ds(on) — On-Resistance (Q)

Ip — Drain Current (A)

C — Capacitance (pF)

(Normalized)

Transfer Characteristics

16
12
8
4 (— Tc=125°C A‘
25°C
-55°C
0 |
2 3 4 5 6
Vgs — Gate-to-Source Voltage (V)
3
Capacitance @]
3500 <2
=
3000 )
-
2500 iE::
\ =
2000 e
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0
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Vps — Drain-to-Source Voltage (V)

16 On-Resistance vs. Junction Temperature

14 |- Ves=10V P
Ip=53 A /

12 /,/

1.0

0.8

0.6

-50 =25 0 25 50 75 100 125 150

Ty — Junction Temperature (°C)
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Siliconix
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Typical Characteristics (25°C Unless Otherwise Noted)
Source-Drain Diode Forward Voltage 020 On-Resistance vs. Gate-to-Source Voltage
20 / .
- / & 016 —Ip=53A
S, 10 - Ty=150°C f—o <z
g —F 3
8 1 §
5 l’ 2 012
] I Ty =25°C c“’
g =
3 Il S o0
|
! -
P [] 5
2 o004 ~—
1 0
04 06 0.8 1.0 12 14 16 0 2 4 6 8 10
Vsp - Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
10 Threshold Voltage Single Pulse Power
& 25 %
20
05— Ip=250pA ~
> //
3 ~
| e ¥ \
§ 0.0 Y
. | ] Ed
g - £ 10 \
8
N
Z _o0s N
.
5 \\~__
_..1 0
-50 -25 0 25 50 75 100 125 150 001 01 1 10 30
Ty — Temperature (°C) Time (sec)
) Normalized Thermal Transient Imped , Junction-to-Ambient
1 | prapowes
g3
= -‘E J—
o -
% Z.‘ ——1 Notes:
= ™ . ¥ 1
E—a 0.1 \——P—"———_ Ppm
1
88 et 4 p—
S8 - — _.L—l 2 1
g — 1 Duty Cycle, D = T
Z, P 2.Per Unit Base = Ryyja = S0°C/W |
> 3 Tim — Ta = PpMZinga® 1
/ 4 Surface Mounted
0.01 1 N )
104 103 10-2 101 1 10 30

Square Wave Pulse Duration (sec)
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Siliconix

Si19433DY

P-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) Ips(on) (§2) Ip (A)

» 0.065@ Vgs = —4.5V +£5.4

- 0.100@ Vgs = ~2.7V £42
SS
SO-8

s [ 8] D G

s 2] 7] D |

s 3] 6] D

G [ 5] D

Top View

P-Channel MOSFET

DDDD

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -20
\%
Gate-Source Voltage Vas +12
Ta =25°C +5.4
Continuous Drain Current (Ty = 150°C) Ip
Ta =70°C +4.4
A
Pulsed Drain Current IpMm +10
Continuous Source Current (Diode Conduction) Is ~2.6
Ta =25°C 25
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 1.6
Operating Junction and Storage Temperature Range Ty, Tag —551t0 150 °C
. .
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rinja 50 °C/W
P-35963—Rev. E (05/24/94) 1-25
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TEMIC
Si9433DY Siliconix

Specifications (Tj = 25°C Unless Otherwise Noted)

Parameter I Symbol l Test Condition I Min | Typ? Max I Unit
Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = =250 pA -0.8 \%
Gate-Body Leakage Igss Vps =0V, Vgs = +£12V +100 nA
Vps = 16V, Vgg =0V -1
Zero Gate Voltage Drain Current Ipss Vs = —10V Vas SOV, T, =70°C - nA
, Vps <—5V,Vgs = ~45V -10
On-State Drain Current® ID(on) A
Vps =—-5V,Vgg = —27V —4
Vgs=—-45V,Ip=-51A 0.045 | 0.065
Drain-Source On-State Resistance® IDS(on) Q
Vgs=-27V,Ip= —20A 0.060 | 0.100
Forward Transconductance® 8fs Vps=-9V,Ip=-51A 11 S
Diode Forward Voltage® Vsp Is=—-26A,Vgs=0V -1.0 -1.2 \"
Dynamic?®
Total Gate Charge Qg 20 60
Gate-Source Charge Qgs Vps=-6V, Vgs=—-45VIp=-51A 3 nC
Gate-Drain Charge di 10
Turn-On Delay Time td(on) 30 60
Rise Time tr Vpp = -6 V,R. = 6Q 55 100
Turn-Off Delay Time td(off) Ip = -14,Veen = ~45V R = 6Q 80 180 ns
Fall Time te 50 100
Source-Drain Reverse Recovery Time ter Ir = —2.6, di/dt = 100 A/us 60 80
Notes

a. For design aid only; not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Siliconix

Si9433DY

Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics
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Qg — Total Gate Charge (nC)
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Ds(on) — On-Resistance (22)

Ip — Drain Current (A)

C — Capacitance (pF)

(Normalized)

Transfer Characteristics

10
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6
4
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| —-55°C
0 1
0 1 2 3 4 5
Vgs — Gate-to-Source Voltage (V)
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Ty — Junction Temperature (°C)
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Si9433DY

TEMIC

Siliconix

Typical Characteristics (25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage

On-Resistance vs. Gate-to-Source Voltage
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TEMIC

Siliconix

Si9434DY

P-Channel Enhancement-Mode MOSFET

Product Summary

Vs (V) rps(on) (§2) Ip (A)
" 0.040 @ Vgs = —4.5 V +64
0.060 @ Vgs = 2.7V £5.1

Qv v »n

2[elzl

SO-8
] D
7] o
o1 o
=1 o
Top View

°

DDDD

P-Channel MOSFET

Absolute Maximum Ratings (T4 = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -12
A\
Gate-Source Voltage Vgs +8
Tp = 25°C +6.4
Continuous Drain Current (T = 150°C) Ip
Ta = 70°C +5.1
A
Pulsed Drain Current Ipm +10
Continuous Source Current (Diode Conduction) Is -2.5
T =25°C 25
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
T = 70°C 1.6
Operating Junction and Storage Temperature Range Ty, Titg —55t0 150 °C
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rinia 50 °C/W
P-35011—Rev. B (05/02/94) 1-29
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TEMIC
Si9434DY Siliconix

Specifications (Tj = 25°C Unless Otherwise Noted)

Parameter I Symbol | Test Condition | Min I Typ | Max | Unit
Static
Gate Threshold Voltage Vas(thy Vps = Vgs, Ip = =250 pA -0.7 v
Gate-Body Leakage Igss Vps=0V,Vgg = 8V +100 nA
Vps = —9.6V,Vgs =0V -1
Zero Gate Voltage Drain Current Ipss uA
Vps = =6.0V,Vgs =0V, Ty = 70°C -5
Vps = =5V, Vgg = —45V -10
On-State Drain Current? Ip(on) A
Vps < -5V, Vgg = -2.7V -8
Vgs=—-45V,Ip=—-64 A 0.040
Drain-Source On-State Resistance? DS(on) Q
Vgs=-27V,Ip=-51A 0.060
Forward Transconductance? 8fs Vps=-9V,Ip=-64A 14 S
Diode Forward Voltage? Vsp Is=-25A,Vgs=0V -0.9 -12 v
Dynamic®
Total Gate Charge Qg 36 80
Gate-Source Charge Qgs Vps= -6V, Vgg=—45V,Ip = -64 A 6 nC
Gate-Drain Charge Qgd 17
Turn-On Delay Time td(on) 60 150
Rise Time i Vpp =—-6V,RL=6Q 90 200
Turn-Off Delay Time td(off) Ip = -1A,Vgen=-45V,RG =6Q 150 300 ns
Fall Time t 110 200
Source-Drain Reverse Recovery Time tr Ig = =2.5 A, di/dt = 100 A/us 50 100
Notes

a. Pulse test; pulse width < 300 ps, duty cycle < 2%.
b. Guaranteed by design, not subject to production testing.

P-35011—Rev. B (05/02/94)
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TEMIC

Siliconix Si943 4DY

Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics Transfer Characteristics
20 10
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Vps — Drain-to-Source Voltage (V) Vgs — Gate-to-Source Voltage (V)
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TEMIC
Si9434DY

Siliconix
Typical Characteristics (25°C Unless Otherwise Noted) -
1 Source-Drain Diode Forward Voltage 008 On-Resistance vs. Gate-to-Source Voltage
] I :
I JI 7 -
| Ty=150°C _J | | Ip=64A
< I 2 o006
% ] 1] g
£ [ 1] s
o] Ty =25°C 8
8 I & 004
3 3 \
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o« 2 g 0.02
< S 0
8
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Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
1.0 25 N
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Siliconix

Si9435DY

P-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) IDS(on) (§2) Ip (A)
0.055@ Vgs = —-10V +5.1
-30 007@Vgs= -6V +4.6
0.105@ Vgs = —-45V +3.6
SSS
SO-8
s [0 5] o o
s 7] 7] o |
s 3 7] o
G [ 5] D
Top View
DDDD
P-Channel MOSFET

Absolute Maximum Ratings (T, = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -30
A\
Gate-Source Voltage VaGs +20
Ta =25°C +5.1
Continuous Drain Current (Ty = 150°C) Ip
Ta = 70°C +4.6
A
Pulsed Drain Current Ipm +15
Continuous Source Current (Diode Conduction) Is -26
Ta =25°C 25
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta =170°C 1.6
Operating Junction and Storage Temperature Range Ty, Tag —551t0150 °C
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rinja 50 °C/W
P-35963—Rev. D (05/24/94) 1-33
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TEMIC
Si9435DY

Siliconix
Specifications (Ty = 25°C Unless Otherwise Noted)
Parameter | Symbol | Test Condition I Min | Typ“J Max I Unit
Static
Gate Threshold Voltage Vas(th) Vps = Vgs, Ip = =250 pA -1.0 v
Gate-Body Leakage Igss Vps=0V,Vgs = £20V +100 nA
Vps = —24V,Vgs =0V -1
Zero Gate Voltage Drain Current Ipss RA
Vps = =15V, Vgs =0V, Ty = 70°C -5
Vps = =10V, Vgg = —10V ~15
On-State Drain Current? ID(on) A
Vps = =5V, Vgg=-45V -4
Vgs=-10V,Ip=-46 A 0.045 0.055
Drain-Source On-State Resistanceb DS(on) Vgs= -6 V,Ip=~41A 0.060 0.07 Q
Vgs=-45V,Ip=-20A 0.075 0.105
Forward Transconductance® gfs Vps=-15V,Ip=-4.6 A 7.0 S
Diode Forward Voltageb Vsp Ig=-26A,Vgs=0V -0.9 ~-12 \%
Dynamic?
Total Gate Charge Qg 23 40
Gate-Source Charge Qs Vps=-15V, Vgs=-10V,Ip = 4.6 A 4 nC
Gate-Drain Charge Qqd 6
Turn-On Delay Time td(on) 12 30
Rise Time t Vpp = -15V,R, = 15Q 21 60
Turn-Off Delay Time td(off) Ip=-1AVeeN=-10VRg=6Q 45 120 ns
Fall Time tf 27 100
Source-Drain Reverse Recovery Time tr Ir = 2.6 A, di/dt = 100 A/us 70 100
Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Siliconix

Si9435DY

Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics
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Qg - Total Gate Charge (nC)
P-35963—Rev. D (05/24/94)

Ds(on) — On-Resistance (Q)

Ip — Drain Current (A)

C - Capacitance (pF)

(Normalized)

Transfer Characteristics
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Typical Characteristics (25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage 016 On-Resistance vs. Gate-to-Source Voltage
20 / .
g 1w Ty = 150°C 1 % 012 Ip=46A —
JH=—
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s I I c'> \\N
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2 I I & o004
2
1 0
02 04 06 08 10 12 14 0 2 4 6 8 10
Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
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Siliconix Si9925DY

Dual N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) rps(on) (§2) Ip (A)
005@Vgs =45V +5.0
20 006 @Vgs=3.0V +4.2
0.08@Vgs =25V +3.6
D; Dy D; Dy
SO-8 T.‘_T
S1 1 z] D,
—
G1 z ZI D1 G OJt} G2 O_I
s 3 5] o
Gy E 5] Dy
Top View ;.) S
1 2

N-Channel MOSFET N-Channel MOSFET

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps 20
\%
Gate-Source Voltage Vas +12
Ta =25°C +5.0
Continuous Drain Current (Tj = 150°C) Ip
Ta =70°C +4.0
A
Pulsed Drain Current (10 ps Pulse Width) IpMm +48
Continuous Source Current (Diode Conduction) Is 1.7
Ta =25°C 2
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta =70°C 13
Operating Junction and Storage Temperature Range Ty, Totg —55t0150 °C
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Riwja 62.5 °C/W
P-37008—Rev. F (06/01/94) 1-37
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Specifications (Tj = 25°C Unless Otherwise Noted)

Parameter | Symbol | Test Condition | Min | Typ —[ Max —l Unit
Static
Gate Threshold Voltage Vas(th) Vps = Vgs, Ip = 250 pA 08 \'
Gate-Body Leakage Igss Vps=0V,Vgs = £12V +100 nA
Zero Gate Voltage Drain Current Ipss Vs =10V Vas =0V ! RA
Vps = 16V, Vgs = 0V, Tj = 70°C 5
On-State Drain Current? ID(on) Vps =25V, Vgs=5V 10 A
Vgs=72V,Ip=50A 0.025 0.036 0.045
Vgs=45V,Ip=50A 0.041 0.05
Drain-Source On-State Resistance? TDS(on) Q
Vgs =30 VIp=39A 0.050 0.07
Vgs=25V,Ip=1A 0060 | 0.08
Forward Transconductance? 8fs Vps=10V,Ip =50 A 13 S
Diode Forward Voltage? Vsp Is=5.0A,Vgs=0V 09 1.2 v
Dynamic®
Total Gate Charge Qg 10 20
Gate-Source Charge Qgs Vps=6V, Vgs=45V,Ip=50 A 26 nC
Gate-Drain Charge Qgd 3.7
Turn-On Delay Time td(on) 13 40
Rise Time tr Vpp =6V,RL=6Q 9 30
Turn-Off Delay Time taoff) Ip=1A,Vgen=45V,Rg=6Q 30 60 ns
Fall Time 1% 9 30
Source-Drain Reverse Recovery Time tr Ir = 5.0 A, di/dt = 100 A/us 100 150
Notes

a. Pulse test; pulse width < 300 ps, duty cycle < 2%.
b. Guaranteed by design, not subject to production testing.
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Siliconix

Si9925DY

Typical Characteristics (25°C Unless Otherwise Noted)
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Output Characteristics
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Qg — Total Gate Charge (nC)

Ds(on) — On-Resistance (Q)

Ip — Drain Current (A)

C — Capacitance (pF)

(Normalized)

Transfer Characteristics
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Si9925 DY Siliconix

Typical Characteristics (25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage On-Resistance vs. Gate-to-Source Voltage
20 0.250
R/ |
Ty = 150°C / = Ip=1A
z g 0200
< 10 y i < _
o ll’ Ty = 25°C 3 Ip=5A
o =
g / £ 0150
3 717 4
g /1] %
3 o
& / O 0100
|
! ~
~ / ‘ g k
& oo0s0
1 0
0 0.4 0.8 12 16 2.0 0 1 2 3 4 5 6
Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
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Siliconix

Si9928DY

Dual Enhancement-Mode MOSFETSs (N- and P-Channel)

Product Summary

Vos (V) rps(on) (§2) Ip (A)
0.05@Vgs=45V +5.0
N-Channel 20 0.06 @Vgs=3.0V +42
0.08@Vgs =27V +3.6
011@ Vgs = —45V £34
P-Channel =20 0.15@Vgs=-30V +29
019@ Vgs = —-27V +2.6
SO-8
s [0 ] >
G [2 7] D
1 [2] 7] D o |
s O ] .
6 [ = o
Top View

N-Channel MOSFET

D1 Dq

=7

S

Sz

D; D2

P-Channel MOSFET

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol N-Channel P-Channel Unit
Drain-Source Voltage Vps 20 -20
\%
Gate-Source Voltage Vgs +12 +12
Ta =25°C +5.0 +3.4
Continuous Drain Current (Ty = 150°C) Ip
Ta =170°C +4.0 +2.8
A
Pulsed Drain Current Ipm +10 +10
Continuous Source Current (Diode Conduction) Is 2.0 -2.0
Maximum Power Dissipation Ta=25°C P 20 2.0 W
(Surface Mounted on FR4 Board) Ta = 70°C D 13 13
Operating Junction and Storage Temperature Range Ty, Tsg —5510150 °C
Thermal Resistance Ratings
Parameter Symbol N- or P-Channel Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Riwja 62.5 °C/W
P-36733—Rev. C (05/24/94) 1-41
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TEMIC
Si9928DY

Siliconix
. . — o .
Specifications (Ty = 25°C Unless Otherwise Noted)
Parameter | Symbol I Test Condition | Min —l Typ® | Max | Unit
Static
Vps = Vgs, Ip = 250 N-Ch 0.8 12
Gate Threshold Voltage VGs(thy v Ds v GSI ot 250"AA o Ch 03 ™ v
ps = Ves, Ip = -250 - —0. -1
N-Ch +100
Gate-Body Leakage Igss Vps =0V, Vgs = £12V P-Ch T0 ] ™
Vps =16 V,Vgs =0V N-Ch 1
Vps = ~ 16V, Vgs =0V P-Ch 1
Zero Gate Voltage Drain Current Ipss - RA
Vps =10V, Vgg =0V, Ty = 70°C N-Ch 5
Vps = 10V, Vgs =0V, Ty = 70°C P-Ch -5
Vbs = 5V, Vgs = 45V N-Ch | 10
On-State Drain Current® ID(on) D Yy o oh m A
Ds = =5V, Vgs = —4. - -
Vgs=45V,Ip=50A N-Ch 0041 | 005
Vgs= —45V,Ip = —32 A P-Ch 0.087 | 011
Vs =30 VIp=39A N-Ch 0.052 0.06
Drain-Source On-State Resistance® TDS(on) v 3OV oA oh 5% 015 Q
Gs=-30V,Ip = -2 - - -
Vgs=27V,Ip =10A N-Ch 0.060 | 008
Vgs = -27V,Ip = -10A P-Ch 0135 | 019
Vps=10V,Ip =50 A N-Ch 13
Forward Transconductance® gfs - VI STA ooh 3 S
ps= -9V Ip = -3. -
Is=50A,Vgs=0V N-Ch 09 12
Diode Forward Voltage Vsp : TOAV, % o oh w5 = v
s = ~2. GS = - =0 -1
Dynamic?
R N-Ch 10 20
Total Gate Charge Qg N-Channel T<h 5 %
Vps=6V, Vgs =45V, Ip=50A
bs s P N-Ch 26
Gate-Source Charge Qgs P-Channel nC
Vps=-6V, Vgs=—-45V,Ip=-32A | P-Ch 1.6
N-Ch 37
Gate-Drain Charge di T Ch 33
Turn-On Delay T N-Ch 13 30
rn-On Delay Time td(on)
N-Channel P-Ch 2 40
Vpp=6V,RL=6Q N-Ch 9 40
Rise Time tr Ip=1AVgen=45V,Rg=6Q ch o) 0
P-Channel NCh o %
Vpp=-6V,RL=6Q -
Turn-Off Delay Time ld(off) Ip=~1A,Vgen= —45V,Rg =6Q Pch = 7 ns
N-Ch 9 30
Fall Time t oh 5o e
I = 5.0 A, di/dt = 100 A/us N-Ch 100 150
Source-Drain Reverse Recovery Time tr I 20 A GUa = 100 A o = 0
F = —2. i/dt = us g
Notes

a. For design aid only; not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Siliconix

Si9928DY

Typical Characteristics

(25°C Unless Otherwise Noted)

Output Characteristics
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Qg — Total Gate Charge (nC)
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Ds(on) — On-Resistance (Q)

Ip — Drain Current (A)

C — Capacitance (pF)

(Normalized)
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Transfer Characteristics
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Si9928DY

TEMIC

Siliconix
Typical Characteristics N-Channel
(25°C Unless Otherwise Noted)
Source-Drain Diode Forward Voltage On-Resistance vs. Gate-to-Source Voltage
20 | l’ 4 0.250
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Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
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Siliconix

Si19928DY

Typical Characteristics
(25°C Unless Otherwise Noted)

Output Characteristics
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P-36733—Rev. C (05/24/94)
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TEMIC
Si9928DY Siliconix

Typical Characteristics P-Channel
(25°C Unless Otherwise Noted)

10 Source-Drain Diode Forward Voltage 020 On-Resistance vs. Gate-to-Source Voltage
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Siliconix

Si19933DY

Dual P-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) rps(on) (€2) Ip (A)
0.11@ Vgs = —4.5V +34

-20 015@Vas= —30V 29
019@ Vgs = 27V 26

S1
G
S2

SO-8
] 7] o,
=] 7] o
] <] o
N =] o
Top View

"

P-Channel MOSFET

S1

D; Dy

Sz

=

D; Dy

P-Channel MOSFET

Absolute Maximum Ratings (T, = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -20
\'%
Gate-Source Voltage Vags +12
Ta =25°C +3.4
Continuous Drain Current (Tj = 150°C) Ip
Ta = 70°C +2.7
A
Pulsed Drain Current Ipm +8
Continuous Source Current (Diode Conduction) Is -20
Ta = 25°C 20
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ty = 70°C 13
Operating Junction and Storage Temperature Range Ty, Tstg ~55t0150 °C
. .
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rinja 62.5 °C/W
P-35898—Rev. D (05/24/94)) 1-47
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TEMIC
Si9933DY

Siliconix
Specifications (Ty = 25°C Unless Otherwise Noted)
Parameter | Symbol I Test Condition | Min | Typ? | Max | Unit
Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = =250 pA -0.8 A%
Gate-Body Leakage Igss Vps=0V,Vgg= £12V +100 nA
Vps = -16V,Vgs =0V -1
Zero Gate Voltage Drain Current Ipss pA
Vps = —10V, Vgs = 0V, Ty = 70°C -5
Vps < =5V,Vgs=-45V -8
On-State Drain Current® ID(on) A
Vps < =5V, Vgs =-27V -2
Vgs = —-45V,Ip = -32A 0.09 011
Drain-Source On-State Resistanceb TDS(on) Vgs = -30V,Ip=-20A 0.120 0.15 Q
Vgs==-27V,Ip=-1A 0.135 0.19
Forward Transconductance® 8fs Vps=-9V,Ip=-34A 8 S
Diode Forward Voltage® Vsp Is=-2.0A,Vgs =0V -09 -1.2 v
Dynamic?
Total Gate Charge Qg 8 20
Gate-Source Charge Qgs Vps= -6V, Vgs=—-45V,Ip=-32A 1.6 nC
Gate-Drain Charge Qgd 35
Turn-On Delay Time td(on) 22 40
Rise Time t Vbp = -6 V,RL =6 43 80
Turn-Off Delay Time td(off) Ip=-1A,VGEN=-45V,Rc=6Q 35 70 ns
Fall Time ty 20 40
Source-Drain Reverse Recovery Time tr IF = =2.0 A, di/dt = 100 A/us 75 100
Notes

a. For design aid only; not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics Transfer Characteristics
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Siliconix
. o 40 o .
Typical Characteristics (25°C Unless Otherwise Noted)
10 Source-Drain Diode Forward Voltage 020 On-Resistance vs. Gate-to-Source Voltage
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Siliconix

Si9936DY

Dual N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) rps(on) (§2) Ip (A)
30 0.050 @ Vgs =10V +5.0
0080 @ Vgs =45V +3.9
D; D
SO-8
s [0 ) o
G1 rz E Dy Gy OJ
s 3] ]
6: [T =] v,
Top View $
1

N-Channel MOSFET

D, Dy

6 o]

Sz

N-Channel MOSFET

Absolute Maximum Ratings (T4 = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps 30
\%
Gate-Source Voltage Vas +20
Ta =25°C +5.0
Continuous Drain Current (Ty = 150°C) Ip
Ta =70°C +4.0
A
Pulsed Drain Current IpMm +40
Continuous Source Current (Diode Conduction) Ig 1.7
Ta =25°C 2
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 13
Operating Junction and Storage Temperature Range Ty, Tag —55t0 150 °C
. .
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rihja 62.5 °C/W
P-34118—Rev. C (04/04/94) 1-51
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TEMIC
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Siliconix
. . — o .
Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter l Symbol l Test Condition J Min | Typ* I Max J Unit
Static
Gate Threshold Voltage Vas(th) Vps = Vgs, Ip = 250 pA 1 v
Gate-Body Leakage Igss Vps =0V, Vgs = £20V +100 nA
Vps =24V, Vgs =0V 2
Zero Gate Voltage Drain Current Ipss rA
Vps =24V,Vgs =0V, Ty =55°C 20
On-State Drain Current? In(on) Vps = 5V,Vgs =10V 20 A
Vgs=10V,Ip=5.0A 0.04 0.050
Drain-Source On-State Resistance® TDS(on) Q
Vgs =45V, Ip=39A 0.06 0.080
Forward Transconductance® ofs Vps=15V,Ip=50 A 8 S
Diode Forward Vc)lt.ageb Vsp Is=17A,Vgs =0V 0.75 12
Dynamic®
Total Gate Charge Qg 13 35
Gate-Source Charge Qgs Vps=15V, Vgs=10V,Ip=5.0 A 15 nC
Gate-Drain Charge di 3.7
Turn-On Delay Time td(on) 12 30
Rise Time t Vpp=15V,RL=15Q 10 25
Turn-Off Delay Time td(off) Ip = 1A, VGen=10V,Rg=6Q 25 50 ns
Fall Time tf 10 50
Source-Drain Reverse Recovery Time [ Ir = 5.0 A, di/dt = 100 A/us 120 160
Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.

P-34118—Rev. C (04/04/94)
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Si9936DY

Typical Characteristics (25°C Unless Otherwise Noted)
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Output Characteristics
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Ty - Junction Temperature (°C)
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Siliconix
. o 4 ) .
Typical Characteristics (25°C Unless Otherwise Noted)
Source-Drain Diode Forward Voltage On-Resistance vs. Gate-to-Source Voltage
20 / 0.6
Ty = 1509C 05
@ 10 17 g
E - g o4
£ 7/ s
3 hi
o /1] 2
3 & 03
g Al Ty = 25°C &
5 / S
| / L 02
=)
= 4 Ip=5A
£ o1
1 0
0 0.4 08 12 1.6 2.0 0 2 4 6 8 10
Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
10 Threshold Voltage 2 Single Pulse Power
20 l”
0.5
g \
8 Ip =250
s \\ D uA g 15
k] 0.0 s
S 5
3
g \\ § 10
g N N
> _os n N N
N N
S
e RL
: LT
-50 -25 0 25 50 75 100 125 150 0.01 0.1 1 10 100
Ty — Temperature (°C) Time (sec)
5 Normalized Thermal Transient Impedance, Junction-to-Ambient
o I
8 I— Duty Cycle = 0.5 et
é } 1
& g ! L] | |
v 0.2 — t t
E & ; » Notes: _
SE 01 - T
“u-j = 01 ' e Ppm N
2L Eoos — — 3
5 — O. 4 3
SE e L 2T 3
E . 1. Duty Cycle, D = —é .
2 > 2. Per Uit Base = Ryyj = 625°C/W |
| 0.02 L 3. Tym — T = PpMZisa® -
1 4. Surface Mounted
001 I Single Pulse [ R RN
10-4 10-3 10-2 10-1 1 10 30
Square Wave Pulse Duration (sec)
1-54

Prelimin ary P-34118—Rev. C (04/04/94)



TEMIC

Siliconix Si9939DY
Dual Enhancement-Mode MOSFETSs (N- and P-Channel)

Product Summary

Vps (V) rps(on) (€2) Ip (A)
005@Vgs=10V +3.5
N-Channel 30 007@Vgs=6V +3
008@ Vgs =45V +2.5
010@ Vgs=-10V +3.5
P-Channel -30 012 @ Vgs = —6V +3
0.16 @ Vgg = —4.5V +25
D; Dy Sy
=
50-8 8
G P
S1 'I _T_l Dy o l : l =
Gy
o [ 1 > =
s [T ] o e
G E 5| Dy E
Top View 51 D; D;
N-Channel MOSFET P-Channel MOSFET

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol N-Channel P-Channel Unit
Drain-Source Voltage Vps 30 -30
v
Gate-Source Voltage Vas +20 +20
Ta =25°C +3.5 +3.5
Continuous Drain Current (Ty = 150°C) Ip
Ta =170°C +2.8 +2.8
A
Pulsed Drain Current Ipm +14 +14
Continuous Source Current (Diode Conduction) Is 1.7 -1.7
Maximum Power Dissipation Ta=25°C P 20 w
(Surface Mounted on FR4 Board) Ta = 70°C D 13
Operating Junction and Storage Temperature Range Ty, Tatg —551t0150 °C
Thermal Resistance Ratings
Parameter Symbol N- or P- Channel Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rihia 62.5 °C/W
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Si9939DY

TEMIC

Siliconix
Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter I Symbol l Test Condition I Min l Typ? | Max I Unit
Static
Vps = Vgs, Ip = 250 N-Ch 1.0
Gate Threshold Voltage Vas(th) DS G D mA v
Vps = Vgs, Ip = =250 pA P-Ch | -1.0
Gate-Body Leakage Igss Vps =0V, Vgs= £20V +100 nA
Vps =24V, Vgs =0V N-Ch 1
Vps = —24V, Vgs = 0V P-Ch -1
Zero Gate Voltage Drain Current Ipss RA
Vps =15 V, Vgs =0V, Ty = 70°C N-Ch 5
Vps=-15V,Vgs =0V, Ty = 70°C P-Ch -5
Vps = 5V, Vgs = 10V N-Ch | 14
Vps < =5V, Vgg=-10V P-Ch -14
On-State Drain Current® ID(on) A
Vps 25V,Vgs =45V N-Ch 35
Vps = =5V, Vgg=-45V P-Ch =25
Vos=10V,Ip =35 A N-Ch 004 | 005
Vgs=-10V,Ip=35A P-Ch 008 | 010
Vgs=6V,Ip=3A N-Ch 0.05 0.07
Drain-Source On-State Resistance® TDS(on) Q
Ves=-6 V,Ip=3A P-Ch 0.10 0.12
Vgs=45V,Ip=25A N-Ch 006 | 008
Vgs=-45V,Ip=2A P-Ch 013 | 016
Vps =15V, Ip=35A N-Ch 8
Forward Transconductance® 8fs S
Vps= ~15V,Ip = —35A P-Ch 5
Is=17A Vgs=0V N-Ch 080 | 12
Diode Forward Voltage® Vsp \Y%
Is=-17A,Vgs=0V P-Ch 080 | -12
Dynamic?
Total Gate Ch Q e i
al Gate Charge & v v N-Channel S P-Ch 13 35
ps= 10V, Vgs =10V, Ip=35A
N-Ch 21
Gate-Source Charge Qgs P-Channel P-Ch Y] nC
Vps=-10 V, Vgg = -10V
Gate-Drain Ch o Ip=-35A N-Ch 53
ate-Drain Charge
ramn -hare ed P-Ch a1
Turn-On Delay Ti N-Ch 11 30
rn-On Delay Time t,
y d(on) P-Ch 10 30
N-Channel
Rise Time tr Vpp =15V, R =15Q N-Ch 17 40
Ip=1A,Vgen=10V,Rg=6Q P-Ch 21 40
- N-Ch 26 50
Turn-Off Delay Time td(off) Vpp = lifshi;,mRe: =15Q P-Ch o % ns
Ip=-1A,Vgen= -10V,Rg=6Q '
N-Ch 11 50
Fall Time tf
P-Ch 9 50
Source-Drain Reverse R T Ir = 3.5 A, difdt = 100 A/ N-Ch A
ource-Drain Reverse Recovery Time ¢ =3. i/dt =
g - F=334, us P-Ch 40 | 100

Notes

a. Guaranteed by design, not subject to production testing.

b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Siliconix

Si9939DY

Typical Characteristics (25°C Unless Otherwise Noted)
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Output Characteristics
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Transfer Characteristics

Ty — Junction Temperature (°C)

N-Channel
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Typical Characteristics (25°C Unless Otherwise Noted) N-Channel

Source-Drain Diode Forward Voltage On-Resistance vs. Gate-to-Source Voltage
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. o ° .
Typical Characteristics (25°C Unless Otherwise Noted) P-Channel
Output Characteristics Transfer Characteristics
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Qg — Total Gate Charge (nC) Ty — Junction Temperature (°C)
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Typical Characteristics (25°C Unless Otherwise Noted) P-Channel

Source-Drain Diode Forward Voltage On-Resistance vs. Gate-to-Source Voltage
20 | / 0.20
Ty = 150°C / /
< 10 y & 016
= y A |
§ A | g
= I | <
0 | %
M 012
: H 1,25 :: AN
3 I ’ © \
1 I L \
< & oos Ip=35A
I g
1 0.04
0 0.5 10 15 2.0 25 0 2 4 6 8 10
Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
1.0 25
0s 20 |
o
g p-2sous _|—"] g 1
§ 00 " 5
g 3
g — £ 10 i
g \
-05 \
5 N
RS l
- L
1o 0 L LA T
—-50 0 50 100 150 0.01 0.1 1 10 100
Ty — Temperature (°C) Time (sec)

Normalized Thermal Transient Impedance, Junction-to-Ambient

Normalized Effective Transient

2
1
— Duty Cycle = 0.5 -
; -
8 1 I
T
-§3 — 0.2 = !
g 4 al Notes. _
] ' =1 7 e
5 0.1 o sl Pom | I
E > E 005 i e
Qo . — —
ﬁ ] = L_l 3 ¢ -
— 0.02 1.DutyCycle,D = =k _
I o 2
A 2. Per Unit Base = Rypjp = 62.5°C/W
” 3.Tim - Ta = PoMZeua® _
Singlc Pulse / 4. Surface Mounted
0.01 N Z ] Lol |
10—4 10-3 10-2 10-1 1 10 30

Square Wave Pulse Duration (sec)
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Siliconix Si9940DY

Dual N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) Ips(on) (2) Ip (A)
“ 0.05@Vgs =10V +53
007@ Vgs =45V +45
S0-16* D;D;1D4 D;D,;D,
s [ E Dy
st [2] [15] Dy
G [3] [14] Dy
G1 o—l Gy o—I
s [6] [11] D,
s 7] [10] D,
¢ [&] 2 S1 S S S
Top View N-Channel MOSFET ~ N-Channel MOSFET

*Conforms to standard SO-16 dimensions

Absolute Maximum Ratings (T4 = 25°C Unless Otherwise Noted)

' LITTLE FOOT H

Parameter Symbol Limit Unit
Drain-Source Voltage Vbs 50
v
Gate-Source Voltage Vas +20
Ta =25°C +53
Continuous Drain Current (Ty = 150°C) Ip
Ta =70°C +4.2
A
Pulsed Drain Current IpMm +20
Continuous Source Current (Diode Conduction) Is 2.5
Ta =25°C 2.5
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 1.6
Operating Junction and Storage Temperature Range Ty, Tag —551t0150 °C
. .
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rihja 50 °C/W
P-37009—Rev. D (06/01/94) 1-61
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Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter | Symbol | Test Condition | Min | Typ? I Max l Unit
Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = 250 pA 1.0 v
Gate-Body Leakage IGss Vps=0V,Vgg = 20V +100 nA
Vps =40V, Vgs =0V 2
Zero Gate Voltage Drain Current Ipss pA
Vps =40V, Vgs =0V, Ty = 55°C 25
On-State Drain Current® ID(on) Vps =5V,Vgs =10V 20 A
Vgs=10V,Ip =53 A 0.042 0.05
Drain-Source On-State Resistance® DS(on) Q
Ves =45V Ip=45A 0.055 0.07
Forward Transconductance® s Vps=15V,Ip=53 A 11 S
Diode Forward Voltageb Vsp Is=15A,Vgs=0V 0.8 12
Dynamic?
Total Gate Charge Qg 30 50
Gate-Source Charge Qgs Vps=25V,Vgs=10V,Ip=2 A 25 nC
Gate-Drain Charge Qgd 9.4
Turn-On Delay Time td(on) 17 40
Rise Time tr Vpp =25V,RL. =25Q 30 60
Turn-Off Delay Time td(off) Ip = 1A Veen=10V,Rg=6Q 95 150 ns
Fall Time ty 55 100
Source-Drain Reverse Recovery Time ter Ir = 1.5 A, di/dt = 100 A/us 130
Notes

a.  Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Si9940DY

Typical Characteristics (25°C Unless Otherwise Noted)

20

16

12

Ip — Drain Current (A)

0.10

0.08

0.06

0.04

TDs(on) — On-Resistance (Q)

0.02

10

Vgs — Gate-to-Source Voltage (V)
(=)}

Output Characteristics
T T—
Vgs =10,9,8,7,6,5V

4V

3V

0 1 2 3 4
Vps — Drain-to-Source Voltage (V)

On-Resistance vs. Drain Current

/
4

d

| Vgs=45V e

Vgs =10V

0 4 8 12 16 20 24 28
Ip — Drain Current (A)

Gate Charge

Vps =25V
I Ip=2A A

)

/

0 5 10 15 20 25 30

Qg — Total Gate Charge (nC)
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16

12

Ip — Drain Current (A)

2500

2000

1500

1000

C — Capacitance (pF)

500

2.0

I =
(S o

=4
=

Ds(on) — On-Resistance (Q)
(Normalized)

I
~

0

Transfer Characteristics

Tc =125°C
~— 25°C
-55°C |
1 2 3 4 5
Vgs — Gate-to-Source Voltage (V)
Capacitance
CiSS
\\ Cou
g
CI'SS
0 10 20 30 40 50
Vps — Drain-to-Source Voltage (V)
On-Resistance vs. Junction Temperature
Vgs =10V
k Ip=53A /
1/
v -
I/
A/

-50-25 0 25 50 75 100 125 150
Ty — Junction Temperature (°C)
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Siliconix
. o 48 ° .
Typical Characteristics (25°C Unless Otherwise Noted)
20 Source-Drain Diode Forward Voltage 008 On-Resistance vs. Gate-to-Source Voltage
Ty = 150°C // \
< w0 / S 006 \
g g g Ip=53A
£ / ] Ty=25C g
O / / 2 P —
3 ]/ / & 004
5 3
3 O
| 1
e E o0,
I ;
1 0.00
04 06 08 1.0 12 14 1.6 0 2 4 6 8 10
Vsp — Source-to-Drain Voltage (V) Vs — Gate-to-Source Voltage (V)
10 Threshold Voltage ’s Single Pulse Power
05 0
&
g \ Ip = 250 pA g 15 I.I.l \
5 00 S~ 5
> T~ g
) \ £ 10
8 \
N
> -05
5
I TN
1L i
_1 0
-50 0 50 100 150 0.01 0.1 1 10 100
Ty — Temperature (°C) Time (sec)
2 Normalized Thermal Transient Imped Junction-to-Ambient
- 1 ' i-—_—é
g = Duty Cycle = 0.5
S ; -
tE '.
1 -
02 [ — TT
EE- : L - Notes: 1
i e .
| 01 - = —
3 E = 0.05 — =
g ke u 4 p—
—gﬁ * T _-L—l t2 Y —
5 C 002 1 — 1.DuyCyle, D= =L —
4 L L 2. Per Unit Base = Reyja = 50°C/W
— - 3.Tom — Ta = PpMZinia® —]
Single Pulse L 4 Surface Mounted
0.01 L 111 s T RN ]
104 103 102 10-1 1 10 30

Square Wave Pulse Duration (sec)

1-64 P-37009—Rev. D (06/01/94)



TEMIC

Siliconix

Si9942DY

Dual Enhancement-Mode MOSFET (N- and P-Channel)

Product Summary

Vps (V) ps(on) (2) Ip (A)
0.125@Vgs =10V +3.0
N-Channel 20 @ Vas
0250 @ Vgs =45V +2.0
0200 @ Vgs = —10V +25
P-Channel -20 s
0350 @ Vgg = —4.5V +2.0

Recommended upgrade: Si9939

Lower profile/smaller size—see LITE FOOT™ equivalent: Si6942DQ

SO-8
s [T 5]
o1 [ ] o
s[5 <] o
Gy E 5] D2
Top View

Absolute Maximum Ratings (T, = 25°C Unless Otherwise Noted)

61 0]

D; Dp

Sy

N-Channel MOSFET

=7

Sz

D, Dy

P-Channel MOSFET

I LITTLE FOOT H

Parameter Symbol N-Ct 1 P-Ch 1 Unit
Drain-Source Voltage Vps 20 -20
\%
Gate-Source Voltage Vas +20 +20
Ta =25°C +3.0 +2.5
Continuous Drain Current (Ty = 150°C) Ip
Ta = 70°C *2.5 +2.0
A
Pulsed Drain Current Ipm +10 +10
Continuous Source Current (Diode Conduction) Is 1.6 ~-16
Maximum Power Dissipation Ta=25°C P 20 w
(Surface Mounted on FR4 Board) Ta = 70°C b 13
Operating Junction and Storage Temperature Range Ty, Tag —551t0150 °C
Thermal Resistance Ratings
Parameter Symbol N- or P-Channel Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rinja 62.5 °C/W
P-35258—Rev. G (05/16/94) 1-65
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Specifications (Tj = 25°C Unless Otherwise Noted)

Parameter I Symbol l Test Condition | Min | Typ? | Max [ Unit
Static
Vps = Vgs, Ip = 250 pA N-Ch 1.0
Gate Threshold Voltage Vas(th) v Ds v GSI g 250“ = PCh L0 \%
Ds = Vgs, Ip = 2501 - -1
Gate-Body Leakage Igss Vps=0V,Vgs = £20V +100 nA
Vps =16V, Vgs =0V N-Ch 2
Vps=-16V,Vgs =0V P-Ch -2
Zero Gate Voltage Drain Current Ipss RA
Vps = 16 V, Vgs =0V, Ty = 55°C N-Ch 25
Vps = =16 V, Vgs = 0V, Ty = 55°C P-Ch -25
Vps = 5V, Vgs = 10V N-Ch | 10
Vps = —5V,Vgs = 10V P-Ch | -10
On-State Drain Current? ID(on) VoSSV 5V NCh 3 A
DS s> VGS = 4. -
Vps < =5V, Vgg=—-45V P-Ch -2
Ves=10V,Ip=1.0A N-Ch 0.11 0125
Vgs=-10V,Ip=10A P-Ch 0.16 0.200
Drain-Source On-State Resistance? IDS(on) v TV —osA NG 15 o250 Q
GS = 4.0 V, Ip = L. - 3 .
Vgs=-45V,Ip=05A P-Ch 030 | 0350
Vps=15V,Ip=30A N-Ch 37
Forward Transconductance® 8fs v VI TN P.Ch 30 S
Ds = —15 V,Ip = -3. -
Is=125A,Vgs =0V N-Ch 0.9 12
Diode Forward Voltageb Vsp : AV o PCh 09 6 \Y%
s = -1 Gs = - -0. -1
Dynamic?
N-Ch 52 25
Total Gate Charge Qg P-Ch 54 25
N Channel B N
Vps= 10V, Vgs =10V, Ip =23 A N-Ch 0.8
Gate-Source Charge Qgs P.Ch , PCh 09 nC
-Channel - .
Vps = —10V,Vgs = -10V,Ip = —23 A ["N.ch 70
Gate-Drain Charge Qgd P-Ch 14
N-Ch 5 15
Turn-On Delay Time td(on) PCh 10 0
N-Channel
Rise Time [? Vpp =20V, Ry =20Q N-Ch 10 2
T Ip=1A,VGen=10V,RG=6Q P-Ch 10 40
P-Channel N-Ch 25 50
Turn-Off Delay Time t4(off) Vpp = —20V,Rp, =20Q P-Ch 38 90 ns
Ip=-1A,Vgen=-10V,Rg=6Q
N-Ch 22 50
Fall Time t P-Ch . s0
N-Ch 69 100
Source-Drain Reverse Recovery Time ter Ir = 1.25 A, di/dt = 100 A/us P.Ch 60 100
Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Si9942DY

Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics

10
Vgs =10,9,8,7,6 V
8
<
g 5V
g 6
@]
g
o4
[a}
1
£ 4V
2
3V
0 B
0 2 4 6
Vps — Drain-to-Source Voltage (V)
On-Resistance vs. Drain Current
0.40
2 030 /
g /
s /
2
8
4 Vgs =45V
p 0.20 /
o
|
’g‘ Vgs =10V
z 010
g
0
0 2 4 6
Ip — Drain Current (A)
Gate Charge
10 ] y
Vps=10V
§ . Ip=23A /
o L
<
o //
>
E s /
3
I /|
& 4 F
o
Q
1
@ 2
o
>
0
0 1 2 3 4 5

Qg — Total Gate Charge (nC)
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ps(on) — On-Resistance (Q)

Ip - Drain Current (A)

C — Capacitance (pF)

(Normalized)
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Transfer Characteristics

ssee [Jf
Tc = -55°C l 25°C
125°C
0 2 4 6 8

Vgs — Gate-to-Source Voltage (V)

Capacitance

W\
= o

\. Crss

4] 5 10 15 20
Vps — Drain-to-Source Voltage (V)

On-Resistance vs. Junction Temperature

|
Vgs =10V
I— Ip=2A //
/,
/
>
-50 0 50 100 150

Ty — Junction Temperature (°C)

N-Channel
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Typical Characteristics (25°C Unless Otherwise Noted) N-Channel

10 Source-Drain Diode Forward Voltage 050 On-Resistance vs. Gate-to-Source Voltage
V4
@ @ 0.40
5 7/ 8
g | Ty=150°C / g 030
= = .
H // /1 =25C & .
5 & D=
3 / / ? 0.20
l —~
2 )
& 010
1 0.00
04 06 08 10 12 14 16 18 20 2 4 6 8 10 12
Vsp - Source-to-Drain Voltage (V) Vs ~ Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
1.0 25 \ |
05 20
e \
8 \ Ip =250 pA g 15
<
;E 0.0 \\ 5
g \ A 10
g N
Z _os N
. N,
5
R I
’ 0 I |
—50 0 50 100 150 0.01 01 1 10 100
Ty — Temperature (°C) Time (sec)
2 Normalized Thermal Transient Imped , Junction-to-Ambient
g ! A
8 — Duty Cycle = 0.5 -
£ 1
E'E B :’ T ! I
Z R 02 - m—— P11 Notes: _l
g5 01 = S
AT 01 e - DM |
LR £ S
) - _‘Ll — I
g & l —— » =y 7
5 L 0.02 N P 1. Duy Cyele, D= =, S
z 2 Per Unit Base = Repja = 62.5°C/W
3.Tym = Ta = PpMZiia® -
L Single Pulse 4 Surface Mounted
0.01 - it i [ R |
10-5 10—4 10-3 10-2 10-1 1 3

Square Wave Pulse Duration (sec)
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Si9942DY

Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics

Transfer Characteristics

20 — 10 . 7 .
Vos =10V /‘/ o Tc = -55°C 25°C
8V oc
| 125°C
| .. 8
5 15 A// 7V s
K] e =
g | | £ s
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[ 5V !
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s s — » A /
3V2V 4V 2
| L
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0 : L 0
0 2 4 6 8 10 0 2 4 6 8 10
Vps — Drain-to-Source Voltage (V) Vs — Gate-to-Source Voltage (V)
On-Resistance vs. Drain Current Capacitance
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Gate Charge On-Resistance vs. Junction Temperature
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Qg — Total Gate Charge (nC)
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Ty — Junction Temperature (°C)

P-Channel
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Typical Characteristics (25°C Unless Otherwise Noted) P-Channel
20 Source-Drain Diode Forward Voltage 05 On-Resistance vs. Gate-to-Source Voltage
—_ &~ 04— Ip=25A
< 1w Ty = 150°C Y/ ) D
g £ 8
: 7 5 o
e} /] S
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5 Ty =25°C =
H 1] S 02
. /I g \
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0 04 08 12 16 20 24 0 2 4 6 8 10
Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
1.0 n 100
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20
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Ty — Temperature (°C) Time (sec)
2 Normalized Thermal Transient Impedance, Junction-to-Ambient
- 1
g — Duty Cycle = 0.5
k7] I o0
58 T I
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z 8 . = Notes: |
35 01 — o
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mE 01 .
i Ew = ==l
FE 0.0 i 2 4 .
g [ 002 1.DuyCyele, D=~ 7
z 2. Per Unit Base = Rypjp = 62.5°C/W
- ] 3.Tim — Ta = PDMZinga® —
’/—’ Single Pulse 4. Surface Mounted
0.01 L1 1 ] [ R 1
10-4 1073 10-2 10-1 1 10 30

Square Wave Pulse Duration (sec)
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Si19943DY

Dual Enhancement-Mode MOSFET (N- and P-Channel)

Product Summary

SO-8
S$1 1 E D;
6 2] (7] >
S |3 zl D,
Gy | 4 5] Dz

Top View

Absolute Maximum Ratings (T4 = 25°C Unless Otherwise Noted)

Vps (V) rps(en) ($2) Ip (A)
0125@Vgs =10V +3.0

N-Channel 20 @ Vos
0250@ Vgs =45V £20
0.160 @ Vgs = —10V +2.8

P-Channel =20
0300 @ Vgs = —45V +2.0
D; Dy

-

S

N-Channel MOSFET

=

Sz

D; Dy

P-Channel MOSFET

Parameter Symbol N-Ch 1 P-Ch Unit
Drain-Source Voltage Vps 20 -20
v
Gate-Source Voltage Ves +20 +20
Ta =25°C +3.0 +2.8
Continuous Drain Current (Ty = 150°C) Ip
Ta =170°C +2.5 +2.3
A
Pulsed Drain Current Ipm +10 +10
Continuous Source Current (Diode Conduction) Is 1.6 -1.6
Maximum Power Dissipation Ta =25°C P 20 w
(Surface Mounted on FR4 Board) Ta = 70°C D 13
Operating Junction and Storage Temperature Range Ty, Tag —55t0 150 °C
. .
Thermal Resistance Ratings
Parameter Symbol N- or P-Channel Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Ringa 62.5 °C/W
P-35337—Rev. C (05/02/94) 1-71
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Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter | Symbol I Test Condition rMin rTyp“ I Max I Unit
Static
Vps = Vgs, Ip = 250 pA N-Ch 1.0
Gate Threshold Voltage VGs(thy DS 6D a \%
Vps = Vgs, Ip = —250 pA P-Ch | -1.0
Gate-Body Leakage Igss Vps =0V, Vgs = £20V +100 nA
Vps =16 V,Vgs =0V N-Ch 2
Vps = —-16V,Vgs = 0V P-Ch -2
Zero Gate Voltage Drain Current Ipss HA
Vps =16 V,Vgs =0V, Ty = 55°C N-Ch 25
Vps = =16V, Vgs =0V, Ty = 55°C P-Ch =25
Vps = 5V, Vgg =10V N-Ch | 10
Vps < -5V, Vgg = —10V P-Ch | -10
On-State Drain Currentb ID(on) A
Vps = 5V,Vgs =45V N-Ch 2
Vps < =5V,Vgg = -45V P-Ch -2
Vgs=10V,Ip =30A N-Ch 0100 | 0.125
Vgs=-10V,Ip=3.0A P-Ch | 0.100 | 0.130 | 0.160
Vgs=6V,Ip=20A N-Ch 0.120 | 0.160
Drain-Source On-State Resistance? DS(on) Q
Vgs=-6V,Ip=20A P-Ch | 0120 | 0.160 | 0.200
Vgs=45V,Ip=15A N-Ch 0.160 | 0.250
Vgs= -45V,Ip=15A P-Ch 020 | 0300
Vps=15V,Ip =30A N-Ch 37
Forward Transconductance® &fs S
Vps =-15V,Ip = -3.0A P-Ch 3.0
Is=125A,Vgs=0V N-Ch 09 12
Diode Forward Voltageb Vsp \Y
Is=-125A,Vgs =0V P-Ch -14 | -16
Dvnamic?
Dymamic
N-Ch 52 25
Total Gate Charge Qg
N-Channel P-Ch 9.4 25
Vps= 10V, Vgs=10V,Ip =23 A N-Ch 0.8
Gate-Source Charge Qgs nC
P-Channel P-Ch 13
Vps=-10 V, Vgs = ~10V,Ip = ~23 A [ vch 30
Gate-Drain Charge Q
8 s P-Ch 20
Turn.On Delay Ti N-Ch 5 15
-On Delay Time t
™ v d(em) P-Ch 12 | 40
N-Channel
Rise Time t Vpp =20 VR =209 N-Ch 10 20
Ip=1A,Vgen=10V,Rg=6Q P-Ch 19 40
P-CJ 1 N-Ch 25 50
Turn-Off Delay Time td(off) Vpp = _2(;1 :Zl ;CL =200 PCh 2 % ns
Ip= -1A,Vgen=-10V,Rg=6Q "
N-Ch 22 50
Fall Time t
P-Ch 27 50
Source-Drain Reverse R T I = 1.25 A, di/dt = 100 A e N
urce-Drain Reverse Recov me t =1 i/dt = s
our ain T ery Time T F A, di it P-Ch 69 100

Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics

Vgs =10,9,8,7,6 V
<
= 5V
=
e
5
Q
g
5
=]
|
=] 4V
3V
2 4 6
Vps — Drain-to-Source Voltage (V)
On-Resistance vs. Drain Current
0.40
2 030 /
g
]
2
: sl
& e s = 4.
p 020 G =
o
'A Vgs =10V
)
7 0.10
g
0
0 2 4 6
Ip — Drain Current (A)
Gate Charge
10 4

[
Vps =10V
8 |  Ip=23A /

/

V4

Vs — Gate-to-Source Voltage (V)
(=)

0 1 2 3 4 5
Qg — Total Gate Charge (nC)
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Ip — Drain Current (A)

C - Capacitance (pF)

ps(on) — On-Resistance ()
(Normalized)

10

Transfer Characteristics

/
8
6 /
4 7/
2 — / —-55°C
Tc=125°C /M 250
0 |
0 2 4 6 8
Vgs — Gate-to-Source Voltage (V)
Capacitance
600
500
400
300 \\
\\ —_— o
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100 CISS\
Nae—GCss ,
0 | I
0 5 10 15 20
Vps — Drain-to-Source Voltage (V)
18 On-Resistance vs. Junction Temperature
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1.6 — Ip=2A /)
14 L
12 /
/ d
1.0 -
0.8
0.6
-50 0 50 100 150
Ty — Junction Temperature (°C)

N-Channel
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Thermal Impedance

TEMIC
Sl9943 DY Siliconix
Typical Characteristics (25°C Unless Otherwise Noted) N-Channel

Source-Drain Diode Forward Voltage On-Resistance vs. Gate-to-Source Voltage
10 4 0.50
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1 / 0.00
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Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
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Typical Characteristics (25°C Unless Otherwise Noted) P-Channel

Output Characteristics Transfer Characteristics
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Typical Characteristics (25°C Unless Otherwise Noted) P-Channel

Source-Drain Diode Forward Voltage 05 On-Resistance vs. Gate-to-Source Voltage
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Siliconix

Dual N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) rps(on) (&) Ip (A)
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s 3] 1 v; S
Gy Ej 5] Dy =
Top View $ S E
1 2

N-Channel MOSFET N-Channel MOSFET E

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps 240
v
Gate-Source Voltage VGs +20
Ta =25°C +04
Continuous Drain Current (Ty = 150°C) Ip
Ta =70°C +03
A
Pulsed Drain Current Ipm +1.8
Continuous Source Current (Diode Conduction) Is 04
Ta =25°C 2
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta =70°C 13
Operating Junction and Storage Temperature Range Ty, Tag —5510150 °C

Thermal Resistance Ratings

Parameter Symbol Limit Unit

Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Riwja 62.5 °C/W
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Specifications (Ty = 25°C Unless Otherwise Noted)

Parameter I Symbol I Test Condition I Min | Typ? Max | Unit

Static

Gate Threshold Voltage VaGs(th) Vps = Vgs, Ip = 250 pA 0.5 \%

Gate-Body Leakage Igss Vps=0V,Vgg= £20V +100 nA
Vps =190V, Vgs =0V 1

Zero Gate Voltage Drain Current IDpss HA

Vps =190V, Vgs =0V, Ty = 55°C 25

On-State Drain Current? ID(on) Vps = 25V, Vgs =10V 1.8 A
Vgs=10V,Ip =04 A 2.8 6

Drain-Source On-State Resistance? TDS(on) Q
Vas=45V,Ip =03 A 3.1 8

Forward Transconductanced s Vps=15V,Ip =04 A 0.6 S

Diode Forward Voltage® Vsp Is=04A,Vgg=0V 0.75 12 v

Dynamic®

Total Gate Charge Qg 4.6 6.0

Gate-Source Charge Qgs Vps=60V, Vgs=10V,Ip =04 A 0.17 nC

Gate-Drain Charge Qgd 1.75

Turn-On Delay Time td(on) 5 10

Rise Time t Vpp =60V, Ry, = 150Q 5 10

Torn-Off Dolay Time et Ip = 04 A, Vgen = 10V, Rg =25 Q 20 ) 1

Fall Time t 14 20

Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Typical Characteristics (25°C Unless Otherwise Noted)
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Typical Characteristics (25°C Unless Otherwise Noted)
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Dual N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) rpS(on) (§2) Ip (A)
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N-Channel MOSFET N-Channel MOSFET

Absolute Maximum Ratings (T4 = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vbps 60
v
Gate-Source Voltage Vas +20
Ta =25°C +3.3
Continuous Drain Current (Ty = 150°C) Ip
Tp =70°C +2.6
A
Pulsed Drain Current Ipm 10
Continuous Source Current (Diode Conduction) Is 1.7
Ta =25°C 2.0
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Tp = 70°C 13
Operating Junction and Storage Temperature Range Ty, Tag —-551t0150 °C
. .
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rihja 62.5 °C/W
P-34120—Rev. D (04/04/94) 1-81
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Siliconix
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Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter | Symbol | Test Condition | Min I Typ* I Max | Unit
Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = 250 pA 1.0 v
Gate-Body Leakage Igss Vps =0V, Vgg = +20V +100 nA
Vps =48V, Vgs =0V 1
Zero Gate Voltage Drain Current IDss nA
Vps =48V, Vgs =0V, Ty = 55°C 25
On-State Drain Currentb ID(on) Vps =25V, Vgs =10V 10 A
Vgs=10V,Ip =33 A 0.10
Drain-Source On-State Resistance® IDS(on) Q
Vgs =45V,Ip=25A 0.20
Forward Transconductance? 8fs Vps=15V,I[p=33 A 7.0 S
Diode Forward VoltageP Vsp Is=17A,Vgs=0V 0.8 1.2 v
Dynamic®
Total Gate Charge Qg 15 30
Gate-Source Charge Qgs Vps=30V, Vgs=10V,Ip =33 A 21 nC
Gate-Drain Charge Qgd 4.5
Turn-On Delay Time td(on) 9 25
Rise Time tr Vpp = 30V,R, =30Q 10 30
Turn-Off Delay Time td(offy Ip=1AVeen=10V,Rg=6Q 25 50 ns
Fall Time % 14 40
Source-Drain Reverse Recovery Time ter Ir = 1.7 A, di/dt = 100 A/ps 70 100
Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics Transfer Characteristics
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Siliconix

Typical Characteristics (25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage

On-Resistance vs. Gate-to-Source Voltage
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Dual P-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) rps(on) (§2) Ip (A)
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Top View
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P-Channel MOSFET P-Channel MOSFET

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

‘ LITTLE FOOT H

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -20
v
Gate-Source Voltage Vags +20
Ta =25°C +3.5
Continuous Drain Current (Ty = 150°C) Ip
Ta = 70°C +25
A
Pulsed Drain Current Ipm +10
Continuous Source Current (Diode Conduction) Is =17
Ta =25°C 2.0
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 13
Operating Junction and Storage Temperature Range Ty, Tag —55t0150 °C
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Ringa 62.5 °C/W
P-34826—Rev. D (05/16/94) 1-85
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Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter I Symbol l Test Condition l Min ’Iyp“J Max I Unit

Static
Gate Threshold Voltage VGs(thy Vps = Vgs, Ip = =250 pA -1.0 v
Gate-Body Leakage Igss Vps=0V,Vgs = £20V +100 nA

Vps = =16V, Vgs =0V -1
Zero Gate Voltage Drain Current Ipss HA

Vps = =10V, Vgs =0V, Ty = 70°C -5
Vps < =5V, Vgg=-10V -14
On-State Drain Current® ID(on) A
Vps = =5V, Vgs = -4.5V =25

Ves=-10V,Ip=35A 0.10
Drain-Source On-State Resistance? TDS(on) Q

Vgs=-45V,Ip=2A 0.19
Forward Transconductance® 8fs Vps=-15VIp=-35A 4.0 S
Diode Forward Voltage® Vsp Is=-17A,Vgs=0V -09 -12 v
Dynamic®
Total Gate Charge Qg 13 30
Gate-Source Charge Qg5 Vps=-10 V, Vgg=-10V,Ip = -3.5A 2 nC
Gate-Drain Charge Qgd 5
Turn-On Delay Time td(on) 21 40
Rise Time te Vpp = -10V,RL = 109 12 25
Turn-Off Delay Time t4(off) Ip = -1A,Voen=-10V,RG=6Q 12 30 ns
Fall Time tf 11 20
Source-Drain Reverse Recovery Time tr Ir = —3.5 A, di/dt = 100 A/us 50 100

Notes

a. Guaranteed by design, not subject to production testing
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics
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Typical Characteristics (25°C Unless Otherwise Noted)
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Siliconix

Dual P-Channel Enhancement-Mode MOSFET

Product Summary
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Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -60
v
Gate-Source Voltage Vas +20
Ta = 25°C +2.0
Continuous Drain Current (Ty = 150°C) Ip
Ta = 70°C +1.6
A
Pulsed Drain Current Ipm +10
Continuous Source Current (Diode Conduction) Is -2.0
Tp = 25°C 20
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 13
Operating Junction and Storage Temperature Range Ty, Tatg —55t0150 °C

Thermal Resistance Ratings

Parameter Symbol Limit Unit

Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rihia 625 °C/W
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Specifications (Ty = 25°C Unless Otherwise Noted)

Parameter | Symbol , Test Condition I Min | Typ? | Max J Unit
Static
Gate Threshold Voltage VGS(th) Vps = Vgs, Ip = =250 pA -1 \%
Gate-Body Leakage Igss Vps=0V,Vgg= +£20V +100 nA
Vps = -40V,Vgg =0V -2
Zero Gate Voltage Drain Current IDpss HA
Vps = —40V, Vgs = 0V, Ty = 55°C —25
On-State Drain Currentd ID(on) Vps < =5V, Vgs= -10V -10 A
Vgs=-10V,Ip = —2.0A 0.28
Drain-Source On-State Resistance® TDS(on) Q
Vgs=—-45V,Ip=-16A 0.50
Forward Transconductance® s Vps=-15V,Ip=-2.0A 5.0 S
Diode Forward Voltage? Vsp Ig=-20A,Vgs=0V -0.9 -1.2 v
Dynamic?
Total Gate Charge Qg 16 30
Gate-Source Charge Qgs Vps=-30V, Vgs=-10V,Ip = -2.0A 2.0 nC
Gate-Drain Charge Qgd 3
Turn-On Delay Time td(on) 8 25
Rise Time t Vpp = -30V,R =30Q 11 30
Turn-Off Delay Time tdoff) Ip = -1A,Vgen=-10V,Rg=6Q 28 60 ns
Fall Time te 14 40
Source-Drain Reverse Recovery Time tr Ip = —-2.0 A, di/dt = 100 A/us 65 100
Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Si19948DY

Typical Characteristics (25°C Unless Otherwise Noted)
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Qg — 'Total Gate Charge (nC)

Ds(on) — On-Resistance ()

Ip — Drain Current (A)

C — Capacitance (pF)
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TEMIC
Si9948DY Siliconix

Typical Characteristics (25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage 10 On-Resistance vs. Gate-to-Source Voltage
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< 10 /—— Ty=150°C ,/ a 08
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TEMIC

Siliconix

Si9950DY

Complementary MOSFET Half-Bridge

Product Summary

Vps (V) rps(on) (§2) Ip (A)
03@Vgs=10V +2.0

N- or P-Channel 50 @ Ves
10@Vgs=5V +12

Alternate Solution: one Si9948DY and one Si9945DY

S0-16
GND [T
OUTPUT [2 ]
OUTPUT [3 [14]
P-GATE [4 | [13]
OUTPUT [5 [12]
OUTPUT [ |
OUTPUT [7 [10]
v+ [8 9]

Top View

GND
OUTPUT
OUTPUT
N-GATE
OouTPUT
OUTPUT
OUTPUT
V+

V+ V+

P-GATE O—l

OUTPUT

N-GATE O—l

GND GND

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol N- or P-Channel Unit
Drain-Source Voltage Vps 50
v
Gate-Source Voltage Vas +20
Tp = 25°C 2.0
Continuous Drain Current (Ty = 150°C) Ip
Ta =70°C +1.7
A
Pulsed Drain Current Ipm +8
Continuous Source Current (Diode Conduction) Is 28
Ta =25°C 23
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp W
Ta =70°C 1.5
Operating Junction and Storage Temperature Range Ty, Tag —5510150 °C
. .
Thermal Resistance Ratings
Parameter Symbol N- or P-Channel Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rinta 55 °C/W
P-34826—Rev. E (05/16/94) 1-93
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TEMIC
Si9950DY

Siliconix
. . — o .
Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter | Symbol | Test Condition | Min I Typ* | Max | Unit
Static
Vps = Vgs, Ip = 250 pA N-Ch 20
Gate Threshold Voltage Vas(thy o 6D . \"
Vps = Vgs, Ip = =250 pA P-Ch -15
Gate-Body Leakage Igss Vps =0V, Vgs = £20V +100 | nA
Vps =40V, Vgs =0V N-Ch 2
Vps = 40V, Vgs = 0V P-Ch -2
Zero Gate Voltage Drain Current Ipss HA
Vps =40 V,Vgs =0V, Ty = 55°C | N-Ch 25
Vps = —40V, Vgs = 0V, Ty = 55°C | P-Ch -25
Vps = 5V, Vgs = 10V NCh | 8
On-State Drain Current® ID(on) A
Vps < =5V, Vgs=-10V P-Ch -8
Vgs=10V,Ip=1A 03
Drain-Source On-State Resistance? TDS(on) Q
Vgs=5V,Ip=05A 1.0
Vps=15V,Ip =1 A N-Ch 11
Forward Transconductance® 8fs S
Vbs= -15V,Ip= —1A P-Ch 14
Is=2A, Vgs=0V N-Ch 09 12
Diode Forward Voltageb Vsp v
Is= —2A,Vgs=0V P-Ch -10 | -13
Dynamic?®
N-Ch 37 6.0
Total Gate Charge Qg
N-Channel P-Ch 17.0 26.0
Vps= 25V, Vgs =10V Ip =2 A N-Ch 1.0
Gate-Source Charge Qgs nC
P-Channel P-Ch 2.3
oo o Vps=-25V, Vgg=—-10V,Ip = -2 A N-Ch 12
te- arge
alerain Sharg 5 P-Ch 85
Turn-On Delay Ti N-Ch 7 20
rn-On Delay Time t,
v o) P-Ch 10 | 30
N-Channel
Rise Time t Vpp =25V, R, =25Q N-Ch B %
T Ip=1A,Vgen=10V,Rg=6Q P-Ch 25 50
P-Channel N-Ch 18 40
Turn-Off Delay Time td(off) Vpp = —25V,RL =25Q PCh 65 100 ns
Ip=-1A,VgeN=-10V,Rg=6Q
N-Ch 13 25
Fall Time tf
P-Ch 60 100
R T I difdt = 100 A/ N L M
Source-Drain Reverse Recovery Time t =2 i/dt = s
v i Fe2A . PCh 70 | 100
Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Si9950DY

Typical Characteristics
(25°C Unless Otherwise Noted)

Output Characteristics
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06 On-Resistance vs. Drain Current
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Gate Charge
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Qg — Total Gate Charge (nC)
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tps(on) — On-Resistance (Q)

Ip — Drain Current (A)

C — Capacitance (pF)

(Normalized)
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Siliconix

Typical Characteristics
(25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage

N-Channel

On-Resistance vs. Gate-to-Source Voltage

10 T T T 0.6
I i /Elg
Ty = 150°C —/2/ 05
< V4 a
[/ g o
8 / / Ty =25°C § Ib=1A
8 1 f & 03
3 = S
y A | 02
[ J A P - ~N—
< | [/ g
[ g o1
0.1 ’ I 0
0 04 08 12 16 20 0 4 8 12 16
Vsp — Source-to-Drain Voltage (V) Vs — Gate-to-Source Voltage (V)
Threshold Voltage Single Pulse Power
1.0 25 \
05 20
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.E % 15 ~
0.0
g g 10
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® _os \\ N
5 i | 1
m |.I-| T\~-.
-1 0
—50 0 50 100 150 0.01 01 1 10 100
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8 — Duty Cycle = 0.5 -
&
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g Y 02 | = || Notes
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Square Wave Pulse Duration (sec)
1-96 P-34826—Rev. E (05/16/94)



TEMIC
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Typical Characteristics P-Channel
(25°C Unless Otherwise Noted)

10 Output Characteristics Transfer Characteristics
- 5 T !
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TEMIC

Siliconix
Typical Characteristics P-Channel
(25°C Unless Otherwise Noted)
10 Source-Drain Diode Forward Voltage On-Resistance vs. Gate-to-Source Voltage
- 0.
—
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A~ 0.5
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i £/ E os
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Siliconix

Si19952DY

Dual Enhancement-Mode MOSFET (N- and P-Channel)

Product Summary

Vps (V) rps(on) (€2) Ip (A)
0.10@ Vgs =10V +3.5

N-Channel 25 @ Vas
015@Vgs =45V £2.0
025@Vgg=-10V +2.3

P-Channel =25 s
040@ Vgs = —-4.5V +1.8

Recommended upgrade: Si9939DY or $i9943DY
Lower profile[smaller size—see LITE FOOT™ equivalent: Si6942DQ

SO-8
st [1] 8] D
& [ 7] o
s [ 5] o2
6 [ ] D
Top View

D1 Dy S

o "

S1 D; D;

N-Channel MOSFET P-Channel MOSFET

Absolute Maximum Ratings (T, = 25°C Unless Otherwise Noted)

Parameter Symbol N-Channel P-Channel Unit
Drain-Source Voltage Vps 25 =25
v
Gate-Source Voltage Vgs +20 +20
Ta =25°C +35 +2.3
Continuous Drain Current (Ty = 150°C) Ip
Ta = 70°C +2.38 +*19
A
Pulsed Drain Current Ipm +14 +9.2
Continuous Source Current (Diode Conduction) Is 1.7 -16
Maximum Power Dissipation Ta =25°C P 20 w
(Surface Mounted on FR4 Board) Ta = 70°C b 13
Operating Junction and Storage Temperature Range Ty, Tg —55t0150 °C
. .
Thermal Resistance Ratings
Parameter Symbol N- or P-Channel Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rihja 625 °C/W
P-34826—Rev. E (05/16/94) 1-99
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Siliconix
. . — ) .
Specifications (Ty = 25°C Unless Otherwise Noted)
Parameter ' Symbol | Test Condition I Min ' Typ* | Max I Unit
Static
Vps = Vgs, Ip = 250 N-Ch 1.0
Gate Threshold Voltage VGs(th) v DS v GSI ud ZSOurA P-Ch 10 v
Ds = Vas, Ip = ~ - -1
Gate-Body Leakage IGss Vps =0V, Vgs = £20V +100 | nA
Vps =20V, Vgg =0V N-Ch 2
Vps = =-20V,Vgs =0V P-Ch -2
Zero Gate Voltage Drain Current Ipss HA
Vps =20 V,Vgs =0V, Ty = 55°C N-Ch 25
Vps = ~20V, Vgs = 0V, Ty = 55°C P-Ch -25
Vps 25V, Vgs =10V N-Ch 35
On-State Drain Current? ID(on) T SV oV P.Ch 23 A
Ds = ~5V,Vgg = - - =2.
Ves=10VIp=1A N-Ch 0.08 0.10
Ves=-10V,Ip=1A P-Ch 0.13 0.25
Drain-Source On-State Resistance® TDS(on) v TSV 05 A NCh XP) XT Q
Gs =45V, Ip =0. - . .
Vgs = -45V,Ip =05 A P-Ch 020 | 0.40
Vps=15V,Ip=35A N-Ch 5.0
Forward Transconductance® 8fs v VI 5 A PCh 32 S
ps = —~15V,Ip = -3. - -
Is=125A,Vgs=0V N-Ch 1.1 14
Diode Forward Voltageb Vsp : TEA v P.Ch 12 16 v
s=-L Gs = - ~1 -1
Dynamic?
N-Ch 9.4 27
Total Gate Charge Qg
N-Channel P-Ch 8.4 25
Vps= 125V, Vgs =10V, Ip =23 A N-Ch 1.6
Gate-Source Charge Qgs P-Channel PCh 13 nC
-C.hannel - B
Vps=-125 V, Vgg = -10V,Ip = -23 A N-Ch 31
Gate-Drain Charge Qgd P-Ch 30
N-Ch 9 20
Turn-On Delay Time td(on) P-Ch 12 0
N-Channel
Rise Time 1, Vpp =25V, R =25Q N-Ch s 20
r Ip =1A,VGeN=10V,Rg =6Q P-Ch 19 40
P-Channel N-Ch 45 90
Turn-Off Delay Time td(off) Vpp = -25 V,R, =25 Q PCh ° 9% ns
Ip=-1A,Vgen=~-10V,RGg =6Q
N-Ch 25 50
Fall Time tf PCh - 0
N-Ch 75
Source-Drain Reverse Recovery Time tr I = 1.25 A, di/dt = 100 A/ps P.Ch 6 100
Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Siliconix

Si9952DY

Typical Characteristics
(25°C Unless Otherwise Noted)

Output Characteristics
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Qg — Total Gate Charge (nC)
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Ip — Drain Current (A)

C — Capacitance (pF)
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Siliconix

Typical Characteristics
(25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage

N-Channel

On-Resistance vs. Gate-to-Source Voltage

20 ) 0.20
< 10 Ty = 150°C _ A g 016 \
pre 77 g
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Vsp — Source-to-Drain Voltage (V) Vs — Gate-to-Source Voltage (V)
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Si9952DY

Typical Characteristics
(25°C Unless Otherwise Noted)
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Vgs — Gate-to-Source Voltage (V)
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Output Characteristics
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Vps — Drain-to-Source Voltage (V)

On-Resistance vs. Drain Current
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Ip — Drain Current (A)
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Qg — Total Gate Charge (nC)
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Ty — Junction Temperature (°C)

P-Channel
Transfer Characteristics
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Si9952DY

TEMIC

Siliconix
Typical Characteristics P-Channel
(25°C Unless Otherwise Noted)
Source-Drain Diode Forward Voltage On-Resistance vs. Gate-to-Source Voltage
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Si9953DY

Dual P-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) I'DS(on) (§2) Ip (A)
" 025 @ Vgs = —10V +23
040 @ Vgs=—-45V +1.5

Lower profile/smaller size—see LITE FOOT™ equivalent: Si6953DQ
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P-Channel MOSFET

Sz

D; Dy

P-Channel MOSFET

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vbs -20
v
Gate-Source Voltage Vas +20
Ta = 25°C +23
Continuous Drain Current (Ty = 150°C) Ip
Ta = 70°C +18
A
Pulsed Drain Current Ipm +10
Continuous Source Current (Diode Conduction) Ig -1.6
Ta =25°C 2.0
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 13
Operating Junction and Storage Temperature Range Ty, Tyg —5510150 °C
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rihia 62.5 °C/W
P-34122—Rev. F (04/04/94) 1-105
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Specifications (Tj = 25°C Unless Otherwise Noted)

Parameter | Symbol | Test Condition | Min l Typ? | Max | Unit
Static
Gate Threshold Voltage V(}s(gh) Vps = Vgs, Ip = =250 pA -1.0 v
Gate-Body Leakage Igss Vps =0V, Vgg = £20V +100 nA
Vps =-16V,Vgg =0V -2
Zero Gate Voltage Drain Current Ipss pA
Vps = =16V, Vgs =0V, Ty = 55°C =25
Vps = =5V, Vgg=-10V -10
On-State Drain Currentb ID(on) A
Vps < =5V, Vgg = -45V -1.5
Vgs=-10V,Ip=1A 0.16 0.25
Drain-Source On-State Resistance® DS(on) Q
Vgs=~-45V,Ip=05A 0.30 0.40
Forward Transconductance® 8fs Vps=-15V,Ip=-23A 25 S
Diode Forward Voltage? Vsp Ig=~-125A,Vgs =0V ~0.9 -1.6 \'
Dynamic?
Total Gate Charge Qg 54 25
Gate-Source Charge Qs Vps=-10 V, Vgg = -10V,Ip = —23 A 0.9 nC
Gate-Drain Charge Qgd 14
Turn-On Delay Time td(on) 10 40
Rise Time tr Vpp = -10V,RL =10Q 10 40
Turn-Off Delay Time td(offy Ip=~1A,VeeN=-10V,Rg=6Q 38 90 ns
Fall Time tf 27 50
Source-Drain Reverse Recovery Time tr Ir = 1.25 A, di/dt = 100 A/us 69 100
Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width =< 300 ps, duty cycle < 2%.
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Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics
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Ip — Drain Current (A)

C - Capacitance (pF)
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Typical Characteristics (25°C Unless Otherwise Noted)

20 Source-Drain Diode Forward Voltage 05 On-Resistance vs. Gate-to-Source Voltage
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Dual N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) IDS(on) (§2) Ip (A)
5 013@ Vgs =10V +3.0
020@ Vgs =45V +15

Recommend upgrade: Si9945DY

D; Dy
S0-8
s [ 5] o
61 [ 7] o 10—
s 3] ] o
Gy II S D;
Top View S1

N-Channel MOSFET

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

62 0]

D; Dy

S2

N-Channel MOSFET

Parameter Symbol Limit Unit
Drain-Source Voltage Vps 50
\Y%
Gate-Source Voltage Vas +20
Ta =25°C +3.0
Continuous Drain Current (T = 150°C) Ip
Ta = 70°C +23
A
Pulsed Drain Current Ipm +10
Continuous Source Current (Diode Conduction) Ig 2.0
Ta =25°C 2.0
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 13
Operating Junction and Storage Temperature Range Ty, Tatg —551t0 150 °C
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Rihia 62.5 °C/W
P-34985—Rev. E (04/11/94) 1-109
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Specifications (Tj = 25°C Unless Otherwise Noted)

Parameter | Symbol | Test Condition , Min I Typ* l Max | Unit
Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = 250 pA 1.0 v
Gate-Body Leakage Igss Vps=0V,Vgg= +£20V 4100 nA
Vps =40V, Vgs =0V 2
Zero Gate Voltage Drain Current Ipss RA
Vps =40V, Vgs =0V, Ty = 55°C 25
On-State Drain Current? ID(,J“) Vps 25V, Vgs=10V 10 A
Vgs=10V,Ip=30A 0.11 0.13
Drain-Source On-State Resistance® TDS(on) Q
Vgs=45V,Ip=15A 0.15 0.20
Forward Transconductance® 8fs Vps=15V,Ip=30 A 55 S
Diode Forward Voltageb Vsp Is=15A,Vgs=0V 0.8 1.2 v
Dynamic?
Total Gate Charge Qg 8.0 30
Gate-Source Charge Qgs Vps=25V, Vgs =10V, Ip =2 A 12 nC
Gate-Drain Charge Qgd 23
Turn-On Delay Time td(on) 9 20
Rise Time t Vpp =25V,R =25Q 8 20
Turn-Off Delay Time td(offy Ip=1A,VeGeNn=10V,Rg =6Q 15 70 s
Fall Time tf 25 50
Source-Drain Reverse Recovery Time tr Ir = 1.5 A, di/dt = 100 A/us 70 100
Notes

a.  Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics Transfer Characteristics
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Typical Characteristics (25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage

On-Resistance vs. Gate-to-Source Voltage
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Dual N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) IpS(on) (§2) Ip (A)
2 0.10@ Vgs = 10V +35
020@ Vgs =45V £2.0

Recommended upgrade: Si9936DY
Lower profile/smaller size—see LITE FOOT™ equivalent: Si6956DQ

D; Dy D; D

SO-8
s 7 o
o [ 1 o o] -
s 3 <] o
o [T =] o
Top View S1 Sz

N-Channel MOSFET N-Channel MOSFET

Absolute Maximum Ratings (T = 25°C Unless Otherwise Noted)

1

LITTLE FOOT

Parameter Symbol Limit Unit
Drain-Source Voltage Vps 20
A\
Gate-Source Voltage Vas +20
Ta = 25°C +35
Continuous Drain Current (Ty = 150°C) Ip
Ta = 70°C +2.8
A
Pulsed Drain Current Ipm +14
Continuous Source Current (Diode Conduction) Ig 17
Ta = 25°C 2.0
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta =70°C 13
Operating Junction and Storage Temperature Range Ty, Tatg —5510150 °C
. .
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Riwja 62.5 °C/W
P34826—Rev. G (05/16/94) 1-113
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Specifications (Ty = 25°C Unless Otherwise Noted)

Parameter | Symbol | Test Condition | Min | Typ? Max I Unit

Static

Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = 250 pA 1.0 v

Gate-Body Leakage Igss Vps =0V,Vgs = +20V +100 nA
Vps =16V, Vgg =0V 2

Zero Gate Voltage Drain Current Ipss Voe S 16V Vas S0V T, = 55°C = HA

On-State Drain Current? ID(on) Vps 25V,Vgs=10V 14 A
Vgs=10V,Ip =22A 0.08 0.10

Drain-Source On-State Resistance? IDS(on) Q
Vgs=45V,Ip=1A 0.12 0.20

Forward Transconductance® gfs Vps=15V,Ip =35 A 52 S

Diode Forward Voltageb Vsp Is=125A,Vgg=0V 0.9 14 \%

Dynamic?

Total Gate Charge Qg 9 30

Gate-Source Charge Qgs Vps=10V, Vgs =10V, Ip =18 A 0.7 nC

Gate-Drain Charge Qgd 35

Turn-On Delay Time td(on) 5 20

Rise Time t Vpp =10V,R, =109 12 20

Turn-Off Delay Time tdoff) Ip=1A,VGeN=10V,Re =62 18 90 ns

Fall Time tf 10 50

Source-Drain Reverse Recovery Time trr Ip = 1.25 A, di/dt = 100 A/ps 60 100

Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.
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Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics

20 VA
-— Vgs=9,8,7V
16 ‘
< ol 6V
: /] |
g 12
5 |
< 5V
‘3
s 8 >
|
=]
— 4 4V
L
[
3V
0
0 1 2 3 4 5 6
Vps — Drain-to-Source Voltage (V)
On-Resistance vs. Drain Current
0.20 ‘ |
/ Vgs =45V
o 016 v4
8 /
] .
a 012
3
o Vi ov
g GS =
O o008
|
g
B 004
0
0 2 4 6 8 10
Ip - Drain Current (A)
Gate Charge
10
/
S Vps =10V /
g Ip=18A
I
s
g 6 /
=2
o
v
¢ /
g ¢ /
<]
I 2
17
<]
>
0
0 2 4 6 8 10

Qg — Total Gate Charge (nC)
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Ds(on) — On-Resistance (Q)

Ip — Drain Current (A)

C — Capacitance (pF)
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Typical Characteristics (25°C Unless Otherwise Noted)
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Dual Enhancement-Mode MOSFETSs (N- and P-Channel)

Product Summary

Vps (V) rps(on) () Ip (A)
0.10@Vgs =10V +35
N-Channel 20 012@Vgs=6V +3
0.15@Vgs=45V +2.5
010@Vgs=-10V +3.5
P-Channel -20 0.12@ Vgg = -6V +3
019@Vgs=—-45V +25
D; D; Sz
SO-8
St E 8| D; G
2
G [2] [7] D Gy o—I l
s 3] 5] o
G2 [4] [ 5] D2
Top View

Sy

D; Dy

N-Channel MOSFET P-Channel MOSFET

Absolute Maximum Ratings (T5 = 25°C Unless Otherwise Noted)

Parameter Symbol N-Ch 1 P-Ch 1 Unit
Drain-Source Voltage Vps 20 -20
Gate-Source Voltage Vas +20 +20 v

Ta =25°C +3.5 +3.5
Continuous Drain Current (Ty = 150°C) Tis70°C Ip o 78
Pulsed Drain Current Ipm +14 +14 A
Continuous Source Current (Diode Conduction) Is 1.7 -1.7
Maximum Power Dissipation Ta=25°C o 20 W
(Surface Mounted on FR4 Board) Ta = 70°C 13
Operating Junction and Storage Temperature Range Ty, Tag —551t0150 °C
Thermal Resistance Ratings

Parameter Symbol N- or P-Channel Unit

Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Ria 62.5 °C/W

P-34125—Rev. E(04/04/94)
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Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter | Symbol l Test Condition l Min | Typ? Max | Unit
Static
Vps = Vgs, Ip = 250 pA N-Ch| 1.0
Gate Threshold Voltage VaGs(th) v
Vps = Vas, Ip = =250 pA P-Ch| -10
Gate-Body Leakage Igss Vps =0V, Vgs = £20V +100 | nA
Vps =16 V,Vgs =0V N-Ch 1
Vps=-16V,Vgs =0V P-Ch -1
Zero Gate Voltage Drain Current Ipss pA
Vps =10 V,Vgs =0V, Ty = 70°C N-Ch 5
Vps = —10V,Vgs =0V, Ty = 70°C | P-Ch -5
Vps = 5V, Vgs = 10V N-Ch| 14
Vps < =5V, Vgs=-10V P-Ch| -14
On-State Drain Current? Ip(on) A
Vps = 5V,Vgs =45V N-Ch| 35
Vps = -5V, Vgs = —45V P-Ch| -25
Ves=10V,Ip =35 A N-Ch 0.10
Vgs=-10V,Ip=35A P-Ch| 0.05 0.10
Vgs=6V,Ip=3A N-Ch 0.12
Drain-Source On-State Resistance® IDS(on) 1 Q
Ves=-6 VIp=3A P-Ch| 008 012
Vos=45V,Ip=2A N-Ch 015
Vos= —45V,Ip=2A P-Ch 0.19
Vps=15V,Ip =35 A N-Ch 56
Forward Transconductance® s S
Vps=-15V,Ip = —-35A P-Ch 4.0
Is=1.7A Vgs=0V N-Ch 0.9 12
Diode Forward Voltaged Vsp \Y
Is=-17A,Vgs =0V P-Ch -09 | -12
Dynamic?®
Total Gate Ch o N-Ch 9 30
t:
otal bate Lharge 8 N-Channel P-Ch 13 30
Vps= 10V, Vgs =10V, Ip =3.5A
Gate-Source Ch Q > > ’ nch 10 c
ate-Source Charge n
& 8s P-Channel P-Ch 20
Vps=-10 V, Vgs = —10V,
Gate.D ch 0 Ip=-35A N-Ch 31
ate-Drain Charge
B gd P-Ch 5.4
Turn.-On Delay Ti N-Ch 5 10
rn-On Delay Time t
Y den) PCh 21 20
N-Channel
Rise Time tr Vpp =10V, R, =10Q N-Ch 12 %
Ip=1A,Vgen=10V,Rg =6Q P-Ch 12 25
P-Ch 1 N-Ch 17 30
Turn-Off Delay Time td(off) Vpp = -10 :;:l nReL =100 PCh 1 30 ns
Ip= -1A,Vgen= -10V,Rg =6Q
N-Ch 9 20
Fall Time tf
P-Ch 11 20
Source-Drain Reverse R T Ir = 3.5 A, di/dt = 100 A/ Nch % 10
ource-Drain Reverse Recovery Time t, =3. i/dt =
v i ¥ we P-Ch s0 | 100
Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.

1-118 P-34125—Rev. E(04/04/94)



TEMIC

Siliconix

Si9958DY

Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics
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Qg — Total Gate Charge (nC)
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Ds(on) — On-Resistance (Q)

Ip — Drain Current (A)

C — Capacitance (pF)

(Normalized)
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Transfer Characteristics
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Typical Characteristics (25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage

Is — Source Current (A)

Vas(th) Variance (V)

On-Resistance vs. Gate-to-Source Voltage

N-Channel

Thermal Impedance
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Square Wave Pulse Duration (sec)
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Si9958DY

Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics
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Ds(on) — On-Resistance ()

Ip — Drain Current (A)

C - Capacitance (pF)

(Normalized)
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Transfer Characteristics
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Ty — Junction Temperature (°C)

P-Channel
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Si9958DY

TEMIC

Siliconix

Typical Characteristics (25°C Unless Otherwise Noted) P-Channel

Source-Drain Diode Forward Voltage

On-Resistance vs. Gate-to-Source Voltage

I II J
—— Ty =150°C / ’ 028
< I 93, 024
=
2 [ ]| 1-2sc S 020
3 2
g /] :
3 ® 016 Ip=35A
5 &
3 / I Cl’ 0.12 \
! ~
@ & o008 M
- § ————]
0.04
1 0
0 0.5 1.0 15 2.0 0 2 4 6 8 10
Vsp — Source-to-Drain Voltage (V) Vgs — Gate-to-Source Voltage (V)
10 Threshold Voltage 25 Single Pulse Power
’ I
Ip =250 pA
\
20
05 \
€ \
8 g 15
§ 00 o 5
E
) / ;e 10
$ N
-0.5 \
5
!... L
By . I
-50 0 50 100 150 10-2 10-1 1 10 30
Ty — Temperature (°C) Time (sec)
) Normalized Thermal Transient Imped , Junction-to-Ambient
- 1
8 — Duty Cycle = 0.5 -
@ .
£t |
*h-] — 02
% é. i - "‘ Notes:
&= =1 T |—-| ]
8F 01 01 - bf’ PpM
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SE e = Lt .
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Square Wave Pulse Duration (sec)
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TEMIC

Siliconix

Si9959DY

Dual N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) IDS(on) (§2) Ip (A)
0 030@ Vgs = 10V £2.0
050 @ Vgs =5V +0.6

For higher performance see Si9945DY

D; Dg D; D

SO-8
S E 8 l Dq
o [T ] o 6o 6 o]
Sy l 3 6 | D,
Gy [4] 5] D;

Top View

S1 Sz
N-Channel MOSFET N-Channel MOSFET

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps 50
\%
Gate-Source Voltage Vas +20
Tp = 25°C +2.0
Continuous Drain Current (Ty = 150°C) Ip
Ta = 70°C +1.6
A
Pulsed Drain Current IpMm +8
Continuous Source Current (Diode Conduction) Is 1.8
Ta =25°C 2
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Tp = 70°C 13
Operating Junction and Storage Temperature Range Ty, Tag —551t0150 °C
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board) Riha 62.5 °C/W
P-35009—Rev. D (04/11/94) 1-123
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TEMIC
Si9 959DY Siliconix

Specifications (Ty = 25°C Unless Otherwise Noted)

Parameter ] Symbol | Test Condition | Min | Typ* | Max | Unit

Static

Gate Threshold Voltage Vas(th) Vps = Vgs, Ip = 250 pA 2.0 v

Gate-Body Leakage Igss Vps =0V,Vgs = £20V +100 nA
Vps =40V, Vgs =0V 2

Zero Gate Voltage Drain Current Ipss RA

Vps =40V, Vgs =0V, Ty = 55°C 25

On-State Drain Current® ID(on) Vps = 5V,Vgs =10V 8 A
Ves=10VIp=15A 023 030

Drain-Source On-State Resistance® TDS(on) Q
Vgs=5V,Ip=06A 032 0.50

Forward Transconductance® s Vps=15V,Ip =20 A 2.5 S

Diode Forward Voltage" Vsp Is=125A,Vgs =0V 0.85 1.2

Dynamic®

Total Gate Charge Qg 5 15

Gate-Source Charge Qg Vps=25V, Vgs=10V,Ip=13 A 1 nC

Gate-Drain Charge Qgd 2

Turn-On Delay Time td(on) 7 40

Rise Time t Vpp =30V,RL = 50Q 18 70

Turn-Off Delay Time tdoffy Ip=06A,Veen =10V, R =6 Q 40 100 ns

Fall Time t 23 70

Source-Drain Reverse Recovery Time tr Ir = 1.25 A, di/dt = 100 A/ps 70 100

Notes

a. Guaranteed by design, not subject to production testing.
b. Pulse test; pulse width < 300 ps, duty cycle < 2%.

1-124 P-35009—Rev. D (04/11/94)
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Siliconix

Si9959DY

Typical Characteristics (25°C Unless Otherwise Noted)

Output Characteristics
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Qg - Total Gate Charge (nC)
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tps(on) — On-Resistance (2)

Ip — Drain Current (A)

C — Capacitance (pF)

(Normalized)
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Si9959DY

TEMIC

Siliconix

Typical Characteristics (25°C Unless Otherwise Noted)

Source-Drain Diode Forward Voltage

On-Resistance vs. Gate-to-Source Voltage
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About LITE FOOT

Combining a TSSOP package with high-density transistor cell technology, Siliconix LITE FOOT ™ is the
industry’s most advanced product for space-sensitive and/or battery operated applications. New LITE
FOOT power MOSFETs occupy a mere 6.4 x 3.0 mm of board space and are 30% thinner than the smallest
standard power package on the market. With a minuscule height of 1.1 mm, LITE FOOT can slip into
even the tightest layouts. LITE FOOT eases design of double-sided circuit boards and is the first family of
power MOSFETS thin enough to fit into any standard PCMCIA card.



TEMIC
Si6433DQ

Siliconix

P-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) IDS(on) (€2) Ip (A)
" 0.075 @ Vgs = =45V £35
0110@ Vgs = 2.7V £29
S*
[o]
TSSOP-8
D[] e 5] D Go |t *Source Pins 2, 3, 6 and 7
S[Z] siea33pQ IS — must be tied common.
s [ 51s
G [0 51D
Top View
o
D
P-Channel MOSFET

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

LITE FOOT H

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -12
\Y

Gate-Source Voltage Vgs +8

Ta = 25°C +3.5
Continuous Drain Current (Ty = 150°C) Ip

Ta =70°C +2.8 A
Pulsed Drain Current Ipm +20
Continuous Source Current (Diode Conduction) Is =15

Ta =25°C 15
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w

Ta =70°C 1.0
Operating Junction and Storage Temperature Range Ty, Tag —55t0 150 °C

Thermal Resistance Ratings

Parameter Symbol Limit Unit

Maximum Junction-to-Ambient (Surface Mounted on FR4 Board, t < 10sec.) Rinia 83 °C/W

(04728/94) Advance Information #



TEMIC
Si6433DQ

Siliconix
o . — ° .
Specifications (Ty = 25°C Unless Otherwise Noted)
Parameter I Symbol | Test Condition l Min | Typ | Max | Unit
Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = 250 pA -0.7 A%
Gate-Body Leakage Igss Vps=0V,Vgs = £8V +100 nA
Vps = —-9.6V,Vgs =0V -1
Zero Gate Voltage Drain Current Ipss A
Vps = —6.0V, Vgg =0V, Ty = 70°C -5
Vps < =5V, Vgs = —-4.5V -10
On-State Drain Current? ID(on) A
Vps < =5V, Vgsg = -2.7V —4
Vgs=-45V,Ip=35A 0075
Drain-Source On-State Resistance? DS(on) Q
Vgs=-27V,Ip=20A 0.110
Forward Transconductance? 8fs Vps=-9V,Ip=-35A 11 S
Diode Forward Voltage? Vsp Is=-15A,Vgs=0V -1.0 -1.2
Dynamic?
Total Gate Charge Qg 60
Gate-Source Charge Qgs Vps= =6V, Vgg=—-45V,Ip=-35A nC
Gate-Drain Charge Qgd
Turn-On Delay Time td(on) 60
Rise Time tr Vpp = -6 V,RL=6Q 100
Turn-Off Delay Time ta(offy Ip=-1A,VGen=-45V,Rc =6Q 180 ns
Fall Time tf 100
Source-Drain Reverse Recovery Time [ Ir = —1.5 A, di/dt = 100 A/us 100
Notes
a. Pulse test; pulse width < 300 us, duty cycle < 2%.
b. Guaranteed by design, not subject to production testing.
2-2 : 04/28/94
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TEMIC
Si6436DQ

Siliconix

N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) rps(on) (§2) Ip (A)
30 005@Vgs =10V +4.2
008@Vgs =45V £33
D
o
TSSOP-8
DL e 81D = *Source Pins 2, 3,6 and 7
s =] Si6436DQ % S G OJK} must be tied common.
S =] ]S
G @] 51D
Top View
(e}
S*

N-Channel MOSFET

B
=}
Q
=
=
=
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|

Absolute Maximum Ratings (T5 = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps 30
v

Gate-Source Voltage VaGs +20

Ta =25°C +4.2
Continuous Drain Current (Ty = 150°C) Ip

Ta =70°C +34 A
Pulsed Drain Current IpMm +30
Continuous Source Current (Diode Conduction) Is 1.25

Ta =25°C 15
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w

Ta = 70°C 1.0
Operating Junction and Storage Temperature Range Ty, Tag ~55t0150 °C

Thermal Resistance Ratings

Parameter Symbol Limit Unit

Maximum Junction-to-Ambient (Surface Mounted on FR4 Board, t < 10 sec.) Rina 83 °C/W

(0428/99) Advance Information 23



TEMIC
Si6436DQ

Siliconix
. . — o .
Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter | Symbol | Test Condition | Min | Typ l Max | Unit
Static
Gate Threshold Voltage VGs(thy Vps = Vgs, Ip = 250 pA 1 v
Gate-Body Leakage Igss Vps =0V, Vgs = 20V +100 nA
Vps = 24V,Vgs =0V 2
Zero Gate Voltage Drain Current IDss rA
Vps =24V, Vgs =0V, Ty = 55°C 20
On-State Drain Current? ID(on) Vps 25V, Vgs=10V 20 A
Vgs=10V,Ip =42 A 0.03 0.05
Drain-Source On-State Resistance? IDS(on) Q
Vgs=45V,Ip=33 A 0.06 0.08
Forward Transconductance?® 8fs Vps =15V Ip=42A 8 S
Diode Forward Voltage? Vsp Is=125A,Vgs =0V 0.75 12 v
Dynamic?
Total Gate Charge Qg 13 35
Gate-Source Charge Qpgs Vps=15V, Vgs =10V, Ip =42 A 1.5 nC
Gate-Drain Charge Qgd 3.7
Turn-On Delay Time td(on) 12 30
Rise Time tr Vpp=15V,RL =15Q 10 25
Turn-Off Delay Time td(offy Ip=1A VEN=10V,Rg=6Q 25 30 ns
Fall Time tf 10 50
Source-Drain Reverse Recovery Time tr Ir = 1.25 A, di/dt = 100 A/us 120 160
Notes
a. Pulse test; pulse width < 300 ps, duty cycle < 2%.
b. Guaranteed by design, not subject to production testing.
2-4 s 04/28/94
Advance Information 28R



TEMIC

Siliconix

S16447DQ

P-Channel Enhancement-Mode MOSFET

Product Summary

Vs (V) Ips(on) (£2) Ip (A)
0 010@ Vgs = 10V +3.0
- 019@ Vgs = —45V 22
TSSOP-8
D[] e 8] D G O— l
Sz} sig4aDQ |8
S 3 5] S
G [ 1D

Top View

Absolute Maximum Ratings (Ty

*Source Pins 2,3, 6 and 7
must be tied common.

P-Channel MOSFET

= 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -20
\%
Gate-Source Voltage Vas +20
Ta =25°C +3.0
Continuous Drain Current (Ty = 150°C) Ip
Ta =70°C +2.4 A
Pulsed Drain Current Ipm +20
Continuous Source Current (Diode Conduction) Is -125
Ty =25°C 15
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 1.0
Operating Junction and Storage Temperature Range Ty, Tag —55t0150 °C
. .
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board, t < 10sec.) Rina 83 °C/W
(04/28/94) 2-5
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Si6447DQ

TEMIC

Siliconix
. . — o .
Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter ] Symbol l Test Condition I Min | Typ | Max rUnit
Static
Gate Threshold Voltage VGs(th) Vps = Vgs, Ip = =250 pA -1.0 v
Gate-Body Leakage Igss Vps=0V,Vgs = £20V +100 nA
Vps = =16 V,Vgs =0V -2
Zero Gate Voltage Drain Current Ipss HA
Vps = —10V,Vgs =0V, Ty = 70°C -5
Vps =2 -5V, Vgg =-10V -14
On-State Drain Current? ID(on) A
Vps = -5V, Vgs = 45V —25
Vgs=-10V,Ip=3.0A 0.10
Drain-Source On-State Resistance? DS(on) Q
Vgs =-45V,Ip=2.0A 0.19
Forward Transconductance? 8fs Vps =-15V,Ip = -3.0 A 4.0 S
Diode Forward Voltage? Vsp Is=-125A,Vgs =0V -0.9 -12
Dynamicb
Total Gate Charge Qg 13 30
Gate-Source Charge Qgs Vps=-10V, Vgs=-10V,Ip=-3.0A 2 nC
Gate-Drain Charge Qgd 5
Turn-On Delay Time td(on) 21 40
Rise Time tr Vbp = ~10V,RL = 10Q 12 25
Turn-Off Delay Time ta(otry Ip=-1AVeen=-10VRg=6Q 12 30 ns
Fall Time t 11 20
Source-Drain Reverse Recovery Time tr Ig = —1.25 A, di/dt = 100 A/us 50 100
Notes
a. Pulse test; pulse width < 300 ps, duty cycle < 2%.
b. Guaranteed by design, not subject to production testing.
2.6 (04/28/94)
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TEMIC

Siliconix

Si6542DQ

Dual Enhancement-Mode MOSFET (N- and P-Channel)

Product Summary

Vps (V) rps(on) (€2) Ip (A)
0.100@ Vgs =10V +2.5
N-Channel 20 @ Vos
0200 @ Vgs = 45 V +17
0.200 @ Vgs = —10V +1.7
P-Channel -20 @ Vos
0350 @ Vgs = —45V +1.3
I‘)f]
TSSOP-8
D;[1] e Epy —
St 2] sies2pQ  [S2 G O_Jt}
$1 3] 5] S,
G [4 5] G2
Top View

N-Channel MOSFET

[e]
S

o “‘IE}

o)
Dy

P-Channel MOSFET

Absolute Maximum Ratings (T5 = 25°C Unless Otherwise Noted)

Parameter Symbol N-Ch 1 P-Ch 1 Unit
Drain-Source Voltage Vps 20 -20 v
Gate-Source Voltage Vags +20 +20
T = 25°C £2.5 +1.7
Continuous Drain Current (Ty = 150°C) Ip
Ta = 70°C +2.0 +1.3
A
Pulsed Drain Current Ipm +20 +15
Continuous Source Current (Diode Conduction) Is 1.25 -1.25
Tp = 25°C 1.0
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta =70°C 0.64
Operating Junction and Storage Temperature Range Ty, Tag —5510150 °C
. .
Thermal Resistance Ratings
Parameter Symbol N- or P-Channel Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board, t < 10 sec.) Riwa 125 °C/W
2-7
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Si6542DQ

TEMIC

Siliconix
. . —_ o .
Specifications (Tj = 25°C Unless Otherwise Noted)
Parameter | Symbolil Test Condition \l Min | Typ | Max I Unit
Static
Vps = Vgs, Ip = 250 N-Ch 1.0
Gate Threshold Voltage VaGs(th) v DS v Gs D SOuA PCh 10 v
Ds = VGs, Ip = —250 pA - ~1
Gate-Body Leakage Igss Vps =0V, Vgs = £20V +100 | nA
Vps =16V, Vgs =0V N-Ch 2
Vps = =16V, Vgs =0V P-Ch -2
Zero Gate Voltage Drain Current Ipss RA
Vps =16V, Vgs =0V, Ty = 55°C N-Ch 25
Vps = —16V, Vgg = 0V, Ty = 55°C P-Ch —25
Vps =25V,Vgs =10V N-Ch 14
On-State Drain Current? ID(on) Vs 5V, oV PCh 10 A
DS —JV, VGS = — - -
Vgs =10V,Ip=25A N-Ch 0.100
Vgs=-10V,Ip=17A P-Ch 0.200
Drain-Source On-State Resistance? DS(on) v SV TTA oh 0200 Q
Gs=42v,1lp=1. - ..
Vgs = -45V,Ip=13A P-Ch 0.350
Vps=15V,Ip=25A N-Ch
Forward Transconductance? 8fs v VI A P-Ch S
ps=-15VIp=-1. -
Is=125A,Vgs=0V N-Ch 1.2
Diode Forward Voltage? Vsp 1 1AV v PCh 12 \%
s =—1 Gs = - -1
Dynamic?
N-Ch 50
Total Gate Charge Qg
N-Channel P-Ch ol
Vps= 10V, Vgs=10V,Ip=25A N-Ch
Gate-Source Charge Qgs P-Ch nC
P-Channel -
Vps=-10V, Vgs=-10V,Ip = -1.7A N-Ch
Gate-Drain Charge Qgd PCh
N-Ch 20
Turn-On Delay Time td(on) P-Ch 20
N-Channel
Rise Time 1 Vpp =10V,RL =10Q N-Ch 20
Ip =1A,Vgen=10V,Rg=6Q P-Ch 40
P-Channel N-Ch 90
Turn-Off Delay Time td(offy Vpp = —-10V,R., = 10Q PCh %0 ns
Ip = -1A,Vgen=-10VRg=6Q
N-Ch 50
Fall Time te PCh 0
If = 1.25 A, di/dt = 100 A/ps N-Ch 100
Source-Drain Reverse Recovery Time tr I 125 A dvai = 100 A PCh 100
F=-1. i/dt = us X

Notes

a. Pulse test; pulse width < 300 ps, duty cycle < 2%.
b. Guaranteed by design, not subject to production testing.

Advance Information (04128/94)




TEMIC

Siliconix Si6953DQ

Dual P-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) rps(on) (£2) Ip (A)
20 0200 @ Vgg = —-10V +1.7
0350 @ Vgs = —4.5V +1.3
S Sz
o o
TSSOP-8
D; [T e K G1 —t Gy —
St [Z]  si69s3pQ [ S lﬁ} Iﬁ}
s1 3] (6] S
G1 [ 5] G2
Top View
[e] [e]
Dy Dy
P-Channel MOSFET P-Channel MOSFET

Absolute Maximum Ratings (T4 = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps -20
v
Gate-Source Voltage Vas +20
Ta =25°C +1.7
Continuous Drain Current (Ty = 150°C) Ip
Tp = 70°C +13
A
Pulsed Drain Current Ipm +15
Continuous Source Current (Diode Conduction) Is -1.25
Tp = 25°C 1.0
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta = 70°C 0.64
Operating Junction and Storage Temperature Range Ty, Totg —55t0150 °C
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board, t < 10sec.) Riwja 125 °C/W
(04/28/94) 2-9
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TEMIC
Si6953DQ Siliconix

Specifications (Ty = 25°C Unless Otherwise Noted)

Parameter l Symbol I Test Condition | Min ] Typ | Max l Unit
Static
Gate Threshold Voltage VGs(thy Vps = Vgs, Ip = =250 pA -1.0 v
Gate-Body Leakage Igss Vps =0V, Vgs = £20V +100 nA
Vps = -16V,Vgg =0V -2
Zero Gate Voltage Drain Current Ipss HA
Vps = =16 V,Vgs =0V, Ty = 55°C =25
Vps = =5V, Vgg=-10V -10
On-State Drain Current? Ip(on) A
Vps = =5V, Vgs = —-45V -15
Vgs=-10V,Ip=17A 0.200
Drain-Source On-State Resistance? DS(on) Q
Vgs=-45V,Ip=13A 0350
Forward Transconductance? 8fs Vps=-15V,Ip=-17A S
Diode Forward Voltage? Vsp Is=-17A,Vgs=0V -12 \%
DynamicP
Total Gate Charge Qg 25
Gate-Source Charge Qgs Vps=-10V, Vgs= -10V,Ip = -1.7A nC
Gate-Drain Charge Qgd
Turn-On Delay Time td(on) 40
Rise Time tr Vpp = —=10V,R. = 10Q 40
Turn-Off Delay Time td(off) Ip = ~1A,Vgen=~10V,RG =6 Q 90 ns
Fall Time t 50
Source-Drain Reverse Recovery Time trr Ir = —1.7 A, di/dt = 100 A/ps 100
Notes

a. Pulse test; pulse width < 300 ps, duty cycle < 2%.
b. Guaranteed by design, not subject to production testing.

(04/28/94)
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Siliconix

Si6956DQ

Dual N-Channel Enhancement-Mode MOSFET

Product Summary

Vps (V) I'DS(on) (§2) Ip (A)
2 010@ Vgs =10V 125
020@ Vgs =45V +1.7
TSSOP-8
Di [T o 5] D,
S1 2] si9senQ [ S2
SEE 6] S2
G1 [ 5] Gy
Top View

=

O
S

N-Channel MOSFET

=

[}
S2

N-Channel MOSFET

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Parameter Symbol Limit Unit
Drain-Source Voltage Vps 20
A\
Gate-Source Voltage Vas +20
Ta =25°C +2.5
Continuous Drain Current (Ty = 150°C) Ip
Ta =70°C +20
A
Pulsed Drain Current Ipm +20
Continuous Source Current (Diode Conduction) Is 1.25
Tp = 25°C 1.0
Maximum Power Dissipation (Surface Mounted on FR4 Board) Pp w
Ta =70°C 0.64
Operating Junction and Storage Temperature Range Ty, Tag —55t0150 °C
Thermal Resistance Ratings
Parameter Symbol Limit Unit
Maximum Junction-to-Ambient (Surface Mounted on FR4 Board, t < 10sec.) Rihia 125 °C/W
2-11
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TEMIC
Si695 6DQ Siliconix

Specifications (Tj = 25°C Unless Otherwise Noted)

Parameter | Symbol I Test Condition | Min I Typ I Max | Unit

Static

Gate Threshold Voltage VGS(!h) Vps = Vgs, Ip = 250 pA 1.0 \%

Gate-Body Leakage IGss Vps =0V, Vgs = +£20V +100 nA
Vps =16V, Vgs=0V 2

Zero Gate Voltage Drain Current Ipss Vs =16V, Vas =0V, Ty = 55°C = RA

On-State Drain Current? ID(on) Vps =2 5V,Vgs =10V 14 A
Vgs =10V, Ip =25 A 0.10

Drain-Source On-State Resistance? DS(on) Q
Vgs=45V,Ip=17A 020

Forward Transconductance? 8fs Vps=15V,Ip=25A S

Diode Forward Voltage? Vsp Is=125A,Vgs=0V 12 \%

Dynamic?

Total Gate Charge Qg 50

Gate-Source Charge Qgs Vps=10V, Vgs =10V, Ip=25A nC

Gate-Drain Charge Qgd

Turn-On Delay Time td(on) 20

Rise Time tr Vpp = 10V,RL = 10Q 20

Turn-Off Delay Time t(ofty Ip=1A,Veen =10V, RG =60 90 ns

Fall Time t 50

Source-Drain Reverse Recovery Time trr Ig = 1.25 A, di/dt = 100 A/us 100

Notes

a. Pulse test; pulse width < 300 ps, duty cycle < 2%.
b. Guaranteed by design, not subject to production testing.

(04/28/94)
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Power Conversion, PCMCIA Interface & Battery Management



About Power Management

Siliconix IC products for power control, conversion, and switching combine the functions of two or more
discretes in the same package and add useful protection features to ensure the reliability of designs. A
popular series of switchmode control ICs designed especially for the communications market simplifies
the design of line cards, network terminators, battery adapters, and cable television repeaters. A family of
regulator and controller ICs designed for use with LITTLE FOOT discretes offers the optimal level of
integration for dc-to-dc conversion in battery-operated equipment, including laptop and notebook
computers. Highly-integrated products for the PCMCIA slot interface and for multiple battery-pack
designs reduce parts count significantly, and simplify both design and user operation.
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Si9100

3-W High-Voltage Switchmode Regulator

Features

@ 10- to 70-V Input Range
® Current-Mode Control
e On-Chip 150-V, 5-Q MOSFET Switch

Description

The Si9100 high-voltage switchmode regulators are
monolithic BiC/DMOS integrated circuits which contain
most of the components necessary to implement
high-efficiency dc-to-dc converters up to 3 watts. They
can either be operated from a low-voltage dc supply, or
directly from a 10- to 70-V unregulated dc power source.
The Si9100may be used with an appropriate transformer
to implement most single-ended isolated power

Functional Block Diagram

FB COMP  DISCHARGE

°
14 (20) 13(18) 9(12)

Error
Amplifier

o Reference Selection
Si9100 — +1%
e High Efficiency Operation (> 80%)

=i

o Internal Start-Up Circuit
® Internal Oscillator (1 MHz)
© SHUTDOWN and RESET

converter topologies (i.e., flyback and forward), or by
using a level shift circuit can generate a +5-Vora =5V
non-isolated output from a —48-V source.

The Si9100 is available in 14-pin plastic DIP and 20-pin
PLCC packages. It is specified over the industrial,
D suffix (—40 to 85°C) temperature ranges.

OsC 0sc
IN ouT

8 (11)9 T7 (10)

osc

v 10 (14)
REF
2v Current-Mode
4V (1%) Comparator
Ref
Gen
309
DRAIN
CL I__[_O
Comparator
380 vy
12V (BODY)
BIAS © 1(2) Current To
Sources Internal 4(7)
Circuits ¢ ©O SOURCE
609 Vee
Vee
0
11 (16) . SHUTDOWN
23 Undervoltage Comparator S SHUTDOWN
T > —
Q
88V o——l/ R 127 RESET

<&

94V

Note: Figures in parenthesis represent pin numbers for 20-pin package.
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Absolute Maximum Ratings

Voltages Referenced to —Vin (Vcc < +ViN + 0.3 V)

V0t vt te  e 15V
VN o e e v
VDS i e 150V
Ip (Peak) (Note: 300 ps pulse, 2% dutycycle) .............. 25A
ID(IMS) oot 350mA
Logic Inputs (RESET,

SHUTDOWN,OSCIN)................. -03VtoVec+03V
Linear Inputs (FEEDBACK, SOURCE)........... -03Vto7V
HV Pre-Regulator Input Current (continuous) .. ........... 3mA
Storage Temperature . ........oooviviriueneninans —651t0125°C
Operating Temperature ..............oovuvinennnn —401t085°C

Recommended Operating Range

Voltages Referenced to —Viy

Junction Temperature (Ty) .. ..ocvenveniininnennnennn, 150°C
Power Dissipation (Package)?
14-Pin Plastic DIP (J Suffix)®

20-Pin PLCC (N Suffix)®..........covvviiinininn..

Thermal Impedance (©35)

14-Pin Plastic DIP . .....o.ovvviiniiiniiiiiiinnnnns 167°C/W
0 1 4 I 90°C/W
Notes

a. Device mounted with all leads soldered or welded to PC board.
b. Derate 6 mW/°C above 25°C
c. Derate 11.2 mW/°C above 25°C

VOC w ettt et 95V1t013.5V ROSC + v v v eennreteaine et e et 24kQ 01 MQ
FVIN e 10Vio70V LinearInputs .........ccoviiiiiiiiiiianiinnanann, 0to7V
BOSC +vvvvveeronmmneeannnsernineeenneen .....40kHzto 1 MHz Digital Inputs . . ..ot e 0toVce
Specifications?
Test Conditions Limits
UnlessOtherwise Specified D Suffix —40 10 85°C
DISCHARGE = ~Vpn =0V
Vee=10V,+ViN =48V
Parameter Symbol Rpras = 390 k@, Rosc = 330 kQ Temp? | Min¢ | Typd [ Max® | Unit
Reference
OSCIN = — V]y (OSC Disabled)
Output Voltage A% RL = 10 MQ Room 3.92 4.0 4.08 v
Output Impedance® Zout Room 15 30 45 kQ
Short Circuit Current IsREF VREF = —VIN Room 70 100 130 HA
Temperature Stability® TREF Full 0.5 1.0 mV/°C
Oscillator
Maximum Frequency® fMax Rosc =0 Room 1 3 MHz
' Rosc = 330 kS See Note Room 80 100 120
Initial Accuracy fosc kHz
Rosc = 150 kS See Note f Room 160 200 240
Voltage Stability Af/E Afff =£(13.5V) - £, (9.5 V)/f(9.5V) Room 10 15 %
Temperature Coefficient® Tosc Full 200 500 ppm/°C
Error Amplifier
FB Tied to COMP
Feedback Input Voltage VFB OSCIn = —Viy (OSC Disabled) Room 3.96 4.00 4.04 v
Input BIAS Current IrB OSCIN = -VIN, VFp =4V Room 25 500 nA
3.2 P-34984—Rev. D (04/18/94)
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Specifications?
Test Conditions
UnlessOtherwise Specified D Suffix
D Suffix —40to 85°C
DISCHARGE = -VIN=0V
Vee =10V, + VN = 48 V
Parameter Symbol Rpias = 390 k@, Rosc = 330 kQ Temp? [ Min® | Typd | Max® | Unit
Error Amplifier (Cont’d)
Input OFFSET Voltage Vos Room +15 +40 mV
Open Loop Voltage Gain® AvyoL Room 60 80 dB
— _ OSCIN = — Viy, (OSC Disabled)
Unity Gain Bandwidth® BW Room 1 MHz
Dynamic Output Impedance® Zout Room 1000 2000 Q
SOURCE (Vgp = 3.4 V) Room =20 -1.4
Output Current Iout mA
SINK (Vg = 4.5 V) Room 0.12 0.15
Power Supply Rejection PSRR OSCIN = - Vi, (OSC Disabled) Room 50 70 dB
Current Limit
Threshold Voltage Vsourcg | KL= 100 from DRAIN10 Vee Room | 10 | 12 | 14 v
FB =
Ry, = 100 © from DRAIN to Ve
Delay to Output® td VSOURCE = 1.5 V, See Figure 1 Room 100 200 ns
Pre-Regulator/Start-Up
Input Voltage +VIN Iin =100 pA Room 70 v
Input Leakage Current +IIN Veec 210V Room 10 RA
Pulse Width <300 ps
- tart- I
Pre-Regulator Start-Up Current START Vee = Vovio Room 8 15 mA
Vcc Pre-Regulator Turn-Off
Tl?rf:shold Vgol!age VREG IPRE-REGULATOR = 10 pA Room 78 9.4 9.7
Undervoltage Lockout VuvLo Re 2:(?%?1 zf{l?cli]DDel:cAr{Sig;vcc Room 7.0 8.8 9.2 v
VREeG —VuvLo VDELTA Room 03 0.6
Supply
Supply Current Icc Room 045 0.6 1.0 mA
Bias Current IB1AS Room 10 15 20 pRA
Logic
SHUTDOWN Delay® tsp VsoUuRcE = —VIN, See Figure 2 Room 50 100
SHUTDOWN Pulse Width® tsw Room | 50
1 € ns
RESET Pulse Width tRW Sec Figure 3 Room 50
Latching Pulse Width® R 2
SHUTDOWN and RESET Low L oom
Input Low Voltage ViL Room 2.0
\'
Input High Voltage Vi Room 8.0
Input Current _
Input Voltage High Iy ViN=10V Room 1 5
Input C t nA
nput Curren _ _ _
Input Voltage Low I ViIN=0V Room 35 25
P-34984—Rev. D (04/18/94) 33
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Specifications?
Test Conditions
. . D Suffix
UnlessOtherwise Specified D Suffix —40 10 85°C
DISCHARGE = —Viy =0V
Vec=10V, +Viy =48V
Parameter Symbol Rp1as = 390 kQ, Rosc = 330 kQ Temp® | Min® | Typd | Max® | Unit
MOSFET Switch
Breakdown Voltage Varpss | VSCURGE ™ VSHUTBOWN =0V Ful | 150 | 180 v
Drain-Source On Resistance® DS(on) Vsourck = 0V, IpraiN = 100 mA Room 3 5 Q
Drain Off Leakage Current Ipss VSOUR%DT‘XEH%VN =0V Room 10 A
Drain Capacitance Cps VsouRcE = VSHUTDOWN = 0V Room 35 pF
Notes

a. Refer to PROCESS OPTION FLOWCHART for additional information.
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum.
d. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
e. Guaranteed by design, not subject to production test.
f. Cstray Pin8 = < 5pF
g Temperature coefficient of rpg(on) is 0.75% per °C, typical.
Timing Waveforms
SOURCE 15V TS t < 10ms
50% tr < 10ns SHUTDOWN 50% f
o —/ o= =
DRAIN
DRAIIEI) 10% 0 10%
Figure 1. Figure 2.
1
tsw
e Y CC j
SHUTDOWN 50% 50% ot =10ns
0 - /]
! tow
Vee
RESET 50% 50% 50%
0 —
tRW
Figure 3.
3-4 P-34984—Rev. D (04/18/94)
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Typical Characteristics

Output Switching Frequency

+VN vs +]N at Start-U vs. Oscillator Resistance
140 : I I'N IN P 1M

Vce = -VIN —

120

100 / AN

£ % g N
Z / =
& 100 k
T 60 / E -
N
40 A \
e N
20
Iy ul
0 10k
10 15 20 10k 100k 1M
+IIN (mA) rosc — Oscillator Resistance (2)
Pin Configurations -
v
Q
PDIP-14 e.::"
3
[ 14] =
N
'—2_— El Pin s 5
3 12
% % Order Number Function 14-PinDIP | 20-Pin PLCC* &) g
Plastic DIP: Si9100DJ
lastic $i9100D FIAS I ) 2 S0
[5] 10] (SF-
E E +VIN 2 3 -9 =)
DRAIN 3 5 O
@ 5] g
SOURCE 4 7 =
Top View -VIN 5 8 s 8
~—
Vce 6 9 E 5]
PLCC-20 5|
0OSCOUT 7 10 O
OSCIN 8 11 o
DISCHARGE 9 12 g
n E VREF 10 14 -
17] SHUTDOWN 11 16
n E] Order Number RESET - 7
Plastic PLCC: Si9100DN
15] COMP 13 18
3] [14] FB 14 20
*Pins 1, 4, 6, 13, 15, and 19 = N/C
D]
Top View

P-34984—Rev. D (04/18/94) 35
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Detailed Description

Pre-Regulator/Start-Up Section

Due to the low quiescent current requirement of the
Si9100 control circuitry, bias power can be supplied from
the unregulated input power source, from an external
regulated low-voltage supply, or from an auxiliary
“bootstrap” winding on the output inductor or
transformer.

When power is first applied during start-up, + VN will
draw a constant current. The magnitude of this current
is determined by a high-voltage depletion MOSFET
device which is connected between +Vy and Vc. This
start-up circuitry provides initial power to the IC by
charging an external bypass capacitance connected to
the Vccpin. The constant current is disabled when V¢
exceeds 9.4 V. If Vccis not forced to exceed the 9.4-V
threshold, then V¢ will be regulated to a nominal value
of 9.4 V by the pre-regulator circuit.

As the supply voltage rises toward the normal operating
conditions, an internal undervoltage (UV) lockout
circuit keeps the output MOSFET disabled until V¢
exceeds the undervoltage lockout threshold (typically
8.8 V). This guarantees that the control logic will be
functioning properly and that sufficient gate drive
voltage is available before the MOSFET turns on. The
design of the IC is such that the undervoltage lockout
threshold will not exceed the pre-regulator turn-off
voltage. Power dissipation can be minimized by
providing an external power source to Vccsuch that the
constant current source is always disabled.

Note: During start-up or when V¢ drops below 9.4 V
the start-up circuit is capable of sourcing up to 20 mA.
This may lead to a high level of power dissipation in the
IC (for a 48-V input, approximately 1 W). Excessive
start-up time caused by external loading of the V¢
supply can result in device damage. Figure 4 gives the
typical pre-regulator current at start-up as a function of
input voltage.

BIAS

To properly set the bias for the Si9100, a 390-k Q resistor
should be tied from BIAS to —Vy. This determines the
magnitude of bias current in all of the analog sections
and the pull-up current for the SHUTDOWN and
RESET pins. The current flowing in the bias resistor is
nominally 15 pA.

3-6

Reference Section

The reference section of the Si9100 consists of a
temperature compensated buried zener and trimmable
divider network. The output of the reference section is
connected internally to the non-inverting input of the
error amplifier. Nominal reference output voltage is 4 V.
During the reference trimming procedure the error
amplifier is connected for unity gain in order to
compensate for the input offset voltage in the error
amplifier. :

The output impedance of the reference section has been
purposely made high so that a low impedance external
voltage source can be used to override the internal
voltage source, if desired, without otherwise altering the
performance of the device.

Error Amplifier

Closed-loop regulation is provided by the error
amplifier, which is intended for wuse with
“around-the-amplifier” compensation. A MOS
differential input stage provides for low input leakage
current. The noninverting input to the error amplifier
(VRrEF) is internally connected to the output of the
reference supply and should be bypassed with a small
capacitor to ground.

Oscillator Section

The oscillator consists of a ring of CMOS inverters,
capacitors, and a capacitor discharge switch. Frequency
is set by an external resistor between the OSC IN and
OSCOUT pins. (See Figure 5 for details of resistor value
vs. frequency.) The DISCHARGE pin should be tied to
—V|n for normal internal oscillator operation. A
frequency divider in the logic section limits switch duty
cycle to < 50% by locking the switching frequency to
one half of the oscillator frequency.

Remote synchronization is accomplished by capacitive
coupling of a positive SYNC pulse into the OSC IN
terminal. For a 5-V pulse amplitude and 0.5-us pulse
width, typical values would be 100 pF in series with 3 kQ
to OSCIN.

P-34984—Rev. D (04/18/94)
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Detailed Description (Cont’d)

SHUTDOWN and RESET

SHUTDOWN and RESET are intended for overriding
the output MOSFET switch via external control logic.
The two inputs are fed through a latch preceding the
output switch. Depending on the logic state of RESET,
SHUTDOWN can be either a latched or unlatched
input. The output is off whenever SHUTDOWN is low.
By simultaneously having SHUTDOWN and RESET
low, the latch is set and SHUTDOWN has no effect until
RESET goes high. The truth table for these inputs is
given in Table 1.

Both pins have internal current source pull-ups and
should be left disconnected when not in use. An added
feature of the current sources is the ability to connect a
capacitor and an open-collector driver to the
SHUTDOWN or RESET pins to provide variable
shutdown time.

Table 1.  Truth Table for the SHUTDOWN and RESET Pins

SHUTDOWN | RESET Qutput
H H Normal Operation
H 1 Normal Operation (No Change)
L H Off (Not Latched)
L L Off (Latched)
¥ L Off (Latched, No Change)

Output Switch

The output switch is a 5-Q, 150-V lateral DMOS device.
Like discrete MOSFETS, the switch contains an intrinsic
body-drain diode. However, the body contact in the
Si9100 is connected internally to —Viy and is
independent of the SOURCE.

V
Q
€
. . )
Applications =
o]
Buck—Boost Q
Non-Isolated 1-W Supply E
Q
O GND A
4 &
L1 cs S
150 uH 2200F L C6 | 7]
, @02ADC 10V T O1pFT 5
1N5806 Z
8 3 Pt o +5V Q
CR1 R7 200 mA @)
R3 C3 39k o
150k 7 13 1pF R10 [
Slox T §i9100D] R4 oy * g
= = ; I
20 uF Tox WF o 33k 31(}gk MPSA93 )
6 14 AA
g aic —
c7 R6
01 10 . 10k ; u2
w e ¥
1T
R1 1 519 y L
HF | 3090k § nw =
—48VOr

P-34984—Rev. D (04/18/94)
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Applications (Cont’d)
Non-Isolated 1-W Supply (Buck)
O GND
4
C5
1N5806 20pF = 6L
, CR1 10V 0.1 pF
-5V
150 mH 200 mA
R3 @02 ADC
150k ; o
a L+ £ 1uF R7
T To1 sio1000y |13, “* 39k
20uF uF s u1 I RS Q1
33k ghg) MPSA93
14 AN
cr | 10 -
017" R2 R6 431Cc [
WF | C8 | 10 10k U2
01T R1 g1 |5 |9 %W
uF | 390k
-48V O
-5V
One-Watt Flyback Converter for Telecommunications Power Supplies*
+ViN 100 1N5819
GNDO AAANNS 5 3 0 +
————— .
> 20pF 150 uH = 01pF == 220pF
.
i] I
4
5 %G
7
18kQ == 01uF =< 47yF
1 14
2 13
— AWV ik l 211 ¢
g 390KQ 3 12 240kQ  0.022pF 8 6 o -
41 sioroopy U 1N5819
5 10
6 9 = 1yF
i
é 19 == 0.1uF 12Kk A 1N4148
T %W 150%Q
-Vin (48 VDC)

* For additional information on using the Si9100 in telecommunications and ISDN power supplies, see AN713 and AN702.
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Si9102

3-W High-Voltage Switchmode Regulator

Features

o 10- to 120-V Input Range
o Current-Mode Control
® On-chip 200-V, 7-Q MOSFET Switch

Description

The Si9102 high-voltage switchmode regulator is a
monolithic BiC/DMOS integrated circuit which contains
most of the components necessary to implement a
high-efficiency dc-to-dc converter up to 3 watts. It can
either be operated from a low-voltage dc supply, or
directly from a 10- to 120-V unregulated dc power
source.

Functional Block Diagram

FB COMP  DISCHARGE

[o]
14 (20) 13 (18) 9(12)

Error
Amplifier

© SHUTDOWN and RESET
@ High Efficiency Operation (> 80%)
o Internal Start-Up Circuit

=

@ Internal Oscillator (1 MHz)

This device may be used with an appropriate
transformer to implement most single-ended isolated
power converter topologies (i.e., flyback and forward).

The Si9102 is available in 14-pin plastic DIP and 20-pin
PLCC packages, and is specified over the D suffix (—40
to 85°C) temperature range.

0OsC 0OsC
IN OuUT

8(11)7 T7(10)

osC

H

Power Conversion, PCMCIA Interface
Battery Management

v 10 (14)
REF
2v Current-Mode
4V (1%) Comparator
Ref
G
~ 36) DRAIN
C/L I
Comparator 5(8
' " S !c _VIN
12v (BODY)
BIAS O 1(2) Current To
Sources Internal 4(7)
Circuits ‘ O SOURCE
6(9) Vce R
0
Undervoltage
+ViN 203 wmparau;gr s 11(16), SHUTDOW
| { | 8.8V O— / Q R 12(7) RESET

‘L<\—0 94V

Note: Figures in parenthesis represent pin numbers for 20-pin package.
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Absolute Maximum Ratings

Voltages Referenced to —Vin (Vec < +VN + 0.3 V)

VG ittt e e e, 15V
VN o e 120V
Y45 X TN 200V
Ip (Peak) (Note: 300 ps pulse, 2% dutycycle) ............... 2A
ID(IMS) oo e 250mA
Logic Inputs (RESET,

SHUTDOWN, OSCIN) .........couennn -03VtoVec+ 03V
Linear Inputs

(FEEDBACK,SOURCE) ...........0cvvvinnnn -03Vto7V
HV Pre-Regulator Input Current (continuous) . ............ 3mA
Storage Temperature .. ........ocovvieeiannn.n —651t0125°C

Recommended Operating Range

Voltages Referenced to — VN

Operating Temperature
Junction Temperature (Ty)
Power Dissipation (Package)a
14-Pin Plastic DIP (J Suffix)®
20-Pin PLCC (N Suffix)®..........ooooiiiiiint,
Thermal Impedance (@5a)

14-Pin Plastic DIP ..
20-PInPLCC ...ttt

Notes

a. Device mounted with all leads soldered or welded to PC board.
b. Derate 6 mW/°C above 25°C

c. Derate 11.2 mW/°C above 25°C

VEC + e ene et ettt 95Vio13.5V VN et 10V1t0120V
ROSC +iiveiiiii i e 25kQto1 MQ fOSC v v ve i e 40kHz to 1 MHz
LinearInputs ........coooiiiiiiiiiiiiiiiiiiin ., 0to7V Digital Inputs . .. ...oovvii i 0toVce
Specifications?
Test Conditions Limits
Unless Otherwise Specified D Suffix —40 to 85°C
DISCHARGE = -Vy =0V
Vec=10V, +Viy = 48V
Parameter Symbol Rpias = 390kQ, Rosc =330kQ | Temp® | Min? | Typ® | Maxd | Unit
Reference
OSCIN = — Viy (OSC Disabled Room 3.92 4.0 4.08
Output Voltage Vr Ry =ni(g MQ ) Ful | 386 4.14 v
Output Impedance® Zout Room 15 30 45 kQ
Short Circuit Current ISREF VREr = -VIN Room 70 100 130 A
Temperature Stability® TREF Full 0.5 1.0 mVv/°C
Oscillator
Maximum Frequency® fmax Rosc =0 Room 1 3 MHz
Rosc = 330 kQs Room 80 100 120
Initial Accuracy fosc kHz
Rosc = 150 kQ8 Room | 160 200 240
Voltage Stability AfE AffE = f(13.5 V) = f(9.5 V)/f(95V) | Room 10 15 %
Temperature Coefficient® Tosc Full 200 500 ppm/°C
Error Amplifier
Feedback Input Voltage Vs oscIN T‘:,dnz"(ggé‘l‘)’isable o | Room | 3% | 400 | a0s v
Input BIAS Current IrB Room 25 500 nA
Open Loop Voltage Gain® AvoL OSCIN = -V, Vig = 4V, Room 60 80 dB
Unity Gain Bandwidth® BW OSCIN = - Viv (OSCDisabled)  ["Room | 07 1 MHz
Dynamic Output Impedance® Zout Room 1000 2000 Q

3-10
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Specifications?
Test Conditions Limits
Unless Otherwise Specified D Suffix —40 to 85°C
DISCHARGE = ~Viy =0V
Vec =10V, +Viy = 48 V
Parameter Symbol Rpias = 390kQ, Rosc = 330 kQ Temp® | Mind | Typ¢ | Maxd | Unit
Error Amplifier (Cont’d)
Output Current Iour Source (Vpp = 3.4 V) Room =20 -14 mA
Input OFFSET Voltage Vos OSCIN = — Viy (OSC Disabled) Room +15 +40 mV
Output Current Iout Sink (Vpg = 4.5 V) Room 0.12 0.15 mA
Power Supply Rejection PSRR 95V < Veec = 135V Room 50 70 dB
Current Limit
Threshold Voltage VSOURCE Ry =100 Qvfm“l%%‘*m Vee | poom | 10 12 14 v
FB =
Ry, = 100 Q from DRAIN to Vcc
Delay to Output® tg VsOURCE = 1.5 V, Sce Figure 1 Room 100 200 ns
Pre-Regulator/Start-Up
Input Voltage +VIN IN = 100 pA Room 120 v
Input Leakage Current +IINv Vec =10V Room 10 [T:N
Pre-Regulator Start-Up Current ISTART Pulse Width < 300 us, Vec =7V Room 8 15 mA 8
=)
Vcc Pre-Regulator Turn-Off _
Threshold Voltage VREG IpPRE-REGULATOR = 10 pA Room 78 94 9.7 E
= =
Undervoltage Lockout Vuvio RLslooe gl‘;“;‘g gﬁgigvcc Room | 70 | 88 92 v 5 e
Y
VREG: —VuvLo VDELTA Room 0.3 0.6 O E
%)
Supply 5 &
Supply Current Icc Room | 045 0.6 1.0 mA =% §
Bias Current IB1AS Room 10 15 20 pA £E
. =l E’
Logic "2 )
PR @ :
SHUTDOWN Delay® tsp VsouRce = —VIn, See Figure 2 Room 50 100 E «
SHUTDOWN Pulse Width® tsw Room | 50 6 =
0 ns
RESET Pulse Width tRW See Figure 3 Room 50 b
Latching Pulse Widthe ; R 25 3
SHUTDOWN and RESET Low LW oom nO_‘
Input Low Voltage ViL Room 2.0
v
Input High Voltage Vi Room 8.0
Input Current Input Voltage High I ViN=10V Room 1 5
A
Input Current Input Voltage Low I, ViN=0V Room -35 =25 "

P-34984—Rev. D (04/18/94) 3-11
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Specifications?
Test Conditions Limits
Unless Otherwise Specified D Suffix —40 to 85°C
DISCHARGE = -VIN =0V
Vee =10V, +Vin =48V
Parameter Symbol Rpjas = 390 kQ, Rosc = 330 kQ Temp® | Mind | Typ¢ | Maxd | Unit
MOSFET Switch
Breakdown Voltage VBR(DSS) IDRAIN = 100 pA Full 200 220 v
Drain-Source On Resistance! IDS(on) IDRAIN = 100 mA Room 7 Q
Drain Off Leakage Current Ipss VpRAIN = 100V Room 5 10 HA
Drain Capacitance Cps Room 35 pF
Notes
a. Refer to PROCESS OPTION FLOWCHART for additional information.
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. Temperature coefficient of IDS(on) is 0.75% per °C, typical.
g. CstrayPin8 = < 5pF

Timing Waveforms

15V — Vee t; < 10ns
SOURCE  50% — tr=<10ns SHW‘_ 50% >|< f
-/

0
Vee - "l tg Vcc ‘SD
DRAIN DRAIN
0 10%
Figure 1. Figure 2.
I tsw
Vee
SHUTDOWN 50% 7£ 509% ot =<10ns
0 —_
| tow
Vee
RESET 50% 50% 50%
0 -
Figure 3.
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Typical Characteristics

Output Switching Frequency

140 +V]N vs. +]jN at Start-Up M vs. Oscillator Resistance
T 1 [
Vce = -VIN
120 /
“
100 N{
2 - g N
& T 100k
T 60 / E’ AN
40 A N
20 d N
e, ul
0 10k
10 15 20 10k 100k 1M
+IIN (mA) rosc — Oscillator Resistance ()
Pin Configurations
I
Q
&
PDIP-14 ﬁE
3
[ 1] E
-
[2] 13] Pin S 5
E 2] Order Number Function 14-PinDIP | 20-Pin PLCC* &) 5
[4] 1] Plastic DIP: $i9102DJ BIAS 1 2 2. o0
B m| ok
[s] 9] M 2 > A~
E E DRAIN 3 5 152
SOURCE 3 7 S P
w
Top View -ViN 5 8 s 3
-
cc b ° > S
FLCC20 0SCOUT 7 10 8
OSCIN 8 11 5
DISCHARGE 9 12 g
E VREF 10 14 -9
E SHUTDOWN 11 16
ﬂ EI Order Number RESET 12 17
Plastic PLCC: Si9102DN
15] astie ' COMP 3 18
3] 14] FB 14 20
*Pins 1, 4, 6,13, 15,and 19 = N/C
I
Top View
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Detailed Description

Pre-Regulator/Start-Up Section

Due to the low quiescent current requirement of the
Si9102 control circuitry, bias power can be supplied from
the unregulated input power source, from an external
regulated low-voltage supply, or from an auxiliary
“bootstrap” winding on the output inductor or
transformer.

When power is first applied during start-up, +Vpy will
draw a constant current. The magnitude of this current

is determined by a high-voltage depletion MOSFET
device which is connected between +Vyy and V. This
start-up circuitry provides initial power to the IC by
charging an external bypass capacitance connected to
the V¢ pin. The constant current is disabled when Ve
exceeds 9.4 V. If V¢ is not forced to exceed the 9.4-V
threshold, then V¢ will be regulated to a nominal value
of 9.4 V by the pre-regulator circuit.

As the supply voltage rises toward the normal operating
conditions, an internal undervoltage (UV) lockout
circuit keeps the output MOSFET disabled until Ve
exceeds the undervoltage lockout threshold (typically
8.8-V). This guarantees that the control logic will be
functioning properly and that sufficient gate drive
voltage is available before the MOSFET turns on. The
design of the IC is such that the undervoltage lockout
threshold will not exceed the pre-regulator turn-off
voltage. Power dissipation can be minimized by
providing an external power source to Vccsuch that the
constant current source is always disabled.

Note: During start-up or when V¢c drops below 9.4-V
the start-up circuit is capable of sourcing up to 20 mA.
This may lead to a high level of power dissipation in the
IC (for a 48-V input, approximately 1 W). Excessive
start-up time caused by external loading of the Vcc
supply can result in device damage. Figure 4 gives the
typical pre-regulator current at start-up as a function of
input voltage.

BIAS

To properly set the bias for the Si9102, a 390-k€2 resistor
should be tied from BIAS to — V). This determines the
magnitude of bias current in all of the analog sections
and the pull-up current for the SHUTDOWN and
RESET pins. The current flowing in the bias resistor is
nominally 15 pA.

3-14

Reference Section

The reference section of the Si9102 consists of a
temperature compensated buried zener and trimmable
divider network. The output of the reference section is
connected internally to the non-inverting input of the
error amplifier. Nominal reference output voltage is4 V.
The trimming procedure that is used on the Si9102
brings the output of the error amplifier (which is
configured for unity gain during trimming) to within
+1% of 4 V. This automatically compensates for the
input offset voltage in the error amplifier.

The output impedance of the reference section has been
purposely made high so that a low impedance external
voltage source can be used to override the internal
voltage source, if desired, without otherwise altering the
performance of the device.

Error Amplifier

Closed-loop regulation is provided by the error
amplifier, which is intended for wuse with
“around-the-amplifier” compensation. A MOS
differential input stage provides for low input current.
The noninverting input to the error amplifier (VRgF) is
internally connected to the output of the reference
supply and should be bypassed with a small capacitor to
ground.

Oscillator Section

The oscillator consists of a ring of CMOS inverters,
capacitors, and a capacitor discharge switch. Frequency
is set by an external resistor between the OSC in and
OSC out pins. (See Figure 5 for details of resistor value
vs. frequency.) The DISCHARGE pin should be tied to
—Vin for normal internal oscillator operation. A
frequency divider in the logic section limits switch duty
cycle to < 50% by locking the switching frequency to
one half of the oscillator frequency.

Remote synchronization can be accomplished by
capacitive coupling of a synchronization pulse into the
OSC IN terminal. For a 5-V pulse amplitude and 0.5-ps
pulse width, typical values would be 100 pF in series with
3kQ to OSCIN.

P-34984—Rev. D (04/18/94)



TEMIC

Siliconix

Si9102

Detailed Description (Cont’d)

SHUTDOWN and RESET

SHUTDOWN and RESET are intended for overriding
the output MOSFET switch via external control logic.
The two inputs are fed through a latch preceding the
output switch. Depending on the logic state of RESET.
SHUTDOWN can be either a latched or unlatched
input. The output is off whenever SHUTDOWN is low.
By simultaneously having SHUTDOWN and RESET
low, the latch is set and SHUTDOWN has no effect until
RESET goes high. The truth table for these inputs is
given in Table 1.

Both pins have internal current source pull-ups and
should be left disconnected when not in use. An added
feature of the current sources is the ability to connect a
capacitor and an open-collector driver to the
SHUTDOWN or RESET pins to provide variable
shutdown time.

Table 1.  Truth Table for the SHUTDOWN and RESET Pins
SHUTDOWN | RESET Output
H H Normal Operation
H 3 Normal Operation (No Change)
L H Off (Not Latched)
L L Off (Latched)
'y L Off (Latched, No Change)
Output Switch

The output switch is a 7-€2, 200-V lateral DMOS device.
Like discrete MOSFET;, the switch contains an intrinsic
body-drain diode. However, the body contact in the
Si9102 is connected internally to —Viy and is
independent of the SOURCE.

Applications
Flyback Converter for Double Battery Telecommunications Power Supplies
+VIn 100 pH 1N5819 w5y
GND & SN 2 3 O
—_——— [
R 20 uF 300 uH = 01uF == 220pF
.
1 4 GgD
5
7
18 kQ T 01pF =R 47uF
1 14 9
2 13
= VW i | 2 1S 1nss19 _sv
§390k$2 3 112 240kQ  0.022pF 8 6 o
4 sioo2py |1
5 10
6 9 = 0.1uF
7
= O0.1pF
§ W * é 12k A 1N4148
150kQ 3

l =VIN (—96 VDC)
P-34984—Rev. D (04/18/94)
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High-Voltage Switchmode Regulator

Features

® 10- to 120-V Input Range
® Current-Mode Control
® On-Chip 200-V, 5-Q MOSFET Switch

Description

The Si9104 high-voltage switchmode regulator is a
monolithic BiC/DMOS integrated circuit which contains
most of the components necessary to implement a
high-efficiency dc-to-dc converter up to 3 watts. It can
either be operated from a low-voltage dc supply, or
directly from a 10- to 120-V unregulated dc power
source.

Functional Block Diagram

FB COMP  DISCHARGE

N Y
Ampuier

VRgg O——— 2V

4V (2.5%)

Ref
Gen

o SHUTDOWN and RESET
e High Efficiency Operation (>80%)
o Internal Start-Up Circuit

L

Current-Mode
Comparator

C/L
Comparator

® Internal Oscillator (1 MHz)

This device may be used with an appropriate
transformer to implement most single-ended isolated
power converter topologies (i.e., flyback and forward).

The Si9104 is available in a 16-pin wide-body SOIC,
14-pin plastic DIP, and 20-pin PLCC, and are specified
over the D suffix (—40 to 85°C) temperature range.

0OsC OsC
IN OuUT

osc

I.—I—o DRAIN
¢———0

-ViN

12V (BODY)
o Current , To
BIAS Sources Internal
Circuits O SOURCE

Vee 00— ¢

Vee

0
wdewoltagc Comparator S )E——o SHUTDOWN

T
‘L¢O 9.4V
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Absolute Maximum Ratings

Voltages Referenced to —=Vin (Vce < +Vin + 0.3 V) Power Dissipation (Package)?
VG et e 15v 14-Pin Plastic DIPY ... . ......oooviiiiiiii e 750 mW
FVIN o 120v 16-Pin Plastic Wide-Body SOIC® ..........c..cvuvvvnn.. 900 mW
VDS oot 200V 20-PinPLCCY ...t 1400 mW
Ip (Peak) (300 ps pulse, 2% dutycycle) .........ooovevinnn.. 2A Thermal Impedance (@)
ID(rms) woovvii 250 mA 14-Pin Plastio DIP ..o e 167°C/W
Logic Inputs (RESET, 16-Pin Plastic Wide-Body SOIC .. .................... 140°C/W
SHUTDOWN, OSCIN)................. -03VtoVec+03V 20-Pin PLCC
Linear Inputs (FEEDBACK, SOURCE)............ -03Vto7V
HV Pre-Regulator Input Current (continuous) ............. 3mA Notes
Storage TemPeratlre . . . .......ooueneeeeennn... —6510125°C a. Device mounted with all leads soldered or welded to PC board.

. b. Derate 6 mW/°C above 25°C.
Operating Temperature . ........c.oooveeniinan.. —40t0 85°C c. Derate 7.2 mW/°C above 25°C.
Junction Temperature (Ty) d. Derate 11.2 mW/°C above 25°C.

Recommended Operating Range

Voltages Referenced to —Vin

V0 vt 10Vto 135V ROSC tvvveiiii i
FVIN e 10Vto120V Linear Inputs ...
fosc 40 kHz to 1 MHz Digital Inputs ... ...t
5]
9
€
Specifications? 2
pecifications e
-
Test Conditions Unless Limits s s
Otherwise Specified D Suffix —40to 85°C ) £
DISCHARGE = -VIN =0V, Vcc =10V 2 %
+VIN = 48 V, Rpias = 390 kQ [SN-]
Parameter Symbol Rosc = 330 kQ Temp? | Mind | Typ® | Maxd | Unit -9 g
Reference g 2
oy
OSCIN = — Viy (OSC Disabled) Room 392 4.0 4.08 n b
Output Voltage Vr Ry = 10MQ Full | 385 415 v § g
Output Impedance® Zout Room | 15 30 45 kQ g fg
Short Circuit Current ISREF VREF = —VIN Room 70 100 130 RA &)
Temperature Stability® T Full 025 1.0 mV/°C §
Long Term Stability® REF t = 1000 hrs., Tp = 125°C Room 5 25 mV nc-‘
Oscillator
Maximum Frequency® fmax Rosc=0 Room 1 3 MHz
Rosc = 330kQf Room 80 100 120
Initial Accuracy fosc kHz
Rosc = 150 kkQ f Room 160 200 240
Voltage Stability XT3 Af/E = £(13.5 V) — £(10 V) /(10 V) Room 4 10 15 %
Temperature Coefficient® Tosc Full 200 500 ppm/°C

P-34984—Rev. B (04/18/94)
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Specifications?
Test Conditions Unless Limits
Otherwise Specified D Suffix —40 to 85°C
DISCHARGE = -VIN =0V, Vgc = 10V
+VIN = 48 V, Rpjas = 390 kQ
Parameter Symbol Rosc = 330kQ Temp® | Min? | Typ® | Maxd | Unit
Error Amplifier
Feedback Input Voltage VEB 0sC INF—P P:?DEO(S(S)CM DPis abled) Room 3.96 4.00 4.04 v
Input BIAS Current IrB OSCIN = - VN, VEg =4V Room 25 500 nA
Input OFFSET Voltage Vos Room *15 +40 mV
Open Loop Voltage Gain® AvoL Room 60 80 dB
OSCIN = — VI (OSC Disabled)
Unity Gain Bandwidth® BW Room 0.7 1 MHz
Dynamic Output Impedance® Zout Room 1000 | 2000 Q
Source (Vgg = 3.4 V) Room -20 | -14
Output Current Iout mA
Sink (Vpg = 4.5V) Room 0.12 0.15
Power Supply Rejection PSRR 10V < Voc < 135V Room 50 70 dB
Current Limit
Threshold Voltage Vsourct | RL = 100 Q from DRAIN to Vcc, VEg =0V | Room 1.0 12 14 v
Ry, = 100 Q from DRAIN to Ve
Delay to Output® tq Vsourck = 1.5 V, See Figure 1 Room 100 200 ns
Pre-Regulator/Start-Up
Input Voltage +VIN Iv = 100 pA Room 120
Input Leakage Current +Iiv Vce 2 10V Room 10 RA
Pre-Regulator Start-Up Current ISTART Pulse Width < 300ps, Vcc =7V Room 8 15 mA
Vcc Pre-Regulator Turn-Off _
Threshold Voltage VREG IPRE-REGULATOR = 10 pA Room | 7.8 94 | 98
Undervoltage Lockout VuvLo Ry gﬁ;ﬁgﬁ?g ::ﬁgi:;vcc Room 7.0 8.8 9.3 v
VReG —VuvLo VDELTA Room 0.3 0.6
Supply ,
Supply Current Icc Room 045 0.6 1.0 mA
Bias Current Ip1As Room 10 15 20 HA
Logic
SHUTDOWN Delay® tsp VsouRce = —VIN, See Figure 2 Room 50 100
SHUTDOWN Pulse Width® tsw Room 50
T ns
RESET Pulse Width! tRW See Figure 3 Room 50
Latching Pulse Width®
SHUTDOWN and RESETLow | W Room | 25
Input Low Voltage v Room 2.0
v
Input High Voltage Vi Room 8.0
3.18 P-34984—Rev. B (04/18/94)
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Specifications?
Test Conditions Unless Limits
Otherwise Specified D Suffix —40 to 85°C
DISCHARGE = -V =0V, Vcc =10V
+VIN = 48 V, Rpias = 390 kQ,
Parameter Symbol Rosc = 330kQ Temp? | Mind | Typ¢ | Maxd Unit
Logic (Cont’d)
Input Current _
Input Voltage High Bt VN =Vce Room 1 5
Input Current HA
Input Voltage Low I Vin=0V Room | 35 =25
MOSFET Switch
Breakdown Voltage VBR@DSS) IDRAIN = 100 pA Full 200 220 v
Drain-Source On-Resistances IDS(on) IpRAIN = 100 mA Room 3 5 Q
Drain Off Leakage Current Ipss VDRAIN = 150V Room 5 10 A
Drain Capacitance® Cps Room 35 pF
Notes
a. Refer to PROCESS OPTION FLOWCHART for additional information.
b. Room = 25°C, Cold and Hot = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test. Q
f. CsTray @ OSCIN < 5 pF Q
g Temperature coefficient of rps(on) is 0.75% per °C, typical. cg
Q
-
=
o
Timing Waveforms %
@)
v R
15V - Ve ~
SOURCE tr < 10ns SHUTDOWN i = 10ns =
0 0 - o=
w
Vce t4 Vee - tsD s
DRAIN
DRAIN 10% 0 ;l; 10% =
0
=]
@]
P
Figure 1. Figure 2. g
(=]
R
f tsw
Vce /—
SHUTDOWN 50% 50% ‘ol =10ns
0 - /
1w ——
Vee
RESET 50% 50% 50%
0 _
tRW
Figure 3.
P-34984—Rev. B (04/18/94) 3-19
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Output Switching Frequency

+ViN vs. +11n at Start-Up vs. Oscillator Resistance
140 1M
Vo< v =
120 l
100 ™
?E, 80 g \
100k
T 6 / E X
-
40 V. N
e
20 — N
1]
0 10k
10 15 20 10k 100k 1M
+IN (mA) rosc — Oscillator Resistance ()
Pin Configurations
SO-16 PLCC-20
PDIP-14 ide-Bod,
el I
0 m N 7]
B 5 [z 5] 0
G B B i o
[ m| [ ] o
[5] 10] N 2] 5]
[¢] 9] ] 11] 1]
i 6] 7] [10]
= =] 1 o Y
Top View Top View Top View
Order Number: Si9104DJ Order Number: Si9104DW Order Number: Si9104DN
3-20
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Pin Configurations (Cont’d)

Pin Number

Function 14-Pin Plastic DIP 16-Pin SOIC 20-Pin PLCC
SOURCE 4 1 7
—VIN 5 2 8
Vce 6 4 9
OSCourt 7 5 10
OSCin 8 6 11
DISCHARGE 9 7 12
VREF 10 8 14
SHUTDOWN 11 9 16
RESET 12 10 17
COMP 13 11 18
FB 14 12 20
BIAS 1 13 2
+VIN 2 14 3
DRAIN 16 5

NC 3,15 1,4,6,13,15,19

Detailed Description

Pre-Regulator/Start-Up Section

Due to the low quiescent current requirement of the
Si9104 control circuitry, bias power can be supplied from
the unregulated input power source, from an external
regulated low-voltage supply, or from an auxiliary
“bootstrap” winding on the output inductor or
transformer.

When power is first applied during start-up, +Vyy will
draw a constant current. The magnitude of this current
is determined by a high-voltage depletion MOSFET
device which is connected between +Vyy and V¢c. This
start-up circuitry provides initial power to the IC by
charging an external bypass capacitance connected to
the V¢ pin. The constant current is disabled when Ve
exceeds 9.4 V. If V¢ is not forced to exceed the 9.4V
threshold, then V¢ will be regulated to a nominal value
of 9.4 V by the pre-regulator circuit.

As the supply voltage rises toward the normal operating
conditions, an internal undervoltage (UV) lockout
circuit keeps the output MOSFET disabled until Ve
exceeds the undervoltage lockout threshold (typically
8.8 V). This guarantees that the control logic will be
functioning properly and that sufficient gate drive

P-34984—Rev. B (04/18/94)
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voltage is available before the MOSFET turns on. The
design of the IC is such that the undervoltage lockout
threshold will not exceed the pre-regulator turn-off
voltage. Power dissipation can be minimized by
providing an external power source to Vccsuch that the
constant current source is always disabled.

Note: During start-up or when V¢c drops below 9.4-V
the start-up circuit is capable of sourcing up to 20 mA.
This may lead to a high level of power dissipation in the
IC (for a 48-V input, approximately 1 W). Excessive
start-up time caused by external loading of the V¢
supply can result in device damage. For typical
pre-regulator current at start-up as a function of input
voltage see Typical Characteristics, “+ VN vs. +Iy at
Start-Up” (page 3-20).

BIAS

To properly set the bias for the Si9104, a 390-k Q resistor
should be tied from BIAS to —Vn. This determines the
magnitude of bias current in all of the analog sections
and the pull-up current for the SHUTDOWN and
RESET pins. The current flowing in the bias resistor is
nominally 15 pA.

3-21
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Detailed Description (Cont’d)

Reference Section

The reference section of the Si9104 consists of a
temperature compensated buried zener and trimmable
divider network. The output of the reference section is
connected internally to the non-inverting input of the
error amplifier. Nominal reference output voltage is4 V.
The trimming procedure that is used on the Si9104
brings the output of the error amplifier (which is
configured for unity gain during trimming) to within
+1.0% of 4 V. This compensates for the input offset
voltage in the error amplifier.

The output impedance of the reference section has been
purposely made high so that a low impedance external
voltage source can be used to override the internal
voltage source, if desired, without otherwise altering the
performance of the device.

Error Amplifier

Closed-loop regulation is provided by the error
amplifier, which is intended for use with negative
feedback compensation. A MOS differential input stage
provides for low input current. The noninverting input
to the error amplifier (VRgF) is internally connected to
the output of the reference supply and should be
bypassed with a capacitor to ground (0.1 pF typically).

Osciilator Seciion

The oscillator consists of a ring of CMOS inverters,
capacitors, and a capacitor discharge switch. Frequency
is set by an external resistor between OSC IN and OSC
OUT. (See Applications section for details of resistor
value vs. frequency.) The DISCHARGE should be tied
to, —Vn for normal internal oscillator operation. A
frequency divider in the logic section limits switch duty
cycle to < 50% by locking the switching frequency to
one half of the oscillator frequency.

Remote synchronization can be accomplished by
capacitive coupling of a synchronization pulse into the
OSC IN terminal. For a 5-V pulse amplitude and 0.5-ps

32 Preliminary

pulse width, typical values would be 100 pF in series with
3kQto OSCIN.

SHUTDOWN and RESET

SHUTDOWN and RESET are intended for overriding
the output MOSFET switch via external control logic.
The two inputs are fed through a latch preceding the
output switch. Depending on the logic state of RESET,
SHUTDOWN can be either a latched or unlatched
input. The output is off whenever SHUTDOWN is low.
By simultaneously having SHUTDOWN and RESET
low, the latch is set and SHUTDOWN has no effect until
RESET goes high. The truth table for these inputs is
given in Table 1.

Table 1: Truth Table for the SHUTDOWN and RESET Pins

SHUTDOWN | RESET Output
H H Normal Operation
H 1 Normal Operation (No Change)
L H Off (Not Latched)
L L Off (Latched)
¥ L Off (Latched, No Change)

PPN Fmtomnal .
Both pins havc intcrnal current source pull-ups and

should be left disconnected when not in use. An added
feature of the current sources is the ability to connect a
capacitor and an open-collector driver to the
SHUTDOWN or RESET pins to provide variable
shutdown time.

Output Switch

The output switch is a 5-Q, 200-V lateral DM OS device.
Like discrete power MOSFETS, the switch contains an
intrinsic body-drain diode. However, the body contact in
the Si9104 is connected internally to —Viy and is
independent of the SOURCE.

P-34984—Rev. B (04/18/94)
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Applications
Vi 1008 1N5819 5V
GND °
2], 3
L 20uF 150 pH =01 L aa0ur
L]
1 . GND
5
7
5k ==0.1 uF L 474F
16
15
-5V
1 8 . . 6 :5)
13 IN5819
Si9104DW |,

150 kQ

S 2Q
?vzw

.__“_loo q{l«a'&» v =

0.1 pF

= 0.1yF

T 1N4148

J, ~VN (~48 V)

Pins 3,9, 10, and 15 are no connect

Figure 4. One-Watt Flyback Converter for Telecommunications Power Supplies

P-34984—Rev. B (04/18/94)
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1-W High-Voltage Switchmode Regulator
Features
® CCITT Compatible ® 10- to 120-V Input Range ® Current-Mode Control
® Current-Mode Control ® 200-V, 250-mA MOSFET e SHUTDOWN and RESET
® Low Power Consumption ® Internal Start-Up Circuit

(less than 5 mW)
Description
The Si9105 high-voltage switchmode regulator is a This device may be used with an appropriate
monolithic BIC/DMOS integrated circuit which contains transformer to implement isolated flyback power
most of the components necessary to implement a converter topologies to provide single or multiple

high-efficiency dc/dc converter in ISDN terminals up to regulated dc outputs (i.e., +5 V).

3 watts. A 0.5-mA max supply current makes possible

the design of a dc/dc converter with 60% efficiency at The Si9105 is available in 16-pin wide-body SOIC,

25 mW, therefore meeting the recommended 14-pin plastic, and 20-pin PLCC packages, and is

performance under the CCITT 1.430 specifications. specified over the industrial, D suffix (—40 to 85°C)
temperature range.

Functional Block Diagram

OSC OSsC
FB COMP DISCHARGE IN OuT
[ Q T
Erlipr [:l
'\Amp ifier - | 0sC
Vegr O + - |_Clock (2 fosc)
Current-Mode
4V (1%) —1- Comparator _—
Ref
Gen
DRAIN
C/L L I
Comparator v
}4———0 ~VIN
12V (BODY)
Current To
BIAS © Sources | " Internal
Circuits 0 SOURCE

Vce

Ve O—m¢
l P —
Undervoltage Comparator o SHUTDOWN
+VIN 01}—‘- '\ 8 P o S
8.7 vo—l/ R © RESET

_"<]: .
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Absolute Maximum Ratings

Voltages Referenced to —VIN (Vce < +ViN + 03 V)

VO v vt ettt e 15V
FVIN 120V
VDS« o e e e 200V
Ip (Peak) (200 ps pulse, 2% dutycycle) .. .......oveviuinin.. 2A
ID(IMS) oo 250 mA
Logic Inputs (RESET,

SHUTDOWN,OSCIN)................. -03VtoVcc+03V
Lincar Inputs (FEEDBACK, SOURCE)........... -03Vto7V
HV Pre-Regulator Input Current (continuous) ............. SmA
Storage Temperature . ... ... ..oooiiiiiiia —65to 125°C
Operating Temperature —40to 85°C
Junction Temperature (Ty) ........... ... oo Lo 150°C

Recommended Operating Range

Voltages Referenced to —Viy
VG et e e 10Vt 135V

....................................... 10Vt 120V
40kHz to 1 MHz

Power Dissipation (Package)?

14-Pin Plastic DIP (J Suffix)® .. ...................... 750 mW
16-Pin Plastic Wide-Body SOIC (W Suffix)¢ ............. 900 mW
20-Pin PLCC (N Suffix)d ........coovn vevnniennnnn. 1400 mW
Thermal Impedance (©j4)

14-PinPlasticDIP ................. .. ... e 167°C/W

16-Pin Plastic Wide-Body SOIC e e 140°C/W
20-PmPLCC .. . ... 90°C/W

Notes

Device mounted with all leads soldered or welded to PC board.
Derate 6 mW/°C above 25°C

Derate 7.2 mW/°C above 25°C

Derate 11 2 mW/°C above 25°C

aoge

Linear Inputs
Digital Inputs

Power Conversion, PCMCIA Interface l

Specifications?
Test Conditions Unless Limits
Otherwise Specified D Suffix ~40 to 85°C
DISCHARGE = -VIN =0V
Vee =10V, +ViN =48V

Parameter Symbol Rpias = 820kQ, Rosc = 910 kR Tempb Mind Typ®© Maxd Unit

Reference
OSCIN = VN (OSC Disabled)
Output Voltage A% Ry = 10MQ Room 3.92 4.00 4.08 A%
Output Impedance® Zout OSCIN = -Vin Room 15 300 45 kQ
Short Circuit Current ISREF OSCIN = - VIN, VREF = —=VIN Room 70 100 130 RA
Temperature Stability® TREF OSCIN = -VIn Full 025 1.0 mV/°C
Long Term Stability® t = 1000 hrs, T = 125°C Room 5.00 25.00 mV
Oscillator
Maximum Frequency® fMax Rosc =0 Room 1 3 MHz
Initial Accuracy fosc See Note e Room 32 40 48 kHz
Voltage Stability AffE Af/E = £(13.5V) = £ (9.5 V)/E (9.5 V) Room 10 15 %
Temperature Coefficient® Tosc Full 200 500 ppm/°C
Error Amplifier
FB Tied to COMP

Feedback Input Voltage VrB OSCIN = —Viy (OSC Disabled) Room 3.96 4 4.04 \%
Input BIAS Current IrB OSCIN = -VIN, VEg =4V Room 25 500 nA
Open Loop Voltage Gain® AvoL OSCIN = -V (OSC Disabled) Room 60 80 dB
P-34984—Rev. E(04/18/94) 3-25
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Specifications?
Test Conditions Unless Limits
Otherwise Specified D Suffix —40 to 85°C
DISCHARGE = VN =0V
Ve =10V, +Viy = 48V
Parameter Symbol Rpras = 820 kQ, Rosc = 910 kQ Temp? | Mind | Type | Maxd | Unit
Error Amplifier (Cont’d)
Input Offset Voltage Vos Room +15 +40 mV
Unity Gain Bandwidth® BW OSCIN = -Vin Room 0.5 08 MHz
Dynamic Output Impedance Zout Room 1 kQ
Source (Vgg = 3.4 V) Room -12 | -032
Output Current Iour mA
Sink (Vg = 4.5 V) Room | 005 [ 0.08
Power Supply Rejection PSRR 10V = Vcc=135V Room 70 dB
Current Limit
Threshold Voltage Vsoure | R 100 rom DRAN o Vee Room | 08 | 10 | 12 v
Ry = 100 Q from DRAIN to Vo
Delay to Output® t4 VSOURCE = 1.5 V, See Figure 1 Room 200 300 ns
Input Voltage +VIN Iy = 100 pA Room 120 v
Input Leakage Current +IIn Vee 210V Room 10 A
Pre-Regulator Start-Up Current ISTART Pulse Width < 300 ps, Vec =7V Room 8 15 mA
Vcc Pre-Regulator _
Turn-Off Threshold Voltage VreG IPRE-REGULATOR = 10pA Room 75 93 9.7
Undervoltage Lockout VuvLo Ry =S el eo%gg](:; l])) ::ﬁgi:;‘,cc Room 7.0 8.7 9.2 v
VRreG - VuvLo VDELTA Room 0.25 0.5
Suppiy
Supply Current Icc Room 0.35 0.5 mA
Bias Current Ip1As Room 15 RA
SHUTDOWN Delay tspD VsoURCE = — V1N, See Figure 2 Room 50 100
SHUTDOWN Pulse Width tsw Room 50
i ns
RESET Pulse Width tRW See Figure 3 Room 50
Latching Pulse Width
SHUTDOWN and RESET Low uw Room | 25
Input Low Voltage ViL Room 2.0
v
Input High Voltage Vi Room 8.0
Input Current _
Input Voltage High I VN =10V Room 1 5
Input Current wA
Input Voltage Low I VN =0V Room -35 -25
3-26 P-34984—Rev. E(04/18/94)
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Specifications?

Test Conditions Unless Limits

Otherwise Specified D Suffix —40 to 85°C
DISCHARGE = ~Viy =0V
Vee=10V, +VIN =48V
Parameter Symbol Rpras = 820 kR, Rosc = 910 kQ Tempb Mind Typ® Maxd Unit

MOSFET Switch
Breakdown Voltage V(BRr)DSS IDRAIN = 100 pA Full 200 220 v
Drain-Source On Resistance8 DS(on) IpRAIN = 100 mA Room 5 7 Q
Drain Off Leakage Current Ipss VDRAIN = 100V Room 10 A
Drain Capacitance Cps Room 35 pF

Notes

Refer to PROCESS OPTION FLOWCHART for additional information.

Room = 25°C, Cold and Hot = as determined by the operating temperature suffix.
Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

Guaranteed by design, not subject to production test.

CsTRAY PIn8 = = 5 pF

Temperature coefficient of rpg(on) is 0.75% per °C, typical.

Timing Waveforms

a
b.
c
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
€
f
g

tr < 10ns

10%

Figure 2.

15V - Vee
SOURCE 50% tr < 10ns SHUTDOWN
0 0
Vee - td Vee -
DRAIN
DRAIN 0% N
Figure 1.
f tsw
Vee /_______
SHUTDOWN 50% s0% ot =10ns
0 - /]
| tLw
Vee
RESET 50%
0
f tRwW
Figure 3.
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Typical Characteristics

Output Switching Frequency
vs. Oscillator Resistance

1ME T
N
g
100k
B
“9 h
N
-
N
10k
10k 100k 1M
rosc — Oscillator Resistance (€2)
Pin Configurations
SO-16
PDIP-14 (Wide-Body)
n ] 1] [16]
B ol = ] 5
G ] B i1} o
o m| Ea 5] g o
G i =] 2] 15]
[&] 5] <] 7] 7] T
B 5 1) ) ) )
Top View Top View Top View
Order Number: Si9105DJ Order Number: Si9105SDW Order Number: Si9105DN
Pin Number
Function 14-Pin Plastic DIP 16-Pin SOIC 20-Pin PLCC
SOURCE 4 1 7
-VIN 5 2 8
Voo 3 7 9
OSCout 7 5 10
OSCin 8 6 11
DISCHARGE 9 7 12
VREF 10 8 14
SHUTDOWN 11 9 16
RESET 12 10 17
COMP 13 11 18
FB 14 12 20
BIAS 1 13 2
TVIN 2 14 3
DRAIN 3 16 5
NC 3,15 1,4,6,13,15,19

3-28

P-34984—Rev. E(04/18/94)



TEMIC

Siliconix

Si9105

Detailed Description

Pre-Regulator/Start-Up Section

Due to the low quiescent current requirement of the
Si9105 control circuitry, bias power can be supplied from
the unregulated input power source, from an external
regulated low-voltage supply, or from an auxiliary
“bootstrap” winding on the output inductor or
transformer.

When power is first applied during start-up, +Vyy will
draw a constant current. The magnitude of this current
is determined by a high-voltage depletion MOSFET
device which is connected between +Vyn and Ve. This
start-up circuitry provides initial power to the IC by
charging an external bypass capacitance connected to
the V¢ pin. The constant current is disabled when Ve
exceeds 9.3 V. If V¢ is not forced to exceed the 9.3-V
threshold, then V¢ will be regulated to a nominal value
of 9.3 V by the pre-regulator circuit.

As the supply voltage rises toward the normal operating
conditions, an internal undervoltage (UV) lockout
circuit keeps the output MOSFET disabled until Ve
exceeds the undervoltage lockout threshold (typically
8.7 V). This guarantees that the control logic will be
functioning properly and that sufficient gate drive
voltage is available before the MOSFET turns on. The
design of the IC is such that the undervoltage lockout
threshold will not exceed the pre-regulator turn-off
voltage. Power dissipation can be minimized by
providing an external power source to Ve such that the
constant current source is always disabled.

BIAS

To properly set the bias for the Si9105, a 820-k<2 resistor
should be tied from BIAS to —Vy. This determines the
magnitude of bias current in all of the analog sections
and the pull-up current for the SHUTDOWN and
RESET pins. The current flowing in the bias resistor is
nominally 7.5 pA.

Reference Section

The reference section of the Si9105 consists of a
temperature compensated buried zener and trimmable
divider network. The output of the reference section is
connected internally to the non-inverting input of the
error amplifier. Nominal reference output voltage is 4 V.
The trimming procedure that is used on the Si9105
brings the output of the error amplifier (which is
configured for unity gain during trimming) to within
+1% of 4 V. This automatically compensates for the
input offset voltage in the error amplifier.

P-34984—Rev. E(04/18/94)

The output impedance of the reference section hasbeen
purposely made high so that a low impedance external
voltage source can be used to override the internal
voltage source, if desired, without otherwise altering the
performance of the device.

Error Amplifier

Closed-loop regulation is provided by the error
amplifier, whose 1-k2 dynamic output impedance
enables it to be used with feedback compensation
(unlike transconductance amplifiers). A MOS
differential input stage provides for low input current.
The noninverting input to the error amplifier (VRgF) is
internally connected to the output of the reference
supply and should be bypassed with a small capacitor to
ground.

Oscillator Section

The oscillator consists of a ring of CMOS inverters,
capacitors, and a capacitor discharge switch. Frequency
is set by an external resistor between the OSC IN and
OSC OUT pins. (See Typical Characteristics graph of
resistor value vs. frequency.) The DISCHARGE pin
should be tied to —Vjn for normal internal oscillator
operation. A frequency divider in the logic sectionlimits
switch duty cycle to a maximum of 50% by locking the
switching frequency to one half of the oscillator
frequency.

Remote synchronization can be accomplished by
capacitive coupling of a synchronization pulse into the
OSC IN terminal. For a 5-V pulse amplitude and 0.5-us
pulse width, typical values would be 100 pF in series with
3 kQ to OSC IN.

SHUTDOWN and RESET

SHUTDOWN and RESET are intended for overriding
the output MOSFET switch via external control logic.
The two inputs are fed through a latch preceding the
output switch. Depending on the logic state of RESET,
SHUTDOWN can be either a latched or unlatched
input. The output is off whenever SHUTDOWN is low.
By simultaneously having SHUTDOWN and RESET
low, the latch is set and SHUTDOWN has no effect until
RESET goes high. The truth table for these inputs is
given in Table 1.

Both pins have internal current source pull-ups and can
be left disconnected when not in use. An added feature
of the current sources is the ability to connect a capacitor
and an open-collector driver to the SHUTDOWN pin
to provide variable shutdown time.
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Detailed Description (Cont’d)

Output Switch I i
Table Truth Table for the SHUTDOWN and RESET Pins

The output switch is a 7-, 200-V lateral DMOS A —
transistor. Like discrete MOSFETS, the switch contains SHUTDOWN | RESEY Output
an intrinsic body-drain diode. However, the body H H Normal Operation
mgt?cf i(lil the §i9105f i; O%Igg:l;%i];mer nally to —Viy H 1 Normal Operation (No Change)
and is independent of the . I T OFf (Not Latched)

L L Off (Latched)

¥ L Off (Latched, No Change)

Applications
+ViN IN5819 sy
o - 3
NC
l L,=38mH S 220 uF
2 11 .
8 OUTPUT
8 3 o
910k 1N4148
7 6 10 e
20 uF,—E Si9105DJ 0.1 pF == ﬁ N X 47pF
L —] 715K 3150k
== 01uF NC 12 14 g s §
15k . _sv
10 13 —'\N\:—H 9 o
022 uF
1 . wiv 1N5819
0.1 5 9 1
o | M Sarsk| T W
=" 39Q 1%
uF 820k p:
o :
INPUT GND (GND Plane)

CCITT Compatible ISDN Terminal Power Supply
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High-Voltage Switchmode Controllers

Features

@ 10- to 120-V Input Range

@ Current-Mode Control

® High-Speed, Source-Sink Output Drive
© High Efficiency Operation (> 80%)

Description

The Si9110/9111 are BiC/DMOS integrated circuits
designed for use as high-performance switchmode
controllers. A high-voltage DMOS input allows the
controller to work over a wide range of input voltages
(10- to 120-VDC). Current-mode PWM control circuitry
is implemented in CMOS to reduce internal power
consumption to less than 10 mW.

A push-pull output driver provides high-speed switching
for MOSPOWER devices large enough to supply 50 W

Functional Block Diagram

FB COMP  DISCHARGE

14

Error
Amplifier

® Internal Start-Up Circuit
o Internal Oscillator (1 MHz)
@ SHUTDOWN and RESET

® Reference Selection
Si9110 — +1%
Si9111 - £10%

of output power. When combined with an output
MOSFET and transformer, the Si9110/9111 can be used
to implement single-ended power converter topologies
(i.e., flyback, forward, and cuk).

The Si9110/9111 is available in 14-pin plastic DIP, SOIC
and CerDIP packages, and are specified over the
military, A suffix (=55 to 125°C) and industrial, D suffix
(—40 to 85°C) temperature ranges.

OSC OsC
IN OuT

T7—|J—ll_

o

s T oM
|_ osc .
T__Clock (4 fosc) Vee

v 10
REF O———
2v Current-Mode
—1- Comparator
Ref . OUTPUT
Gen
* -ViN
— C/L
Comparator
12V
1 Current To
o— >
BIAS Sources Internal 3
Circuits O SENSE
6 Vce
Vee 0—mm¢
2 Undervoltage OA® 11 SHUTDOWN
Vi Nomparalor 0 S ————o0
s1vo—t~" R 12, RESET
_L¢Q 86V
Pre-Regulator/Start-Up
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Absolute Maximum Ratings
Voltages Referenced to — Vi (Note: Ve < +ViN + 03 V) Power Dissipation (Package)a
VG ettt e 15V 14-Pin CerDIP (K Suffix)® .........ocoiiiiiiiin, 1000 mW
14-Pin Plastic DIP (J Suffix)® ................coooinnt 750 mW
B 1. \%
. {NI o (RESET 120 14-Pin SOIC (Y SUffix) ... ... ovoveieieeniteenenns 900 mW
ogic Inputs N
i it St S Thermal Impedance (©34)
SH OWR, OSCIN, OSCOUT).. ... 03VioVec+03V 14-PinCerDIP . ...ttt
Linear Inputs 14-Pin Plastic DIP
(FEEDBACK, SENSE, BIAS, VREF) .- .. —03VioVec+03V T4-PInSOIC ...ouiuntitiiiiiiiiiaeiiin,
HV Pre-Regulator Input Current (continuous)............. SmA
Storage Temperature .. .........oovviniieniinn, —6510150°C Notes
Operating Temperature (A SUffix) .............. —551t0125°C a. Device moume(i with all leags soldered or welded to PC board.
D Suffix) 4010 85°C b. Derate 10 mW/°C above 50°C.
(DSuffix) ..o c. Derate 6 mW/°C above 25°C.
Junction Temperature (Ty) . ...ooovvninriiiiinnaaann 150°C d. Derate 7.2 mW/°C above 25°C.

Recommended Operating Range

Voltages Referenced to —Viy

VG vttt 95V1t0135V ROSC « v eeeeeeeee et e 25kQ to 1 MQ
FVIN o 10Vto120V LinearInputs ...............covune. ...0toVec -3V
fOSC « v 40 kHz to 1 MHz Digital Inputs . . .. ...oovvii 0toVce
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified -5510125°C | —40t085°C
DISCHARGE = -V =0V
Vec=10V,+VIN =48V
Parameter Symbol Rpias = 390kQ, Rosc = 330kQ | Temp® | Typ® | Mind | Maxd | Mind | Maxd | Unit
Reference
SI9110 | Room | 40 [ 392 | 408 1352 | 408
OSCIN = - Viy 8i9111 | Room | 4.0 | 3.60 | 4.40 | 3.60 | 4.40
Output Voltage VR (OSC Disabled) v
Ry = 10 MQ Si9110 | Full 382 | 416 | 386 | 4.14
Si9111 Full 3.50 4.48 3.52 4.46
Output Impedance® Zout Room 30 15 45 15 45 kQ
Short Circuit Current ISREF VREF = -VIN Room | 100 70 130 70 130 HA
Temperature Stability® TREF Full 0.50 1.0 1.0 mV/°C
Oscillator
Maximum Frequency® fmax Rosc =0 Room 3 1 1 MHz
Rosc = 330k, See Note f Room | 100 80 120 80 120
Initial Accuracy fosc kHz
Rosc = 150k, See Note f Room | 200 160 240 160 240
Voltage Stability Afff Af/f=£(13.5 V) — £(9.5 V)/ (9.5 V) Room 10 15 15 %
Temperature Coefficient® Tosc Full 200 500 500 | ppm/°C
Error Amplifier
FB Tied to COMP Si9110 | Room | 4.00 | 3.96 4.04 3.96 4.04
Feedback Input Voltage VrB OSCIN = - VIN v
(OSC Disabled) Si9111 | Room | 4.00 | 3.60 | 4.40 | 3.60 | 4.40
Input BIAS Current IrB OSCIN = - VN, VEg =4V Room 25 500 500 nA
3-32 P-34830—Rev. C (04/25/94)
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Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified ~5510125°C | —40t085°C
DISCHARGE = ~VIN =0V
Vec=10V,+ViN =48V
Parameter Symbol Rpras = 390k, Rosc = 330kQ | Temp? | Typ® | Mind | Maxd [ Mind | Maxd | Unit
.| Error Amplifier (Cont’d)
Input OFFSET Voltage Vos Room | x15 +40 +40 mV
Open Loop Voltage Gamn® AvoL Room 80 60 60 dB
OSCIN = - VN
Unity Gain Bandwidth® BW (OSC Disabled) Room 13 1 1 MHz
Dynamic Output
Impedancee Zout Room | 1000 2000 2000 Q
Output Current Iout Source (Vg = 3.4 V) Room | -2.0 -14 -14
mA
Sink (Vg =45 V) Room | 0.15 | 0.12 0.12
Power Supply Rejection PSRR 95V < Vcc =135V Room 70 50 50 dB
Current Limit
Threshold Voltage VSOURCE VFp=0V Room | 12 | 10 | 14 10 | 14 v
Delay to Output® tg VSENSE = 1.5V, See Figure 1 Room | 100 150 150 ns
Pre-Regulator/Start-Up
Input Voltage +VIN IIN=10pA Room 120 120 \4
Input Leakage Current +IIN Vee =294V Room 10 10 HA
Pre-Regulat.
S{:n_fjg;éu‘xem Istarr | Pulse Width < 300 s, Vee = Vurvo | Room | 15 | 8 8 mA
Vcc Pre-Regulator
Turn-Off Threshold VREG IPRE-REGULATOR = 10 pA Room 86 78 9.4 78 9.4
Voltage v
Undervoltage Lockout VuvLo Room 8.1 7.0 8.9 7.0 8.9
VREG —VUuvLo VDELTA Room 0.6 03 03
Supply
Supply Current Icc CLoAD < 75 pF (Pin 4) Room | 06 | 045 | 1.0 | 045 | 10 mA
Bias Current Ip1as Room 15 10 20 10 20 RA
Logic
SO OWN CL = 500 pE, VsensE —VIN
SHUTDOWN Delay® tsp See Figure 2 Room 50 100 100
SHUTDOWN .
Pulse Widthe tsw See Figure 3 Room 50 50
ns
RESET Pulse Width® tRW Room 50 50
Latching Pulse Width
SHUTDOWN and trw See Figure 3 Room 25 25
RESET Low®
Input Low Voltage A% Room 2.0 2.0
v
Input High Voltage Vi Room 8 8
P-34830—Rev. C (04/25/94) 3-33
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Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
DISCHARGE = —Viy =0V
Vo =10V, +Viy = 48V :
Parameter Symbol Rpias = 390kQ, Rosc = 330kQ | TempP | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Logic (Cont’d)
Input Current _
Input Voltage High I Viv=10V Room 1 5 5
Input Current mA
Input Voltage Low I VIN=0V Room | =25 | -35 =35
Output
Output High Voltage Vou Iour = ~10mA Roam o o
A%
Output Low Voltage VoL Iour = 10mA Room 930 0%
Output Resistance Rout IouT = 10 mA, Source or Sink ng)l:)ﬁn ;2 ?8 gg Q
Rise Time® t Room 40 75 75
Cr = 500 pF ns
Fall Time® tf Room 40 15 75

Notes
a. Refer to PROCESS OPTION FLOWCHART for additional information.

b. Room = 25°C, Full = as determined by the operating temperature suffix.

c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum.
e. Guaranteed by design, not subject to production test.

f. CsrrayPin8 = < SpF

Timing Waveforms
1.5V - Vce
SENSE  50% tr < 10ns SHUTDOWN 50%
0 0 -
td
Vee 90% Vce 90%
OuUTPUT OUTPUT
0 - 0 -
Figure 1. Figure 2.
v I tsw
cc T\ l
SHUTDOWN 50% Mso% tntf < 10ns
0o - /]
! ttw
Vee
RESET 50% 50% 50%
0 -
tRW
Figure 3.
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Typical Characteristics

+V]n vs. +1pn at Start-Up

Output Switching Frequency vs.
Oscillator Resistance

140 l | 1M
Vee = -ViN
120
/ N
100 N{
—~ N
g 2 N\
Z g 100k
2 60 / 8 -
N
™
40 / N
N
20 d I
" —
0 10k
10 15 20 10k 100k 1M
+IIN (mA) rosc ()
Pin Configurations
Dual-In-Line and SOIC
BIAS [1] 14] FB
+viy [2] 13] comp
SENSE [3] 12] RESET Order Numbers
OUTPUT [4] 11] SHUTDOWN CerDIP: Si9110AK
v v Plastic DIP: Si9110DJ, Si9111DJ
-Viv [5] [10] Vrer SOIC: Si9110DY, Si9111DY
Vee [6] [9] DISCHARGE
oscouT [7] [8] oscIN

Top View

Detailed Description

Pre-Regulator/Start-Up Section

Due to the low quiescent current requirement of the
$i9110/9111 control circuitry, bias power can be supplied
from the unregulated input power source, from an
external regulated low-voltage supply, or from an
auxiliary “bootstrap” winding on the output inductor or
transformer.

‘When power is first applied during start-up, +Vyy (pin 2)
will draw a constant current. The magnitude of this current
is determined by a high-voltage depletion MOSFET device
which is connected between +Vyy and Ve (pin 6). This
start-up circuitry provides initial power to the IC by
charging an external bypass capacitance connected to the
Vcc pin. The constant current is disabled when Ve
exceeds 8.6 V. If Vo is not forced to exceed the 8.6V

P-34830—Rev. C (04/25/94)

threshold, then Vo will be regulated to a nominal value of
8.6 V by the pre-regulator circuit.

As the supply voltage rises toward the normal operating
conditions, an internal undervoltage (UV) lockout
circuit keeps the output driver disabled until V¢
exceeds the undervoltage lockout threshold (typically
8.1 V). This guarantees that the control logic will
be functioning properly and that sufficient gate drive
voltage is available before the MOSFET turns on. The
design of the IC is such that the undervoltage lockout
threshold will be at least 300 mV less than the
pre-regulator turn-off voltage. Power dissipation can be
minimized by providing an external power source to Ve
such that the constant current source is always disabled.
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Detailed Description (Cont’d)

Note: During start-up or when V¢ drops below 8.6 V
the start-up circuit is capable of sourcing up to 20 mA.
This may lead to a high level of power dissipation in the
IC (for a 48-V input, approximately 1 W). Excessive
start-up time caused by external loading of the V¢
supply can result in device damage. Figure 4 gives the
typical pre-regulator current at BIC/DMOS as a function
of input voltage.

BIAS

To properly set the bias for the §i9110/9111, a 390-kQ
resistor should be tied from BIAS (pin 1) to —VN
(pin 5). This determines the magnitude of bias current
in all of the analog sections and the pull-up current for
the SHUDOWN and RESET pins. The current flowing
in the bias resistor is nominally 15 pA.

Reference Section

The reference section of the Si9110 consists of a
temperature compensated buried zener and trimmable
divider network. The output of the reference section is
connected internally to the non-inverting input of the
error amplifier. Nominal reference output voltage is 4 V.
The trimming procedure that is used on the Si9110
brings the output of the error amplifier (which is
configured for unity gain during trimming) to within
+1% of 4 V. This compensates for input offset voltage in
the error amplifier.

The output impedance of the reference section has been
purposely made high so that a low impedance external
voltage source can be used to override the internal
voltage source, if desired, without otherwise altering the
performance of the device.

Applications which use a separate external reference,
such as non-isolated converter topologies and circuits
employing optical coupling in the feedback loop, do not
require a trimmed voltage reference with 1% accuracy.
The Si9111 accommodates the requirements of these
applications at a lower cost, by leaving the reference
voltage untrimmed. The 10% accurate reference thus
provided is sufficient to establish a dc bias point for the
error amplifier.

Error Amplifier

Closed-loop regulation is provided by the error
amplifier, which is intended for wuse with
“around-the-amplifier” compensation. A MOS
differential input stage provides for low input current.

3-36

The noninverting input to the error amplifier (VREgF) is
internally connected to the output of the reference
supply and should be bypassed with a small capacitor to
ground.

Oscillator Section

The oscillator consists of a ring of CMOS inverters,
capacitors, and a capacitor discharge switch. Frequency
is set by an external resistor between the OSC IN and
OSCOUT pins. (See Figure 5 for details of resistor value
vs. frequency.) The DISCHARGE pin should be tied to
—Vn for normal internal oscillator operation. A
frequency divider in the logic section limits switch duty
cycle to < 50% by locking the switching frequency to
one half of the oscillator frequency.

Remote synchronization is accomplished by capacitive
coupling of a positive SYNC pulse into the OSC IN
(pin 8) terminal. For a 5-V pulse amplitude and 0.5-us
pulse width, typical values would be 100 pF in series with
3 kQ to pin 8.

SHUTDOWN and RESET

SHUTDOWN (pin 11) and RESET (pin 12) are
intended for overriding the output MOSFET switch via
external control logic. The two inputs are fed through a
latch preceding the output switch. Depending on the
logic state of RESET, SHUTDOWN can be either a
latched or unlatched input. The output is off whenever
SHUTDOWN is low. By simultaneously having
SHUTDOWN and RESET low, the latch is set and
SHUTDOWN has no effect until RESET goes high. The
truth table for these inputs is given in Table 1.

Table 1: Truth Table for the SHUTDOWN and RESET Pins

SHUTDOWN | RESET Output

Normal Operation

Normal Operation (No Change)
Off (Not Latched)
Off (Latched)
Off (Latched, No Change)

| = = = =
[l Bl =1 P =2}

Both pins have internal current source pull-ups and
should be left disconnected when not in use. An added
feature of the current sources is the ability to connect a
capacitor and an open-collector driver to the
SHUTDOWN or RESET pins to provide variable
shutdown time.

P-34830—Rev. C (04/25/94)
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Detailed Description (Cont’d)

Output Driver

The push-pull driver output has a typical on-resistance
of 20 Q. Maximum switching times are specified at 75 ns
for a 500-pF load. This is sufficient to directly drive
MOSFETS such as the 2N7004, 2N7005, IRFD120 and
IRFD220. Larger devices can be driven, but switching

times will be longer, resulting in higher switching losses.
In order to drive large MOSPOWER devices, it is
necessary to use an external driver IC, such as the
Siliconix D469A. The D469A can switch very large
devices such as the SMM20N50 (500 V, 0.3 Q) in
approximately 100 ns.
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Figure 4. 5-Watt Power Supply for Telecom Applications
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High-Voltage Switchmode Controller

Features

® SHUTDOWN and RESET

® 9-to 80-V Input Range
® Current-Mode Control
® High-Speed, Source-Sink Output Drive

e High Efficiency Operation (> 80%)
@ Internal Start-Up Circuit
® Internal Oscillator (1 MHz)

Description

The Si9112 is a BiC/DMOS integrated circuit designed
for use in high-efficiency switchmode power converters.
A high-voltage DMOS input allows this controller to
work over a wide range of input voltages (9- to 80-VDC).

output power. When combined with an output
MOSFET and transformer, the Si9112 can be used to
implement single-ended power converter topologies
(i.e., flyback, forward, and cuk).

Current-mode PWM control circuitry is implemented in
CMOS to reduce internal power consumption to less

than 10 mW. The Si9112 is available in 14-pin plastic DIP, and SOIC

packages, and is specified over the industrial, D suffix
A CMOS output driver provides high-speed switching of (—40 to 85°C) temperature range.

MOSPOWER devices large enough to supply 50 W of

Functional Block Diagram
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Absolute Maximum Ratings
Voltages Referenced to —Vin (Vee < +Vin + 0.3 V)

Vee

+VIN

Logic Inputs

(RESET, SHUTDOWN, OSCIN)......... -03VtoVcc+03V

Linear Inputs (FEEDBACK, SENSE) . ..... -03VtoVccto03V

HV Pre-Regulator Input Current (continuous) . ........... 25mA
(Power Dissipation Limited)

Storage Temperature . ......ovvviiiiiiiiiiiein —6510150°C

Operating Temperature ..............c.ooviuenn.. —40t085°C

Recommended Operating Range

Voltages Referenced to —Vin

Vce 9Vto135V

VN e e 9Vto80V

fOSC vt 40kHz to 1 MHz
Specifications?

Junction Temperature (Ty) ..o, 150°C
Power Dissipation (Package)a

14-Pin Plastic DIP (J Suffix)® .....................o 750 mW
14-Pin SOIC (Y Suffix) .......ooviiiniiiiiininnin, 900 mW
Thermal Impedance (©54)

14-Pin Plastic DIP . ....ovoeiiiiiiiiaiiiiiiiiienn 167°C/W
14-PinSOIC . ... ........ . ..... 140°C/W
Notes

a. Device mounted with all leads soldered or welded to PC board.
b. Derate 6 mW/°C above 25°C.
c. Derate 7.2 mW/°C above 25°C.

ROSC v vvvieeiiiiiiiii e
Linear Inputs

Digital Inputs . . ... ov ittt 0to Vce

Test Conditions
Unless Otherwise Specified

DISCHARGE = —-Viy =0V
Vo =9V, +VN =12V

Limits

D Suffix —40 to 85°C

Parameter Symbol Rpras = 270kQ, Rosc =330kQ | Temp® | Mind | Typ® | Maxe Unit
Reference
OSCIN = — ViN (OSC Disabled) Room 3.88 4.0 4.12
Output Voltage Vr Ry =10 MQ Fulle | 382 414 v
Output Impedance® Zout Room 15 30 45 kQ
Short Circuit Current ISREF VREF = —VIN Room 70 100 130 pA
Temperature Stability® TREF Full 0.5 1.0 mV/°C
Oscillator
Maximum Frequency® fmax Rosc=0 Room 1 3 MHz
Rosc = 330k, See Note f Room 80 100 120
Initial Accuracy fosc kHz
Rosc = 150k, See Note f Room 160 200 240
Voltage Stability Afff Af/f = £(13.5V) - f(9.5V) /£(9.5V) | Room 9 15 %
Temperature Coefficient® Tosc Full 200 500 ppm/°C
Error Amplifier
Feedback Input Voltage Vi osc INFf P\e/(:;;o(ggggisable g | Room | 392 | 400 | 408 v
Input Offset Voltage Vos OSCIN = — VN (OSC Disabled) Room +15 +40 mV
Input BIAS Current IrB OSCIN = - VN, VEg =4V Room 25 500 nA
Open Loop Voltage Gain® AvoL OSCIN = - VN Room 60 80 dB
Unity Gain Bandwidth® BW OSCIN = — VN (OSC Disabled) Room 1 1.5 MHz
Dynamic Output Impedance® ZouT Error Amp Configured for 60 dB gain | Room 1000 2000 Q
Source Vg =34V Room -2.0 -14
Output Current IouTt - mA
Sink Vg =45V Room 0.12 0.15
Power Supply Rejection® PSRR 9V =Vcc =135V Room 50 70 dB
P-34983—Rev. C (04/25/94) 3-39
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. .
Specifications?
Test Conditions Limits
Unless Otherwise Specified D Suffix —40 to 85°C
DISCHARGE = -Vy =0V
Vec=9V,+ViN=12V
Parameter Symbol Rpias = 270kQ, Rosc =330kQ | Temp® | Minf | Typ® | Max8 Unit
Current Limit
Threshold Voltage VSOURCE V=0V Room 1.0 12 14 A%
Delay to Output® tg VsENsE = 1.5V, See Figure 1 Room 100 150 ns
Pre-Regulator/Start-Up
Input Voltage +VIN In=10pA Room 80 \%
Input Leakage Current +IiN Vee = 94V Room 10 A
. = - . VuvLo
Pre-Regulator Dropout Voltage Vce +VIN =10V,Rioap =4 katPin6 Room +01
Vcc Pre-Regulator Turn-Off _
Threshold Voltage VREG IPRE-REGULATOR = 10 pA Room 8.0 8.7 9.4 v
Undervoltage Lockout VuvLo See Detailed Description Room 72 8.1 8.9
VreG —Vuvro VDELTA Room 0.3 0.6
Supply
Supply Current Icc Cp =< 75pF (Pin 4) Room 0.6 1.0 mA
Bias Current IB1AS Room 15 RA
Logic
TSR Cr, = 500 pF
SHUTDOWN Delay® tsp VemnsE = - Vo, See Figure 2 Room 50 100
SHUTDOWN Pulse Width® tsw Room 50
- ns
RESET Pulse Width® tRW See Figure 3 Room 50
Latching Pulse Width . o ne
SHUTDOWN and RESET Low® w aen “
Input Low Voltage ViL Room 2.0 \%
Input High Voltage Vi Room 70
Input Current Input Voltage High Iy Vioaic = Vec Room 1 5 HA
Input Current Input Voltage Low I ViN=0V Room =35 25
Output
Output High Voltage Vou Iout = —10mA R;[ﬁ;n g;
\'
Output Low Voltage VoL Iour = 10mA nglﬁlln gg
Output Resistance® Rour IouTt = 10 mA, Source or Sink RI?\ST 32 3(5) Q
Rise Time® tr Room 40 75
Cy = 500 pF ns
Fall Time® tf Room 40 75
Notes
a. Refer to PROCESS OPTION FLOWCHART for additional information.
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum.
e. Guaranteed by design, not subject to production test.
f. CsTrAY Pin8 = =< 5pFE

3.40 P-34983—Rev. C (04/25/94)
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Timing Waveforms
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Pin Configurations

Dual-In-Line and SOIC

Order Numbers

Plastic DIP: Si9112DJ
SOIC: Si9112DY

BIAS [1] 14] FB
+viy [2] 13] comp
SENSE [3] I12] RESET
OUTPUT [4 SHUTDOWN
-Vin |5 E VREF
Vee [6] 9] DISCHARGE
0SCOUT |_7: 8] oscIN

Top View

Detailed Description

Pre-Regulator/Start-Up Section

Due to the low quiescent current requirement of the
Si9112 control circuitry, bias power can be supplied from
the unregulated input power source, from an external
regulated low-voltage supply, or from an auxiliary
“bootstrap” winding on the output inductor or
transformer.

When power is first applied during start-up, +Vin
(pin 2) will draw a constant current. The magnitude of
this current is determined by a high-voltage depletion
MOSFET device which is connected between +Vy and
Vce (pin 6). This start-up circuitry provides initial
power to the IC by charging an cxtcrnal bypass
capacitance connected to the Vcc pin. The charging
current is disabled when Vcexceeds 8.7 V. If Ve is not
forced to exceed the 8.7-V threshold, then V¢ will be
regulated to a nominal value of 87 V by the
pre-regulator circuit.

As the supply voltage rises toward the normal operating
conditions, an internal undervoltage (UV) lockout
circuit keeps the output driver disabled until Voo
exceeds the UV lockout threshold (typically 8.1 V). This
guarantees that the control logic will be functioning
properly and that sufficient gate drive voltage is
available before the MOSFET turns on. The design of
the IC is such that the undervoltage lockout threshold
will be at least 300 mV less than the pre-regulator
turn-off voltage. Power dissipation can be minimized by
providing an external power source to V¢ such that the
pre-regulator circuit is disabled.

BIAS

To properly set the bias for the Si9112, a 270-k Q2 resistor
should be tied from BIAS (pin 1) to —Vin (pin 5). This

3-42

determines the magnitude of bias current in all of the
analog sections and the pull-up current for the
SHUTDOWN and RESET pins. The current flowing in
the bias resistor is nominally 15 pA.

Reference Section

The reference section of the Si9112 consists of a
temperature compensated buried zener and trimmable
divider network. The output of the reference section is
connected internally to the non-inverting input of the
error amplifier. Nominal reference output voltage is 4 V.
The trimming procedure that is used on the Si9112
brings the ouipui of ihe enonr aimplifier (which is
configured for unity gain during trimming) to within
+2% of 4 V. This automatically compensates for input
offset voltage in the error amplifier.

The output impedance of the reference section has been
purposely made high so that a low impedance external
voltage source can be used to override the internal
voltage source, if desired, without otherwise altering the
performance of the device.

Error Amplifier

Closed-loop regulation is provided by the error
amplifier. The emitter follower output has a typical
dynamic output impedance of 1000 €, and is intended
for use with “around-the-amplifier” compensation. A
MOS differential input stage provides low input leakage
current. The noninverting input to the error amplifier
(VReF) is internally connected to the output of the
reference supply and should be bypassed with a small
capacitor to ground.

P-34983—Rev. C (04/25/94)
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Detailed Description (Cont’d)

Oscillator Section

The oscillator consists of a ring of CMOS inverters,
capacitors, and a capacitor discharge switch. Frequency
is set by an external resistor between the OSC IN and
OSC OUT pins. (See Typical Characteristics for details
of resistor value vs. frequency.) The DISCHARGE pin
should be tied to —Vyy for normal internal oscillator
operation. A frequency divider in the logic section limits
switch duty cycle to <50% by locking the switching
frequency to one half of the oscillator frequency.

Remote synchronization can be accomplished by
capacitive coupling of a SYNC pulse into the OSC IN
(pin 8) terminal. For a 5-V pulse amplitude and 0.5-ps
pulse width, typical values would be 100 pF in series with
3 k< to pin 8.

SHUTDOWN and RESET

SHUTDOWN (pin 11) and RESET (pin 12) are
intended for overriding the output MOSFET switch via
external control logic. The two inputs are fed through a
latch preceding the output switch. Depending on the
logic state of RESET, SHUTDOWN can be either a
latched or unlatched input. The output is off whenever
SHUTDOWN is low. By simultaneously having
SHUTDOWN and RESET low, the latch is set and
SHUTDOWN has no effect until RESET goes high. The
truth table for these inputs is given in Table 1.

P-34983—Rev. C (04/25/94)

Table 1: Truth Table for the SHUTDOWN and RESET Pins

SHUTDOWN | RESET Output
H H Normal Operation
H T Normal Operation (No Change)
L H Off (Not Latched)
L L Off (Latched)
r L Off (Latched, No Change)

Both pins have internal current source pull-ups and
should be left disconnected when not in use. An added
feature of the current sources is the ability to connect a
capacitor and an open-collector driver to the
SHUTDOWN or RESET pins to provide variable
shutdown time.

Output Driver

The push-pull driver output has a typical on-resistance
of 20 Q2. Maximum switching times are specified at 75 ns
for a 500 pF load. This is sufficient to directly drive 60-V,
25-A MOSFETs. Larger devices can be driven, but
switching times will be longer, resulting in higher
switching losses.

For applications information refer to AN703.
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High-Frequency Switchmode Controller

Features

® 15-to 200-V Input Range
e Current-Mode Control
o Internal Start-Up Circuit

Description

The Si9114 is a BiC/DMOS current-mode pulse width
modulation (PWM) controller IC for high-frequency
dc/dc converters. Single-ended topologies (forward and
flyback) can be implemented at frequencies up to
1 MHz. The oscillator has an internal divide-by-two that
limits the duty ratio to 50%. An oscillator sync output
allows converters to be synchronized in phase as well as
in frequency, in a master/slave configuration.

The output inverter can typically source 500 mA and sink
700 mA. Shoot-through current is all but eliminated to

Functional Block Diagram
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® Latched SHUTDOWN
® Soft-Start
® 1.5-MHz Error Amp

minimize supply current requirements.

The high-voltage DMOS transistor allows the IC to
interface directly to bus voltages up to 200 V. Other
features include a 1.5% accurate voltage reference,
1.5-MHz (min) bandwidth error amplifier, shutdown
logic control, soft-start and undervoltage lockout
circuits.

The Si9114 is available in 14-pin plastic DIP and SOIC
packages, and is specified over the industrial, D suffix
(—40°C to 85°C) temperature range.
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Absolute Maximum Ratings

Voltages Referenced to —Vin Junction Temperature (Ty) .. . ....ooviiiiiiiiii, 150°C
YOG+ttt ettt 18V Power Dissipation (Package)?
X X b
VN (Note: Voo < +VIN+03V) ..o 200V 14-P¥n Plastic Dip (J Suffix)® . .................. ... 750 mW
. o 14-Pin SOIC (Y Suffix)® . .....
Logic Input (SHUTDOWN, SYNC) .... .. -03VtoVec+03V Thermal Impedance (@)
Linear Inputs (FEEDBACK, SENSE, 14-Pin Plastic Dip e 167°C/W
SOFTSTART) ... —03VioVcc+03V T4-PinSOIC .......oouiniiiinii i, 140°C/W
HV Pre-Regulator Input Current (continuous) . ............ 5mA Notes
Storage Temperatur —6510150°C a. Device mounted with all leads soldered or welded to PC board.
Orage JCMPCIAIUIC . vc v e b. Derate 6 mW/°C above 25°C.
Operating Temperature .................oooou.. —401t085°C c. Derate 7.2 mW/°C above 25°C.

Recommended Operating Range

Voltages Referenced to —Vin ROSC v v v e 56 kQ to 1 MQ
Vee N 95Vto16.5V COSC tvvvermniiiiiie et e 47 pF to 200 pF
FVIN 15Vt0200V Linear Inputs .........ovviiiiiiiinann. OtoVec -4V
fOSC v v 20kHz to 2 MHz Digital Inputs ... ..... oo 0to Ve
-]
(3]
=§
Specifications 5
~
=
Test Conditions Limits -
Unless Otherwise Specified D Suffix —40 to 85°C s 5
Oscillator Disabled Q 5
Parameter Symbol -VIN=0V,Vcc=10V Min® | Typ® | Max® | Unit E a0
O J-]
Reference - §
OSC Disabled, Ty = 25°C 3.94 4.0 4.06 g 2
Output Voltage VR OSC Disabled 388 40 a2 v ”I.I; E’
Over Voltage and Temperature Ranges® - : . 5 8
> )
Short Circuit Current ISREF VREF = —VIN —15 -5 mA = Cg
=]
Load Regulation AVR/AIR IRgr = 0to —3mA 3 40 mV &)
Oscillator §
Rosc = 374 k&, Cosc = 200 pF 90 100 | 110 QQ_‘
Initial Accuracy foscd kHz
Rosc = 133 k@ Cosc = 100 pF 450 | s00 | s50
o Rosc = 133 kQ Cosc = 100 pF
Voltage Stability® Af/f AF/E = [£(16.5 V) — £9.5 V)] /(9.5 V) 1 2 %
Temperature Coefficient® OSCTC —40 < Tp < 85°C, fosc = 100 kHz 200 500 | ppm/°C
Sync Output Current (Master Mode) ISYNC(M) VRosc =5V +1.0 +3.0 mA
Sync Output Current (Slave Mode) IsyNc(s) VRrosc = Vce +1 +500 nA
P-36732—Rev. B (05/30/94) 3.45
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Specifications?
Test Conditions Limits
Unless Otherwise Specified D Suffix —40 to 85°C
Oscillator Disabled
Parameter Symbol -VIN=0V,Vee =10V Min® | Typ® | Max® | Unit
Error Amplifier (Cosc = —Vin OSC Disabled)
Input BIAS Current IFB VB =5V,NI = VRgp +25 +200 nA
Input OFFSET Voltage Vos2 +5 +25 mV
Open Loop Voltage Gain® AvoL 65 88 dB
Unity Gain Bandwidth® BW 1.5 2.3 MHz
Source (Vg = 3.5 V, NI = VRgF) —20 | -10
Output Current Iour - mA
Sink (Vgp = 4.5 V, NI = VRgF) 1.0 4.0
Power Supply Rejection PSRR 95V <Vcc =165V 50 88 dB
Pre-Regulator/Start-Up
Input Leakage Current +IIN +ViN =200V, Vcc 210V <1 10 nA
Pre-Regulator Start-Up Current ISTART +ViN = 48V, tpw < 300 ps, Vce = VuvLo 8 20 mA
Vcc Pre-Regulator Voltage VpR +VIN =48V 8.8 9.1 9.4
VpRr —VuvLo (Turn-On) VDELTA 0.1 02 0.7 A%
Undervoltage Lockout Hysteresis VHYST 0.18 03 04
Supply
) fosc = 100 kHz 13 25
Su Current Icc Croap < SO0pF mA
PPy P fosc = 500 kiiz 18 | 30
Protection
Current Limit Threshold Voltage VSENSE Vg =0V, NI = VRgp 1.15 1.23 1.30 v
Current Limit Delay to Output® t4 VseNSE = 1.5V, See Figure 1 70 100 ns
SHUTDOWN Logic Threshold Vsp 25 0.5 v
SHUTDOWN Delay to Latched Output® tsp See Figure 2 0.30 1.0 us
SHUTDOWN Pull-Up Current Isp Vsp =0V 12 17 30
A
Soft-Start Current Iss 12 17 30 "
Output Inhibit Voltage Vss(off) Soft-Start Voltage to Disable Driver Output 17 0.5 \%
MOSFET Driver
Output High Voltage Vou Iout = —10mA 9.85 9.9
v
Output Low Voltage VoL Iout = 10 mA 0.05 0.15
1 Vi =0V —400 | —200
Peak Output Current® SOURCE out mA
ISINK Vour = Vce 500 700
Notes

a

Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

The algebraic convention whereby the most negative value is a minimum and the most positive a maximum.

CsTrAY < 5 pFon Cosc.

3.46

b.
c. Guaranteed by design, not subject to production test.
d.

Preliminary
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Typical Characteristics (25°C Unless Otherwise Noted)

Oscillator Frequency 80 Output Driver Rise and Fall Time
1000 77 pF IR
I | \\
100 pF
AN = ~N
150 pF Ne N & t; for Cr, = 2500 pF
200 pF LN N s 60
N \\‘ N &
3 N
T 100 N 940
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s} NN 9 [ | ] | |
(A1 : NN ] \LI ! ‘ l
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Timing Waveforms
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Universal Input Switchmode Controller

Features

® 10- to 450-V Input Range ® 125-mA Output Drive @ Internal Oscillator (1 MHz)

o Current-Mode Control ® Intcrnal Start-Up Circuit e SHUTDOWN and RESET
Description
The Si9120 is a BiC/DMOS integrated circuit designed for enough to supply 30 W of output power at 100 kHz.
use in low-power, high-efficiency off-line power supplies. These devices, when combined with an output MOSFET
High-voltage DMOS inputs allow the controller to work and transformer, can be used to implement single-ended
over a wide range of input voltages (10- to 450-VDC). power converter topologies (i.e., flyback and forward).

Current-mode PWM control circuitry is implemented in
CMOS to reduce quiescent current to less than 1.5 mA.

The Si9120 is available in a 16-pin plastic DIP and SOIC
A CMOS output driver provides high-speed switching packages, and is specified over the industrial, D suffix
for MOSFET devices with gate charge, Qg, up to 25 nC, (—40 to 85°C) temperature range.

Functional Block Diagram
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Absolute Maximum Ratings
Voltages Referenced to —VIN (Note: Vee < +ViN + 0.3V) Power Dissipation (Pa.ckage)b
o 15v 16-Pin Plastic DIP (J Suffix)° ......................... 750 mW
R 1 450V 16-Pin SOIC (Y Suffix)d . .......ccovviviiiiiiiiinn. 900 mW
Logic Inputs (RESET Thermal Impedance (©54)
SHUTDOWN, OSCIN, OSCOUT) ........ -03VtoVcec+03V 16-Pin Plastic DIP
Linear Input FTE o) (P
(FEEDBACK, SENSE, BIAS, VREF) «-¢vcvvvvene. -03Vto7V
HV Pre-Regulator Input Current (continuous) .. ........... 5 mA2 Notes
Continuous Output Current (Source or Sink) ............ 125mA a. Continuous current may be limited by the applications maximum
- o input voltage and the package power dissipation.

Storage: TEMPErature - ...ovvvvveeeneeee 6510150°C b. Device mounted with all leads soldered or welded to PC board.
Operating Temperature .................c...o0 —40to0 85°C c. Derate 6 mW/°C above 25°C.
Junction Temperature (Tg) . ....ovvieinnene i nen.., 150°C d. Derate 7.2 mW/°C above 25°C.

Recommended Operating Range

Voltages Referenced to —ViN

VOC tt et 95Vto135V ROSC «tveverevimeiiie it iiaeans 25kQto1 MQ
FVIN o e e 10Vto450V LinearInputs ........o.ovvuiiiiiiiiiiin .. OtoVec -3V
fOSC v e 40kHz to 1 MHz Digital Inputs . . . ......oviiiiii i 0to Vce
Specifications?
Test Conditions Limits
Unless Otherwise Specified D Suffix —40 to 85°C
DISCHARGE = -Viy =0V,
Vee =10V +Vpy =300V
Parameter Symbol Rpras = 390 kQ Rosc = 330 kQ Temp" Min¢ 'Iypd Max® Unit
Reference
OSCIN = — VN (OSC Disabled) Room 3.88 4.0 4.12
Output Voltage Vr Ry = 10MQ Full | 382 414 v
Output Impedance® Zout Room 15 30 45 kQ
Short Circuit Current ISREF Vgﬁi: =-VIN Room 70 100 130 A
Temperature Stability® . TReF Full 0.5 1.0 mV/°C
Oscillator
Maximum Frequency® fmax Rosc =0 Room 1 3 MHz
C Pin9 = 5pFRpsc=330kQ | Room 80 100 120
Initial Accuracy fosc STRAY o P ~osc kHz
CsTRaY Pin9 = 5 pE Rosc = 150kQ | Room | 160 200 240
Voltage Stability AffE Af/f = £f(13.5V) — £(9.5V) /£(9.5V) Room 10 15 %
Temperature Coefficient® Tosc Full 200 500 ppm/°C
Error Amplifier
FB Tied to COMP
Feedback Input Voltage VEB OSCIN = — Vi (OSC Disabled) Room | 3.92 4.08 v
Input BIAS Current Irp OSCIN =-VN,VEg=4V Room 25 500
Input OFFSET Voltage Vos OSCIN = - Vin Room +15 +40 mV
Open Loop Voltage Gain® AvyoL OSCIN = - Viy Room 60 80 dB
Unity Gain Bandwidth® BW OSCIN = - Viy Room 1.0 15 MHz
Dynamic Output Impedance® Zout Error Amp configured for 60 dB gain Room 1000 2000 Q
Output . I Source Vgg =34V Room -20 -14 A
utput Curren ouT SMKVin =45V Room | 012 | 015 m
Power Supply Rejection PSRR 95V =Vcc =135V Room 50 70 dB
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Specifications?
Test Conditions Limits
Unless Otherwise Specified D Suffix —40 to 85°C
DISCHARGE = -VIy =0V,
Vee = 10V +Viy = 300V
Parameter Symbol Rpias = 390 kQ Rosc = 330 kQ Temp? | Min¢ | Typd | Max® | Unit

Current Limit

Threshold Voltage VSOURCE Veg=0V Room 1.0 12 14 \%
Delay to Output® t4 VseNSE = 1.5V, See Figure 1 Room 100 150 ns

Pre-Regulator/Start-Up

Input Voltage +VIN IIn=10pA Room 450 v
Input Leakage Current +IIN Vcec 294V Room 10 HA
Vcc Pre-Regulator Turn-Off
Tl'(l:lisl:gl d :/'illltggzr m VREG IPRE-REGULATOR = 10 pA Room 78 8.6 9.4
Undervoltage Lockout Vuvro Room 7.0 8.1 8.9 v
VREG —VuvLo VDELTA Room 0.3 0.6
Supply
Supply Current Icc Cp, = 500 pF at Pin 5 Room 0.85 15 mA
Bias Current IBIAS Room 10 15 20 RA
Logic
TATTHOWN CL = 500 pE, VsENSE = —VIN ]
SHUTDOWN Delay® sp See Fi gure 2 Room 50 100 g
SHUTDOWN Pulse Width® tsw Room 50 E
ns i
H (=3
RESET Pulse Width! tRW See Figure 3 Room 50 E -
Latching Pulse Width ' Ro 25 =
SHUTDOWN and RESET Low® Lw om S Q
Input Low Voltage ViL Room 2.0 v Q E
Input High Voltage Vi Room 8.0 % %D
Input Current Input Voltage High Iy ViN=10V Room 1 5 [- " 5
Input Current Input Voltage Low I VIN=0V Room 35 =25 nA :"E
Output ) 'g g
e
2
Output High Voltage Vou Iour = —10 mA R]?lﬁ;n 3’57 qé "a
Output Low Volt v Tour = 10mA Room 03 Y s
utput Low Voltage oL our =10m Full 05 @)
S
Output Resistance Rout IouTt = 10 mA, Source or Sink Rl?l?ﬁn %(5) 2(5) Q g
Rise Time® t Room 40 75 -9
Cp = 500 pF ns
Fall Time® tf Room 40 75
Notes

a. Refer to PROCESS OPTION FLOWCHART for additional information.

b. Room = 25°C, Cold and Hot = as determined by the operating temperature suffix.

c. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
d. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing

e. Guaranteed by design, not subject to production test.
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Timing Waveforms
Vee
SENSE SHUTDOWN
0 0
Vce 90% Vee 90%
OUTPUT OUTPUT
0o - 0 -
Figure 1. Figure 2.
L
tsw
vee 50% / 50%
SHUTDOWNO ~ 4 5[ V4 ° t tr < 10 ns
| ttw
Vee
RESET 50% 50% 50%
0 -
¥ tRw 1
Figure 3.
Typical Characteristics
Output Switching Frequency
vs. Oscillator Resistance
1M | T
-
™
g N
g 100k N—
8 N
N
N
N
10k
10k 100k 1M

rosc — Oscillator Resistance (£2)

3-52

P34830—Rev. D (04/25/94)



TEMIC

Siliconix

Si9120

Pin Configurations

Dual-In-Line

+ViN E ?II}AS
NC* o 15] F
NC* % % COMP
SENSE Iz E RESET
OUTPUT E 1:2| SHUTDOWN
~Viv [6] [11] Vrer
vee [7] 0] DISCHARGE
oscourt E 9] OSCIN

Top View
Order Number: Si9120DJ

Detailed Description
Pre-Regulator/Start-Up Section

Due to the low quiescent current requirement of the
Si9120 control circuitry, bias power can be supplied from
the unregulated input power source, from an external
regulated low-voltage supply, or from an auxiliary
“bootstrap” winding on the output inductor or
transformer.

When power is first applied during start-up, +ViN

(pin 1) will draw a constant current. The magnitude of
this current is determined by a high-voltage depletion
MOSFET which is connected between +Vyyand Ve
(pin 7). This start-up circuitry provides initial power to
the IC by charging an external bypass capacitance
connected to the Vcc pin. The constant current is
disabled when Vcexceeds 8.6 V. If Vc is not forced to
exceed the 8.6-V threshold, then V¢ will be regulated
to a nominal value of 8.6 V by the pre-regulator circuit.

As the supply voltage rises toward the normal operating
conditions, an internal undervoltage (UV) lockout
circuit keeps the output driver disabled until Ve
exceeds the undervoltage lockout threshold (typically
8.1 V). This guarantees that the control logic will be
functioning properly and that sufficient gate drive
voltage is available before the MOSFET turns on. The
design of the IC is such that the undervoltage lockout
threshold will be at least 300mV less than the
pre-regulator turn-off voltage. Power dissipation can be
minimized by providing an external power source to Ve
such that the constant current source is always disabled.

P34830—Rev. D (04/25/94)

SOIC
+VIN E @ BIAS
5] ¥B
1__4] COMP
SENSE E EI RESET
OUTPUT E: E SHUTDOWN
~Vin [} 1] Vrer
Vce E E DISCHARGE
oscouT E E OSCIN
Top View

Order Number Si9120DY
Note: Pins 2 and 3 are removed

Note: When driving large MOSFETs at high frequency
without a bootstrap V¢ supply, power dissipation in the
pre-regulator may exceed the power rating of the IC
package.

BIAS

To properly set the bias for the Si9120, a 390-kQ2 resistor
should be tied from BIAS (pin 16) to —Viy (pin 6). This
determines the magnitude of bias current in all of the
analog sections and the pull-up current for the
SHUTDOWN and RESET pins. The current flowing in
the bias resistor is nominally 15 pA.

Reference Section

The reference section of the Si9120 consists of a
temperature compensated buried zener and trimmable
divider network. The output of the reference section is
connected internally to the non-inverting input of the
error amplifier. Nominal reference output voltage is 4 V.
The trimming procedure that is used on the Si9120
brings the output of the error amplifier (which is
configured for unity gain during trimming) to within
+2% of 4 V. This compensates for input offset voltage
in the error amplifier.

The output impedance of the reference section has been
purposely made high so that a low impedance external
voltage source can be used to override the internal
voltage source, if desired, without otherwise altering the
performance of the device.
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Detailed Description (Cont’d)

Error Amplifier

Closed-loop regulation is provided by the error amplifier,
which is intended for use with “around-the-amplifier”
compensation. A MOS differential input stage provides for
high input impedance. The noninverting input to the error
amplifier (VrgF) is internally connected to the output of
the reference supply and should be bypassed with a small
capacitor to ground.

Oscillator Section

The oscillator consists of a ring of CMOS inverters,
capacitors, and a capacitor discharge switch. Frequency is
set by an external resistor between the OSC IN and OSC
OUT pins. (See Typical Characteristics for details of
resistor value vs. frequency.) The DISCHARGE pin
should be tied to —Vy for normal internal oscillator
operation. A frequency divider in the logic section limits
switch duty cycle to < 50% by locking the switching
frequency to one half of the oscillator frequency.

SHUTDOWN and RESET

SHUTDOWN (pin 12) and RESET (pin 13) are intended
for overriding the output MOSFET switch via external

contral loatis Tha o
control logic. The two inputs are fed through a latch

preceding the output switch. Depending on the logic state
of RESET. SHUTDOWN can be either a latched or
unlatched input. The output is off whenever
SHUTDOWN is low. By simultaneously having

3-54

SHUTDOWN and RESET low, the latch is set and
SHUTDOWN has no effect until RESET goes high. See
Table 1.

Both pins have internal current source pull-ups and should
be left disconnected when not in use. An added feature of
the current sources is the ability to connect a capacitor and
an open-collector driver to the SHUTDOWN or RESET
pins to provide variable shutdown time.

Table 1: Truth Table for the SHUTDOWN and RESET Pins

SHUTDOWN | RESET OUTPUT
H H Normal Operation
H = Normal Operation (No Change)
L H Off (Not Latched)
L L Off (Latched)
i L Off (Latched—No Change)
Output Driver

The push-pull driver output has a typical on-resistance of
20 Q maximum switching times are specified at 75 ns for
a 500-pF load. This is sufficient to directly drive MOSFETs
such as the IRF820, BUZ78 or BUZ80. Larger devices can
bhe driven, but switching times will be longer. resulting in
higher switching losses.

For applications information refer to AN707 and AN708.
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Low-Voltage Switchmode Controller

Features

2.7-V to 7-V Input Operating Range

PWM Control

High-Speed, Source-Sink Output Drive (200 mA)
Internal Oscillator (up to 2 MHz)

Standby Mode

50—100% Duty-Cycle Controllable Maximum

Description

The Si9145 switchmode controller IC is ideally suited for
high efficiency dc/dc converters in battery input powered
systems. Operation is guaranteed down to 2.7 V, with a
minimum start-up voltage of 3.0 V making the Si9145
ideal for use with NiCd, NMH, and lithium ion battery
packs. A mode select pin allows the output driver
polarity to be programmed allowing the device to
function as a step-up or step-down converter.

Benefits

Applications

Cellular Telephones e DC/DC Converters
Portable Computers

Handheld Instruments

Distributed Power Systems

Palmtop/PDA Terminals

voltage monitor with standby mode and a 200-mA
output driver. Supply current in normal operation is
typically 1 mA and 250 pA in standby mode.

The Si9145 implements conventional voltage mode
control. The maximum duty cycle can be limited by
voltage on Dpax/SS pin and frequency can be externally
programmed by selection of Rpgc and Cogsc.

The Si9145 is available in 16-pin SOIC and TSSOP

Features include a precision bandgap reference, a wide packages and is specified over the industrial
bandwidth error amplifier, a 2-MHz oscillator, an input temperature range (—25°C to +85°C).
Functional Block Diagram
15V
Vpp © Reference O VREF
UVLO Generator
UVLOger o———| 2
_E Temp oS
VuvLo Sense S o OIS
ENABLE ©O E >
L R
MODE SELECT ©
DMmax/SS ©
COMP O——m Vs
Error Amp
N R ™~ Logic Dri MOSFET DRIVER
FB O——] / t/ Control river
Paonp
=
—v )«0——1_ _I—_——o GND
Cosc ©
Oscillator
Rosc ©
P-35931—Rev. A (05/023/94) Advance Information 3-55
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Absolute Maximum Ratings
Voltages Referenced to GND. Power Dissipation (Package)?
%40) 5 YA 8V 16-Pin SOIC (Y Sufﬁx)b ----------------------- 900 mW
-Pi c
POND « v vvenneeennt e et e +03V 16-Pin TSSOP (Q SUffix)® ... ovvnvveneinreennnn 925 mW
VDD O VS « v eeee e et -03V Thermal Impedance (@)

. 16-PinSOIC ... ..ottt 140°C/W
LinearInputs . ............ooooiiinn, -03VtoVppto+03V L6PINTSSOP oo oo, 135°C/W
LogicInputs . .........coovininninn.. —-03VtoVppto+03V
Continuous OQutput Current ............ooovivivinn.. 100 mA Notes

Storage Temperature .. ........oooiieiiiaia., —6510125°C : g::;z ?g"::{;‘;:gﬁ,:l‘l ;%doséommd or welded to PC board.

Operating Junction Temperature ..............oovavnn.. 150°C c. Derate 7.4 mW/°C above 25°C.

Recommended Operating Range

Voltages Referenced to GND.

VDD ettt e 27Vto7V {070 Y-y o P 47 pF to 200 pF
Vg e 27Vto7V LinearInputs ........ ..o 0to Vpp
fOSC vvve i 2kHzto 2 MHz Dagital Inputs . ... ...ooiii i
5kQ to 250 kQ VRer Load Resistance ...
. .
Specifications?
Test Conditions Limits
Unless Otherwise Specified B Suffix — 25 to 85°C
27V <=sVpp=<7V,Vpp=Vs
Parameter Symbol GND = PgNp, —25°C = Ty < 85°C Min? Typ® Max? | Unit
Reference
IReF = —10 pA 1.455 1.545
Output Voltage VREF " v
Ta =25°C 1.485 1.50 1515
Oscillator
Maximum Frequencyd fmax Vce = 3.0V, Cosc = 47 pE Rosc = 5.0kQ 2.0
L Vec =30V oco MHz
Initial Accuracy fosc Cosc = TBD pE, Rosc = TBD k@ Ta =25°C 0.9 1.0 11
Rosc Voltage VRrosc 10
Oscillator Start Voltage 3.0
v
50% Dmax/SS VpMmax 50% 1.25
MODE SELECT = Vpp
100% Dmax/SS Vbpmax 100% 1.54
Dmax/SS Input Current Ipmax Dmax = 0to Vpp -100 100 nA
27V < Vpp = 7V, Reft04.8V ~16 +16
Voltage Stability Af/f/IAV 27V < Vpp < 42V,Refto3.5V | Tp =25°C -6 +6
%
38V = Vpp = 56V, Re[ 1047V =7 +7 ’
Temperature Stabilityd Af/At Referenced to 25°C -5 +3 +5
3-56 Advance Information P3SN —Rew. A (0502354
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Specifications?
Test Conditions Limits
Unless Otherwise Specified B Suffix — 25 to 85°C
27V < Vpp < 7V, Vpp = Vs
Parameter Symbol GND = Pgnp, —25°C < Th < 85°C MinP Typ® Max? | Unit

Error Amplifier (Cosc = GND, OSC DISABLED)

Input Bias Current IrB VNI = VREF, VFB = 1.0V -1.0 A
Open Loop Voltage Gain AvoL 47 55 dB
Offset Voltage Vos VNI = VREF -15 0 +15 mV
Unity Gamn Bandwidthd BW 10 MHz
Source (Vg = 1 V,NI = VRgF -1.0
Output Current Iga - ¢ ) mA
Sink (Vg = 2 V, NI = VREF) 08
Power Supply Rejection Psrr 50 60 dB
Input Voltage Monitor
VUVLOHL Vpp High to Low TBD 1.0 TBD
Under Voltage Lockout v
VuvLoLH Vpp Low to High 12
Hysterisis VHYS VuvLord - VUVLOHL 200 mV
UVLO Input Current IuvLo VuvLo = 0to Vpp -100 100 nA
MOSFET Driver
Output High Voltage Vou Vpp = 2.7V, Iout = —10 mA 2.55 2.60 v o
Output Low Voltage VoL Vop = 2.7V, Iout = 10 mA 0.06 015 S
Peak Output Current ISOURCE Vpp =2.7V,Voyur =0V -180 -130 A ‘5
m.
Peak Output Current ISINK Vpp =2.7V,Vour =27V 150 200 E
. L ™)
Logic s =
)
ENABLE Delay to Output tdeN 35 ns (@] E
ENABLE Logic Low VENL 02Von | P gg
ENABLE Logic High VENH 0.8 Vpp 8 =
ENABLE Input Current IEN ENABLE = 0to Vpp -10 1.0 A =.\ §
MODE SELECT Logic Low VMODEL 0.2 Vpp v .g
MODE SELECT Logic High VMODEH 0.8 Vpp 2 E’
MODE SELECT Input Current TMODE MODE SELECT = 0 to Vpp ~10 10 WA 4 §
=
Over Temperature Sense 8 [=-]
Trip Point TTRIP 150 °C B
Output Low VorsL Vpp =27V, Ioutr = 1 pA 0.06 0.15 v g
Output High Vorsi Vop = 2.7V, Iour = -1 pA 255 26 a
Supply ‘
Vpp = 2.7V, fosc = 1 MHz, Rosc = 7.5 kQ 11 TBD
Supply Current — Normal mA
Ipp Vpp =7V, fosc = 1 MHz, Rosc = 7.5 kQ 14 TBD
Supply Current — Shutdown ENABLE = Low 250 TBD A
Notes

a. Csrray <5 pFon Cosc.

b. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

d. Guaranteed by design, not subject to production testing.
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Timing Waveforms

ENABLE

MODE SELECT

UVLOSsgT

Rosc

Cosc

OUTPUT DRIVER

Dmax/SS

ENABLE

MODE SELECT

UVLOgsgT

Rosc

Cosc

OUTPUT DRIVER

Dmax/SS
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Start-Up (UVLO)

Normal (Duty Cycle Limit)

Standby

>1.5V

Set for 50% Max.

POIOIK

Figure 1.  $i9145 Timing Diagram ( MODE SELECT = High)

Start-Up (UVLO)

Normal (Duty Cycle Limit)

Standby

XK SOOI SOOI

Figure 2.  Si9145 Timing Diagram (MODE SELECT = Low)

Advance Information
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Pin Configurations

S0O-16
vpp [ [16] v
MODE SELECT [Z] [15] OUTPUT DRIVER
Dmax/SS I_T_‘ [14] Ponp
COMP 5 '1__31 UVLOSgT
B [2] ENABLE
N1 [E [11] oTs
VREF [z‘ [10] Cosc
GND 5] Rosc
Top View

Order Number: Si9145BY

Pin Description

Pin1: Vpp

The positive power supply for all functional blocks
except output driver. A bypass capacitor is required.

Pin 2: MODE SELECT

Pin used to enable max duty cycle limit and set output
polarity of controller. When connected to Vpp, the max
duty cycle function is enabled by using the Dyax/SS pin.
The max duty cycle limit is usually for forward, flyback,
and boost converters. The output polarity is high when
the PWM circuitry wants the external device “on”.

When connected to GND, the max duty cycle is not
limited usually for buck converters driving a p-channel
MOS. The output polarity is low when the PWM
circuitry wants the external PMOS “on”.

Pin 3: Dyax/SS

When max duty cycle function is enabled (MODE
SELECT = Vpp), the voltage on this pin limits the max
duty cycle. Below 1.0 V the duty cycle is 0 and above
1.5V the duty cycle is not limited, and can be 100%
depending on the PWM circuitry. The addition of
external components can implement a soft start
function.

Pin 4: COMP

Output of error amplifier. A compensation network is
connected from this pin to the FB pin to stabilize the
system. This pin drives one input of the internal pulse
width modulation comparator.

P-35931—Rev. A (05/023/94)

Advance Information

S$0-16 (TSSOP)

Vbbb E (167 Vs
MODE SELECT [2 [15] OUTPUT DRIVER

Dmax/SS L3 [14] Ponp
coMp [+ [13] UVLOsgT
B [5] 2] ENABLE

NI [€] (1] OTS

Vrer [ [10] Cosc

onD [&] 5] Rosc

Top View
Order Number: Si9145BQ
Pin 5: FB

The inverting input of the error amplifier. External
resistors are connected to this pin to set the regulated
output voltage. The compensation network is also
connected to this pin.

Pin 6: NI

The non-inverting input of the error amplifier. In normal
operation it is externally connected to the VRgp pin.

Pin 7: VRgp

This pin supplies 1.5 V trimmed to +1%. The reference
voltage is generated by a band-gap reference.

Pin 8: GND

Negative return for Vpp.

Pin 9: Rpgc

This pin is the equivalent of a 1.0-V source derived from
the on-chip Vrgr. When a low T.C. resistor is externally
connected from this pin to GND, a temperature
independent current is generated internally. This
current is used as the charging current source connected
to the Cogc pin. The current is internally multiplied by
2 and is used as the discharging current source connected
to the Cpgc pin. Therefore, the external resistor is one
of the factors that determine the oscillator frequency.
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Pin Description

Pin 10: Cosc

An external capacitor is connected to this pin to set the
oscillator frequency. Internal current sources alternately
charge and discharge the external capacitor. The
oscillator waveform is a symmetrical triangular type with
a typical voltage swing between 1.0 V and 1.5 V.

Pin 11: OTS

This pin indicates an over-temperature condition on the
chip. An output low indicates an over-temperature fault.
The output is latched low and must be set with the
ENABLE pin going low then high, or by turning power
off and on.

Pin 12: ENABLE

A logic high on this pin allows normal operation. A logic
low places the chip in the standby mode. In standby mode
normal operation is disabled, supply current is reduced,
the oscillator stops and the output is high for MODE
SELECT = low, and low for MODE SELECT = high.

Pin 13: UVLOggT

This pin will place the chip in the standby mode if the
UVLO voltage is below 1.2 V. Once the UVLO voltage
exceeds 1.2 V, the chip operates normally. There is a
built-in hysteresis of 200 mV, the UVLO pin must drop
below 1.0 V before the chip enters the standby mode.

Pin 14: PGND
The negative return for the Vg supply.

Pin 15: OUTPUT DRIVER

CMOS push-pull output. This pin drives the external
MOSFET and is capable of sinking 200 mA or sourcing
180 mA with Vg equal to 2.7 V.

Pin 16: Vg

The positive terminal of an external battery or power
supply. The voltage on this pin powers the CMOS output
driver. A bypass capacitor is required.

Applications
L1 D1
YT ﬂ O +V,
Q1
B1 C1 | L '—l c2
27V -7V T - Si9145 | :‘_—] T -
[
O oV
Figure 3. Non-Isolated Step Up Boost Converter for Vour > ViN
Q1 I I l I L1
1T o
B1 C1 C2J
—_ p— 4 )_J D1 =
27V =17V T 59145 B
[
O ov
Figure 4. Non-Isolated Step Down Buck Converter for Vout < VIN
3-60 Advance Informati on P-35931—Rev. A (05/023/94)



TEMIC
Si9145

Siliconix

Application Examples (Cont’d)

Q1
Bl C1
= f— L1
27V-7V Si9145 YY) O +V,
b %02 c2_| %
O ov

Figure 5. Non-Isolated Synchronous Buck Converter for Voyt < ViN

o)
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Synchronous Buck Converter Controller

Features

® 6-to 16.5-V Input Range (8i9150CY) ® Enable Control o Multiple Converters Easily Synchronized

® Voltage-Mode PWM Control ® Dual 100-mA Output Drivers ® Over-Current Protection

® Low-Current Standby Mode ® 2% Band Gap Reference '
Description
The Si9150 synchronous buck regulator controller is MOSFET, which eliminates the need for a current sense
ideally suited for high-efficiency step down converters in resistor.

battery-powered equipment. Combined with the

Si9943DY MOSFET half-bridge, a 90% efficient, 7.5-W, Duty ratios of 0to 100% and switching frequencies up to
3.3-V or 5-V power supply can be implemented using 300 kHz are possible. The IC can be disabled by pulling
standard surface-mount assembly techniques. The wide EN low (Ipp = 100 pA), or the 2.5-V reference can be
input range allows operation from NiCd or NiMH maintained, with all other functions disabled, by pulling
battery packs using six to ten cells. STBY low (Ipp = 500 pA).

Over-current protection is achieved by sensing the The Si9150 is available in a 14-pin SOIC and rated for
on-state voltage drop across the high side p-channel the commercial temperature range of 0 to 70°C.

Functional Block Diagram

14
Vpp ©
20pA L
S00ke (b 05V == 13
1 D P-GATE
EN O | | g Power Down [ UVLO L
= - 3
Q Oscillator,  Reference
Comparators,  Generator
| S —l & Error Amp S:;f nt
- 7
2 — O Isense
STBY O—
Vop | ::
Ss R Break- ’-D_ Vop
é{:i Error Q }_ BS:]::‘ 2
n = Amplifier osc s Logio & NGATE
h )
q — !
i 5Q l l —
6 5 4 09 010 8 11
VREF FB COMP Cr Ry SYNC GND

Synchronous Buck Regulator Controller
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Absolute Maximum Ratings

Voltages Referenced to GND.

74 5) > JE N 18V
IseNnsg Input .=2VtoVpp +2V
AllOtherInputs ............ccoviuinn. ~03toVpp +03V
P-Gate, N-Gate Continuous Source/Sink Current . ......... 50 mA
Storage Temperature .. ..........ovn ciiiiiia., —65t0125°C
Operating Junction Temperature . ..........oovvuvinnnn. 150°C

Power Dissipation (Package)a
14-Pin SOIC (Y Suffix)®

Thermal Impedance (@34)
14-Pin SOIC

Notes

a. Device mounted with all leads soldered or welded to PC board.

b. Derate 7.2 mW/°C.

Power Conversion, PCMCIA Interface

Battery Management

. .
Specifications?
Test Conditions Limits
Unless Otherwise Specified C Suffix - 0to 70°C
Parameter Symbol 6.0 < Vpp < 16.5V Minb l Typ¢ | MaxP | Unit
Reference
Ta = 25°C, Measured at Feedback®, Pin 5 245 2.50 2.55
Output Voltage VREF v
TM to Tryaxd 2425 2500 | 2.575
Oscillator
Maximum Frequency fMax Cosc =94.3 pE Rosc = 28.7k, Tp = 25 oct 255 300 345
kHz
Initial Accuracy fosc Cosc =212 pE Rogc = 41.2k, Ta = 25°cf 85 100 115
Oscillator Ramp Amplitude Vosc Ta =25°C, 100 kHz 2.05 2.65 2.85 \%
Temperature Stabilityd frEmP Vpp = 10 V, Tan to Tyvax -5 +3 +5 %
Errer Amplifier
Input BIAS Current Ig VEB = VREF 25 500 nA
Open Loop Voltage Gaind AvoL 60 72 dB
Offset Voltage Vos 10 25 mV
Unity Gain Bandwidthd BW 1 15 MHz
Source, Veomp = 2.50 V -030 | —0.20
Output Current Iout - mA
Sink, Vcomp =10V 1 25
Power Supply Rejection PSRR 50 70 dB
Protection
Current Limit Threshold Voltage Ver Tp =25°C, Vpp = 10V 043 0.49 0.55 \
Current Limit Delay to Outputd tq Ta =25°C 500 1000 ns
Undervoltage Lockout Voltage Vuvro Upper Threshold 54 57 6.0
\%
Undervoltage Hysteresis VHYS 0.10 0.17 0.25
Softstart Pull-Up Current Iss 20 nA
Supply
Supply Current — Enable Low Iorr 60 100 A
Supply Current — Enable High Icc Cr, = 0 pE, fosc = 100 kHz, Vpp = 10V 22 3.0 mA
Supply Current — STBY Low Isp 300 500 A
P-35054—Rev. B (04/18/94) 3-63
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Si9150

TEMIC

Siliconix
Specifications?
Test Conditions Limits
Unless Otherwise Specified C Suffix — 0to 70°C
Parameter Symbol 6.0 < Vpp <165V MinP | Typ¢ | Max? | Unit
Output
Output High Voltage Von IouT =10mA, Vpp =10V 9.75
v
Output Low Voltage VoL Iout = —10mA, Vpp = 10V 0.25
Output Resistance Rour Ioyutr = 100mA, Vpp =10V 10 20 Q
Rise Timed tr 30 60
Cp = 800 pF, Vpp =10V ns
Fall Timed i L= =P YD 30 60
Logic
Delay to Output 14EN) Transition High to Low 0.25 1 us
Enable Pull-Up Resistance Ren 500 kQ
STBY Pull-Up Current IsTBY Ta = 25°C, VY =0V, Vpp = 10V -25 -20 -15 nA
Turn-On Threshold VENH Vpp = 10V, Rising Input Voltage 6 6.8 8 v
Turn-Off Threshold VENL Vpp = 10V, Falling Input Voltage 2 3.75 5

Notes
a.

The algebraic convention whereby the most negative value is 2 minimum and the most positive a maximum, is used in this data sheet.

Refer to PROCESS OPTION FLOWCHART for additional information.

b.
c.  Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d.
e

Guaranteed by design, not subject to production test.

The voltage reference is trimmed with the feedback (Pin 5) connected to compensation (Pin 4) so that the effect of the error amplifier’s input

offset voltage is eliminated.

™
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Frequency (kHz)

Cosc includes the PC board’s parasitic capacitance.

Oscillator Characteristics

1000
N
AN
\\
RR
NN
§\\ h
N
100 NS 50 pF
. T T
NS 100 pF
v 150 pF
AN 200 pF
10
10 100 1000

rosc — Oscillator Resistance (k)
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Pin Configuration

SoIC
EN [T] [14] Voo
STANDBY [ | [13] P-GATE
ss [3] [12] N-GATE
COMP [4 | [11] GND
m [5] ] ®r
Vrer [6] (9] or
Isense [7] 8] SYNC
Top View

Order Number: Si9150CY

Pin Description
Pin 1: EN

When this pin is low, the IC is shut down. After a low
signal is applied to EN, then COMP, REF, R, and Ct
settle toward ground; N-GATE, STBY and Soft-Start
are grounded; and P-GATE is pulled high. The current
consumption is no more than 100 pA in this state. This
input’s threshold has substantial hysteresis so that a
capacitor to GND can be used to delay restart after the
current limit is activated. After Vgny is exceeded, one
clock cycle elapses before N-GATE and P-GATE are
enabled. ENis pulled up to Vpp through a 500-k resistor
and is pulled down internally when the current limit is
triggered.

Pin 2: STBY

Has a function similar to EN. The differences are that
the EN pin is unaffected, that the reference is still
available, that bias currents are still present internally,
and that this pin’s pull up current is present. This pin
should be used to disable an application if the reference
voltage is still needed.

Pin 3: Soft-Start (SS)

This pin limits the maximum voltage that the error
amplifier can output. A capacitor between this pin and
ground will limit the rate at which the duty factor can
increase during initial power up, during a restart when
EN or STBY goes high, or after the current limit is
triggered. A capacitor here can prevent an application
from triggering the Si9150’s current limit duri