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WAT25RM . . . .. RM725DE
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MC1568L

Raytheon Direct
Replacement Page

RC1437DC )
RC1437DB ] 1-44

RC1556T

RC1556T. 1-48
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*Wideband, low-noise version

National
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LF356N
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LH2111D
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LM307N. ... ..
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Raytheon Direct
Replacement
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LF156H
LF157ADE
LF157AH
LF157DE
LF157H
LF255H
LF256H
LF257H
LF355ADE
LF355AH
LF355DE
LF355H
LF355N
LF356ADE
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LF356DE
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LF356N
LF357ADE
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LF357N

LH2101AD}_1_51
LH2101AF

LH2111D

LH211 :F} 510
LH2201AD—}——1-51
LH2211D————5-10
LH2301AD———1-51

LH2311D”—/3}——5-10

LM101AD
LM101ACQ
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Page

——1-24

—1-2

LM105AH " }——3-2
LM107H™ |
LM107DE

LM107N

LM111H
LM111F
LM111DE__|

LM118H__—}+——1-8
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LM124F
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LM305H 32
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LM307H

LM307N
LM307DE__|

14

5-2

——1-10

1-2

1-4

Raytheon Direct

National Replacement Page

LM308H . .. ... LM308H

LM308AH . . . .. LM308AH

LM308N . .. ... LM308N 16

LM308AN. . . .. LM308AN

LM308J-8 . . . .. LM308DE

LM308AJ8 . ... LM30S8ADE__|

LM311H . . . . .. LM311H

LM31IN. .. ... LM311N 5-2

LM311J-8 . . . .. LM311J-8____|

LM318H . . . ... LM318H

LM3184-8 . . . .. LM318DE 18

LM318N . .. ... LM318N ____]

LM324J ... ... LM324)— ]

LM324AN** . .. LM324AN ——1-10

LM324N** . . .. LM324N____ |

LMSB55H . . . . . . RM555T

LMSS5CH . . . . . RC555T 7-2

LMS55CN . . . . . RC555NB____|

LM5B56J . . . ... RM556DC ]

LM556CS . . . . . RC556DC 76

LMS56CN . . . . . RC556DB____|

LM709H . . . ... RM709T 134

LM709CH . . . .. RC709T. I

LM710H . . . ... RM710T 58

LM710CH . . . .. RC710T.

LM723D ... ... RM723DC™ ]

LM723CD . . ... RC723DC

LM723H . .. ... RM723T 34

LM723CH . . . .. RC723T

LM723CN . . . .. RC723DB____|

LM725H . . . ... RM725T:]_1_36

LM725CH . . . . . RC725T.

LM733H. .. ... RM733T— ]

LM733CH . . . .. RC733T

LM733D...... RM733DC 2-2

LM733CD . .. .. RC733DC

LM733F ... ... RM733cQ____J

LM741F . .. ... RM741CQ™ ]

LM741H . . . . .. RM741T

LM741CH . . . . . RC741T — 138

LM741CN . . . .. RC741NB

LM741D .. .. .. RM741DC___|

LM747D .. .. .. RM747DC™]
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LM1458H . . . .. RC1458T/—__}——1-46
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LM1558H . . . .. RM1558T ___}——1-46

LM2900J. . . . . . LMZQOOJj 153

LM2900N . . . .. LM2900N

LM2901N . . . .. LM290IN__1+—5-4

**Wideband, low noise version




Manufacturers’ Cross Reference

National

LM2902N
LM3900N
LM3302N

LM139F . . ..
LM139J .. ..
LM239F . . ..
LM239J .. ..
LM339J . . ..

LM339N . . . .

LM129AH
LM129BH
LM129CH
LM329BH
LM329CH
LM329DH

LM199H . . ..
LM299H . . ..
LM399H . . ..

LM199AH
LM299AH
LM399AH

Raytheon Direct

Replacement

Page

. LM2902N _ " 1+——1-10

LM3900N__—"—1——1-63

RC3302DB™ |
LM139F
LM139AF
LM139J
LM139AJ
LM239F
LM239AF
LM239J
LM239AJ
LM339J
LM339AJ
LM339N
LM339AN__|

LM148D
LM248D
LM348D
LM149D
LM249D
LM349D
LM148F
LM149F
LM348N
LM349N

LM129AH™ |
LM129BH
LM129CH
LM329BH
LM329CH
LM329DH___|

LM199H™ ]
LM299H
LM399H
LM199AH
LM299AH

5-4

L 1-14

42

LM399AH__|

RCA

CA3078AS. . . ..
CA3078AT . ...
CA3078S. . . ...

CA3078T .. ...

***Plastic mini-dip

Raytheon Direct
Replacement

RM3078DE ™ |

RM3078AT
RC3078DE

RC3078NB***
RC3078T

Raytheon Direct
Replacement Page

RCA4531T

RC4531 NB—_—J_ 1-98
RC555T j—— 7.2
RC555NB

RC5556T

RC556N Bj_ 76
XR-2567CP*—1+—— 7-24
RC1556T
RC1556NB_._]__ 148
RC1458NB/~——}——1-46
RC4558NB**}——1-100
RC1458NB/—}—— 1-46
RC4558NB** 1——1-100
RMA4531T——}—— 1-98

RM555T _—— }——7-2
RM556T ______+———7-6

*Dual replacement
**Wideband, low-noise version
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Texas Raytheon Direct
Instr Repl Page
SN52101AL. . . . LM10IAH__—J}—1-2
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SN52709AS . . . . RM709AQ____|
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SN52741L . . . . . RM741T
SN52741P . . . . . RM741NB___]
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SN72301AL. ... LM301AH 12
SN72301AP. . .. LM301AN l -
SN72307L. . . . . LM307H 14
SN72307P . . . . . LM307N: j
SN72308L. . . . . LM308H 16
SN72308L. . . .. LM308H '
SN72558L. . . . . RC1458T/___}——1-46
RC4558T__—_1+——1-100
SN72558P . . . . . RC1458NB/__}—— 1-46
RC4558NB—1——1-100
SN72709J . . . . . RC709DC™
SN72709L. . . . . RC709T
SN72709P . . . . . RC709NB ——1-34
SN72709AJ . . . . RC709AD
SN72700L. . . . . RC709AT.
SN72710J . . . . . RC710DC™ ]
SN72710L. . . . . RC710T 5.8
SN727110 .. . . . RC710DC
SN72711L. . . . . RC710T______|
SN72733L. . . .. RC733T_____1+—22
SN72741L. . . .. RC741DC
SN72741L. . . . . RC741T 1.38
SN72741P . . . .. RC741NB
SN72741N. . ... RC74INB____|
SN72747J . . . .. RC747DC™ ]
SN72747L. . . . . RC747T ——1-40
SN72747N . . . . . RC747DB____|
SN72748L. . . . . RC748T____}——1-42
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SYMBOL RM/RC747 RM1537/RC1437 RM1558/RC1458 LH2101A/2301A UNIT
Maximum Ratings +3 to +3 to +3 to +3 to
Supply Voltage Range vee +22/+18* 18 +22/+18* +22/+18* \Y
Differential Input Voltage ViD +30 5 +30 +30 \%
Input Voltage +15 +10 +15 +15 \Y
Power Dissipation Pp 500 500 500 500 mW
Electrical Characteristics @25°C | MIN | TYP | MAX | MIN TYP MAX | MIN | TYP | MAX MIN TYP MAX
Test Conditions Vece *15 15 +15 ** \Y
Input Offset Voltage ViD 1.0 | 5.0 1.0 5.0 10 |50 2.0 mV
2.0 | 6.0° 7.5% 2.0* | 6.0 7.5%
Input Offset Current 1o 30 200 50 [200/500 30 200 10/50* nA
Input Bias Current B 200 | 500 0.2/0.4 {0.5/1.5* 200 | 500 75/250* nA
Input Common Mode Voltage VICR +12 | +13 +8 +10 +12 | 13 +15/£12* \%
Range
Supply Current ID 3.3 5.6 5 7.5 3.3 5.6 2.5 mA
Open Loop Voltage Gain AvoL 50 | 200 25/15%| 45 70 50 | 200 25/15* V/mV
Output Voltage Swing VOR +12 | £14 +12 +14 +12 | ¥14 +12 \Y
Common Mode Rejection Ratio CMRR 70 20 70/65%| 90 70 20 80/70* dB
Power Supply Rejection Ratio PSSR 30 150 150 30 150 80/70* 150 uviv
200* dB
Unity Gain Bandwidth BW 0.8 0.8 MHz
Slew Rate SR 0.5 0.5 V/us
Channel Separation -98 -90 -98 dB
Noise Voltage VN nV/(Hz)"%
Operating Temperature Range TA -55 RM | 125 -55 RM 125 -55 RM | 125 -565 2101A | +125 °c
0 RC | 70 0 RC 70 0 RC 70 -25 2201A | +85
0 2301A | +70
Package: Hermetic TO-5 TF TE
Hermetic Dip DC DC DE DC
Plastic Dip DB DB NB

**Note: Specifications apply +5 < Vg < $20V and over temperature.

*Commercial temp range device.

Arewwns Jayijdwy jeuonesadQ jeng
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SYMBOL RM/RC4558 RM/RC4559 RC4739 UNIT
Maximum Ratings +4 to 14 to 4 to
Supply Voltage Range vce +18 +18 +18 \%
Differential Input Voltage ViD +30 +30 +30 \
Input Voltage +15 15 +15 \
Power Dissipation Pp 500 500 500 mW
Electrical Characteristics @ 25°C MIN TYP MAX MIN TYP MAX | MIN TYP | MAX
Test Conditions Vee 15 15 +15 \
Input Offset Voltage ViD 1.0 5.0 1.0 5.0 2.0 6.0 mV

2.0% 6.0* 2.0% 6.0*
Input Offset Current o 5.0 200 5.0 200 5.0 200 nA
Input Bias Current liB 40/200* 500 40/200" 500 40 500 nA
Input Common Mode Voltage VICR +12 +14 12 14 +12 +14 \Y
Range
Supply Current ID 3.5 5.6 3.5 5.6 3.5 5.6 mA
Open Loop Voltage Gain AvoL 50/20% 300 50/20* 300 20 300 V/mV
Output Voltage Swing VOR +12 +14 12 +14 +12 14 \%
Common Mode Rejection Ratio CMRR 70 100 70 100 70 100 dB
Power Supply Rejection Ratio PSSR 10 150 10 150 10 150 uv/v
Unity Gain Bandwidth BW 2.5/2.0% 3.0 3 4 3.0 MHz
Slew Rate SR 0.5 1.5 2.0 1.0 V/us
Channel Separation -90 -90 -125 dB
Noise Voltage VN 10 2.0t 1.41 2.5t nV/(Hz)%
Operating Temperature Range TA -55 RM +125 -55 RM +125 0 70 °c
0 RC 70 0 RC 70
Package: Hermetic TO-5 TE TE
Hermetic Dip DE DE
Plastic Dip NB NB DB

*Commercial temp range device.

tBroad Band noise voltage -20 Hz to 20 kHz (uVRMS)-
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RM3503A/
SYMBOL RM4136/RC4136 LM124/LM224/LM324 LM2902 RV3403A/RC3403A LM2900/LM3900 RV3301/RC3401 UNIT
Maximum Ratings +4 t0 +3or1.5t0 +3or+1.5t0 +2.50r +1.25 to +4 0r £2 to +4 to
Supply Voltage Range Vee +22/+18% +32o0r +16 +320r +16 +36 or £18 +36 or £18 +28/+18* \Y
Differential Input

Voltage Vip +30 32 26 36
Input Voltage *15 32 26 36 \
Power Dissipation Pp 800 900 570 650 570 625 mwW
Electrical Characteristics | @25°C [MIN | TYP | MAX | MIN TYP MAX | MIN TYP MAX | MIN | TYP | MAX |MIN | TYP |MAX [MIN | TYP |MAX
Test Condition Vcc: 15 +5 +5 +15 +15 +15 \

05 4.0 2 5 2 7 2 4
Input Offset Voltage Vio 05 6.0% 7% B* mV
5 150 +3 +30 5 50 +30 +50
Input Offset Current lio 200* +3 +50* nA
| Bias C | 40 400 150 45 500 150 200 30 200 50 300 A
nput Bias Current B 500" 250% n
Input Common Mode _

Voltage Range VICR +12 | £14 35 35 15 +13 v |
Supply Current Ip 7 11.3 0.8 2 0.8 2 3 4/5% 6.2 10 6.9 10 mA
Open Loop Voltage 50 300 50 100 100 50 100 1.2 2.8 1 2

Gain AVOL | 0+ 25+ 25 VimV
Output Voltage Swing VOR +12 | 14 0 vt-15]| 0 vt-15| #13 | *14 135 | 14.2 135 | 14.2 \
Common Mode 70

Rejection Ratio CMRR 70 | 100 65+ 85 50 70 80 90 dB

10 150 |65dB| 100 dB 50dB| 100dB 20 45 70 dB 55dB
Power Supply PSRR uVv/V | uvIiv uV/V] pV/IvV

Rejection Ratio 100
uVv/iv*

Unity Gain Bandwidth BW 3 2.0 25 5.0 MHz

R .3 1.2 0.5 0.6
Slew Rate SR 11 05* 0 V/us
Output Sink Current Isink 10 20 10 20 10 20 0.5 1.3 0.5 1.0 mA
Output Source Current Isource 20 40 20 40 20 40 6 18 5.0 10 mA
Channel Separation —90 —120 —120 —120 —65 dB

. —55 | RM | +1256 | -55 | LM124 | +1256 | —40 +85 55| RM | +125 | —40 2900 | +85 | —40 3301 | +85

Operating Temperature _40 | RC | +70 | 25 | Lm224 | +85 40| RV | +85 | 0 | 3%00| +70 | 0 | 3401 | +75 | °c

Range 0 RV +85 0 LM324 +70 0 RC +70
Package: 14 pin Dip Hermetic DC DC DC

Plastic DB DB DB DB DB DB

*Denote commercial temperature range device
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RM/RV/RC4156'2

LM149/249/349

SYMBOL LM148/248/348 HAA4741-2/5 RM/RV/RC4157 UNIT
Maximum Ratings
Supply Voltage Range Vee +4 10 £20 +4 to 22 +4 t0 +20 4 to +20
Differential Input .

Voltage Vip +30 +44/+36 +30 +30
Input Voltage +15 +22/+18* +15 15 \
Power Dissipation Pp 880 900 800 880 mW
Electrical Characteristics | ©@25°C |MIN | TYP | MAX | MIN | TYP [ mMAX| miN | TYP | MAX | MIN | TYP | MAX
Test Condition V¢! +15 +15 +16 +15 \

05 3.0 5.0 0.5 3.0 0.5 3.0
Input Offset Vol v 1.0 mV
nput Difset Volage 1o 10 | 50* 6.0% 10 | 50 10 |50
Input Offset Current o 15 30 4 25 15 30 15 30 nA
30 50* 50* 30 50* 30 50*
Input Bias Current IiB 60 200 30 100 60 200 60 200 nA
300" 200* 300* 300*
Input Common Mode * %

Voltage Range Vicr |*12 | *14 +12 £12 +12 v
Supply Current ID 45/5 | 5/7* 24 36 45/5 | 5/7* 45/5 | 5/7* mA
Open Loop Voltage 50 50 50 100 50 '

Gain AVOL | g5 | 100 25+ | 160 25+ | s0* 25+ | 100 Vimv
Output Voltage Swing VOR 12 | 14 £12%% +13 12 \
Common Mode x

Rejection Ratio CMRR 80 70 90 80 80 dB
Power Supply PSRR 80dB 77%* 96 80** 80

Rejection Ratio dB dB dB
Unity Gain Bandwidth BW |28 | 35 aoih 35 15(1) MHz

0.5/
Slew Rate SR 1.3 1.6 20t 16 6.5 8 V/us
Output Sink Current lsink ° 5 15 mA
Output Source Current Isource 15 mA
Channel Separation —-108 —-120 —-108 —108 dB
. —55 RM +125 —55 148 +125 —55 RM +125
Operating Temperature _40 RV 85 _25 248 +85 —(5)5 :g +;§5 —25 RV +85 °c

Range o | RC | 70 0 348 | +70 0 RC | +70

Package: 14 pin Dip Hermetic DC DC DC DC
Plastic DB DB DB DB

*Denotes commercial temperature range device
**Applies over temperature

1149/349 (A, . = 5) parameter

IDenotes industrial temperature range device
(1) Gain-bandwidth product (Ayin =8

(2)

Input noise voltage = 2 uV RMS max (20 Hz to 20 kHz)
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SYMBOL LM139A/LM139 ILMM%%%AA//';_A&Z;,%%/ LM2901 RV3302 UNIT
Maximum Ratings
Supply Voltage Range Vee +4 to +36 +4 to +36 +4 to +36 +4 to +28 or £14 \
Differential Input Voltage ViD +36 +36 +36 +28 \
Input Voltage +36..., +36 . +36 +28 Vv
Power Dissipation PD 800 800 570 625 mW
Electrical Characteristics MIN TYP | MAX| MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX
Test Condition Vce +5 +5 +5 +5 \
Input Offset Voltage Vio 2/1 5/2* 2/1 5/2* 2 7 3 20 mV
Input Offset Current ho 3 25 5 50 5 50 3 100 nA
Input Bias Current B 25 100 25 250 25 250 25 500 nA
Input Common Mode Voltage VICR 0 +3.5 0 +3.5 0 +3.5 0 +3.5 v
Range i

Supply Current loc 0.8 2 0.8 2 0.8 2 0.7 1.5 mA
Open Loop Voltage Gain AvoL 200 200 200 2 30 V/mV
‘Common Mode Rejection Ratio | CMRR 60 dB
Slew Rate SR -200

+50 V/us
Response Time Tr 1.3 1.3 1.3 2.0 us
Output Sink Current lsink 6 16 6 16 6 16 2 16 mA
Saturation Voltage Vsat 0.2 0.4 0.2 0.4 0.2 0.4 0.25 0.5 \Y
Output Leak Current loL 0.1 0.1 0.1 1.0 nA
Operating Temperature Range -55 +125 -25 239A +85 -40 ‘+85 -40 +85 oC

TA 0 339A +70
Package: 14 Pin Dip Hermetic DC DC DC
Plastic DB DB DB DB

*A version
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Quality and Reliability

RAYACT-883 PROGRAM

The Raytheon Acceptance Testing Program called Rayact-883
involves in-process inspections which assure compliance with
MIL-STD-883 test methods and MIL-M-38510 Program Plan
Requirements.

Table 1 defines the Standard Process Flow for Raytheon
Semiconductor’s Integrated Circuits. After completion of the
in-process inspections and 100% production screens, each lot
is subjected to a quality conformance inspection as defined in
Table 2. The screening and acceptance testing outlined in
Tables 1 and 2 are provided at no extra cost.

In addition to the Standard Process Flow and acceptance test-
ing, Qualification Tests in accordance with MIL-STD-883,
Method 5005 are conducted every three months on each prod-
uct line. Generic Summary Data of Groups A, B, Cand D is
available upon request.

The level of reliability you desire can be selected from Table 3.
These tests are conducted in accordance with Method 5004 of
MIL-STD-883.

APPLICABLE DOCUMENTS:

Military: MIL-STD-883
MIL-M-38510
MIL-Q-9858

Raytheon Semiconductor:
Quality/Reliability Assurance Manual

PROCESS MONITORS

Quality control process monitors as shown on Table 1 are
designed to verify our compliance with our internal written
specifications.

Our monitor reports are used to identify problem areas and
process trends.

From the analysis of these reports we are able to continually
improve our processes.

DIE SALES

Raytheon devices are available in chip form as well as a variety
of packages.

Each die is electrically tested to the applicable wafer probe
test specification. In addition the die are 100% visually in-
spected to meet the requirements of MIL-STD-883 Method
2010 condition B. Die are then checked to assure a 1% AQL
by quality control. Refer to Raytheon's dice catalog for com-
plete product and processing information.

FAILURE ANALYSIS GROUP

The failure analysis group is capable of analyzing any material
used in the Semiconductor industry. Equipment such as
S.E.M., Auger Spectroscopy and Dispersive x-ray are used on a
daily basis.

Full metallographic capability is also available for studying
various structures.

Table 1—Standard Process Flow Summary for Integrated Circuits

COMMERCIAL MILITARY PROCESS COMMERCIAL MILITARY PROCESS
EPOXY | HERMETIC | HERMETIC FLOW EPOXY | HERMETIC | HERMETIC FLOW

X X X Purchase raw material X X X QC lot acceptance.

X X X Quality control receiv- Samples are selected
ing inspection. Parts from each lot
are inspected to ap- X X X Wafer stores
plicable M&SS and/ X X X Scribe and break and
or drawing. plate. :

X X X Mask making X X X QC monitor

X X X QC mask lot accept- X 100% die visual MIL-
ance. Each lot is in- STD-883 A _Method
spected for mask de- 2010 C_Ondftlon B
fects. X X 100% die visual com-

X X X Wafer fabrication mercial spec

X X X QC process monitors X X X QC lot acceptance
including  particle ax X X Die attac.:hA
counts, DI water, X X X QC monitor
gasses, SEM and dif- X X Ultrasonic  aluminum
fusion bond. :

X X X QC lot acceptance. X X QC monitor '
Samples are selected X Thermal compression
from each lot. gold bgnd.

X X X 100% electrical probe X QC monitor :
test per applicable X Preseal inspection
spec 100X MIL-STD-883

Method 2010 Con-
dition B

xii
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Table 1—Standard Process Flow Summary for Integrated Circuits (Cont.)

Table 2—AQuality Conformance Inspection (Each Lot)

*Except TK(TO66) packages.

COMMERCIAL MILITARY PROCESS COMMERCIAL MILITARY PROCESS
EPOXY | HERMETIC | HERMETIC FLOW EPOXY [ HERMETIC | HERMETIC FLOW
X Preseal inspection 30X X X QC monitor
MIL-STD-883 Meth- X X Tin plate MIL-STD-
od 2010 Condition 883 Method 2003
B X X QC monitor
X X Preseal inspection 30X X Solder dip MIL-STD-
commercial  specifi- 883 Method 2003
cation X QC monitor
X X X QC lot acceptance X Hermeticity MIL-
X X X Seal/mold and. cure.| STD-883  Method
X X X QC monitor 1014 Condition A or
X X Stabilization bake B and C
MIL-STD-883 Meth- X QC monitor
od 1008 Condition X X X Visual mechanical
C 150°C for 24 hours MIL-STD-883 Meth-
X X Temperature cycle od 2009
MIL-STD-883 Meth- X X X QC monitor
od 1010 Condition X X X DC and functional per
C -65 to +150°C, applicable _electrical
10 cycles test specification
X X QC monitor X X X QA lot acceptance
X X Centrifuge® MIL-STD- X X X Unbranded inventory
883 Method 2001
Condition C, Y1 only

INSPECTION LTPD/MAX. ACC. NO. COMMENTS
External 7/2 MIL-STD-883, Method 2009
Hermeticity 712 Military Products
Fine Leak MIL-STD-883, Method 1014, Condition A or B
Gross Leak MIL-STD-883, Method 1014, Condition C
Electrical
+250C 5/1
Static Parameters |+1250C il
-550C n Per Applicable Electrical Test Specification
+250C 5/1
Dynamic Parameters|+1250C 71
-550C 71
Package and Ship Quality Assurance Monitor
NOTE:

Generic Qualification Data in accordance with MIL-STD-883, Method 5005, can be supplied if negotiated prior to procurement.
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Table 3—Optional Screening Reference MIL-STD-883 Method 5004 *

SCREEN cLass s (a)(14) CLASS B CLASS C
METHOD REQMT METHOD REOMT METHOD REQMT
3.1.1 Internal visual (1) 2010, test condition A 100% {2010, test condition B 100% {2010, test condition B 100%
3.1.2 Stabilization bake | 1008 100% |1008 100% {1008 100%
(see 3.4.1, 3.4.2) no 24 hrs, min, test condi- 24 hrs, min, test condi- 24 hrs, min, test condi-
end point measure- tion C min tion C min tion C min
ments required 1
3.1.3 Temperature 1010, test condition C 100% | 1010, test condition C 100% | 1010, test condition C 100%
cycling(Z)
3.1.4 Constant accel- 2001, test condition E 100% | 2001, test condition E 100% |2001, test condition E 100%
eration (see 3.2 and {min) Y1 orientation (min) Y1 orientation (min) Y1 orientation
3.4,2)(16) only only only
3.1.5 Visual inspec- 100% 100% 100%
tion(3)
3.1.6 Seal(4) 1014 100% |1014 100% |1014 100%
(a) Fine (5)
(b) Gross
3.1.7 Particle impact 2020, test condition A 100% — —
noise detection or B (6)
(PIND)
3.1.8 Serialization (7) — -
3.1.9 Interim (pre- Per applicable device 100% | Per applicable device (9) —
burn-in) electrical specification (8) specification
parameters (see
3.5.1)(10)
3.1.10 Burn-in test 1015(10) 100% |1015(1°) 100% -
(see 3.4.2)(16) 240 hrs at 125°C min 160 hrs at 125°C min
3.1.11 Interim (post- Per applicable device 100% — —
burn-in) electrical(16 specification (8)
parameters (see 3.5.1)
3.1.12 Reverse bias 1015; test condition A 100% - -
burn-in{11) (see or C, 72 hrs at 150°C
34.2)19 min{10)
3.1.13 Interim (post- Per applicable device 100% | Per applicable device 100% —
burn-in) e)ectrical“ﬁ) specification (8) specification
parameters (see 3.5.1)
*See footnotes at end of table.
"
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Table 3—Optional Screening Reference MIL-STD-883 Method 5004 (Cont.)

SCREEN CLASS S (A)(14) CLASS B CLASSC
METHOD REQMT METHOD REQMT METHOD REQMT
3.1.14 Seal 1014 100% - -
(a) Fine
(b) Gross
3.1.15 Final electrical | Per applicable device Per applicable device Per applicable device
test (see 3.5.2)(16 specification specification specification
(a) Static tests 100% 100% 100%
(1) 25°C (sub-
group 1, table I,
5005)
(2) Maximum 100% 100% -
and minimum
rated operating
temp (subgroups
2,3, table |,
5005)
(b) Dynamic tests 100% 100% —
and switching
tests 25°C (sub-
groups 4 and 9,
table I, 5005)
(c) Functional test 100% 100% 100%
25°C (subgroup
7, table 1, 5005)
3.1.16 Radiographic 2012 two views 100% - -
(12)
3.1.17 Qualification or (13) (13) (13)
quality conformance
inspection test sample
selection
3.1.18 External visual | 2009 100% |2009 100% (2009 100%
NOTES:
(1) Unless otherwise specified, at the manufacturer’s option, test samples for group B, bond strength (method 5005) may be selected randomly

immediately following internal visual (method 5004) prior to sealing.

(2) For class B and C devices, this test may be replaced with thermal shock method 1011, test condition A, minimum.

(3) At the manufacturer’s option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after
the sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages or lids off.

(4) For classes B and C devices, the seal test may be performed in any sequence between 3.1.6 and 3.1.16, but it shall be performed after all shear-
ing and forming operations on the terminals.

(5) Optional when 3.1.14 is performed.

(6) See MIL-M-38510 paragraph 4.6.3. The PIND test may be performed in any sequence after 3.1.4 and prior to 3.1.13.

(7) Class S devices shall be serialized prior to interim electrical parameter measurements.

(8) Electrical parameters shall be read and recorded.

(9)  When specified in the applicable device specification, 100 percent of the devices shall be tested for those parameters requiring delta calculations.

(10) For class S devices, test condition F of method 1015 and 3.4.2 herein shall not apply.

{(11) The reverse bias burn-in (see 3.1.12) is a requirement only when specified in the applicable device specification and is recommended onty for
certain MOS, linear or other microcircuits where surface sensitivity may be of concern. When reverse bias burn-in is not required, interim elec-
trical parameter measurements of 2,1.11 are omitied. The order of performing the burn-in (see 3.1.10) and the reverse bias burn-in may be
inverted.

(12) The radiographic (see 3.1.16) screen may be performed in any sequence after 3.1.8.

(13) Samples shall be selected for testing in accordance with the specific device class and lot requirements of method 5005.

(14) Class A devices have been deleted from MIL-STD-883 and MIL-M-38510. Pending a decision on additional Class S requirements, class (A) has been
included in this data book.

(15) May ‘use 80 hours at 150°C.

(16) Refer MIL-STD-883, Method 5004 for complete details.

xvi
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Table 4—Group Electrical Tests.(1) Reference MIL-STD-883

CLASSES S (A) AND B CLASS C
SUBGROUP(2) LTPD' LTPD

Subgroup 1
Static tests at 25°C 5 5

Subgroup 2
Static tests at maximum rated operating temperature 7 10

Subgroup 3
Static tests at minimum rated operating temperature 7 10

Subgroup 4
Dynamic tests at 25°C 5 5

Subgroup 5
Dynamic tests at maximum rated operating temperature 7 10

Subgroup 6
Dynamic tests at minimum rated operating temperature 7 10

Subgroup 7
Functional tests at 25°C 5 5

Subgroup 8
Functional tests at maximum and minimum rated operating temperatures 10 15

Subgroup 9
Switching tests at 25°C 7 10

Subgroup 10
Switching tests at maximum rated operating temperature 10 15

Subgroup 11
Switching tests at minimum rated operating temperature 10 15

NOTES:

(1) The specific parameters to be included for tests in each subgroup shall be as specified in the applicable procurement document. Where no para-
meters have been identified in a particular subgroup or test within a subgroup, no group A testing is required for that subgroup or test to satisfy
group A requirements.

(2) A single sample may be used for all subgroup testing. Where the required size exceeds the lot size, 100% inspection shall be allowed (see 30.2.5
of Appendix B of MIL-M-38510).

(3) Class A devices have been deleted from MIL-STD-883 and MIL-M-38510. Pending a decision on additional Class S requirements, class (A) has been
included in this data book.

i
xvii ;
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Table 5—Group B Tests for Classes B and C.
(1) Reference MIL-STD-883 Method 5005

MIL-STD-883 CLASSES BANDC
TEST
METHOD CONDITION LTPD
Subgroup 1
a. Physical dimensions(2) 2016 2 devices
(no failures)
b. Internal water-vapor 1018 1,000 ppm maximum water content at 3 devices
content(3) 100°C (no failures)
Subgroup 2
a. Resistance to solvents 2015 3 devices
(no failures)
b. Internal visual and 2014 Failure criteria from design and construction 1 devices
mechanical requirements of applicable procurement (no failures)
document
c. Bond strength(4) 2011 15
(1) Thermocompression (1) Test condition Cor D
(2) Ultrasonic or wedge (2) Test condition Cor D
(3) Flip-chip (3) Test condition F
(4) Beam lead (4) Test condition H
Subgroup 3
Solderability (5) 2003 Soldering temperature of 260 £10°C. 15
NOTES:

(1)
(2)

(3)
(4)

(5)

xviii

Electrical reject devices from the same inspection lot may be used for all subgroups when end-point measurements are not required.

Not required for qualification or quality conformance inspections where group D inspection is being performed on samples from the same in-
spection lot.

This test is required only if the package contains a desiccant.

Test samples for bond strength may, at the manufacturer’'s option, unless otherwise specified, be randomly selected immediately following
internal visual (precap) inspection specified in Method 5004, prior to sealing. Unless otherwise specified, the LTPD sample size for condition C
or D is the number of bond pulls selected from a minimum number of 10 devices, and for conditions F or H is the number of dice (not bonds)
(see Method 2011).

All devices submitted for solderability test must have been through the temperature/time exposure specified for burn-in. The LTPD for solder-
ability test applies to the number of leads inspected except in no case shall less than 3 devices be used to provide the number of leads required.
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Table 5a—Group B Tests for Class S (A) Devices.
(1) Reference MIL-STD-883 Method 5005

cLAss s Al10)
MIL-STD-883 QUANTITY/(ACCEPT NO.)
TEST LOT 2 AND
METHOD CONDITION LOT 1 SUBSEQUENT
Subgroup 1
(a) Physical dimensions(2) 2016 2(0) 2(0)
(b) Internal water-vapor 1018 1,000 ppm maximum water content at 100°C 3(0) 3(0)
content(3)
Subgroup 2(4) 2015
(a) Resistance to solvents 2013 3(0) 3(0)
(b) Internal visual and and Failure criteria from design and construction 2(0) 2(0)
mechanical 2014 requirements of applicable procurement
document
(c) Bond strength 2011 2(0)(8) 2(0)(8)
(1) Thermocompression (1) Test condition Cor D
(2) Ultrasonic (2) Test condition C or D
(3) Flip-chip (3) Test condition F
(4) Beam lead (4) Test condition H
(d) Die shear test 2019 Per table | of Method 2019 for the applicable 3(0) 3(0)
die size
Subgroup 3
Solderability (5) 2003 Soldering temperature of 260 £10°C LTPD =15 LTPD =15
Subgroup 4
Lead integrity 2004 Test condition By, lead fatigue 2(0) 2(0)
Seal 1014 As applicable
(a) Fine
(b) Gross
See footnotes at end of table.
XiX
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Table 5a—Group B Tests for Class S (A) Devices.
(1) Reference MIL-STD-883 Method 5005 (Cont.)

MIL-STD-883 CLASS S A(10)
QUANTITY/(ACCEPT NO.)
TEST LOT 2 AND
METHOD CONDITION LOT 1
SUBSEQUENT
Subgroup 5(6)(7)
(a) Gate1
(1) Electrical parameters Group A, subgroup 1, 2, 3: Read and record
(2) Steady state life 1005 Group A, subgroups 4-11: Attributes
(accelerated) Condition F, 250°C, 120 continuous hours
minimum
(3) Electrical parameters Group A, subgroups 1, 2, 3: Read and record 40(8) 10(2)
(b) Gate 2
(1) Steady state life 1005 Condition F, 250°C, 240 hours minimum
{accelerated) including actual gate 1 life test duration
(2) Seal 1014 As applicable
a. Fine
b. Gross
(3) Electrical parameters Group A, subgroups 1, 2, 3: Read and record 40(16)(9) 10(4)(9)
Group A, subgroups 4-11: Attributes
Subgroup 6(4)
(a) Electrical parameters Group A, subgroups 1, 2, 3: Read and record
(b) Temperature cycling 1010 Condition C 100 cycles/min 12(0) 5(0)
(c) Constant acceleration 2001 Test condition E: Y1 orientation only
(d) Seal 1014 or or
(1) Fine
(2) Gross 20(1) 8(1)
(e) Electrical parameters Group A, subgroups 1, 2, 3: Read and record
NOTES:
(1) Electrical reject devices from the same inspection may be used for all subgroups when end-point measurements are not required.
(2) Not required for qualification or quality conformance inspections where group D inspection is being performed on samples from the same
inspection lot.
(3) This test is required only if the package contains a desiccant.
(4) For class S lot quality conformance testing, all samples for subgroup B2 must have been through the complete sequence of subgroup B6 tests.
(5) All devices must have been through the temperature/time exposure in burn-in. The LTPD applies to the number of leads inspected except in no
case shall less than three devices be used to provide the number of leads required.
(6) The alternate removal-of-bias provisions of 3.3.1 and 3.2.1 of Methods 1005 and 1015 respectively shall not apply for test temperatures above
125°C.
(7) At the manufacturer’s option, an alternate life test may be performed in accordance with 3.8.2.
(8) All bonds on both devices shall be pulled or, for condition F or H, all dice shall be tested.
(9) Sample quantity for acceptance purposes is the incoming sample for gate 1 and the accept number applies to the total failures from both gate 1

and gate 2.

(10) Class A devices have been deleted from MIL-STD-883 and MIL-M-38510. Pending a decision on additional Class S requirements, class (A) has

been included in this data book.
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Table 6—Group C (Die-Related Tests) (for Classes B and C Only).
Reference MIL-STD-883 Method 5005

MIL-STD-883
TEST LTPD
METHOD CONDITION
Subgroup 1
Steady state life test(1) 1005 Test condition to be specified (1,000 hours at 125°C) 5
End-point electrical As specified in the applicable device specification
parameters
Subgroup 2
Temperature cycling 1010 Test condition C 15
Constant acceleration 2001 Test condition E min (for large packages, see 3)
Y1 orientation only
Seal 1014 As applicable
(a) Fine
(b) Gross
Visual examination (2)
End-point electrical As specified in the applicable device specification
parameters
NOTES:
(1) See 40.4 of Appendix B of MIL-M-38510.
(2) Visual examination shall be in accordance with Method 1010 or 1011.
”
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Table 7—Group D (Package Related Tests) (for All classes).
Reference MIL-STD-883 Method 5005

MIL-STD-883 LTPD
TEST METHOD CONDITION
Subgroup 1
(a) Physical dimensions 2016 15
(b) Internal water-vapor 1018 5,000 ppm maximum water content at 100°C 3 devices
content (no failures)
Subgroup 2(1)
Lead integrity 2004 Test condition B2 (lead fatigue) 15
Seal 1014 As applicable
(a) Fine
(b) Gross
Subgroup 3(2)
Thermal shock 1011 Test condition B as a minimum, 15 cycles 15
minimum
Temperature cycling 1010 Test condition C, 100 cycles minimum
Moisture resistance 1004
Seal 1014 As applicable
(a) Fine
(b) Gross
Visual examination Per visual criteria of Method 1004
End-point electrical As specified in the applicable device specification
parameters(4)
Subgroup 4(2)
Mechanical shock 2002 Test condition B 15
Vibration variable frequency 2007 Test condition A
Constant acceleration 2001 Test eondition E (see 3), Y1 orientation only
Seal 1014 As applicable
(a) Fine
(b) Gross
Visual examination (3)
End-point electrical As specified in the applicable device specification
parameters
Subgroup 5(1)
Salt atmosphere 1009 Test condition A 15
Seal 1014 As applicable
(a) Fine
(b) Gross
Visual examination Per visual criteria of Method 1009
NOTES:

(1) Electrical reject devices from that same inspection lot may be used for samples.
(2) Devices used in subgroup 3, ““Thermal and Moisture Resistance’’ may be used in subgroup 4, “Mechanical.”
(3) Visual examination shall be in accordance with Method 1010 or 1011.

(4) At the manufacturer’s option, end-point electrical parameters may be performed after moisture resistance and prior to seal test.

NOTICE

Tables 3, 4, 5, 6 and 7 are referenced from MIL-STD-883. These are for reference only. All required test, screening procedures, classes or sub-
group levels, whether in addition to or apart from any military standards must be specified on the purchase order and agreed upon in writing by

Ravtheon Co.
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Raytheon A+ Program

Quality and Reliability

Introduction

Raytheon’s A+ program is designed to provide the Industrial and
Commercial marketplace with product reliability. ® Reliability
consistent with application requirements. ® Reliability that avoids
an overbuy situation where the user pays for screening beyond
the scope of his needs.

Raytheon offers three screening flows under the A+ program. Each
having a separate reliability factor and cost saving. When deciding
which A+ flow best suits your needs, you should consider the cost
savings realized through elimination of outside lab services and the
need to tighten incoming inspection. Users who do not presently
have their integrated circuits screened should consider the cost of
component replacement during system test and in the field. Sub-
stantial cost savings can now be realized by specifying Raytheon’s
A+ program.

The designations A+1 and A+2 are used for epoxy B packaged
devices only. A+3 is reserved for ceramic devices. The appropriate
screening level may be specified by simply adding the proper A+
suffix to the Raytheon part number, i.e., - - RC41360B with A+2
screening would be designated RC4136DB2.

Customers who use the epoxy package may wish to obtain a copy
of the Epoxy Encapsulated Linear I.C. Quality Review, available
from your local Raytheon sales office.

Basic Reliability Measures

Raytheon has instituted an internal program to assure that products
bearing the Raytheon logo are unsurpassed in reliability when used
in the industrial environment. Several tests, including some normally
reserved for military products, are applied to our industrial products
on a continuing basis in support of this effort. A brief summary of
these tests is given below.

1. Monitored Burn-In (all packages)

24 hours at +125°C with zero failures allowed. This RVT (reliability
verification test), a Raytheon exclusive, is performed on 20 samples
from each manufacturing lot.

2. Standard Burn-in (all packages)

168 hours at +125°C, 1% PDA. This RVT is performed on 45
samples from each EIA data code.

3. Operating Life (all packages)

1000 hours at +125°C, LTPD = 5. This RVT is performed on all
new products and periodically on existing product types as an
indicator of long-term reliability.

4. Steam Pressure (epoxy packages only)
24 hours at +125°C in steam vapor. This RVT is performed on 25

samples from each EIA data code as to assure package and device
integrity.

5. 85/85 (epoxy packages only)
168 hours with bias at +85°C and 85% relative humidity. This RVT

is performed on 25 samples from each EIA data code also as an
indicator of package and device integrity.

6. Temperature Cycle (epoxy packages only)

100 cycles per method 1010.1, 0°C to 100°C. This RVT is per-
formed on 25 samples from each EIA date code to mechanically
stress the wire bond, die bond and package material.

7. Military Flow (ceramic packages and metal-cans)

Only dice lots which pass MIL-STD-883 condition B visual tests
are used in these packages and the 883 class B flow is used up
to point of electrical test. This provides military type product
reliability at commercial prices.

A+ Programs Increase Reliability

Raytheon’s A+ programs were designed to provide an even greater
reliability assurance than standard process testing. Starting with
devices which are processed with the basic reliability measures,
various combinations of temperature cycle, burn-in, Hot Rail testing
and tightened AQL lot acceptance are available as shown in the flow
chart. The objectives of these 100% screens are:

1. Temperature Cycle (epoxy packages only)

0°C to +100°C per method 1011, condition A. This is the first
screening for the A+1 and A+2 flows. (A+3 ceramic and metal-can
devices received temperature cycles as part of standard product flow.)
The purpose of this screening is to stress wire bonds and die bonds
mechanically to prove the integrity of the devices.

2. Burn-In (all packages)
168 hours at +125°C or equivalent up to 200°C. This screening is
performed in A+2 and A+3 flows.
3. High Temperature Functional Test (Hot Rail)
- (epoxy packages only)

+100°C. This screening serves to further prove bond integrity.
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Quality and Reliability A+ Program Flow Chart

STANDARD FLOW

SEE TABLE |
EPOXY B | A+1 : EPOXY B | A+2 A+3 | cERAMIC
TEMP CYCLE 0-100°C TEMP CYCLE 0-100°C
MIL-STD-883
BURN-IN 168 hrs @ +125°C BURN-IN 168 hrs @ +125°C Method 1015
Condition C
168 hrs
DC TESTS @ +25°C DC TESTS @ +25'C DC & FUNCTIONAL TESTS
@+25°C
HOT RAIL HOT RAIL
FUNCTIONAL @ +100°C FUNCTIONAL @ +100°C
LOT REJECTION POINT LOT REJECTION POINT
1% PDA 1% PDA
BRAND BRAND BRAND
&
QA LOT ACCEPTANCE QA LOT ACCEPTANCE QA LOT ACCEPTANCE
. . ) FINE & GROSS LEAK, 0.4% AQL;
FUNCTIONAL @ +25°C, 0.15% AQL: FUNCTIONAL @ +100°C, 0.15% AQL; FUNCTIONAL @ +25°C, 0.15% AQL;
DC @ +25°C, 0.28% AQL; bpceo C(,) 1% AQ{I,.; DC @ 0°C, 0.28% AQL;
DC @ +70°C. 1.0% AQL; DC @+25'C, 0.28% AQL; DC @ +25°C, 0.28% AQL;
AC @ +25°C, 1.0% AQL. DC @ +70°C, 1.0% AQL; DC @ +70°C, 1.0% AQL;
AC @+25°C, 1.0% AQL. AC @ +25°C, 1.0% AQL.
PACK PACK PACK
QA PLANT CLEARANCE VISUAL & MECHANICAL DOCUMENTATION, MIXING INSPECTION

Major Defects @ .25% AQL
Minor Defects @ 1.0% AQL

SHIP SHIP SHIP

A+1 A+2 A+3
RELIABILITY FACTOR ~ 15X RELIABILITY FACTOR ~ 8X — 10X* REUIABILITY FACTOR =~ 168X
QUALITY GUARANTEE QUALITY GUARANTEE QUALITY GUARANTEE
ON FUNCTIONALITY = 0.15% AQL ON FUNCTIONALITY = 0.15% AQL ON FUNCTIONALITY =~ 0.15% AQL

* Must be expressed as a range since a normally lled envi { power and temperature) cannot be assured.
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Glossary of Terms

OP AMPS

Average Input Offset Current t° Coefficient—Change in input
offset current divided by change in ambient temperature pro-
ducing it.

Average Input Offset Voltage t° Coefficient—Change in input
offset voltage divided by change in ambient temperature pro-
ducing it.

Common-Mode Input Resistance—Resistance looking into

both inputs tied together,

Common-Mode Rejection Ratio (CMRR)—Ratio of change of
input offset voltage to input common-mode voltage change
producing it.

Full Power Bandwidth—Maximum frequency at which full
sinewave output might be obtained.

Input Bias Current—Average of the two input currents at zero
output voltage. In some cases, input current for either input
independently.

Input Capacitance—Capacitance looking into either input ter-
minal with other grounded.

Input Current—Current into an input terminal.

Input Noise Voltage—Square root of mean square narrow-band
noise voltage referred to input.

Input Offset Current—Difference in currents into two input
terminals with output at zero volts.

Input Offset Voltage—Voltage which must be applied between
input terminals to obtain zero output voltage. Input offset
voltage may also be defined for case where two equal resis-
tances are inserted in series with input leads.

Input Resistance—Resistance looking into either input termin-
al with other grounded.

Input Voltage Range—Range of voltages on input terminals
for which amplifier operates within specifications. In some
cases, input offset specifications apply over input voltage
range.

Large-Signal Voltage Gain—Ratio of maximum output voltage
swing to change in input voltage required to drive output to
this voltage.

Output Resistance—Resistance seen looking into output ter-
minal with output at null. This parameter is defined only
under small signal conditions at frequencies above a few
hundred cycles to eliminate influence of drift and thermal
feedback.

Settling Time—Time between initiation of input step function
and time when output voltage has settled to within specified
error band of final output voltage.

Output Short-Circuit Current—Maximum output current avail-
able from amplifier with output shorted to ground or to either
supply.

Output Voltage Swing—Peak output swing, referred to zero,
that can be obtained.

Power Consumption—DC power required to operate amplifier
with output at zero and with no load current,

Power Supply Rejection Ratio—Ratio of change in input offset
voltage to change in supply voltages producing it.

Rise Time—Time required for an output voltage step to change
from 10% to 90% of its final value.

Slew Rate—Maximum rate of change of output voltage under
large signal condition.

Supply Current—Current required from power supply to oper-
ate amplifier with no load and output at zero.
Temperature Stability Of Voltage Gain—Maximum variation of
voltage gain over specified temperature range.

Harmonic Distortion—Percs ﬁiage of harmonic distortion being
defined as 100 times ratio'of RMS sum of harmonics to funda-
mental.

% harmonic distortion =
2 3 V2 o
(Vo2 +V3® + V424 . ..)"” (100%)
\7]

where V| is RMS amplitude of fundamental and V3, V3, Vg,
... are RMS amplitudes of individual harmonics.

Transient Response—Closed-loop step-function response of
amplifier under small-signal conditions.

Unity Gain Bandwidth—Frequency range from DC to frequency
where amplifier open-loop gain rolls off to one.

Voltage Gain—Ratio of output voltage to input voltage under
stated conditions for source resistance (Rg) and load resis-
tance (RL).

Bandwidth—Frequency at which voltage gain is reduced to
1/\/2 times the low frequency value.

Output Impedance—Ratio of output voltage to output current
under stated conditions for source resistance (Rg) and load
resistance (R ).

Input Impedance—Ratio of input voltage to input current
under stated conditions for source resistance (Rg) and load
resistance (R ).

REGULATORS

Dropout Voltage—Input-output voltage differential at which
circuit ceases to regulate against further reductions in input
voltage.

Input-Output Voltage Differential—Range of voltage differ-
ence between supply voltage and regulated output voltage
over which regulator will operate.

Line Regulator—Percentage change in output voltage for a
specified change in input voltage.

Load Regulator—Percentage change in output voltage for
specified change in load current.

Maximum Power Dissipation—Maximum total device dissipa-
tion for which regulator will operate within specifications.

Output Noise Voltage—RMS output noise voltage with con-
stant load and no input ripple.
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Glossary of Terms

Output Voltage Range—Range of output voltage over which
regulator will operate.

Quiescent Current—Part of input current to regulator that is
not delivered to load.

Reference Voltage—Output of reference amplifier measured
with respect to negative supply.

Ripple Rejection—Ratio of peak-to-peak input ripple voltage
to peak-to-peak output ripple voltage.

Sense Voltage—Voltage between current sense and current
limit terminals necessary to cause current limiting.

Short-Circuit Current Limit—Output current of regulator with
output shorted to negative supply.

Standby Current Drain—Supply current drawn by regulator
with no output load and no reference voltage load.

Temperature Stability—Percentage change in output voltage
for thermal variation from room temperature to either tem-
perature extreme.

Long Term Stability—Output voltage stability under accelerated
life-test conditions at 125°C with maximum rated voltages and
power dissipation for 1000 hours.

Output Voltage Scale Factor—Output voltage obtained for
unit value of resistance between adjustment terminal and
ground.

Input Voltage Range—Range of DC input voltages over which
regulator will operate within specifications.

Current-Limit Sense Voltage—Voltage across current limit
terminals required to cause regulator to current-limit with
short-circuited output. This voltage is used to determine value
of external current-limit resistor when external booster trans-
istors are used.

COMPARATORS/SENSE AMPLIFIERS

Common-Mode Firing Voltage—CM input voltage that exceeds
dynamic range of inputs with strobe enabled resulting in out-
put switching states.

Common-Mode Recovery Time—Time from turn off of CM sig-
nal to analog input threshold of earliest sense line pulse signal
that can be processed normally. Processed normally refers to
bi-polar signals greater than or less than input threshold with
corresponding proper output.

Equivalent Input Common-Mode Noise Voltage—Change in
input offset voltage due to common-mode input noise.

Logic Input High Voltage—Minimum voltage allowed at bit
control gate to hold bit off.

Logic Input Low Voltage—Maximum voltage allowed at bit
control gate to hold bit on.

OQutput Sink Current—Maximum negative current that can be
delivered by comparator.

XXVi

Peak Output Current—Maximum current that may flow into
output load without causing damage to comparator.

Propagation Delay—Interval between application of an input
voltage step and its arrival at either output, measured at 50%
of final value.

Response Time—Interval between application of input step
function and time when output crosses logic threshold voltage.
Input step drives comparator from some initial, saturated in-
put voltage to input level just barely in excess of that required
to bring output from saturation to logic threshold voltage
overdrive.

Strobe Current—Maximum current drawn by strobe terminals
when it is at zero logic level.

Strobe Delay—Time delay measured from strobe to output
threshold with signal present exceeding input threshold.

Strobe Release Time—Time required for output to rise to
logic threshold voltage after strobe terminal has been driven
from zero to one-logic level. Appropriate input conditions are
assumed.

Strobed Output Level—DC output voltage, independent of
input voltage, with voltage on strobe terminal equal to or less
than minimum specified amount.

Switching Speed—Time required to turn on least significant
bit.

Threshold Uncertainty—With all sense amps sharing same input
threshold less uncertainty as ““0.”” This includes unit to unit,
power supply and temperature variations.

Threshold Voltage—Typical referred to input voltage which
determines whether input is *1’* or “/0."” Signal whose magni-
tude is greater than threshold level is sensed as logic ‘“1"* and
signal whose magnitude is less as ’0.”"

Zero Scale Output Current—Output current for all bits turned
off.

Supply Current—Current required from positive or negative
supply to operate comparator with no output load. Power will
vary with input voltage, but is specified as maximum for entire
range of input voltage conditions.

Voltage Gain—Ratio of change in output voltage to change in
voltage between input terminals producing it.

Differential Input Offset Current—Absolute difference in two
input bias currents of one differential input.

Differential Input Overload Recovery Time—Time necessary
for device to recover from 2V differential pulse (ts = t, = 20ns)
prior to strobe enable signal.

Offset Voltage—Difference between absolute values of thres-
hold voltage in positive- and negative-going directions.

Input Bias Current—Average of two input currents.

Input Offset Current—Absolute value of difference between
two input currents for which output will be driven higher or
lower than specified voltages.



Glossary of Terms

Input Offset Voltage—Absolute value of voltage between input
terminals required to make output voltage greater or less than
specified voltages.

Input Voltage Range—Range of voltage on input terminals
(common-mode) over which offset specifications apply.

Positive Output Level—High output voltage level with given
load and input drive equal to or greater than specified value.

Power Consumption—Power required to operate comparator
with no output load. Power will vary with signal level, but is
specified as maximum for entire range of input signal condi-
tions.

Output Leakage Current—Current into output terminal with
output voltage within given range and input drive equal to or
greater than given value.

Output Resistance—Resistance seen looking into output ter-
minal with DC output level at logic threshold voltage.

XXVii

Strobed Output Level —DC output voltage, independent of
input conditions, with voltage on strobe terminal equal to or
less than specified low state.

Strobe ON Voltage—Maximum voltage on either strobe ter-
minal required to force output to specified high state inde-
pendent of input voltage.

Differential Input Threshold Voltage—DC input voltage which
forces logic output to logic threshold voltage (~1.5V) level.

Input Bias Current—DC current which flows into each input
pin with differential input of OV.

Negative Output Level—Negative DC output voltage with com-
parator saturated by differential input equal to or greater than
specified voltage.

Strobe OFF Voltage—Minimum voltage on strobe terminal
that will guarantee that it does not interfere with operation
of comparator.
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101A 201A 301A

Operational Amplifiers

GENERAL DESCRIPTION

The LM101A/LM201A and LM301A are general purpose,
high performance operational amplifiers fabricated mono-
lithically on a silicon chip by the planar epitaxial process.
The units may be fully compensated with the addition of a
30pF capacitor stabilizing the circuit for all feedback config-
urations including capacitive loads.

The device may be operated as a comparator with a differ-
ential input as high as +30V. Used as a comparator the output
can be clamped at any desired level to make it compatible with
logic circuits.

The LM101A operational amplifier will operate over the full
military temperature range from —55°C to +125°C. The com-
mercial version, the LM301A operates over a temperature
range from 0°C to +70°C..

The LM201A is the same as the LM101A except its perform-
ance is guaranteed from —25°C to +85°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

® Offset Voltage 3mV Maximum Over Temperature
® Input Current 100nA Maximum Over Temperature
® Offset Current 20nA Maximum Over Temperature
.

Offsets Guaranteed Over Entire Common-Mode Range and
Supply Voltage Range

Frequency Compensation 30pF
Supply Voltage 5V to £20V

COMP/BAL ?
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o~
INPUTS
"+

—® Py ovt

ot

~AWVV oUTPUT

1

A
OV~

et

AA

S
>
>
>

AAA

LM101AF LM301AH

CERAMIC DIP PACKAGE.

- VN-0—& OV~
BALANCE O
CONNECTION INFORMATION
TE DE and NB
?%Flcti:al; Metal Can Package Dual In-line Package
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Operational Amplifiers 101A 201A 301A

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . .............. 101A, 201A: £22V Operating Temperature Range

301A: 18V LM1O1A ... -550C to +1250C
Power Dissipation (Note 1) .. ............. 500mW LM201A ... . -250C to +850C
Differential Input Voltage . ................ +30V LM301A ... .. 00C to +700C
Input Voltage (Note2) . .................. +165V Storage Temperature Range . ....... -650C to +1500C
Output Short-Circuit Duration (Note 3) .. ... Indefinite Lead Temperature (Soldering, 60s) .......... 3000C

ELECTRICAL CHARACTERISTICS

LM101A, LM201A: 5V < Vg <+20V; LM301A: 5 < Vg <*15V (Note 4)

LM101A, LM201A LM301A
PARAMETER CONDITIONS TN TVP | MAX | WiN TVP T WMAX UNITS
Input Offset Voltage TA =250C, Rg < 50 k§2 0.7 2.0 20 7.5 mV
Input Offset Current Ta =250C 1.5 10 3 50 nA
Input Bias Current Ta =250C 30 75 70 250 nA
Input Resistance Ta =250C 1.5 4 0.5 2 M
Supply Current Ta = 250C, Vg = £20V 1.8 3.0 1.8 3.0 mA
Large Signal Voltage Ta=250C, Vg =+15V
Gain VOUT = +10V, R > 2 k2 50 160 25 160 V/mV
Input Offset Voltage Rg <50 k2 3.0 10 mV
Average Temperature
Coefficient of Input 3.0 15 6.0 30 uv/oC
Offset Voltage
Input Offset Current 20 70 nA
Average Temperature 250C < Ta < 1250C 0.01 0.1 nA/oC
Coefficient of Input 0C < Ta < 700
Offset Current 250C < Ta < 700C 0.01 0.3 nA/oC
-550C < Tp < 250C 0.02 0.2 nA/oC
00C < Ta < 250C 0.02 0.6 nA/oC
Input Bias Current 100 300 nA
Supply Current TA =+1250C, Vg = £20V 1.2 25 mA
Large Signal Voltage Vs =15V, VouT = *10V
Gain RL > 2kQ 25 15 VimVv
Output Voltage Swing Vg =115V, R =10 k&2 +14 +12 +14 \%
RL=2kQ * +13 +10 13 Y
Input Voltage Range LM101A: Vg = £20V;
LM301A: Vg = £15V 15 12 v
Common Mode
Rejection Ratio Rs< 50 kQ 80 9% 70 °0 d8
Supply Voitage
Rejection Ratio Rs< 50kQ 80 96 70 96 dB

NOTES:

1. For operating at elevated temperatures, the device must be derated based on +150°C for LM101A, +100°C for LM201A and LM301A, maximum

junction temperature and a thermal resistance of 150°C/W junction to ambient or 459C/W junction to case.
. For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

+700C and ambient temperatures to +55°C for LM301A.

2
3. Continuous short-circuit is allowed for case temperatures to +125°C and ambient temperatures to +75°C for LM101A, case temperatures to
a

. Specifications apply for temperature ranges: LM101A: -55°9C to +125°C; LM201A: -25°C to +85°C; LM301A: 0°C to +70°C unless otherwise

specified.



107 207 307

Operational Amplifiers

GENERAL DESCRIPTION

The LM107, LM207, and LM307 high-gain, general purpose
operational amplifiers are monolithically constructed and
internally compensated. The addition of a 30pF MOS capacitor
guarantees unconditional stability eliminating the need for
external frequency compensation. Input currents are a factor
of ten lower than an industry standard device such as the 709,
LM101, and 741.

This series offers all the best features of the LM101. In addi-
tion, the devices provide better accuracy and lower noise in
high impedance circuitry.

The LM107 operates over a temperature range of —~55°C to
+125°C. The LM307 operates from 0°C to +70°C.

The LM207 is the same as the LM107 except its performance
is guaranteed from —25°C to +85°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

® Offset Voltage 3mV Maximum Over Temperature
® Input Current 100nA Maximum Over Temperature
® Offset Current 20nA Maximum Over Temperature
.

Offsets Guaranteed Over Entire Common-Mode Range and
Supply Voltage Range

Internal Frequency Compensation
® Supply Voltage £5V to 20V
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° ° L
b
p
<
:»
>
)
N-—@- OV~
CONNECTION INFORMATION
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(Top View) (Top View)
U PIN FUNCTION
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3 6 4 AV
I I 5 NC
6 OUTPUT
s 5 7 vt
— — 8 NC
Order Part No.: Order Part No.:
LM107H, LM207H, LM307H LM107DE, LM207DE,
LM307DE, LM307N
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Operational Amplifiers 107 207 307

ABSOLUTE MAXIMUM RATINGS

Supply Voltage .. ............. 107A, 207A: £22V Operating Temperature Range

307A: +18V LM107 .. o -550C to +1250C
Power Dissipation (Note 1) .. ... ... ....... 500mW LM207 .. ... -250C to +850C
Differential Input Voltage . ................ +30V LM307 ... . 00C to +700C
Input Voltage (Note 2) ... ................ +15V Storage Temperature Range .. ...... -650C to +1500C
Output Short-Circuit Duration (Note 3) .. ... Indefinite Lead Temperature (Soldering, 60s) . ......... 3000C

ELECTRICAL CHARACTERISTICS LM107A, LM207A: 5V < Vg < +20V; LM307A: 5 < Vg < £15V (Note 4)

PARAMETER CONDITIONS TATN LM1T(¥I£207MAX TN L-IrVI?g7 MAX UNITS
Input Offset Voltage TA = 250C, Rg <50 k2 0.7 2.0 2.0 7.5 mV
Input Offset Current Ta = 250C 1.6 10 3 50 nA
Input Bias Current Ta=250C 30 75 70 250 nA
Input Resistance Ta =250C 1.5 4 0.5 2 M2
Supply Current Ta = 250C, Vg = £20V 1.8 3.0 1.8 ‘3.0 mA
égzge Signal Voltage C(A)GTZEOEO\(/S Eig\é o 50 160 25 160 V/mV
Input Offset Voltage Rg <50 k{2 3.0 10 mV
Average Temperature
Coefficient of Input 3.0 15 6.0 30 uv/oc
Offset Voltage
Input Offset Current 20 70 nA
Average Temperature 250C < Ta < 1250C 0.01 0.1 nA/0C
001 | 03| naree

-550C < Tp < 250C 0.02 0.2 nA/oC

00C < Tp <250C 0.02 0.6 nA/oC
Input Bias Current 100 300 nA
Supply Current Ta =+1250C, Vg = £20V 1.2 25 mA
(I:J:ge Signal Voltage \R/ls_ —>i21 i;/l VouT =10V 25 15 V/mV
Output Voltage Swing Vg =215V, R|_= 10 kQ 1 12 1 \%

RL=2kQ2 *+1 + +10 * \%
Input Voltage Range Vg =120V +15 +12 Vv
Supply Voltage ’
Rejection Ratio Rs < 10 k(2 80 96 70 96 dB

NOTES:

1. For operating at elevated temperatures, the device must be derated based on +150°C for LM107 or 100°C for LM207 and LM307, maximum

junction temperature and a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case.
2. For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
3. Continuous short-circuit is allowed for case temperatures to +125°C and ambient temperatures to +75°C for LM107, case temperatures to

+70°C and ambient temperatures to +55°C for LM307.

4. These specifications apply for -550C < T < + 125°C £LM107, -259C to +859C LM207, and 0°C < Ta < +70°C LM307, unless otherwise

specified.
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108/108A 208/208A
308/308A

Precision Operational Amplifiers

GENERAL DESCRIPTION

DESIGN FEATURES

The LM108A/LM108, LM208A/LM208 and LM308A/LM308 ® Offset Voltage Over Temperature Range 0.5mV Maximum
are Supef Beta operationefl amplifiers fabricated on single silicon e Input Current Over Temperature Range 3.0nA Maximum
chips using the planar epitaxial process. Offset G over T R 4000A Maxi
° t
The LM108A/LM108 offer specifications an order of magni- set Lurrent Over Temperature Range 4U0pA Maximum
tude better than FET amplifiers over a temperature range ® Supply Current Only 400uA
{e] o
—55°Cto +125°C. ® Guaranteed Drift Characteristics 5.0uV/°C Maximum
The LM208A/LM208 are identical to the LM108A/LM108 ex- ® Supply Voltage +2V to +20V
cept their performance is guaranteed from —25°C to +85°C.
The LM308A/LM308 provide lower input offset voltage of
0.5mV maximum, and drift characteristics of 5.0uV/°C maxi-
mum. These devices can be compensated by the conventional
technique used with the LM101/LM101A series.
SCHEMATIC DIAGRAM
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Precision Operational Amplifiers

108/108A 208/208A
308/308A

L
ABSOLUTE MAXIMUM RATINGS

Supply Voltage

LM108A/LM108: £20V
LM208A/LM208: £20V

Operating Temperature Range

LM308A/LM308: £18V LM108A/LM108 . ............. —55°C to +125°C
Power Dissipation (Note 1) . . . ............. 500mW LM208A/LM208 ............... —25°C to +85°C
Differential Input Current (Note 3) .......... +10mA LM308A/LM308 . ................ 0°C to +70°C
Input Voltage (Note 2) .. ................. 15V Storage Temperature Range ........ —65°C to +150°C
Output Short-Circuit Duration . ........... Indefinite Lead Temperature (Soldering, 60s) . .......... 300°C
ELECTRICAL CHARACTERISTICS (Notes 4 and 5)
LM108A/LM208A LM308A
PARAMETER CONDITIONS MIN VP | MAX | MIN TP | MAX UNITS
Input Offset Voltage Ta=250C 0.3 0.5 0.3 0.5 mV
Large Signal Voltage Gain TA=250C, Vg=t15V,
Vout=+10V, RU>10kE2 80 300 80 300 V/mV
Input Offset Voltage 1.0 0.73 mV
Average Temperature Coefficient
o
of Input Offset Voltage 10 5.0 10 50 uv/ec
Large Signal Voltage Gain V§=£15V, Vout=%10V,
RLS10kS 40 60 V/mV
Common Mode Rejection Ratio 96 110 96 110 dB
Supply Voltage Rejection Ratio 96 110 96 110 dB
LM108/LM208 LM308
PARAMETER CONDITIONS MIN TYP 1 MAX | MIN TYP | MAX UNITS
Input Offset Voltage Ta=250C 0.7 2.0 2.0 7.5 mV
Input Offset Current TA=250C 0.05 0.2 0.2 1.0 nA
Input Bias Current TA=250C 0.8 2.0 1.5 7.0 nA
Input Resistance TA=250C 30 70 10 40 MS2
Supply Current Ta=250C 0.3 0.6 0.3 0.8 mA
Large Signal Voltage Gain Ta=250C, Vg=*15V,
Vout=t10V, RL>10k 50 300 25 300 V/mV
Input Offset Voltage 3.0 10 mV
Average Temperature Coefficient
(o]
of Input Offset Voltage 30 15 6.0 30 uv/oc
Input Offset Current 04 1.5 nA
Average Temperature Coeffiecient o
of Offset Current 05 25 20 10 pA/OC
Input Bias Current 3.0 10 nA
Supply Current Ta=+1250C 0.15 0.4 mA
Large Signal Voltage Gain Vg=%15V, Vout=+10V,
RL>10kS 25 15 V/mV
Output Voltage Swing Vs=+15V, R =10kQ +13 +14 +13 14 \%
Input Voltage Range Vg=t15V +13.5 14 \
Common Mode Rejection Ratio 85 100 80 100 dB
Supply Voltage Rejection Ratio 80 96 80 96 dB

NOTES:

1. For operating at elevated temperatures, the device must be derated based on +150°C for LM108, +100°C for LM308 maximum junction tempera-
ture and a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case.

. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.

. The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in

2
3

excess of 1V is applied between the inputs uniess some limiting resistance is used. N
4. These specifications apply for t6V < Vg < +20V and ~565°C < Ta < +125°C, LM108A/LM108; +5V < Vg < +20V and —25°C < Tp < +85°C,
5

LM208A/LM208.

. These specifications apply for +5V < Vg < +15V and 0°C < T < +70°C, LM308A/LM308.




118 218 318

Precision High-Speed Operational Amplifiers

GENERAL DESCRIPTION

The LM118, LM218, and LM318 are precision operational
amplifiers which offer fast slewing and wide bandwidth. They
feature internal frequency compensation and ten times the
speed of general purpose amplifiers.

External feedforward compensation may be used for an addi-
tional increase in speed. For inverting applications this will
increase the slew rate to more than 150V /us and almost double
the bandwidth. (Feedforward is not used for non-inverting or
differential applications.)

Their high speed and fast settling time make them ideal devices
for A/D converters, oscillators, active filters, sample-and-hold
circuits, as well as general purpose amplifiers.

The LM118 military version operates over a temperature range
of —55°C to +125°C. The LM218 is the same as the LM118
except its performance is guaranteed from —25°C to +85°C.
The LM318 operates from 0°C to +70°C.

DESIGN FEATURES

15MHz Small Signal Bandwidth

Guaranteed 50V/us Slew Rate

Operates from 5V to £20V Supply

Internal Frequency Compensation

Input and Output Overload Protected

Pin Compatible With General Purpose Op Amps

SCHEMATIC DIAGRAM
+ BAL/COMP 1 comP 2
V' o-
IR
LR
BAL/COMPS o- — |
f ;I‘ H ?' N ] o QUTPUT
-INPUT t
A
! t tiy
i ¢
+INPUT ©
3
.é F_ Jl oV~
CONNECTION INFORMATION
T (TO-5) DE and NB
Metal Can Package Dual In-line Packages
(Top View) {Top View) PIN FUNCTION
1 BAL/COMP 1
[y 8 2 —INPUT
3 INPUT
— 1 PR
— o) 5  BAL/COMP 3
6 OUTPUT
(g 577 7 vt
8 COMP 2

Order Part Nos.:
LM118H, LM218H, LM318H

FLATPAK PACKAGES.

Order Part Nos.:
LM118DE, LM218DE,
LM318DE, LM318N

NOTE: THE LM118/318 IS AVAILABLE ON SPECIAL ORDER IN THE DC (14-PIN) CERAMIC DIP AND CQ (10-PIN)




Precision High-Speed Operational Amplifiers 118 218 318

ABSOLUTE MAXIMUM RATINGS

Supply Voltage .. . . .....ovvviinnn. 20V Operating Temperature Range
Power Dissipation (Note 1) . .............. 500mW LM118 . ... -550C to +1250C
Differential Input Current (Note 2) .......... +10mA LM218 ... .. -250C to +850C
Input Voltage (Note3) . ................... +15 LM318 . ... ... 00C to +700C
Output Short-Circuit Duration . .......... Indefinite Storage Temperature Range ........ -650C to +16500C ‘
Lead Temperature (Soldering, 10s) ......... +3000C i
ELECTRICAL CHARACTERISTICS  (Note 4) |
PARAMETER CONDITIONS LM118/LM218 LM318 UNITS i
Input Offset Voltage Ta =250C 4 10 mV Max. {
Input Offset Current Ta=250C 50 200 nA Max. |
Input Bias Current TA = 250C 250 500 nA Max.
Input Resistance Ta=260C 1 0.5 MQ Min.
Supply Current TA = 250C 8 10 mA Max.
Large Signal Voltage Gain TA =250C, Vg = *15V, 50 25 V/mV Min.
VOUuT = £10V, R = 2k
Input Offset Voltage 6 15 mV Max.
Small Signal Bandwidth Ta =250C, Vg =*15V 15 15 - MHz Typ.
Slew Rate TA=250C, Vg=*15V, Ay =1, 50 50 V/us Min.
Rs = 10k£)
Input Offset Current 100 300 nA Max.
Input Bias Current 500 750 nA Max.
Supply Current TA=TMAX 7 mA Max.
Large Signal Voltage Gain Vg =15V, VouT = *10V, 25 20 V/mV Min.
RL = 2k
Output Voltage Swing Vg =15V, R = 2k§2 *12 +12 v Min. ‘
Input Voltage Range Vg = +15V +11.5 +11.5 \Y Min. J;
Common Mode Rejection Ratio 80 70 dB Min.
Supply Voltage Rejection Ratio 70 65 dB Min. i

NOTES:

1. The maximum junction temperature of the LM118 is +150°9C, LM218 is +100°C and +85°C for the LM318. For operating at elevated tempera-
tures, devices in the TO-5 package must be derated based on a thermal resistance of 1500C/W, junction to ambient, or 45°C/W, junction to case.

2. The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess
of 1V is applied between the inputs unless some limiting resistance is used.

3. For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

4. These specifications apply for t5V < Vg < +20V and -55°C < Ta < +125°C for the LM118; t5V < Vg < #20V and -20°C < T 5 < +85°C for

the LM218; t6V < Vg <+20V and 0°C < TA < +700C for the LM318. Also, power supplies must be bypassed with 0.1 MF ceramic disc capacitors. ‘
i
il Ci io Mini Feedforward Compensation |
Offset Balancing Fast Voltage Follower seni;g"' Tim: for Fast Sample and Hold for Greater Inveriing
Slew Rate+

10pF 5K

2N4391
INPUT

" SpF
10K
) m 10K p OUTPUT 1ypuT —AAA—
s INPUT 3
3

*Slew and setting time to 0.1%
for a 10V step change is 800ns. = SAMPLE

25K
BALANCE

+Slew rate typically 150V /us =




, Quad Single-Supply
124 224 324 2902 - Operational Amplifiers

GENERAL DESCRIPTION DESIGN FEATURES

Large DC Voltage Gain 100 dB

Compatible with All Forms of Logic

Temperature Compensated

Wide Bandwidth at Unity Gain Frequency 1 MHz
Large Output Voltage Swing: 0 Vpg to V* -1.5 Vpc
Input Common Mode Voltage Range Includes Ground

Each of the devices in this series consists of four independent,
high-gain, operational amplifiers that are designed for single-
supply operation. Operation from split power supplies is also
possible and the low power supply drain is independent of the
magnitude of the power supply voltage.

Used with a dual supply, the circuit will operate over a wide
range of supply voltages. However, a large amount of crossover
distortion may occur with loads to ground. An external cur-
rent-sinking resistor to -V ¢ will reduce crossover distortion.
There is no crossover distortion problem in single supply oper-
ation if the load is direct-coupled to ground.

SCHEMATIC DIAGRAM (1/4 shown)

GND

= OUTPUT
INPUTS
O— + }‘j Vo

CONNECTION INFORMATION

DB and DC
CJ Flatpak Dual In-Line Packages
(Top View) (Top View) PIN  FUNCTION
1 OUTPUT 1
(- 1. o 1] 2 —INPUT1
= —wREr- = 3 +INPUT 1
c————» 1 1% 33— Eﬁ 13 : 4 V+
[———— — — 5 +INPUT 2
. " Lp 1 6 — INPUT 2
/=4 NpgE—m)™
—T np——— . nlJ 7 OUTPUT 2
8 OUTPUT 3
L 3 2 s ol J 9  _INPUT3
— At = 10 +INPUT 3
— - ey
L6 = ﬂ_l 1 GROUND
: 12 +INPUT4
Order Part N ! 5 13 —INPUT 4
rder Part No.:
LM124F, LM124AF Order Part Nos.: 14 OouTPUT 4

LM124J, LM224J, LM324J, LM2902J,
LM224N, LM324N, LM2902N,
LM124AJ, LM224AJ, LM324AJ,
LM224AN, LM324AN




ABSOLUTE MAXIMUM RATINGS

LM124/LM224/LM324
LM124A/LM224A/LM324A

Supply Voltage, V¥
Differential Input Voltage

32Vpgor 116 Vpe
32Vpc

LM2902

26 Vpg or +13 Vpe
26 Vpc

Input Current (V| < -0.3 VoL (Note 3)
Operating Temperature Range

LM124/LM224/LM324
LM124A/LM224A/LM324A

50 mA

LM2902

-40°C to +85°C

Input Voltage -0.3 Vpg to +32 Vpg -0.3 Vpg to +32 Vpe LM324/LM324A 0°C t0 +70°C
Power Dissipation (Note 1) LM224/LM224A -25°C to +85°C
Molded DIP 570 mW 570 mW LM124/LM124A -55°C to +125°C
Cavity DIP 900 mW Storage Temperature Range -65°C to +150°C -65°C to +150°C
Flat Pack 800 mwW Lead Temperature (Soldering, 10 seconds) 300°C 300°C
Output Short-Circuit to GND (One Amplifier} {Note 2) Continuous Continuaus
vt <15Vpcand Ta = 25°C
+ _
ELECTRICAL CHARACTERISTICS (V" = +5.0 V[, Note 4)
LM124A LM224A LM324A LM124/LM224 LM324 LM2902
PARAMETER CONDITIONS MIN| TYP | MAX | MIN| TYP | MAX | MIN| TYP | MAX | MIN| TYP | MAX | MIN| TYP | MAX | MIN | TYP | MAX | UNITS
Input Offset Voltage Ta =25°C, (Note 5) 1 2 1 3 2 3 12 :5 12 =7 22 +7 mVpc
Input Bias Current lIN(+) or lIN(-). TA = 25°C 20 50 40 80 45 100 45 150 45 250 45 250 nApc
(Note 6)
Input Offset Current NG - IN(), TA = 25°C 2 10 2 15 5 30 .3 430 -5 +50 5 +50 nApc
Input Common-Mode V*=30Vpc, Ta = 25°C 0 vtas| 0 vH-15| 0 vt1s5) 0 vi-1s5| 0 vi-151 0 v*-15 Vpe
Voltage Range (Note 7)
Suppty Current R ==, Vgg =30V, (LM2902 V¢ = 26Y) 15 3 15 3 15 3 15 3 1.5 3 1.5 3 mADC
R == On All Op Amps 0.7 12 0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2 mApC
Over Full Temperature Range
Ta =25°C 3 mApC
Large Signal Voltage vt=15 Vpc (For Large Vg Swing) 50 100 50 100 25 100 50 100 25 100 100 V/imV
Gain R >2kQ, Tp =25°C
Output Voltage Swing | R =2k, Ta = 25°C (LM2902 R_ > 10 k2) 0 vt151 0 Vi-15| 0 V15 | Vpc
Common-Mode DC, Tp =25°C 70 85 70 85 65 85 70 85 65 70 50 70 dB
Rejection Ratio
Power Supply DC, Tp =25°C 65 100 65 100 65 100 65 100 65 100 50 100 dB
Rejection Ratio
Amplifier-to-Amplifier f=1kHzto 20 kHz, Tp = 25°C -120 -120 -120 -120 -120 -120 dB
Coupling (Note 8) (Input Referred)
Output Current
Source Vint = 1Vpe. ViN-=0Vpe, 20 | 40 20 | 40 20 | 40 20 | 40 20 | 40 20 | 40 mADC
V¥ =15 Vpc, Ta = 25°C
Output Current VIN-=1Vpe, Vint =0 Vpe, 10 | 20 10 | 20 10 | 20 10 | 20 10 | 20 10 | 20 mApC
Sink vt =15Vpc, Ta =25°C
ViN-=1Vpe. Vint =0 Vpe. 12 | 50 12 | 50 12 | 50 12 | 50 12 | 50 “ADC
Ta =25°C, Vg =200 mVpg
Short Circuit to Ground | Ta = 25°C, (Note 2) 40 60 40 60 40 60 40 60 40 60 40 60 mApc

LL-L
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ELECTRICAL CHARACTERISTICS (CONT)

LM124A LM224A LM324A LM124/LM224 LM324 LM2902
PARAMETER CONDITIONS MIN| TYP | MAX | MIN| TYP | MAX | MIN| TYP | MAX |MIN| TYP | MAX |MIN| TYP | MAX | MIN| TYP | MAX | UNITS

Input Offset Voltage (Note 5) 4 4 5 7 +9 +10 mVpc

Input Offset Voltage Rg =0Q 7 20 7 20 7 30 7 7 7 uv/°c

Drift

Input Offset Current WN(+) = TiN(=) 30 30 75 +100 +150 45 +200 nApc

Input Offset Current 10 200 10 200 10 300 10 10 10 pApc/°C

Drift

Input Bias Current HIN(+) or FiN(-) 40 100 40 100 40 200 40 300 40 500 40 500 nApc

Input Common-Mode VvVt =30Vpe 0 vt-2 0 vt-2 0 v*-2 0 v+-2 0 v*-2 0 vt-2 Vpc

Voltage Range (Note 7)

Large Signal Voltage v+t =415 Vpc (For Large Vg Swing) 25 25 15 25 15 15 V/mV

Gain R =2kQ

Output Voltage Swing

VOH V* =430 Vpg, R =2 k2 26 26 26 26 26 22 Vpe
RL =10k 27 28 27 28 27 28 27 28 27 28 23 24 Vpe
VoL V* =5 Vpg, RL < 10 k62 5 20 5 20 5 20 5 20 5 20 5 100 mVpe
Output Current
Source ViN+ =+1Vpe, VIN-=0Vpe, VP =15 Vpe | 10 | 20 10 | 20 10 | 20 10 | 20 10 | 20 10 | 20 mA
Sink ViN-=+1Vpe, ViN+t =0 Vpe, VY =15Vpe | 10| 15 5 8 5 8 5 8 5 8 5 8 mA

Differential Input v+ v+ v+ v+t v+t v Vpe

Voltage (Note 7)

NOTES:

1. For operating at high temperatures, the LM324/LM324A, LM2902 must be derated based on a +125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the device soldered in a printed circuit
board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be derated based on a +150°C maximum junction temperature. The dissipation is the total of all four amplifiers — use external resistors, where
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit.

2. Short circuits from the output to V' can cause excessive heating and eventual destruction. The maximum output current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15 Vpg,
continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.

3. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In
addition to this diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to go to the V¥ voltage level (or to ground for a large overdrive) for
the time duration that an input is d-iven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vpc.

4. These specifications apply for V¥ = +5 Vg and -55°C < Ta < +125°C, unless otherwise stated. With the LM224/LM224A, all temperature specifications are limited to -25°C < Ta < +85°C, the LM324/LM324A temperature specifi-
cations are limited to 0°C < Ta < -7G°C, and the LM2902 specifications are limited to -40°C < T < +85°C

5. Vo ~ 1.4 Vpc, Rs = 02 with V¥ from 5 Vg to 30 Vpc; and over the full common-mode range (0 Vpc to V* -1.5 Vpg).

6. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines.

7. The input common-mode voltage cr either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V*-1.5V, but either or both inputs can go to +32 Vpc
without damage (+26 Vp¢ for LMZ902).

8. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitive increases at higher frequencies.
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Quad Single-Supply
Operational Amplifiers

124

224 324 2902

TYPICAL PERFORMANCE CHARACTERISTICS

Vo - OUTPUT
VOLTAGE (V)

Vin - INPUT
VOLTAGE (V)

V, -- OUTPUT VOLTAGE

REFERENCED TO V* (V)

*Vin - INPUT VOLTAGE (:Vpc)

AvoL - VOLTAGE GAIN (dB)

Input Voltage Range
15

10 /
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148/149 248/249 348/349

Low Power Quad 741
Operational Amplifiers

DESCRIPTION

The LM148 series is a true quad 741. It consists of four
independent, high gain, internally compensated, low power
operational amplifiers which have been designed to provide
functional characteristics identical to those of the familiar
741 operational amplifier. In addition, the total supply
current for all four amplifiers is comparable to the supply
current of a single 741 type op amp. Other features include
input offset currents and input bias current which are much
less than those of a standard 741. Also, excellent isolation
between amplifiers has been achieved by independently
biasing each amplifier and using layout techniques which
minimize thermal coupling. The LM149 series has the same
features as the LM148 plus a gain bandwidth product of
4 MHz at a gain of 5 or greater.

The LM148 can be used anywhere multiple 741 or 1558

SCHEMATIC DIAGRAM (1/4 Shown)

type amplifiers are being used and in applications where
amplifier matching or high packing density is required.

FEATURES

741 op amp operating characteristics

Low supply current drain (0.6 mA/Amplifier)

Class AB output stage - no crossover distortion

Pin compatible with the LM124

Low input offset voltage (1 mV)

Low input offset current (4 nA)

Low input bias current (30 nA)

Gain bandwidth product: LM148 (unity gain) (1.0 MHz)
LM149 (Ay = 5) (4 MHz)

High degree of isolation between amplifiers (120 dB)

Overload protection for inputs and outputs

® 6 06 00 0 0 0

—O Ve

340

*1pF on the LM149

. —0 -Vee

CONNECTION INFORMATION

CJ Flatpak DC and DB Dual In-Line
(Top View) Packages
(Top View)
() o U -
1 )
: EZ__/K o i)
o Nl
1_—_—_—’71 1= &} o)
Order Part Nos.: %‘ "’g
LM148F, LM149F, iV B
LM148J, LM248J, LM348J, g D

LM248N, LM348N,
LM149J, LM249J, LM349J,
LM149N, LM349N

v
T Y -
rNEXEY) owmummhwwaz

HIGH RELIABILITY OPTIONS

FUNCTION

OUTPUT A Part Number Screening

-ViN A

+Vin A LM148403 MIL-STD-883 Class B

Y\'; B LM248J03* } Raytheon A+3 screening including
Y] IN 5 LM348J03 ) Burn-in and tightened AOL

~VIN

OUTPUT B LM248N02* Raytheon A+2 screening including

OUTPUT C LM348N02 temp cycles, Burn-in, "Hot Rail”’

-VinC testing and tightened AQL

WVine LM248N01* )| R ing includi

V- } aytheon A+1 screening including

+Viy D LM348N01 temp cycles, “Hot Rail’ testing and

'VIIN D tightened AQL

OUTPUT D *Complete details are shown in the quality

section of this catalog.




Low Power Quad 741

Operational Amplifiers 148/149 248/249 348/349

]
ABSOLUTE MAXIMUM RATINGS

LM148/LM149 LM248/LM249 LM348/LM349
Supply Voltage 22V +18V +18V
Differential Input Voltage +44V +36V +36V
Input Voltage 122V +18V +18V
Output Short Circuit Duration (Note 1) Continuous Continuous Continuous
Power Dissipation (Pq at 25°C) and
Thermal Resistance (6ja) (Note 2)
Molded DIP (N) Pq — — 500 mW
0in - - 150°C/W
Cavity DIP (D) (J) Py 900 mW 900 mwW 900 mW
6iA 100°C/W 100°C/W 100°C/W
Flat Pack (CJ) Pd 675 mW — -
6ia 185°C/W — -
Maximum Junction Temperature (TjmMAX) 150°C 110°C 100°C
Operating Temperature Range -55°C<Tp <+125°C  -25°C<TA<+85°C  0°C<Tp<+70°C
Storage Temperature Range -65°C to +150°C -65°C to +150°C -65°C to +150°C
Lead Temperature (Soldering 60 seconds) 300°C 300°C 300°

ELECTRICAL CHARACTERISTICS (See Note 3)

LM148/149 LM248/249 LM348/349
PARAMETER CONDITIONS MIN| TYP|MAX|{MIN | TYP|MAX| MIN| TYP|MAX| UNITS
Input Offset Voltage Ta = 25°C, R <10 kQ 1.0] 5.0 1.0] 6.0 1.0] 6.0 | mV
Input Offset Current Ta = 25°C 4 | 25 4 | s0 4 |50 |[nA
Input Bias Current Ta = 25°C 30 | 100 30 | 200 30 | 200 | nA
Input Resistance Ta = 25°C 08 | 25 08 | 25 0.8 | 25 M2
Supply Current All Amplifiers T = 25°C, Vg = £15V 2.4 3.6 24| 45 24| 45 | mA
Large Signal Voltage Gain Ta = 25°C, Vg = £15V 50 | 160 25 160 25 160 V/mV
VOUT = tl[]V, RL>2 KQ
Amplifier to Amplifier Coupling Ta= 257C,f=1Hzto 20kHz -120 -120 -120 dB
LM148 1.0 1.0 1.0
. . _9E0, MH
Small Signal Bandwidth Ta=25C LM149 10 20 70 7
. on| LM148(A\=1) 60 60 60
= d
Phase Margin Ta=25"C TW149TA, <5) 50 50 50 egrees
on| LM148(Ay, =1) 0.5 0.5 0.5
| = Vv
Slew Rate N e 20 20 20 s
Output Short Circuit Current Ta=25C 25 25 25 mA
Input Offset Voltage Rg <10 kQ2 6.0 1.5 75 | mV
Input Offset Current 75 125 100 | nA
Input Bias Current 325 500 400 | nA
Large Signal Voltage Gain Vg==%15V,VouTr =210V, | 25 15 15 V/mV
RL>2kQ2
Output Voltage Swing Vg=%£15V, R =10k 2 | 113 2 | 213 2| +13 \
RL =2k +10 | 12 +10 | 12 0| #12 \
Input Voltage Range Vg = +15V 12 +12 12 Vv
Common Mode Rejection Ratio Rg <10 k$2 70 | 90 70 | 90 70 90 dB
Supply Voltage Rejection Rs <10 k2 77 96 77 | 96 77| 96 dB

Note 1: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as
the maximum junction temperature will be exceeded.

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX' GjA, and the
ambient temperature, T 5. The maximum available power dissipation at any temperature is Py = (TjMAX - TA)/ng or the 25°C PAMAX.
whichever is less.

Note 3: These specifications apply for Vg = 15V and over the absolute maximum operating temperature range (T| < TA < Ty) unless
otherwise noted.

s
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148/149 248/249 348/349

Low Power Quad 741
Operational Amplifiers

APPLICATION GUIDES

The 148 series are low power quad operational amplifiers
that exhibit performance comparable to the popular 741.
Substitution can therefore be made with no change in circuit
behavior.

The 149 series is similar to the 148 except it is decompen-
sated to yield a wider gain-bandwidth product. Conse-
quently, it must be operated at a minimum closed loop
gain of 5.

The input characteristics of these devices allow differen-
tial voltages which exceed the supplies. Qutput phase will
be correct as long as one of the inputs are within the operat-
ing common mode range. If both exceed the negative limit,
the output will latch positive. Current limiting resistors
should be used on the inputs in case voltages become
excessive.

TYPICAL APPLICATIONS

One Decade Low Distortion Sinewave Generator

R3
AAA,

VWA—
Re
AA

RS
VW9 MW 0
I R2
02
©

AAA AA

[} < Wy

L1
1l ¢ =
- 1| I
N o =
|1
Rl
A AA
1/4 LM14g Wv- - L
. At o
* 14 L14g MV -
A3
= + v 1/a L4
out
= +

f= x
2wR1C1 R3 \rps R4 R5

fmAax =5 kHz, THD < 0.03%

_Vas

Ron
1 m=ﬂﬁ(L +_1.+_1_),rDSg (—__
1

Vp

1/2

When capacitive loading becomes much greater than 100 pf,
a resistor should be placed between the output and feed-
back connection in order to reduce phase shift.

The 148/149 series is short circuit protected to either
ground or the supplies continuously when only one of the
four amplifiers are shorted. If multiple shorts occur simul-
taneously, the unit can be destroyed due to excessive power
dissipation.

To assure stability, feedback resistors should be placed
close to the input to maximize the feedback pole frequency
(function of input to ground capacitance) and to minimize
pickup. A good rule of thumb is that the feedback pole
frequency should be 6 times the operating 3 dB frequency.
If less, a lead capacitor should be placed between the out-
put and input.

Low Cost Instrumentation Amplifier

>

W

< R R2
a1 1?’
A

3 116 LM 148 Vour

VA—9 +

Ri2
b RZ

2R
VouTt =2 (—E + 1) , Vg -3V<V|NcMm < Vg -3V,

R

Vg =15V
R = R2, trim R2 to boost CMRR

R1 =100k pot., C1 = 0.0047uF, C2 = 0.01uF, C3 =0.1uF, R2 =R6 =R7 = 1M,
R3 = 5.1k, R4 = 120, R5 = 2402, Q = NS5102, D1 = 1N914, D2 = 3.6V avalanche

inds oy o = 11E\
diocde {ex. LM103}, Vg = L15V

A simpler version with some distortion degradation at high frequencies can be
made by using A1 as a simple inverting amplifier, and by putting back to back

zeners in the feedback loop of A3.



Low Power Quad 741

Operational Amplifiers

148/149 248/249 348/349

TYPICAL PERFORMANCE DATA

POSITIVE OUTPUT VOLTAGE SWING (V)

SUPPLY CURRENT (mA)
P

0

T
7

0 10 15 20
SUPPLY VOLTAGE (£V)

Supply Current vs
Supply Voltage

N

\ -55°C

+125°C \
| fxd

0 5 10 15 20 25 30
OUTPUT SOURCE CURRENT (mA)

Vs = +15v

Positive Current Limit vs
Supply Voltage

120
o NI
LM149
80 \
g \\
= 60 N
= M148 \
40 \
20 |vg = =15V AN
Ty = 25%C \\
o A
10 100 1k 10k 100 ™ 10M
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100
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Vg
10
, Ay =1 N
VS = 115V
. R = =2
- Tp = 25°C
e ﬁ >
v
10 2
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TIME (is)
LM148

0
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NG 120 Vs 1215 Vg
NI | 10
T
—t— N
+5 Vg —
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25 45 65 85 105 125
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Input Bias Current vs
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Vg = 215
.
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Negative Current Limit vs
Supply Voltage

N
A
wiss NN
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Lvg = +15v
.Tf\ =I 2510(: &
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Open Loop Frequency

Large Signal Pulse Response
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IS
=]

=]

3
N,
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/

>
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[ 1]
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10k
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® QT T Tve ~ v
- e ]
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25 1 %__\GAI o
L+ L = 0
35 IR N o
0.1 1 10
FREQUENCY (MHz)
LM 148

Phase Margin vs Frequency
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=
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-
w 24
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5
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s
56
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§ . Ry = 2
- 50
g "flTac e
Eoafiay-t
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Undistorted Output Voltage

Swing vs Frequency
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Low Power Quad 741

Operational Amplifiers

TYPICAL PERFORMANCE DATA (CONT)

GAIN BANDWIDTH (MHz)

VOLTS (v)

VOLTS (V)

§ |
4.0 ag
N
3.0
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20
1.0
—f— Lmia
| |
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-85 -35 -15 5 25 45 65 85 105 125
TEMPERATURE (°C)
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Temperature
ov I Vg = *15
Vg RL=2k |
, Ay=-1 ]
Tp = 25°C
-10 \
<
10
0
v
10 i"‘

0 20 40 60 80 100 120 140 160 180 200
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Inverting Large Signal Pulse
Response (LM148)
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10 |°
|
. a s \
Vg = t15V \
Ta = 25°C \
-10 RL > 2
|
v
) N
-2
0 20 40 60 80 100
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Large Signal Pulse

Response (LM149)
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LM148
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Inverting Large Signal Pulse
Response (LM 149)
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TYPICAL APPLICATIONS—LM148

Low Drift Peak Detector with Bias Current Compensation

AAA

500k [
D1 W
1N914 y 02 L v
1/4 LM148 —0
1N914 PEAK
1/4 LM148 PPt +
D3 ¢ L
Vin + P
2N2900
Adjust R for minimum drift , -EW- +
R2
D3 low leakage diode h1 = M |1/4 Lm14as
D1 added to improve speed
Vg = £15V R ly
™
2V+
3
Universal State-Space Filter
RS
100k
A
—AAA c1
RE 0001
10 Il c2
W 0001
R1
1/4 LM148 VWA -
R3 Vhe Vgl B2
Vi + 1/4 LM148 VWA —
RO + 1/4 LM148 Vip

+

:||—l

VW—

R4

AA e
W

AAA—
W

AAA-

Tune Q through RO,
For predictable results: fo Q <4 x 104
Use Band Pass output to tune for Q

\ N(s) Sw,
s T Dis) =82+ 2 *woz
ViNGs)  Dls) Q
‘S“’OHOBP

NHP(s) = SZHoHp. NBp(s) =

1

w3 2 e

1

R 1/2
H
fNOTCH = — . HoHp =
2r \Rpt1t2
1+ R5IR6
HoLp =

1+ R3IR0 + R3IR4

YW

NLp = woZ HoLp

1+R3IR0 + R3IR4

1/4 LM148 —O Vg

+

.|j

+R4IR3 + R4IRO) R6 11) 1/2
1+ R6IRS RS ty
1+ R6IRG 1+ R4IR3 + R4IRO

Hogp = ————————
1+ R3IRO + R3IR4
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TYPICAL APPLICATIONS LM148 (CONT)

Low Power Quad 741
Operational Amplifiers

A 1 kHz 4 Pole Butterworth
‘v‘v‘v
nn 100k
AAAL [}
10k
|1
- 1§
0.001uF
1/4 LM144 AAA -
y 503k ,\ 0.0014F
Vin + 1/4 LM148 “AAA N
50.3k
+ 1/4 LM148 —o Voum
- +
= —AA =
100k 100k
AAA
VWA
‘V‘v‘v
aan 100k
10k
- 0.001uF |1
. YR _ 1T
14 LM148 5113!( 0.0014F
+ 1/4 LM148 AN
L 50.3k
394k S — + 1/4 LM148 —0 VouT2
I - +
L 100k
= MW =
Use general equations, and tune each section separately
Q15tSECTION = 0.541, Q2ngSECTION = 1.306
The response should have 0 dB peaking
A 3 Amplifier Bi-Quad Notch Filter
‘v"‘v
R7
RS A
11 Vv
A 11
© I ' !
1/4 LM148 q ,AVI;'Z" - ¢l
. v 14 L1ag AMN- -
R6 0uT(s) { 3
= REQ + 1/4 LM148
< Re &
- < +
V() O =
R8 R1C1Y 1 R8 1 1 R6
Q-= —_ X ———, g — [ — X ————— |, fNOTCH = — —_—
R7  R3C2R2C1 2n R7 VR2R3C1C2 2n R3R5R7C1C2
i Rl
Necessary condition for notch: — = e
R6  R4R7
Ex: fNOTCH = 3 kHz, Q = §, R1 =270k, R2 = R3 = 20k, R4 = 27k, RS = 20k, R6 = R8 = 10k, R7 = 100k, C1 = C2 = 0.001uF
Better noise performance than the state-space approach
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TYPICAL APPLICATIONS LM148 (CONT)

148/149 248/249 348/349

—

AAA

A 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros)

Use the BP outputs to tune Q, Q’, tune the 2 sections separately
R1=R2 =926k, R3 = R4 = R5 = 100k, R6 = 10k, RO = 107.8k, R|_ = 100k, R}y = 155.1k,
R'1 =R'2=50.9k, R'4 = R'6 = 100k, R'6 = 10k, R'0 = 5.78k, R'|_ = 100k, R’y = 248.12k, R'f = 100k. All capacitors are 0.001uF.

AAA RS Lowpass Response
Vv 100k
RE
|| I
11 0 L1
c ____l l__._. -10 1y
1/4 LM148 AMN——| - -
R1 c2 g - \
v * 1/4 LM148 AR - z -n
" R3 8P R 3 \
S /4 LM148 ] “
1
RO :» H * 5
= + 60 Fkh
= AAA — -1
Re Ry - 100 *® 10k 100k
A A4 FREQUENCY (Hz)
—AAA-
RS
—AA — AW R1C1=R2C2=t
H \ R‘1C'1=R'2C'2=t"
___.| }——1. R'¢
1/4 LM148 2 413«0'5'
AAA- A
R2
1/4 LM148 M\~ -
Rl
+ 1/4 LM148 oYy
— +
fc =1kHz, fg = 2 kHz, fp = 0.543, fz = 2.14,Q = 0.841, f'p = 0.987, 'z = 4.92, Q' = 4.403, normalized to ripple BW
1 R6 1 1 Ry 1 ) 1+ R4IR3 + R4IR0O R6 R'6 1+ R4IR'0
fp= — — x =, fz= — — x -, —mm—— | x — ,Q" = _——
2n R5 t 2n RL t 1+ R6IR5 R5 R'5 1+ R'6/IR'5+ R'6Rp
RHRL
Ry + R

TYPICAL APPLICATIONS—-LM149

Power BW = 40 kHz
Smali Signal BW = G BW/5

WY
R
Vi ——AA—L
Vout -4
AcL(s) = =TT
Vin 5
1+
AOL(s)
Vo
=+5VQpg
ViN=0

)

Minimum Gain to Insure LM 149 Stability

b—0 Vour

0
A

The LM149 as a Unity Gain Inverter

v‘v"‘
4R
ViN— W —d
w g
R :: —O0 Voyt
A Vout -1 -
CL(s) = = =
IN 6
1+
AoL(s)
Vo
= 5 Vg
VinN=0

Small signal BW = GBW/5
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TYPICAL APPLICATIONS—LM149 (CONT)

Non-i i Filter

LM14g R7

For stability purposes:
1 RS 1

— 2ok —
2n R6 RC
(fomax). AmMAx) = 20 kHz, 10

Better Q sensitivity with respect to open loop gain variations than the
state variable filter.
R7, Cc added for compensation

Active Tone Controt with' Full Output Swing (No Slew Limiting at 20 kHz)
100k

BOOST CuT

Vin & o a Vs = +15V, VoyuT(mMAX) = 9.1 VRMS.
047ur 0% | 1k 8ASS 1k fmAx = 20 kHz, THD < 1%
47u 2 Duplicate the above circuit for stereo

rvou'r

Eiangular, Squarewave Generator

1

1
1

Ls —— . f
2nR2C1 -8

H= ——— . 'us
27R5C3

1

27R1C1

1

2n(R1 + 2R7) C3

Max Bass Gain = (R1+ R2)/R1

Max Treble Gain = (R1 + 2R7)/R5

as shown: f|_ = 32 Hz, f| g > 320 Hz
f4 = 11 kHz, fyg = 1.1 Hz

0.0011F
11
L
- R?2
5 10k
1/4 LM149 WA +
0.01KF —]— + un>—g—o — LTL
AN R2 ‘:
WV b .
mg %_zuk r L
|0k4; =
a =
Vo 01 2 v 3 04 v
Vi
03 20k 20K 20k
D1 ok = 03 in
Kx VN 2V, "
= ——— ,K=R2/R2,— <25V, V' =VT, Vg=1+15V
8V*C1R1 K

Use LM125 for +15V supply
The circuit can be used as a low frequency V/F for process control.
Q1, Q3: KE4393, Q2, Q4: P1087E, D1-D4 = 1N914
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TYPICAL SIMULATION i
LM148, LM149, LM741 Macr del for Computer Simulation
Vee Vee
' . - 1803V
$RCT 1 $ RC2
>

1» 5.3k 3.45 p_F Va <& 5.3k C2* ] 03

] 3 v, 300F ol

1 b . A

Ve Va
Gem G,
590 150.8u 0

C) ‘ég $ Ry
>
w1 5muy 4287 .
cvVo
46967 —_ 2803V

t I

“Vee

i +
o]
N o
~®
A
~N
R
N D
SR
N
=
AN
VWA
=
o
=3 J
= T
AA j—
VWA
N o
~ o o
w -—
=
2
o
N
o
.
<
o

o1 =112 1g=8-10716

E 'EE
20.26pA
87M w Bo2 = 144 *C2 = 6 pF for LM149

—For more details, see |EEE Journal of Solid-State
Circuits, Vol. SC-9, No. 6, December 1974
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155 156 157

Monolithic JFET Input
Operational Amplifiers

GENERAL DESCRIPTION

The LF155A, 156A and 157A family is composed of JFET
input operational amplifiers which by using advanced pro-
cessing techniques, contain both bipolar transistors and
closely matched JFET's on the same chip. The resulting amp-
lifiers feature low input offset voltage and offset voltage
drift, low input bias and offset current, and low noise. These
devices also feature wide bandwidth, high slew rate and fast
settling time making them extremely versatile in such appli-
cations as A/D and D/A conversion, sample and hold cir-
cuits; analog function circuits, active filters and instru-
mentation circuits.

SCHEMATIC DIAGRAM

DESIGN FEATURES

Low input offset voltage — 1 mV

® Low input offset current — 3 pA

® Low input bias current — 30 pA

® Low input noise voltage — 12 nV/\/Wz 156A,157A
20 nVA/Hz 155A

® Low input noise current — 0.01 pA/\/ﬁE

® High DC voltage gain — 200,000 V/V

1-24

O +Vee
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a
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BALANCE
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1\ ae
ar as
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-
n [ oe { a e s :: : ::
<
35 r S Yy A £
. Q) Vg
°C = 2 pF on LFIS7 )
CQ Flat Package T (TO-99) DE and NB
(Top View) Metal Can Package Dual In-line Packages
(Top View) (Top View)
i P PIN  FUNCTION
nepe 10[gne 1 COMP/BAL
BaL ]2 sne e ) 2 —INPUT
- v - M 3 +INPUT
4 7 [:3 s:] 4 v—
+IN [ JouTeuT 5 BAL
v-[5 5 JBAL ¢ 5[] 6 OuUTPUT
Note 4: Pin 4 connected to case. 7 v+
Order Part N 8 comp
Order Part Nos.: Order Part Nos.: rder Part Nos.:
LF155AF, LF155F, LF155AH, LF355AH, LF156AH, LF155ADE, LF355ADE, LF156ADE,
LF156AF, LF156F, LF356AH, LF157AH, LF357AH, LF356ADE, LF157ADE, LF3567ADE,
LF157AF, LF157F LF155H, LF255H, LF355H, LF156H, LF155DE, LF255DE, LF355DE, LF156DE,
LF256H, LF356H, LF157H, LF257H, LF256DE, LF356DE, LF157DE, LF257DE,
LF357H ! ’ LF357DE, LF355AN, LF356AN, LF357AN,
LF355N, LF356N, LF357N



Monolithic JFET Input

Operational Amplifiers 155 156 157 A
ABSOLUTE MAXIMUM RATINGS
LF155A/6A/7A | LF355A/6A/TA LF155/6/7 LF255/6/7 LF355/6/1
Supply Voltage +22V +22V +22V +22V +18V
Power Dissipation (Note 1) 670 mW 500 mW 670 mW 570 mW 500 mW
T0-99 (H package)
Operating Temperature Range -56 to +125°C 0t0+70°C -56 to +125°C -25 to +85°C 0 to +70°C
Ti(MAX) 150°C 100°C 150°C 110°C 100°C
Differential Input Voltage +40V +40V +40V 40V +30V
Input Voltage Range (Note 2) +20V +20V +20V +20V 16V
Output Short Circuit Duration Continuous Continuous Continuous Continuous Continuous
Storage Temperature Range -65t0+150°C | -65to+150°C | -651t0+150°C | -65t0+150°C | -65to +150°C
Lead Temperature (Soldering, 300°C 300°C 300°C 300°C 300°C
10 seconds)

Note: LF157A,357A, 157, 257, 357 are decompensated for use in circuits with Ay > 5 only.
DC ELECTRICAL CHARACTERISTICS Vcc £15V Ta +25°C unless otherwise specified

LF155A/156 A/157A LF355A/356A/357A
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNITS
Input Offset Voltage Rg < 10 K2 1.0 20 1.0 2.0 mV
Input Offset Current 3 10 3 10 pA
Input Bias Current 30 50 30 50 pA
Input Resistance 108 106 MQ
Large Signal Voltage Gain RL>2KQVoyT 10V 50K 200K 50K 200K VIV

The following specifications apply for -55°C < Tp < +125°C for LF155A/156A/157A; 0°C < TA < +70°C for LF355A/356A/357A.

Input Offset Voltage Rg < 10 KQ 2.5 23 mV
Input Offset Current 10 1.0 nA
Input Bias Current 25 5 nA
Large Signal Voltage Gain RL >2KQVgyT 10V 25K 25K VIV
Output Voltage Swing RL>10KQ +12 +13 +12 +13 \'
Average Offset Voltage Drift 3 5 3 5 uv/°C
Common Mode Rejection Ratio Rg < 10 K2 AV +5V 85 100 85 100 dB
Power Supply Rejection Ratio Rg < 10 KL AV 5V 85 100 85 100 dB
Input Voltage Range =11 +15.1 +11 +156.1 Vv
-12 -12
AC ELECTRICAL CHARACTERISTICS Vcc #15V Ta +25°C unless otherwise specified
LF155A/355A LF156A/356A LF157A/357A ‘
PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TYP [ MAX | MIN | TYP | MAX UNITS
Gain Bandwidth Product 2.5 4.0 | 45 15 | 20 MHz
Settling Time To 0.01% 4 1.5 1.5 us
Slew Rate LF155A/156A: Ay =1
LF157A: Ay =5 3 5 10 | 12 40 | 50 Vius
Input Capacitance 3 3 3 pF
Input Noise Current F =100 Hz 0.01 0.01 0.01 pA/\/ﬁz_ r
F=1kHz 0.01 0.01 0.01 pA/A/Hz
Input Noise Voltage F =100 Hz 25 15 15 nV/y/Hz
(Rg = 1009 |F=1kHz 20 12 12 nV/y/Hz
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Monolithic JFET Input
155/155A 156/156A 157/157A Operational Amplifiers

DC ELECTRICAL CHARACTERISTICS Vg=*15V, Ty =25°C

LF155A/365A LF156A/356A LF157A/357A
PARAMETER LF155/255 LF355 LF156/256 LF356 LF157/257 LF3567 UNITS

TYP | MAX | TYP | MAX | TYP | MAX | TYP | MAX | TYP. | MAX | TYP | MAX

Supply Current 2 4 2 4 5 7 5 10 5 7 5 10 mA

DC ELECTRICAL CHARACTERISTICS Vcc £15V Ta +25°C unless otherwise specified

LF155/156/157 LF255/256/257 LF355/356/357
PARAMETER -CONDITIONS MIN| TYP | MAX | MIN | TYP | MAX| MIN | TYP [MAX UNITS
Input Offset Voltage Rg < 10 KQ 3 5 3 5 3 10 mV
Input Offset Current 3 20 3 20 3 50 pA
Input Bias Current 30 | 100 30 | 100 30 | 200 pA
Input Resistance 106 10° 10¢ MQ
Large Signal Voltage Gain RL>2KQVgyTr=10V 50K | 200K 50K | 200K 25K | 200K V/V

The following specifications apply for -565°C < TA < +125°C for LF155/156/157; -25°C < Ta <+85°C for LF255/256/257; 0°C< TA
< +70°C for LF355/356/357.

Input Offset Voltage Rg <10 KQ 7 6.5 13 mV

Input Offset Current 20 1 2 nA
i\put Bias Current 50 5 8 nA

! arge Signal Voltage Gain RL>2KQVoyT £10V 25K 25K 15K VIV
-Output Voltage Swing RL =10 KQ +12 | £13 12 | £ 13 +12 ] 13 Vv

Average Offset Voltage

Drift 5 5 5 uv/°C

Common Mode .

Rejection Ratio Rg <10 KQ2 AV 15V 85 | 100 85 | 100 80 100 dB

Power Supply Rejection

Ratio Rg < 10 K2 AV 5V 85 | 100 85 | 100 80 100 dB

Input Voltage Range 11 |+156.1 11 |+15.1 1 +15.1 v

-12 -12 -12

AC ELECTRICAL CHARACTERISTICS Vcc 15V TA +25°C unless otherwise specified

LF155/255/355 | LF156/256 | LF156/256/356 | LF157/257 | LF157/257/357 | UNITS
PARAMETER CONDITIONS TYP MIN | TYP MIN TYP
Gain Bandwidth Product 2.5 5.0 20 MHz
Settling Time To 0.01% 4 1.5 1.5 us
Slew Rate LF155/156: Ay=1 5 1.5 12 30 50 Vius
LF157: Ay=5
Input Capacitance 3 3 3 pF
Input Noise Current F=100 Hz 0.01 0.01 0.01 pA/\/IE
F=1kHz 0.01 0.01 0.01
Input Noise Voltage F =100 Hz 25 15 15 nVA/Hz
(Rg =100 F=1kHz 20 12 12
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Note 1: The TO-99 package must be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: These specifications apply for +16V < Vg < $20V, -65°C < Ta < +125°C and THIGH = -125°C unless otherwise stated for the
LF155A/6A/7A and the LF155/6/7. For LF255/6/7, these specifications apply for 15V < Vg < +20V, -25°C < Ta +85°C and THIGH

~ +85°C unless otherwise stated. For LE355A/6A/7A, these specifications apply for £15V < Vg < +20V, 0°C < Ta < +70°C and THIGH !
= +70°C, and for the LF355/6/7 these specifications apply for Vg = £15V and 0°C < TA < +70°C. VOs, 1B and |OS are measured at VCM = 0. .
Note 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.6uV/°C typically) for each mV of :
adjustment from its original unadjusted value. Common mode rejection and open loop voltage gain are also unaffected by offset adjustment. |

Note 5: Theinput biascurrents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj.

Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction

temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Tj = TA + OjA Pd where 0jA is the thermal

resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum.

Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common

practice. :

Note 7: Setting time is defined here, for a unity gain inverter connection using 2 k§2 resistors for the LF115/6. It is the time required for the error '

voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input

is applied to the inverter. For the LF157, Av = -5, the feedback resistor from output to input is 2 k2 and the output step is 10V (see Setting

Time Test Circuit).

TYPICAL AC PERFORMANCE CHARACTERISTICS
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TYPICAL AC PERFORMANCE CHARACTERISTICS (CONT)
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TYPICAL DC PERFORMANCE CHARACTERISTICS

a0
LF155 T ﬂ ]
s / To -5sUC |
< 6
z : pd |
2 c3 £ Y
I~ Z Tg -55°C E 5 7T e s
£
ER) . E AI E / /(
z .4 = // Too 8 S ! Te 2se
£ e £ — g 4P%
e / E] LT ]
joa (] @ —— 2 1
< 4 T - 1280¢ 3 L
& 3 Ry - 2K —
Ty - 25°C . )
0 5 10 15 20 0 5 10 15 0 2% 0 5 10 15 0 2%

SUPPLY VOLTAGE (+V}) SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V)

Voltage Swing Supply Current Supply Current

/

”;
/

o N
N N

NEED

+125¢C

/

&

3

/

™
N
A\
\—ss"c
-5

+25°C

e

o

#125°C
\ / 559 Tp  +1259C
Vs 1%V 5 [
5 )

5 40

POSITIVE COMMON-MODE
INPUT VOLTAGE LIMIT (V]

+1250C
Vg= »15vJ l

5 10 15 20 25 30
OUTPUT SINK CURRENT {mA)

NEGATIVE QUTPUT VOLTAGE SWING (V)

POSITIVE OUTPUT VOLTAGE SWING (V)

o

35

5 10 15 20 25 30 3 10 15
QUTPUT SOURCE CURRENT (mA) POSITIVE SUPPLY VOLTS (V)

Positive Common-Mode Input
Voltage Limit

Negative Current Limit Positive Current Limit

2

10M

T

1

®

T, 55007
™ a--550C ]

Ty = +65°C
b7, = +250C
| Ty- s

>

3

a3
T
100K |

Ta = +125°C3

NEGATIVE COMMON-MODE
INPUT VOLTAGE LIMIT (V]
=3

s

OPEN LOOP VOLTAGE GAIN (V/V]
N

HH

N

PEAK TO PEAK OUTPUT SWING (V)
Ed
S

R+ 2K

Rg = 5022 |
I 10K S

5 -10 -15 20 5
NEGATIVE SUPPLY VOLTS (V)

Vg 115V
Ty 259C

IS

20 a 10 10

5
SUPPLY VOLTAGE (+V) OUTPUT LOAD Ry {Ks2)

Negative Common-Mode Input Output Volitage Swing

Voltage Limit

Open Loop Voltage Gain

INPUT PROTECTION ling is not needed. The only word of caution: Do not let ;
either input voltage exceed the negative supply voltage.
If either input becomes more negative than the negative

supply voltage, then excessive currents may flow through

This family of op amps has an ion-implanted, P-Channel-
JFET input stage. The reverse breakdown voltages are large;

therefore there is no need for protective diode-clamps
across the inputs. Also, large differential-input voltages can
be accommodated without causing large increases in input-
bias current. The maximum differential-input-voltage is
independent of the supply voltages. These amplifiers have
JFET inputs rather than MOSFET inputs, so special hand-

the input stage and destroy the unit.
INPUT COMMON-MODE RANGE

An unusual feature of these amplifiers is that the common-
mode-input-voltage range for linear operation extends to
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the positive supply voltage. The common-mode input
voltage can even exceed the positive supply voltage by
approximately 100 mV. This ability to operate with
common-mode voltages of up to, and slightly over, the
positive supply voltage holds over the full power-supply
range and rated operating temperature range. This capa-
bility is very useful in comparator applications where the
positive supply voltage can be used as a reference voltage
on one of the inputs.

On the negative side, the specified range must be adhered to
for proper operation. Exceeding the negative common-mode
limit on either input will cause a reversal of phase at the
output and will force the amplifier output to the correspond-
ing high or low state (positive or negative saturation). Ex-
ceeding the negative common-mode voltage limit on both
inputs forces the amplifier output into positive saturation.
The amplifier will not “latch’”’ or become damaged by ex-
ceeding the negative common-mode limits as long as the
peak input current is limited to 30 mA. But there is reversal
of phase and this should be carefully considered in design-
ing oscillator circuits, comparators, etc. where common-
mode limits might be exceeded.

BROADBANDING

The LF157 family is decompensated to obtain very high
slew-rate and gain-bandwidth product. This sacrifices phase-
margin and thereby limits the usage to selected applications,
but the performance improvement in those particular appli-
cations is often substantial. External compensation can be
used to optimize overall performance.

The LF157 series is a LF156 circuit decompensated by a
factor of 5, and is therefore 5 times faster than the LF156.
But to obtain the same degree of stability, the LF157 op
amp must be operated at a minimum closed-loop gain of 5
(maximum feedback factor of 0.2). Stability is determined
by the phase shift and magnitude of the loop gain. Instability
occurs if the loop gain is greater than unity at a frequency
where phase shift of 180°C can occur.

Wideband decompensated amplifiers can be used as low
gains if frequency compensation is used. An example of
a unity-gain circuit is shown in Figure 1.

At high frequencies, the CQ impedance becomes low and
resistor RQ serves to reduce the feedback factor. This
circuit has improved AC response with no sacrifice of DC
parameters.

INPUT OFFSET VOLTAGE

Conventional FET-input op amps often have an undesirable
interaction between adjustment of input offset voltage and
drift. With some designs, CMR is also degraded by adjusting
input offset voltage. This family of monolithic FET-input
op amps has very little interaction of offset adjustment with
other parameters. Each mV of offset adjustment typically

Ll

"

Feedback Factor (F) = 0.5

RgCo5+1

(Ro +0.5R) Co b+ 1

Figure 1. LF157 Unity Gain Operation

causes less than $0.5uV/°C change in drift. The low initial
offset, low drift, and low degree of interaction between
offset and drift, all combine to make this amplifier family
an ideal choice for any high-gain circuit. For example, the
LF356A has a maximum input offset voltage at 25°C of
2 mV and a maximum average temperature of 5uV/°C.
Adjusting input offset on the LF356A will typically cause
less than £1uV/°C of additional drift.

A circuit for adjusting input offset voltage is shown in
Figure 2. The range of adjustment will be sufficient to
zero any of these amplifiers. For applications requiring
very low drift, we recommend using the ““A’" versions
(£2 mV Vog Max).

© Vgg is adjusted with a 2K potentiometer.

® The potentiometer output is connected to the V*.

e For patentiometers with temperature coefficient of
100 ppm/°C or less the additional drift with adjust
is = 0.5uV/°C/mV of adjustment.

® Typical averall drift: 5V/0°C + (0.5uV/°C/mV
of adj).

Figure 2. Offset Voltage Adjust

INPUT BIAS CURRENT

Low input bias current is the primary advantage of using
FET-input op amps. The reduction in bias current is
approximately 1000:1 when compared to standard 741-
type op amps. This significantly reduces offset and noise
when using high-impedance summing networks or when
driving the noninverting input with a high-impedance

signal source.
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Because the input bias currents are junction leakage
currents, there will be-.a doubling of bias current for each
10°C increase in junction temperature. In normal opera-
tion, the junction temperature will rise above the ambient
temperature by approximately 10°C to 20°C due to the
internal power dissipation. In addition, input bias current
varies somewhat with common-mode voltage and power
supply voltages. The performance curves illustrate typical
changes in bias current due to these effects. For applications
where input bias currents must be minimized, these second-
ary effects should be considered.

APPLICATIONS
General-Purpose Instrumentation Amplifier

The three-op-amp instrumentation amplifier circuit shown
in Figure 3 provides excellent performance when imple-
mented with op amps from the LF156 family. The circuit
will amplify millivolt-level differential signals with very
good rejection of common-mode inputs. The FET-input
stages of A1 and A2 provide high-input impedance and
very low input-bias-currents. CMR vs frequency is usually
good due to the excellent AC response. The interaction
between input offset adjustment and drift is unusually low,
which is very important when using this circuit at high gain.

Circuit operation is straight-forward: The input amplifiers
A1 and A2 buffer and amplify the differential-input-voltage
V4, and the common-mode voltage Vcm is rejected by the
output amplifier A3. To adjust offsets, ground both inputs
(Vg > 0) and set the gain Ag to some high value (Aq>100).
Adjust the offset of amplifier A1 for zero at amplifier A3
output (Vg >0). Then open up the gain-setting path (Rg > )
and adjust amplifier A3 offset pot for zero at amplifier A3
output (Vg > 0). Now the gain can be varied over a wide
range (1 to 1000 is reasonable) without changing the offset.

To adjust common-mode rejection, connect the two ampli-
fier inputs together (Vg = 0) and drive them with an AC
input. A low-frequency sine wave with an amplitude of
about 10V will give the best results. Drive the horizontal
input of a scope with the AC signal and observe the output
Vo on the vertical channel. Vary the CMR adjust pot for
minimum peak-to-peak error voltage at Vg. Differential
phase shift between amplifiers A1 and A2 and amplifier
nonlinearities will limit the CMR obtainable, but 100 dB
to 120 dB at 60 Hz is practical. One advantage of using
the 156 family is that the R2 impedance can be larger
than usual due to the low input bias currents. Therefore,
the CMR adjust pot value can be chosen to provide im-
proved resolution. A value of 100 k2 is a good choice
for R2.

25K

RG

INPUT = Vg

1
+= Vg + V
2 d cm

+15V O——1 INPUT
OFFSET
ADJUST

1
Vem - 7 Ad Vd

-15V

1
Vem *Z—Au Vd

+15VO—y QUTPUT
OFFSET
ADJUST

CMR ABJUST

ouTPUT
Vo

2Ry

Figure 3. Instrumentation Amplifier
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Gain can be varied by changing Rg, and the gain formula is:

2R

Minimum gain is unity and the maximum gain is limited
by the op-amp open-loop gain. A gain range of 1 to 1000
is readily achieved with excellent performance.

High Q, Bandpass Filter

The LF157 version is recommended for use in active filter
circuits. The extra margin of AC response provides much
higher performance than can be achieved using standard
741-type op amps.

A bandpass filter using LF157 op amps is shown in Figure 4.
This circuit uses positive feedback to achieve high Q. A Q-
range of 10 to 50 is practical for this circuit. The transfer
function for this circuit is:

1
——Ks
Vols) R1Cq
Vinls) R 1 R1 R
SR (2-K—) s+ (—) (1 +— —)
R1Cq R2 R1C1q R2 +R3

Center frequency fy is determined primarily by the time
constant R1C1 and the ratio of Rq to R3. Values are chosen
such that Ry > R3. A range of 5 to 10 is practical for the
gain K.

Center frequency and Q are given by:

R1C1 R2 LI
R2

Center frequency can be most easily set by adjusting R3.
The Q can then be independently set by adjusting gain K.
Both op amps are operated at loop gains above 5 in this
circuit, so the LF157 can be used without encountering
stability problems. As with any high-Q bandpass filter,
reasonable care must be taken to lead dress, grounding,
and power-supply bypassing, to avoid undesired oscillation
and noise pick-up.

5K~ 10 KRy

fo ADJ

QADJ
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SELECTION GUIDE

Vs (max)
Model Temp. Avg. los Ib lee
No. Range at 25°C Over T Tc (max) (max) (max) Slew Rate (max)
LOW SUPPLY CURRENT
LF155 -55/125 5mV 7.0mV 20 pA 100 pA 5V/usec 4 mA
LF155A -55/125 2mV 25mV 5;1V/°C 10 pA 50 pA 3V/usec (min) 4 mA
LF255 -25/85 5mV 6.5 mV 20 pA 100 pA 5V/usec 4 mA
LF355 0/70 10 mV 13.0 mV 50 pA 200 pA 5V/usec 4 mA
LF355A 0/70 2 mV 2.3 mV 5uV/°C 10 pA 50 pA 3V/usec (min) 4 mA
WIDE BAND
LF156 -55/125 5mV 7.0 mV 20 pA 100 pA 7.5V /usec (min) 7 mA
LF156A -565/125 2mV 25 mV 5uV/°C 10 pA 50 pA 10V/usec (min) 7 mA
LF256 -25/85 5mV 6.5 mV 20 pA 100 pA 7.5V/usec (min) 7 mA
LF356 0/70 10 mV 13.0mV 50 pA 200 pA 12V/usec 10 mA
LF356A 0/70 2mV 2.3 mV 5uV/°C 10 pA 50 pA 10V/usec (min) 7 mA
WIDE BAND DECOMPENSATED (AVmin = 5)
LF157 -55/125 5mV 7.0 mV 20 pA 100 pA 30V/usec (min) 7 mA
LF157A -55/125 2mV 2.5mV 5uV/C 10 pA 50 pA 40V/usec (min) 7 mA
LF257 -25/85 5mV 6.5mV 20 pA 100 pA 30V/usec (min) 7 mA
LF357 0/70 10 mV 13.0 mV 50 pA 200 pA 50V/usec 10 mA
LF357A 0/70 2 mV 2.3 mV 5uV/°C 10 pA 50 pA 40V /usec (min) 7 mA
HIGH RELIABILITY OPTIONS
Part Type Added Screening To Order:
All LF15X With MIL-STD-883 | Add suffix 3
types Class B processing example:
LF156DE3
All LF35S DE | With A+3 processing | Add suffix 3
types including burn-in example:
ceramic and tightened AQL™ | LF356DE3
All LF35S N With A+2 processing | Add suffix 02
types including “Hot Rail”’ | example:
plastic testing, burn-in, LF356N02
temp cycle and
tightened AQL*
With A+1 processing | Add suffix 01
including ““Hot Rail”” | example:
testing, temp cycle LF356N01
and tightened AQL™

*Full description contained in the quality section

of this catalog.
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DESIGN FEATURES

GENERAL DESCRIPTION

The RM709 and RC709 are monolithic, high gain DC opera-

tional amplifiers fabricated on a single silicon chip by
planar process.

These devices are designed for use in operational amp
signal processing, low level instrumentation, control sys

.
the °.
lifier
tems

and for the generation of special linear and non-linear transfer

functions.
The RM709 operates over the full military temperature r.

Low Input Offset Voltage +1.0mV Maximum

Low Temperature Drift of Input Offset Voltage t6uV/°C
Maximum

Low Temperature Drift of Input Offset Current
(+25°C to +125°C) 0.3nA/°C Maximum
(~55°C to +25°C) 1.0nA/°C Maximum

® Low Power Consumption 90mW Maximum

ange

from —B5°C to +125°C. The RCT09 is the commercial de- . High' Performance Open Loop Gain Characteristics 45k
vice intended to operate over a temperature range of 0°cC Typical
to +70°C.
SCHEMATIC DIAGRAM
INPUT
COMPENSATION
TA B J v+
—é 4 "‘J
E ] g OuUTPUT
__< .
0——{1__ OUTPUT
INPUTS ﬂ COMPENSATION
—K
—
—1
=
CONNECTION INFORMATION
TE (TO-99) ca DC
Metal Can Package Flat Package Dual In-line Package
(Top View) (Top View) (Top View)
INPUT COMP B
N[ ® [ Ine
oM A ne [ ® [—Ine e [2 13INe
conp A SF e o comp A3 12 e s
-INPUT | (2) P (® |ouTPuT  -INPUT (13 8 Jv* -InpuT 4 nvt
+INPUT 4 1 JoutPuT  +INPUT []5 w0[Joutput
- uTPUT -
HNPUT guteur v s 5[ 00w v s bl
V- Ne 7 8 _JNC
NOTE: Pin 4 connected to case. NOTE: Pin 7 connected to
bottom of package.
Order Part Nos.: Order Part Nos.: Order Part Nos.:
RM709T, RC709T RM709CQ RM709DC, RC709DC
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage . ....................... +18V Output Short-Circuit Duration (Ta = 25°C) ... .. 5 sec
Differential Input Voltage . ................. 5V Storage Temperature Range . . . .. .. -65°C to +150°C
Input Voltage . .......... .. .. ... ... 10V Operating Temperature Range
Power Dissipation (Note) RM709/709A . ............... -565°C to +126°C
Dual In-line Package . .................. 300mwW RC709 ........ ... ... ... ...... 0°Cto+70 C
TO-5Package ....................... 300mwW Lead Temperature (Soldering, 60s) . ......... 300°C
FlatPackage ......... .............. 250mwW
ELECTRICAL CHARACTERISTICS (¥9<Vg<=z15V, Ta = 25°C unless otherwise specified)
RM709 RC709
PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX UNITS
Input Offset Voltage Rs < 10k§2 1.0 3.0 20 75| mV
Input Offset Current 25 100 100 500 nA
Input Bias Current 180 300 300 1500{ nA
Input Resistance 220 400 50 250 k2
Output Resistance 150 150 Q
Supply Current Vg = +165V 26 4.0 6.6 | mA
Power Consumption Vg =+*15V 80 120 80 200| mW
Transient Response RL = 2k2, Vg = 15V, VN = 20mV
Rise Ti = =1,
e Time g; = ggg;;g,1Rz1=55'(69 03 1.0 03 1.0 us
Overshoot CL < 100pF 10 30 10 30 %
Slew Rate Vg =215V, R 2 10k2, Ay =1 0.15 04 0.4 V/us
Large Signal Voltage Gain Vg=%+15V, R =2k, VoyT=110V 15 45 kV/V
The following specifications apply for ~55°C < Tp < +125°C for RM; 0°C < T < 70°C for RC.
Large Signal Voltage Gain Vs=%15V, R|_ = 2k, VouT=*10V 25 45 70 | 12 kV/V
Input Offset Voltage Rg < 10k2 4.0 10 | mVv
Input Offset Current TA = max 10 - 100 nA
TA =min 50 300 750
Input Bias Current TA =min 400 1000 2000{ nA
Average Temperature of Coef- | Rg =508, TA = 25°C to TA = max 1.8 10
ficient of Input Offset Voltage| Rg = 5002, TA = 25°C to TA =min 1.8 10 ° |
Rg= 10K, TA = 25°C to Ta = max 20 15 wree ‘
Rg =10k, TA=25"Cto Tp = min 6.0 15
Average Temperature Coef- | TA = +25°C to max .
ficient of Input Offset Current| TA = +25°C to min nA/"C
Input Voltage Range Vg =*15V +*8.0 *10 +8.0 *10 \Y
Output Voltage Swing Vg =115V, R = 10kQ2 12 *14 12 *14 v
Vg =*15V, R| =2kQ £10 *13 +10 *13
Input Resistance TA=min 50 125 35 125 kQ ;
Common Mode Rejection Ratio Rg < 10k 70 90 65 90 dB :
Supply Voltage Rejection Ratio| Rg < 10k} 25 150 25 200 | uv/Vv 5
Supply Current Vg =115V, TA = max 1
Vs = 15V, TA = min mA 1
Power Consumpstion Vg = £15V, Ta = max
Vs = *15V, TA = min mw

NOTE:

Derate Iineoarly the quimum power dissipation ofothe dual in-line package at 8.6mW/° C for ambient temperature above +1 15°C, of the TO-5 package
at 5.'6mW/ C for ambient temperatyre above +95°C and of the flat package at 5.4mW/°C for ambient temperature above +103°C. For RC7089, rating
applies for case temperatures to +70°C.
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725

Instrumentation Operational Amplifiers

GENERAL DESCRIPTION

The RM725 and RC725 are high performance, high gain oper-
ational amplifiers on a silicon planar epitaxial processed chip.

The RM725 military version operates over full temperature
range from —55°C to +125° C. The commercial RC725 operates

from 0°C to +70°C.

The RM725 and RC725 offer offset null capability, very high
voltage gain and low power consumption over a wide power
supply voltage range. They are used for all instrumentation
applications requiring precise, low level signal amplification,
low noise, low drift and accurate closed loop gain.

SCHEMATIC DIAGRAM

DESIGN FEATURES

Low Input Noise Current 0.15pA/A/Hz
High Open Loop Gain 3,000,000

Low Input Offset Current 2nA

Low Input Voltage Drift 0.6uV/°C
High Common-Mode Rejection 120dB
High Input Voltage Range *14V

Wide Power Supply Range 3V to +22V
Offset Null Capability

Note: Pin 4 connected to case

Order Part Nos.:
RM725T, RC725T
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o
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° hay
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CONNECTION INFORMATION
TE (TO-99)
Metal Can Package DE and NB Dual
(Top View) In-line Package
(Top View)
PIN FUNCTION
hd 1 BAL
O = 2 -INPUT
3 +INPUT
. 1 =
[ ] 5  COMP
6 OUTPUT
: 4 5 : 7 vt
8 BAL

Order Part Nos.:

RM7250E, RC72

RC755NB
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Instrumentation Operational Amplifiers 725

N
ABSOLUTE MAXIMUM RATINGS
Supply Voltage . ...........cc.iiivunen.. +22V Storage Temperature Range . ....... —65°C to +150°C
Internal Power Dissipation (Note 1) .. ........ 500mW Operating Temperature Range . R
Differential Input Voltage. . ................ 5V RM725 . ... . .. . e -55°C to +125°C
Input Voltage (Note 2) .. ................. *22V RC725 ..ttt ettt 0°C to +70°C
Voltage Between Offset Null and vt +0.5V Lead Temperature (Soldering, 60s) ........... 300°C

ELECTRICAL CHARACTERISTICS (Vg =*15V, Ta = 25°C unless otherwise specified)

RM725 RC725

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offs?,t Voltage (without Rs < 10kQ2 05 1.0 05 25 mv
external trim)
Input Offset Current 20 20 2.0 35 nA
Input Bias Current 42 100 42 125 nA
Input Noise Voltage fo = 10Hz 15 15
fo = 100Hz 9.0 9.0 nVA/Hz
fo = 1kHz 8.0 8.0
Input Noise Current fo = 10Hz 1.0 1.0
fo = 100Hz 0.3 0.3 pAA/Hz
fp = 1kHz 0.15 0.15
Input Resistance 1.5 1.5 MQ
Input Voltage Range +13.5 +14 +13.5 +14 \
Large Signal Voltage Gain RL=>2kQ 1,000,000 3,000,000 250,000 | 3,000,000
Vout=t10V
Common Mode Rejection Ratio Rg < 10k§2 110 120 94 120 dB
Power Supply Rejection Ratio Rg < 10k2 2.0 10 2.0 35 uv/v
Output Voltage Swing R = 10kQ2 12 +13.5 12 +13.5 v
RL = 2kQ +10 *+13.5 +10 +13.6
Output Resistance 150 150 Q
Power Consumption 80 105 80 150 mW

The following specifications apply for -550C < Tp < +1250C for RM725; 00C < Tp < +700C for RC725.
Input Offset Voltage (without

. Rg < 10kQ2 1.5 3.5 mV
external trim)
Av.erage Input Offse.t Voltage Drift Rg = 500 20 50 20 LV/OC
(without external trim)
Av.erage Input Offset Voltage Drift Rs = 500 0.6 0.6 uVv/oc
(with external trim)
Input Offset Current TA=1250C;700C 1.2 20 1.2 3.5 nA
TA=-550C;00C 7.5 40 4.0 50
Average Input Offset Current Drift 35 150 10 pA/oC
Input Bias Current TA=1250C;700°C 20 100 125 nA
Ta=-550C;00C 80 200 250
Large Signal Voltage Gain Ta=1250C;700C| 1,000,000 125,000
TA=-550C;00C | 250,000 125,000
Common Mode Rejection Ratio Rg < 10k 100 115 dB
Power Supply Rejection Ratio Rg < 10k2 20 20 uv/v
Output Voltage Swing RL = 2kQ2 +10 +10 \%

NOTES:

1. Rating applies for case temperature to +125°C; derate linearly at 6.5 mW/°C for ambient temperature above +75°C.
2. For supply voltages lass than £22V, the absolute maximum input voltage is equal to the supply voltage.
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ILa

GENERAL DESCRIPTION

The RM741 and RC741 integrated circuits are high perform-
ance, high gain internally compensated monolithic operational
amplifiers fabricated on a single silicon chip using the planar
epitaxial process.

High common-mode voltage range and absence of latch-up
tendencies make the RM741 and RC741 ideal for use as a
voltage follower. High gain and wide ranges of operating volt-
ages provide superior performance in integrator, summary
amplifier and general feedback applications.

Both RM741 and RC741 are pin compatible with the RM709,
LM101A and the LM107. The military version, RM741 operates
over a temperature range from —55°C to +125°C. The com-
mercial version RC741 operates from 0°C to +70°C.

SCHEMATIC DIAGRAM

Operational Amplifiers

DESIGN FEATURES

Supply Voltage £22V RM741, £18V RC741

Offset Voltage Null Capability

Short-Circuit Protection

No Frequency Compensation Required

No Latch-up

Large Common-Mode and Differential Voltage Ranges

Low Power Consumption

IN PI ov*t
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> b
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INP:JTS lﬁ 1 OUTPUT
e | j_'
N 1 |_"
vV
o P
BALANCE G W
3 55 131
* + + + OV
CONNECTION INFORMATION
TE (TO-99) ca DC DE and NB
Metal Can Package Flat Package Dual In-line Package Dual In-line Package
(Top View) (Top View) (Top View) (Top View)
Ne[j1e 14 ne
Ne e [ Jne Ne 2 13[Inc
sAL saL ]2 s _Ine BAL 3 12INe saLhe 8L Ne
INPUT SN [:i_:b‘-s: vt " I:i:b‘_”_: v RTY I’_‘Z3 ;j vt
ANPUT an I —joutput e 0y qureur *”i‘[: C10UTPUT
v-[s G:BAL v s o[ eaL v e 5 eaL
v ne [ dnc Order Part No.:
RC741NB, RC741DE,
Order Part Nos.: Order Part No.: Order Part Nos.: RV741NB, RV741DE,
RM741T, RC741T RM741CQ RM741DC, RC741DC RM741DE
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Operational Amplifiers 741

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . ................. RM741: £22V Operating Temperature Range
RC741: #18V RM741 .. ... -550C to +1250C
Internal Power Dissipation (Note 1) ......... 500mW RC741 ... ... ... 00C to +700C
Differential Input Voltage . ................ £30V Lead Temperature (Soldering, 60s) .......... 3000C
Input Voltage (Note 2) ................... +16V Output Short-Circuit Duration (Note 3) ... .. Indefinite
Storage Temperature Range ........ -650C to +1500C
ELECTRICAL CHARACTERISTICS (vg=2*15V, Ta = 250C unless otherwise specified)
RM741 RC741
PARAMETER CONDITIONS TN TYP TMAX T MiN TVP T MAX UNITS
Input Offset Voltage (Note 4) Rg < 10kQ2 1.0 5.0 2.0 6.0 mV
Input Offset Current 20 200 20 200 nA
Input Bias Current 80 500 80 500 nA
Input Resistance 0.3 2.0 0.3 2.0 MQ
Large-Signal Voltage Gain RL=2k§2, Vout=+10V | 50,000 | 200,000 20,000-)200,000
Output Voltage Swing RL = 10k +12 +14 +12 +14 \%
RL =2k +10 +13 +10 +13 Y
Input Voltage Range +12 +13 +12 +13 \%
Common Mode Rejection Ratio Rs < 10k{2 70 920 70 90 dB
Supply Voltage Rejection Ratio Rs < 10k§2 30 150 30 150 uv/v
Power Consumption 50 85 50 85 mW
Transient Response (unity gain) Vin =20mV, R = 2k,
CL < 100pF
Risetime 0.3 0.3 us
Overshoot 5.0 5.0 %
Slew Rate (unity gain) RL =2k 0.5 0.5 V/us
The following specifications apply for -650C < Tp < +1250C for RM741; 00C < T < +700C for RC741.
Input Offset Voltage Rs < 10k2 6.0 7.5 mV
+125°C,+70°C
Input Offset Current -55°C, 0°C 200 300 nA
Input Bias Current +12§°C,+°70°C 500 800 nA
-55°C,0°C
Large-Signal Voltage Gain RL =2k, Vout=*10V | 25,000 15,000
Ry = 10k +12
Output Voltage Swing R =2k +10 +10 \%
Common Mode Rejection Ratio Rg < 10k2 70 dB
Supply Voltage Rejection Ratio Rs < 10kQ2 v 150 uv/v
Supply Current +125°C 25 mA
~-55°C 33 mA
Power Consumption +125°C 75 mW
-55°C 100 mw

NOTES:

1. Rating applies for case temperatures to +125°C; derate linearly at 6.5 mW/°C for ambient temperatures above +75°C for RM741.

2. For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.

3. Short<circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature for RM741.
4. Offset voltage may be nulled by connecting a 10kQ potentiometer accross the balance pins and connecting the wiper pin to V™.
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747 Dual General Purpose Operational Amplifier

GENERAL DESCRIPTION DESIGN FEATURES

The RM747 and RC747 integrated circuits are high gain opera- Short-Circuit Protection ) .
tional amplifiers internally compensated and constructed on a No Frequency Compensation Required

single silicon chip using the planar epitaxial process. No Latch-Up
Large Common-Mode and Differential Voltage Ranges

Low Power Consumption
Parameter Tracking Over Temperature Range
Gain and Phase Match Between Amplifiers

The military version, RM747, operates over a temperature range
from -550C to +1250C. The commercial version, RC747, oper-
ates from 00C to +700C.

Combining the features of the 741 with the close parameter
matching and tracking of a dual device on a monolithic chip
results in unique performance characteristics. Excellent chan-
nel separation allows the use of the dual device in all single
741 operational amplifier applications providing high pack-
aging density. It is especially well suited for applications in
differential-in, differential-out as well as in potentiometric
amplifiers and where gain and phase matched channels are

mandatory.
’-g’ O V4
-0

SCHEMATIC DIAGRAM (1/2 Shown)
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Dual General Purpose Operational Amplifier 747
ABSOLUTE MAXIMUM RATINGS

Supply Voltage .. ... .. ... ... .. .. RM747: 22 V Storage Temperature Range ... ... .. -650C to +1500C

RC747: 18 V Operating Temperature Range . RM747: -550C to +1250C
Internal Power Dissipation (Note 1) ... ... .. 500 mW RC747: 00C to +700C it
Differential Input Voltage ... .............. 30 V Lead Temperature (Soldering, 60s) . ... ... ... 3000C 1?
Input Voltage (Note 2) . ... ............... 15V Output Short-Circuit Duration (Note 3) . .. .. Indefinite ‘

ELECTRICAL CHARACTERISTICS (vVcc=*15V, Ta = 250C unless otherwise noted)

RM747 RC747
PARAMETER CONDITIONS MIN TYP MAX MIN TYpP MAX UNITS
Input Offset Voltage Rg < 10 k§2 1.0 5,0 2.0 6.0 mV }
Input Offset Current 20 200 20 200 nA i
Input Bias Current 80 500 80 500 nA
Input Resistance 0.3 2.0 0.3 2.0 M€
Large-Signal Voltage Gain RL =2k
Vout = +10V 50,000 |200,000 50,000 | 200,000 V/V
Output Voltage Swing Ry =10 k&2 112 +14 +12 +14 Vv
R =2k +10 +13 +10 +13 \Y
Input Voltage Range +12 13 112 +13 \%
Common Mode Rejection Ratio Rg < 10 k&2 70 90 70 90 dB
Supply Voltage Rejection Ratio Rg < 10 k2 30 150 30 150 uVv/v
Power Consumption 100 170 100 170 mw
Transient Response Vip =20 mV
(unity gain) Ry =2k
CL <100 pF 1
Risetime 0.3 0.3 us
Overshoot 5.0 5.0 %
Slew Rate (unity gain) RL =2 2kQ 0.5 0.5 V/us I

Channel Separation B
f=1kHz 98 98 dB

The following specifications apply for -550C < T < +1250C for RM747; 00C < Ta < +700C for RC747.

Input Offset Voltage Rg < 10 k2 6.0 7.5 mV
Input Offset Current +1259C, +700C 200 300 nA
-550C, 00C 500 300
Input Bias Current +1250C, +700C 500 800 nA :
-550C, 00C 1500 800 :
Large-Signal Voltage Gain RL>2kQ i
Vout = 10V 25,000 25,000 V/V
Output Voltage Swing R = 10k 12 +10 \
RL=22kQ 10
Common Mode Rejection Ratio Rg < 10k2 70 70 dB :
Supply Voltage Rejection Ratio Rg < 10k&2 150 150 uv/v
Power Consumption Vg = £15V
TA = +1250C 150 150 W
TA = -550C 200 200
Input Voltage Range +12 +12 V
NOTES:

1. Rating applies for case temperatures to +1259C; derate linearly at 6.5 mW/OC for ambient temperatures above +759C for RM747.
2. For supply voltages less than +15V the absolute maximum input voltage is equal to the supply voltage.
3. Short-circuit may be to ground or either supply. Rating applies to +125°C case temperature or +759C ambient temperature for RC747. I



748

GENERAL DESCRIPTION

The RM748 and RC748 integrated circuits are high perform-
ance, high gain monolithic operational amplifiers fabricated on
a single silicon chip using the planar epitaxial process. Fre-
quency compensation can be tailored externally to cover a
broad range of analog applications.

High common-mode voltage range and absence of latch-up
tendencies make the RM748 and RC748 ideal for use as a volt-
age follower. High gain and wide ranges of operating voltages
provide superior performance in integrators, summing ampli-
fiers and general feedback applications. Unity gain compen-
sation is-achieved by means of a single 30pF capacitor.

Both RM748 and RC748 are pin compatible with the RM709,
LM101 and RM4101. The military version, RM748 operates
over a temperature range from —55°C to +115°C while the
commercial version RC748 operates from 0°C to +70°C.

SCHEMATIC DIAGRAM

Operational Amplifier

N

DESIGN FEATURES

® Offset Voltage Null Capability

® Short-Circuit Protection

® No Latch-up

® Large Common-Mode and Differential Voltage Ranges
.

Low Power Consumption
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CONNECTION INFORMATION
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Metal Can Package Dual In-line Packages
(Top View) (Top View)
PIN FUNCTION
1 COMP/BAL
0 i 2 -INPUT
O ] 3 +INPUT
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5 BAL
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Note: Pin 4 connected to case 8 comp
Order Part Nos.: Order Part Nos.:
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Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

748

Supply Voltage . ................. RM748: +22V Operating Temperature Range
RC748: +18V RM748 ... ... ... ... ... ... .. -550C to +1250C
Internal Power Dissipation (Note 1) . ........ 500mwW RC748 . .............. ... .. ... 00C to +700C
Differential Input Voltage ................. +30V Lead Temperature (Soldering, 60s) . ......... 3000C
Input Voltage (Note 2) ................... +15V Output Short-Circuit Duration (Note 3) . . ... Indefinite
Storage Temperature Range . ....... -650C to +1500C
ELECTRICAL CHARACTERISTICS (Vg = +£15V, T = 250C unless otherwise specified)
RM748 RC748
PARAMETER CONDITIONS NN VP TMAX T WIN TVP T MAX UNITS
Input Offset Voltage Rg < 10k§2 1.0 5.0 2.0 6.0 mV
Input Offset Current 20 200 20 200 nA
Input Bias Current 80 500 80 500 nA
Input Resistance 0.3 2.0 0.3 2.0 MQ
Large-Signal Voltage Gain RL =2k, Vout=+10V | 50,000 (200,000 20,000 {200,000
Output Voltage Swing RL = 10k2 +12 +14 +12 +14 \%
RL =2k +10 +13 +10 +13 \
Input Voltage Range +12 +13 +12 +13 \
Common Mode Rejection Ratio Rs < 10kQ2 70 90 70 90 dB
Supply Voltage Rejection Ratio Rg < 10kQ2 30 150 30 150 uv/v
Power Consumption 50 85 50 85 mW
Transient Response (unity gain) Vin =20mV, R = 2k,
Cp < 100pF
Risetime 0.3 0.3 Ms
Overshoot (Note 4) 5.0 5.0 %
Slew Rate (unity gain) RL = 2k (Note 4) 0.5 0.5 V/us
The following specifications apply for -550C < T < +1250C for RM748 ; 00C < Ta < +700C for RC748,
Input Offset Voltage Rg < 10k$2 6.0 7.5 mV
+125°C,+70°C 200 300
Input Offset Current —-55°C,+70°C 500 800 nA
+125°C,+70°C 800
Input Bias Current —-55°C,+70°C 800 nA
Large-Signal Voltage Gain RL=2kE2, Vgut = £10V | 25,000 15,000
RL = 10k 12
Output Voltage Swing Ry =2k +10 +10 \Y
Common Mode Rejection Ratio Rg < 10k$2 70 dB
Supply Voltage Rejection Ratio Rg < 10kQ2 150 uv/v

NOTES:
Rating applies for case temperatures to +125°C; derate linearly at 6.5 mW/°C for ambient temperatures above +75°C for RM748.

1.
2. For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short-circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature for RM748.

4. Compensation capacitor: 30pF.
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1437

1537 Dual High-Gain Operational Amplifiers

GENERAL DESCRIPTION

The RC1437 and RM1537, previously referred to as the 4709,
integrated circuits are monolithic dual high gain operational
amplifiers. The device is composed of two 709 operational am-
plifiers fabricated on a single silicon chip. It has all the out-
standing features of the 709.

Due to the inherent matching and tracking of parameters, the
1537/1437 has several unique applications: differential in/out
amplifiers, non-inverting amplifiers, gain and phase matched
channels.

The RM1537 operates over a temperature range of —-5650C to
+1250C. RC 1437 is th_e commercial temperature range device
for operation from 00C to +75°C.

SCHEMATIC DIAGRAM (1/2 shown)

DESIGN FEATURES

® Gain and Phase Matching Between Amplifiers

® [ow Temperature Drift +3 uv/oC

® |arge Output Voltage Swing £14 V Typical
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Order Part Nos.:
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PIN FUNCTION

1 OUTPUT LAG 2
2  OUTPUT 2

3 INPUT LAG 2
4 INPUT LAG 2

5  -INPUT 2

6  +INPUT 2

7 V-

8  +INPUT1

e INPUT Y

10 INPUT LAG 1
11 INPUT LAG 1
12 OUTPUT 1

13 OUTPUT LAG 1
14 vt
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1437

i

Dual High-Gain Operational Amplifiers 1537
ABSOLUTE MAXIMUM RATINGS
Supply Voltage . .. ......... ... 18 V Operating Temperature Range . RM1537:-550C to +1250C
Differential Mode Input Voltage . ............ BV RC1437: 00C to +75°C
Common Mode Input Voltage . ............. vty Storage Temperature Range . ....... —650C to +1500C
Power Dissipation . . .................. 500 mW Lead Temperature (Soldering, 60s) . ......... 3000C
Derate above 750C . . ... ........... 5.0 mW/oC Output Short Circuit Duration (260C). .. .......... 5s i
ELECTRICAL CHARACTERISTICS (RM1537: -550C to +125°C; RC1437: 00C to +750C, unless otherwise noted)
RM1537 RC1437 |
PARAMETER CONDITIONS MIN | TYP [MAX [MIN | TYP [MAX UNITS ‘
Input Offset Voltage 5082 < Rs < 10kS2 Ta=250C 10 | 5.0 10 | 75 Vv i
39V < V< +15V 6.0 o |7 ‘
Input Offset Current +9V < Vt < +15V|RM1537: +250C to +1250C 50 200 50 500
RC1437: +250C to +75°C A
RM1537: -550C 500 750 | "
RC1437: 00C
Input Bias Current +9V < V+ < +15V|RM1537: +250C to +1250C 0.2 0.5 0.4 1.5
RC1437: +250C to +75°C A
RM1537: —550C 15 20 | #
RC1437: 0oC
Input Resistance 9V < V<215V 150 | 400 50 150 Kk
Output Resistance 19V < V< 15V 150 150 Q
Power Consumption Vt=%15V, R| = 160 | 225 160 | 225 mW
Large Signal Voltage Gain|V*t = 15V, Vg = £10V, R|_> 2 kQ) 25 45 70 15 45 KV/V
Output Voltage Swing VvVt =115V RL =10k +12 | +14 £12 | £14 N
RL > 2 k& +10 | #13 +10 | +13
Input Common Mode v+t =+15V 8 | £10 +8 | =10 Vv
Voltage
Common Mode Rejection |[Rg < 10 k£2, 19V < V¥ < 15V 70 90 65 90 dB
Ratio
Supply Voltage Rejection [Rg < 10 k2, 9V < V* < 15V 150 200 | puVv/v
Ratio v
Transient Response V*==#15V, Vin =20 mV, R =2k, C1 =5nF, |
R1 =15k, C2=200pF, R2 =50 ‘
Rise Time 0.3 1.0 0.3 1.0 us
Overshoot 30 30 %
Average Temperature 9V < v+ <+15V Rg =50 2 15 1.5 v/oC
Coefficient of Input Rg=10kQ 3.0 3.0 u
Offset Voltage
Average Temperature +g < Vvt <15V 0.7 0.7 nA/0C
Coefficient of Input
Offset Current i
Channel Separation, V< VT < +15V 90 90 dB i
f=10 kHz ‘f
!
MATCHING CHARACTERISTICS (Ta=250C, +9V < V< £15V unless otherwise noted)
!
RM1537 RC1437 i
i
PARAMETER MIN TYP MAX MIN TYP MAX UNITS j
Voltage Gain £1.0 £1.0 dB !
Input Bias Current +100 +150 nA ;
Input Offset Current *15 +20 nA ;
Input Offset Voltage +0.5 *+1.0 mV |
Average Temperature Coefficient of Input Offset Voltage +0.5 +0.5 uv/oC
Average Temperature Coefficient of Input Offset Current +0.2 +0.2 nA/oC
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1458
1558

Dual 741 General Purpose Operational Amplifiers

_
GENERAL DESCRIPTION DESIGN FEATURES
The RM1558 and RC1458 integrated circuits are high gain ® Short-Circuit Protection
operational amplifiers internally compensated and constructed ® No Frequency Compensation Required
on a single silicon chip using the planar epitaxial process. ® No Latch-Up
The military version, RM1558, operates over a temperature ® Large Common-Mode and Differential Voltage Ranges
range from -550C to +1250C. The commercial version, RC1458, ® Low Power Consumption
operates from 00C to +700C. ® Parameter Tracking Over Temperature Range
Combining all of the features of the 741 with the close param- ® Gain and Phase Match Between Amplifiers
eter matching and tracking of a dual device on a monolithic
chip results in unique performance characteristics. It is espe-
cially well suited for applications where gain and phase matched
channels are mandatory.
SCHEMATIC DIAGRAM  (1/2 Shown)
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Dual 741 General Purpose Operational Amplifier 1558
—— b
ABSOLUTE MAXIMUM RATINGS
Supply Voltage . ................ RM1558: 22 V Storage Temperature Range . ... .. .. -650C to +1500C
RC1458: 18 V Operating Temperature Range . RM1558:-550C to +1250C
Internal Power Dissipation (Note 1) . .. .. ... 500 mW RC1458: 00C to +700C
Differential Input Voltage . ................ +30 V Lead Temperature (Soldering, 60s) . ... ...... 3000C
Input Voltage (Note 2) .. ................. 15V Output Short-Circuit Duration (Note 3) . .. .. Indefinite

ELECTRICAL CHARACTERISTICS (vcc = 15V, Ta = 250C unless otherwise noted)

RM1558 RC1458
PARAMETER CONDITIONS MIN VP MAX MIN Tvp MAX UNITS
Input Offset Voltage Rg < 10 k§2 1.0 5.0 2.0 6.0 mV
Input Offset Current 30 200 30 200 nA
Input Bias Current 200 500 200 500 nA
Input Resistance 0.3 1.0 0.3 1.0 \9)
Large-Signal Voltage Gain RL =22k
Vout = £10V 50,000 | 200,000 50,000 | 200,000 V/V
Output Voltage Swing RL=Z10kQ2 12 14 +12 +14 \Y,
RL =22k +10 +13 +10 13 Vv
Input Voltage Range 12 | 13 12 13 \Y
Common Mode Rejection Ratio Rs < 10 k§2 70 90 70 90 dB
Supply Voltage Rejection Ratio Rg < 10 k§2 30 150 30 150 uVv/v
Power Consumption 100 150 100 170 mwW
Transient Response Vin = 20mV
(unity gain) R =2k§2
CL < 100pF
Risetime 0.3 0.3 us
Overshoot 5.0 5.0 %
Slew Rate (unity gain) RL=2k2 0.5 0.5 V/us
Channel Separation f=1kHz
98 98 dB
The following specifications apply for -550C < T p < +1250C for RM1558; 00C< T < +700C for RC1458.
Input Offset Voltage R <10k§2 6.0 7.5 mV
+125°C,+70°C 200 300
Input Offset Current —55°C, 0°C 500 300 nA
+125°C,+70°C 500 800
Input Bias Current —55°C. +70°C 1500 800 nA i
Large-Signal Voltage Gain RL=2kQ2 ‘*
Vout = +10V 25,000 25,000 i
+12
Output Voltage Swing RL=2k +10 10 \Y%
Power Consumption Vg = t15V
Ta=+1250C 150 150 mwW
Ta =-550C 200 200
Input Voltage Range +12 +12 \
NOTES:

1. Rating applies for case temperatuers to +1250C; derate linearly at 8.5 mW/OC for ambient temperatures above +759C for RM1558.
2. For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short-circuit may be to ground or either supply. Rating applies to +1250C case temperature or +75°C ambient temperature for RC1458.
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1556

High-Performance Operational Amplifier

—
GENERAL DESCRIPTION DESIGN FEATURES
The RM1556/RC1556 are high performance, high gain opera- ® [nput Bias Current 15nA Maximum
tio(;\afl ;mplif(ijers. Eaf:h ‘am.|lj‘lifier I".S ir;)terr}:a“yl comperjsatgc: ® Input Offset Current 2nA Maximum
and fabricated on a single silicon chi the planar epitaxia
process 9 Py P P ® Input Offset Voltage 4mV Maximum
These amplifiers feature high common-mode and differential ® At£15V Current Drain 1.0mA
voltage range, very low input bias current, optimum perform- ® Offset Voltage Nulling (10k pot)
ance over a wide range of supply voltage, and freedom from ® Slew Rate 2.0V/us
“latch-up.” They are ideal for use as voltage followers, com- i . .
parators, integrators, summing and general purpose amplifiers. ® Unity Gain Bandwidth 4MHz
The RM types operate over a temperature range of -55°C to ® Gain Variation 3dB from +3V to +20V
+125°C. The RC types operate from 0°C to +70°C. ® Open Loop Voltage Gain 106dB
SCHEMATIC DIAGRAM
o o - °
3 I:J 9. o ver
o=
INPUTS j‘-
+
ouTPUT
b Vo
v
M 11
1" El'
'
N N
(1 1[%
2 - 4—6—o0
BALANCE $ Vs-
CONNECTION INFORMATION
TE (T0O-99) NB Dual In-line
Metal Can Package Plastic Package
(Top View) (Top View) PIN FUNCTION
1 BAL
1 | 2 -INPUT
2 3 +INPUT
{:3 ;:' 4 v
- -] 5  BAL
¢ 5 6 ouTPUT
7 Vv
8 NC
Order Part Nos.: Order Part No.:
RM1556T, RC1556T RC1556NB
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High-Performance Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

1556

Supply Voltage. . ... .............. RM1556: +22V Operating Temperature Range
RC1556: +18V RM1556 ...\ voeeeeeenen —~55°C to +125°C

Internal Power Dissipation (Note 1) .. ........ 500mW RCIB56. .ot iieiee eiei i 0°C to +70°C

Differential Input Voltage ................. 30V Lead Temperature (Soldering, 60s) ........... 300°C

Input Voltage (Note 2) .. ................. +15V Output Short-Circuit Duration (Note 3) ... ... Indefinite

Storage Temperature Range ........ —65°C to +150°C

RM1556 AND RC1556 ELECTRICAL CHARACTERISTICS
(RM1556: ~55°C < Tp < 125°C; RC1556: 0°C < T < 70°C; Vg = 215V unless otherwise specified)
RM1556 RC1556
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX
Input Offset Voltage Ta = 25°C, Rg < 50kQ 2.0 4.0 5.0 10 mV
Input Offset Current Ta =25°C 1.0 2.0 5.0 10 nA
Input Bias Current Ta =25°C 8.0 15 15 30 nA
Input Resistance Ta =25°C 5.0 3.0 MQ
Supply Current Ta =25°C 1.0 15 1.3 3.0 mA
Large Signal Voltage Ta =25°C
Gain Vour = +10V, R > 2k 100 200 70 100 V/mV
Input Offset Voltage Rs <50k 6.0 14 mV
Input Offset Current +25°C to TH 3.0 14 A
TL to +25°C 5.0 14
Input Bias Current 30 40 nA
Supply Current 1.9 3.5 mA
Slew Rate (Unity Gain) Ta =25°C, R = 2kQ 2.0 2.0 V/us
Bandwidth (Unity Gain) Ta =25°C, Ry > 2kQ 4 MHz
Large Signal Voltage Gain | R = 2k§2, VoyT = £10V 40 40 V/mV
N _ o
Output Voltage Swing Ta =25"C, R = 2kQ, +12 +13 11 12 v
Input Voltage Range 12 | %13 #11 | #12 Y
Input Noise Voltage Rg = 10kS2, f = 1.0kHz,
AV = 100, BW = 1.0Hz 25 % nVA/Hz

Common-Mode
Rejection Ratio Rg < 50kQ2 80 110 70 110 dB
Supply Voltage Rejection | g, < 50k0 g0 | 86 74 | 83 dB

NOTES:

1. For operating at elevated temperatures, the device must be derated based on 150°C for RM1556; 100°C for RC1556 maximum junction tempera-
ture and a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case.

2. For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short-circuit to ground rating applies to +125°C case temperature or +75°C ambient temperature for RM1556.
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1556

TYPICAL ELECTRICAL DATA

High-Performance Operational Amplifier
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Dual High Performance
Operational Amplifiers

2101A 2201A 2301A

GENERAL DESCRIPTION

The LH2101A series of dual operational amplifiers
are two LM101A type op amps in a single hermetic
package. Featuring all the same performance char-
acteristics of the single, these duals offer in addition
closer thermal tracking, lower weight, reduced
insertion cost, and smaller size than two singles.

The LH2101A is specified for operation over the
-55°C to +125°C military temperature range. The
LH2201A is specified for operation over the

CONNECTION DIAGRAM

—25°C to +85°C temperature range. The LH2301A
is specified for operation over the 0°C to +70°C
temperature range.

DESIGN FEATURES

= | ow offset voltage

® | ow offset current

® Guaranteed drift characteristics
]

Offsets guaranteed over entire common mode
and supply voltage ranges

® Slew rate of 10V/us as a summing amplifier

guduouyd

[LOT O]

P

z

FUNCTION

V+

OUTPUT COMP
BAL/COMP
INV.INPUT
NON-INV. INPUT
V-

BALANCE
OHTPUT

\Y

10 OUTPUT/COMP
1 BAL/COMP

12 INV. INPUT

13 NON-INV. INPUT

©CONOULHEWN=

R1 R2
INPUT.

30pF

TMay be zero or equal to parallel combination
of R1 and R2 for minimum offset.

Two Pole Compensation

Ricg Ol
> 5 Re

R1+R2 10K
Cg=30pF <
c2=10¢1

Part Order Nos.: 14 BALANCE
LH2101AD, LH2201AD 15 GROUND
or LH2301AD 16 OUTPUT
AUXILIARY CIRCUITS
Inverting Amplifier with Balancing Circuit Alternate Balancing Circuit Single Pole Compensation
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Dual High Performance

2101A 2201A 2301A Operational Amplifiers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. . . ... cvviii i +22V Operating Temperature Range LH2101A .-556°C to 115°C
Power Dissipation (Note 1) . . . ............. 500 mW LH2201A . .-25°C to 85°C
Differential Input Voltage. .. ................¥30V LH2301A ... 0°Cto 70°C
Input Voltage (Note 2). .. . ... .......c.cov... +15V Storage Temperature Range. . . ........ -65°Cto 150°C
Output Short-Circuit Duration. . .. ........ Continuous Lead Temperature (Soldering, 10sec) . . ... ..... 300°C
ELECTRICAL CHARACTERISTICS cach side (Note 3)
LIMITS
PARAMETER CONDITIONS UNITS
LH2101A LH2201A LH2301A
Input Offset Voltage Ta =25°C, Rg <50 k2 2.0 2.0 7.5 mV Max
" Input Offset Current Ta=25°C 10 10 50 nA Max
Input Bias Current Ta=25°C 75 75 250 nA Max
Input Resistance Ta=25°C 15 15 0.5 MQ Min
Supply Current Ta =25°C, Vg = +20V 3.0 3.3 3.0 mA Max
Large Signal Voltage Gain Ta =25°C, Vg =15V 50 50 25 V/mV Min
VouT = £10V, R =2 kQ)
Input Offset Voltage Rg <50 k2 3.0 3.0 10 mV Max
Average Temperature 16 15 30 uV/°C Max
Coefficient of Input
Offset Voltage
Input Offset Current 20 20 70 nA Max
g‘)’g;?ﬁ;ﬁ";’f:";ﬁf 26°C<TA < 125°C 0.1 0.1 0.3 nA/°C Max
_ o < < 0 o
Offset Current 65°C<Ta<25C 0.2 0.2 0.6 nA/"C Max
Input Bias Current 100 100 300 nA Max
Supply Current Ta =+125°C, Vg = +20V 25 2.5 mA Max
Large Signal Voltage Gain Vg =1%15V, VoyT =10V 25 25 15 V/mV Min
RL=2kQ
Output Voltage Swing Vg =*15V, R = 10 kQ 12 12 12 V Min
RL =2k *10 10 £10 V Min
Input Voltage Range Vg =120V +15 +156 +12 V Min
Common Mode Rg <50 k&2 80 80 70 dB Min
Rejection Ratio
Supply Voltage Rg < 50 k2 80 80 70 dB Min
Rejection Ratio

(1) The maximum junction temperature of the LH2101A is 150°C, while that of the LH2201A is 100°C. For operating temperatures, devices in the
flat package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with 0.03-inch-
wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100°C/W, junctidn to ambient.

(2) For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.

(3) These specifications apply for +5V < Vg < +20V and -55°C < T < 125°C, unless otherwise specified. With the LH2201A, however, all temper-
ature specifications are limited to -25°C < T < 85°C. For the LH2301A these specifications apply for 0°C < Tp < 70°C, 5V and < Vg <
+15V. Supply current and input voltage range are specified as Vg = +15V for the LH2301A. C1 = 30 pF unless otherwise specified.
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Quad Current Mode Single-Supply Operational Amplifiers

2900
3900

R

GENERAL DESCRIPTION

The LM2900 and LM3800 consist of four independent, dual
input, internally compensated amplifiers which were designed
specifically to operate off a single power supply voltage and to
provide a large output voltage swing. These amplifiers make
use of a current mirror to achieve the non-inverting input func-
tion. Application areas include: AC amplifiers, RC active fil-
ters; low frequency triangle, squarewave and pulse waveform
generation circuits, tachometers and low speed, high voltage
digital logic gates.

SCHEMATIC DIAGRAM (1/4 Shown)

DESIGN FEATURES

® \Wide Single Supply Voltage Range 4V to 36V

® Supply Current Drain Independent of Supply Voltage

® [ ow [nput Biasing Current 30 nA

® High Open-loop Gain 70 dB

® Wide Bandwidth 2.5MHz (Unity Gain)

® larger Gain-Bandwidth Product in Non-Inverting Mode
(Ay =100 @ f= 1 MHz)

® Large Output Voltage Swing, (V¥-1)Vp.p

® |nternally Frequency Compensated for Unity Gain

® Qutput Short-Circuit Protection

v O~

CURRENT =
MIRROR

CONNECTION INFORMATION

DB
Dual In-line Package
(Top View)

U
=]

-

ERERCRERERC)E

-
w

-

=54 _%

Order Part Nos.:
LM2900N, LM3900N

PIN FUNCTION
1 +INPUT 1
2 +INPUT 2
3 -INPUT 2
4 OUTPUT 2
5 OUTPUT 1
6 -INPUT 1
7 GROUND
8 -INPUT 3
9 OUTPUT 3
10 OUTPUT 4
11 -INPUT 4

12 +INPUT 4
13 +INPUT 3
1a vt
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2900
3900

ABSOLUTE MAXIMUM RATINGS

Quad Current Mode Single-Supply Operational Amplifiers

Supply Voltage (LM 2900) ................ +36V Output Short Circuit Duration — ... ..... Continuous
(LM3900) ................ +32V One Amplifier, Ta = 25°C

Supply Voltage . ..........couiiiinen... +18V Operating Temperature Range (LM 2900) . -400C to +850C

Power Dissipation (Ta = 250C)(Note 1) .. ... .. 570mwW Operating Temperature Range (LM 3900) .. 00C to +70°C

Input Currents, |N+oOr I|N=- «« oo oo 20mA Storage Temperature Range . ....... -650C to +1500C

Lead Temperature (Soldering, 10sec) ....... 3000C

ELECTRICAL CHARACTERISTICS (Vcc =+15V, Ta = +250C unless otherwise noted.)

LM 2900/LM 3900
PARAMETER CONDITIONS MIN TVYP MAX UNITS
Open Loop
Voltage Gain f=100 Hz 1200 2800 V/V
Input Resistance Inverting Input 1 M
Output Resistance 8 39}
Unity Gain Bandwidth Inverting Input (Note 2) 2.5 MHz
Input Bias Current Inverting Input 30 200 nA
Slew Rate Positive Output Swing 0.5 V/us
Negative Output Swing 20 V/us
Supply Current R = 0On All Amplifiers 6.2 10 mA
Output Voltage Swing R =5.1k
VouT High IIN-=0, 1 N+=0 13.5 14.2 \
VouT Low IIN-=10 A, I|N+=0 0.09 0.2 \%
Output Current Capability
Source 6 18 mA
Sink (Note 3) 0.5 1.3 mA
Power Supply Rejection f=100 Hz 70 dB
Mirror Gain 1IN+ = 200 uA (Note 4) 0.90 1 1.1 MA/LA
Mirror Current (Note 5) 10 500 A
Negative Input Current (Note 6) 1.0 mA

NOTES:

1.

2.

o b w
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For operating at high temperatures, the device must be derated based on a 1250C maximum junction temperature and a thermal resistance of
1759C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient.

When used as a ‘‘non-inverting amplifier’’, the gain-bandwidth product is not limited to 2.5 MHz. The isolation provided by the “current mirror"’
allows a constant unity voltage gain feedback for the main inverting amplifier. This means that large values of gain can be achieved at high fre-
quencies and the dominant limit is due to the slew rate of the amplifier. For example: a voltage gain of 100 is easily obtained at 1 MHz and an out-
put voltage swing of 160 mVp-p can be achieved prior to slew rate limiting. This operational mode is useful for signal frequencies in the 50 kHz to
1 MHz range as would be encountered in IF or carrier frequency applications.

. The output current sink capability can be increased for large signal conditions by overdriving the inverting input.
. This spec indicates the current gain of the current mirror which is used as the non-inverting input.
. Input Vgg match between the non-inverting and the inverting inputs occurs for a mirror-current (non-inverting input current) of approximately

10 pA. This is therefore a typical design center for many of the application circuits.

. Clamp transistors are included on the IC to prevent the input voltages from swinging below ground more than approximately -0.3 Vpc. The nega-

tive input currents which may result from large signal overdrive with capacitance input coupling need to be externally limited to values of approxi-
mately 1 mA. Negative input currents in excess of 4 mA will cause the output voltage to drop to a low voltage. This maximum current applies to
any one of the input terminals. If more than one of the input terminals are simultaneously driven, negative smaller maxi cuirenis are ailowed. Com-
mon-mode current biasing can be used to prevent negative input voltages; for example, see the “’Differentiator Circuit’”” in the applications section.




Quad Current Mode Single-Supply Operational Amplifiers

2900
3900

3900 TYPICAL APPLICATIONS (V* = 15V)

Voltage-Controlled Current Source
(Transconductance Amplifier)

v+

2N2907
I

1 mANVolt Vyy

Free-Running Staircase
Generator/Pulse Counter

30k 1NS14

\/0.
o0
Vg 'o
DIFFERENCE
INTEGRATOR

™

ONE SHOT w
INPUT COMPARA

Ground Referencing a
Differential Input Signal

Triangle/Square Generator

oVy AN
100K 10 msec

Supplying Iy with Aux. Amp
(to Allow High Z Feedback Networks)

lin

Non-Inverting Amplifier

Inverting Amplifier
]

VBE Biasing

R1 -

100K | R2

-’a ™M
005 50 oV
Vw% Ny v
Cgomp VOOC

£ M

o w

Rl

Split Supply (V¥ = +15Vpc & V™ = -15Vpc)
AC Amplifier

Non-Inverting DC Gain

-15.00vDC*

“COMPLEMENTARY
TRACKING
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3078
3078A

Micropower Operational Amplifier

GENERAL DESCRIPTION

The 3078 and 3078A are high-gain monolithic operational
amplifiers which can deliver milliamperes of current yet only
consume microwatts of standby power. Their operating points
are externally adjustable and frequency compensation may be
accomplished with one external capacitor. The 3078 and
3078A provide the designer with the opportunity to tailor the
frequency response and improve the slew rate without sacri-
ficing power. Operation with a single 1.5-volt battery is a
practical reality with these devices.

The 3078A is a premium device having a supply voltage range
of V¥ =0.75V to V¥ = 15V and an operating temperature
range of -55°C to +125°C. The 3078 has the same lower supply
voltage limit but the upper limit is V¥ = +6V and V- = -6V.
The operating temperature range is from 0°C to +70°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

® Low Standby Power: As Low as 700 nW

® Wide Supply Voltage Range: £0.75 to £15V
® High Peak Output Current: 6.5 mA min.

® Adjustable Quiescent Current

® Qutput Short-circuit Protection

APPLICATIONS

® Portable Electronics
Medical Electronics
Instrumentation
Telemetry
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Figure 1. Schematic Diagram.

CONNECTION INFORMATION

NB, DE
Dual In-Line Package
(Top View)

1 i 8

-
(o
-
Order Part Nos.:

RC3078NB, RC3078DE,
RM3078A DE

EgEg

Metal Can Package
(Top View)

Order Part Nos.:
RC3078T, RM3078A T

2
z

FUNCTION
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OUTPUT
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comp
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Micropower Operational Amplifier

3078
3078A

ABSOLUTE MAXIMUM RATINGS (Absolute Maximum Values at TA = 25°C)

3078 3078
DC Supply Voltage (between vtand V- (terminal. .. ... ... 36V 14V
Differential Input Voltage. . .. ..................... 6V 6V
DC INPUt VOIAGE .« . v vovee et vtio v- vtiov-
Input Signal Current . . ... ... ... ... .. ... 0.1 mA 0.1 mA
Output Short-Circuit Duration™ No Limitation | No Limitation
Device Dissipation. . . .. .....iiut i 250 mW (up to (125°C) 500 mW (up to 70°C)
Temperature Range:
OPErating. . . v v vt e -55 to +125°C 0to +70°C
SEOrAgE . . o\ vttt -65 to +150°C -65 to +150°C
Lead Temperature (During Soldering):
At distance 1/16 £ 1/32 in. (1.59 £ 0.79 mm)
from case for 10smMax. . .. ......oovuununenon.. +300°C +300°C
*Short circuit may be applied to ground or to either supply.
ELECTR'CAL CHARACTER'STICS (For Equipment Design)
TEST 3078A 3078
CHARACTERISTICS SYMBOLS | CONDITIONS RSET = 5.1 M, 1q = 20 uA RSET = 13M2, Iq = 100 4A
v+ T =-56 to Ta=0to
& | Rs |RL Ta =25°C 125°C Ta=25°C 70°C
V- | KQ [KQ | MN | TYP [MAX | MIN | MAX [MIN | TYP | MAX | MIN | MAX [UNITS
Input Offset Voltage Vio A <10 | - — 1070 3.5 — 4.5 — 1.3 4.5 — 5 mV
Input Offset Current Lo - - - 1050]| 25 - 5.0 - 6 32 - | 40 nA
Input Bias Current IT:} - - - 7 12 - 50 - 60 | 170 | — |200 | nA
Open-Loop Diff. Voltage Gain AoL - |=10] 92 | 100 | — 90 - 88 92 - | 86 - dB
Total Quiescent Current I} — - - 20 | 25 - 45 - 100 | 130 150 | mA
Device Dissipation Pp — — — 240 | 300 — 540 — 1200 | 1560 | — {1800 | uW
Maximum Output Voltage Vom 6 - |>10|45.1|%56.3| — 5 — +5.1| £6.3| - |¥5.0] — \Y
-5.5 -5 -5.5 -5
Common-Mode Input Voltage VICR <10 | - - to - to - - to - to - \Y
Range +5.8 +5 +5.8 +5
Common-Mode Rejection Ratio CMRR <10 | - 80 | 1156 | — — - 80 110 - - - dB
Maximum Output Current lom™ or lom™ — — — 12 — 6.5 30 — 12 — 6.5 | 30 mA
Input Offset Voltage Sensitivity:
Positive AVo/AVT <10 L~ 76 | 105 | — - - 76 93 - - R AZAY
Negative Avig/av- | Y | T — |76 [ 105 | — - - 76 T3] — [ -1-
RSET =13 MQ, IQ =20 uA
Input Offset Voltage Vio <10 — — |14 (35 | — | 45 | — - - - | - mV
Open-Loop Diff. Voltage Gain AoL T — 210| 92 | 100 — 88 — — — — — — dB
Total Quiescent Current la 15 — - - 20 | 30 - 50 - - - - - HA
Device Dissipation Pp — — — 600 | 750 — 1350 | — — — — — uW
Maximum Output Voltage vVom — 2101137 | 141 | — 135 - — - — - — \%
Common-Mode Rejection Ratio CMRR <10 | — 80 | 106 | — - — - - - — dB
Input Bias Current 1B — — — 7 14 — 55 — — — — — nA
Input Offset Current o . — — — | 05027 — 5.5 - — — — nA
67




3078

3078A Micropower Operational Amplifier
ELECTRICAL CHARACTERISTICS (At Ta=25°C)
TYPICAL VALUES
3078A 3078
Vvt=1+13V, V+=1+0.75V, V+=+13V, Vt=075V, CURVES
-=_13V -=_0.75V -=-13V -=_075V UNITS FIG. NO. CHARACTERISTICS
RSET = 2MQ RSgT = 10MS2 RSET = 2MQ RSeT = 10MQ
Ig=10puA Iog=1TuA Ig=10 uA 1o =10 uA
0.7 0.9 1.3 15 mV 3,13 V1o
0.3 0.054 1.7 0.5 nA 4,14 o
3.7 0.45 9 1.3 nA 5,15 IiB
84 65 80 60 dB 6,11,12,16 AOL
10 1 10 1 uA 17 Is)
26 15 26 15 uW — PD
1.4 0.3 1.4 0.3 v 9,10 Vopp
-0.8 -0.2 -0.8 -0.2
to to to to Vv 10 VICR
+1.1 +0.5 +1.1 +0.5
100 90 100 90 dB - CMRR
12 0.5 12 0.5 mA 8 lom*
20 50 20 50 uV/iy — AV|0/AVZE

(Typical Values Intended Only for Design Guidance at Ta = 26°C and V1 = +8V, V- = -6V)

TEST 3078A 3078
CHARACTERISTICS SYMBOLS | CONDITIONS | RgeT =5.1IMQ | RgeT = IMQ | RggT = IMQ | UNITS
lg=20uA 1g=100uA | Ig =100 A
Input Offset Voltage Drift | AV|o/ATa | Rs<10KQ 5 6 6 uv/°c
Input Offset Current Drift | AV|Q/ATA Rg <10 KQ 6.3 70 70 pA/°C
Open-Loop Bandwidth BWoL 3 dB pt. 0.3 2 2 kHz
Slew Rate:
Unity Gain See Figures 0.027 0.04 0.04
SR V/us
Comparator 20, 21 0.5 1.5 1.5
10% to 90%
Transient Response — Rise Time 3 25 25 us
Input Resistance R 7.4 1.7 0.87 MQ
Output Resistance Ro 1 0.8 0.8 KQ
Equiv. Input Noise Voltage | eN (10 Hz) Rg=0 36 — 19 nV/A/Hz
Equiv. Input Noise Current | iN (10 Hz) Rg = 1MQ 04 — 1 pAA/Hz
comP| o1 8o |comp
INv. INPUT | 02 70 |v+
NON-INV. INPUT | 0= 6 OUTPUT
4 5 RSET
v-| O O—+—"WA—O0 V+
BIAS

Figure 2. Functional Block Diagram of the 3078 and 3078A.
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3078
Micropower Operational Amplifier 3078A

TYPICAL CHARACTERISTICS

SUPPLY VOLTS Vt=46,v==-6 SUPPLY VOLTS V*=46,V™=—6
AMBIENT TEMPERATURE (T, )=25°C AMBIENT TEMPERATURE (Tp)=25°C
SOURCE RESISTANCE (Rg) <10 KQ PRTe)
- > 1%
2 @ 4
2 &
5 W, .
o
> =
2 2 P
- o |
= z 8
= z ® —
g ° 5ot
19
2 24 2 2
i &
[S) ? |
~ 1.8 .5 o.ls ‘
2 f—— 30781 a 6 |
Z 12 T z .
—— 3078AT |
0.6 2 |
0.0
2 4 6 8 2 4 6 8 2 4 6 8 2 4 68 2 4 68 2 68 2 4 68 2 |
i 10 100 1000 | 10 100 1000 10000 .
TOTAL QUIESCENT MICROAMPERES (Iq) TOTAL QUIESCENT MICROAMPERES (Iq)
Figure 3. Input Offset Voltage versus Total Figure 4. Input Offset Current versus Total
Quiescent Current Quiescent Current
4 SUPPLY VOLTS V*=46,V™=-6 AMBIENT TEMPERATURE (T4)=25°C
2FAMBIENT TEMPERATURE
(Ta)=25 °C - -
gy 4 3 & @
8 6 11 IR S
5, 30787, 23 ]
=] L 2
o A 3078AT <
x 2 A A
w / / z
< A A 3 126
Z 10 4 © 126
g ¢ Y, W 108
3 < 108 LOAD RESISTANCE (R )=1 MQ
2 . AU 8 10 KO 90
EERTSS o 4 . 72
- / S 721-2k0
5 S 54
z 8 7 54
= @ 36
4 g 36
2 " Hie
0.1 o) o |
4 8 2 46 2 4 2 4 68 2 4 68 2 4 68 |
I 0 100 1000 10000 I I 100 1000 |
TOTAL QUIESCENT MICROAMPERES (Iq) TOTAL QUIESCENT MICROAMPERES (1) |
Figure 5. Input Bias Current versus Total Figure 6. Open-loop Voltage Gain versus Total
Quiescent Current Quiescent Current
1000| AMBIENT TEMPERATURE(Tp)=25 °C I 100 SUPPLY VOLTS V¥=46,y"=—-6 TO V*=+I5,v =-I5V
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3078
3078A Micropower Operational Amplifier

TYPICAL CHARACTERISTICS

TTTTITT
I { { { { { [L IOOG ' TOTAL QUIESCENT CURRENT(IQ)*ZO HA
® T +| AMBIENT TEMPERATURE (Tp)=25 °C
8 N STANCE )=50 K
>
| 2
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& 0 74
= = 8 4
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Qo o
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Micropower Operational Amplifier

3078
3078A

TYPICAL CHARACTERISTICS

SUPPLY VOLTS: V¥ =46,v=:-6

SUPPLY VOLTS:V* =+6,V™x -6

FREQUENCY (f)—Hz

Frequency

Figure 18. Equivalent Input Noise Voltage versus

FREQUENCY (f) — Hz

Figure 19. Equivalent Input Noise Current

versus Frequency

.
3 5 - -
P ~ 4 5 ®
3 ] I 5
] o b 2
£ £ i s

\ 5 i s

o . 10 .:‘_. = 2. 2
8 H & a i =
& 2 8 & @ 10 Q397 100 {4
a & I3 NG &
3 3078T 3 & &q &
<] 197100 uA 3
5 5 ot 6 g ;( 75 75 g
= ™ Ed S z
[ 3078AT N Ed g

W 220 pA = z
® Q g 4w w 5 0 50 @
L 2 < SNCIS <
s 5 a 94/, =
i A, [
5 os 2 - 5 25 “ 25 2
a a2 S z
Z TT1 2 B z
t °o
=75 -50 -25 0 25 50 75 100 128 -75 -50 -25 O 25 50 75 100 125
AMBIENT TEMPERATURE(TA) —°C AMBIENT TEMPERATURE (TA) —°C
Figure 14. Input Offset Current versus Figure 15. Input Bias Current versus
Temperature Temperature
- T
SUPPLY VOLTS - v*+= +6,VT=-6 = SUPPLY VOLTS:V*t =46,V =-6

3 o

~ ~

[ 1e] 8 S

I i L

- Q

3 105 o 50 g
< 171 »
z ] & &
I 078AT Woan u
S 100 Iqe20 . < 2002
w HA =
Q LI é o
g o A 5 5 x
: Sl : :
=100 4
% Q . E E
S 90 & 20 ]
3 @a @
L : 4
w a =
4 g5 4 1o 50 S
g 3
80 F o o F
-75 -50 -25 O 25 8 75 100 i25 -76 -50 -25 O 25 50 75 100 125
AMBIENT TEMPERATURE(TA) —°C AMBIENT TEMPERATURE (Tp )—=°C
Figure 16. Open-loop Voltage Gain versus Figure 17. Total Quiescent Current versus
Temperature Temperature
3 10| SUPPLY VOLTS: V*=+6, V=6 2 SUPPLY VOLTS: V*:+6, V=-6
\ AMBIENT TEMPERATURE (Tp)=25°C '\ AMBIENT TEMPERATURE (TA) = 25°C
2 2
| | a8
=z =z
= 2
-3 & 40 TOTAL QUIESCENT MICROAMPERES (Iq)=20
g g OAMPERES
5
3 g 10 \\
© I o 32 —
é g ] L
o
z TOTAL QUIESCENT MICROAMPERES =100 —4 Z 24 ] AN
5 N =) \
z \\ CZL
2 \\\ ~ . 3
g N 20 N g
<2( ——— - % 8
3 <1
w 0l v 0
2 4 6 8 8 2 4 6 8 2 4 6 8
10 100 1000 10 100 1000

1-61
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Micropower Operational Amplifier

TYPICAL CHARACTERISTICS

Figure 20. Slew Rate versus Closed-loop
Gain—3078

100 k1
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2 05
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L COMPENSATION H L 0 [ COMPENSATION ;
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=~ [ TERMINALS 188) ICOMPENSATION
Z 2 [BETWEEN TERMAALS 18 )
i
2015 ] S o3 ——
z Sob e Ve s e
W CURRENT (ig) = 100 u& w AMBIENT TEMPERATURE (Ta) = 25°C
@ 05 t}—- 1| AMBIENT TEMPERATURE (T) = 25°C » 02 LoAD RL = 10 KE, CL = 100 pF
T TTA/ 11 LOAD IMPEDANCE: Ry = 10 K, Ci = 100 pF CE (Re1= 0.1 M
FEEDBACK RESISTANCE (Rf) = 0.1 M2 '
OUTPUT VOLTAGE (Vopp) = 10 V OUTPUT VOLTAGE (Voppl = 10V
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Figure 21. Slew Rate versus Closed-loop
Gain—3078A

CLOSED-LOOP INVERTING VOLTAGE —— dB

Figure 24. Phase Compensation Capacitance
versus Closed-loop Gain—3078
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Figure 22. Transient Response and Slew-rate Figure 23. Slew-rate, Unit Gain (Non-
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Figure 25. Phase Compensation Capacitance
versus Closed-loop Gain—3078A
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Micropower Operational Amplifier

3078
3078A

Table 1. Unity-gain Slew Rate versus Compensation—3078 and 3078A

SUPPLY VOLTS: Vt=6,V—=-6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR AN OUTPUT
VOLTAGE OF 100 mV
OUTPUT VOLTAGE (V) = 5V AMBIENT TEMPERATURE (Tp) = 25°C
LOAD RESISTANCE (R) = 10 KQ
UNITY GAIN (NON-INVERTING)
UNITY GAIN (INVERTING) Fig. 22 Fig. 23
COMPENSATION SLEW SLEW
TECHNIQUE R1 ¢ R2 c2 RATE R1 ¢ R2 c2 RATE

3078T—Ig = 100 A KQ pF K uF V/us KE2 pF K uF V/us
Single Capacitor 0 750 oo 0 0.0085 0 1500 o0 0 0.0095
Resistor and Capacitor 35 350 L 0 0.04 5.3 500 L 0 0.024
Input o0 0 0.25 0.306 0.67 oo 0 0.311 | 0.45 0.67
3078AT—1lq =20 uA
Single Capacitor 0 300 oo 0 0.0095 0 800 L 0 0.003
Resistor and Capacitor 14 100 o 0 0.027 34 125 ©o 0 0.02
Input o0 0 0.644 | 0.156 0.29 o 0 0.77 0.4 0.4

OPERATING CONSIDERATIONS

Compensation Techniques

The 3078AT and 3078T can be phase-compensated with one
or two external components depending upon the closed-loop
gain, power consumption, and speed desired. The recommended
compensation is a resistor in series with a capacitor connected
from terminal 1 to terminal 8. Values of the resistor and
capacitor required for compensation as a function of closed
loop gain are shown in Figures 24 and 25. These curves rep-
resent the compensation necessary at quiescent currents of
20 pA and 100 pA, respectively, for a transient with 10%
overshoot. Figures 21 and 22 show the slew rates that can be
obtained with the two different compensation techniques.
Higher speeds can be achieved with input compensation, but

this increases noise output. Compensation can also be accomp-
lished with a single capacitor connected from terminal 1 to
terminal 8, with speed being sacrificed for simplicity. Table 1
gives an indication of slew rates that can be obtained with
various compensation techniques at quiescent currents of
20 pA and 100 pA.

Single Supply Operation

The 3078AT and 3078T can operate from a single supply with
a minimum total supply voltage of 1.5 volts. Figures 27 and
28 show the 3078AT or 3078T in inverting and non-inverting
20:dB amplifier configurations utilizing a 1.5-volt type “AA"”
cell for a supply. The total power consumption for either cir-
cuit is approximately 675 nanowatts. The output voltage swing
in this configuration is 300 mV p-p with a 20 K2 load.

INVERTING RF

Value of Rp required to have a

null adjustment range of +7.5 mV
Ry V+

B~ 75x10-3

assuming Rg >>R)

R

NON-INVERTING
ovt

OUTPUT

Value of Rg required to have a

null adjustment range of 7.5 mV
Ry RF V+

*Rg ~ _IF—
(Ry+ RF} 7.5 x 10-3

Ri RE

Ry +RE

assuming Rg >>

Figure 26. Offset Voltage Null Circuit
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3078A Micropower Operational Amplifier
SCHEMATIC DIAGRAM
5.1MQ
NN
15V
"AAT It
CELL |7 L
15 uF
RL
Figure 27. Inverting 20 dB Amplifier Circuit Figure 28. Non-inverting 20 dB Amplifier

Circuit
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Quad Operational Amplifiers

3301
3401

GENERAL DESCRIPTION

The RV3301 and RC3401 consist of four independent ampli-
fiers, with internal frequency compensation, designed to operate
from a single power supply.

These amplifiers employ a current mirror to achieve the non-
inverting inputs.

The current-differencing inputs allow a variety of applications
in automotive instrumentation, industrial and consumer cir-
cuits for performing active filtering and pulse and waveform
generation and processing.

SCHEMATIC DIAGRAM

DESIGN FEATURES

® Wide Supply Voltage Range 4 to 28 V

® Wide Operating Temperature Range -400C to +850C
® \Wide Bandwidth Unity Gain 4 MHz

® Low Input Bias Current 50 nA

Vee

OUTPUT

¢1.3 mA

GND
O

CONNECTION INFORMATION

DB
Dual In-Line Package
(Top View)
U
2 13
3 12)

A X
A

Order Part Nos.:
RV3301DB, RC3401D8B

N0000m0
AjRjERRARA]E;

PIN FUNCTION

1 +INPUT 2
2 +INPUT 1

3 -INPUT 1

4 OUTPUT 1
5 OUTPUT 2
6 -INPUT 2

7 GROUND

8 -INPUT 3

9 OUTPUT 3
10 OUTPUT 4
11 -INPUT 4

12 +INPUT 4

13 +INPUT 3

14 Vee
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3301
3401

Quad Operational Amplifiers

ABSOLUTE MAXIMUM RATINGS

Power Supply Voltage Power Dissipation (Package Limitation) ... ... 625 mW
3301 ..o +28V Derate above Tp = +250C ... ...... ... 5 mw/oC
3401 .. +18V Operating Temperature Range 3301: -40°C to +850C

Non Inverting Input Current . . ... .......... 5mA 3401: 00C to +750C

Sink Current ... .. ... . ... 50 mA Storage Temperature Range . .. ..... -650C to +1500C

Source Current ... ......... .. ... ... ... 50 mA Lead Temperature (Soldering, 10s) . ... ... ... 3000C

ELECTRICAL CHARACTERISTICS (vVcc = +15V, R = 5.0K2, Ta = +250C unless otherwise noted.)
3301 3401
Characteristic Conditions NOTE | MIN TvP MAX MIN v MAX UNIT
Open-Loop Voltage Gain 1 VIV
Ta = +250C 1000 2000 1000 2000
-400C < Tp < 850C 1600
00C < TaX 750C 800
Quiescent Power Supply Current (Total for 4 amplifiers) 2 mA
Noninverting inputs open 6.9 10 6.9 10
Noninverting inputs grounded 7.8 14 7.8 14
Input Bias Current R = 3 nA
Ta = +250C 50 300 50 300
-400C < Tp < +850C 100
00C < Tp < +750C 500
Current Mirror Gain Iy = 200uA 4 0.80 0.98 1.16 A/A
Current Mirror Gain Drift %
-400C < Ta < +85°C 2.5
Output Current 5 mA
Source Capability (VOH = 0.4V) 3.0 10 5.0 10
(VoH =9.0V) 7.0
Sink Capability (VoL =0.4V) 0.5 0.87 0.5 1.0
Output Voltage 6 \
High Voltage 13.5 14.2 13.5 14.2
Low Voltage (Inverting Input Driven) 0.03 0.1 0.03 0.1
(Noninverting Input Driven) 0.6
Undistorted Output Swing | (00C < Tp < +750C) 7 10 13.5 V(p-p)
Input Resistance (Inverting input only) 0.1 1.0 0.1 1.0 M
Slew Rate (CL =100 pF, R_=5.0k) 0.6 0.6 V/us
Unity Gain Bandwidth 8 4.0 5.0 MHz
Phase Margin 8 70 70 Degrees
Power Supply Rejection (f =100 Hz) 9 55 55 dB
Channel Separation (f =1.0kHz) 65 65 dB
NOTES: 1. Open loop voltage gain is defined as the voltage gain from the inverting input to the output
2. The quiescent current will increase approximately 0.3 mA for cach noninverting input which is grounded. Leaving ihe noninverting inpui
open causes the apparent input bias current to increase slightly (100 nA) at high temperatures.
3. Input bias current can be defined only for the inverting input. The noninverting input is not a true ‘‘differential input’’ —as with a con-
ventional IC operational amplifier. As such this input does not have a requirement for input bias current.
4. Current mirror gain is defined as the current demanded at the inverting input divided by the current into the noninverting input.
5. Sink current is specified for linear operation. When the device is used as a gate or a comparator (non-linear operation), the sink capability
of the device is approximately 5.0 milliamperes.
6. When used as a noninverting amplifier, the minimum output voltage is the VgEg of the inverting input transistor.
7. Peak-to-peak restrictions are due to the variations of the quiescent dc output voltage in the standard configuration.
8. Bandwidth and phase margin are defined with respect to the voltage gain from the inverting input to the output.
9. Power supply rejection is specified at closed loop unity gain, and therefore indicates the supply rejection of both the biasing circuitry
and the feedback amplifier.
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Total Quad Operational Amplifiers 3503A

-
GENERAL DESCRIPTION DESIGN FEATURES
The 3403A high performance quad op-amp features improved ® Class AB Output State; No Crossover Distortion .
large signal bandwidth and worst case DC specs equal to or ® Output Voltage Swings to Ground in Single Supply
better than the standard 741 type general purpose op-amp. Operations

The device uses a newly developed type of ground-sensing dif- o High Slew Rate 1.2 V/us

ferential i t hich ides increased slew rate. . . .
rential input stage which provides wr e Single or Split Supply Operation

® Wide Supply Operation 2.5V to +36 V or
+1.25V to £18 V

® Pin Compatible with LM324 and 3403
® Low Power Consumption 0.8 mA/amplifier

SCHEMATIC DIAGRAM (1/4 Shown)

Vi

o
VEE or GND

O Vo

CONNECTION INFORMATION

Order Part Nos.:
RC3403ADB, RC3403ADC, RV3403ADB,
RV3403ADC, RM3503ADC

13 -INPUT 4
14 OUTPUT 4

DB and DC
Dual In-line Packages PIN  FUNCTION ‘
(Top View) 1 OUTPUT1 |
2 -INPUT1
T U ] 3 +INPUT 1
/A 4 vt
(-p =1 5 +INPUT 2
6  -INPUT 2
g 7 7 OUTPUT 2
e ] 8  OUTPUT3
9 _INPUT3
O ] 10 +INPUT 3
11 GROUND
- ] 12 +INPUT 4
]

~ =) )
w >

re7



3403A
3503A

Total Quad Operational Amplifiers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, VY. .. ... ... . ... .. 36 Vor+x18V Operating Temperature Range
Differential Input Voltage . ................ 36V RM3503A . ....... ... ... ... -550C to +1259C
Input Voltage . ................. -0.3Vto+36V RC3403A ... ... ... . . . .. 00C to +700C
Power Dissipation RV3403A .. ... ... ... . ... -4090C to +85°C
DB’ package . ... 500 MW (molded DIP epoxy “B"") Storage Temperature Range . ....... -650C to +1500C
“DC" package ........... 650 mW (hermetic DIP) Lead Temperature (Soldering, 60s) . ......... 3000C
ELECTRICAL CHARACTERISTICS (Ta=259C, Vcc = £15V unless otherwise noted)
RM3503A RC/RV3403A
PARAMET
ETER CONDITIONS N VP | MAX | MIN TVP | MAX UNITS
Input Offset Voltage Rs=0 2 4 2 5 mV
Input Offset Current lin- or lin+ +30 50 +30 +50 nA
Input Bias Current lin- or lin+ -100 -200 -100 | -200 nA
Input Common Mode 0 vt-2 0 vt-2 Y
Voltage Range
Supply Current R = 3 4 3 5 mA
on all op-amps
Large Signal Voltage Gain R > 2K 50 100 25* 100 V/mV
Output Voltage Swing RL = 2KS2 +13 +14 +13 +14 \
Common Mode Rejection Ratio DC 80 90 80 90 dB
Channel Separation +1kHz to 20 kHz (in ref) -120 -120 dB
Output Source Current VINt =1V 20 40 20 40 mA
VIN-=0V
Output sink current 10 20 10 20 mA
Small signal bandwidth 2 2 MHz
Slew Rate Ay =1, -10<Vi<+10 1.2 1.2 V/us
Distortion (Crossover) f=20kHz, VO = 10Vpp 1 1 %
Power Bandwidth VO = 10Vpp 40 40 kHz
Power Supply Rejection Ratio 20 45 20 100 uv/v
ELECTRICAL CHARACTERISTICS GUARANTEED OVER TEMPERATURE
Range: RMB3503A: -550C to +1250C
RC3403A: 00C to +700C
RV3403A: -409°C to +85°C
RM3503A RC3403A RV3403A
PARAMETER MIN MAX MIN | MAX [ MIN MAX UNITS
Input Offset Voltage - 6.0 - 10.0 - 10.0 mV
Input Offset Current - 200 - 200 - 200 nA
Input Bias Current — -1500 - —SQQ - -1500 nA
Large Signal Voitage Gain 25 - 15 - 15 - V/mV
Output Voltage Swing +10 — +10 - £10 — \
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Total Quad Operational Amplifiers

—

3403A
3503A

LOW VOLTAGE ELECTRICAL CHARACTERISTICS (Vcc =+5V. VEE = GND, Ta = +250C

unless otherwise noted.)

RM3503A RC/RV3403A
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Rg =082 2.0 5.0 2.0 10 mV
Input Offset Current lin- = lint 30 50 30 50 nA
Input Bias Current lin- +lin+/2 -100 | -200 -100 | -200 nA
Large Signal Voltage Gain RL = 2KQ 20 200 20 200 V/mW
Power Supply Rejection Ratio 50 150 uv/v
Output Voltage Range! R = 10KQ 35 3.5 Vp-p
Power Supply Current R =0, all amplifiers 2.5 4.0 2.5 5.0 mA
Channel Separation 1KHz<f<.2MHz -120 -120 dB
(input referred)
10utput will swing to ground.
3403A TYPICAL APPLICATIONS
Il
i A 05,7 -15v
— 10k <2
(o MW
100k 2 12682
10ks2
Vi 100k
CURRENT OR v
VOLTAGE INPUT LM113
% 5.1k$2
RC3403A 01uF T 7 6
OPTO-ISOLATOR AL - 15kt RMA4151 6.8kS2
1262 VFC
A
OUTPUT - 5k @ SCALE .E
= FACTOR = I OWF
= 5.1k =
_15v “AAMN—8 +15V
*POLARITY DETERMINED BY DESIRED LED RESPONSE;
1.E., LED ON FOR DATA HIGH, OR LED HIGH FOR DATA LOW.
PRECISION POSITIVE-INPUT, ISOLATED OUTPUT
VOLTAGE FREQUENCY CONVERTER
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3403A
3503A Total Quad Operational Amplifiers

TYPICAL ELECTRICAL DATA
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High-Gain Operational Amplifier

4131

GENERAL DESCRIPTION

The RC4131/RM4131 are high performance, high gain, inter-
nally compensated operational amplifiers fabricated on a single
silicon chip using the planar epitaxial process.

Designed as a pin for pin replacement for the RM709, they are
also direct replacements for the 741 and LM107. Relative to
these latter units, the RC4131/RM4131 features four times the
slew rate, and % the power dissipation at £20V.

High common-mode and differential voltage range, very low
input bias current, optimum performance over a very wide
range of supply voltage, freedom from “latch-up,”” and opera-
tion over the full military temperature range from —55°C to
+125°C make the RM4131 ideal for use as a voltage follower,
comparator, integrator, and summing or general purpose feed-
back amplifier. The RC4131 operates over a temperature range
of 0°C to +70°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

® 50nA Maximum Input Bias Current

® 10nA Maximum Input Offset Current

® 2mV Maximum Input Offset Voltage

® 1.1mA Current Drain at 20V

® Offset Voltage Nulling (10kS2 pot.)

® 2.0V/us Slew Rate

® 4MHz Unity Gain Bandwidth

® 3dB Gain. Variation From =3V to £20V

® 88dB Minimum Gain *3V to +20V, -55°C to +125°C

—t

O
INPUTS j‘_\

+

OUTPUT
Vo

BALANCE $ i .

Vg-

CONNECTION INFORMATION

TE (TO-99) NB PIN FUNCTION
Metal Can Package Dual In-line Package
(Top View) (Top View) 1 BAL
2 -INPUT
3 +INPUT
1 ® 81 4 A
2 5 BAL
EM:] 6  OUTPUT
— 1 7 vt
4 5 8 NC

RM4131T, RC4131T RC4131NB

Order Part Nos.: Order Part Nos.:
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4131

High-Gain Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Differential Input Voltage
Input Voltage (Note 2)
Storage Temperature Range

Internal Power Dissipation (Note 1)

......... RM4131: £22V Operating Temperature Range
RC4131: £18V RM4131 .. ... o
.......... 500mwW RC4131 ... i
............... +30V Lead Temperature {Soldering, 60s)
............... +15V Output Short-Circuit Duration (Note 3) .
....... —65°C to +150°C

—55°C to +125°C
0°C to +70°C

300°C

ELECTRICAL CHARACTERISTICS "Vs 131"

+3V < Vg < 220V, —55°C < T < +125°C, unless otherwise specified.

RC4131: +3V < Vg < £15V, 0°C < Tp < +70°C, unless otherwise specified.
RM4131 RC4131
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX
Input Offset Voltage Rs < 10k2, T = +25°C 0.7 2.0 1.5 5.0 iy
Rg < 10kQ2 3.0 6.0
Input Offset Current Ta =+25°C 1.5 10 3.0 20 A
20 30
Input Bias Current Ta =+25°C 30 50 70 150 A
n
100 200
Input Resistance 2.2 35 0.7 3.0 MQ
Large-Signal Voltage Gain RL =>2kQ |Ta =+25°C 50 160 35 160 V/mV
m
(Note 4) 25 25
Output Voltage Swing RL > 10kQ 16 12 \
RM4131: Vg = £20V
RC4131: Vg = +16V RL > 2kQ 15 t v
Input Voltage Range RIVI4131.: Vs_= 20V +15 +11 v
RC4131: Vg = £15V
=~ - —
Common-Mods Rejection Rs < 10k§ 80 | 100 70 | 100 dB
atio
Bupply Voltage Rejection Rs < 10k 80 | 100 70 | 100 dB
Supply C t Ta =+25°C 1.1 1.6 1.3 1.9
upply Curren RL =0 |1A 5 mA
1.9
Average Temperature Coeffi-
cient of Input Offset Voltage 3.0 15 5.0 20 uvre
Average Temperature 25°C< T <125°C 0.01 0.1
Coefficient of Input _BE°C < < 98°
Offset Current 505 C<Tp< 205 Cc 0.02 0.2 WASC
25°C<Tp <70°C 0.01 0.1
0°C<Ta <25°C 0.02 0.2
Slew Rate (Unity Gain) RL = 2kQ 2.0 2.0 V/us
Bandwidth (Unity Gain) 4.0 4.0 MHz

nTra.
NU1CO:
a

1. Rating applies for case temperatures to +125°C; derate linearly at 6.5 mW/°C for ambient temperatures above +75°C.
2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.

3. Short circuit may be to ground or either supply. Rating applies to +125°C case temperature of +75°C ambient temperature.
4. RM4131: Vg =23.0V, V4 = £1.3V; Vg = 20V, V, = £15V. RC4131: Vg = +3V, V5 = +1.3V; Vg = +16V, V4 = 10V.
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High-Gain Operational Amplifier

TYPICAL ELECTRICAL DATA

SUPPLY CURRENT (mA) INPUT CURRENT (nA)

VOLTAGE GAIN (dB)

OUTPUT SWING (#V)

Input Current

+15Vi

10 T——»W -
OFFSET

~75 -50 -26 0 25 50 75 100 125

TEMPERATURE ('C)

Supply Current

p—
Ta - 125°C
1.0 i "
Ta - 26°C
Ta - -55°C
05
0
2 4 6 8 10 12 14 16 18 20
SUPPLY VOLTAGE (tV)
Open Loop
Frequency Response
120
100
N

80 \\
: N\
w AN
2 Ta 25°C N

) N

1 10100 1K 10K 100K 1M 10M

FREQUENCY (Hz)

Large Signal
Frequency Response

16 l
" |I T
Ta - 25°C
2 -
Vg = +15V
10
’ \
6
,, N
2 N N
-
10K 100K m

FREQUENCY (Hz)

INPUT BIAS CURRENT (nA}

POWER DISSIPATION (mW) INPUT VOLTAGE RANGE (+V)

VOLTAGE SWING (V)

Input Bias Current

80
70
60 —
Ta -55C T
50
40
30 7
Ta 25°C
20 | }
T 125°C
10 A
NEEE
2 4 6 8 10 12 14 16 18 20
SUPPLY VOLTAGE (V)
Input Voltage Range
16
12
8
4
0 4 8 12 16 20
SUPPLY VOLTAGE (+V)
Maximum Power Dissipation
600
500 <
NN
N
400 AN \
300
SN
200
N
100 METAL CAN
—  MOUNTED FLAT PACKAGE
(Note 1)
0 N
25 45 65 8 105 125
AMBIENT TEMPERATURE ('C)
Voitage Follower
Large Pulse Response
5 T T T
Vs = 216V
T, 25°C
4 RS ]
) \
OUTPUT
0
-2 \
-4
\r
-6 |—fINPUT
1
0 4 8 12 16
TIME (uS)

VOLTAGE GAIN (dB"

OUTPUT SWING (*V} QUTPUT SWING (:V}

VOLTAGE SWING (mV)

Voltage Gain

108

106 —

104

102

100

2 4 6 8 10 12 14 16 18 20

SUPPLY VOLTAGE (V|

Output Swing

16
14 / /
g4
12 ,/,
10 /
«

8 .
6
4
2

-556°C < Tp < 125°C
0

4 8 12 16 20

SUPPLY VOLTAGE (V)

Current Limiting

15 T
‘\ Vg 15V
10 A
Ta 25C
Ta 125°C
5
0

0 5 10 15 20 25 30

QUTPUT CURRENT (tmA}

Voltage Follower
Small Pulse Response

125 l
100 N T

0% - 10%
1 Vg - +15V
75 S
Ta=25C
Ry - 2K
50
25
10%) &9 %
0 1
bt =k tg L_

1 1
0 100 200 300 400 500

TIME (nS)
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4131

High-Gain Operational Amplifiers

TYPICAL APPLICATIONS

Low Drift Sample and Hold

Pin 0

SWITCH .
—O Eout
_./‘i —
0.1uF
SAMPLE Polycarbonate
COMMAND

=15V O

High Impedance Bridge Amplifier

100k

v-& ADJUST

Logarithmic Amplifier

Voltage Offset Null Circuit

33k 4

2N2218
or equiv.

—OVout

Vout = K1 In (K2 Vin)

OFFSET
ADJUST
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Micropower Operational Amplifier

4132

DESIGN FEATURES

® 10 nA Maximum Input Bias Current

® 2 nA Maximum Input Offset Current

® 3 mV Maximum Input Offset Voltage

® 35 uA Maximum Current Drain at £20V

GENERAL DESCRIPTION

The RM4132/RC4132 are high performance, high gain, micro-
power, internally compensated operational amplifiers fabri-
cated on a single silicon chip using the planar epitaxial process.

Designed for applications where power supply current is at a
premium (such as in battery operated equipments), 4132
characteristics are very similar to those of the Raytheon 4131
general purpose operational amplifier.

SCHEMATIC DIAGRAM

20 MS2 Input Impedance

+10V Min Into a 5 K2 Load

3 dB Gain Variation from *3V to +20V

94 dB Minimum Gain +3V to ¥20V, -55°C to +125°C

The RM4132 is pin compatible with the 709, 741, and 4131,
and features high common mode and differential voltage range,
20 M2 input impedance, optimum performance over a wide
range of supply voltages, freedom from latch-up, and opera-
tion over the full military temperature range. The RC4132
operates over the commercial range of 0°C to +70°C.

Py

B
w

Y
]

INPUTS

=

|
-0 OUTPUT

Order Part Nos.:
RM4132T, RC4132T

—
\Lr}
o % oV~
O BALANCE (L
CONNECTION INFORMATION
TE (TO-99) NB
Metal Can Package Dual In-line Package
(Top View) (Top View)
PIN FUNCTION
) 1 BAL
O 8] 2 -INPUT
2 13 3 +INPUT
3-—L|b-s:| 4 V-
5 BAL
= i) 6  OUTPUT
7 vt
Order Part Nos.: 8 NC

RC4132NB, RM4132DE,
RC4132DE




4132

Micropower Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. . . .. oo e RM4132: +22V
RC4132: £18V
Internal Power Dissipation (Note 1) . . . ... . i i e e et et e 500 mW
Differential Input Voltage. . . . . .. ..ottt e e e +30V
Input Voltage (NOte 2). . . .. ottt it et e e e et e e e et e e e e e e e +15V
Storage Temperature Range. . . . . . v oo vt e e et e e e e e e e -65°C to +150°C
Operating Temperature Range
RMAT132 L -65°C to +125°C
RCAT32. o et 0°C to +70°C
Lead Temperature (Soldering, 605) . . . . . . o oo vt 300°C
Output Short-Circuit Duration (Note 3). . . . . . . ..o i e et e e et et Indefinite
ELECTRICAL CHARACTERISTICS (:3v <vg <20V, RM4132: -55°C <T, <+125°C; RC4132: 0°C
<TA < +70°C Unless otherwise specified)
RM4132 RC4132 U
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX NITS
Input Offset Voltage Rg<10k2 25°C 0.7 3.0 1.5 5.0 mV
4.0 6.0
Input Offset Current 25°C 0.3 2.0 1.0 5.0 nA
4.0 7.5
Input Bias Current 25°C 4.0 10 10 25 nA
20 35
Input Resistance 25°C 20 10 MQ
Large-Signal Voltage Gain RL = 5 k§2, Note 4 50 160 50 160 V/mV
Output Voltage Swing RL=10K +12 +14 +12 +14 \Y
Vg =115V
RL=5K +10 | 213 +10 | 213 v
Input Voltage Range Vg =+20V +15 +15 \
Common Mode Rejection Ratio Rg <10 k2 80 94 70 90 dB
Supply Voltage Rejection Ratio Rg<10kQ 80 94 70 90 dB
Supply Current Ta=25°C 45 50 HA
Average Temperature
Coefficient of Input R
Offset Voltage 3.0 15 3.0 20 uVv/°C
Average Temperature 25°C< Tp < 125°C 2 20 pA/°C
Coefficient of Input ° ° o
Offset Current -55°C<Ta<25°C 4 40 pA/°C
25°C<Tp<70°C 4 40 pA/°C
0°C<Ta<25°C 10 100 | pA/°C
Slew Rate (unity gain) 25°C, R =5K 0.13 0.13 V/us
Bandwidth (unity gain) 25°C, R =5K 150 150 kHz

NOTES:

. Rating applies for case temperatures to 125°C; derate linearly at 6.5 mW/°C for ambient temperatures above +75°C.

. For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.

. Short-circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature.
. VouT = guaranteed minimum output swing.
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Micropower Operational Amplifier

4132

TYPICAL ELECTRICAL DATA
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4132 Micropower Operational Amplifier
TYPICAL APPLICATIONS

Inverting Amplifier Difference Amplifier
. R2
R2
W\' AM
R1 2 R1 )
VIN—AAA Vi—My - 6
— VouT , 4132 —VouT
" V2 L TReR) R R
TR VN R3 R4 0UT = [R3+Ra | R V2 RT VI
— Rin = R1 FOR R1=R3 AND R2 = R4
— vout = B2 wa-vy)
- R1/R2 = R3/R4

FOR MINIMUM OFFSET ERROR

. . . DUE TO INPUT BIAS CURRENT
Inverting Summing Amplifier

Vi -—Mr-‘%

R1 R4 Non-Inverting Amplifier
V) —\N\—¢

R2 R1 R2
V3 —VouT

R3

R5 Vi =_R4 I,Vi L Y2, V3
out T HSJ

R5 = R1/R2/R3/R4

FOR MINIMUM OFFSET EKROR
DUE TO INPUT BIAS CURRENT

Amplifier for Piezoelectric Transducers Capacitance Multiplier

—0UTPUT
R2
b 10M

TRANSDUCER

1l
-]
]
. -
F
:
.
z
x
z

Temperature Probe

T ReT

= R1 R4 50K
1K PROBE 931 5
Voo i% -
Lﬁmzm a3 >4
3

+
R2 R3* R5
12K 250K ??]‘3'( *Set for OV at 0°C
_15v  § o tAdjust for 100 mV/°C

178



Quad 741 General Purpose Operational Amplifier 4136

GENERAL DESCRIPTION DESIGN FEATURES

The RM4136 and RC4136 include four independent high gain ® Unity Gain Bandwidth, 3MHz

operational amplifiers internally compensated and constructed ® Short-Circuit Protection

on asingle silicon chip using the planar epitaxial processes. ® No Frequency Compensation Required

These amplifiers meet or exceed all specifications for 741 ® No Latch-up

type amplifiers. Excellent channel separation allows the use of ® Large Common Mode and Differential Voltage Ranges
the 4136 quad amplifier in all 741 operational amplifier ap- ® Low Power Consumption

plications providing the highest possible packaging density. ® Parameter Tracking Over Temperature Range

The specially designed low noise input transistors allow the ® Gain and Phase Match Between Amplifiers

4136 to be used in low noise signal processing applications
such as audio preamplifiers and signal conditioners.

SCHEMATIC DIAGRAM (1/4 Shown)

o
T

INPUTS
O-

OUTPUT
v o 1 { | %
CONNECTION INFORMATION
cJ DC and DB
Flatpak Dual In-line Packages
(Top View) PIN  FUNCTION
1 -INPUT (A)
E: 1 14 2 +INPUT (A)
C - — 3 OUTPUT (A)
T ' " = —_ | 4 OUTPUT (B) ‘
| 2 13 5  +INPUT (B) j
———33 /s N
(. ] 6  -INPUT (B) ‘
34 Nge—> 3 12
JE— 7 -Vee ‘
s = [y ] 8 -|NPUT((:) ;
s 7 8 9 +INPUT (C ‘
foe AL ] CIs A 0 :| 10  OUTPUT (C)
1 +Vee
: 3 9 ] 12 OUTPUT (D)
13 +INPUT (D)
(- 8 1 14 -INPUT (D)

Order Part No.:
RM4136CJ

Order Part Nos.:
RM4136DC, RV4136DB,
RC4136DB, RC4136DC

RV4136DC,




4136

Quad 741 General Purpose Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . .. ...... ... .. RM4136: 22V Storage Temperature Range . ......... -650C to +1500C
RV4136, RC4136: +18V  Operating Temperature Range .. RM4136: -550C to +1250C
Internal Power Dissipation (Note 1) . .......... 800mW RC4136: 00C to +700C
Differential Input Voltage . .................. . +30V RV4136: -400C to +850C
Input Voltage (Note 2) . ............ . ....... +15V  Lead Temperature (Soldering, 60s) . ........... 3000C
Output Short-Circuit Duration (Note 3) .. ... .. Indefinite
ELECTRICAL CHARACTERISTICS (Vcc=+£15V, Ta = +250C unless otherwise noted.)
RM4136 RV4136, RC4136
PARAMETER CONDITIONS MIN P MAX Y P VIAX UNITS
" Input Offset Voltage Rg < 10 k2 0.5 4.0 0.5 * 6.0 mV
Input Offset Current 5.0 150 5.0 * 200 nA
Input Bias Current 40 400 40 * 500 nA
Input Resistance 0.3 5.0 0.3 5.0 M
Large-Signal Voltage Gain Ry =2k N
Vout = £10V 50,000 | 300,000 20,000 | 300,000 VIV
Output Voltage Swing RL =10k +12 14 * £12 +14 Y
RL>2kQ +10 +13 + £10 +13 . v
Input Voltage Range +12 14 * +12 +14 \Y
Common Mode Rejection Ratio Rg < 10 k&2 70 100 * 70 100 dB
Supply Voltage Rejection Ratio Rg< 10 kQ2 10 150 10 * 150 uVv/vV
Power Consumption RL= <0, All Outputs 210 340 210 * 340 mwW
Transient Response Vin =20 mV
(unity gain) RL=2k§2
CL < 100 pF
Risetime 0.13 0.13 us
Overshoot 5.0 5.0 %
Unity Gain Bandwidth 3.0 3.0 MHz
Slew Rate (unity gain) RL=2kQ 1.5 1.0 V/us
Channel Separation f=10kHz
(Gain = 100) Rg =1k 90 90 dB
The following specifications apply for -650C < T < +1250C for RM4136; 00C < T < +700C for RC4136.
Input Offset Voltage Rs <10 k2 6.0 * 75 mV
Input Offset Current * 500 300 nA
Input Bias Current * 1500 800 nA
Large-Signal Voltage Gain RL=2kQ N
Vout = £10V 25,000 15,000 VIV
Output Voltage Swing RL=2kQ +10 * 10 \Y
Power Consumption Ta = High 180 300 180 * 300 mW
Ta = Low 240 400 240 * 400 mW

* =RV limits

NOTES:

1. Rating applies for case temperature to +25°C; derate linearly at 6.4 mW/OC for ambient temperatures above +250C.
2. For supply voltages less than + 15V the absolute maximum input voltage is equal to the supply voltage.
3. Short-circuit may be to ground or one amplifier only. Icc = 45mA (typical).
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Quad 741 General Purpose Operational Amplifier

TYPICAL ELECTRICAL DATA
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TYPICAL ELECTRICAL DATA

Quad 741 General Purpose Operational Amplifier

Input Noise Voltage
as a Function of Frequency
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ELECTRICAL CHARACTERISTICS COMPARISON (vcc = 15V, Tp = +250C)
PARAMETER RC4136 (typ) RC741 (typ) LM324 (typ) UNIT
Input Offset Voltage 0.5 2.0 2 mV
Input Offset Current 5 10 5 nA
Input Bias Current 40 80 55 nA
Input Resistance 5 2 MQ
Large-Signal Voltage Gain 300,000 200,000 100,000 V/V
(RL=2kQ)
Output Voltage Swing +13V +13V #Vee - 1.2V v
(RL=2k8) to -Vce
Input Voltage Range +14V +13V [+Vce - 1.5V v
to -Vce
Common-Mode Rejection Ratio 100 90 85 dB
Supply Voltage Rejection Ratio 10 30 10 uv/v
Transient Response
(gain = 1) Risetime 0.13 0.3 us
Overshoot 5 5 %
Unity-Gain Bandwidth 3 08 0.8 MHz
Unity-Gain Slew Rate 1.0 0.5 V/us
Input Noise Voltage 10 225 nV/a/Hz
(fo = 1 kHz)
Output Short-Circuit Current +45 +25 mA
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4136 vs. 741

Although the 324 is an excellent device for single-supply ap- The simplified input circuit of the 4136 exhibits much lower
plications where ground-sensing is important, it is a poor sub- noise than that of the 324 and exhibits no crossover distortion
stitute for four 741’s in split-supply circuits. as compared with the 324 (see illustration). The 324 shows

serious crossover distortion and pulse delay in attempting to
handle a large-signal input pulse.

4136 324
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Quad 741 General Purpose Operational Amplifier

4136 TYPICAL APPLICATIONS

Stereo Tone Control
EIHA EIHB

Vee = 15V

5K 50K 6K 2'2“FT —=224F 5K 50K 5K
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N 1.67K + I
= 10K =
- 50K 50K =
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10K
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c1
— —O QUTPUT 0.014F 01 uF
THRESHOLD H
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10M
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q ) COSINE
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4136 TYPICAL APPLICATIONS

4136

Voltage Follower

Lamp Driver
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4136 TYPICAL APPLICATIONS

General Purpose Operational Amplifier

Notch Filter Using the 4136 as a Gyrator
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4136 TYPICAL APPLICATIONS

Analog Multiplier/Divider 15V
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4156 Quad High Performance Operational Amplifier

DESCRIPTION FEATURES
The RM4156/RCA4156 is a monolithic integrated circuit, Typical Guaranteed
] o T PTIT SRT o Uniy G B 25 MHe 28 W
P P priaxial Process:- ¢ High Slew Rate 1.6V/uS  1.3V/uS
. Noise Volt: 1.4 2.0uV
These amplifiers feature guaranteed A.C. performance which Low Noise Voltage o HYRMS
far exceeds tt‘1at of the 741 .ty.pe amplifiers. Also featurfad e Indefinite Short Circuit Protection
are excellent input characteristics and guaranteed low noise . .
. . . . N N ® No Crossover Distortion
making this device the optimum choice for audio, active R
. R X Lo ® Low Input Offset and Bias Parameters
filter and instrumentation applications. .
® Internal Compensation
SCHEMATIC DIAGRAM (1/4 Shown)
O+Vee
R1
4900
m w 1
rl l N
Vin O
Q12 Q16
RS F1
30K :'E‘IX’T je.
D2
B
c1
a7 o 15pF
06
a8 Qa9 J/(HI ity
R3 R4 I* R2 01
18K 22K 10K
-O-Vee
CONNECTION INFORMATION
D RB ?nle ck
ual b ling o 9% PIN  FUNCTION
[ ] 1 OUTPUTA
E E 2 -VIN A
z); Hal 2 wina
4 V+
E — E 5 +Vin B
+ + 6 -V|\B
r_d E 7 ouTPUTR
+ ¥ 8  OUTPUTC
Order Part Nos. |__5' E 190 ;\\’/IN c
RM4156DC, RV4156DB, % 1) 1 uNe
RV4156DC, RC4156DC, - - 12 +\; D
RC4156DB @ 8] 13 VD
14 OUTPUT D
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Quad High Performance Operational Amplifier 4156
ABSOLUTE MAXIMUM RATINGS

Supply Voltage . . . . . . . . . . . . *20v Storage Temperature Range . . . . . -65to+150°C
Internal Power Dissipation (Note 1) . . . . 880mW Operating Temperature Range RM4156  -55 to +125°C
Differential Input Voltage . . . . . . . . 30V RV4156 -40to +85°C
Input Voltage (Note2) . . . . . . . . . %15V RC4156 O0to +70°C
Output Short Circuit Duration (Note 3) . . . Indefinite Lead Soldering Temperature (60sec) . . . . . 300°C

ELECTRICAL CHARACTERISTICS VCC 15V TA +25°C unless otherwise specified

RM4156 RV4156/RC4156
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS

Input Offset Voltage Rg < 10 KQ 0.5 3.0 1.0 50 | mV
Input Offset Current 15 30 30 50 nA
Input Bias Current 60 200 60 300 nA
Input Resistance 05 0.5 MQ
Large Signal Voltage Gain Ry =2 KQVqy £10V | 50,000 | 100,000 25,000 | 100,000 V/V
Output Voltage Swing R = 10KQ +12 +14 +12 14

RL>2KQ £10 +13 +10 +13 Vv
Input Voltage Range +12 +14 +12 +14 \
Output Resistance 230 230 Q
Output Short Circuit Current 25 25 mA
Common Mode Rejection Ratio RS <10KQ 80 80 dB
Power Supply Rejection Ratio RS< 10 K2 80 80 dB
Supply Current (all amplifiers) RL = oo 4.5 5.0 5.0 7.0 mA
Transient Response

Rise Time 50 75 ns

Overshoot 25% 25% %

Slew Rate 1.3 1.6 1.3 1.6 Vius
Unity Gain Bandwidth 2.8 35 2.8 3.5 MHz
Phase Margin R = 2KQ Rg= 50 pF 50 50 degrees
Full Power Bandwidth VO = 20V p-p 20 25 20 25 kHz
Input Noise Voltage f = 20 Hz to 20 kHz 14 2.0 14 2.0 MV RMS
Input Noise Current f = 20 Hzto 20 kHz 15 15 pA RMS
Channel Separation -108 -108 dB
The following specifications apply for -55°C < Ta < +125°C for RM4156, -40°C <TA < +85°C for RV4156,

0°C < T, <+70°C for RC4156.
Input Offset Voltage Rg <10KQ 5.0 6.5 mV
Input Offset Current 75 100 | nA
Input Bias Current 325 400 | nA
Large Signal Voltage Gain RL22 KQ VOUT +10V| 25,000 15,000 VIV
Output Voltage Swing RL >2KQ +10 10 v
Supply Current 10 10 mA
Average Offset Voltage Drift 5 5 uv/°c

O . . o o
Notes: 1. Rating applies for case temperature of +25 C maximum; derate linearity at 6.4 mW/ C for temperatures above +25 C.
2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short circuit to ground on one amplifier only.
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TYPICAL PERFORMANCE DATA
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4156 Quad High Performance Operational Amplifier
AVAILABLE TYPES HIGH RELIABILITY OPTIONS
Part Number Package Operating Temperature Part Type Added Screening Order Part No.
RM4156DC .Ceramic -55 to +125°C RM4156DC| With MIL-STD-883 RM4156DC3
RV4156DB Plastic -40 to +85°C Class B processing
. O
RV4186DC |  Ceramic 4010 +85°C RV4156DC | With A+3 processing® | RV4156DC3
RC4156DC Ceramic 0 to +70°C RC4156DC | including burn-in and RC4156DC3
RC4156DB Plastic 0 to +70°C tightened AQL
RV4156DB | With A+2 processing™ RV4156DB2
RC4156DB | including “Hot Rail” RC4156DB2
testing, burn-in, temp
cycle and tightened
AQL
With A+1 processing™ RV4156DB1
including ““Hot Rail” RC4156DB1
testing, temp cycle
and tightened AQL
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Quad High Performance Operational Amplifier

4156

APPLICATIONS

The 4156 Quad Operational Amplifier can be used in almost
any 741 application and will provide superior performance.
The higher unity-gain bandwidth and slew rate make it ideal
for applications requiring good frequency response, such
as. active filter circuits, oscillators and audio amplifiers.

The following applications have been selected to illustrate
the advantages of using the Raytheon 4156 Quad Operational
Amplifier.

VERSATILE TRIANGLE-AND-SQUARE WAVE
GENERATOR

This circuit generates a precise triangle-wave with inde-
pendently adjustable frequency, offset, and amplitude. A
square-wave is also available from a separate output. The
circuit exhibits excellent stability in both amplitude and
frequency when using the 4156 quad op amp. See Figure 1.

Y-
(——-SQUARE WAVE N
oUTPUT
Er

Ry
——
AMPLITUDE
——
Rg ¥ N JRousT
4 N 1/4 RC4156 +5v

)
RC4156

A4 Vq
TRIANGLE

WAVE
OUTPUT

Figure 1. Triangle-and-Square Wave Generator

Amplifier A1 acts as a comparator and will swing between
the positive and negative limits, typically +14V and -13.5V.
The square-wave from amplifier A1 is converted to a
triangle-wave by amplifier A2. Amplitude of V2 is adjusted
by varying R1. For best operation, it is recommended that
R1 and VR be set to obtain a triangle-wave at V2 with
112V amplitude. This will then allow A3 and A4 to be
used for independent adjustment of output-offset and
amplitude over a wide range.

The output frequency can be easily calculated. The switching
transitions occur at:

iR, Vot RaRs Vin - Vv
R{+Ry V2 ¥ Ri+R, ViH 7 VR

where V14 is the positive saturation level and V1 is
the negative saturation level. For a £12V triangle-wave
at output of A2, VR will need to be approximately 0.12V
and Ra/Rq = 1.87.

Amplifiers A3 and A4 are used to independently adjust
output offset and amplitude. The output V4 will be:

Vg = -— Vy+ Vy
R3

An asymmetric triangle-wave is needed in some applications.
Adding diodes as shown by the dashed lines is a way to vary
the positive and negative slopes independently.

Frequency range can be very wide and the circuit will
function very well up to about 10 kHz. Transition time
for the square-wave at V1 is less than 21 usec when
using the 4156.

ACTIVE FILTERS

The introduction of low-cost quad op amps has had a
strong impact on active filter design. The complex multiple-
feedback, single~-op-amp filter circuits have been rendered
obsolete for most applications. State-variable active-filter
circuits using three to four op amps per section offer many
advantages over the single-op-amp circuits. They are rela-
tively insensitive to the passive-component tolerances and
variations. The Q, gain, and natural frequency can be
independently adjusted. Hybrid construction is very prac-
tical because resistor and capacitor values are relatively
low and the filter parameters are determined by resistance
ratios rather than by single resistors. A generalized circuit
diagram of the 2-pole state-variable active filter is shown in
Figure 2. The particular input connections and component-
values can be calculated for specific applications. An
important feature of the state-variable filter is that it can
be inverting or noninverting and can simultaneously provide
three outputs: lowpass, bandpass, and highpass. A notch
filter can be realized by adding one summing op amp.

RN Ry
10K

Il G
" i
1000 pF

1000 pF

[ 1/4 RCA156 1/4 RC4156 1/4 RCA156
v Ry Rg
N 100K
fr OVip 6 Vgp Ovip
- HIGHPASS BANOPASS LOWPASS
- OUTPUT OUTPUT ouTPUT

* INPUT CONNECTIONS ARE CHOSEN FOR INVERTING OR NON-INVERTING RESPONSE
VALUES OF fig, R, Ry DETERMINE GAIN AND 0.
** VALUES OF Ry AND Ry DETERMINE NATURAL FREQUENCY.

Figure 2. Generalized State-Variable Configuration
for Active Filter
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Quad High Performance Operational Amplifier

The Raytheon 4156 was designed and characterized for
use in active filter circuits. Frequency response is fully
specified with minimum values for unity-gain bandwidth,
slew-rate, and full-power response. Maximum noise is
specified. Output swing is excellent with no distortion
or clipping." The Raytheon 4156 provides full, undistorted
response up to 20 kHz and is ideal for use in high-
performance audio and telecommunication equipment.

In the state-variable filter circuit, one amplifier performs a
summing function and the other two act as integrators. The
choice of passive component values is arbitrary, but must
be consistent with the amplifier operating range and input
signal characteristics. The values shown for C1, C2, R4, R5
and R6 are arbitrary. Pre-selecting their values will simplify
the filter tuning procedures, but other values can be used if
necessary.

The generalized transfer function for the state-variable
active filter is:

s2

a
T(s) =

2
+
s bls + b0

+als+a

2 0

Filter response is conventionally described in terms of a
natural frequency Wy in radians/sec, and Q, the quality

The input configuration determines the polarity (inverting
or noninverting), and the output selection determines the
type of filter response (lowpass, bandpass, or highpass).

SET CENTER FREQUENCY
A

c
1000 pF
Ry

1000 pF

N +
1/4 RC4156| 1/4 RCA4156

O vgp

Figure 3. Bandpass Active Filter

Notch and all-pass configurations can be implemented by
adding another summing amplifier.

Bandpass filters are of particular importance in audio and
telecommunication equipment. A design approach to band-
pass filters will be shown as an example of the state-variable
configuration.

DESIGN EXAMPLE — BANDPASS FILTER

of the complex pole pair. The filter parameters w, and Q
relate to the coefficients in T(s) as: In this example, the input signal is applied through R3 to
the inverting input of the summing amplifier and the output
w, is taken from the first integrator (Vgp). The summing
w, = ‘, b, and Q =— amplifier will maintain equal voltage at the inverting and
b . Lo )
1 noninverting inputs, (see equation below).
R3Rg R3R, R4Rg
[, _ _ R
R3+R5 R3+R4 R4+Ft5 7
Vipls) + Vi pls) + - Vigls) = A Vgels)
R,R R,R 4 +Ry
R4 + 3''5 R5 " 34 i R3 " 5 6
R3+R5 R3+R4 R4+R5
These equations can be combined to obtain the transfer
function:
1 1
Vgpls) = - Viypls) and V o(s) = Vgpls)
‘R,C,8 R,C,S
—_— s
Vgpls) ) R; R,C,
Vinls) .2 Ry ( Ry Ry ) 1 Ra 1
s© o+ 1T+—+— s +
R¢*R; \ Rg Rs R,Cy Rs R,C4R,C,
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4156

Defining 1/R1Cq as w1, 1/R2C3 as %5, and substituting
in the assigned values for Rg, Rg, and Rg, then the transfer
function simplifies to:

Vepls)

4
Vin(s) 10
0.1

—_— OJI(:.)2

This is now in a convenient form to look at the center-
frequency wq and filter Q.

10°
- 1’ 1 +—
w, = 0.1 w, W, R
and @ = |—2—|w
P 10%
=10 \/0.1 R(R, 1
3

The frequency response for various values of Q are shown
in Figure 4.

0 L+ 13
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10 - ™~ M 0-05
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2 1 \\ ™~ ™ L‘Js
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0 1 A N NN b
g VR
(1 st ™~ T
T Vee T R TG Suy il
50 Vin N1 2 o 0-50
[‘- (0> :| . (u “'0> Sl
-60

3 4 5 6788910

&

Figure 4. Bandpass Transfer Characteristics Normalized
for Unity Gain and Frequency

These equations suggest a tuning sequence where wy is first
trimmed via Ry or Rp, then Q is trimmed by varying Ry
and/or R3. An important advantage of the state-variable
bandpass filter is that Q can be varied without affecting
center frequency wg.

This analysis has assumed ideal op amps operating within
their linear range, which is a valid design approach for a
reasonable range of wg and Q. At extremes of wg and at
high values of Q, the op amp parameters become significant.
A rigorous analysis is very complex, but some factors are
particularly important in designing active filters:

1. The passive component values should be chosen such
that all op amps are operating within their linear region
for the anticipated range of input signals. Slew rate,
output current rating, and common-mode input range
must be considered. For the integrators, the current
through the feedback capacitor (I = C dV/dt) should
be included in the output current computations.

2. From the equation for Q, it would seem that infinite Q
could be obtained by making R7 zero. But as Ry is made
small, the Q becomes limited by the op amp gain at the
frequency of interest. The effective closed-loop gain is
being increased directly as Ry is made smaller, and the
ratio of open-loop gain to closed-loop gain is becoming
less. The gain and phase error of the filter at high Q is
very dependent on the op-amp open-loop gain at wg.

3. The attenuation at extremes of frequency is limited by
the op amp gain and unity-gain bandwidth. For inte-
grators, the finite open-loop op-amp gain limits the
accuracy at the low-end. The open-loop roll-off of gain
limits the filter attenuation at high frequency.

The Raytheon 4156 Quad Operational Amplifier has much
better frequency response than a conventional 741 circuit
and is ideal for active filter use. Natural frequencies of up
to 10 kHz are readily achieved and up to 20 kHz is practical
for some configurations. Q can range up to 50 with very
good accuracy and up to 500 with reasonable response.
The extra gain of the 4156 at high frequencies gives the
Raytheon quad op amp an extra margin of performance
in active-filter circuits.
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Quad High Speed Decompensated

4157

Operational Amplifier

DESCRIPTION

The RM4157/RC4157 is a monolithic integrated circuit,
consisting of four independent high performance operational
amplifiers constructed with the planar epitaxial process.

These amplifiers feature guaranteed A.C. performance which
far exceeds that of the LM149 type amplifiers. Also featured
are excellent input characteristics and guaranteed low noise
making this device the optimum choice for audio, active
filter and instrumentation applications.

SCHEMATIC DIAGRAM (1/4 Shown)

FEATURES

) Typical  Guaranteed
e Gain Bandwidth Product e%ﬁ@ 5 19MHz  15MHz
High Slew Rate (A,=5) * 8 6.5V /us
Low Noise Voltage S 1.4uv 2.0uVRMS

Indefinite Short Circi

R1
4900

I]Z/{

Yin O

Vin O—Ku—a_ s

Oout
| F
a7
8 ag
R3 D1
18K
O-Vee
CONNECTION INFORMA@N )
DB and DC Pi Minimum Gain Configurations
Dual In-line Packages
op View)
ol
5R 4R
& T Viy—
IN Y Vi 4R
0 Vv
E + R 0
4 ¢ L =
E . i .VL.JTP'Z_JTC Minimum Gain Unity Gain | M
l 5 hl 10 ;VlN (é for Stable Operation nity Gain Inverter
IN The 4157 is an uncompensated
E " V- version of the 4156. The charac-
2 +Vin D Order Part Nos.: teristics are the same except the
m 13 -V|n D RM4157DC, RV4157DB, 4157 has wider bandwidths. As a
RV4157DC, RC4157DC, result the part requires a minimum
14 OUTPUTD  pcqq57p8 gain of 5,




Quad High Speed Decompensated
Operational Amplifier 4157

ABSOLUTE MAXIMUM RATINGS Quad Wide Band Decompensated (Ay ., = 5) Operational Amplifier

Supply Voltage . . . . .. . . fTaov Storage Temperature Range . . . . -65 to +150°C
Internal Power Dissipation (Note 1) .. . . 8sOomw Operating Temperature Range RM4157 -55 to +125°C
Differential Input Voltage . . . . . . . . *30V 4 RV4157  -40to +85°C

Input Voltage (Note 2) . . . . . ... %18V RC4157 0to +70°C
Output Short Circuit Duration (Note 3) .. . Indefinite Lead Solderlng Temperature (6 . 300°C
ELECTRICAL CHARACTERISTICS v +15V Ty +25°C unless otherwi i
RM4157 ) RV4157/RC4157 ’
PARAMETER CONDITIONS MIN TYP MAX | UNITS
|
Input Offset Voltage Rg <10KQ 0.5 50 | mV i
Input Offset Current 50 | nA ‘
Input Bias Current 300 nA
Input Resistance 0.5 MQ
Large Signal Voltage Gain RL =2 KQVOUT ti0v 100,000 VIV
Output Voltage Swing R Z10KQ +14 Vv
R Z2KQ +13
Input Voltage Range +14 Vv
Output Resistance 230 Q
Output Short Circuit Current 25 mA
Common Mode Rejection Ratio RS< 10 KQ 80 dB
Power Supply Rejection Ratio Rg <10KQ 80 dB
Supply Current (all amplifiers) R =00 5 5.0 5.0 7.0 mA
Transient Response
Rise Time Ay=5 50 60 ns
Overshoot Ay=5 25% 25% %
Slew Rate Ay=5 8 6.5 8 Vius
Gain Bandwidth Product 15 19 15 19 MHz
Phase Margin (Ay =5) 50 50 degrees
Full Power Bandwidth 100 125 100 125 kHz
Input Noise Voltage 14 2.0 14 2.0 uv RMS
Input Noise Current 15 15 pA RMS
Channel Separation -108 -108 dB f.
The following specificati STy < +125°C for RM4157, -40°C < T, <+85°C for RV4157, '
< T, <+70°C for RC4157. i‘%
Input Offset Voltage e <10 K 5.0 65 | mV X
Input Offset Curre 75 100 | nA ,
Input Bias Curre 325 400 nA ‘
Large Signal Voltage G‘éﬁ RL>2 KQ Vgyr +10V| 25,000 15,000 VIV ‘
Output Voltage Swing RL Z2KQ +10 +10 v |
Supply Current 10 10 mA i
Average Offset Voltage Drift 5 5 uv/°c :

. . o
Notes: 1. Rating applies for case temperature of +25°C maximum; derate linearity at 6.4 mWIOC for temperatures above +25 C.
2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short circuit to ground on one amplifier only.
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4531 High Slew Rate Operational Amplifier

GENERAL DESCRIPTION

The RM4531 and RC4531 are high slew rate operational amp-
lifiers intended for applications requiring slew rates up to 30V/
us while keeping the DC performance of the 741.

The RMA4531 military version operates over a temperature
range from —55°C to +125°C. The RC4531 operates from 0°C
to +70°C.

High slew rates are achieved through use of an improved input
stage which tends to retain small signal characteristics when
subjected to large differential input signals. Advanced integrated
circuit layout techniques are used to eliminate thermal feed-
back. The RM4531 and RC4531 feature offset null capability,
high gain, and each can be compensated with an external 100pF
capacitor connected between the output and compensation
terminals.

SCHEMATIC DIAGRAM

DESIGN FEATURES

Slew Rate 35V/us

Small Signal Bandwidth TMHz

Large Signal Bandwidth 500kHz

Supply Voltage 6V to £18V

Pin-for-Pin Replacement for 709, LM101A, 741
Low Drift Offset-Null Circuitry

Compensated with Single Capacitor
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High Slew Rate Operational Amplifier

4531

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

RM4531: +22V

Operating Temperature Range

RC4531: £18V RM4531 .. ... ... -550C to +1250C
Internal Power Dissipation (Note 1) . ........ 500mwW RC4531 ... ... . i 00C to +700C
Differential Input Voltage . ................ +15V Lead Temperature (Soldering, 60s) .......... 3000C
Input Voltage (Note 2) . ............ -12.5V, +15V Output Short-Circuit Duration (Note 3) .. ... Indefinite
Storage Temperature Range . ....... -650C to +1500C
ELECTRICAL CHARACTERISTICS (vg=%15V, Ta = 250C unless otherwise specified)
RM4531 RC4531
PARAMETER CONDITIONS VIN T TYP TMAX T WMiN T TYpP TMAX | UNITS
Input Offset Voltage Rg < 10k$2 2.0 5.0 2.0 6.0 mV
Input Offset Current 30 200 50 200 nA
Input Bias Current 300 500 400 1500 nA
Input Resistance 0.3 20 0.3 20 M
Large-Signal Voltage Gain Rs = 2k€2, Vout = £10V 50,000 {100,000 20,000 | 60,000 V/V
Input Votlage Range (Note 2) +10 +10 \%
Common Mode Rejection Ratio | Rg <X 10k{2 70 100 70 100 dB
Supply Voltage Rejection Ratio | Rg < 10k2 10 150 10 150 uv/v
Output Resistance 75 75 Q
Supply Current 5.5 7.0 5.5 10 mA
Power Consumption 165 210 165 300 mW
Setting Time, 1% Ay =+1, V|N = 210V 1.6 1.5 us
Setting Time, .01% Ay =+1, VN = £10V 2.5 25 us
Large Signal Overshoot Ay =+1, VN = 210V 2.0 2.0 %
Small Signal Risetime Ay =+1, VN = 400mV 300 300 ns
Small Signal Overshoot Ay = +1, V|N = 400mV 5.0 5.0 %
Slew Rate Ay =100 35 35 V/us
Ay =10 35 35 V/us
Ay = 1 (non-inv.) 30 30 V/us
Ay =1 (inv.) 35 35 V/us
The following specifications apply for -550C < T << +1250C for RM4531; 00C < Tp < +700C for RC4531.
Input Offset Voltage Rg < 10kQ2 6.0 7.5 mV
Input Offset Current TA=Tmin 500 300 nA
TA = Tmax 200 200 nA
Input Bias Current TA=Tmin 1.5 2.0 MA
TA = Tmax 0.5 1.5 uA
Large-Signal Voltage Gain RL =2k, Voyt = 210V 25,000 15,000
Output Voltage Swing RL =2k £10 +13 +10 +13 \Y
Common Mode Rejection Ratio | Rg < 10k{2 70 90 dB
Supply Voltage Rejection Ratio | Rg << 10k§2 10 150 uv/v
Supply Current TA = Tmax 4.5 5.5 4.5 5.5 mA

NOTES:

1. Rating applies for case temperatures to +1250C; derate linearly at 6.5 mW/OC for ambient temperatures above +75°C for RM4531.

2. For supply voltages less than +15V, the absolute maximum positive input voltage is equal to the supply votiage. The absolute maximum negative

input voltage decreased by 1 volt for every 1 volt decrease in the negative supply voltage.
3. Short-circuit may be to ground or to either supply Rating applies to +125°C case temperature or +75°C ambient temperature for RM4531.
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4558 Dual High-Gain Operational Amplifier

GENERAL DESCRIPTION DESIGN FEATURES

2.5 MHz Unity Gain Bandwidth Guaranteed

Supply Voltage £22V for RM4558 and £15V for RC4558
Short-Circuit Protection

No Frequency Compensation Required

No Latch-Up

Large Common-Mode and Differential Voltage Ranges
Low Power Consumption

Parameter Tracking Over Temperature Range

Gain and Phase Match Between Amplifiers

The 4558 integrated circuit is a dual high gain operational
amplifier internally compensated and constructed on a single
silicon chip using the planar epitaxial process.

Combining the features of the 741 with the close parameter
matching and tracking of a dual device on a monolithic chip
results in unique performance characteristics. Excellent chan-
nel separation allows the use of the dual device in single 741
operational amplifier applications providing the highest pos-
sible packaging density. It is especially well suited for appli-
cations in differential-in, differential-out as well as in potentio-
metric amplifiers and where gain and phase matched channels
are mandatory.

SCHEMATIC DIAGRAM (1/2 Shown)
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Dual High-Gain Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

4558

Supply Voltage . .................. RM4558: 22V  Operating Temperature Range .. RM4558: -550C to +1250C
RC4558: +18V RV4558: -400C to +85°C
Internal Power Dissipation (Note 1) . ... ... .... 500mW RC4558: 00C to +700C
Differential Input Voltage . ... ............... +30V  Lead Temperature (Soldering, 60s) . ... ... ..... 3000C
Input Voltage (Note 2) .. ... ... . ... ........ +15V  Output Short-Circuit Duration (Note 3) . ... ... Indefinite
Storage Temperature Range . .. ....... -650C to +1500C
ELECTRICAL CHARACTERISTICS (Vcc = #15V, Ta = 250C unless otherwise specified)
RM4558 RV/RC4558
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Rg < 10k§2 1.0 5.0 2.0 6.0 mV
Input Offset Current 5.0 200 30 200 nA
Input Bias Current 40 500 200 500 nA
Input Resistance 0.3 1.0 0.3 1.0 M
Large-Signal Voltage Gain VRL % 3!;5)2\/ 50,000 | 300,000 20,000 | 300,000
out ~ —
Output Voltage Swing R = 10k +12 +14 12 +14 \
R = 2k§2 +10 +13 +10 13 Vv
Input Voltage Range +12 +13 +12 +13 \Y
Common Mode Rejection Ratio Rg < 10k 70 100 70 100 dB
Supply Voltage Rejection Ratio Rg <10k§2 10 150 10 150 uV/v
Power Consumption (All Amplifiers) Ry = 100 170 100 170 mwW
Transient Response (unity gain) VIN = 20mV
RL = 2k§2
CL < 100pF
Risetime 0.3 0.3 us
Overshoot 15.0 15.0 %
Slew Rate (unity gain) RL = 2k§2 0.5 0.5 V/us
Channel Separation (Gain = 100) f=10kHz
Rg = 1kS2 90 90 dB
Unity Gain Bandwidth (Gain = 1) 2.5 3.0 2.0 3.0 MHz
The following specifications apply for -550C < Ta < +1250C for RM4558; 00C < T < +700C for RC4558;
-400C < Tp < +850C for RV4558
input Offset Voltage Rs < 10k§2 6.0 7.5 mV
Input Offset Current 500 300/500" nA
Input Bias Current 1500 800/1500, nA
Large-Signal Voltage Gain RL = 2kS2
Vour = £10V 25,000 15,000
Output Voltage Swing RL = 2kS2 10 +10 \
Power Consumption Vg =+15V
Ta=+1250C 90 150 90 150 mw
Ta =-550C 120 200 120 200
- *RV4558
MATCHING CHARACTERISTICS (Vg = 15V, Ta = 250C unless otherwise specified)
RM4558 RC4558
PARAMETER CONDITIONS TYP TYP UNITS
Voltage Gain RL = 2k +5 1.0 dB
Input Bias Current +15 +15 nA
Input Offset Current +7.5 +7.5 nA
Input Offset Voltage Rs > 10k§2 .1 +.2 mV
NOTE 1: Rating applies for case temperatures 1o 1259C; derate linearly at 6.5mW/OC for ambient temperatures above +750C for RM4558.
NOTE 2: For supply voltages less than ‘ 15V, the absolute maximum input voltage is equal to the supply voltage.
NOTE 3: Short circuit may be to ground on one amp only. Rating applies to +1250C case temperature or +75°9C ambient temperature for
RC4558 and to +859C ambient temperature for RV4558.
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4558

Dual High-Gain Operational Amplifier

TYPICAL ELECTRICAL DATA
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Dual High-Gain Operational Amplifier

TYPICAL ELECTRICAL DATA
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4559

Dual High Performance Operational Amplifier

GENERAL DESCRIPTION

The 4559 integrated circuit is a dual high performance opera-
tional amplifier internally compensated and constructed on a

single silicon chip using the planar epitaxial process.

These amplifiers feature guaranteed AC performance which
far exceeds that of the 741-type amplifiers. The specially de-
signed low-noise input transistors allow the 4559 to be used
in low-noise signal processing applications such as audio pre

amplifiers and signal conditioners.

The 4559 also has more output drive than 741-type ampli-

fiers and can be used to drive a 600 ohm load.

SCHEMATIC DIAGRAM (1/2 Shown)

FEATURES

Typical Guaranteed
® Unity Gain Bandwidth 4.0 MHz 3.0 MHz
® Slew Rate 2.0 V/usec 1.5 V/usec
® Low Noise Voltage 1.4 uVRMS 2.0 uVRMS
® Supply Voltage 22V for RM4559 and +18V for RC4559
® No Frequency Compensation Required
® No Latch Up
® | arge Common Mode and Differential Voltage Ranges
® Low Power Consumption
® Parametric Tracking Over Temperature Range
® Gain and Phase Match Between Amplifiers

v+ O
[V e
PEPRE
-O ouTPUT
INPUTS
O—
+
}
‘o 1 —h
CONNECTION INFORMATION
TE (TO-99) DE and NB
Metal Can Package Dual In-line Packages
- (Top View) (Top View)
: [ 4 >—_—‘ PIN  FUNCTION
! 8 1 AOUTPUT
2 A -INPUT
- 2 7 :l 3 A+INPUT
— ) — 4 V-
L3 sp—J 5  B+INPUT
E -_—] 6 B -INPUT
7 B OUTPUT
4 5 8 vt
Order Part Nos.:
Order Part Nos.: RCA4559NB, RV4559NB
RCAS59T, RM4559T RC4559DE, RV4559DE
RM4559DE

1-104



Dual High Performance Operational Amplifier

4559

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. . . .......

Storage Temperature Range. . .

RM4559: +22V

RC4559: +18V

Internal Power Dissipation (Note 1) . ... ...... 500mW
Differential Input Voltage. . .. ............... +30V
Input Voltage (Note 2). . .. ................. +15V

...... —650C to +1500C

Operating Temperature Range

RM4559 . ... ... .............. —550C to +125°C
RV4559 .. ... ..... ... ... ...... —400C to +850C
RC4559 . ... ... .. ... . ... 00C to +70°C
Lead Temperature (Soldering, 60sec) .. ........ 3000C
Output Short-Circuit Duration (Note 3). . .. ... Indefinite

ELECTRICAL CHARACTERISTICS (TA =25°C, VCC =%15 V unless otherwise specified.)

RM4559 RV/RC4559
PARAMETER CONDITIONS MIN TYP |MAX | MIN TYP MAX UNITS
Input Offset Voltage Rg < 10k§2 1.0 5.0 2.0 6.0 mV
Input Offset Current 5 100 5 100 nA
Input Bias Current 40 250 40 250 nA
Input Resistance 0.3 1.0 0.3 1.0 MQ
Large Signal Voltage Gain R = 2k§2, Vgut = £10V | 50,000 | 300,000 20,000 | 300,000 V/V
Output Voltage Swing RL = 3kQ +12 +13 +12 +13 \%
RL = 60052 +9.56 +10 +9.5 10 Y
Input Voltage Range +12 13 +12 13 \Y
Common Mode Rejection Ratio | Rg << 10k2 80 100 80 100 dB
Supply Voltage Rejection Ratio | Rg << 10k$2 10 75 10 75 uv/v
Supply Current RL =<° (All Amplifiers) 3.3 5.6 3.3 5.6 mA
Transient Response (unity gain) | VN = 20mV, R = 2k(2,
CL < 100pf
Rise Time 80 80 nsec
Overshoot 18 18 %
Slew Rate (unity gain) 15 2.0 1.5 2.0 V/us
Unity Gain Bandwidth 3.0 4.0 3.0 4.0 MHz
Full Power Bandwidth Vo =20Vp.p 24 32 24 32 kHz
Input Noise Voltage f=20Hzto 20 kHz 1.4 20 1.4 20 MV RMS
Input Noise Current f=20Hzto 20 kHz 25 25 pA RMS
Channel Separation Gain = 100 90 920 dB
=10 kHz, Rg = 1kQ2
The following specifications apply for -55°C < T p < +125°C for RM4559; 0°C < T < +70°C for RC4559
Input Offset Voltage Rg < 10kQ2 6.0 7.5 mV
Input Offset Current 300 200 nA
Input Bias Current 500 500 nA
Large-Signal Voltage Gain RL = 2k§2, Vout = %10V | 25,000 15,000
Output Voltage Swing RL = 2kQ2 +10 +10 \%
Supply Current Vg=115V, R =0
(All Amplifiers) Ta=+125°C 3 5 3 5 mA
Ta=-55°C 4 6.6 4 6.6
MATCHING CHARACTERISTICS (Vg = *15V, Ta = 25°C unless otherwise specified)
RM4559 RC4559
PARAMETER CONDITIONS TYP TYP UNITS
Voltage Gain RL = 2kQ 0.5 +1.0 dB
Input Bias Current +156 +15 nA
Input Offset Current 7.5 +7.5 nA
Input Offset Voltage Rs = 10kQ2 $0.1 0.2 mV

NOTES:

1. Rating applies for case temperatures to 125°C; derate linearly at 6.5mW/°C for ambient temperatures above +75°C for RM4559.

2. For supply voltages less than -15V, the absolute maximum input voltage is equal to the supply voltage.

3. Short circuit may be to ground on one amp only. Rating applies to +125°C case temperature or +75°C ambient temperature for RC4559
and to +85°C ambient temperature for RV4559.
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4559

Dual High Performance Operational Amplifier

TYPICAL ELECTRICAL DATA
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Dual High Performance Operational Amplifier 4559
TYPICAL ELECTRICAL DATA
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4739 Dual Low-Noise Operational Amplifier

nTE——

GENERAL DESCRIPTION DESIGN FEATURES

The RC4739 dual low-noise operational amplifier is fabricated ® Internally Compensated Replacement for uA739 and
on a single silicon chip using the planar epitaxial process. It MC1303

was designed primarily for preamplifiers in consumer and in-
dustrial signal processing equipment. The device is pin compat-
ible with the uA739 and MC1303, however, compensation is
internal. This permits a lowered external parts count and sim-
plfied application.

Signal-to-Noise Ratio 76 dB (RIAA 10 mV ref.)
Channel Separation 125 dB

Unity Gain Bandwidth 3MHz

Output Short-Circuit Protected

0.1% Distortion at 8.5 V RMS Qutput into 2 k2 Load

The RCA4739 is available in molded dual in-line 14-pin package
and operated over the commercial temperature range from
00C to +700C.

SCHEMATIC DIAGRAM (1/2 Shown)
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CONNECTION INFORMATION
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Order Part No.:
RCA4739D8B
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Dual Low-Noise Operational Amplifier

4739

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . .. ... ... ... . +18 V Storage Temperature Range . .. ... .. -650C to +1500C
Internal Power Dissipation (Note 1) ... ... .. 500 mW Operating Temperature Range .. ...... 00C to +700C
Differential Input Voltage . ................ +30 V Lead Temperature (Soldering, 60s) .. ........ 3000C
Input Voltage (Note 2) . . ... . ............. 15V Output Short-Circuit Duration (Note 3) . .. .. Indefinite
ELECTRICAL CHARACTERISTICS (Vcc = £15V, TA = +250C unless otherwise noted.)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage RS <10 k2 2.0 6.0 mV
Input Offset Current 5.0 200 nA
Input Bias Current 40 500 nA
Input Resistance 0.3 5.0 MQ
Large-Signal Voltage Gain RL=2k82
. Vout = 210V 20,000 300,000 V/V
Output Voltage Swing RL> 10k +12 +14 vV
RL=>2k2 10 13 \Y
Input Voltage Range +12 14 Y
Common Mode Rejection Ratio Rs <10 k&2 70 100 dB
Supply Voltage Rejection Ratio Rg< 10 kQ 10 150 uV/v
Power Consumption 105 170 mw
Transient Response (unity gain) Vin =20 mV
Risetime RL =2k
CL < 100pF 0.15 us
Transient Response (unity gain) Vin =20 mV
Overshoot RL =2k
CL <100 pF 10 %
Slew Rate (unity gain) RL=2kQ 1.0 V/us
Broadband Noise Voltage Bw = 10-30 KHz
Rs =1k 25 MV RMS
Channel Separation f=1.0kHz
Ay =40dB
Rg=1k&2 125 dB
The following specification apply for 00C < T o < 700C unless otherwise specified.
Input Offset Voltage Rs < 10 k2 3.0 7.5 mV
input Offset Current 7.0 300 nA
Input Bias Current 50 800 nA
Large-Signal Voltage Gain RL =2k
Vout = £10V 15,000 200,000
Output Voltage Swing RL=2k&2 +10 13 \Y,
Power Consumption Vg=+15V
Ta=700C 100 150 mW
Ta=00C 110 220 mwW
NOTES:
1. Rating applies for ambient temperatures below +709C.
2. For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short-circuit may be to ground, typically 45 mA. Rating applies to +1250C case temperature or +759C ambient temperature.
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4739 Dual Low-Noise Operational Amplifier

TYPICAL ELECTRICAL DATA

Input Bias Current as a Input Offset Current as a Common Mode Range as a
Function of Ambient Temperature Function of Ambient Temperature Function of Supply Voltage
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Dual Low-Noise Operational Amplifier 4739

I
Input Noise Voltage as a Function of Frequency Input Noise Current as a Function of Frequency
— — 100
N N
I I 8% it T
> i i Vs =15V ] ; i il \1/51 = g
Ta=25C -
E 100 \ A 2 10 Ta = 25°C
w £ : Rs = 100K
< T kS il Ay = 60 dB
o«
5 i o< N
g 10 8 0
- w -
] 2 il it
S I i
10 100 1K 10K 100K 1 10 100 1K 10K 100K
FREQUENCY (Hz) FREQUENCY (Hz)
Channel Separation Total Harmonic Distortion vs Output Voltage
140 > I T T
o o 6 T T
© 120 - E Vg=*15V
| hn\ O§-5—RL=2K
Z 100 E | Ay-4ocs I
= OT 41— f=1kHz
§ 80 Ch= Rs = 1KQ I
5] E
&I 60 2@
n cz
- <40 2
w40 T
z Vg = +15V FN
< | _Vs~© x . 4
5 O Tta=25C E
0
ol L LI 1 2 3 4 5 6 7 8 9 10
10 100 1K 10K 100K
FREQUENCY (Hz) Vo OUTPUT VOLTAGE (VRMS)
Distortion vs Frequency Vo = 1vrms
g
z
o 6
b \ Vg = +30V
o b \ RIAA COMPENSATION
w
o 4
o \
% 3
z
2
<
T \ /
I 1 h
= ]
(]
=
100 1K 10K 100K
FREQUENCY (Hz)
Stereo Tone Control Eina Eing |
~2.2uF 5K 50K 5K
0.068 uF -I: ]—0‘068 uF
0.068 uF
5K2 |——|
5 L L 8
VoA - 0.068 uF == ==0.068 uF - 13] Vo
4739 |5 S 4739
+ 1.67K 167K +
% 9
= 10K 10K =
50K 50K =

1-111



4741

Quad Operational Amplifier

DESCRIPTION

The HA-4741 is a monolithic integrated circuit, consisting
of four independent operational amplifiers constructed with
the planar epitaxial process.

These amplifiers feature AC and DC performance which
exceed that of the 741 type amplifiers. Its superior
bandwidth, slew rate and noise characteristics make it
an excellent choice for active filter or audio amplifier
applications.

SCHEMATIC DIAGRAM (1/4 Shown)

FEATURES

Unity Gain Bandwidth 3.5 MHz (typical)
High Slew Rate 1.6V/uS (typical)

Low Noise Voltage 9nV/VHz (typical)
Input Offset Voltage 0.5mV (typical)
-Input Bias Current 60nA (typical)
Indefinite Short Circuit Protection

No Crossover Distortion

Internal Compensation

Wide Power Supply Range £2V to £20V

a7

g
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18K

~O+Veg
R
4300
“A J‘[I\
“Vin O-
+V,
IN E»—l:;— —?‘—J a5 —O0uT

F1
NEXT
AMP

R2 D1
10Ks2
‘ O-Vee

CONNECTION INFORMATION

DB and DC
Dual In-line Packages
(Top View)

5
g

Order Part Nos.:
HA1-4741-2
HA1-4741-8
HA1-4741-5
HA34741-5

(o] [ [o] [« 5] [=

t
2

el I B El Rl Bl =

PIN FUNCTION

1 OUTPUT A
2 -ViN A
3 +VIN A
4 V+
5 +ViNn B
6 -ViN B
7 ouUTPUT B
8 OUTPUT C
9 -ViNC
10 +ViNC
1 V-
12 +Vin D
13 -VinD
14 OUTPUT D
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Quad Operational Amplifier

4741

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +20Vv Storage Temperature Range -65 to +150°C
Internal Power Dissipation (Note 1) 880 mW Operating Temperature Range
Differential Input Voltage +30v HA-4741-2 -55 to +125°C
Input Voltage (Note 2) . 15V HA-4741-5 0to +70°C
Output Short Circuit Duration (Note 3) . Indefinite Lead Soldering Temperature (60 sec) 300°C
ELECTRICAL CHARACTERISTICS Ve 15V Ty +25°C unless otherwise specified
HA-4741-2 HA-4741-5
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNITS
Input Offset Voltage Rg <10 KQ 0.5 3.0 1.0 5.0 mV
Input Offset Current 15 30 30 50 nA
Input Bias Current 60 200 60 300 nA
Input Resistance 05 0.5 MQ
Large Signal Voltage Gain Ry =2 KQ Voyr T10V 50,000 | 100,000 25,000 | 50,000 VIV
Input Voltage Range 112 +12 \
Output Resistance 300 300 Q
Output Current VO uT 10V 5 +15 15 +15 mA
Common Mode Rejection Ratio Rg <10 KQAV =15V 80 80 dB
Supply Current (all amplifiers) R = 45 5.0 5.0 7.0 mA
Transient Response

Rise Time 75 75 ns

Overshoot 25% 25% %

Slew Rate 1.6 1.6 V/us
Unity Gain Bandwidth 35 3.5 MHz
Full Power Bandwidth Vg = 20Vp-p R) = 2K 25 25 kHz
Input Noise Voltage f=1kHz 9 9 nV/[[Hz
Channel Separation 108 108 dB
The following specifications apply for -55°C < T, < +125°C for HA-4741-2, 0°C < Ty < +70°C for HA-4741-5.

Input Offset Voltage Rg <10 K 4.0 5.0 5.0 6.5 mV
Input Offset Current 75 100 nA
Input Bias Current 325 400 nA
Large Signal Voltage Gain R. =2 KQ VOUT 10V 25,000 15,000 VIV
Output Voltage Swing RL 210 KQ +12 +13.7 +12 +13.7 v
RL>2 KQ +10 +12.5 +10 +12.5 v
Supply Current (all Amplifiers) 10 10 mA
Average Offset Voltage Drift 5 5 uv/°c
Common Mode Rejection Ratio Rg <10KQAV 15V 74 74 dB
Power Supply Rejection Ratio Rg <10 KQ AV £5V 80 80 dB

o
Notes: 1. Rating applies for case temperature of +25°C maximum; derate linearity at 6.4 mW/OC for temperatures above +25 C.

2. For supply voltage less than 115V, the absolute maximum input voltage is equal to the supply voltage.
3. Short circuit to ground on one amplifier only.
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4741 Quad Operational Amplifier
TYPICAL PERFORMANCE DATA

+110 -140
+100
+00 -120 o S
ERU 2 -0 100K m
g H ®
% o0 E a0 r\.} i B v
5 +50 ) S o
e i A FIREE TV ]
P IIIIIIIfIIIIIIIIIIIIIIIIIIIIIIIIIIII l g g R L
e 1 1 A NI i " o
g IIIIIIIIIIIIIII'IIIIIIII JIIIIIIIMI AR " ,,( >4~_0 Vor
O 0 . : .
10 COT TP e T ) L
1 10 100 1K 10K 100K m 1 10 100 1K 10K 100K
FREQUENCY - Hz FREQUENCY ~ Hz
Open Loop Frequency Response Channel Separation vs. Frequency
I
120 LSureLY e 12
§ 100 —SUPPLY E 11
2 o« "
% 80 E 1.0 =
2 60 ERE)
g g
& 40 E 8
20 § a7
-15 -50 -25 0 +25 +50 +75  +100  +125 -75 -50 -25 0 +25 +50 +75  +100  +125
TEMPERATURE (°C) TEMPERATURE °C
Power Supply Rejection Ratio vs. Temperature Transient Response vs. Temperature
35 14 12
30 12 “\Z
£ woZg a
) 4
E 20 \ 08 E E
2 = & 10
= g
ERY \\\ 06 % g T // N
é " \\ NOISE VOLTAGE o ; E, 1) SLEW RATE BANDWIDTH N
\ s 3 4
s N~ NOISE CURRENT 02 ]
0 [} 8
10 100 1K 10K 100K -50 -25 0 +25 +50 +75 +100 +12
FREQUENCY-Hz TEMPERATURE - °C
Input Noise vs. Frequency Normalized AC Parameters vs. Temperature
11 l [ 200
BANDWIOTH
EE 0 / % 160 ﬁ\\ s = 15V
E'g 7 SLEW RATE § . i B —
) BANDWI £ =
:g " / é, - Vg = £10V
g2 S w B S S
EE I+ Vg = t5V —
=u
e // . “ s e
\\
P —
T
07 0
+2 +5 10 +15V +20 =15 -60  -25 0 +25  +50 475 100 +12§
SUPPLY VOLTAGE TEMPERATURE-"C
Slew Rate vs. Supply Voltage Power Consumption vs. Temperature.

114



Quad Operational Amplifier

4741
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AVAILABLE TYPES

Part Number Package Operating Temperature

HA1-4741-2 | Ceramic -55 10 +125°C
HA1-4741-8*| Ceramic -55 t0 +125°C
HA1-4741-5 | Ceramic 0to +70°C
HA3-4741-5 | Plastic 01to +70°C

* Processed to MIL-STD-883 Class B
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733

Differential Video Amplifiers

GENERAL DESCRIPTION

The RM733/RC733 integrated circuit is a monolithic video
amplifier with differential inputs and differential outputs. It
offers three selectable voltage gains of 10, 100, or 400 and
adjustable gain of 10 to 400 using a single resistor. No external
frequency compensation is necessary for any gain option. The
circuit and process designs are optimized to give a stable gain
(£10%), wide bandwidth {DC to 120MHz), high input resis-
tance (250k$2), and low phase shift that is linear up to 10MHz
(2° per MHz).

The RM733/RC733 is designed for use as a read head amplifier
for magnetic tape, drum, or disc memories using phase of NRZ
encoding. It will also function as a preamplifier for high speed
film or plated wire memory systems; as a video or pulse ampli-
fier, pulse height detector, peak detector.

Applications for the RM733/RC733 include bulk computer
SCHEMATIC DIAGRAM

memory systems, very high speed random access memory
systems, communications systems, nuclear event instrumenta-
tion, frequency counters, and other systems where the specific
design features of the RM733/RC733 are required.

The RM733 video amplifier will operate over the complete
military temperature range from —55°C to +125°C while the
commercial version, the RC733, operates from 0°C to +70°C.

DESIGN FEATURES

® Wide Bandwidth DC to 120MHz

® Low Linear Phase Shift 27/MHz to 1T0MHz
® Selectable Voltage Gains 10, 100, or 400
® Excellent Pulse Characteristics

® High Input Resistance 250k$2

1

INPUT 1

INPUT 2

G1A G18

G2A
GAIN
SELECT

OUTPUT 1
VW -0
A% —O
OUTPUT 2

N

—M/»—rT

CONNECTION INFORMATION

DB and DC Dual In Line

Order Part Nos.:
RM733DC, RC733DC,
RC733DB

TF Metal Can CQ Flat Pack
Packages Package Package
(Top View) (Top View)
G2 GAIN SELECT
vl ® [ Inc 2A GAIN SEL Gon
CURRENT LMIT ]2 13 Jcomp INPUT 1 ] o GAIN SELECT
CURRENT SENSE []3 vt @g,\\ 'N'“U(T;z Gl\ﬁ\N SELECT
18
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+ivpuT 5 W[ 628\ @D \(D 628 5 6 u
out SAINSELECT\ () OUTPUT 1 GAIN SELECT = 0UTPUT 2
VRer (|6 9[vz G1g v
QUTPUT 2
v s[Ine GAIN SELECT v
NOTE: Pin 5 connected to case.

Order Part Nos.:
RM733T
RC733T

Order Part Nos.:
RM733CQ
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Differential Video Amplifiers 733

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. . ... ... i +8.0V Operating Temperature Range
Differential Input Voltage. . . ... ............ +5.0V RM733. ..ot -55°C to +125°C
Common Mode Input Voltage . .. ............ +6.0V RC733 . .. 0°C to +70°C
Input Current. . . .. ..ottt 10mA Storage Temperature Range. . . .. ..... -65°C to +1 50:C
Internal Power Dissipation Metal Can (Note 1) . .. 500mW Lead Temperature (Soldering, 60s). .. ......... 300°C
FlatPack .. ... ... ... ... .. i, 570mW
ELECTRICAL CHARACTERISTICS (Note 2)
RM733 RC733
PARAMETER (Note 3) CONDITIONS MIN | TYP [MAX | MIN | TYP [ MAX | UNITS |
Differential Voltage Gain Gain 1 300 | 400 | 500 | 250 [ 400 [ 600 ‘
Gain 2 90 | 100 | 110 | 80 | 100 | 120 3
Gain 3 9.0 10 11 8.0 10 12
Bandwidth Gain 1 40 40
Gain 2 | Rg = 5002 20 90 MHz
Gain 3 120 120
Risetime Gain 1 10.5 10.5
Gain 2 | Rg =508, VoUT = 1Vpp 4.5 10 4.5 12 ns
Gain 3 2.5 2.5
Propagation Delay Gain 1 7.5 7.5
Gain 2 | Rg =508, VouT = 1VppP 6.0 10 6.0 10 ns
Gain 3 3.6 3.6
Input Resistance Gain 1 4.0 4.0
Gain 2 20 30 10 30 kS
Gain 3 250 250
Input Capacitance Gain 2 2.0 2.0 pF
Input Offset Current 0.4 3.0 0.4 5.0 uA
Input Bias Current 9.0 20 9.0 30 uA ;
Input Noise Voltage Rg =508, BW =1kHz to 10MHz 12 12 uVrms |
Input Voltage Range +1.0 +1.0 \%
Common Mode Rejection Ratio Gain 2 Vcwm =21V, R < 100kHz 60 86 60 86 dB
Vcwm = 1V, f = BMHz 60 60
Supply Voltage Rejection Ratio Gain 2 | AVg = #0.5V 50 70 50 70 dB
Output Offset Voltage Gain 1 0.6 1.5 0.6 1.5
Gain 2 035| 1.0 0.35( 1.5 \% '
Gain 3 |
Output Common Mode Voltage 2.4 2.9 3.4 2.4 29 34 \ ’
Output Voltage Swing 3.0 4.0 3.0 4.0 Vpp "
Output Sink Current 2.5 3.6 2.5 3.6 mA
Output Resistance 20 20 Q
Power Supply Current 18 24 18 24 mA

NOTES:

1. For RM733 the rating applies for case temperature to +125°C; derate RM733T linearly at 6.5 mW/°C for ambient temperature above 75°C. For

RC733T, the rating applies for ambient temperatures to 70°C. For RM733CQ, derate linearly at 7.2 mW/°C for ambient temperature above 75°C. !
2. Vg =16.0V; Ta = 25°C unless otherwise noted. i
3. Gain 1: G1A and G1B connected together; Gain 2: G2A and G2B:connected together; Gain 3: Gain select pins open.

|
!
|
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733

Differential Video Amplifiers

ELECTRICAL CHARACTERISTICS
(The following specifications apply for =65°C < T < 125°C for the RM733 and 0°C < Tp < 70°C for the RC733, Vg = %6.0V)

LM733 LM733C
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX

Differential Voltage Gain

Gain 1 200 600 250 600

Gain 2 80 120 80 120

Gain 3 8.0 12.0 8.0 12.0
Input Resistance Gain 2 8 8 k2
Input Offset Current 5 6 UA
Input Bias Current 40 40 HA
Input Voltage Range +1 1 \%
Co_mmon-Mode Rejection Ratio 50 50 dB
Gain 2
Supply Voltage Rejection Ratio 50 50 db
Gain 2
Output Offset Voltage

Gain 1 1.5 1.5 \%

Gain 2 and 3 1.2 1.5 \%
Output Voltage Swing 25 2.8 V p-p
Output Sink Current 2.2 25 mA
Power Supply Current 27 27 mA
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105 205
305/305A

GENERAL DESCRIPTION

The LM105 series are positive voltage regulators, each con-
structed on a silicon chip by the planar epitaxial process.

They are similar to the LM100, except for an extra gain stage
to improve regulation. In both linear and switching regulator
circuits with outputs greater than 4.5V, these devices are
direct plug-in replacements for the LM100.

The LM105 military version operates from —55°C to +125°C.
The LM305/LM305A are commercial versions which operate
from 0°C to +70°C.

These regulators feature fast response to load and line tran-
sients, freedom from oscillations with varying resistive and
reactive loads, and reliable starts on any load within ratings.

The LM205 is the same as the LM 105 except its performance
is guaranteed from —25°C to +85°C.

SCHEMATIC DIAGRAM

Positive Voltage Regulators

MU

DESIGN FEATURES
® Qutput Voltage Adjustable from 4.5V to 40V

® OQutput Currents in Excess of 10A by Adding External
Transistors

® Load Regulation Better Than 0.1%, Full Load With Current
Limiting
DC Line Regulation Guaranteed at 0.03%/V
Ripple Rejection of 0.01%/V

® 45mA Output Current Without External Pass Transistor

TYPICAL APPLICATIONS

ATED INPUT

O
J BOOSTER QUTPUT

CURRENT LIMIT

J 3
L—O REGULATED OUTPUT

COMPENSATION
SHUTDOWN

N\
"2

FEEDBACK

O REFERENCE BYPASS

>
d <
>
b3

hd -O GROUND

CONNECTION INFORMATION

TE Metal Can Package
(Top View)
REGULATED

OUTPUT

comp
SHUTDOWN

CURRENT
LIMIT

BOOSTER
ouTPUT @ FEEDBACK

UNREGULATED ® ® ©) REFERENCE
INPUT BYPASS

GROUND
(CASE)

Order Part Nos.:
LM105H, LM205H,
LM305H, LM305AH

Switching Regulator

R4
M
) ¢ 9—VouT=sv
o1 R1 § L c1
UTX210 56K S Ty T a70F
8 ¢ 01 | 3V
RC305A uF ==
2N4032 2 s Y dm
_L c3 | 3.2K
= 100 %
VIN-'8 5V pF—= =

tSolid tantalum
1125 turns = 22 on Arnold Engineering
A262123-2 molybdenum permalloy core.

10A Regulator with Foldback Current Limiting

A — VouT 5V
R3 S R
016 555K IC‘
e [ L s00uF
47 pF = oV
a7 Ip—l
N
6
) RM105 /2
3 4 216K
. T im
-L Ca+ T =
T ViN RE =
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A

Positive Voltage Regulators

105 205
305/305A

ABSOLUTE MAXIMUM RATINGS

Input Voltage ....... LM105, LM205, LM305A: 50V Operating Temperature Range
LM305: 40V LM105 ... -55°C to +150°C
Input-Output Voltage Differential . ... ......... 40V LM205 ... ... -25°C to +85°C
Power Dissipation (Note 1) LM305/305A ... ......uiin.. 0°C to +70°C
LM105, LM205, LM305A .. ............. 800mwW Storage Temperature Range . ....... -65°C to +150°C
LM305 ... 500mW Lead Temperature (Soldering, 10s) .. ........ 300°C
ELECTRICAL CHARACTERISTICS (Note 2)
) PARAMETER CONDITIONS MIN TYP | MAX UNITS
Input Voltage Range LM105/205/305A 8.5 50 v
LM305 8.5 40
Output Voltage Range LM105/205/305A 4.5 40 v
LM305 4.5 30
Output-Input Voltage Differential 3.0 30
Load Regulation (Note 3)| LM105 0<Io<12mA
Rsc =109, Ta=25°C 0.02 | 0.05
Rsc = 10Q, Ta = 125°C 0.03 | 0.1 %
Rgc = 109, Tp =-55°C 0.03 0.1
LM205 0<Ip<12mA
Rgc = 109, Ta = 25°C 0.02 | 0.05
Rgc =109, TA=85"C 0.03 0.1 %
Rgc =108, Ta=-25°C 0.03 0.1
LM305A 0<1p<45mA
Rsc =09, Ta=25°C 0.02 0.2
Rsc =09, Ta=70°C 0.03 0.4 %
Rsc=0Q,Ta=0°C 0.03 0.4
LM305 0<Ip<12mA
Rgc =109, Ta = 25°C 0.02 | 0.05
Rsc =150, Ta=70°C 0.03 0.1 %
Rsc =108, Ta=0°C 0.03 0.1
Line Regulation VIN - VOUT S5V 0.025 | 0.06 %/
VIN - VouT > 5V 0.015 | 0.03
Ripple Rejection CREF = 10uF, F = 120Hz 0.003 | 0.01 %/\V
Temperature Stability LM105 -55°C<Tp<125°C 0.3 1.0
LM205 -25°C<TA<85°C 0.3 1.0 %
LM305/LM305A | 0°C<Tp < 70°C 0.3 1.0
Current Limit Sense Voltage (Note 4) Rsc =109, Ta =25°C, VouT =0V 225 300 375 mV
Feedback Sense Voltage | LM105/205/305 1.63 1.7 1.81 v
LM305A 1.55 1.7 1.85
Output Noise Voltage 10Hz < f < 10kHz
CREF=0 0.005 %
CREF > 0.1uF 0.002
Standby Current Drain LM305 VN = 40V 0.8 2.0
LM105/205/305A | VN = 50V 0.8 2.0 mA
Long Term Stability 0.1 1.0 %

NOTES:

1. The maximum junction temperature of the LM105 is 150°C and 85°C for the LM305. For operating at elevated temperatures, devices in the TO-5
package must be derated based on a thermal resistance of 150°9C/W junction to ambient, or 450C/W junction to case. For the flat package, the
derating is based on a thermal resistance of 1859C/W when mounted on a 1/16-inch thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce
copper conductors. Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power averaged over a five
second interval, for the LM105, and averaged over a two second inverval for the LM305.

2. These specifications apply for input and output voltages within the ranges given, and for a divider impedance seen by the feedback terminal of
2k£2, unless otherwise specified. The load and line regulation specifications are for constant junction temperature. Temperature drift effects must
be taken into account separately when the unit is operating under conditions of high dissipation.

3. The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will
be roughly equal to the composite current gain of the added transistors.

4..No external pass transistor.
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723

Precision Voltage Regulators

GENERAL DESCRIPTION

The RM723/RC723 integrated circuits are monolithic voltage
regulators constructed on a single silicon chip. They consist of

DESIGN FEATURES

® Positive or Negative Supply Operation

- > ® Series, Shunt, Switching or Floating Operation
atemperature compensated reference amplifier, error amplifier, . .
a power series pass transistor capable of 150mA, and current ® 0.01% Line and Load Regulation
limiting circuitry. ® Output Voltage Adjustable from 2V to 37V
They feature low standby current drain, low temperature drift ® Qutput Current to 150mA Without External Pass Transistor
and high ripple rejection.
These devices are designed for use as a logic card regulator,
small instrument power supply, or, by use of an external pass
transistor, as a negative or floating regulator. They may also
be used where local voltage supply regulation is required for
linear and digital circuits. Provision is made for adjustable cur-
rent limiting and remote shutdown.
The RM723 operates over the full military temperature range
from —55°C to +125°C. The RC723 operates from 0°C to
+70°C.
SCHEMATIC DIAGRAM
SR AL
z N N
+——o Vour
V2
¢——O COMPENSATION
CURRENT
LIMIT
oV~ CURRENT
+0 - SENSE
Vref INPUTS
CONNECTION INFORMATION
TF Metal Can Package DC and DB
(Top View) Dual Indine Package
(Top View)
CURRENT ry
LIMIT Ne ]t [ Ine
URREN
¢ s‘éNsZ comp CURRENT LIMIT 2 13 Jcomp
CURRENT SENSE []3 [ vt
INPUT vt
-INPUT (4 nve
HINPUT [©) [©)] ve +INPUT 35 W1 Vuul
002/ ki
\Y% -
REF =~ Vour v 8N
Order Part Nos.: Order Part Nos.:
RM723T, RC723T RM723DC, RC723DC,
RC723DB
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Precision Voltage Regulators 723

ABSOLUTE MAXIMUM RATINGS

Pulse Voltage from V¥ to V™ (50 ms) . . . .. RM723: 50V Internal Power Dissipation—~DIP (Note 1) ...... 900mw
Continuous Voltage from VY to V™ .. .......... 40V Operating Temperature Range
Input-Output Voltage Differential . ............ 40V RC723 . .. . e 0°C to +70°C Ié
Maximum Output Current .. .............. 150mA RM723 . ..o -55°C to +125°C 1
CurrentfromVyz ... ... ... ............. 25mA Storage Temperature Range ........ —-65°C to +150°C ;
Currentfrom VREF . ... ... i, 15mA Lead Temperature (Soldering, 60s) . .......... 300°C j
Internal Power Dissipation-Metal Can (Note 1) .. . 900mW
ELECTRICAL CHARACTERISTICS (Note 2)
RM723 RC723
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Line Regulation ViN =12V to Vi = 16V 0.01 0.1 0.01 0.1
V|N°= 12V to VN =°40V 0.02 0.2 0.1 0.5 % Vourt
—55°C<Tp <+125°C, 0.3 0.3
Vin =12V to VN = 15V : )
Load Regulation IL=1mA to | = 50mA 0.03 0.15 0.03 0.2
—55°C < Tp <+125°C, % VouT
I = 1mA to I = 50mA 06 0.6
Ripple Rejection f = 50Hz to 10kHz, Crgg =0 74 74 4B
f=50Hz to 10kHz, Crgfg = 5uF 86 86
Average Temperature -55°C < Tp <+125°C (RM)
Coeffieient of Qutput 0°C < Tp < 70°C(RC) 0.002 |0.015 0.003 | 0.015 | %/°C
Voltage
Ehon:t Circuit Current Rsc =102, VouyT =0 65 65 mA
imit
Reference Voltage 6.95 7.15 7.35 6.80 7.15 7.50 \%
Output Noise Voltage BW = 100Hz to 10kHz, Crgg =0 20 20 v
BW = 100Hz to 10kHz, CRef = 5uF 25 25 #¥rms
Long Term Stability 0.1 0.1 %/1000 hr
Star.ldby Current IL=0,Vn =30V, Vo =VREE 23 35 23 4.0 mA
Drain
Input Voltage Range 9.5 40 9.5 40 \
Output Voltage Range 2.0 37 2.0 37 \%
Input-Output Voltage
Differential 3.0 38 3.0 38 \Y; |
|
NOTES:

1. Derate metal can package at 6.8mW/°C and dual in-line package at 7.8mW/°C for operation at ambient temperatures above +25°C.
2. Unless otherwise specified, Tp = 26°C, V| = V¥ = Vg = 12V, V= = 0, VouT = 5V, I = 1mA, Rgc = 0, Cj = 100pF, CREF = 0, divider impe-
dance as seen by error amplifier <10k$2.

3. For metal can applications where Vz is required, an external 6.2 zener should be connected in series with VouT.-
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4194

Dual Tracking Voltage Regualtors

GENERAL DESCRIPTION

The RM4194 and RC4194 are dual polarity tracking regula-
tors designed to provide balanced or unbalanced positive and
negative output voltages at currents to 200mA. A single ex-
ternal resistor adjustment can be used to change both outputs
between the limits of £50mV and +42V.

These devices are designed for local “on-card” regulation,
eliminating distribution problems associated with single-point
regulation. To simplify application the regulators require a
minimum number of external parts.

The device is available in two package types to accommodate
various power requirements. The TK (TO-66) power package
can dissipate up to 3W at T, = 25°C. The DC 14-pin dual in-
line will dissipate up to TW.

SCHEMATIC DIAGRAM

DESIGN FEATURES

® Simultaneously Adjustable Qutputs With One Resistor to
+42V

Load Current £200mA with 0.2% Load Regulation
Internal Thermal Shutdown at T; = 175°C

External Balance for Vg Unbalancing

3W Power Dissipation

REFERENCE UNIT

POSITIVE VOLTAGE AMPLIFIER

2 | Vo’;

Sl RF1
IBALo

4
GND

O
> 120K RF2

~AA
-

|
Vv -
IDO

CONNECTION INFORMATION

TK {TO-66) Package
(Bottom View)

-V (Case)
-
comP - Vg~
BAL ® O Ro
® @
® R
COMP + ® 5 @ SET
vo* GND

Order Part Nos.:
RC4194TK, RM4194TK

DB and DC Dual in-line Package

(Top View)
votC 1 @ njvt
ne []2 13JNC
comp+[13 12[]16ND
BAL 4 nJRseT
comp - 15 0[JRo
Ne 6 g[InC
v [ 8 Jvo~

Order Part Nos.:
RC4194DB, RC4194DC, RM4194DC
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Dual Tracking Voltage Regulators

4194

ABSOLUTE MAXIMUM RATINGS

Input Voltage *Vto Ground . . . . ... ... RM4194: +45V Load Current
RC4194: £35V DCPackage . . ... ... i 150mA
Input-Output Voltage Differential ... ... RM4194: +45V TKPackage . . .. ... ..o 250mA
RC4194: +35V DBPackage . .. .... .. ... ... . ... . ... 100mA
Power Dissipation at Ta = 25°C Operation Junction Temperature Range
DCPackage . ... ....vvvennnnnininnn... W RM4194 . .. ... ... ... ...... -55°C to +150°C
TKPackage . . . .o vvvve et 3.0w RCAT94 . ... i 0°C to +125°C
DBPackage . .. ........c.iiiii... 625mW Storage Temperature Range. . . .. ... .. -65°C to +150°C
Lead Temperature (Soldering, 10s). . ... ... ... +300°C
ELECTRICAL CHARACTERISTICS  (+5<VouT<VmAX; RM4194: -55°C<Tj<+125°C; RC4194: 0°C<Tj<+70°C)
(Note 2)
RM4194 RC4194
PARAMETER CONDITIONS UNITS
MIN TYP MAX | MIN TYP MAX
Line Regulation AVIN =0.1V|N 0.04 0.1 0.04 0.1 [%VouT
Load Regulation 4194TK: I =1 to 200mA
4194DC: I_= 1 to 100mA, 0.001 |0.002 0.002 |0.004 [%V°/mA
Tj=+25°C
RM4194 = tj = -656°C — +125°C or\/0
RC4104 = tj'= 0°C — +70°C 0.002 |0.004 0.002 [0.004 [%V /mA
TC of Output Voltage 0.002 |0.015 0.002 [0.015 | %/°C
TC of Output Voltage 0.002 | 0.015 0.003 | 0.015 %/0C
Stand-By Current Drain VIN = VMAX, Vo = 0V +0.3 +1.0 +0.3 +1.5
(Note 1) p z Z z Z - mA
VIN = VMAX, Vo =0V 1.2 2.0 1.2 3.0
Input Voltage Range 9.5 45 9.5 35 \Y
Output Voltage Scale Factor Rset = 71.5K, Tj= 25°C 242 2.5 2.68 2.38 2.5 2.62 KQ/V
Output Voltage Range Rset = 71.5K 0.05 42 0.05 132 \%
Output Voltage Tracking 1.0 2.0 %
Ripple Rejection f=120Hz, Tj=25°C 70 70 dB
Input-Output Voltage I =50mA 3.0 3.0 \%
Differential TA=+25°C
Output Short Circuit Current | VN = 30V Max. 300 300 mA
Output Noise Voltage CL=4.7uF, Vo= %15V 250 250 uV RMS
f=10Hz to 100KHz
Internal Thermal Shutdown 175 175 oC
THERMAL CHARACTERISTICS
PARAMETER CONDITIONS PACKAGE
DB DC TK (TO-66)
Power Dissipation TA = 250C 626mW 1w 3w
Tc = 250C 1.26W 2.2W 17.5W
Thermal Resistance Junction to Ambient, 6 j_A 160°C/W 128°C/W 41.6°C/W
Junction to Case, 0 j_C 80°C/W 55°C/W 7.16°C/W
NOTE:
1. zlQuijescent Will increase by 50uA/V T on positive side and 100uA/VoyT on negative side.
2. The specifications above apply for the given junction temperatures since pulse test conditions are used.
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4194

Dual Tracking Voltage Regulators

TYPICAL ELECTRICAL TEST DATA

Ripple Rejection

Output Tracking Over Temperature

Load Regulation

150 T m :‘,‘ l l 24
—_ < o0
CREY . g v I w 2 Vo 55°C
Z 110 ¥ > 2> Vp 25°C /k
= E +50 LEw 025 C/
O % H H g0 %—_ 938, L/ voimc
] % Vo - 15V | ||| 2 =1 - F 4 |
u . ﬂ H o — 4 5 < Vo - +15V
4 ! NI Ege
T -.25 3 w
o + 7 o}
o \n- E 2 1 o o
T a0+ an H w -sor 4 o 55 C - 1125C
T L —
1010 100 1K - 10K - 100K & -50 -25 0 +25 +50 +75+100 +125 ° 40 80 120 160 200 240
FREQUENCY (Hz) TEMPERATURE (°C) LOAD CURRENT (mA)

A = % Tracking of outputs vs. temperature

B = T.C. for positive regulator

C = T.C. for negative regulator

TYPICAL APPLICATIONS

001uF [ I

Balanced Output Voitage — Op Amp Applicatioen

| Op Amps

I
Vin* O————*Vin e
RM4184
Y - -Vin
Vin R C- GND

71.5K
b —

Op Amps

+Vg =15
—» To Additi
[ T
Vo+ -1
(Typically 180 741s)

Ro Vo~

L > To A
3o Vs=15

11
17
-001uF

.UOIL«FI‘E |

RS
:;Euur

R (k2) =25 VouT

Unbalanced Output Voltage — Comparator Application

Vin* 0—————{#Vin C+
RMA4194
.- “Vin
Vin'o RS C- GND

71.5K l

+Vo RA :’
BAL
Rg -Vo Ra::
j
SRo

i |
0014F

RA =
High Output Current Application Rp =20Ka
2N4905 or equiv. A""isc
YW
q0F 71‘
- I 4 2N2297 or equiv,
Vin = +Vo
o—4——mA Vig*  GND Cr vo! > S
4752 - 60uF -
4194 T
gin A Vi Rs C- Rg Vg~ —
70 \ R g ML) S - Ro 0 ~—>
L
. o.wF-L L,w\,__] 3._.60”;
2N2297 or equiv. T 71.5K Ro =
LOAD REGULATION
. 10mV @ 2.5A
* -
R 0.7 Rsc < Rg (K2) =25 Vg
8C7g¢ 2N4914 or equiv.

Note: Compensation and bypass capacitor connections should be as close as possible to the 4194.

**0ptional usage — not as critical as -V bypass capacitors.

Ro (ke) =2.5 (-VgyT)
Adjust R for Vg = -6V (15Kg)
RF1=RF2 = 20K (see schematic)

#VouTI = -VouT!
RA == when +VoyTI> -VouT!

RB == when |-VouTI> #VQuT!
For +Vg = 12 when -Vg =6V

RF11 RA
RF2 1 R




Fixed +15V Dual-Tracking Voltage Regulators 4195

GENERAL DESCRIPTION DESIGN FEATURES

The RM4195 and RC4195 are dual polarity tracking regulators ® +15V Operational Amplifier Power at Reduced Cost and
designed to provide balanced positive and negative 15V out- Component Density

put voltages at currents to 100mA. These devices are designed ® Thermal Shutdown at Tj = +175°C in Addition to Short-

for Io.cal om.:ard .regulatlfm ehmmat.mg distribution prol?Iefns Circuit Protection
associated with single point regulation. The regulator is in- l

tended for ease of application. Only two external components ® Output Currents to 100mA 2
are required for operation (two 10uF bypass capacitors). ® May be Used as Single Output Regulator with up to +50V ‘
The device is available in three package types to accommodate Output
various applications requiring economy, high power dissipa- ® Available in TO-66, TO-99, and 8-Pin Plastic Mini-DIP
tion, and reduced component density.
SCHEMATIC DIAGRAM
’ - +Vip
3 L j O COMP*
3 R
b3
GROUND '-'.J:
(o ' <
[ :
COMP- g 1 O +15V
28002
$ 15K
—OBALANCE
215.8Ka
l r.' F?—'—"’ -15V
b4 s hﬁ
<
! 1
L U
é . -0 -Vin
TK (TO-66) Power Package TE Metal Can Package NB Dual In-line
(Bottom View) (Top View) (Top View)
/-Vm (Case) Win
comP - -15VouTt
GND ® BAL comp+ 1 ® 8 J+vin i
® @ (1] om ] 1] +15vout }
coMP + 00 6 oo +15Vourt comP-[J3 s[JeaL |
NC NC n 5{77-15 vour i
!
Order Part Nos.: Order Part Nos.: Order Part No.: |
RC4195TK, RM4195TK RC4195T, RM4196T RC4195N8B ;
Note: The RM/RC4195 is available on special order in the DC (14-pin) ceramic package. ‘




4195

Fixed =15V Dual-Tracking Voltage Regulators

ABSOLUTE MAXIMUM RATINGS

Input Voltage £V toGround . . . ... .......... 30V
Power Dissipation @ Tp = +25°C
TKPackage ... ...t 2.4W
TPackage . .......uiiiinnnn.. 800mwW
NBPackage . .............ccoovvun... 600mwW
Load Current
TKPackage . ... ...... ... 150mA
T,andNBPackage .................... 100mA

Operating Junction Temperature Range

RM4195
RC4195

Storage Temperature Range

RM4195
RC4195

—55°C to +150°C
0°C to +125°C

-65°C to +1 5o§c
-65°C to +150°C

+300°C

ELECTRICAL CHARACTERISTICS (I_ = 1mA, Vg = 220V, Cp_ = 104 F unless otherwise specified) (Note 1)

RM4195 RC4195
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX
Line Regulation Vin = 218 to 130V 2 20 2 20 mV
Load Regulation I =1 to 100mA 5 30 5 30 mV
Output Voltage Temperature
Stability 0.005 | 0.015 0.005 | 0.015 %/°C
Standby Current Drain Vin =30V, I = 0mA 1.5 2.5 +1.5 | £3.0 mA
Input Voltage Range 18 30 18 30 \%
Output Voltage Tj= +25°C 14.8 15 15.2 14.5 15 15.5 \%
Output Voltage Tracking +50 +150 50 +300 mV
Ripple Rejection = 120Hz, Tj = +25°C 75 75 dB
Input-Output Voltage
Differential I =50mA 3 3 \%
Short-Circuit Current Tj=+25°C 220 220 mA
Output Noise Voltage Tj= +25°C
f=100Hz to 10kHz 60 60 uV RMS
Internal Thermal Shutdown 175 175 °c
THERMAL CHARACTERISTICS
PACKAGE
PARAMETER CONDITIONS UNITS
NB T (TO-99) TK (TO-66)
Power Dissipation Ta =25°C 0.6 0.8 24 W
Tc =25°C 2.1 9
Thermal Resistance 0y.c 70 17 .
C/W
04.a 210 185 62

NOTE:

1. The specifications above apply for the given junction temperatures since pulse test conditions are used.
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Fixed =15V Dual-Tracking Voltage Regulators 4195

TYPICAL ELECTRICAL TEST DATA

Output Load Regulation w Regulator Dropout Voltage Maximum Current Capability
> [} 1
z RC4195: 0°C to +125°C £ OrVo-20 o ] T =S I AN \?f_
z 0 [ RM4195: -55°C to +150°C 36 17 TA -t E A\ A TPKAGE D, ]
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K] \ = - e  gop——t——— -4 - 74‘. — v
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=
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Standby Current Drain Power Dissipation Ripple Rejection
25 1 25 — 7 1000 _ T
3 RCA4195: 0°C  ——— = { s @ A J—-
E 20 RM4195; -55°C || _ 20 +—t AN | 800 £ e *NEGATIVE 1
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5 - | a [ S —
0 ol L [ [ [ ] “ 100 L
16 18 20 22 24 26 28 30 32 275 -60 -256 0 +26 +50 +75 +100 +125 100 1.0K 10K 100K 1.0M
INPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C) FREQUENCY (H;)
Balanced Output (vo = +15v) Positive Single Supply (+15V < Vo < +50V)
+18V to +30V +15V at 100 mA +53V to +60V Vg = +50V at 100 mA
+VIN ,,,VO‘—.,_T-—» B o
10 uF
4195 -I a1gs  BAL 10 4F
_18V to -30V — -15Vat 100 mA
-VIN GND VO -VIN gD -VO
I #
10 uF = 15 K2
= + | = R2
= Vg =15V (1+5%)
! R2
(Vg +3V) < VN < 60V 35KQ
High Output Current
2N4905 or equiv. *Rsc
A
N J‘[;“““"’ 5
L }
-4 I W I 2N2297 or equiv. !
+ViN 410 - +V(Q = +15V \;
VWA~ VN GND  C+ +Vg »> |
X1 ‘
4195 -I i
=ViN 47Q = -vg=-15V i
A\~ _L -VIN c- -Vg - !
0.1 uF - J_
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|
0.7 - ‘
* = LOAD REGULATION
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4194/4195

Application Notes

COMPENSATION

For most applications, the compensation technique shown in
the data sheet is sufficient. The positive regulator section of
the 4194 is compensated by a 0.001uf ceramic disc capacitor
from the C+ terminal to ground. The negative regulator re-
quires compensation at two points. The first is the C- pin,
which should have 0.001uf to the -Vin pin, or case. A ceramic
disc is best here also. The second compensation point for the
negative side is the -Vout terminal, which ideally should be a
4.7uf solid tantalum capacitor with enough reserve voltage
capacity to avoid the momentary shorting and reforming
which can occur with tantalum caps. For systems where the
cost of a solid tantalum capacitor cannot be justified, it is
usually sufficient to use an aluminum capacitor with a 0.03uf
ceramic disc in parallel to bypass high frequencies. In addition,
if the rectifier filter capacitors have poor high frequency char-
acteristics (like aluminum electrolytics) or if any impedance is
in series with the +Vin and -Vin terminals, it is necessary to
bypass these two points with 0.01uf ceramic disc capacitors.
Just as with monolithic op-amps, some applications may not
require these bypass caps, but if in doubt, be sure to include
them.

All compensation and bypass caps should have short leads,
solid grounds, and be located as close to the RM/RC4194 as
possible. Refer to Figure 1 for recommended compensation
circuitry.

L =
To01.4f
. c+

+Vi W Vi +Vo |———o+Vo
RM/RC4194

iH

Vo

-Vio MR o Vo
Ro  2hs Jootut 47ur
> ‘|' I+

Oluf

1HE

NOTE:
ALL CAP’S DISC CERAMIC
EXCEPT * =SOLID TANTALUM

inductive loads at the inputs or outputs of the regulator. Other
problems are caused by heavy loads at the unregulated inputs
to the regulator, which might cause the input vo\tage to drop
below the output voltage at turn-off. If any of the preceding
problem conditions are present in your system, it is recom-
mended that you protect the regulator using diodes. These
diodes should be high speed types capable of handling large
current surges. Figure 2 shows all six of the possible protec-
tion diodes. The diodes at the inputs and outputs prevent volt-
ages at those points from becoming reversed. Diodes from
outputs to inputs prevent the output voltage from exceeding
the input voltage. Chances are that the system under consider-
ation will not require all six diodes, but if in doubt, be sure to
include them.

b-—_
Too1,4
. N C+
+Vi OTaiL 2| +vi +Vo
x RM/RC4104 =
) -Vi -V
Vi Ro Rs  C- ° ~Vo

_Ta_—lq-‘ Ro  3Rs _L 4.7uf)x
TO -Vo<—N-‘ i 7 Tﬂﬂluf :.,E =

L .01uf

NOTE:
ALL CAP’S DISC CERAMIC
EXCEPT * =SOLID TANTALUM

Figure 1. 4194 Recommended Compensation

PROTECTION

In systems using monolithic voltage regulators, a number of
conditions can exist which, left uncorrected, will destroy
the regulator. Fortunately, regulators can easily be protected
against these potentially destructive conditions. Monolithic
regulators can be destroyed by any reversal of input or output
voltage polarity, or if the input voltage drops below the out-
put voltage in magnitude. These conditions can be caused by

3-12

Figure 2. 4194 Regulator Showing all Protective Diodes

BROWNOUT PROTECTION

The RM/RC4195 is one of the most easily applied and trouble-
free monolithic IC’s available. When used within the data
sheet ratings (package power dissipation, maximum output
current, minimum and maximum input voltages) it provides
the most cost-effective source of regulated £15 volts for power-
ing linear IC’s.

Sometimes occasions arise in which the RM/RC4195 ratings
must be exceeded. One example is the “brownout.”” During
a bkownqut, line voltages may be reduced to aslow as 756VRMS,
causing the input voltage to the RM/RC4195 to drop below
the £18 V DC minimum. When this happens, the negative out-
put voltage can go positive. Refer to the schematic diagram on
pg. to see how this happens.

When the positive input voltage drops below +18V, the PNP
current source can saturate, causing current, i, to drop to zero.
This removes -all drive from the negative pass transistor, Q1.
The negative output is then free to be pulled positive by re-
sistors R1, Rg, and R3. The total value of Ry + R2 + R3 is
30K ohms, so the maximum amount of current available is
approximately 5mA.

In general, this is not enough current to damage most IC’s
which the 4195 might be supplying, but it is a potentially



Application Notes

4194/ 4195

destructive condition. Fortunately, it is easy to protect against.
As shown in the typical application circuit below, a diode, D,
can be connected to the negative output.

If a small signal silicon diode is used, it will clamp the negative
output voltage at about +0.55V. A Schottky barrier or ger-
manium device would clamp the voltage at about +0.3V. An-
other cure which will keep the negative output negative at all
times is the TMohm resistor connected between the +15V
output and the C- terminal. This resistor will then supply
drive to the negative output transistor, Q1, causing it to
saturate to -V q during the brownout.

Balanced Output (Vo = +15V) Ma

[ +15V at 100mA

N C- +Vg

+18V to +30V

+L
-1
-18V to -30V ~-15V at 100mA

-VIN GRD -VO

HEATSINKING FOR 4194 AND 4195

Voltage Regulators are power devices which are used in a wide
range of applications.

When operating these devices near their extremes of load cur-
rent, ambient temperature and input-output differential, con-
sideration of package dissipation becomes important to avoid
thermal shutdown at 175°C. Both the 4194 and 4195 have
this feature to prevent damage to the device. It typically starts
affecting load regulation approximately 2°C below 175°C.
*To avoid shutdown, some form of heatsinking should be used
or one of the above operating conditions would need to be
derated.

The following is the basic equation for junction temperature:

Tj=TA+PD9j_A (1)
where  Tj = junction temperature (°C)
TA = ambient air temperature (°C)
PFD = power dissipated by device (W)

0j-A = thermal resistance from junction to ambient
air (°C/W)
The power dissipated by the voltage regulator can be detailed
as follows:

Pp=(VIN-VouT! xlo+VINxIQ (2)
where VN = input voltage
VQUT = regulated output voltage
10 = load current
lQ = quiescent current drain

*In allowing for process deviations, the user should work with
a maximum allowable function temperature of 150°C.

Let’s look at an application where a user is trying to determine
whether the RM4194 in a high temperature environment will
need a heatsink.

Given: Tjat thermal shutdown | VN =40V
=150°C -
VouT = 30V
Ta =125°C I =1mA +75uA/
0j-A =41.6°C/W, TK VouT x 30V
(TO-66) pkg. =3.25mA (1)
(see data sheet)
T -TA
0j-a = PD
T -Ta
Pp = =(VIN-VouT)xlo+VIN X la
7
Solve for 1o,
Ti-Ta ViNx la
o= -
0j-A (VIN-VouT) (VN -VouT)

_ 50°C-125°C  40x3.25x 10-3
O 1 cmw x 10v 10

=50mA -13mA =~ 47mA

If this supply current does not provide at least a 10% margin
under worst case load conditions, heatsinking should be em-
ployed. If reliability is of prime importance, the multiple
regulator approach should be considered.

In equation 1, Gj_A can be broken into the following com-
ponents:

0j-A=0j-c+0cs +0s5-A
where 0j_c = junction-to-case thermal resistance
Oc—s = case-to-heatsink thermal resistance

0s-A = heatsink-to-ambient thermal resistance

In the above example, let’s say that the user’s load current is
200mA and he wants to calculate the combined 6¢-g and
Os-A he needs:

Given: g =200mA,

Tj-TaA

Oi-A=
(VIN-VouT)xlo+VIN X IQ

B 50°C - 125°C
10V x 200mA + 40 x 3.25 x 10-3

=11.75°C/W

(1) See note 1 of 4194 data sheet.
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Application Notes

Given: fj¢c =7.1 5°C/W for the 4194 in the TK package, ing 8s-A of approximately 4°C/W is a large enough thermal
Oc-g +0s-A = 11.75°C/W - 7.15°C/W = 4.6°C/W resistance to be easily provided by a number of heatsinks cur-

When using heatsink compound with a metal-to-metal inter-

rently available. Table 1 is a brief selection guide to heatsink
manufacturers.

face, a typical f¢c-g = 0.5°C/W for the TK package. The remain-

TABLE 1
Commercial Heatsink Selection Guide

No attempt has been made to provide a complete list of all heatsink manufacturers. This list is only representative.

TO-3 AND TO-66

fga*(°C/W)

Manufacturer/Series or Part Number

0.3-1.0

Thermalloy — 6441, 6443, 6450, 6470, 6560, 6590, 6660, 6690

1.0-3.0

Wakefield — 641
Thermalloy — 6123, 6135, 6169, 6306, 6401, 6403, 6421, 6423, 6427, 6442, 6463, 6500

3.0-5.0

Wakefield — 621, 623

Thermalloy — 6606, 6129, 6141, 6303
IERC — HP

Staver — V3-3-2

5.0-7.0

Wakefield — 690

Thermalloy — 6002, 6003, 6004, 6005, 6052, 6053, 6054, 6176, 6301
IERC — LB

Staver — V3-5-2

7.0-10.0

Wakefield — 672

Thermalloy — 6001, 6016, 6051, 6105, 6601
IERC — LA, uP

Staver — V1-3, V1-5, V3-3, V3-5, V3-7

10.0-25.0

Thermalloy — 6013, 6014, 6015, 6103, 6104, 6105, 6117

TO-99

12.0-20.0

Wakefield — 260
Thermalioy — 1101, 1103
Staver — V3A-5

20.0-30.0

Wakefield — 209

Thermalloy — 1116, 1121, 1123, 1130, 1131, 1132, 2227, 3005
IERC — LP

Staver — F5-5

30.0-50.0

Wakefield — 207
Thermalloy — 2212, 2215, 225, 2228, 2259, 2263, 2264
Staver — Fb5-5, F6-5

Wakefield — 204, 205, 208
Thermalloy — 1115, 1129, 2205, 2207, 2209, 2210, 2211, 2226, 2230, 2257, 2260, 2262
Staver — F1-5, F5-5

CASE 199, CASE 313

10.0-15.0

Thermalloy — 6030, 6032, 6034
Staver — V4-3-192, V-5-1

15.0-20.0

Thermalloy — 6106
Staver — V4-3-128, V6

20.0-30.0

Wakefield — 295
Thermalloy — 6025, 6107

314
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TABLE 1 Commercial Heatsink Selection Guide (Cont.)

DUAL-INLINE-PIN ICS

Bsa*(°C/W)

Manufacturer/Series or Part Number

Thermalloy — 6007
Thermalloy — 6010
Thermalloy — 6011
Thermalloy — 6012
JERC — LIC
Wakefield — 650, 651

*All values are typical as given by mfgr. or as determined from characteristic curves supplied by manufacturer.

Staver Co., Inc.: 41-51 N. Saxon Ave., Bay Shore, NY 11706

IERC: 135 W. Magnolia Blvd., Burbank, CA 91502

Thermalloy: P.O. Box 34829, 2021 W. Valley View Ln., Dallas, TX
Wakefield Engin Ind: Wakefield, MA 01880
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129 329

Precision Reference

GENERAL DESCRIPTION

The LM129 and LM329 family are precision multicurrent
temperature compensated 6.9V zener references with dynamic
impedances a factor of 10 to 100 less than discrete diodes.
Constructed in a single silicon chip, the LM129 uses active
circuitry to buffer the internal zener allowing the device to
operate over a 0.5mA to 15mA range with virtually no change
in performance. The LM129 and LM329 are available with
selected temperature coefficients of 0.001, 0.002, 0.005 and
0.01%/°C. These new references also have excellent long term
stability and low noise.

A new subsurface breakdown zener used in the LM129 gives
lower noise and better long term stability than conventional
IC zeners. Further the zener and temperature compensating
transistor are made by a planar process so they are immune to
problems that plague ordinary zeners. For example, there is
virtually no voltage shifts in zener voltage due to temperature
cycling and the device is insensitive to stress on the leads. The
LM129 can be used in place of conventional zeners with im-

SCHEMATIC DIAGRAMS

proved performance. The low dynamic impedance simplifies
biasing and the wide operatingicurrent allows the replacement
of many zener types.

The LM129 is packaged in a 2-le
for operation over a -55° : temperature range. The
LM329 for operation over 0-707C available in both a
hermetic TO-46 packa d a TO-92 epoxy package.

i

T0-46 package and is rated

5% initial t
0.00

Reference

Order

Metal Can Package
(Bottom View)

1 ] 2

LM129AH, LM129BH,
LM129CH, LM329BH,
LM329CH or LM329DH

TR (TO-46)
Part Nos.:
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Precision Reference 129 329

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range

Reverse Breakdown CUITeNt . . . . . ot et e e et e e 30mA
Forward CUIment . . . . e e e e e e 2mA

LMT20 L : .. -65°Cto +125°C
LMB29 . .o .. 0°Cto +70°C
Storage Temperature Range. . . . . . . oo v vt it e e e e e e -55°C to +150°C
Lead Temperature (Soldering, 10 S6CONAS) . . . . . . o ot it it e e e e e e e 300°C
ELECTRICAL CHARACTERISTICS (Note 1)
LM329B,C,D
PARAMETER CONDITIONS UNITS
TYP MAX
Reverse Breakdown Voltage Ta = 25°C,
0.6mA < IR < 15mA 6.9 7.25 \Y%
Reverse Breakdown Change Ta =25°C,
with Current 0.6mA < IR < 15mA 20 mV
Reverse Dynamic Impedance Ta=25C, IR = 1TmA 0.8 2 Q
RMS Noise Ta =25°C,
10 Hz<F <10 kHz 7 100 uv
Long Term Stability Ta =45°C +0.1°C,
IR=1TmA +£0.3% 20 ppm
Temperature Coefficient IR = 1TmA
LM129A 10 ppm/°C
LM1298B, LM329B 20 15 20
LM129C, LM329C 50 30 50
LM329D 50 100
Change In Reverse Breakdown 1 1 ppm/°C
Temperature Coefficient
Reverse Breakdown Change 12 12 mV
with Current
Reverse Dynamic Impedance 0.8 1 2

NOTE:

1. These specifications a +125°C for the LM129 and 0°C < T < +70°C for the LM329 unless otherwise specified.
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129 329 Precision Reference

TYPICAL PERFORMANCE CHARACTERISTICS

Reverse Characteristics Response Time
-1 8
10 7 QUTPUT
z s §
E 102 § 2
b} 2
o z 3
S 103 j=25°C I /
F : y
&
é 104 > 20
Tj=125°C 10 :
| 0
-5
645 655 6.65 675 685 695 7.05 0 100 B 400
REVERSE VOLTAGE (V) s TIME (u)
i 4
Forward Characteristics ) Dy pedance
12 i 0
s 0 =) T
w -
2 Ti=-85°C .
& 03 e -
S T A L w——=
2 L—T 25 7= 125°C
s, Ti=25 c// S i
g 0.
g —17i Ti=25°C
e 02 - '[

0
0001 001 0.1 1
FORWARD CURRENT (mA)

100 113 10k 100k
FREQUENCY (H2)

Reverse Voltage Change Zener Noise Voltage
s - 150
z I
£ 5 T
W Tj=-55°C
% 6 i | . =
z 5 /] - \
w o 3
a 4 Ti=25°C £ 100
= Tj=125°C, w Ti=25°c
5 @
o 3 o
> E
o 2
4
|
> 4
2 0 \L 50
0 4 [y 10 100 1k 10k 100k
ENT (mAl FREQUENCY (H2)

001 Hz < <1 Hz

NOISE (5uV/DIV)

TIME (MINP™ZS)
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Precision Reference 129 329
TYPICAL APPLICATIONS
0V to 20V Power Reference
25V T0 40V
S 6k
| s LM195k
LM129 A 20k SE—AM—p—AWY
89V 1 THf-I- 38k OV TO 20V
MYLAR { -L v [ 1A
-I— 3 20k 100 pF Sk
_ T
=

External Reference for Temperature Transducer

LM129
6.9V

15V

<
::1k

3

2
OUTPUT
LX5600
inpuT |

OUTPUT
10mV/°k
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129 329

Precision Reference

TYPICAL APPLICATIONS (Cont.)

+15V

Buffered Reference with Single Supply

LM129
69V

375k

7 Y

Positive Current Source

S350
20.1%

2N2219
ﬁ OUTPUT

10mA

10V TO 40V
1& 20k
< 0,
1> 0.1%
LM129
sov A
2 20k
<0.1%
b
2 4.3k
Low Cost 0-25V Regulator
ViN IN ouT
—-V
35V ouT
0.1.f
LM329
LM129
6.9V

&
<

-—AA—

~

Simple Reference

9V TO 40V

Rs
LM129
69V

Adjustable Bipolar Output Reference
50k
+15V

~

OUTPUT
-69 <Vour <69

>
50k
)

LM108AE
3 i
8

¥
A

OUTPUT ~15V 30 pF

ADJUST

i——p—
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Temperature-Stabilized Precision Reference

199 299 399

GENERAL DESCRIPTION

The LM199/LM399 are precision, temperature-stabilized
monolithic zeners offering temperature coefficients a factor
of ten better than high quality reference zeners. Constructed
on a single monolithic chip is a temperature stabilizer circuit
and an active reference zener. The active circuitry reduces the
dynamic impedance of the zener to about 0.552 and allows the
zener to operate over 0.5mA to 10mA current range with
essentially no change in voltage or temperature coefficient.
Further, a new subsurface zener structure gives low noise and
excellent long term stability compared to ordinary monolithic
zeners. The package is supplied with a thermal shield to mini-
mize heater power and improve temperature regulation.

The LM199 series references are exceptionally easy to use and
free of the problems that are often experienced with ordinary
zeners. There is virtually no hysteresis in reference voltage
with temperature cycling. Also, the LM199 is free of voltage
shifts due to stress on the leads. Finally, since the unit is
temperature stabilized, warm up time is fast.

The LM199 can be used in almost any application in place of
ordinary zeners with improved performance. Some ideal
applications are analog to digital converters, calibration stand-
ards, precision voltage or current sources or precision power

SCHEMATIC DIAGRAMS

supplies. Further in many cases the LM199 can replace ref-
erences in existing equipmert with a minimum of wiring
changes.

The LM199 series device:
TO-46 package inside
for operation from -55
for operation from -
from 0°C to +70°C,

ged in a standard hermetic
d. The LM199 is rated
to W the LM299 is rated
°C to +85°C and the LM399 is rated

. 06 6 0 o o o o

“stabilization — 300mW at 25°C
stability — 20 ppm

{1+

Reference

FUNCTIONAL BLOCK DIAGRAM
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199 299 399 Temperature-Stabilized Precision Reference

ABSOLUTE MAXIMUM RATINGS

Temperature Stabilizer Voltage . . . . . . . . L. e e e e 40v
Reverse Breakdown CuUrrent . . .. ... . it e T 20mA
Forward Current. . .. ... ... I TmA
Reference to Substrate Voltage V(RS) (Note 1) .. ... ... . . ... e e +40V
-0.1v
Operating Temperature Range L
LMTO0 L L e . “..7-55°Cto +125°C
LM299 . . e .-25°C to +85°C
L399 . . et T 0°C to +70°C
Storage Temperature Range. . . . . . .. it ittt e e ....-55°Cto +150°C
Lead Temperature (Soldering, 10seconds) . . . . .. .. oo i ittt e e e, L 300°C
ELECTRICAL CHARACTERISTICS (Note 2)
LM399
PARAMETER CONDITIONS UNITS
TYP MAX
Reverse Breakdown Voltage | 0.bmA < IR < 10mA 6.95 7.3 \
Reverse Breakdown Voltage | 0.5mA < |<10mA 6 12 mV
Change With Current
Reverse Dynamic Impedance | IR = 1TmA 0.5 1.5 Q
Reverse Breakdown -65°C<TA <85°C L %/°C
Temperature Coefficient | 85°C<Ta < 125°C 5 | 0.0015
-25°C<Tp<85°C 0.0001
0°C<TA<70°C 0.00003 | 0.0002
RMS Noise 10 Hz<f<10 kHz 20 7 50 uVv
Long Term Stability Stabilized, 22°C < 20 ppm
1000 Hours, IR = TmA,
Temperature Stabilizer Ta = 25°C, Still Air, Vg = 3 8.5 14 8.5 15 mA
Supply Current Ta =-55°C 22 28
Temperature Stabilizer 9 40 9 40 \%
Supply Voltage {Note 3)
Warm-Up Time to 0.05% 3 3 Seconds
Initial Turn-on Current 140 200 140 200 mA

NOTES:
1. The substrate is electrically ¢
the reference is 40V more posit
2. These specifications apply for :
the LM299 and 0°C < Tp st
3. CAUTION. If the devi
circuitry is not proper};

e terminal of the temperature stabilizer. The voltage that can be applied to either terminal of

sgative than the substrate. . .
d to the temperature stabilizer and -55°C < T < +125°C for the LM199; -256°C < Tp < +85°C for

399.
7
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Temperature-Stabilized Precision Reference

199 299 399

TYPICAL PERFORMANCE CHARACTERISTICS

Reverse Characteristics
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199 299 399 Temperature-Stabilized Precision Reference

TYPICAL APPLICATIONS

Single Supply Operation Split Supply Operation
9V TO 40V | +15V
:: Rs 75k
TEMPERATURE ) TEMPERATURE )
STABILIZER r— STABILIZER 1

_15v__.' P S——

Negative Heater Supply with Buffered Reference
Positive Reference with Single Supply
+15V +15V
TEMPERATURE <l < ok
STABILIZER 4: 7.5k 3 7.5k AA
1 TEMPERATURE 1 Y
=  — STABILIZER

\ N
sisavx s‘ssv'x

ALY l

-33v

Positive Current Source

10V T0 40V
2350
30.1%
TEMPERATURE
STABILIZER
\ A 2N2219
6.95V K
LM199 ouTPUT
10 mA
<
$43k
Standard Cell Repl
15V T0 20V,
.
$7.5k
P OUTPUT 22k
TEMPERATURE ADJUST
STARILIZER, im0k
$0.1% <€
$am
20k 2%
Y 3 AAA [ ANA
3% —
20.1% T
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Temperature-Stabilized Precision Reference

199

299 399

TYPICAL APPLICATIONS (Cont.)

Negative Current Spurce
= %7.5!(
TEMPERATURE ) CURRENT OUTPUT
STABILIZER ADJUST 10-20mA
<
b3 / 3 7 b
> 20k
6
s.ssv'x 1 e ';] 2N2905
2
LM199 L el
20k
300
-25V _
Portable Calibrator*
Square Wave Voltage Reference N 8.8k
1%
+15V AN
7.5 50k Jad S
AN VWA l I——OUTPUT 200k S 2
b3 _ 7
_’EZN“% VT = iz S ouTPUT
18V —— L 10v
180k - 3 N
A A
S.BSV,KI ‘/ 5k
1N457 AA
LM199 g M
TEMPERATURE :» 19k
T i STABILIZER |, e 1%
= 0TO-10V 6.95V WL
INPUT <
TEMPERATURE <
STABILIZER SQUARE WAVE LAT199 2
TRIM
*Warm-up time 10 seconds; intermittant operation does not degrade long term stability. -L-
14V Reference Precision Clamp*
14k CLAMP
28V ANA ouuT INPUT
TEMPERATURE
— STABILIZER Rs
QUTPUT
S‘BSV’K 1N914
—
LM199 R ( 1
] 15k 3
— TEMPERATURE 1 3 8
STABILIZER  revpERATURE )
,t STABILIZER—]
695V
LM199 G.SSVT
l LM199 1N914
= *Clamp will sink 5mA when input goes more positive than reference.

4-11



199 299 399 Temperature-Stabilized Precision Reference

TYPICAL APPLICATIONS (Cont.)

0V to 20V Power Reference

25V TO 40V
< 6k
TEMPERATURE
STABILIZER
M195K
A, | o " LM195
20k & € NMN—9—AAN\-
s.95v 2 >3 |
1ufF
LM199 MYLAR { I v ZX ig %gv
| :; 20k 100pF :E 1k
I <
-5V
Bipolar Output Reference
50k
+15V AN
3:7.5k +15V
TEMPERATURE N U
STABILIZER VWV
< b—OUTPUT £6.9V
3
50k S¢
A
S 10 TURN
695V ‘ OUTPUT
LM199 ADIUST 15y 30pF

—15V-—-—I
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Temperature-Stabilized Precision Reference

199A 299A 399A

GENERAL DESCRIPTION

The LM199A/LM299A/LM399A are precision, temperature-
stabilized monolithic zeners offering temperature coefficients
a factor of ten better than high quality reference zeners. Con-
structed on a single monolithic chip is a temperature stabilizer
circuit and an active reference zener. The active circuitry re-
duces the dynamic impedance of the zener to about 0.5 and
allows the zener to operate over 0.5mA to 10mA current range
with essentially no change in voltage or temperature coefficient.
Further, a new subsurface zener structure gives low noise and
excellent long term stability compared to ordinary monolithic
zeners. The package is supplied with a thermal shield to mini-
mize heater power and improve temperature regulation.

The LM199A series references are exceptionally easy to use
and free of the problems that are often experienced with
ordinary zeners. There is virtually no hysteresis in reference

voltage with temperature cycling. Also, the LM199A is free of

voltage shifts due to stress on the leads. Finally, since the unit
is temperature stabilized, warm up time is fast.

The LM199A can be used in almost any application in place of

ordinary zeners with improved performance. Some ideal appli-

cations are analog to digital converters, calibration standards,

precision voltage or current sources or precision power supplies.

SCHEMATIC DIAGRAMS

Further in many cases the LM199A can replace references in
existing equipment with a minimum of wiring changes.

The LM199A series devices ar
TO-46 package inside a thermal
operation from -55°C to +12
for operation from -25°G
from 0°C to +70°C.

kaged in a standard hermetic
eld. The LM199 is rated for
hile the LM299A is rated
nd the LM399A is rated

DESIGN FEATURE

® Guaranteed 0.6 temperature coefficient

® Low dynamic impeda 50

Reference

FUNCTIONAL BLOCK DIAGRAM

LM198AH, LM299AH
or LM399AH
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199A 299A 399A Temperature-Stabilized Precision Reference

ABSOLUTE MAXIMUM RATINGS

Temperature Stabilizer Voltage . . . . ... . . ittt ittt e e e e e e e 40V
Reverse Breakdown CUFreNnt . . . . .. ittt it it e et et e e e 20mA
FOrward CUITeNt . . . . ot it e et et et e et e e e e e e e TmA
Reference to Substrate Voltage V(RS) (Note 1) B U 40V
-0.1Vv
Operating Temperature Range o
LMTO0A . L ot e +.-65°Cto +125°C
LM299A . . e e e e e e -25°Cto+85 C
LMBO9A .« ottt e e e e e e e 0°Cto +70°C
Storage Temperature Range. . . . . . ... it ittt e e e e G ....-55°Cto +150°C
Lead Temperature (Soldering, 10seconds) . . .. ... .. .. v i inn e T 300°C
ELECTRICAL CHARACTERISTICS
LM399A
PARAMETER CONDITIONS UNITS
TYP MAX
Reverse Breakdown Voltagé 0.6mA < IR < 10mA 6.95 7.3 \%
Reverse Breakdown Voltage | 0.5mA << 10mA 6 12 mV
Change With Current
Reverse Dynamic Impedance | IR = TmA 0.5 1.5 Q
Reverse Breakdown -55°C < Tp <85°C 0.00005 %/°C
Temperature Coefficient 85°C < TA 125°C » 0.0010
-25°C<TA<85°C LM293@% w9, 0.00005
0°c< TA <70°C 0.00003 | 0.0001
RMS Noise 10 Hz<f< 10 kHz 20 7 50 ny
Long Term Stability Stabilized, 22°C %& 28 20 ppm
1000 Hours, IR = TmA. % 39
Temperature Stabilizer 8.5 14 8.5 15 A
m
Supply Current 22 28
Temperature Stabilizer 40 9 40 \Y
Supply Voltage (Note 3)
Warm-Up Time to 0.05% 3 3 Seconds
Initial Turn-on Current 140 200 140 200 mA
NOTES:
1. The substrate is electricall i 16 the i'&"sative terminal of the temperature stabilizer. The voltage that can be applied to either terminal of

the reference is 40V more p

2. These specifications applg%g 3 | to the temperature stabilizer and -556°C < Tp < +125°C for the LM199A; -25°C < Tp < +85°C for
the LM299A and 0°C §@

%\ FLM399A.
3. CAUTION. If the d/gﬁﬁ(é is %ted for more than 60 seconds with heater supply veoltage between 2V and OV the heater tsmperaiure coniroi
i
circuitry is not prog blaseﬁd the device can rise to approximately +150°C.

For typical applications, see 199 data sheet beginning on page 4-7.
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Temperature-Stabilized Precision Reference

TYPICAL PERFORMANCE CHARACTERISTICS

199A 299A 399A

REVERSE CURRENT (A)

NOISE (nV/VHz)

INITIAL HEATER CURRENT (mA)

Reverse Characteristics

107
1072
1073
T,25C
104 : =
/@BILIZED
(Tj ~ 80°C)
107° !
6.25 6.45 6.65 6.85 7.05
REVERSE VOLTAGE (V)
Zener Noise Voltage
200
150
STABILIZED
Tj~90°C
100 \ (T~ 90°C) ]
T 25°C
——
50
10 100 1k 10k 100k
FREQUENCY (Hz)
Initial Heater Current
250 T 7
Vi = 40V
200
\N
150
N
100 ™~
50
0

-55-35-15 5 25 45 65 8

TURN ON TEMPERATUR

REVERSE VOLTAGE CHANGE (mV)

QUTPUT (mV)

CURRENT (mA)

NOISE (5uV/DIV)

Reverse Voltage Change
8

STABILIZED [/
(Tj ~90°C) 4

N

\
[

u/
2 4 & 8 10

REVERSE CURRENT (mA)

Stabilization Time
1 T

I
Ta=25°C
0 ~
/
-1 14
[
1

<

Low Frequency Noise Voltage

TIME (MINUTES)

Dynamig Impedance

100 = =

\WMIC IMPEDANCE (£2)

1k 10k 100k
EQUENCY (Hz)

Heater Current

VH =10V

VH =20V—
VH =30V
Vi =40V

AN

=S

0
55 -35 <15 5 25 45 65 85 105
TEMPERATURE (°C)

Response Time

8
= 95° STABILIZED QUTPUT
Ta=25 € 7 (Ti>90gc) T
6 f T
T s S 77 7i=25°C
= Vh = 10V 2 ‘3‘ 77
vy - 20V H E y i 1 -
Vh =30V e INPUT
ﬁ(vHsaov-— E I
S 20y d—LouTPuTy
10 T inePUT
0 h
1
2 4 6 81012141618 0 100 200 300 400
TIME (SEC) TIME (us)

001 Hz<<f<1Hz
STABILIZED
(Tj~90°C)
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111 211 311 Precision Voltage Comparators

GENERAL DESCRIPTION

The LM111, LM211, and LM311 are voltage comparators with
about one-thousandth the input current of the LM106 and
LM107. These comparators are designed to operate from stan-
dard =15V operational amplifier supplies to asingle +5V supply
used for IC logic. Their outputs are compatible with DTL,
RTL, TTL, and MOS devices. Offset balancing is provided,
and the outputs can be OR wired.

The LM111 operates over the full military temperature range
of —B55°C to +125°C. The LM211 is the same as the LM111
except its performance is guaranteed from —25°C to +85°C.

The LM311 is the commercial version which operates from
0°C to +70°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

® Input Current 150nA Maximum
® QOperates from +5V Supply

o Offset Current 20nA Maximum

BALANCE/STROBE § ¢ BALANCE
. o "
} | !
3 1
i =y
& —= /
B
J T ‘
: fa» QUTPUT
INPUTS | 79 )
o] 3

VWY

- GROUND

CONNECTION INFORMATION

Order Part No.:
LM111F

Note: The LM111 and LM311 are
available on special order in
the DC (14 pin) ceramic package.

LM311H

TE Metal Can Package

CQ Flat Pack (Top View) DE and NB Dual In-line
Packa{ge Package
(Top View) (Top View)
[T ——— I ) [ —11
+INPUT e=—x» 1] —="1" GROUND [J1® s Jv*
INPUT =3 [ —==10
v s ; ouTRUT +NPUT (]2 1 Joutput
BAL Co==—q5 5 BAL/STROBE -InpuT )3 6 :\gﬁ,';é“
NOTE: Pin 4 connecied to case. v [ 5[1BAL

NOTE: Pin 4 connected to case.

Order Part Nos.:
LM111H,

Order Part Nos.:
LM111DE, LM211DE,

LM311DE, LM311N
LM211H,
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Precision Voltage Comparators 111 211 311

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (Vg4) .. ... ........... 36V Output Short-Circuit Duration ... ............ 10s
Output to Negative Supply (V74) .. LM111/LM211: 50V Operating Temperature Range

LM311: 40V LMT11T . -550C to +1250C
Ground to Negative Supply Voltage (V14) ....... 30v LM221 .. -250C to +850C
Differential Input Voltage ................. +30V LM311 . 00C to +700C i
Input Voltage (Note 1) .. ................. 15V Storage Temperature Range . ....... -650C to +1500C 1
Power Dissipation (Note 2) . .............. 500mW Lead Temperature (Soldering, 10s) .......... 3000C

ELECTRICAL CHARACTERISTICS (Note 3) ‘

PARAMETER CONDITIONS TIQT"{\%B( TYIEM31|\}|AX UNITS j
Input Offset Voltage (Note 4) Ta = 250C, Rg < 50k 0.7 3.0 2.0 7.5 mV
Input Offset Current (Note 4) Ta = 250C 4.0 10 6.0 50 nA
Input Bias Current Ta = 250C 60 100 100 250 nA
Voltage Gain Ta = 250C 200 200 V/mV
Response Time (Note 5) Ta = 250C 200 200 ns
Saturation Voltage VIN<-5mV, IoyT = 50mA, Ta = 250C 0.75 1.5 0.75 1.5 \%
Strobe On Current Ta=250C 3.0 3.0 mA
Output Leakage Current VIN =2 5mV, VoyT =35V, Ta = 250C 0.2 10 0.2 50 nA
Input Offset Voltage (Note 4) Rs < 50k 4.0 10 mV
Input Offset Current (Note 4) 20 70 nA
Input Bias Current 150 300 nA
Input Voltage Range +14 +14 \Y
Saturation Voltage Vt>=45V,V-=0, VINS< -6mV, 0.23 0.4 0.23 0.4 \%

ISINK < 8mA

Output Leakage Current VIN = 5mV, VouT = 35V 0.1 0.5 MA ;
Positive Supply Current Ta=250C 5.1 6.0 5.1 7.5 mA ‘
Negative Supply Current Ta=250C 4.1 5.0 4.1 5.0 mA

NOTES:

1. This rating applies for £15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to
the negative supply voltage of 30V below the positive supply, whichever is less. !

2. The maximum junction temperature of the LM111 is 150°C, while that of the LM311 is +85°C. For operating at elevated temperatures, devices in |
the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat pack, [
derate based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2 ounce copper i
conductors. The thermal resistance of the dual-in-line (DE) package is 100°C/W, junction to ambient. |

3. These specifications apply for Vg = 15V and -565°C < Ta < +125°C, unless otherwise stated. With the LM311, however, all temperature specifi- i
cations are limited to 0°C < Ta < +70°C. The offset voltage, offset current and bias current specifications apply for any supply voltage from a !
single 5V supply up to +15V supplies.

4. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a TmA load. 1
Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. !

5. The response time specified (see definitions) is for a 100mV input step with 5mV overdrive. 1

i}
.



139 239 339

139A 239A 339A 2901 3302

Quad Single-Supply Comparators

GENERAL DESCRIPTION

These devices offer higher frequency operation and faster
switching than can be had from internally compensated quad
op amps. Intended for single-supply applications, the Darlington
PNP input stage allows them to compare voltages that include
ground. The two-stage common-emitter output circuit pro-
vides gain and output sink capacity of 3.2mA at an cutput level
of 400mV. The output collector is left open, permitting the
designer to drive devices in the range of 2V to 36V.

They are intended for applications not needing response time
less than 1 us, but demanding excellent op amp input param-
eters of offset voltage and current, and bias current, to insure
accurate comparison with reference voltage.

SCHEMATIC DIAGRAM (1/4 shown)

DESIGN FEATURES

® Input Common Mode Voltage Range Includes Ground

® Wide Single Supply Voltage Range, 2 to 36V

® Qutput Compatible with TTL, DTL, ECL, MOS and CMOS
Logic Systems

® Very Low Supply Current Drain (.8mA) Independent of
Supply Voltage

» O
Vee
.
INPUTS
OUTPUT
O
GND
. - - -0
CONNECTION INFORMATION
DC and DB
CJ Flatpak Dual In-line 'Packages
(Top View) (Top View) PIN  FUNCTION
1 OUTPUT 2
- 2 OUTPUT1
—w ] 3 V+
> 1 14 e 4 —'NPUT 1
p— e - 5 +INPUT 1
—F 10— - g ;'Imzld:ll'-g
: e - 8  -INPUT3
[ 9  +INPUT 4
I 10 -INPUT 4
Order Part Nos.: 1 +INPUT 4
LM139F, LM139AF, 12 GROUND
LM239F, LM239AF Order Part Nos.: 13 outPuT 4
> 14  OUTPUT3
LM139J, LM239J, LM339N, LM339J,
LM2901N, RC3302DB,
LM349AJ, LM239AJ, LM239AJ,
LM339AN
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139 239 339

Quad Single-Supply Comparators {139A 239A 339A 2901 3302

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V*
Differential Input Voltage
Input Voltage
Power Dissipation (Note 1)
Molded DIP
Cavity DIP
Flat Pack
Qutput Short-Circuit toc GND, (Note 2)
Input Current (VN < -0.3 Vpc), (Note 3)
Operating Temperature Range
LM339A
LM239A
LM139A
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

LM139/LM239/LM339
LM139A/LM239A/LM339A
LM2901

36 Vpg nr 18 VpC
36 Vpc
-0.3Vpcto +36 VpC

570 mW
900 mW
800 mW
Continuous
50 mA

0°C to +70°C
-25°C to +85°C
-55°C to +125°C
-65°C to +150°C
300°C

28 Vpgcor 14 Vpc

-0.3Vpcto +28 Vpg

Continuous

-40°C to +85°C

-65°C to +150°C

LM3302

28 Vpc

570 mW

50 mA

300°C

5-6



9-G

ELECTRICAL CHARACTERISTICS

(V¥ =5Vpc, Note'd)

LM139A LM239A, LM339A LM139 LM239, LM339 LM2901 LM3302
PARAMETER CONDITIONS - - - UNITS
MIN | TYP | MAX | MIN | TYP | MAX {MIN | TYP | MAX |'MIN | TYP | MAX |MIN [ TYP [ MAX [MIN | TYP | MAX
Input Offset Voltage | Ta =25°C, (Note 9) 1.0 | #2.0 +1.0 | *¥2.0 .*20 | 5.0 +2.0 | #5.0 +2.0 | *7.0 3’ £20. | mVpC
Input Bias Current HIN(+) oF 1)N(-) with Output in 25 100 25 250 25 100 25 250 25 250 25 500 | nApC
Linear Range, TA = 25°C, (Note 5)
Input Offset Current | IjN(+) - lIN(-). TA = 25°C +3.0 | *25 +5.0 | *50 +3.0 +25 #5.0 | 50 5 50 *3 +100 | nApC
Input Common-Mode | Ta = 25°C, (Note 6) 0 V15| 0 V15| 0 vt-15( 0 vt15| 0 V15| 0 v+-1.5| Vpc
Voltage Rance
Supply Current R = on all Comparators, Ta = 25°C 0.8 2.0 0.8 20 0.8 2.0 0.8 2.0 0.8 1.0 08 |- 2 B
R =, Vt =30V, Ta = 25°C 1 25 mApc 5
Voltage Gairi RL > 15k, V¥ =15Vpc (To 50 | 200 50 200 200 200 25 100 2 30 VimV
Support Large VQ Swing), Ta = 25°C :
Large Signal Response | V| = TTL Logic Swing, VREF = 300 300 300 300 300 300 ns
Time 14 Vpc, VRL =5 VDpC, RL =5.1kQ2,
Ta=25°C
Response Time VRL =5VpC, R =5.1kR, 1.3 13 1.3 1.3 1.3 1.3 us.
Ta =25°C, (Note 7)
Output Sink Current | ViN(-) = 1 VDC, VIN(+) =0 6.0 16 6.0 16 6.0 16 6.0 16 6.0 16 2.0 16 mADC
VO <15Vpc, TA=25C
Saturation Voltage ViN(-) = 1 VDC, VINHL 0, 250 400 250 400 250 400 250 400 400, ' 250 500 {mVpc |
ISINK <4 mA, Tp =25 -
Output Leakage VIN(+) 2 1VDe. VIN(-) =0 0.1 0.1 0.1 0.1 0.1 0.1 nApC »
Current Vo=5Vpc, TA=25°C : .
Input Offset Voltage | (Note 9) 4.0 4.0 9.0 9.0 9 15 40 ImVpc
Input Offset Current | IN(+) = 1IN(-) +100 +150 +100 +150 50 200 300. ‘nADc
Input Bias Current lIN (+) or IjN(-) with Output in 300 400 300 400 200 500 1000 ;| nApC
Linear Range f
Input Common-Mode 0 v+-20| 0 V+-20| 0 vt20]| 0 vt20 | o vt-20| 0 V20| Vpc
Voltage Range ) b
Saturation Voltage VIN({-) = 1 VDC. VIN(+) = 700 700 700 700 400 700 700" |mVpc
ISINK <4 mA
Output Leakage V;N(+) 1 VDG, VIN(-) =0 1.0 1.0 1.0 1.0 1.0 1.0 JuADC
Current Vo= DC
Differential Input Keep all ViN's =0 Vpg for V-, vt vt 36 36 0 v Vee | Voo
Voltage if used), (Note 8) :

NOTES:

. For ‘operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the device
soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated based on a 150°C maximum junction temperature. The low bias dissipation and the ”ON OFF"* character-
istic of the outputs keeps the chip dissipation very small (Pp < 100 mW), provided the output transistors are allowed to saturate.

2. Short circuits from the output to V* can cause excessive heating and eventual destruction. The maximum output current is approximately 20 mA independent of the magnitude of V.

3. This input current will only exist when the voltage at any of the input teads is driven negative. It is'due to the collector-base junction of the input PNP transistors becoming forward biased and thereby actinig as
input diode clamps. in addition to this diode action, there is also lateral NPN parasitic transistor action an the IC chip. This transistor action can cause the output voltages of the comparators to go to the V* voltage

tevel (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again

returns to a value greater than -0.3 Vpc. . B .
. These speclflcanons apply for V¥ =5 VDC and -55°C < Ta < +125°C, unless otherwise stated. With the LM239/LM239A, all temperature specifications are limited to -25°C < Tp < +85°C, the LM339/LM339A

temperature specifications are limited to 0°C < TA < +70°C, and the LM2901, LM3302 temperature range is -40°C < Tp<+85°C.
. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or input fines:

ES

oo

go to +30 Vpc without damage.
The-response time specified is for a100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typscal perfnrmaﬂce charac(ensucs section:

7.
8. Positive excursions .of input voltage may exceed the power supply level. As long as-the other voltage remains within the common-mode range, the comparator will provude a proper output state. The Iow input
voltage state must not be-less than -0.3 Vpg for 0.3 Vpe-below the magnitude of the negative power supply if used).
9. At output switch point, VQ = 1.4 Vpg, Rg = 02 with V't from 5 Vc; and over the full input common-mode range (0 Vpg to V¥-1.6 Vpg).
10. For input signals that exceed Vcg, only the overdriven compardtor is affected. With a 5V supply, VN should be limited to 25V max; and a limiting resistor should be used on.ali inputs that mtght exceed the posv'

tive supply.

The. input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V: The upper end of the.common-mode voltage range is V*~ I 5V, but elther or both nputs ¢an

6ce 6£2 6¢€l



139 239 339
Quad Single-Supply Comparators 2901 3302

339 TYPICAL APPLICATIONS

Single Supply (V' =15Vpc)
Driving TTL Driving CMOS Comparator with Hysteresis ORing the Outputs
+5 Vpe
O

One-Shot Multivibrator with Input Lock Out
Limit Comparator vt (12 Vel © ? vt

10M §560K 15K

O 40 ,_V+
+VREE HI “S%_E_‘D
(|
O
LAMP 100 pF
VIN 12 €S8 I Vo
= oM
ANA-
2N2222 3 240K
+*VREF LOW 62K ==
AN
Zero Crossing Detector Low Frequency Pulse Generator
(Single Power Supply) vt 01 P@+15 Voo
R1
™ 1N914 2 15k
V+
Bus [ ] 60us
o1

™

"FOR LARGE RATIOS OF R1/R2,
D1 CAN BE OMITTED

(+1.4 vpe)

O
12 Vpe

Split Supply (V* = +15Vpc & V™ =-15Vp()

Comparator With a

Zero Crossing
Negative Reference

Detector

Vin
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710

High-Speed Differential Voltage Comparators

GENERAL DESCRIPTION

The RM710 and RC710 integrated circuits are monolithic,
high speed, differential voltage comparators. Manufactured
by the planar process, component matching is inherent.
Characteristic of the devices is low offset voltage and low drift
parameters as well as high accuracy and fast response.

These voltage comparators are specially designed for a variety
of applications such as high speed A/D converter, memory
sense amplifier, zero crossing detector, amplitude discriminator
and variable threshold Schmitt trigger.

The RM710 operates over the full military temperature
range from —55°C to +125°C. The RC710, commercial equiva-
lent of the RM710, operates over a temperature from 0°C
to +70°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

® Low Offset Voltage and Drift Over Entire Temperature
Range

® Fast Response Time

® Qutput Logic Compatible With All Existing Integrated
Logic Forms

® Meets or Exceeds Al Environmental Requirements of
MIL-S-19500, MIL-STD-202, and MIL-STD-750

W4
<0

V-

Order Part Nos.:
RM710T, RC710T

INPUTS | —
fo—o OUTPUT
O
GROUND
v-
CONNECTION INFORMATION
TE ca
Metal Can Package Flat Package
(Top View) (Top View)
eNo[]1 @ 10 Inc
+INpUT []2 9[Ine
-inpuT )3 s Jv*
©) ® NC[4 1Ine
'NVE_'?JLTJWC v s s JoutpuT

Order Part No.:
RM710Q
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High-Speed Differential Voltage Comparators 710 i

ABSOLUTE MAXIMUM RATINGS ‘

R e, e S e -55°C t0 +125°C
Peak Output Current ... ............... 10.0mA RC710 ... . i 0 Cto+70°C b
Differential Input Voltage . ................ 5.0V Internal Power Dissipation (Note 1)
Input Voltage . .............o .. 7. OV TO5 e 300mwW
Storage Temperature Range . ....... -65°C to +1 SOOC FlatPackage ........... ..., 200mwW
Lead Temperature (Soldering, 60s) . ......... 300°C
ELECTRICAL CHARACTERISTICS (vt=12.0V,V-= -6.0V, Ta = +250C unless otherwise specified)
PARAMETER CONDITIONS T P A UNI TS
Input Offset Voltage (Note 3) Rs < 20082 06| 2.0 16| 50| mV
Input Offset Current (Note 3) 0.75| 3.0 1.8| 5.0 uA
Input Bias Current 13| 20 16 | 25 UA
Voltage Gain 1250}1700 1000|150 V/V
Output Resistance 200 200 Q
Output Sink Current AVin 2= 65mV, Vot =0 20| 25 16|25 mA
Response Time (Note 2) 40 | 60 40 ns
The following specifications apply for -5650C < Tp < +1250C. :::,;"f':,‘:"}’,io"géﬂe::if%i?_’
Input Offset Voltage (Note 3) Rs < 20002 3.0 8.5| mV
Average Temperature Coefficient Rg= ZQQ, Ta = Low to 35! 10 50| 20
of Input Offset Voltage TaA = High, Rg = 2082 uV/oC
TaA=250Cto Ta = Low 2.7 10
Input Offset Current (Note 3) Ta=+1250C 0.25| 3.0
TA = Low 18] 7.0 75| HA
Average Temperature Coefficient TA = 250C to Ta = High 50| 25 15| 50
of Input Offset Current Ta = 250C to TA= Low 15| 75 24 | 100 nA/oC |
Input Bias Current Ta= Low 27 | 45 25| 40 uA :
Input Voltage Range =70V 5.0 +5.0 v ‘
Common Mode Rejection Ratio Rg < 20002 80 | 100 70 | 98 dB
Differential Input Voltage Range +5.0 +5.0 \%
Voltage Gain 1000 800
Positive Output Level AVip=bmV, 0<ly,;1<5.0mA| 2.5 | 3.2| 4.0| 2.5 | 3.2| 4.0 \Y,
Negative Output Level AVin 2 5mV -1.0/-0.5/ 0 [-1.0/-0.5/ O \
Output Sink Current ;I'/A = I__c())w, AVjn 2 5mV, 05! 23 0.5 ‘i
out = mA ‘
\T,ﬁut High AVin=6mV, | g5 17 05
Positive Supply Current Vout<0 5.2 9.0 52| 9.0 mA ‘
Negative Supply Current 46| 7.0 46} 7.0 mA i
Power Consumption 90 | 150 90| 150 mw |

NOTES:

1. The thermal characteristics are based on a maximum chip temperature of 160°C. Derate maximum power dissipation of TO-5 Can by 6.7mW/°C
for T = 114°C, and of Flat Pak by 5.3mW/°C for Ta > 103°C. The ratings apply for -65°C < Ta < +125°C.

2. The response time specified (see definitions) is for a 100mV input step with 5mV overdrive.

3. The input offset voltage and input offset current are specified for a logic threshold voltage as follows: For RM710 grade 1.8V at -55°C, 1.4V at
+25°C and 1.0V at +125°C. For RC710 grade 1.5V at +25°C and 1.2V at +70°C.

i
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2111 2211 2311

Dual Precision Voltage Comparators

GENERAL DESCRIPTION

The LH2111 series of dual voltage comparators are two LM111
type comparators in a single hermetic package. Featuring all
the same performance characteristics of the single, these duals
offer in addition closer thermal tracking, lower weight, reduced

LH2311 is specified for operation over the 0°C to 70°C tem-
perature range.

DESIGN FEATURES

insertion cost and smaller size than two singles. For additional ® Wide operating supply range +15V to a
information see the LM111 data sheet and National’s Linear single +5V
Application Handbook. ® Low input currents 6nA
o ® High sensitivity 10uV
The LH2111 is specified for operation over the -55"C to o Wide diff ol +30V
+125°C military temperature range. The LH2211 is specified ide differential input range -
for operation over the -25°C to +85°C temperature range. The ® High output drive 50mA, 50V
CONNECTION INFORMATION
DD Dual-In-Line CL Flat Package
Ceramic Package (Top View) PIN  FUNCTION
(Top View) 1 Va+
= —e 16—— 2 e vouTRUT (A)
= - —2 L ) 4 -INPUTA
[: 2 15 : 3 A 5 A\l
34 El& + [/ —] 6 BAL B
LA :g ] - :g —— 7 BAL/STROBEB
(= | B - 8 COLLECTOR V OUTPUT (B)
s - -12 o | — — | Y v
5  eos— ' Ti—— 10 EMITTER V OUTPUT (B)
036 e — o E— 11 4INPUTB
8 | 12 -INPUT B
7 10 1 Ig—— 13 BAL A
. 9l 14 BAL/STROBE A
15 COLLECTOR VOUTPUT (A)
16 NC
Order Part Nos.: Order Part Nos.:
LH2111D or LH2211D LH2111F or LH2211F
or LH2311D or LH2311F
AUXILIARY CIRCUITS
" vt FROM
3,11 136 LADDER
158 NETWORK 15,8TTL
a0 D1Z 02y 0UTPUT
*Increases typical common
mode slew from 7.0V/us ANALOG
t0 18V/us. INPUT

Increasing input Stage Current®

STROBE

Strobing

Comparator and Solenoid Driver

Driving Ground-Referred Load

FROM D/A NETWORK

4,12
A 0uTPUT v+
15,8 A
ANALOG l
3 INPUT
a a1
L "3 N, 2N3740 SAMPLE

*Typical input current is
50pA with inputs strobed off.

Strobing off Both Input*
and Output Stages

Using Clamp Diodes to Improve Responses

+o
a1 A3 vt=sv
240K 82K$ ?2
* °
15,8 INPUT T
13,6 TOTTL LOGIC
;L ragal 2,10
V4, -
L o1 =K -
Im “ TTL 3;: *Values shown are for a 0 to 30V
= 2N22224" sTROBE logic swing and a 15V threshold.
R1 -# TMay be added in control speed
1K and reduce susceptibility to noise

spikes.
TTL Interface with High Level Logic

5-10




Dual Precision Voltage Comparators

2111 2211 2311

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (VT V7)o 36V
Output to Negative Supply Voltage (VOUT = V) -« o i e e e e e e e e 50V
Ground to Negative Supply Voltage (GND - V) . ..o e e e e e e e e e 30V
Differential Input Voltage. . . . . . . . . e e e e e 30V
Input Voltage (NOte 1) . . . oot e e e e e e e e +15V
Power Dissipation (NOTE 2) . . . . . . ottt e e e e e e e 500mW
Output Short Circuit DUration. . . . . . . o e e e e e e e e e e e e e e e e e 10 sec
Operating Temperature Range  LH211T. . ..o oottt e e e -55°C to 125°C

LH22T T, -25°C to 85°C

LH23T T, e e 0°Cto 70°C
Storage Temperature RaNGe. . . . . . . oo vttt e e e e -65°C to 150°C
Lead Temperature (Soldering, 10 SEC) . . . . . o vt e e e e e 300°C

ELECTRICAL CHARACTERISTICS

— each side (Note 3)

LIMITS
PARAMETER CONDITIONS UNITS
LH2111 LH2211 LH2311
Input Offset Voltage (Note 4) Ta =25°C, Rg < 50k 3.0 3.0 7.5 mV Max
Input Offset Current (Note 4) Ta=25°C 10 10 50 nA Max
Input Bias Current Ta=25°C 100 100 250 nA Max
Voltage Gain Ta=25°C 200 200 200 V/mV Typ
Response Time (Note 5) Ta=25°C 200 200 200 ns Typ
Saturation Voltage VIN <-bmV, IgyT = 50mA 1.5 1.5 1.5 V Max
Ta=25°C
Strobe On Current TA= 25°C 3.0 3.0 3.0 mA Typ
Output Leakage Current VIN 2 5mV, VoyuT =35V 10 10 50 nA Max
Ta=25°C
Input Offset Voltage (Note 4) Rg < 50k 4.0 4.0 10 mV Max
Input Offset Current (Note 4) 20 20 70 nA Max
Input Bias Current 150 150 300 nA Max
Input Voltage Range +14 +14 +14 V Typ
Saturation Voltage vt>45v,v-=0 0.4 0.4 0.4 V Max
VIN <-5mV, IgINK < 8mA
Positive Supply Current Ta=25°C 6.0 6.0 7.5 mA Max
Negative Supply Current Ta=25°C 5.0 5.0 5.0 mA Max

NOTES:

1.

2.

This rating applies for +15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to
the negative supply voltage or 30V below the positive supply, whichever is less.

The maximum junction temperature is 1560°C. For operating at elevated temperatures, devices in the flat package, the derating is based on a thermal
resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductor. The thermal re-
sistance of the dual-in-line package is 100°C/W, junction to ambient.

. These specifications apply for Vg = £15V and -55°C < Tp < 125°C for the LH2111, -25°C < Tp < 85°C for the LH2211,and 0°C < Tp < 70°C

for the LH2311, unless otherwise stated. The offset voltage, offset current and bias current specifications apply for any supply voltage from a
single 5V supply up to 15V supplies. For the LH2311, V| = £10mV.

. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a TmA load.

Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance.

. The response time specified is for a 100mV input step with 5mV overdrive.
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Line Drivers and Receivers
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1488

Quad Line Drivers

DESCRIPTION

DESIGN FEATURES

The RC1488 is a monolithic quad line driver designed to inter-

face data terminal equipment with data communications equip-
ment in conformance with the specifications of EIA standard
number RS-232-C. This standard specifies not only the num-
ber and type of interface leads, but also the voltage levels to

be used.

The RC1488 and its companion circuit, the RC1489/RC1489A

quad line receiver, provide a complete interface system between
DTL and TTL logic levels and the RS-232-C defined levels.

LOGIC DIAGRAM

® Current Limited Output 10mA Typical

Power-off Source Impedance 300 Ohms Minimum
® Simple Slew Rate Control With External Capacitor
® Flexible Operating Supply Range

® Compatible With All DTL and TTL Logic

CONNECTION INFORMATION

DB and DC Dual In-line

Package
(Top View)
v-1® u v

AINPUT[]2 13J o inpuT

AOQuTPUT []3 121D INPUT
BINPUT []4 1] D ouTPUT

BANPUT []5 w[Jcineut

BOUTPUT []6 9] cinpuT
GND [7 8] coutput

Order Part Nos.:
RC1488DB, RC1488DC
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Quad Line Drivers 1488
ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)

RATING SYMBOL VALUE UNIT
Power Supply Voltage vt +15 v
% -15
Input Signal Voltage Vin -15<Vjn <7.0 \Y
Output Signal Voltage Vo 15 \Y
Power Derating (Package Limitation, Ceramic and Plastic Dual In-Line Packages) PD 1000 mwW
Derate above T = +25°C 1/64A 6.7 mWw/°C
Operating Temperature Range TA 0to +75 °c
Storage Temperature Range Tstg ~65to +175 °C
ELECTRICAL CHARACTERISTICS (V+=+9.021% Vdc, V== -9.0 +1% Vdc, Ta = 0°C to +75°C
unless otherwise noted)

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | UNIT
Forward Input Current IF Vin =0V 1.0 1.6 mA
Reverse Input Current IR Vin = +b.0V 10 MA
Output Voltage High VOH Vin=0.8V, R =3.0kQ, Vt=+9.0V, V-=-9.0V +6.0 +7.0 v

Vin=0.8V, R =3.0k2, V+=+13.2V,V-=-13.2V | +9.0 | +10.5
Output Voltage Low VoL Vin=1.9Vdc, R =3.0k$2, VY=+9.0V, V-=-9.0V | -6.0 -7.0 v
Vin=1.9Vdc, R =3.0k2, VT=+13.2V, 90 | -105
-=-13.2v
Positive Output Short-Circuit | ISC+ ’ +6.0 +10 +12 mA
Current
Negative Output Short-Circuit | ISC- -6.0 -10 -12 mA
Current
Output Resistance RO vt=V-=0, Vol =+2.0V 300 Q
Positive Supply Current It Vin = 1.9Vdc, V* = +9.0V +15 +20
(Rp=c) Vin = 0.8Vdc, V¥ = +9.0V 45 | +6.0
Vin = 1.9Vdc, Vt = +12V +19 +25
Vin = 0.8Vdc, V*t = +12V +5.5 +7.0 mA
Vijn = 1.9Vdc, Vt = +15V +34
Vin = 0.8Vdc, VT = +15V +12
Negative Supply Current - Vin 1.9Vdc, V- = -9.0V -13 -17
(RL =) Vin = 0.8Vdc, V- = -9.0V 0 0
Vip = 1.9Vdc, V- = =12V -18 -23 mA
Vin = 0.8Vdc, V- = =12V 0 0
Vin = 1.9Vdc, V- = -15V -34
Vin =0.8Vdc, V- = -15V -2.5
Power Dissipation PD V+=09.0Vdc, V- = -9.0V 333
V+=12Vdc, V- = -12V 576 mw
SWITCHING CHARACTERISTICS (v*=+9.0+1% Vdc, V- =-9.0 +1% Vdc, Ta = 25°C)

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | UNIT
Porpagation Delay Time tpd+ Z| = 3.0k and 15pF 275 350 ns
Fall Time tf Z| = 3.0k and 15pF 45 75 ns
Propagation Delay Time tpd— Z|_ = 3.0k and 15pF 110 175 ns
Rise Time tr Z| - 3.0k and 15pF 55 100 ns

o3



1489
1489A

Quad Line Receivers

GENERAL DESCRIPTION

The RC1489 and RC1489A are monolithic quad line receivers
designed to interface data terminal equipment in conformance
with the specifications of EIA standard number RS-232-C.
This standard specifies not only the number and type of inter-
face leads, but also the voltage levels to be used.

The RC1488 quad driver and its companion circuit, the
RC1489/RC1489A quad receiver, provide a complete interface
system between DTL or TTL logic levels and the RS-232-C
defined levels.

LOGIC DIAGRAM

DESIGN FEATURES

® |nput Resistance 3k to 7k

® Input Signal Range =30V

® Built-in Input Threshold Hysteresis

® Response Control: Logic Threshold Shifting and Input
Noise Filtering

1?—@313
2 12
4 6
5.
10?—@8
9

vt e————on

:P—@n

___E_—O 7

CONNECTION INFORMATION

DB and DC
Dual In-line Package
(Top View)
[ ] +
AINPUT (1 w3v
A CONTROL ]2 1330 INPUT
AQUTPUT []3 1230 conTRoL
BiNPUT []4 111D ouTPuT
B CONTROL 5 10[_J CINPUT
BouTPUT 6 9/ c conTroL
GND 7 s[JcouTpuT
Order Part Nos.:
RC1489DC, RCi1489ADC,

RC1489DB,RC1489ADB
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Quad Line Receivers

1489

1489A

ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)

RATING SYMBOL VALUE UNIT
Power Supply Voltage vt +10 \
Input Signal Range Vin +30 \%
Output Load Current N 20 mA
Power Dissipation (Package Limitation, Ceramic and Plastic Dual In-Line Packages) Pp 1000 mW
Derate above Ta = +25°C 1/0A 6.7 mw/°C
| Operating Temperature Range TA 0to +75 °C
Storage Temperature Range Tstg -65to +175 °C
ELECTRICAL CHARACTERISTICS
(Response control pin is open. VT=+5.0Vdc 1%, TA=0°C to +75°C unless otherwise noted)
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | UNIT
Positive Input Current hH Vip = +25V 3.6 8.3 mA
Vin = +3.0V 0.43
Negative Input Current e Vip = -25V -3.6 -8.3 mA
Vip = -3.0V -0.43
Input Turn-On Threshold VIH Ta=+25°C, VoL <0.45V RC1489 1.0 1.5 v
Voltage RC1489A 1.75| 1.95| 225
Input Turn-Off Threshold ViL Ta=+25°C, VOH = 2.5V, I = -05mA
Voltage RC1489 0.75 1.25 v
RC1489A 0.75 0.8 1.25
Output Voltage High VOH Vin=0.75V, IL = -0.56mA 2.6 4.0 5.0 v
Input Open Circuit, 1= ~0.5mA 2.6 4.0 5.0
QOutput Voltage Low VoL Vin = 3.0V, I = 10mA 0.2 0.45 \
Output Short-Cirucuit Current| 1SC 3.0 mA
Power Supply Current I+ Vin = +5.0V 20 26 mA
Power Dissipation Pp Vin = +5.0V 100 130 mW
SWITCHING CHARACTERISTICS (v+=+5.0 Vdc 1%, Ta = +25°C)

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | UNIT
Propagation Delay Time tpd+ RL=3.9Q 25 85 ns
Rise Time tr RL =3.9Q2 120 175 ns
Propagation Delay Time tpd— RL = 39002 25 50 ns
Fall Time tf RL = 39092 10 20 ns




9622

Dual Line Receivers

GENERAL DESCRIPTION

DESIGN FEATURES

The RM9622 and RC9622 are dual line receivers designed to ® CCSL-Compatible Threshold Voltage
discriminate a worst-case logic swing of 2V from a 10V ® Input Terminating Resistors
common-mode noise signal or ground shift. To provide a CCSL- P 9
compatible threshold voltage and maximum noise immunity, ® Choice of Output State With Inputs Open
the differential amplifier has a built-in threshold of 1.5V. ® CCSL-Compatible Output
The offset is obtained by use of current sources and matched e HighC Mod
resistors, and varies only *5% (75mV) over the military and 1gh Lommon-iode
commercial temperature ranges. ® Wire-OR Capability
The RM9622 military version operates over a temperature ® Enable Inputs
range of —55°C to +125°C. The RC9622 is the commercial ® Full Military Temperature Range
type which operates from 0°C to +70°C. ) .
) ® | ogic Compatible Supply Voltages
These dual line receivers offer a choice of output states with
the inputs open, without affecting circuit performance by use
of S3. At the input of each line receiver a 130-ohm terminat-
ing resistor is provided. The output is CCSL-compatible. And
the output high level can be increased to +12V by connecting
to a positive supply through a resistor. The outputs can be
wired OR.
SCHEMATIC DIAGRAM
‘r
AQUTPUT
B QUTPUT
N B INPUT
AT INPUT —K
. B*1300
AT1300 GROUND
A” INPUT C*-%‘VV—“ = (o2
'ﬁ B™INPUT
OUTPUT 3
STATES
e
33
- - * <4—OVEE
CONNECTION INFORMATION LOGIC DIAGRAM
CJ Flat Pack DC Dual In-line Package PIN FUNCTION
(Top View) (Top View) 1 OUTPUT STATES
2 A OUTPUT 30— B
e cwllir: e L ] 3 AINPUT 4 2
2 1 1 BEE——m 2 B a A+
s H —] 5 At130Q 5
[———— i —] - 2] 6 A- [
0 10 f—— e n[J 7 v+
s 7 8 = s 10 8 & 20—
C IT (€ L_“ : 9 B~ 1" 13
s 9] 10 B*1300
Order Part No.: 7 [ 11 gt 10 0— 1
RM9622CJ 12 BINPUT . O_I
Order Part Nos.: 13 B OUTPUT
RM9622DC, RC9622DC 14 GROUND
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Dual Line Receivers

ABSOLUTE MAXIMUM RATINGS

9622

V¢, Pin Potential to Ground Pin. . .

Input Voltage. . . .............

Voltage Applied to Outputs for
High Output State

..... -0.5V to +7V
........... +16V RM9622
... -0.5Vto +13.2V RC9622

Operating Temperature Range

Internal Power Dissipation (Note 1)

-55°C to +125°C
0°C to +70°C

VEE Pin Potential to Ground Pin . . ... ... -0.5V to -12V CeramicDip. . ... .. ... . 670mW
Enable Pin Potential to Ground Pin. . . .. .. -0.5V to -15V Flatpak. . ... ... ... .. .. .. 570mW
Storage Temperature Range. . .. ...... -65°C to +150°C
ELECTRICAL CHARACTERISTICS (-550C to +1250C, Ve = 5.0V +10%, VEE = 10V +10%)
LIMITS
SYMBOL CHARACTERISTICS CONDITIONS & COMMENTS -550C +250C +1250C [UNITS
MIN|MAX|MIN| TYP [MAX [MIN [MAX
VoL Output Low Voltage |Vcc =4.5V VEE =-11V 0.40 0.25|0.40 0.40| V
*VDIFF =20V IloL=124mA
VOH Output High Voltage |Vcc = 4.5V VEE = -9.0V 2.8 3.0 33 2.9 \Y%
*VDIFF=1.0V  IgH =-0.2mA
ICEX Output Leakage Vce = 4.5V VEE = =11V 50 100 200 uA
Current *VDIFF = 1.0V VCEX =12V
Isc Output Shorted Vee = 5.0V VEE = -10V -1.3/ -3.1|-1.4|-2.15| -3.1|-1.3|-3.1| mA
Current *VpIFF = 1.0V  Vgc =0V
IR(ENABLE) |Enable Input Leakage |Vcc =4.5V VEE = -11V 2.0 50| umA
Current S3= 4.5V VR =4.0V
IE(ENABLE) |Enable Input Vce 5.5V VEE = -9.0V -1.5 -0.96/-1.5 -1.5| mA
Forward Current S3=0V VE =0V
IF(+ INPUT) |+ Input Vee = 5.0V VEE = -10V -2.3 -1.67]-2.1 -2.0| mA
Forward Current —Input = Gnd VE =0V
IE(-~ INPUT) |- Input Vce, S3=5.0V VEg=-10V -2.6 -1.87|-2.4 -2.3| mA
Forward Current + Input = Gnd VE =0V
VIL(ENABLE)| Input Low Voltage  [VCC =5.0V £10% VEE = -10V +10% 13 141 1.0 07| Vv
Vith Differential Input Vee =5.0V £10% VEg = -10V£10% (1.0 20|10| 15|20 |10]|20| V
Threshold Voltage
Vcm Common Mode Vce = 5.0V VEE = -10V -10| £12 | +10 \%
Voltage *VDIFF = 1.0V or 2.0V
R13082 Terminating Resistance| Ve = 5.5V VEE = -11V 100|130 | 175 Q
Icc 5V Supply Current S3, + Inputs = 5.5V, ~Inputs = 0V 13.7|22.9 mA
IEE -10V Supply Current |VcC = 5.5V VEE = -11V -6.5-11.1 mA
S3, + Inputs = 5.5V, - Inputs = 0V
tpd+ Turn-off Time Vce = 5.0V VEE = -10V 38 | 50 ns
VINO—3.0V, R = 3.9k{2, C|_ = 30pF
tpd- Turn-on Time Vge =5.0V VEE = -10V 35 | 50 ns
VINO—>3.0V, R = 0.39k(2, C|_ = 30pF

*VDIFF is a differential input voltage referred from A+ to A- and from B+ to B-.

NOTE:

1. Rating applies to ambient temperature up to 70°C. Above 70°C, derate linearly at 8.3mW/°C for the ceramic DIP and 7.1mW/°C for the Flatpak.
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9622

Dual Line Receivers
m

ELECTRICAL CHARACTERISTICS (00C to +750C, Ve = 5.0V 5%, VEE = ~10V +5%)

LIMITS
SYMBOL CHARACTERISTICS CONDITIONS & COMMENTS 0oC +250C +750C - [UNITS
MIN[MAX|MIN] TYP [MAX [MIN [MAX
VoL Output Low Voltage |[Vcc=4.75V VEE = -10.5V 0.45 0.25]0.45 045 V
*VDIFF=2.0V IpoL-14.1mA
VOH Output High Voltage (Ve =4.75V VEE =-9.5V 2.9 3.0] 33 2.9 \%
*VDIFF=1.0V  igH=-0.2mA
ICEX Output Leakage Vce =4.75V VEE = -10.5V 80 100 200 uA
Current *VDIFF=1.0V  VCgEx =5.25V
Isc Output Shorted Vce = 5.0V VEE = -10V -1.3{-3.1[-1.4]-2.15| -3.1{-1.3|-3.1{ mA
Current *VDIFF=1.0V Vgc=0V
IR(ENABLE) |Enable Input Leakage {Vcc =4.75V VEE = -10.5V 5.0 10 | uwA
Current S3=4.75V VR =4.0V
IF(ENABLE) |Enable Input Vce 5.25V VEE = -9.5V -1.5 -0.96/-1.5 -1.5] mA
Forward Current Sz =0V VE =0V
IF(+ INPUT) |t Input Vce = 5.0V VEE =-10V -2.6 -1.67|-2.4 -2.3| mA
Forward Current ~Input = Gnd VE =0V
IF(-~ INPUT) |- Input Vce,S3=5.0V  VEE=-10V -2.9 -1.87|-2.7 -2.6| mA
Forward Current + Input = Gnd VE =0V
VIL(ENABLE)| Input Low Voltage Vce =5.0V 5% VEE = -10V 5% 1.2 1.4 1.0 0.85( V
Vth Differential Input Vce =5.0V 5% VEE=-10V 5% 1.0 20{10}15})20 |1.0] 20 \Y
Threshold Voltage
vcwm Common Mode Vce = 5.0V VEE =-10V -7.5| £12 |+7.5 \
Voltage *VDIEF = 1.0V or 2.0V
R13092 Terminating Resistance|VcC = 5.25V VEE = -10.5V 91 | 130 | 185 Q
Icc 5V Supply Current S3, + Inputs = 5.25 V, —=Inputs = 0V 13.7(22.9 mA
lEE -10V Supply Current |Vcc = 5.25V VEE = -10.5V -6.5}-11.1 mA
S3, + Inputs = 5.25V, —Inputs = OV
tpd+ Turn-off Time Ve =5.0v VEE = -10V 38 | 100 ns
VINO—3.0V, R = 3.9k, C|_= 30pF
tpd- Turn-on Time Vce = 5.0V VEE = -10V 35 | 100 ns
VINO—3.0V, R = 0.39kR, C_ = 30pF
*VpIFFE is a differential input voltage referred from A+ to A- and from B+ to B-.
TYPICAL APPLICATIONS
SWITCHING TIME TEST CIRCUIT WAVEFORMS

i

Vee

Vour
C,

..IT._L

DRIVER SYSTEM

STANDARD USAGE
1 |

toos

RECEIVER SYSTEM

LoGic

F—  LINE DRIVER

! une !
! RM9622 or
RC9622

LOGIC
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Dual Line Receivers

TYPICAL ELECTRICAL DATA

toa— - TURN ON TIME - ns Vou - OUTPUT LOW VOLTAGE - mW

Vour - OUTPUT VOLTAGE - VOLTS

Output Low Voltage
versus Output Low Current

30
Vee = —10V
Ta=25°C

2501

2001
00

ol
\c°|

WL T
Vee = 5.0V

50 10 15 20
lov - OUTPUT LOW CURRENT - mA

Turn On Time versus
Ambient Temperature

100

Vee = 5.0V
“Vee = —10V
0] LOAD A: R = 5000 C_ = 50pF V, = 5.0V _|
LOAD B: R = 3900 C, = 30pF V, = 5.0V
LOAD C: R = 2000 C, = 50pF V. = 3.0V —
0kt —1 I T

T d 2 [ WoRST CASE WITH LoAD B

—
LOAD ¢ L TYPICAL

0
—60 =20 0 2 60 100 140
T, - AMBIENT TEMPERATURE - °C

Vout - Voire
Transfer Characteristics
5
V=55 )
V. =50V
m
V. =457
30) }
Sl =81 =
T THLT
2.0 i e o
= = -
10 | ]

0
10 12 14 16 18 20
Vouer - DIFFERENTIAL INPUT VOLTAGE - VOLTS

Vo - OUTPUT HIGH VOLTAGE - VOLTS

- TURN OFF TIME - ns

toas

Vour - OUTPUT VOLTAGE - VOLTS

Output High Voltage
versus Output High Current

[ Vee=—10v

T,=25°C

N

N

-

A

DN

0 —05 —10 —15 =20 —25 -30

100

low - OUTPUT HIGH CURRENT - mA

Turn Off Time versus
Ambient Temperature

E=m 1T

Vee= =1V |
LOAD A: R, = 5000 C, = 50pF V. = 5.0V
LOAD B: R = 3.9ke C_ = 30pF V, = 5.0V
LOAD C: IRL = 2000 C, = 50pF V, =

20

-
_wl;SxTCI\SE Lk -
LOAD B___/:‘
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0
—60 —20 0 20 60 100 140

Ta - AMBIENT TEMPERATURE - °C

Output Voltage versus
Common Mode Voltage

50— T
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40

30
=I5

20 & il
2|z
=1+

10
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—20 —12 —40 0 40 12 20
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P
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555

Timer

GENERAL DESCRIPTION

The RC555 and RM555 monolithic timing circuits are highly
stable controllers capable of producing accurate time delays
or oscillation. In the time delay mode, delay time is precisely
controlled by only two external parts: a resistor and a capaci-
tor. For operation as an oscillator, both the free running
frequency and the duty cycle are accurately controlled by two
external resistors and a capacitor.

Terminals are provided for triggering and resetting. The circuit
will trigger and reset on falling waveforms. The output can
source or sink up to 200mA or drive TTL circuits.

DESIGN FEATURES

Timing From Microseconds Through Hours
Operates in Both Astable and Monostable Modes
Adjustable Duty Cycle

Output Drives TTL

High Current Output Can Source or Sink 200mA
Temperature Stability of 0.005%/°C

Normally On and Normally Off Output

SCHEMATIC DIAGRAM
Vee
8 o- é
A —
M
6 05
THRESHOLD 2
S 3
QUTPUT
ld
L]
: IR S
? W4
o =
TRIGGER N L—K
4
RESET
7
DISCHARGE
1 Oj
GND l
I
CONNECTION INFORMATION
TE Metal Can Package DE and NB Dual In-line Packages
(Top View) (Top View) PIN  FUNCTION
1 GROUND
—® 8] 2  TRIGGER
-] ) 3 OUTPUT
4  RESET
s sH 5  CONTROL VOLTAGE
¢ 51 6  THRESHOLD
7 DISCHARGE
8 Vv
Order Part Nos.: cc
Order Part Nos - RCB55NE, RVS55NE
RC555T, RM555T RCB555DE, RV555DE, RM555DE




Timer

ABSOLUTE MAXIMUM RATINGS

555

Supply Voltage . ............c.uiuueoon.. +18V Operating Temperature Range
Power Dissipation . .................... 600mW RC5565 . ... ... i 00C to +700C
Storage Temperature Range . ....... —650C to +1500C RVBB5 ... -40°C to +85°C
Lead Temperature (Soldering, 60s) ......... +3000C RMB55 . ... ................ -550C to +1250C
ELECTRICAL CHARACTERISTICS (vcc = +5V to +156V, Ta = 250C unless otherwise specified)
RM555 RV/RC555
PARAMETER CONDITIONS N Ve T MAX | WMiN TYP | MAX UNITS
Supply Voltage 4.5 18 4.5 16 \
Supply Current Vee =5V, R = 3 5 3 6 mA
Vee =158V, R = 10 12 10 15 mA
Low State, (Note 1)
Timing Error RA, RB= 1k{2 to 100k§2
C = 0.1uF (Note 2)
Initial Accuracy 0.5 2 1 %
Drift with Temperature 30 100 50.1 ppm/°C
Drift with Supply Voltage 0.05 0.2 0.1 %/Volt
Threshold Voltage 2/3 2/3 xVce
Trigger Voltage Vcee = 15V 4.8 5 5.2 5 \%
Vge =5V 1.45 1.67 1.9 1.67 \
Trigger Current 0.5 0.5 UA
Reset Voltage 0.4 0.7 1.0 0.4 0.7 1.0 \
Reset Current 0.1 0.1 mA
Threshold Current (Note 3) 0.1 0.256 0.1 0.25 uA
Control Voltage Level Vce = 15V 9.6 10 10.4 9.0 10 1 \Y
Vgee =5V 2.9 3.33 3.8 2.6 3.33 4 \Y
Output Voltage Drop (low) Vce = 15V
ISINK = 10mA 0.1 0.15 0.1 0.25 Y
ISINK = 50mA 0.4 0.5 0.4 0.75 \%
ISINK = 100mA 2 2.2 2 2.5 Vv
ISINK = 200mA 2.5 2.5
Ve = BV
ISINK = 8mA 0.1 0.25 Vv
ISINK = 5mA 0.25 | 0.35
Output Voltage Drop (high) ISOURCE = 200mA
vce = 15V 12.5 12.5 Y
ISOURCE = 100mA
Vee = 15V 13 13.3 12.75| 133 \Y
VvVee =5V 3 3.3 2,75 3.3 Y,
Rise Time of Output 100 100 ns
Fall Time of Output 100 100 ns
NOTES:
1. Supply current when output high typically TmA less.
2. Tested at Vcc = 5V and Vg = 15V.
3. This will determine the maximum value of Ra + Rpg. For 16V operation, the max total R = 20 megohm.
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555

TYPICAL ELECTRICAL DATA

Timer

Minimum Pulse Width Supply Current High Output Volitage
Required for Triggering vs Supply Voltage vs Output Source Current
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Timer

555

TYPICAL APPLICATIONS (Cont.)

Monostable Operation

In this mode, the timer functions as a one-shot. The ex-
ternal capacitor is initially held discharged by a transistor
internal to the timer. Applying a negative trigger pulse to
Pin 2 sets the flip-flop, driving the output high and releasing
the short-circuit across the external capacitor. The voltage
across the capacitor increases with time constant r = RAC
to 2/3 V¢, where the comparator resets the flip-flop and
discharges the external capacitor. The output is now in the
low state.

Vg (5To 15V)

RESET T—-— —

o—f2 7

o— I

3 5 CONTROL
ouTPUT y VOLTAGE
I I

C

Free Running Operation

With the circuit connected as shown, it will trigger itself
and free run as a multivibrator. The external capacitor
charges through Rp and RpB and discharges through Rp
only. Thus the duty cycle is set by the ratio of these two
resistors, and the capacitor charges and discharges between

Vg (5 to 15V)

Ra

ouTPUT

‘lHﬂl—“

f

Circuit triggering takes place when the negative-going trig-
ger pulse reaches 1/3V e and the circuit stays in the out-
put high state until the set time elapses. The time the
output remains in the high state is 1.TRAC and can be
determined by the graph. A negative pulse applied to Pin
4 (reset) during the timing cycle will discharge the external
capacitor and start the cycle over again beginning on the
positive-going edge of the reset pulse. If reset function is
not used, Pin 4 should be connected to VCC to avoid false
resetting.

Time Delay
vs Ra, Re and C

CAPACITANCE - uF

0.001 L
10100 1 10 100 1 10

uS W8 MS  MS  MS S S
TIME DELAY

1/3Vee and 2/3Vee. Charge and discharge times, and
therefore frequency, are independent of supply voltage.
The free running frequency versus Ra, RB, and C is shown
in the graph.

Free Running Freq 100
vs Ra, Re and C

CAPACITANCE - uF

(Rp +2Rg) *
| h
|
|

1

0.1 1 10 100 1 10 100

Hz  Hz Hz Hz  kHz kHz «kHz
FREE RUNNING FREQUENCY




556

Dual Timer

GENERAL DESCRIPTION

The RC556 and RM556 dual monolithic timing circuits are
highly stable controllers capable of producing accurate time
delays or oscillation. Iin the time delay mode, delay time is
precisely controlled by only two external parts: a resistor and
a capacitor. For operation as an oscillator, both the free run-
ning frequency and the duty cycle are accurately controlled
by two external resistors and a capacitor.

Terminals are provided for triggering and resetting. The circuit
will trigger and reset on falling waveforms. The output can
source or sink up to 200mA or drive TTL circuits.

SCHEMATIC DIAGRAM (1/2 shown)

DESIGN FEATURES

Timing From Microseconds Through Hours
Operates in Both Astable and Monostable Modes
Adjustable Duty Cycle

Output Drives TTL

High Current Qutput Can Source or Sink 200mA
Temperature Stability of 0.005%/°C

Normally On and Normatly Off Output

vee o
Y
( —A ] I i
THRESHOLD o Lo\ ThGE
$——O QUTPUT
1A
s
g ¥. |
v
TRIGGER O :[ ™~
RESET °—_—K1 K
DISCHARGE o—-LL
G O rr‘l_
CONNECTION INFORMATION
DC and DB
Dual In-line Packages PIN  FUNCTION
(Top View) 1 DISCHARGE A
[ 2 THRESHOLD A
! “H 3 CONTROL A
2 k] ] 4 RESET A
s " 5  OUTPUTA
- - 6 TRIGGER A
] |l 7  GROUND
s 10— 8 TRIGGER B
9 OUTPUT B
s 3 10 RESETB
7 8 1" CONTROL B
12 THRESHOLD B
Order Part Nos.: 13 DISCHARGE R
RC556DB8, RC556DC, 14 ) R
RM556DC, RV556DB, CcC
RV556DC
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Dual Timer

ABSOLUTE MAXIMUM RATINGS

556

Supply Valtage . ... oviii +18V Operating Temperature Range o .
Power Dissipation . .................... 600mW RC556 ........................ 0 Cto+70 C
Storage Temperature Range . ....... -65°C to +150°C RM556 . ................... -55"Cto +125 C
Lead Temperature (Soldering, 60s) . ......... +300°C RVB56 ...................... -40°Cto+85°C
ELECTRICAL CHARACTERISTICS (vcc =+5V to +15V, T = 250C unless otherwise specified)
RM556 RC556, RV556
PARAMETER CONDITIONS MIN v T MAX | MIN VP | MAX UNITS
Supply Voltage 4.5 18 4.5 16 \%
Supply Current (Each Side) Vee =5V, R =9 3 5 3 6 mA
Vee =15V, R = 10 11 10 14 mA
Low State, (Note 1)
Timing Error (Free Running) Ra, Rg=2kS2 to 100k2
C=0.1uF (Note 2)
Initial Accuracy 1.5 2.25 %
Drift with Temperature 90 150 ppm/°C
Drift with Supply Voltage 0.15 0.3 %/Volt
Timing Error (Monostable) Ra. RB=2k{2 to 100kQ2
C=0.1uF (Note 2)
Initial Accuracy 0.5 1.5 0.75 %
Drift with Temperature 30 100 50 ppm/°C
Drift with Supply Voltage 0.05 0.2 0.1 %/Volt
Threshold Voltage 2/3 2/3 xVee
Trigger Voltage Vce = 15V 4.8 5 5.2 5 \%
Vee =5V . 1.45 1.67 1.9 1.67 \
Trigger Current 0.5 0.5 MA
Reset Voltage 0.4 0.7 1.0 0.4 0.7 1.0 \Y
Reset Current 0.1 0.1 mA
Threshold Current (Note 3) 0.03 0.1 0.03 0.1 UA
Control Voltage Level Vce =15V 9.6 10 10.4 9.0 10 11 \%
Vee =5V 2.9 3.33 3.8 2.6 3.33 4 Vv
Output Voltage Drop (low) Vce = 15V
ISINK = 10mA 0.1 0.15 0.1 0.25 \%
ISINK = 50mA 0.4 0.5 0.4 0.75 \Y%
ISINK = 100mA 2 2.25 2 2.75 \Y%
ISINK = 200mA 2.5 2.5
Vce =5V
ISINK = 8mA 0.1 0.25 \%
ISINK = 5BmA 0.25 0.35
Output Voltage Drop (high) ISOURCE = 200mA
Vce = 15V 12.5 12.5 \%
ISOURCE = 100mA
Vce =15V 13 13.3 12.75 13.3 \
Vee = 5V 3 3.3 2.75 | 33 v
Rise Time of Output 100 100 ns
Fall Time of Output 100 100 ns
Matching Characteristics Between Each
Section
Initial Timing Accuracy 0.3 0.6 0.5 1 %
Timing Drift with Temperature +10 £10 ppm/°C
Drift with Supply Voltage 0.1 0.2 0.2 0.5 %/Volt

Notes on following page.
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Dual Timer

TYPICAL ELECTRICAL DATA

Minimum Pulse Width Supply Current High Output Voltage
Required for Triggering vs Supply Voltage vs Output Source Current
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NOTES

1. Supply current when output high typically 2mA less.
2. Testedat Vgg =5V and Vg = 15V.
3. This will determine the maximum value of Rp + Rpg. For 16V operation, the maximum total R = 20M$2.
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Dual Timer

556

BASIC OPERATIONAL MODES

Monostable Operation

In this mode, the timer functions as a one-shot. The ex-
ternal capacitor is initially held discharged by a transistor
internal to the timer. Applying a negative trigger pulse to
Pin 2 sets the flip-flop, driving the output high and releasing
the short-circuit across the external capacitor. The voltage
across the capacitor increases with time constant r = RAC
to 2/3 Ve, where the comparator resets the flip-flop and
discharges the external capacitor. The output is now in the
low state.

Vg 50T0 15V

“ RESET O - 4
L Ra
Vee

TRIGGER DISCHARGE
O—

*RC RMS56
THRESNOLDI

ouTPUT CDNTRUL
VDLYAGE

1

0.01uF

GROUND =

Free Running Operation (Astable)

With the circuit connected as shown, it will trigger itself
and free run as a multivibrator. The external capacitor
charges through RaA and RpB and discharges through Rp
only. Thus the duty cycle is set by the ratio of these two
resistors, and the capacitor charges and discharges between

Vg (5.0T0 15 V)

n RESET l——< veo

'+ RC RM556

THRESHOLD

L.

ouTPUT

GROUND =

Circuit triggering takes place when the negative-going trig-
ger pulse reaches 1/3Vcc and the circuit stays in the out-
put high state until the set time elapses. The time the
output remains in the high state is 1.1RAC and can be
determined by the graph. A negative pulse applied to Pin
4 (reset) during the timing cycle will discharge the external
capacitor and start the cycle over again beginning on the
positive-going edge of the reset pulse. If reset function is
not used, Pin 4 should be connected to V¢ to avoid false
resetting.

Time Delay
vs Ry, Rgand C

100

0

CAPACITANCE

0.01 Ve

0001

10100 1 w100 10
WS s omsoms s s

TIME DELAY

1/3Vec and 2/3Vece. Charge and discharge times, and
therefore frequency, are independent of supply voltage.
The free running frequency versus Ra, RB, and C is shown
in the graph.

Free Running Frequency
vs Ra, Rgand C
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XR-2207

DESCRIPTION

The XR-2207 is a monolithic voltage-controlled oscillator
(VCO) integrated circuit featuring excellent frequency sta-
bility and a wide tuning range. The circuit provides simul-
taneous triangle and squarewave outputs over a frequency
range of 0.01 Hz to 1 MHz. It is ideally suited for FM, FSK,
and sweep or tone generation, as well as for phase-locked
loop applications.

As shown in Figure 1, the circuit is comprised of four
functional blocks: a variable-frequency oscillator which
generates the basic periodic waveforms; four current switches
actuated by binary keying inputs; and buffer amplifiers for
both the triangle and squarewave outputs. The internal
switches transfer the oscillator current to any of four
external timing resistors to produce four discrete frequencies
which are selected according to the binary logic levels at the
keying terminals (pins 8 and 9).

The XR-2207 has a typical drift specification of 20 ppm/°C.
The oscillator frequency can be linearly swept over a 1000:1
range with an external control voltage; and the duty cycle
of both the triangle and the squarewave outputs can be
varied from 0.1% to 99.9% to generate stable puise and
sawtooth waveforms.

SCHEMATIC DIAGRAM

Voltage-Controlled Oscillator

FEATURES

Excellent Temperature Stability (20 ppm/°C)
Linear Frequency Sweep

Adjustable Duty Cycle (0.1% to 99.9%)

Two or Four Level FSK Capability

Wide Sweep Range (1000:1 Min)

Logic Compatible Input and Output Levels
Wide Supply Voltage Range (£4V to £13V)
Low Supply Sensitivity (0.15%/V)

Wide Frequency Range (0.01 Hz to 1 MHz)

Simultaneous Triangle and Squarewave Outputs

APPLICATIONS

FSK Generation
Voltage and Current-to-Frequency Conversion
Stable Phase-Locked Loop

Waveform Generation
Triangle, Sawtooth, Pulse, Squarewave

® FM and Sweep Generation

CONNECTION INFORMATION

ay 0z 03 04 ‘J
D14 Q15

3
TRIANGLE WAVL
T ouytPuT

v DC and DB
Dual In-line Packages

(Top View)
4l TRIANGLEWAVE
ou’

U
ve l 1 T
QUAREWAVE
ut

=

Y

Py

=

RESISTORS CURRENT
A 2
Swoant wave 3| —
L 6 SWITCHES

E‘r""| E p E] BIAS
TIMING ‘ RZE Efﬂouwo
(9],

KEVING

; LR‘ E:r’__‘ 8 ujpurs

s B D> Al
B b =
]

[=]

sinany

XR-2207M, XR-2207CN
XR-2207CP, XR-2207N
XR-2207P

R \ Order Part Nos.:

Figure 1. Functional Schematic Diagram
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Voltage-Controlled Oscillator

XR-2207

ELECTRICAL CHARACTERISTICS

Test circuit of Figure 2, V' =V~ =6V, Tp = +25°C = 5000 pF,

R1=R2 = R3=Rg =20 KQ, RL = 4.7 K2, Binary inputs grounded,
S1 and S2 closed unless otherwise specified.

XR-2207 XR-2207C
PARAMETERS CONDITIONS min. [ rve, [ omax | min [ orve [ omax | ounirs
GENERAL CHARACTERISTICS
Supply Voltage
Single Supply See Typical Electrical Data 8 12 26 8 12 26 \%
Split Supplies *4 +6 *13 4 6 13 \
Supply Current
Single Supply Measured at pin 1, S1 open 5 7 5 8 mA
See Figure 2
Split Supplies
Positive Measured at pin 1, S1 open 7 8 mA
Negative Measured at pin 12, S1, S2 open 4 6 mA
OSCILLATOR SECTION — FREQUENCY CHARACTERISTICS
Upper Frequency Limit C=500pF, Rg=2KQ 0.5 1.0 0.5 1.0 MHz
Lower Practical Frequency C=50pF, R3=2MQ 0.01 0.01 Hz
Frequency Accuracy 11 3 =1 15 % of fg
Frequency Matching 05 05 % of fo
Frequency Stability
Temperature 0° < Ta < 75°C 20 50 30 ppm/°C
Power Supply 0.15 0.15 %IV
Sweep Range R3 = 1.5 Kq for fq 1000:1 | 1000:1 1000:1 fH/fL
Rz =2 MQ for f_
Sweep Linearity C = 5000 pF %
10:1 sweep fry =10 kHz, fi_ =1 kHz 1 2 1.5
1000:1 Sweep fy = 100 kHz, f|_ = 100 kHz 5 5
FM Distortion +10% FM Deviation 0.1 0.1 %
Recommended Range of See Characteristic Curves
Timing Resistors 1.5 2000 1.5 2000 KQ
Impedance at Timing Pins Measured at pins 4,5, 6, or 7 75 75 Q
DC Level at Timing Terminals 10 10 mV
BINARY KEYING INPUTS
Switching Threshold Measured at pins 8 and 9. 14 2.2 28 14 2.2 2.8 \Y
Refer to pin 10
Input Impedance 5 5 K
OUTPUT CHARACTERISTICS
Triangle Output Measured at pin 13 “
Amplitude 4 6 4 6 Vpp
Impedance 10 10 Q |
DC Level Referenced to pin 10 from 10% +100 +100 mV :
Linearity to 90% of swing 0.1 0.1 % |
Squarewave Output Measured at pin 13, Sg closed !
Amplitude 11 12 1 12 Vpp |
Saturation Voltage Referenced to pin 12 0.2 0.4 0.2 0.4 \
Rise Time CL <10pF 200 200 nsec ]
Fall Time CL <10pF 20 20 nsec




XR-2207

Voltage-Controlled Oscillator

ABSOLUTE MAXIMUM RATINGS

Power Supply . . . . . . . .
Power Dissipation (package limitation)
Ceramic Package .
Derate above +25°C
Plastic Package .
Derate above +25°C
Storage Temperature Range

26V

750 mW
6.0 mW/°C

625 mW

. 5 mW/°C
-65°C to +150°C

DESCRIPTION OF CIRCUIT CONTROLS
TIMING CAPACITOR (PINS 2 AND 3)

The oscillator frequency is inversely proportional to the
timing capacitor, C. The minimum capacitance value is
limited by stray capacitances and the maximum value by
physical size and leakage current considerations. Recom-
mended values range from 100 pF to 100 uF. The capacitor
should be non-polarized.

TIMING RESISTORS (PINS 4,5, 6, AND 7)

The tin.ng resistors determine the total timing current, I,
available to charge the timing capacitor. Values for timing
resistors can range from 1.5 KQ to 2 M£; however, for
optimum temperature and power supply stability, recom-
mended values are 4 K to 200 K2, To avoid parasitic
pick up, timing resistor leads should be kept as shortas
nossible. For noisy environments, unused or deactivated
timing terminals should be bypassed to ground through
0.1 uF capacitors. Otherwise, they may be left open.

SUPPLY VOLTAGE (PINS 1 AND 12)

The XR-2207 is designed to operate over a power supply
range of ¥4V to 13V for split supplies, or 8V to 26V for
single supplies. At high supply voltages, the frequency
sweep range is reduced. Performance is optimum for 6V,
or 12V single supply operation.

BINARY KEYING INPUTS (PINS 8 AND 9)

The internal impedance at these pins is approximately 5 KQ.

Keying levels are <1.4V for “zero’’ and >3V for ‘‘one”

i P RPUPY T SIPRY PURPIPRSEE VR ¥ oY
logic levels referenced to the dc voitage at pin 10.

BIAS FOR SINGLE SUPPLY (PIN 11)

For single supply operations, pin 11 should be externally
biased to a potential between V*/3 and V*/2 volts (see
Figure 2). The bias current at pin 11 is nominally 5% of
the total oscillation timing current IT.
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GROUND (PIN 10)

For split supply operation, this pin serves as circuit ground.
For single supply operation, pin 10 should be ac grounded
through a 1 uF bypass capacitor. During split supply opera-
tion, a ground current of 2 IT flows out of this terminal,
where IT is the total timing current.

SQUAREWAVE OUTPUT (PIN 13)

The squarewave output at pin 13 is a “open-collector”
stage capable of sinking up to 20 mA of load current.
R serves as a pull-up load resistor for this output. Recom-
mended values for R range from 1 K& to 100 KQ.

TRIANGLE OUTPUT (PIN 14)

The output at pin 14 is a triangle wave with a peak swing of
approximately one-half of the total supply voltage. Pin 14
has a very low output impedance of 10 £ and is internally
protected against short circuits.

Note: Triangle waveform linearity is sensitive to parasitic
coupling between the square and the triangle-wave
outputs (pins 13and 14). In board layout or circuit
wiring care should be taken to minimize stray
wiring capacitance between these pins.

OPERATING INSTRUCTIONS
PRECAUTIONS

The following precautions should be observed when
operating the XR-2207 family of integrated circuits:

1.  Pulling excessive current from the timing terminals
will adversely effect the temperature stability of the
circuit. To minimize this disturbance, it is recom-
mended that the total cuirent drawn from pins 4, b,
6, and 7 be limited to <6 mA. In addition, per-
manent damage to the device may occur if the total
timing current exceeds 10 mA.

2.  Terminals 2, 3, 4, 5, 6, and 7 have very low internal
impedance and should, therefore, be protected from
accidental shorting to ground or the supply voltages.

3. The keying logic pulse amplitude should not exceed

the supply voltage.
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Figure 2. Test Circuit for Split Supply Operation

TYPICAL PERFORMANCE DATA

Figure 3. Test Circuit for Single Supply Operation
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Voltage-Controlled Oscillator

SPLIT SUPPLY OPERATION

Figure 2 is the recommended circuit connection for split
supply operation. The frequency of operation is determined
by the timing capacitor, C, and the activated timing resistors
(R through Rg). The timing resistors are activated by the
logic signals at the binary keying inputs (pins 8 and 9), as
shown in the logic table below. If a single timing resistor
isactivated, the frequency is 1/RC. Otherwise, the frequency
is either 1/(Rq || R2)Cor 1/(Ry || Rg)C.

The squarewave output is obtained at pin 13 and has a
peak-to-peak voltage swing equal to the supply voltages.
This output is an “open-collector” type and requires an
external pull-up load resistor (nominally 5 K&) to the
positive supply. The triangle waveform obtained at pin 14
is centered about ground and has a peak amplitude of V*/2.

The circuit operates with supply voltages ranging from £4V
to £13V. Minimum drift occurs with +6 volt supplies. For
operation with unequal supply voltages, see page 4.

Figure 4. Frequency Sweep Operation

Table 1. Logic Table for Binary Keying Controls

tEO\fE“E SELECTED

TIMING FRE-
8 9 PINS QUENCY DEFINITIONS
0 0 6 fq f1 = 1/R3C, &f1 = 1/RyC
of 1] 6and7 1 +Afq | f2= 1/R2C, Afp = 1/R1C
1 0 5 fa Logic Levels: 0 = Ground
1 1| 4and5 g + Afp 1=>3V

Note: For single-supply operation, logic levels are refer-
enced to voltage at pin 10,

SINGLE SUPPLY OPERATION

The circuit should be interconnected as shown in Figure 3
foi singie-suppiy operation. Pin 12 should be grounded,
and pin 11 biased from V* through a resistive divider to a
value of bias voltage between V*t/3 and V*+/2. Pin 10 is
bypassed to ground through a 0.1 uF capacitor.

For single-supply operation, the dc voltage at pin 10 and
the timing terminals (pins 4 through 7) are equal and
approximately 0.6V above Vp, the bias voltage at pin 11.
The logic levels at the binary keying terminals are referenced
to the voltage at pin 10.
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ON — OFF KEYING

The XR-2207 can be keyed on and off by simply activating
an open circuited timing pin. Under certain conditions, the
circuit may exhibit very low frequency (<1 Hz) residual
oscillation in the “‘off" state due to internal bias current. If
this effect is undesirable, it can be eliminated by connecting
a 10 MQ resistor from pin 3 to V*.

FREQUENCY CONTROL (SWEEP AND FM)

The frequency of operation is controlled by varying the
total timing current, IT, drawn from the activated timing
pins 4, 5, 6, or 7. The timing current can be modulated
by applying a control voltage, V¢, to the activated timing
pin through a series resistor Rc as shown in Figure 4.

For split supply operation, a negative control voltage, Vg,
applied to the circuits of Figure 4 causes the total timing
current, IT, and the frequency, to increase.

As an example, in the circuit of Figure 4, the binary keying
inputs are grounded. Therefore, only timing pin 6 is activated.

The frequency of operation is determined by:
' VcRs

f=— -

R3Cg RcV-

Hz

PULSE AND SAWTOOTH OPERATION

The duty cycle of the output waveforms can be controlied
by frequency shift keying at the end of every half cycle of
oscillator output. This is accomplished by connecting one
or both of the binary keying inputs (pins 8 or 9) to the
squarewave output at pin 13. The output waveforms can
then be converted to positive or negative pulses and sawtooth
waveforms.

Figure 5 is the recommended circuit connection for duty
cycle control. Pin 8 is shorted to pin 13 so that the circuit
switches between the ‘0, 0’ and the "1, 0" logic states
given in Table 1. Timing pin 5 is activated when the output
is “high”, and pin 6 is activated when the squarewave
output goes to a ““low’ state.

8l 13 14&

SAWTOOTH
ouTePuT

47K

PULSE
ouTPUT

'

Figure 5. Pulse and Sawtooth Generation
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The duty cycle of the output waveforms is given as: AVAILABLE TYPES
R2 Part Number Package Operating Temperature
Duty Cycle =
Ry + R3 XR-2207M Ceramic -55°C to +125°C
XR-2207CN Ceramic 0°C to +75°C
and can be varied from 0.1% to 99.9% by proper choice of p Plasti o °
timing resistors. The frequency of oscillation, f, is given as: XR-2207C lastic 0°Cto+75°C
XR-2207N Ceramic -40°C to +85°C
2 1 XR-2207P Plastic -40°C to +85°C
f=—
C | Ryt R3

The frequency can be modulated or swept without changing
the "duty cycle by connecting R2 and R3 to a common
control voltage V¢ instead of to V-. The sawtooth and
the pulse output waveforms are shown in the Typical Elec-
trical Data.

ST T
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FSK Demodulator/Tone Decoder

DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications. It is
particularly well suited for FSK modem applications. It
operates over a wide supply voltage range of 4.5 to 20V
and a wide frequency range of 0.01 Hz to 300 kHz. It can
accommodate analog signals between 2 mV and 3V, and
can interface with conventional DTL, TTL and ECL logic
families. The circuit consists of a basic PLL for tracking an
input signal frequency within the passband, a quadrature
phase detector which provides carrier detection, and an FSK
voltage comparator which provides FSK demodulation.
External components are used to independently set carrier

frequency, bandwidth, and output delay.
FSK

FSK
COMP.

LOCK DETECT
OUTPUTS

LOCK DETECT
comp

Loop
FILTER

DATA
FILTER

=

INPUT

PREAMP

=

o-DET
DET

LOCK DETECT
FILTER

SCHEMATIC DIAGRAM

FEATURES

® Wide Frequency Range (0.01 Hz to 300 kHz)
® Wide Supply Voltage Range (4.5V to 20V)

® DTL/TTL/ECL Logic Compatibility

® FSK Demodulation with Carrier-Detection

® Wide Dynamic Range (2 mV to 3V rms)

® Adjustable Tracking Range (£1% to £80%)

® Excellent Temperature Stability (20 ppm/°C, typical)

APPLICATIONS

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection

Carrier Detection

6
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ouTeuTy
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INPUT PREAMPLIFIER
AND LIMITER
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REFERENCE

i

LOCK DETECT
COMPARATOR
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PHASE DETECTOR
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Ro TIMING 8
4 RESISTOR

B

5K
COMPARATOR
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FsK
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;i)

GROUND |
VOLTAGE CONTROLLED
OSCILLATO!

LOOP PHASE DETECTOR

e

"FSK COMPARATOR
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FSK Demodulator/Tone Decoder
ABSOLUTE MAXIMUM RATINGS

CONNECTION INFORMATION

XR-2211

XR-2211 V
Vee E SIGNAL E 1
Power Supply . 20V PREAMP CAPACITOR
Input Signal Level . 3Vrms et E vee E |
Power Dissipation el Y e L {7 I
Ceramic Package 750 mW Loop
Derate above T +25° C 6 mW/°C GRounD | 4 11 o-oer.
| Derteshoue Ta - e [¢] —_— 1]
astic Package m I INTERNAL REF
Derate above Tp = +25 C 5mW/°C BoCK @ E - @—E oot
OUTPUTS 6 + E
Q
ELECTRICAL CHARACTERISTICS { E
Tist Conditions (see Figure 2): D TauT E — E P INPUT
Vi=H12V, Ty = +25°C, Rg = 30 KS2. Cg = 0.033 uF. comp.
XR-2211/2211M XR-2211C
PARAMETER CONDITIONS MIN. I TYP. I MAX. | MIN. I TYP. ] MAX. | UNITS
GENERAL
Supply Voltage 4.5 20 4.5 2 |V
Supply Current Rp = 10 KSX See Fig. 4. 4 7 5 9 mA
OSCILLATOR
Frequency Accuracy Deviation from fg = 1/RgCq +1 +3 +1 %
Frequency Stability Ri=e
Temperature Coefficient See Fig. 8. 20 +50 +20 ppm/°C
Power Supply Rejection V+=12*1V. See Fig. 7. 0.05 0.5 0.05 %IV
V+ =5 +0.5V. See Fig. 7. 0.2 0.2 %/V
Upper Frequency Limit Rg=8.2 K, Cg =400 pF 100 300 300 kHz
Lowest Practical Operating
Frequency Rg =2 M£, Cg =50 uF 0.01 0.01 Hz
Timing Resistor, Rg See Fig. 5
Operating Range 5 2000 5 2000 K2
Recommended Range See Fig. 7 and 8. 15 100 15 100 K2
LOOP PHASE DETECTOR
Peak Output Current Measured at pin 11. +150 | +200 | %300 | £100 | +200 | +300 | wA
Qutput Offset Current +1 +2 MA
Qutput Impedance 1 1 MQ
Maximum Swing Referenced to pin 10. +4 5 4 5 v
QUADRATURE PHASE
DETECTOR
Peak Qutput Current Measured at pin 3. 100 150 150 u
Output Impedance 1 1 M2
Maximum Swing n 1" Vpp
INPUT PREAMP
Input Impedance Measured at pin 2. 20 20 K
Input Signal
Voltage Required to Cause Limiting| 2 10 2 mV rms
VOLTAGE COMPARATOR
Input Impedance Measured at pins 3 and 8. 2 2 MQ
Input Bias Current 100 100 nA
Voltage Gain RL=5.1KQ 55 70 55 70 dB
Output Voltage Low Ig=3mA 300 300 mV
Output Leakage Current Vo =12V .01 .01 A
INTERNAL REFERENCE
Voltage Level Measured at pin 10. 4.9 5.3 5.7 475 5.3 5.85 "
Qutput Impedance 100 100 Q
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XR-2211 FSK Demodulator/Tone Decoder
TYPICAL PERFORMANCE DATA

20

2l

Rg=5KS 4

P

SUPPLY CURRENT, (mA)
3

1 Rg = 10K
5 1 //‘/ L
é;,_’—“ Ry > 100K
0
a4 6 8 10 12 14 16 18 20 22 24 1000
SUPPLY VOLTAGE, V+ (VOLTS} fg (Hz)
Typical Supply Current VCO Frequency vs VCO Frequency vs
vs V* (Logic Outputs Timing Resistor Timing Capacitor

Open Circuited)

e T 5 T ] r \ T T
fo=TkHz 5 = i | |
ols R210R % % j 1
NN o : Lo
3 100 %n‘ = 3 s
@ 2
e 2 o
17 4 SR
z 2 1 5K N i |
2 / 2 10K 5 0% 4o -4
0.98 3 30K < Ve 12V
/ 4 100K g Ry~ 10Rg
1 5 300K g ‘ fo - 1kHz
0.97 4 1.0 1
a4 3 8 10 12 14 16 18 20 22 24 ~50 -25 0 25 50 75 100 126
V+(VOLTS) TEMPERATURE ( C)
Typical fg vs Power Supply Characteristics Typical Center Frequency Drift
vs Temperature
DESCRIPTION OF CIRCUIT CONTROLS
Loor oaTA SIGNAL INPUT (PIN 2)
FILTER FILTER
FSK
oer | [:3: [:3[ I——DO—UEU' Signal is ac coupled to this terminal. The internal impedance
Tk at pin 2 is 20 K. Recommended input signal level is in the
comp
ran 1 .
e NG L ge of 10 mV rms to 3V rms
vCo <———|
INPUT
N = E QUADRATURE PHASE DETECTOR OUTPUT (PIN 3)
DET }—— D: wgﬁgm This is the high-impedance output of quadrature phase
detector, and is internally connected to the input of lock-
e T o T detect voltage-comparator. In tone-detection applications,
pin 3 is connected to ground through a parallel combination
of Rp and Cp (see Figure 2) to eliminate the chatter at
Figure 1. Functional Block Diagram of a Tone and FSK lock-detect outputs. If this tone-detect section is not used,

Decoding System Using XR-2211. pin 3 can be left open circuited.
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FSK Demodulator/Tone Decoder

XR-2211
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Figure 2. Generalized Circuit Connection for FSK and
Tone Detection

LOCK-DETECT OUTPUT, Q (PIN 5)

The output at pin 5 is at ‘high’’ state when the PLL is out
of lock and goes to “low” or conducting state when the
PLL is locked. It is an open-collector type output and
requires a pull-up resistor, R, to V* for proper operation.
At “low’ state, it can sink up to 5 mA of load current.

LOCK-DETECT COMPLEMENT, aQ (PIN 6)

The output at pin 6 is the logic complement of the lock-
detect output at pin 5. This output is also an open-collector
type stage which can sink 5 mA of load current at low or
“on’’ state.

FSK DATA OUTPUT (PIN 7)

This output is an open-collector logic stage which requires
a pull-up resistor, R, to V* for proper operation. It can
sink 5 mA of load current. When decoding FSK signals,
FSK data output is at “high” or off state for low input
frequency;and at “low” or on state for high input frequency.
If no input signal is present, the logic state at pin 7 is
indeterminate.

FSK COMPARATOR INPUT (PIN 8)

This is the high-impedance input to the FSK voltage
comparator. Normally, an FSK post-detection or data filter
is connected between this terminal and the PLL phase-
detector output (pin 11). This data filter is formed by RF
and Cf of Figure 2. The threshold voltage of the comparator
is set by the internal reference voltage, VR, available for
pin 10.

REFERENCE VOLTAGE, VR (PIN 10)

This pin is internally biased at the reference voltage level,
VR; VR = V*/2 - 650 mV. The dc voltage level at this pin
forms an internal reference for the voltage levels at pins
3, 8, 11 and 12. Pin 10 must be bypassed to ground with
a 0.1 uF capacitor, for proper operation of the circuit.

LOOP PHASE DETECTOR OUTPUT (PIN 11)

This terminal provides a high-impedance output for the
loop phase-detector. The PLL loop fiiter is formed by
R1 and C1 connected to pin 11 (see Figure 2). With no
input signal, or with no phase-error within the PLL, the
dc level at pin 11 is very nearly equal to VR. The peak
voltage swing available at the phase detector output is
equal to tVR.

VCO CONTROL INPUT (PIN 12)
VCO free-running frequency is determined by external
timing resistor, Rg, connected from this terminal to ground.

The VCO free-running frequency, fg, is:

1

fo = Hz

RoCo

where Cq is the timing capacitor across pins 13 and 14. For
optimum temperature stability, Rg must be in the range of
10 K& to 100 K2 (see Typical Electrical Data).

This terminal is a low-impedance point, and is internally
biased at a dc level equal to VR. The maximum timing
current drawn from pin 12 must be limited to << 3mA for
proper operation of the circuit.

VCO TIMING CAPACITOR (PINS 13 AND 14)

VCO frequency is inversely proportional to the external
timing capacitor, CQ, connected across these terminals.
Co must be non-polar, and in the range of 200 pF to
10 uF

VCO FREQUENCY ADJUSTMENT

VCO can be fine-tuned by connecting a potentiometer,
Rx, in series with RQ at pin 12 (see Figure 3).

VCO FREE-RUNNING FREQUENCY, f,.

The XR-2211 does not have a separate VCO output
terminal. Instead, the VCO outputs are internally connected
to the phase-detector sections of the circuit. However, for
set-up or adjustment purposes, VCO free-running frequency
can be measured at pin 3 (with Cp disconnected), with no
input and with pin 2 shorted to pin 10.
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FSK Demodulator/Tone Decoder

DESIGN EQUATIONS

See Figure 2 for Definitions of Components.

1.

10.

VCO Center Frequency, fo:
fo=1/RoCp Hz
Internal Reference Voltage, VR (measured at pin 10)
VR = V+/2-6560 mV
Loop Lowpass Filter Time Constant, 7:
7= R1Cq
Loop Damping, ¢:
Co
¢=14) —
Cq
Loop Tracking Bandwidth,  Af/fq:
Af/fg = Rp/R1
TRACKING
BANDWIDTH -
Af Af
L + $ |
fLL f1 fo f2 fLH
FSK Data Filter Time Constant, TE:
TF = RFCF
Loop Phase Detector Conversion Gain, K¢: (K¢ is the
differential dc voltage across pins 10 and 11, per unit
of phase error at phase-detector input):
K¢ = -2VR/m volts/radian
VCO Conversion Gain, Kg: (Kg is the amount of
change in VCO frequency, per unit of dc voltage
change at pin 11):
Ko = -1/VRCgR1 Hz/volt
Total Loop Gain, KT:
KT = 2rKyKg = 4/CoR1 rad/sec/volt
Peak Phase-Detector Current, 1A:
IA = VR (volts)/26 mA

APPLICATIONS
FSK DECODING

Figure 3 shows the basic circuit connection for FSK
decoding. With reference to Figures 2 and 3, the functions
of external components are defined as follows: Rg and Cg
set the PLL center frequency, R1 sets the system bandwidth,
and Cq sets the loop-filter-time—constant and the loop
damping factor. CF and RF form a one-pole post-detection
filter for the FSK data output. The resistor Rg (= 510 KQ)
from pin 7 to pin 8 introduces positive feedback across FSK
comparator to facilitate rapid transition between output
logic states.

Recommended component values for some of the most
commonly used FSK bands are given in Table 1.

FINE TUNE

v+
0.1 uF
in &
———
= 1 14 :}_l tl vCco

XR-2211

vt = [:
o—MWA—
R, 51K | [
o——— |7
DATA
ouTPUT Rg

—AAA
_T_ 510 KQ2

Figure 3. Circuit Connection for FSK Decoding

Design Instructions

The circuit of Figure 3 can be tailored for any FSK decoding
application by the choice of five key circuit components;
Ro. R1, Co, C1 and Cf. For a given set of FSK mark and
space frequencies, f1 and f9, these parameters can be calcu-
lated as follows:

1. Calculate PLL center frequency, fg:

f1+f2
fo-=%"

2. Choose value of timingresistor Rp to be in the range
of 10 K to 100 K. This choice is arbitrary. The
recommended value is Rg = 20 K. The final value
of RQ is normally fine-tuned. with the series poten-
tiometer, RX.

3. Calculate value of Cp from Design Equation No. 1
or from Typical Performance Data:

Co = 1/Rofo
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XR-2211

4. Calculate R1 to give a Af equal to the mark-space
deviation:

R1 = Ro [fo/f1 -f2)]

5. Calculate C1 to set loop damping. (See Design Equation
No. 4.)

Normally, { = 1/2 is recommended.
Then: C1 = Cp/4for§ = 1/2
6. Calculate Data Filter Capacitance, Cf:

For RF = 100 K2, Rg = 510 K&, the recommended
value of CF is:

CF =~ 3/Baud Rate) uF

Note: A/l calculated component values except R can be
rounded-off to the nearest standard value, and Rg
can be varied to fine-tune center frequency through

a series potentiometer, R x. (See Figure 3.)
Design Example:

75 Baud FSK demodulator with mark/space frequencies of
1110/1170 Hz:

Step 1: Calculate fo: fo= (1110 + 1170) (1/2) = 1140 Hz

Step 2: Choose Rg = 20 K2 (18 K2 fixed resistor in series
with 5 KS2 potentiometer)

Step 3: Calculate Cg from VCO Frequency vs Timing
Capacitor: CQ = 0.044 uF

Step 4: Calculate R1: Rq = Rg (2240/60) = 380 K2

Step 5: Calculate C1: C1=Cp/4=0.011 uF

Note: A/l values except Rg can be rounded-off to nearest

standard value.

Table 1. Recommended Component Values for Commonly
Used FSK Bands (See Circuit of Figure 3)

FSK BAND COMPONENT VALUES
300 Baud Cp=0.039 uF Cf =0.005 u‘F
f1=1070 Hz C1=0.01uF Ro=18KQ
fg=1270 Hz R1 =100 KQ
300 Baud Co=0.022uF Cfg =0.005uF
f1=2025 Hz C1=0.0047 uF Rp=18KQ
fp = 2225 Hz R1 =200 KQ

vco

FSK FINE TUNE

INPUT

XR-2211

AA il
DATA QUTPUT C 1
[

Note: Data output is “low’ when no carrier is present.

Figure 4. External Connectors for FSK Demodulation
with Carrier-Detect Capability
FSK DECODING WITH CARRIER-DETECT

The lock-detect section of the XR-2211 can be used as a
carrier-detect option for FSK decoding. The recommended
circuit connection for this application is shown in Figure 4.
The open-collector lock-detect output, pin 6, is shorted to
data output {pin 7). Thus, data output will be disabled at
“low’ state until there is a carrier within the detection
band of the PLL and the pin 6 output goes “’high’’ to enable
the data output.

The minimum value of the lock-detect filter capacitance Cp
is inversely proportional to the capture range, £Af¢. This is
the range of incoming frequencies over which the loop can
acquire lock and is always less than the tracking range. It is
further limited by Cq. For most applications, Afc > Af/2.
For Rp = 470 K2, the approximate minimum value of Cp
can be determined by:

Cp (uF) = 16/capture range in Hz.

With values of Cp that are too small, chatter can be observed
on the lock-detect output as an incoming signal frequency
approaches the capture bandwidth. Excessively-large values
of Cp will slow the response time of the lock-detect output.

TONE DETECTION

Figure 5 shows the generalized circuit connection for tone
detection. The logic outputs, Q and Q at pins 5 and 6 are
normally at “high’ and “low" logic states, respectively.
When a tone is present within the detection band of the PLL,
the logic state at these outputs become reversed for the
duration of the input tone. Each logic output can sink 5 mA
of load current.

Both logic outputs at pins 5 and 6 are open-collector type
stages, and require external pull-up resistors R 1 and R_2,
as shown in Figure 5.
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0.1 pF
S
= 1
TONE INPUT
| 0.1uF

XR-2211

470K
Co Rp

Figure 5. Circuit Connection for Tone Detection

With reference to Figures 2 and 5, the function of the
external circuit components can be explained as follows:
Rp and Cq set VCO center frequency; R1 sets the detection
bandwidth; C1 sets the lowpass-loop filter time constant
and the loop damping factor, R|_1 and R| 2 are the respec-
tive pull-up resistors for the Q and Q logic outputs.

Design Instructions

The circuit of Figure 5 can be optimized for any tone-
detection application by the choice of the 5 key circuit
components: Rp, Ry, Cp, C1 and Cp. For a given input
tone frequency, fg, these parameters are calculated as
follows:

1. Choose Rq to be in the range of 15 K2 to 100 K.
This choice is arbitrary.

2. Calculate Cp to set center frequency, fg equal to
fg: Co = 1/Rofs.

3. Calculate R1 to set bandwidth * Af; (see Design
Equation No. 5):

R1 = Rolfo/Af)

Note:  The total detection bandwidth covers the frequency

range of fg £ Af.

4.  Calculate value of Cq for a given loop damping factor:
C1 = Co/16¢2

Normally { =~ 1/2 is optimum for most tone-detector
applications, giving C1 = 0.25 Cp.

Increasing Cq1 improves the out-of-band signal rejection,
but increases the PLL capture time.
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5.  Calculate value of filter capacitor Cp. To avoid
chatter at the logic output, with Rp = 470 KQ,
Cp must be:
Cp (uF) =(16/capture range in Hz)

Increasing Cp slows the logic output response time.

Design Examples:
Tone detector with a detection band of 1 kHz £ 20 Hz:

Step 1: Choose Rg =20 K (18 K in series with 5 KQ
potentiometer).

Step 2: Choose Cq for fg = 1 kHz:
Cp =0.05 uF.

Step 3: Calculate R1: R1 = (Rg) (1000/20) = 1 MQ.

Step 4: Calculate C1: for = 1/2,C1 = 0.25 uF,
Cp =0.013 uF.

Step 5: Calculate Cp: Cp = 16/38 = 0.42 uF.

Step 6: Fine-tune center frequency with 5 K& potenti-
ometer, Rx.

LINEAR FM DETECTION

ve
¥ % 0.1 uF I
8 1
0.1 4F ne
M 2
INPUT
XR-2211 :l— 0.14F

]

y—CO DEMOD.
QuTPUT

Note: See section on Design Equations for Component Values.

Figure 6. Linear FM Detector Using XR-2211 and an

External Op Amp



QK Demodulator/Tone Decoder

XR-2211

LINEAR FM DETECTION

The XR-2211 can be used as a linear FM detector for a
wide range of analog communications and telemetry appli-
cations. The recommended circuit connection for the appli-
cation is shown in Figure 6. . The demodulated output is
taken from the loop phase detector output (pin 11), through
apost detection filter made up of Rf and Cf, and an external
buffer amplifier. This buffer amplifier is necessary because
of the high impedance output at pin 11. Normally, a non-
inverting unity gain op amp can be used as a buffer amplifier,
as shown in Figure 6.

The FM detector gain, i.e., the output voltage change per
unit of FM deviation, can be given as:

Vout = R1 VR/100 Rg Volts/%deviation
where VR is the internal reference voltage. (VR = Vt/2 —

650 mV). For the choice of external components R1, R,
Cp, C1 and CF, see section on Design Equations.

AVAILABLE TYPES

Part Number Package Operating Temperature
XR-2211M Ceramic -55°C to +125°C
XR-2211N Ceramic -40°C to +85°C
XR-2211P Plastic -40°C to +85°C
XR-2211CN Ceramic 0°C to +75°C
XR-2211CP Plastic 0°Cto +75°C
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DESCRIPTION

The XR-2567 is a dual monolithic tone decoder of the
567-type that is ideally suited for tone or frequency
decoding in multiple-tone communication systems. Each
decoder of the XR-2567 can be used independently or both
sections can be interconnected for dual operation. The
matching and temperature tracking characteristics between
decoders on this monolithic chip are superior to those
available from two separate tone-decoder packages.

The XR-2567 operates over a frequency range of 0.01 Hz
to 500 kHz. Supply voltages can vary from 4.5V to 12V,
with internal voltage regulation provided for supplies be-
tween 7V and 12V. A functional block diagram of the
complete monolithic system is shown below. Each decoder

Dual Monolithic Tone Decoder

FEATURES

Replaces two 567-type decoders

Excellent temperature tracking between decoders
Bandwidth adjustable from 0 to 14%

Logic compatible outputs with 100 mA sink capability
Center frequency matching (1% typical)

Center frequency adjustable from 0.01 Hz to 500 kHz
Inherent immunity to false triggering

Frequency range adjustable over 20:1 range by external
resistor

APPLICATIONS

- ® Touch-Tone® Decoding
consists of a phase-locked loop (PLL), a quadrature AM ) A
. . @ Sequential Tone Decoding
detector, a voltage comparator, and a logic compatible ] .
output that can sink more than 100 mA of load current. ® Dual-Tone Decoding/Encoding
® Communications Paging
The center frequency of each decoder is set by an external ® Ultrasonic Remote-Control and Monitoring
resistor and capacitor which determine the free-running ® Full-Duplex Carrier-Tone Transceiver
frequency of each PLL. When an input tone is present within ® Wireless Intercom
the passband of the circuit, the PLL “locks’’ on the input e Dual Precision Oscill
signal. The logic output, which is normally “high”, then ua rectsuoT\ scillator .
switches to a “low’ state during this “lock” condition. ® FSK Generation and Detection
SCHEMATIC DIAGRAM
DECODER A -
T3 Bypass 12— ALTeR
I;F %\ Ic ) OUTPUT
== Y= FILTER g LOOP
UeiLter
1 @5
Loop
FILTER .
iy i3V
TIMING
CAPACITOR
DECODER B
: .
TIMING TIMING
ResiSTOR 1B l_% capaciToREH
]
A 1
INPUT H-GoutpuT
1 TIMING (3H LT INPUT
RESISTCR
{Z]GND  GND [5H - HE) ouTPUT
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* Each decoder section.
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Dual Monolithic Tone Decoder XR-2567
ELECTRICAL CHARACTERISTICS
Test Conditions: VCc = +5V, Ta = 25°C, unless otherwise specified.
Test circuit of Figure 1, S1 closed unless otherwise specified.
PARAMETER CONDITIONS MIN. | TYP. MAX. UNITS
GENERAL
Supply Voltage Range
Without Regulator See Figure 1, S1 closed 4.75 7 Vdc
With Internal Regulator See Figure 1, S1 open 6.5 12 Vdc
Supply Current (both decoders) See Typical Performance Data
Quiescent XR-2567M RL=20KQ 12 16 mA
XR-2567C RL=20K&Q 14 20 mA
Activated XR-2567M RL=20KQ 22 26 mA
XR-2567C R 20KQ 24 30 mA
Output Voltage 15 \'
Negative Voltage at Input -10 \%
Positive Voltage at Input Vcct0.5 \
CENTER FREQUENCY*
Highest Center Frequency 100 500 kHz
Center Frequency Stability
Temperature Ta = 25°C See Typical Performance Data 35 ppm/°C
0<Ta <+75°C See Typical Performance Data 160 ppm/°C
-55° <Tp <+125°C See Typical Performance Data 140 ppm/°C
Supply Voltage
Without Regulator XR-2567M fo =100 kHz 0.5 1.0 %/V
XR-2567C fo = 100 kHz 0.7 2.0 %/V
With Internal Regulator XR-2567M fo =100 kHz, V+ =9V 0.05 %/V
XR-2567C fo =100 kHz, V+ =9V 0.1 %/V
DETECTION BANDWIDTH*
Largest Detection Bandwidth XR-2567M | fgo = 100 kHz 12 14 16 % of fo
XR-2567C | fo= 100 kHz 10 14 18 % of fo
Largest Detection Bandwidth Skew i
XR-2567M 1 2 % of fg
XR-2667C 1 3| %off, |
Largest Detection Bandwidth Variation
Temperature Vin =300 mV rms +0.1 %/°C
Supply Voltage Vin =300 mV rms +2 %/V
INPUT*
Input Resistance 20 39}
Smallest Detectable Input Voltage IL=100 mA, fj = fo 20 25 mV rms
Largest No-Output Input Voltage 1L =100 mA, fj = fo 10 15 mV rms !
Greatest Simultaneous Outband Signal '\
to Inband Signal Ratio +6 dB |
Minimum Input Signal to Wideband i
Noise Ratio Noise Bw = 140 kHz -6 dB E
OUTPUT* :
Output Saturation Voltage IL=30mA, Vin=25mV rms 0.2 0.4 Y w
IL =100 mA, Vjn.= 25 mV rms 0.6 1.0 \Y% i
Output Leakage Current 0.01 25 MA |
Fastest ON-OFF Cycling Rate fo/20 |
Output Rise Time R =509 150 ns ‘
Output Fall Time R =509 30 ns
MATCHING CHARACTERISTICS
Center Frequency Matching fo= 10 kHz 1 %
Temperature Drift Matching 0°c<TaA<75°C 20 ppm/°C
-55°C <Ta <125°C +50 ppm/°C i




XR-2567

Dulal Monolithic Tone Decoder

ABSOLUTE MAXIMUM RATINGS

Power Supply

CONNECTION INFORMATION

DD and MB
With Internal Regulator 14v Dual In-Line Packages
Without Regulator (Pins 12 and 13 shorted) 10V (Top View)
P Di TIMING XR-2567 ~ 16| T'MiNG
ower Dissipation capacitor] 1 —J—< RESISTOR
Ceramic Package . : 750 mOW ouTPUT E DECODER 15] 00
Derate above +25 C 6 mW/C FILTER A FILTER
. e}
Plastic Package : 625 mW/OC ouUTPUT [3j E LT
Derate above +25 C . 5mwW/°C
Temperature _L—-E recuiaron E v
Operating: 2567M -55°C to +125°C REG
o o 5 12 BYPASS
2567C 0Cto+75 C
Storage -65°C to +150°C ouwm[ _‘— IE oot
ouTPuTl DECODER E Loop
FILTER B FILTER
TIMING E l E TIMING
CAPACITOR RESISTOR
Order Part Nos.:
XR-2567M, XR-2567CN,
XR-2567CD
TYPICAL PERFORMANCE DATA
1000 10 60
09
— 50
800 f1, 25 C PACKAGE LIMIT T+ 08 [ <
H i ianenten Suidie thanent R c o7 - RECOMMENDE D
> 5 / E 40 }— OPERATING RANGE
5 600 I -‘ ; 06 K 1
= £ <« W O REGULATOR
“—”ﬁ"—“i“ﬁi Tt T o S o L
“ WO REGULATOR — )U & ’
& 400 I I / \c 04 & |
§ Tp:125 CPACKAGE LIMIT, / 703 A QUIESCENT |
<) b e o e e ey ._%. - —— = | / CURRENT
200 7 02 RN
AN . ]
o b ) = !
A 6 8 10 12 1 2 345 10 20 304050 100 a 5 6 ] 8 9 10
SUPPLY VOLTAGE. V' (VOLTS) CENTER FREQUENCY — kHz SUPPLY VOLTAGE V' ivVOLTS)
Internal Power Dissipation Power Supply Dependence Total Supply Current vs Supply
vs Supply Voltage. Both of Center Frequency Voltage for Operation Without
Units Activated, R =20 K Internal Regulator (Pins 12
and 13 Shorted)
60 15 300
F o \ 250 =% % 2 - —m? ;_m? _m? .5’1_
£ RECOMMENDED OPERATING RANGE 5 \ g T TS B B O Tl N
s WITH REGULATOR 2 \ @ ol e Qo o~ <
& 0 t .10 Z 200
‘;;[ “ON" QURReNT z : /g
S 3 ) TN 2 £ 150 —
% H = DL
g QUIESCENT H <] //\
2 5 CURRENT \ 1 o 2 100 F—
2 — g ° 2T p Vi
5 L—1 9 H 7/
e " E so |4 YAV =i
/l OPTIONAL
SENSITIVITY
0 =T NO QUTPUT
6 7 8 9 10 " 12 ‘30“1 1KHz 10 KHz 100 KHz 1 MHz 0 2 4 6 8 10 12 14 16
SUPPLY VOLTAGE, V* (VOLTS) CENTER FREQUENCY BANDWIDTH .- % OF fo
Total Supply Current vs Supply Largest Detection Bandwidth Bandwidth vs Input Signal
Voltage for Operation with vs Operating Frequency Amplitude (C2 in uF)
Internal Regulator (Pins 12
and 13 Not Connected)
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Dual Monolithic Tone Decoder XR-2567

TYPICAL PERFORMANCE DATA (Cont)

1000 106 15 T
500 - 12.
400 [N\ k-t \ 28
300 n o
- 10
200 % 10° \ & 10
BANDWIDT! IMITED
4 N : stcLz g \ 3 8
3 100 N E 75
> Iy a
5 \ g \ H £
! a
50 ~
0 N\ ESRL \\\\ E 0 4
30 N \ ~ \\ -
8
2 BANOWIOTH LIMITED BY, 2 \\K 25
EXTERNAL RESISTOR C3 e
\(MINIMUM cy) ’\\ BANDWIDTH AT 25°C
0 L L1 03 C2 0 T
1 2 345 10 20304050 100 T, s s 8 10 a2 1 s =75 -50 -25 0 25 50 +75 +100 +125
BANDWIDTH (% of fg) BANDWIDTH — % OF fo TEMPERATURE - “C
Greatest Number of Cycles Detection Bandwidth as a Bandwidth Variation With
Before Output Function of C2 and C3 Temperature
> 30 P
H fo-1KHz g 1w ~ ]
g’ 20 +—t h I~ "~ L
H Vee = 4.75V ° ~
E o SR 2 ~N
RN . H
g o L — \ E N ~ N
2T S S
w - T 2 _100
& 4 Vg = 5.75V & \
. 20 F——t 8 \
= ~ o N
- Vee = 7.0V \ w
g 30 2 -200
ES 2 fo= TkHz
O a0 w Py
: : -
% 50 = 300
-7 -50 -25 0 25 50 75 100 125 45 5.0 55 6.0 6.5 7.0
TEMPERATURE T (“C) SUPPLY VOLTAGE — VOLTS
Frequency Drift With Temperature Coefficient of
Temperature Center Frequency (Mean
and S.D.)
INPUT
INPUT Sit AL Vee
ond 4
O uF Sy
e
Wn s Te L
. L 9
B
24k uNIT A R 2567 uniTe 23k OUTPUT
\
0
Response to 100 mV rms tone burst.
outeuT R =100 ohms.
A =
02 uF

Figure 1. Test Circuit

Figure 2. XR-2567 Typical Response
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XR-2567
DEFINITIONS OF THE XR-2567 PARAMETERS

The center frequency, fq, is the free-running frequency of
the current-controlled oscillator of the PLL with no input
signal. It is determined by resistor R1 and capacitor C1;
fo can be approximateed by

1
fg ® — Hz
0 R1C1

where R1 is in ohms and Cq is in farads.

The detection bandwidth is the frequency range centered
about fg, within which an input signal larger than the
threshold voltage (typically 20 mV rms) will cause a ‘“‘logic
zero’ state at the output. The detection bandwidth corre-
sponds to the capture range of the PLL and is determined by
the lowpass bandwidth filter. The bandwidth of the filter, as
a percent of f, can be determined by the approximation

Vi

foC2

BW =~ 1070

where Vj is the input signal in volts, rms, and C2 is the
capacitance in uF at pins 10 or 15.

The largest detection bandwidth is the largest frequency
range within which an input signal above the threshold
voltage will cause a logical zero state at the output. The
maximum detection bandwidth corresponds to the lock
range of the PLL.

The detection band skew is a measure of how accurately
the largest detection band is centered about the center
frequency fq. It is defined as (fmax + fmin - 2fo)/f0, where
fmax and fmin are the frequencies corresponding to the
edges of the detection band. If necessary, the detection
band skew can be reduced to zero by an optional centering
adjustment. (See Optional Controls.)

DESCRIPTION OF CIRCUIT CONTROLS
INPUT (PINS 11 AND 14)

The input signal is applied to pins 14 and/or 11 through a
coupling capacitor, Cc. These terminals are internally biased
at a dc level 2 volts above ground and they have an input
impedance level of approximately 20 KS2.
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TIMING RESISTOR R1 AND CAPACITOR Cq
(PINS 1, 8, 9, and 16)

The center frequency, fg, of each decoder section is set by
a resistor R9 and a capacitor C1. R1 A is connected between
pins 1 and 16 in decoder section A, and R1p between pins 8
and 9 of decoder section B. Cqa is connected from pin 1
to ground, and Cqg from pin 8 to ground, as shown in
Figure 3. R1 and Cq should be selected for the desired
center frequency by the expression fg =~ 1/R1Cq. For
optimum temperature stability, Rq should be selected such
that 2 K& < R < 20 K2, and the R1Cq product should
have sufficient stability over the projected operating tem-
perature range.

For decoder section A, the oscillator output can be obtained
at either pin 1 or 16. Pin 16 is the oscillator squarewave
output which has a magnitude of approximately Vcc-1.4V
and an average dc level of Vcc/2. A 1 K load may be
driven from this point. The voltage at pin 1 is an exponential
triangle waveform with a peak-to-peak amplitude of 1 volt
and an average dc level of Vcc/2. Only high impedance
loads should be connected to pin 1 to avoid disturbing the
temperature stability or duty cycle of the oscillator. For
section B, pin 9 is the squarewave output and pin 8 the
exponential triangle waveform output.

Vo

G
¢ I [
Uy~ — .__L[,J__“_O ARty
. 1
4 13 12 "

Coa €8
10 10
el HOH v
I_”_D;_ uniT Xt 2007 [ S Ny B
N JA A 8 ¢ Ry
= C3a 38 =
J .
outeuT outeuT
A | J (NG
i g ElE —I—
loa Rin Ry log
NWo— ——o AV
¢ cou CITOR 51 0PEN FOR 7V TO 12V

GPERATION CLOSED

Cg  BYPASS CAPACITOR FOR 15V TO 7V OPERATION

Figure 3. Circuit Connection Diagram



Dual Monolithic Tone Decoder

XR-2567

LOOP FILTER, C2 (PINS 10 and 15)

Capacitors C2a and C2B connected from pins 15 and 10 to
ground are the single-pole, lowpass filters for the PLL por-
tion of decoder sections A and B. The filter time constant
is given by T2 = R2Cp, where R2 (10 K£2) is the impedance
at pins 10 or 15. The selection of C2 is determined by the
detection bandwidth requirements and input signal ampli-
tude as shown in the Curves. One approach is to select
an area of operation from the graph and then adjust the
input level and value of C2 accordingiy. Or, if the input
amplitude variation is known, the required fgC2 product
can be found to give the desired bandwidth. Constant
bandwidth operation requires Vi > 200 mV rms. Then, as
noted in the Curves, bandwidth will be controlled solely by
the foC2 product. (For additional information, see Optional
Controls Section, “Speed of Response’’ and ‘‘Bandwidth
Reduction’’.)

Pins 10 and 15 correspond to the PLL phase detector
outputs of sections A and B, respectively. The voltage
level at these pins is a linear function of frequency over
the range of 0.95 to 1.05 fg, with a slope of approxi-
mately 20 mV/% frequency deviation.

OUTPUT FILTER, C3 (PINS 2 AND 7)

Capacitors C3a and C3p connected from pins 2 and 7 to
ground form lowpass post detection filters for sections A
and B respectively. The function of the post detection
filter is to eliminate spurious outputs caused by out-of-band
signals. The time constant of the filter can be expressed as
T3 = R3C3, where R3(4.7 K) is the internal impedance at
pins 2 or 7.

The precise value of C3 is not critical for most applications.
To eliminate the possibility of false triggering by spurious
signals, a minimum value for C3 is 2Cp, where Cp is the
loop filter capacitance for the corresponding decoder section.
If C3 is smaller than 2Cp, then frequencies adjacent to the
detection band may switch the output stage ‘‘off’’ and “‘on”’
at the beat frequency, or the output may pulse “off’’ and
on’’ during the turn-on transient.

If the value of C3 becomes too large, the turn-on or
turn-off time of the output stage will be delayed until
the voltage change across C3 reaches the threshold voltage.
In certain applications, this delay may be desirable as a
means of suppressing spurious outputs. (For additional
information, see Optional Controls Section, ““Speed of
Response’” and ‘‘Chatter”.)

LOGIC OUTPUT (PINS 3 AND 6)

Output terminals 3 and 6 provide a binary logic output
when an input signal tone is present within the detection-
band of each respective decoder section. The logic outputs
are uncommitted “‘bare-collector’’ power transistors capable
of switching high current loads. The current level at the
output is determined by an external load resistor, Ry,
connected from Vcg to pins 3 and 6.

When an in-band signal is present, the output transistor at
pins 3 or 6 saturates with a collector voltage less than 1 volt
(typically '0.6V) at full rated current of 100 mA. If large
output voltage swings are needed, R can be connected to
a supply voltage, V* higher than the Vg supply. For safe
operation, V¥ <15 volts.

REGULATOR BYPASS (PIN 12)

This pin corresponds to the output of the voltage regulator
section. For circuit operation with a supply voltage greater
than 7V, pin 12 should be ac grounded with a bypass
capacitor 221 uF. For circuit operation over a supply voltage
range of 4.5 to 7V, the voltage regulator section is not
required; pin 12 should be shorted to VcC.

GROUND TERMINALS (PINS 4 AND 5)

To eliminate parasitic interaction, each decoder section has
a separate ground terminal. The internal regulator shares a
common ground with decoder section A (pin 4).

Independent ground terminals also allow additional flexi-
bility for split supply operation. Pin 4 can be used as V-,
and pin 5 as ground, as shown in Figure 4. When the circuit
is operated with split supplies, the positive supply should
always be >>6V, and the dc potential across pins 13 and 14
should not exceed 15 volts.

FOROPERATION WITHOL S v
SHORT PINS 17 AND 1)

Hy

fw

ouwuv I
GROUND

oo

VO OR GROUND
outeur I

a
INOTI D VOLTAGE AT 1103

v MUST ALWAYS BE PIN

XH 2467

Hia

T«i

Figure 4. Split-Supply Operation Using Independent
Ground Terminals of Units A and B. Unit A
Operates Between V* and V-, Unit B Operates
Between V'* and Ground
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Dual Monolithic Tone Decoder

OPTIONAL CONTROLS
SPEED OF RESPONSE

The minimum lock-up time is inversely related to the loop
frequency. As the natural loop frequency is lowered, the
turn-on transient becomes greater. Thus, maximum operating
speed is obtained when the value of capacitor C2 is minimum.
At the instant an input signal is applied, its phase may drive
the oscillator away from the incoming frequency rather than
toward it. Under this condition, the lock-up transient is in
aworst case situation, and the minimum theoretical lock-up
time will not be achievable.

The following expressions yield the values of Cg and C3,
in microfarads, which allow the maximum operating speeds
for various center frequencies. The minimum rate that digital
information may be detected without losing information
due to turn-on transient or output chatter isabout 10 cycles/
bit, which corresponds to an information transfer rate of
fo/10 Baud.

130 260
Cy =——, C3 =——
2 === G =

In situations where minimum turn-off time is of less
importance than fast turn-on, the optional sensitivity
adjustment circuit of Figure 5 can be used to bring the
quiescent C3 voltage closer to the threshold voltage. Sensi-
tivity to beat frequencies, noise, and extraneous signals,
however, will be increased.

CHATTER

When the value of C3 is small, the lock transient and ac
components at the lock detector output may cause the
output stage to move through its threshold more than
once, resulting in output chatter.

Although some loads, such as lamps and relays will not
respond to chatter, “‘logic’’ may interpret chatter as a series
of output signals. Chatter can be eliminated by feeding a
portion of the output back to the input or by increasing
the size of capacitor C3. Generally, the feedback method
is preferred since keeping C3 small will enable faster opera-
tion. Three alternate schemes for chatter prevention are
shown in Figure 6. Generally, it is only necessary to assure
that the feedback time constant does not get so large that
it prevents operation at the highest anticipated speed.

v v vt
3 SRL SR
or 220010 1K
% s
XR-2567
B ey R |
t OR 7 10KS R
OR7]| 10K 4 t
S
%
xR-2567 [o07
S$PRa
2 20070 1K
*OPTIONAL — PERMITS 1
LOWER VALUE OF Gy =

Figure 6. Methods of Reducing Chatter

SKEW ADJUSTMENT

The circuits shown in Figure 7 can be used to change the
position of the detection band (capture range) within the
largest detection band (or loop range). By moving the
detection band to either edge of the lock range, input
signal variations will expand the detection band in one
direction only. Since R3 also has a slight effect on the duty
cycle, this approach may be useful to obtain a precise duty
cycle when the circuit is used as an oscillator.

DECREASE
SENSITIVITY

[}

o

XR 2567

NCREAS

2081 20R

XA 2567 X8 7561

C3
SEcREAST I
SENSITIVITY 1

v

10 LoweRs (
15 R2
XR.-2567 25K
RAISES f,

C2
I "
s, n

SILICON
DIODES
FOR

TEMPERATURE
COMPENSATION
(OPTIONAL)

e

o8 100R 15

¥ "
XR 2567 XR-2567

C2

Figure 5. Optional Connections for Sensitivity Control
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Dual Monolithic Tone Decoder

XR-2567

OUTPUT LATCHING

After a signal is received, the output of either decoder
section can be latched “‘on’’ by connecting a 20 K2 resistor
and diode from the “output” terminal to the “output filter”
terminal as shown in Figure 8. The output stage can be
unlatched by raising the voltage level at the output filter
terminal.

0 UNEATER
XR 7567 XK 250]

soR 7 70K 7

B,
20n

1K

&

=r

Ca PREVENTS LATCH UP =

WHEN POWER SUPPLY 15
UNUATGH TURNED ON

Figure 8. Output Latching

POSITIONING OF DETECTION BANDS

Figure 9 defines the respective band-edge and band-center
frequencies for sections A and B of the dual tone decoder.
Frequencies f|_and fH with appropriate subscripts refer to
the low and the high band-edge frequencies for decoder
section A and B, and fg is the center frequency.

The two sections can be interconnected to form a single-tone
detector with an overall detection bandwidth equal to the
sum of the difference of the detection bands for the two
individual detector sections. For example, if the individual
decoder sections are interconnected as shown in Figure 13,
then the total detection bandwidth would be approximately
equal to the sum of the respective bandwidths as shown in
Figure 9 (b). Similarly, if the decoders are interconnected
as shown in Figure 11, then the overall detection band would
be equal to the difference, or the overlap, between the
respective bandwidths as shown in Figure 9 (c).

BANDWIDTH REDUCTION

The bandwidth of each decoder can be reduced by either
increasing the loop filter capacitor C2 or reducing the loop
gain. Increasing C2 may be an undesirable solution since
this will also reduce the damping of the loop and thus siow
the circuit response time.

DETECTION BAND DETECTION BAND
OF UNITB

OF UNIT A

A fis L]

3

[

OUTPUT LEVEL

0a
—_——
FREQUENCY

(a) Independent Detection of Two Separate Tones

TOTAL DETECTION BAND

< 3%

i, OVERLAP

S AT

on fog

[
i

—
QUTPUT LEVEL

-
FREQUENCY

(b) Addition of Detection Bandwidth for
Wideband Detection

TOTAL DETECTION
BAND

—_—
OUTPUT LEVEL

—
FREQUENCY

(c) Subtraction of Bandwidths for
Narrow-Band Detection

HyR,
Wi
Ho
A
Ry Re

INPUT VOLTAGE wv  RMS

11/ = ormonacsiicon
w0 e
Nt kAT
Lo ConPeNSATION
0 A T4
= 0

(Y, 0 0k
WUk R

0 72 4 @ 0002 e e NOTE ADJUST CONTROL FOR SYMME TRY OF
DETECTION BAND EDGES ABOUT 1,,
DETECTIONBAND a1, o

Figure 9. Positioning of Detection Bands

Figure 10. Bandwidth Reduction

Figure 10 shows the proper method of reducing the loop
gain for reduced bandwidth. This technique will improve
damping and permit faster performance under narrow band
operation.

Bandwidth reduction can also be obtained by subtracting
over-lapping bandwidths of the two decoder sections (see
Figures 9 (c) and 11).

APPLICATIONS
DUAL-TONE DETECTION

In most dual-tone detection systems, the decoder output
is required to change state only when both input tones are
present simultaneously. This can be implemented by setting
the detection bandwidth of each of the XR-2567 decoder
sections to cover one of the input tones; and then connect-
ing the respective outputs through a NOR gate, as shown
in Figure 11. In this case, the output of the NOR gate
will be “high”’ only when both input tones are present
simultaneously.
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Dual Monolithic Tone Decoder

Figure 12 shows additional circuit configurations which can
be used for decoding multiple-tone input signals. In Figure
12 (a), the output of Unit A is connected to the output
filter (pin 7) of Unit B through the diode D1. If no input
tone is present within the detection-band of Unit A, then
its output (pin 3) is “high”, which keeps diode Dq con-
ducting and “disables” Unit B by keeping its output (pin 6)
“high”. If an input tone is present within the detection-
band of Unit A, pin 3 is low, diode D1 is reverse biased,
and decoder B is no longer disabled. If under these con-
ditions an. input signal is present within the detection-band
of Unit B, then its output at pin 6 would be “low”. Thus,
the output at pin 6 is “low’ only when input tones within
the detection-band of A and B are present simultaneously.

The dual-tone decoder circuit of Figure 12 (b) makes use of
the split-ground feature of the XR-2567. The output termi-
nal of Unit A is used as a “switch” in series with the ground
terminal (pin 5) of Unit B. If the input tone A is not present,
pin 3is at its high-impedance state, and the ground terminal
of Unit B is open-circuited. When the input tone A is
present, pin 3 goes to a low-impedance state and Unit B
is activated. In this manner, the output of Unit B will be
“low’ only when both tones A and B are present.

In the circuit connection of Figure 12 (b), Unit B does not
draw any current until it is activated. Therefore, its power
dissipation in a stand-by condition is lower than other
dual-tone decoder configurations. However, due to finite
series resistance between pin 3 and ground when Unit B is
activated, the output current sink capability is limited to
<10 mA.

vt

DUAL TONE O————@—|
ENCODED INPUT ce BYPASS

14 " 13 |17

XR-2567

16 9
UNIT UNIT
Ria A 8 Rig
1 8
"I I

1/4 SN7402

Figure 11. Connections for Decoding Dual-Tone
Encoded Input Signals.
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Figure 12. Additional Dual-Tone Decoding Circuits

SEQUENTIAL TONE DECODING

Dual-tone detector circuits can also be used for sequential
tone decoding where one tone must be present before the
other for the circuit to operate. This can be achieved by
making the output filter capacitance, C3, of one of the
sections larger with respect to the other. For example, in
the circuits of Figure 12 (a) and 13 (b), if C3a is chosen
to be much larger than C3g (C3a =>C3B), then Unit A will
remain ‘‘on’’ and activate B for a finite time duration after
tone A is teriminated. Thus, the circuit wiii be abie to detect
the two tones only if they are present sequentially, with
tone A preceding tone B.

The circuit of Figure 12 (a) can also be modified for
sequential tone decoding by addition of a diode, D3,
between pins 3 and 6. Once activated by Unit A, Unit B
will stay “on” as long as tone B is present, even though
tone A may terminate. Once tone B disappears, the circuit
is reset to its original state and would require tone A to be

present for activation.



Dual Monolithic Tone Decoder

HIGH-SPEED NARROW-BAND TONE DECODER

The circuit of Figure 11 can be used as a narrow-band tone
decoder by overlapping the detection bands of Units A
and B (see Figure 9 (c)). The output of the NOR gate will
be high only when an input signal is present within the
overlapping portions of the detection band. To maintain
uniform response within the passband, the input signal
amplitude should be 2280 mV rms. For minimum response
time, PLL filter capacitors Coa and C2p should be:

130

Cop = Cog = ——uF

2A 28 fo (Hz)

Under this condition, the worst-case output delay is ~ 10
to 14 cycles of the input tone.

The practical matching and tracking tolerances of individual
units limit the minimum bandwidth to = 4% of fq.

WIDEBAND DECODER

Figure 13 is a circuit configuration for increasing the
detection bandwidth of the XR-2567 by combining the
respective bandwidths of individual decoder sections. If the
detection bands of each section are located adjacent to each
other as shown in Figure 9 (b), and if the two outputs
(pins 3 and 6) are shorted together, then the resulting
bandwidth is the sum of individual bandwidths. In this
manner, the total detection bandwidth can be increased to
24% of center frequency. To maintain uniform response
throughout the passband, the input signal level should be
280 mV rms, and the respective passbands of each section
should have = 3% overlap at center frequency.

Ce vt
‘NPUTO—“rH _L
ﬁj 1 uE
14 1 13 12 I

XR 2567
16 9
unIT unIT
Ria A 8 Rig
1 8
C»AI

I

C = COUPLING CAPACITOR Vo vt

TREGE
W

Figure 13. Wide-Band Tone Detection

XR-2567

TONE TRANSCEIVER

The XR-2567 can be used as a full-duplex tone transceiver
by using one section of the unit as a tone detector and the
remaining section as a tone generator. Since both sections
operate independently, the circuit can transmit and receive
simultaneously. A recommended circuti connection for
transceiver applications is shown in Figure 14. In this case,
Unit A is utilized as the receiver and Unit B is used as the
transmitter. The transmitter section can be keyed ‘“‘on’’
and “off”’ by applying a pulse to pin 8 through a disconnect
diode D1. The oscillator section of Unit B will be keyed
“off’ when the keying logic level at pin 8 is at a “'low"’ state.

The output of the transmitter section (Unit B) can also be
frequency modulated over a +6% deviation range by apply-
ing a modulation signal to pin 10.

= ",
e
SIONAL e . °
e Wit A = RECHIVER
10 euT
WCHVER .
Hia . “LD——FA
¢ ) v
" —D_‘q
= taa
= "
! L
Lr &—o
TRANSMITTC# THANSAITTE 0
KEYING INPUT i il N8 outPuT
" THANSA TG T
; : Jr =+
on D_J_ =
I 1

o Cig
e T

TRANSMITTER

#REQUENCY MOD  O——rif

INPUT (OPTIONAL )

.|Hﬂ

G COUPLING CAPACTTOR

Figure 14. Tone Transceiver

HIGH CURRENT OSCILLATOR

The oscillator output of each section of XR-2567 can be
amplified using the high current logic driver sections of the
circuit. In this manner, each section of the circuit can switch
100 mA loads, without sacrificing oscillator stability. A
recommended circuit connection for this application is
shown in Figure 15. The oscillator frequency can be modu-
lated over 6% of fg by applying a control voltage to
pins 15 or 10.
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XR-2567 Dual Monolithic Tone Decoder

Operating Temperature

-55°C to +125°C
0°C to +75°C
0°C to +75°C

Figure 15. Precision Oscillator with High Current
Output Capability

AVAILABLE TYPES
Part Number Package
Vee! Vee
I8 XR-2567M Ceramic
e XR-2567CN Ceramic
"1 ru XR-2567CP Plastic
vcu- IR AL '
;TVESELI)\/KINAL l
€2 < ©-FORVgg: 7V
]_: 1 SHORT PIN 12 TO PIN 13,



Voltage-to-Frequency Converter

GENERAL DESCRIPTION

The RC4151 and RM4151 provide a simple low-cost method
of A/D conversion. They have all the inherent advantages of
the voltage-to-frequency conversion technique. The output of
RC4151/RM4151 is a series of pulses of constant duration.
The frequency of the pulses is proportional to the applied
input voltage. These converters are designed for use in a wide
range of data conversion and remote sensing applications.

SCHEMATIC DIAGRAM

DESIGN FEATURES
® Single Supply Operation (+8V to +22V)

® Pulse Output Compatible With All Logic Forms
® Programmable Scale Factor (K)

® Linearity £0.05% typical —precision mode

e Temperature stability £100% ppm/°C typical

® High Noise Rejection

® Inherent Monotonicity

® Easily Transmittable Output

® Simple Full Scale Trim

® Single-Ended Input, Referenced to Ground

® Also Provides Frequency-to-Voltage Conversion

4151

—

+vce
R3
Q1s
R4
RE

NOTE: PIN 4 CONNECTED TO CASE

RM4151DE, RV4151DE, RC4151DE

® 16"0 Figure 1
CONNECTION INFORMATION
TE (TO-99) Metal Can DE and NB PIN FUNCTION
(Top View) Dual In-Line Packages -
(Top View) 1 CURRENT SOURCE
2 SCALE FACTOR
e | 3 LOGIC OUTPUT
=] =] 4  GROUND
s [jum] 5 ONE-SHOTR, C
o sH 6  THRESHOLD
7 INPUT VOLTAGE
Order Part Nos.: RC4151T, RM4151T Order Part Nos.: RC4151NB, RV4151NB 8 Vee
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4151

Voltage-to-Frequency Converter

ABSOLUTE MAXIMUM RATINGS

Output Sink Current

Input Voltage

Supply Voltages . .. ........
Internal Power Dissipation . . . .

Output Short Circuit to Ground

............ 500mW

-0.2V to +Ve
Continuous

Storage Temperature Range

RM4151
RC4151
RM4151

RV4151
RC4151

Operating Temperature Range

-650C to +1500C
-550C to +1250C
-550C to +1250C

-550C to +1250C
-400C to +850C
00C to +700C

ELECTRICAL CHARACTERISTICS (Vee = +15V, Ta = +250C, unless otherwise specified)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Current 8v<Vcc <15V 3.5 6.0 mA
15V <vVce <22v 2.0 45 7.5 mA
Conversion Accuracy
Scale Factor Circuit Figure 3, V| = 10V 0.90 1.00 1.10 kHz/V
Rs = 14.0k
Drift with Temperature Circuit Figure 3, V| = 10V - +100 - ppM/oC
Drift with Vcc Circuit Figure 3, V| = 1.0V - 0.2 1.0 %/V
8V <vVce <18V
Input Comparator
Offset Voltage - 5 10 mV
Offset Current — +50 +100 nA
Input Bias Current - -100 -300 nA
Common Mode Range (Note 1) 0 OtoVce -2 Vce -3.0 \Y%
One-Shot
Threshold Voltage, Pin 5 0.63 .667 0.70 x Vce
Input Bias Current, Pin 5 — -100 -500 nA
Reset VSAT Pin 5, I = 2.2mA - 0.15 0.50 \
Current Source
Output Current (Rg = 14.0k2) | Pin 1, Figure 2, V=0 - 138.7 - MA
Change with Voltage Pin1,V=0VtoV =10V — 1.0 2.5 uA
Off Leakage Pin1, V=0V - 1 50.0 nA
Reference Voltage Pin 2, Figure 2 1.70 1.9 2.08 \%
Logic Output
VSAT Pin 3, I = 3.0mA - 0.15 0.50 \Y,
VSAT Pin 3, | = 2.0mA - 0.10 0.30 \%
Off Leakage — A 1.0 uA

Note 1: Input Common Mode Range includes ground.
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Voltage-to-Frequency Converter

4151

PRINCIPLE OF OPERATION
Single Supply Mode Voltage-to- Frequency Conversion

In this application the RC4151/RM4151 functions as a stand-
alone voltage to frequency converter operating on a single
positive power supply. Refer to Figure 2, the simplified block
diagram. The RC/RM4151 contains a voltage comparator,
a one-shot, and a precision switched current source. The vol-
tage comparator compares a positive input voltage applied at
pin 7 to the voltage at pin 6. If the input voltage is higher, the
comparator will fire the one-shot. The output of the one-shot
is connected to both the logic output and the precision switched
current source. During the one-shot period, T, the logic output
will go low and the current source will turn on with current I.
At the end of the one-shot period the logic output will go high
and the current source will shut off. At this time the current
source has injected an amount of charge Q = IQT into the net-
work RB-CB. If this charge has not increased the voltage VB
such that Vg > V|, the comparator again fires the one-shot
and the current source injects another lump of charge, Q, into
the Rg-Cg network. This process continues until Vg > V.
When this condition is achieved the current source remains off
and the voltage Vg decays until Vg is again equal to V,. This
completes one cycle. The VFC will now run in a steady state
mode. The current source dumps lumps of charge into the
capacitor Cg at a rate fast enough to keep Vg = V. Since the
discharge rate of capacitor Cg is proportional to Vg/Rg, the
frequency at which the system runs will be proportional to the
input voltage.

The 4151 VFC is easy to use and apply if you understand the
operation of it through the block diagram, Figure 2. Many
users, though, have expressed the desire to understand the
workings of the internal circuitry. Figure 1 shows the schematic
of the 4151. The circuit can be divided into five sections: the
internal biasing network, input comparator, one-shot, voltage
reference, and the output current source.

The internal biasing network is composed of Q39-Q43. The N-
channel FET Q43 supplies the initial current for zener diode
Q39. The NPN transistor Q38 senses the zener voltage to derive
the current reference for the multiple collector current source
Q41. This special PNP transistor provides active pull-up for
all of the other sections of the 4151.

+Vee FREQUENCY
SWITCHED OUTPUT
CURRENT
SOURCE ¢ I
‘o
> e
Ve

+ Vi

Cg

INPUT

INPUT PARATOR =
VOLTAGE com =

Figure 2. Simplified Block Diagram, Single Supply Mode

The input comparator section is composed of Q1-Q7. Lateral
PNP transistors Q1-Q4 form the special ground-sensing input
which is necessary for VFC operation at low input voltages.
NPN transistors Q5 and Q6 convert the differential signal to
drive the second gain stage Q7. If the voltage on input pin 7 is
less than that on threshold pin 6, the comparator will be off
and the collector of Q7 will be in the high state. As soon as the
voltage on pin 7 exceeds the voltage on pin 6, the collector of
Q7 will go low and trigger the one-shot.

The one-shot is made from a voltage comparator and an R-S
latch. Transistors Q12-Q15 and Q18-Q20 form the compara-
tor, while Q8-Q11 and Q16-Q17 make up the R-S latch. One
latch output, open-collector reset transistor Q16, is connected
to a comparator input and to the terminal, pin 5. Timing resis-
tor RO is tied externally from pin 5 to +V¢C and timing
capacitor CQ is tied from pin 5 to ground. The other com-
parator input is tied to a voltage divider R3- Rg which sets the
comparator threshold voltage at 0.667 Vcc. One-shot opera-
tion is initiated when the collector of Q7 goes low and sets the
latch. This causes Q16 to turn off, releasing the voltage at pin
5 to charge exponentially towards +V ¢ through RQ. As soon
as this voltage reaches 0.667 V(CC, comparator output Q20
will go high causing Q10 to reset the latch. When the latch is
reset, Q16 will discharge CQ to ground. The one-shot has now
completed its function of creating a pulse of period T = 1.1
RO CQ at the latch output, Q21. This pulse is buffered through
Q23 to drive the open-collector logic circuit transistor Q32.
During the one-shot period the logic output will be in the low
state. The one-shot output is also used to switch the reference
voltage by Q22 and Q24. The low T.C. reference voltage is
derived from the combination of a 5.5V zener diode with resis-
tor and diode level shift networks. A stable 1.89 volts is
developed at pin 2, the emitter of Q33.

Connecting the external current-setting resistor RS = 14.0Q
from pin 2 to ground gives 135uA from the collectors of Q33
and Q34. This current is reflected in the precision current
mirror Q35-Q37 and produces the output current IQ at pin 1.
When the R-S latch is reset, Q22 and Q24 will hold the
reference voltage off, pin 2 will be at OV, and the current will
be off. During the one-shot period T, the latch will be set, the
voltage of pin 2 will go to 1.89V, and the output current will
be switched on.
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4151

Voltage-to-Frequency Converter

TYPICAL APPLICATIONS
Single Supply Voltage-to-Frequency Converter

Figure 3 shows: the simplest type of VFC that can be made
with the 4151. Input voltage range is from 0 to +10V, and out-
put frequency is from 0 to 10kHz. Full scale frequency can be
tuned by adjusting RS, the output current set resistor. This cir-
cuit has the advantage of being simple and low in cost, but it
suffers from inaccuracy due to a number of error sources.
Linearity error is typically 1%. A frequency offset will also be
introduced by the input comparator offset voltage. Also, re-
sponse time for this circuit is limited by the passive integration
network RB CB. For the component values shown in Figure 3,
response time for a step change input from 0 to +10V will be
135msec. For applications which require fast response time
and high accuracy, use the circuits of Figure 4 and 5.

+Vee

L~

1
————»TOPING
Rs

01 uf
100 k2 — 12kQ 5kQ

—r
v, = 7 2 <A
VOLTAGE Cs 4151 +
INPUT 1.0 uf s| VFC 3 ¢
anvL 0
Rg FREQUENCY

= R oUTPUT

100ko. 5 4 '
—l 5.1ka 0
2.3 L U
6.8k _\Co .01 uf L. TO+V
= T e
TO + Ve
DESIGN EQUATI
SIGN EQUATIONS Rs  khe
fg = KV, Where K = 0.486 =
RgRoCy V

T = 1.1ReCq

Figure 3. Single Supply Voltage-to-Frequency Converter

Precision VFC with Single Supply Voltage

For applications which requrie a VFC which will operate from
a single positive supply with positive input voltage, the circuit
of Figure 4 will give greatly improved linearity, frequency off-
set, and response time. Here, an active integrator using one
section of the RC3403A quad ground-sensing op-amp has re-
placed the RB-CB network in Figure 3. Linearity error for this
circuit is due only to the 4151 current source output condue-
tance. Frequency offset is due only to the op-amp input offset
and can be nulled to zero by adjusting RB. This technique uses
the op-amp bias current to develop the null voltage, so an op-
amp with stable bias current, like the RC3403A, is required.
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Figure 4. Precision Voltage-to-Frequency Converter
Single Supply

Precision Voltage-to-Frequency Converter

In this application (Figure 5) the 4151 VFC is used with an
operational amplifier integrator to provide typical linearity
of 0.05% over the range of 0 to —10V. Offset is adjustable to
zero. Unlike many VFC designs which lose linearity below
10mV, this circuit retains linearity over the full range of input
voltage, all the way to OV.

Trim the full scale adjust pot at V| = -10V for an output
frequency of 10kHz. The offset adjust pot should be set
for 10Hz with an input voltage of —10mV.

G, 005 uf

Rg 100 ki

FULL SCALE TRIM OFFSET
Vi Ske, 12k = ADJUST
T0 -Vee
R —
o BT = Rg 2 ; Wee
; 8
3 RM4151
7
=
5 6 10k
35k =
p:
P}—l—'\/\/\/—‘——w—-——b'vcc
4 ¢ Ry
01uf 68k

Figure 5. Precision Voltage-to-Frequency Converter



Voltage-to-Frequency Converter

The 4131 operational amplifier integrator improves linearity
of this circuit over that of Figure 3 by holding the output of
the source, Pin 1, at a constant OV. Therefore linearity error
due to the current source output conductance is eliminated.
The diode connected around the op-amp prevents the voltage
at 4151 pin 7 from going below 0. Use a low-leakage diode
here, since any leakage will degrade the accuracy. This circuit
can be operated from a single positive supply if an RC3403A
ground-sensing op-amp is used for the integrator. In this case,
the diode can be left out. Note that even though the circuit
itself will operate from a single supply, the input voltage is
necessarily negative. For operation above 10kHz, bypass 4151
pin 6 with 0.01uf.

Comparison of Voltage-to-Frequency
Applications Circuits

Table 1 compares the VFC applications circuits for typical
linearity, frequency offset, response time for a step input from
0 to 10 volts, sign of input voltage, and whether the circuit
will operate from a single positive supply or split supplies.

Table 1

Figure 3 Figure 4 Figure 5
Linearity 1% 0.2% 0.05%
Frequency Offset +10Hz 0 0
Response Time 135msec 10usec 10usec
Input Voltage + + -
Single Supply yes yes yes
Split Supply - -~ yes

Frequency-to-Voltage Conversion

The 4151 can be used as a frequency-to-voltage converter.
Figure 6 shows the single-supply FVC configuration. With no
signal applied, the resistor bias networks tied to pins 6 and 7
hold the input comparator in the off state. A negative going
pulse applied to pin 6 (or positive pulse to pin 7) will cause
the comparator to fire the one-shot. For proper operation,
pulse width must be less than the period of the one-shot, T =
1.1 Ro Co. For a 5V p-p square-wave input the differentiator
network formed by the input coupling capacitor and the resis-
tor bias network will provide pulses which correctly trigger the
one-shot. An external voltage comparator such as the 311 or
339 can be used to “square-up” sinusoidal input signals before
they are applied to the 4151. Also, the component values for
the input signal differentiator and bias network can be altered
to accommodate square waves with different amplitudes and
frequencies. The passive integrator network RpB CR filters the
current pulses from the pin 1 output. For less output ripple,
increase the value of Cp.

VOLTAGE
15V ouTPUT
t 0to+10V
v
0
8 1
O
10 k2 Cg R
” R B
10k 7 2 s 10 100 ke:
v
L | 4181 1k == =

f =
FREQUENCY 022 4f
INPUT

U

5V p-p
SQUARE
WAVE R -
6.8k I Co 01t

DESIGN EQUATIONS.

FVC |; PULSE
————Qourtput

{optional)

R.
Vg KT Where K 0,486 e b2
RgRgCo  V

T 1.1 RoCo

Figure 6. Single Supply Frequency-to-Voltage Converter

For increased accuracy and linearity, use an operational amp-
lifier integrator as shown in Figure 7, the precision FVC con-
figuration. Trim the offset to give -10mV out with 10Hz
in and trim the full scale adjust for -10V out with 10kHz in.
Input signal conditioning for this circuit is necessary just as
for the single supply mode, and scale factor can be programmed
by the choice of component values. A tradeoff exists between
output ripple and response time, through the choice of inte-
gration capacitor C|. If C| = 0.1uf the ripple will be about
100mV. Response time constant 7R = RB C|. For RB =
100k§2 and C) = 0.1uf, TR = 10msec.

Rg 6.8k
10 +15V ———@-AAA,

>
<
Q10ke
10ke 9

I
T

o O
o

022 ut

1

1
FREQUENCY
INPUT

0<f; <10RH:

5V p-p

SQUARE c

WAVE |__~_
Rg 100 ka2 L

O
Vo

VOLTAGE
ouTPUT

10 ke -0V = Vg < 0

OFFSEUA_

TRIM —L

Figure 7. Precision Frequency-to-Voltage Converter
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4151

Voltage-to-Frequency Converter

PRECAUTIONS

1. The voltage applied to comparator input pins 6 and 7 should
not be allowed to go below ground by more than 0.3 volt.

2. Pins 3 and 5 are open-collector outputs. Shorts between
these ‘pins and +VCC can cause overheating and eventual
destruction.

3. Reference voltage terminal pin 2 is connected to the emitter
of an NPN transistor and is held at approximately 1.9
volts. This terminal should be protected from accidental
shorts to ground or supply voltages. Permanent damage
may occur if current in pin 2 exceeds bmA.

4. Avoid stray coupling between 4151 pins 5 and 7, which
could cause false triggering. For the circuit of Figure 3,
bypass pin 7 to ground with at least 0.01uf. If false trig-
gering is experienced with the precision mode circuits, by-
pass pin 6 to ground with at least 0.01uf. This is necessary
for operation above 10kHz.

PROGRAMMING THE 4151

The 4151 can be programmed to operate with a full scale fre-
quency anywhere from 1.0Hz to 100kHz. In the case of the
VFC configuration, nearly any full scale input voltage from
1.0V and up can be tolerated if proper scaling is employed.
Here is how to determine component values for any desired
full scale frequency.

1. Set Rg = 14k§2 or use a 12k resistor and 5k pot as shown in
the figures. (The only exception to this is Figure 5.)

2. Set T = 1.1 RoCo = 0_75[%]where fo is the desired full

scale frequency. For optimum performance make 6.8k
< Rp < 680kS2 and 0.001uf < Co < 1.0uf.

3. a) For the circuit of Figure 3 make Cg = 10‘2|:fi0:|Farads.

b

b
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Smaller values of Cg will give faster response time, but
will also increase frequency offset and nonlinearity.

For the active integrator circuits make

1
€ =5X10% [5-] Farads.

The op-amp integrator must have a slew rate of at least
135 X 10°¢ [:g—] volts per second where the value of
|

C) is again give in Farads.

For the circuits of Figure 3 and 4 keep the values of R
and R as shown and use an input attenuator to give the
desired full scale input voltage.

For the precision mode circuit of Figure 5, set RB =
Vio
100uA
Alternately the op-amp inverting input (summing node)
can be used as a current input with full scale input

current 10 =-100uA.

where Vo is the full scale input voltage.

5. For the FVCs, pick the value of CB or Cj to give the opti-

mum tradeoff between response time and output ripple for
the particular application.

DESIGN EXAMPLE

Design a precision VFC (from Figure 5) with fo =
100kHz and V|0 = -10V.

1. Set Rg = 14.0kQ2.
1
2. T=0.75 10—5] = 7.5usec
Let Ry = 6.8k$2 and Cg = 0.001uf.

s | =
3.C; =5 X10% |755]| = 500pf.
Op-amp slew rate must be at least

1
1356 X 106 [m:l = 0.27psec

100uA
Design a precision VFC with fo = 1Hz and V|0 = -10V.
1. Let Rg = 14.0k<2.

SR

i

4. Rg = = 100k

1
2. T=0.75 H = 0.75 sec.
Let Rg = 680k$2 and CO = 1.0uf.

1
3.¢,=5X10" [1—] F = 50uf.

4. Rg = 100kQ2.

Design a single supply FVC to operate with a supply
voltage of 9V and full scale input frequency fo =83.3Hz.
The output voltage must reach at least 0.63 of its final
value in 200msec. Determine the output ripple.

1. Set Rg = 14.0kS2.

1
2. T=0.75 [—_83.3] = 9msec
LetRg = 82kQ and Cq = 0.1uf.

3. Since this FVC must operate from 8.0V, we shall
make the full scale output voltage at pin 6 equal to
5.0V.

5v_
4. Rg = 100pA = 50kS2.

5. Output response time constant is 7 < 200msec

"R 200X10°3 _
Therefore Cg < EI; =“50x10° 4uf.
Worst case ripple voltage is:
X13
Vg = mSAIISA _ s04mv.

4uf
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Voltage-to-Frequency Converter 4151 ;\:
|
IV. Design an opto-isolated VFC with high linearity which VFC configuration for maximum linearity. The RC3403A I
accepts a full scale input voltage of +10V. See Figure 8 quad op-amp provides the functions of inverter, inte- 2
for the final design. This circuit uses the precision mode grator, regulator, and LED driver. i
an 1
— 10 ke 11005 ¢
P P t I 1N914
-15Vv
V) 10k
O—MNWA—4 100 ke:
R 100 k&2 12 ko
AN
CURRENT or
VOLTAGE
INPUT 1.22v
1 \/ REFERENCE
DIODE
5.1k
8 7
01 1
L
RM4151
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. VEC
Sk 12k,
OPTO-ISOLATOR syCALE
— FACTOR 3 _L4
QUTPUT
AMN—B +15V
5.1 ke
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* POLARITY DETERMINED BY DESIRED RELATIONSHIP BETWEEN
PULSE OUTPUT LEVEL AND LED "ON" STATE.

Figure 8. Opto-isolated VFC
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4152

Voltage -to-Frequency Converter

DESCRIPTION

The Raytheon 4152 consists of a comparator, a one-shot, a
precise gated current-source output, an internal voltage refer-
ence, and an open-collector output . . . all on a single mono-
lithic IC chip. These elements can be combined via external
pin connections to perform a wide variety of circuit functions.

The versatility of this unique IC makes it easy to tailor the cir-
cuit operation to your needs. Pulse width, scale factor, and
output drive are set by external resistors as shown in Figure 1.
Combine the versatile 4152 with an op amp or two, some
digital circuits, and the range of cost-effective applications
becomes even greater.

The Raytheon 4152 provides a versatile, low-cost means of
accurately converting an analog signal to a pulse train of pro-
portional frequency, and vice versa. It can be imaginatively
applied to a broad range of signal conditioning applications
once the various functional blocks within the IC are understood.

The 4152 is directly interchangeable with the 4151, thereby
allowing an upgrading of system accuracy at minimal cost.

4152 +Vee
8
SCALE REF
FACTOR g Rg
2 |V
W——"« GATED REF 5 PuLSE
= GATED Co
CURRENT T
SOURCE =

Vv
CURRENT 1 |1 L
QUTPUT = 0110 ]
PULSES

+
.| 3 outPuT

COMPARATOR

6
o]

INPUTS { 7 ONE SHOT
o

4 =~Tp

Figure 1. Functional Diagram of Raytheon 4152.

CONNECTION INFORMATION

FEATURES

® Single supply operation (+7 V to +18 V)
Pulse output compatible with all logic forms (DTL/TTL/
CMOS)

Programmable scale factor (K)

High linearity £0.05% max

Temperature stability 150 ppm/°C max
Direct replacement for RM/RC4151
High noise rejection

Inherent monotonicity

Easily transmittable output

Simple full scale trim

Single-ended input, referenced to ground
V/F or F/V conversion

Voltage or current input

Wide dynamic range

APPLICATIONS

Precision voltage-to-frequency-converters
Pulse-width modulators
Programmable pulse generators
Frequency-to-voltage converters
Integrating analog-to-digital converter
Long-term analog integrator
Signal conversion —
Current-to-frequency
Temperature-to-frequency
Pressure-to-frequency
Capacitance-to-frequency
Frequency-to-current
® Signal isolation
VFC - opto-isolation > FVC
ADC with opto-isolation
® Signal encoding
FSK modulation/demodulation
Pulse-width modulation
® Frequency scaling
® DC motor speed control

TE (TO-99) Metal Can
(Top View)

Order Part Nos.: RC4152T, RM4152T
NOTE: PIN 4 CONNECTED TO CASE

DE and NB Miniature
Dual In-line PIN  FUNCTION
Packages 1 CURRENT SOURCE
{Top View) 2 SCALE FACTOR
I []mm] 3 LOGIC OUTPUT
e = 4 GROUND
s 6 5 ONE-SHOTR,C
s s 6  THRESHOLD
7 INPUT VOLTAGE
Order Part Nos.: RC4152NB, RV4152NB 8 v
RM4152DE, RV4162DE, RC4152DE cc
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Voltage -to-Frequency Converter
L _____________________________________________|

ABSOLUTE MAXIMUM RATINGS

4152

Supply Voltages . .. ...............
Output Sink Current . . ... .........
Internal Power Dissipation .. .........
Input Voltage ..................

Output Short Circuit to Ground .. .. ...

-0.2V to +VcC
Continuous

Storage Temperature Range
RM4152 .. ... i -650C to +1500C
RV4152 . ..o -550C to +1250C
RC4152 .« o oot i i s -550C to +1250C
Operating Ternperature Range
RM4152 .. ... ... -550C to +1250C
RV4152 . .. ... . o -400C to +850C
RC4152 ... ... .. 00C to +700C

ELECTRICAL SPEC|F|CAT|ONS Typical performance at VCC =+15 V and TA = +25°C unless otherwise noted.

CIRCUIT CHARACTERISTICS MIN TYP MAX UNITS
Input Comparator
Input Offset Voltage @ 25°C +2 +10 mV
vs. Temperature +20 uv/°c
Input Offset Current +30 +100 nA
Bias Current (Either Input) -50 -300 nA
Input Voltage Range (Either Input) 0to Vg -3.0 Volts \%
Comparator Gain 10,000 -
One-Shot Pulse Circuit
Pulse Width (See Fig. 1) 1.1 Rg Co 3% sec
Threshold Voltage (Pin 5) 0.65 Vce 0.67 Vce 0.69 Vce \
Input Bias Current (Pin 5) -100 -500 nA
Vsat at Pin 5,1 =22 mA 0.10 0.5 \%
Pulse Width Stability (Tp = 75 us)
vs. Temperature +30 +50 ppm/°C
vs. Supply +100 ppm/V
Gated Current Source
Output of Gated Current Source VR/Rg+ 1% -
vs. Temperature(1) +50 +100 ppm/°C
vs. Supply 0.10 %/V
Compliance (Change with Voltage) 0.10 0.25 MA/NV
Leakage in OFF State 10 50 nA
Rise Time 100 nsec
Fall Time 100 nsec
Reference Voltage
Voltage VR (Pin 2) 20 2.25 2.5 \%
Temperature Coefficient +50 +100 ppm/°C
Logic Output (Pin 3)
Vsat @ I =3 mA 0.1 0.5 \%
@1 =10 mA 0.8 \%
Power Supply
Voltage, Operating Range +7 +15 +18 Vv
Quiescent Current Drain 25 6 mA
U )Temperature coefficient of output current mirror (pin 1 output) exclusive of reference voltage drift.
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4152

Voltage-to-Frequency Converter

Input Comparator

The input comparator section consists of transistors Q1 through
Q7 (see Figure 2). A PNP ground-sensing input stage provides
capability of operating down to low input voltages, thus the
input range on either input is from zero up to +VCC—3V(power
supply voltage less three volts). This is particularly important
for single-supply operation. Input comparator gain is approx-
imately 10,000. The output of the comparator, transistor Q7,
switches from OFF to ON when the input voltage applied to
pin 7 becomes more positive than the input voltage on pin 6.
The output transistor Q7 going into saturation is used to
trigger the one-shot.

One important precaution: The voltage applied to the input
comparator (pins 6 and 7) must not be more negative than
0.3 V relative to the ground terminal (pin 4) unless there is
protective current limitikng.v Negative input voltages will saturate
the input PNP transistors and cause excessive input base cur-
rent. This input-base current must not be allowed to exceed
25 mA over an extended period of time or the IC could be
damaged. If there is a possibility of continuous excessive nega-
tive voltage on the input, then a resistor in series with the input
should be added to limit the input current.

One-Shot Circuit

Pulse-width of the one-shot is determined by the external
components Ry, C, that are connected to pin 5. The capacitor
Co is normally discharged through the saturated transistor
Q16. When the one-shot timing cycle is initiated, capacitor C,
is released by Q16 turning OFF and allowed to charge towards
+Vc through Ry At 2/3 of +V e, transistor Q16 is switched
ON and the capacitor Cg is discharged. The pulse width will
therefore be determined by the following equation:

—

p

Tp=1.1RoCo

Pulse width Tp is independent of supply voltage +V . For
best linearity and stability, Ry and Cq should be selected
within a range of 5 KS2 to 500 K2 and 0.001 uF to 1.0 uF.

A latching action by the RS flip-flop comprised of Q9 and Q11
assures that the timing cycle will be completed regardless of
input voltage. The flip-flop is set by Q7 going into the ON
state. Q9 is normally OFF and Q11 normally ON;so Q7 going
low will cause Q11 to switch OFF and Q9 to switch ON.
Since Q9 and Q7 collectors are tied together, Q9 will keep the
collectors low regardless of Q7 state. At the end of the timing
cycle, Q10 is switched ON and this will make Q9 go OFF. If
Q7 is OFF, then the flip-flop can reset to the normal state
where Q9 is OFF and Q11 ON. The input state overides this
reset action. In FVC applications, it is very important to make
the input pulses narrower than the output pulse width Tp to
assure proper resetting of the Q9-Q11 flip-flop.

The output pulse of the one-shot performs three functions

during the timing interval:

1. The open-collector output transistor Q32 is switched into
saturation. The output pulse at pin 3 is in the low state
during the Tp timing interval.

2. Areference voltage VR is switched ON at pin 2.

3. The output current source is gated ON. A current pulse
of width Tp and amplitude V g/Rg will come out of pin 1.

+ VCCOT

Figure 2. Raytheon 4152 Schematic Diagram
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Voltage-to-Frequency Converter

4152

Gated Current Source

During the pulse timing interval T, a reference voltage VR is
switched to the ON state at pin 2. External resistor Rg at
pin 2 sets up a current VR/Rg that i§ reflected in precision
current source Q35-Q37. This causes a current pulse of mag-
nitude VR/Rg from Q35 at pin 1. The output pulse I at pin
1 has pulse width Tp and amplitude of VR/Rg.

Reference

The reference voltage VR is derived from a very stable, low
tempco, buried-zener diode. The zener voltage is level shifted
to provide a stable 2.3 V at pin 2 during the timing interval
Tp. This internal reference provides excellent power-supply
rejection over a wide operating range. Low-cost unregulated
power supplies can often be used without degrading accuracy
(see characteristic curves).

VOLTAGE-TO-FREQUENCY CONVERSION

Single-Supply VFC Circuit

The simplest type of VFC that can be made with the Raytheon
41562 is shown in Figure 3. The circuit will operate from a
single power supply voltage that can vary from +7 V to +18 V.
The input voltage V |y is positive and can range from zero up
to within 3 V of positive supply.

The input voltage V| is applied to the input comparator
through a low-pass filter (100 KS2, 0.01 uF). The one-shot will
fire repetitively and pump out current pulses of amplitude
lp into the external low-pass filter comprised of Rg, Cg. This
sets up a feedback loop and the pulse repetition rate will rise
until the average voltage at pin 6 equals the DC input voltage
at pin 7. At null, the duty cycle Tp/T must be sufficient to
keep integrating capacitor Cg charged up to V. Assuming
Cp is relatively large, then in the steady-state condition:

SPECIFICATIONS AS SINGLE-SUPPLY VFC (Figure 3) —
Typical performance at 25°C when connected as shown in
Fig. 3. Rp = 6.8 K2, Co = 0.01 uF, Vgc = +150 V, R =
100 K2, Cg = 1.0 uF.

Input
Input Voltage Range 10 mV to +10 V
Input Overrange +10% min
Input Impedance 100 K2
Output
Frequency Range 10 Hz to 10 kHz
Frequency Overrange +10% min
Scale Factor 1 kHz/V £ 10%
Response Time to Step Input 135 msec
Pulse Width 75 usec £ 10%
Rise and Fall Time 500 nsec
Output Voltage +V
HIGH State 3.0mMA @V, =015V
LOW State 10mMA@V,,; =08V
Accuracy
Nonlinearity +1% max

Offset Voltage +15 mV max
Gain Accuracy

vs. Temperature

vs. Supply
Offset Stability

vs. Temperature

vs. Supply

4300 ppm/°C max
+0.3%/Volt

+50 uV/°C
+20 uV/V of AVg

Power Requirement

Supply Voltage
Rated Performance
Operating Range
Quiescent Current Drain

+15V
+7 V to +18 V
+6.0 mA max

4152

Rs
J——N— REF
2 vy
GATED REF
= 5KQ  15KQ GATED e
CURRENT
\ SOURCE
| © —
COMPARATOR
INPUT = 3
VINO—AM—$—0

100 KQ2

ONE SHOT
SHO - |=Tp
-o—
s L

IO_01 uF

Figure 3. Single-Supply Voltage-to-Frequency Converter

7-45




Voltage-to-Frequency Converter

in_ e
Rg O T

Since lg is VR/Rg and Tp is 1.1 Ry Cq, then the output
frequency FO will be:

Rs  Vin

FO T e I oemm——— S

T 1.1 ROCORB VR

The external passive components set the scale factor. For best
linearity, Rg should be limited to a range of 15 K2 to 20 K.
Reference voltage VR is nominally 2.3 V. Recommended values
for various operating ranges are given in the table below:

Operating
Range Ro Co Rp Cg
DCto 1 kHz 6.8 K2 0.1uF 100 K2 10 uF
DC to 10 kHz 6.8K 0.01uF 100K  1.0uF
DCto 100 kHz 6.8KQ 0.001 uF 100K 0.1 uF

This simple, single-supply VFC circuit is recommended for
applications where the input dynamic range is limited and does
not go to zero, and response time is not critical. When scaled
for 10 kHz full-scale output, the nonlinearity will be less than
1% over an input range of 10 mV to 10 V. Response time to a
step input will be approximately 135 msec.

Linearity, offset, and response time are all improved by adding
an external op amp as shown in Figure 4. The active integrator
is used to make a precision VFC circuit.

SPECIFICATIONS AS PRECISION, DUAL-SUPPLY VFC
(Figure 4) — Typical performance when connected as shown
in Fig. 4. Rg = 6.8 K, Co = 0.01 uF, C; =0.005 uF, Vce =

+15V, Rg = 100 K.

Input

Input Voltage Range
Input Overrange
Input Impedance

Output

Frequency Range
Frequency Overrange
Scale Factor
Response Time to Step Input(”
Pulse Width
Rise and Fall Time
Output Voltage
HIGH State
LOW State

Accuracy

Nonlinearity
Offset Voltage
Gain Accuracy
vs. Temperature
vs. Supply
Offset Stability
vs. Temperature
vs. Supply

Power Requirement

Supply Voltage

Oto-10V
+10% min
100 K2

0 to 10 kHz
+10% min

1 kHz/V £ 10%
10 usec

75 usec £ 10%
500 nsec

+VCC
+0.5 V max at 3 mA
+0.05% max

1 mV, Adj to Zero

+150 ppm/°C max
£0.02%/V

20 uvV/°C
+20 uV/V

15V

Quiescent Current Drain (4152 only) +6 mA

(1)Two pulses of new frequency plus 10 usec.

{——— GATED REF

GATED
CURRENT
SOURCE

lo ]

COMPARATOR

ONE SHOT

20K
Ve ——AAA——* Vee

100 K$2

0.01uF
I <

>
> 100 KS2

100 §2

Figure 4. Precision Voitage-to-Frequency Converter
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Voltage -to-Frequency Converter

Precision VFC Circuit, Dual-Supply

In the precision VFC circuit of Figure 4, a negative input volt-
age is summed with positive output current pulses VR/RS into
an integrator circuit. The integrator output is applied to the
4152 input comparator. This forms a charge-balancing loop
and the pulse-repetition frequency will be such that the aver-
age value of output current pulses will equal the average value
of input current. In the steady-state condition,

U _YR To
RB RS T

As before, pulse width Tp is 1.1 RyC. The reference voltage
VR is nominally 2.3 V, therefore:

R

FA~ =0.395 \%
[0} IN
BRoCo

For best linearity, Rg should be limited to a range of 15 KQ2
to 20 KS2. The current pulses will have a magnitude of approxi-
mately 134 uA with Vg of 2.3 V and Rg of 17.2 KQ. A
choice of 100 K for Rg provides a high input impedance
to V). If we choose R, of 6.8 K2, then the table below
indicates the VFC scaling for various capacitor values using
the circuit of Fig. 4 and Rgof 17.2 KQ:

Scale Range
Co Cy Factor Input VIN Output FO
0.1 uF  0.05 uF 0.1kHz/V 0to-10V Oto 1kHz
0.01 uF  0.005 uF 1kHz/V 0to-10V 0to 10 kHz
1000 pF 500 pF 10 kHz/V 0to-10V 0to 100 kHz

Scale factor can be easily trimmed by varying Rg. The offset
adjustment shown in Fig. 4 compensates for offset in the op
amp. Best linearity is obtained with op amps having greater
than 1 V/usec slew rate, but any op amp can be used.

FREQUENCY-TO-VOLTAGE CONVERSION
Single-Supply FVC Circuit

A basic, single-supply frequency-to-voltage converter can be
designed as shown in Figure 5 if the input frequency is in the
form of a pulse or square wave. If the input is in the form of a
sine wave, then a comparator should be used ahead of this
circuit. The incoming pulses shaped by Cyy trigger the 4152
input comparator and fire the one-shot. For proper operation,
the input pulse width must be less than the one-shot period
Tp, which is 1.1 ROCO. A differentiator and biasing network
on the input (C|, 5.1 K, and 10 K) is used to shape the
trigger input. Pin 7 is biased at 1/2 V¢ and Pin 6 is biased
at 2/3 Vg, therefore the input comparator is in the OFF
state between input pulses. A negative-going pulse applied to
Pin 6, or a positive-going pulse to Pin 7, will cause the input
comparator to fire the one-shot. The input pulse amplitude
must be large enough to trip the comparator, but not so

large as to exceed the input voltage ratings. For the component
values shown in Fig. 5, the input pulse amplitude should be
5 V peak-to-peak when operating from 15 V supplies.

Output current pulses of precise amplitude and width are
low-pass filtered by Rpg, Cg to provide a DC output voltage.
Output ripple voltage can be minimized by increasing Cpg,
but at the expense of increased response time. The DC output
voltage will be directly proportional to the input frequency
FiN- The average value of the output is given by:

y FIN Hz
0"
R
S Hz
0.395
RBROC0 Volt
. RBR C0
Vo =253 R FIN Volts
S

Recommended values for various operating ranges are given
below:

Input
Operating
Range Cin R, C, Rpg Cg Ripple
0to 1 kHz 0.02uF  6.8KQ 0.1uF 100 K2 100 uF 1mVv
0to 10 kHz 0.002uF 6.8KQ 001uF 100KQ 10uF 1mV

0to 100 kHz 200 pF  6.8K  0.001uF 100 K2 1uF 1mV

To estimate worst-case ripple voltage, assume that the current
pulse 1 of width T, causes a step change in output voltage
across Cg. From i = CdV/dt,

IAT
_0p -
AVO— CB ,whereTp~1.1 RoCo

Rs
P REF

2 fvg
|—]GATED REF
5K 15 KQ

= GATED
CURRENT
SOURCE

+Vee )

InpUT CIN COMPARATOR

ONE SHOT

= ke LOW-PASS FILTER
e —

10 KQ <R

Figure 5. Single Supp!y Frequency-to-Voitage Converter
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Voltage-to-Frequency Converter

For example; if the output pulse width T, were 9 msec, the
pulse amplitude were 2.3 V/17 KQ = 135 uA, and Cg were
chosen to be 10 uF, then the output ripple would be ap-
proximately 121 mV peak-to-peak.

Precision Frequency-to-Voltage Circuits

Linearity and offset can be improved by adding one or more
op amps to form an active low-pass filter at the output. A
circuit using a single op amp filter is shown in Figure 6. The
output current pulses of amplitude VR/Rg are injected into
the summing junction of an op amp integrator.

The positive output pulses are averaged by the low-pass filter
and the output voltage will be negative. In the steady-state
condition,

FIN Hz
Vo =

Avg RS Hz

0.395 —

RgR,C, Volt

RpR.C
B
V,  =-253=———— F Volts
© Avg

The worst-case ripple can be estimated as in the single-supply
case. As before, there is a design trade-off between ripple
voltage and response time.

A two-pole low-pass filter is recommended for applications
requiring wide dynamic range and fast response time. The
double pole filter shown in Figure 7 is an excellent choice for
FVC operation. The filter response can be calculated from the
following equations:

and

These combine into the single differential equation:

2
d Vo dV0 V0
|0='C1R202_ —C1 — —
dt2 dt R1

On the input side; 1o is a pulse train of frequency Fp, pulse-
width Tp, and amplitude VR/Rg. As before, the input ampli-
tude should be 5 V peak-to-peak for the component values
shown. When Fypy is constant, the output voltage will be:

Vo Ave = -1.1‘R—S ROCOVR FIN
Response to a step-change in input frequency is determined by
the ratio of the two time constants, RqCq and RoCy. Step
response to input frequency change will be critically damped
for R1Cq = 4RyCy. A more optimum relationship is RqCq
equal to RoCo which provides a damping factor of 0.5. The
capacitors Cq and Co, as well as R,C,, should be chosen for
minimum ripple over the desired range of operation. Scaled
for 1 V per kHz and Tp of 6.8 msec, this filter has less than

\Y) dVv 0.1 V peak-to-peak ripple over the range of 10 Hz to 10 kHz
0 1 b
IO to—= —C1 — (Rq =100 K and Cq = 0.1 uF). The ripple is less than 0.02 V
R1 dt peak-to-peak above 100 Hz.
4152 +Vee
Rg REF ____________‘8: ,_,RL __L%__
5[ careo ner s [Mﬁ GATED REF
5K 15 K§2 GATED c 5K 5 KS2 GATED
CURRENT ‘T CURRENT
SOURCE = +Vee SOURCE

—

COMPARATOR

1 o
5.1KQ L
¢ =
INPUT IN 6 COMPARATOR
] b
*Vee L A5

10 Kz
10
KQ

Figure 6. Frequency-to-Voltage Converter with Single-Pole
Low-Pass Filter
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Voltage-to-Frequency Converter

TYPICAL ELECTRICAL DATA
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4200

Precision Analog Multiplier

PRODUCT DESCRIPTION

The Raytheon RC4200 is the industry’s first integrated
circuit multiplier to have complete compensation for non-
linearity, the primary source of error and distortion. This is
also the first IC multiplier to have three on-board operational
amplifiers designed specifically for use in multiplier logging
circuits. These specially-designed amplifiers are frequency
compensated for optimum ‘AC response in a logging circuit;
the heart of a multiplier, and can therefore provide superior
AC response in comparison to other analog multipliers.

Versatility is unprecedented; this is the first IC multiplier
that can be used in a wide variety of applications without
sacrificing accuracy. Four-quadrant multiplication, one-
quadrant division or square-rooting, and RMS-to-DC con-
version can all be easily implemented with predictable
accuracy. The nonlinearity compensation is not just trimmed
at a single temperature, it is designed to provide com-
pensation over the full temperature range. This nonlinearity
compensation combined with the low gain and offset drift
inherent in a well-designed monolithic chip provides a very
low tempco on accuracy.

The excellent linearity and versatility were achieved through
circuit design rather than special grading or tweaking, there-
fore unit cost is very low. Analog multipliers can now be
used in applications where price was previously an inhibi
factor.

The Raytheon RC4200 is ideal for use in low—d
audio modulation circuits, voltage-controlled activ
and precision oscillators.

4 3
P Sure
ouTPUT

RC4200

Figure 1. 4200 Multiplier Functional Diagram
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FEATURES

® High accuracy
Non-linearity — 0.1% maximum
Temperature coefficien .005%/° C maximum
® Multiple functions
Multiply, divide, squa
conversion, AGC, i
o Wide bandwidth — 4 MHz

e root, RMS-to-DC
fdemodulate

THERMAL ¢

k.

The scale factor

the chip in the lateral %
should be grignte

gradients “g @%
symmetry.
th |

erz;ég% ‘

; Where possible, the package
ch that'soburces generating temperature

(8] 1y
[ 7] Vosi
[6] GND
OUTPUT I3 [ (5] 14

THERMAL
SYMMETRY
LINE

FUNCTIONAL DESCRIPTION

The RC4200 multiplier is designed to multiply two input
currents (11 and 1) and to divide by a third input current
(14). The output is also in the form of a current (13).
A simplified circuit diagram is shown in Figure 1. The
nominal relationship between the three inputs and the
output is:
iqi
g L2 M
I
All four currents must be positive and restricted to a range
of TuA to TmA. The three input currents go into the multi-
plier chip at op-amp summing junctions which are nominally
at zero volts. Therefore, an input voltage can be easily



Precision Analog Multiplier 4200

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired)

Supply Voltage . . . . . . . . . e e e e s e s e s e e 2y
Internal Power Dissipation 500 mW
Input Current . . -BmA

Storage Temperature Range

RM4200/4200A . -65°C to +150°C

RV4200/4200A . -55°C to +125°C

RC4200/4200A -55°C to +125°C
Operating Temperature Range

RM4200/4200A . -565°C to +1256°C

RV4200/4200A . -40°C to +85°C

RC4200/4200A 0°Cto +70°C

ELECTRICAL CHARACTERISTICS (Over operating temp

-15V unless otherwise noted)

RC4200
PARAMETER CONDITIONS MIN TYP MAX UNITS

Input range (|1, lz and I4) 1000 1.0 1000 | uA
Total error as multiplier TA = 25°C

Untrimmed +2.0 +3.0 %

With external trim +0.2 +0.5 %

Vs temperature +0.005 %/°C

Vs supply (-9 to -18V) +0.1 %IV
Nonlinearity 50uA < | <250uA, Ty +0.1 +0.3 %
Input offset voltage |1 = 12 =150uA, T 5°C +h +10 mV
Input bias current ' 5°C 300 500 | nA
Average temperature coefficient
of input offset voltage +50 100 | mv/°C
Output current range (13) 1.0 1000 1.0 1000 | uA
Frequency response, -3 dB 4 MHz 4 MHz MHz
Supply voltage range -9 -15 -18 -9 -15 -18 Vv
Quiescent current A I4 = 150uA, TA =25°C 4 4 mA

iy with oﬁtput (13) connected to an op amp summing junction. If desired, the output (13) at pin (4) can be
oad directly. The resistive load should be less than 700 chms and must be pulled up to a positive supply
in (3) stays within a range of 0 to +5V.

Note 1:

such that the voll
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converted to an input current by a series resistor. Any
number of currents may be summed at the inputs. Depending
on the application, the output current can be converted to
a voltage by an external op amp or used directly. This
capability of combining input currents and voltages in various
combinations provides great versatility in application.

Inside the multiplier chip, the three op amps make the
collector currents of transistors Q1,Q2,and Q4 equal to
their respective input currents (l1, 192, and I4). These op
amps are designed with current-source outputs and are
phase-compensated for optimum frequency response as a
multiplier. Power drain of the op amps was minimized to
prevent the introduction of undesired thermal gradients on
the chip. The three op amps operate on a single-supply
voltage (nominally -15V) and total quiescent current drain
is less than 4 mA. These special op amps provide significantly
improved performance in comparison to 741-type op amps.

The actual multiplication is done within the log-antilog
configuration of the Q1-Q4 transistor array. These four
transistors, with associated proprietary circuitry, were
specially designed to precisely implement the relationship

|
_kr o lon
Vgey = o 10— 2)

SN

Previous multiplier designs have suffered from an additional
undesired linear term in the above equation; the collector
current times the emitter resistance. This Ic rg term can
cause significant linearity error. In four-quadrant multiplier
circuits, this added I rg term introduces a parabolic non-
linearity even with matched transistors. Raytheon has
developed a unique and proprietary means of inherently
compensating for this undesired Ig rg term. Furthermore,
this Raytheon-developed circuit technique compensates
linearity error over temperature changes. The nonlinearity-
versus-temperature is significantly improved over earlier
designs.

From equation (2) and by assuming equal transistor junction
temperatures, summing base-to-emitter voltage drops around
the transistor array yields:

| | | |
'—(lln—l—+1n—2—1n—i-— 1n—4—-=0 (3)

s s2 s3 Isq
This equation reduces to:
iy lsils2

= @)
I3ly 5354

The ratio of reverse saturation currents, 11 152 / 153 154,
depends on the transistor matching. In a monolithic multi-
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plier this matching is easily achieved and the ratio is very
close to unity, typically 1.0 +1%. The final result is the
desired relationship: :

lg = — (5)

The inherent linearity and gain stability combined with low
cost and versatility makes this new circuit ideal for a wide
range of nonlinear functions.

APPLICATIONS

FOUR-QUADRANT, GENERAL-PURPOSE MULTIPLIER

INPUTS

Ry
VRC
| [
A 8 <R
Vx O— WY,
RC4200
[
. z I K
1, =2
= 3 Iy
R [ '3
1 2 . <8
Vyo 7
2 Wi
! ouTeuT

3 6
l = T
Vg ——OVp
R =

Figure 2. Four-Quadrant General Purpose Multiplier
Using the RC4200

The general schematic for a four-quadrant multiplier using
the RC4200 IC is shown in Figure 2. A positive reference
voltage, VR, is used to offset the multiplier chip. To stay
within the most linear operating range, it is necessary that
VR/R2 plus Vx/R1 be limited to a range of 50uA to 250uA.
Within the operating range, input and output currents are
given by the following equations:

vy V Vy Vy Vg V

|]=_£+_i |3=_l+_l+_ﬂ+_£
Ry Ry Ry Ry Ry Ry
vy Vp Vg

ly=— + 1y =—
Ry "Ry Ry

Combining these relationships through the equation 13 =
11 12/14 yields:
_RaRy VxVy

v
0 2
Ri® Vg
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The reference voltage VR must be positive, but Vx and Vy
can be AC voltages. The positive supply voltage can be used
as the reference in many applications where a well-regulated
+15V is available. Some typical values for a multiplier scaled
at VxVy/10 are calculated below:

Given: Vy and Vy have range of -10V to +10V.
Desired scaling is Vg =Vy Vy /10

Reference voltage VR is+15V

Calculation:
(1) Choose Rq = 100KS2

From requirement of +50uA minimum

-10V 15V
100K R,

= 50uA

Thus, Ro would also need to be 100K<2

Rp R
(2)  Calculate Rg from 0 22 L =1_,
Ry2 Vg 10
2
Ri” Vg
Rg=— —
Ry 10
Ry = (100KQ) >
10
Rg = 150KQ
Results: VoV
Vg = Y with Vg = +15V

10
Ry, Ry = 100K

Ro

1

150K$2

These values cause a range on |1 and 12 of 50uA to 250uA
for Vx and Vy of ~10V to +10V.

While the choice of values for Rq, R and R are arbitrary,
best results are obtained by operating |1 and 12 over a range
of approximately 50uA to 250uA.

Accuracy of the four-quadrant multiplier is dependent
upon both the RC4200 chip and the external components.
AC feedthrough, which is the undesired output when multi-
plying one AC input by zero on the other input, is dependent
on op amp offsets and on the matching of the R1 and R2
resistor sets. Gain accuracy depends on the external reference
voltage VR, the resistor ratio Rg R2/R12, and the multiplier
chip. Linearity depends almost entirely upon the multiplier
IC. The linear error terms can all be nulled externally by
trimming resistor ratios or offsets. A’ four-quadrant multi-
plier with provision for external trimming of linear error
components is shown in Figure 3. The optimum mix of
component tolerances, trimming range, and cost is very
application dependent. With moderate-cost components
and no external trimming, the RC4200 is more accurate
than many of the complete IC multipliers. With precision
components and external trimming as shown in Figure 3,
the RC4200 is capable of performance comparable to the
best hybrid or modular multipliers.

The error analysis is most easily done by separately con-
sidering resistor match, offsets, and gain; then superimposing
the results.

Resistor Matching
Assuming no op amp offsets and no error due to the multi-

plier chip, then the output would be the sum of the terms
given below:

Ro R Vy V
Desired Qutput = 072d XY
Rlafic Vg
R R R
Vy Feedthrough = 0 (22 e VY
Ria\R2a  PRyg
Vy, Feedth h RD RZd R]a \Y
X ee rough = — §~—— — —— X
Ria \R2p Ry
Ro (P20 FRoa)
Output Offset = — { — - — VR
Roa \Rop Ry

The AC feedthrough is directly proportional to the matching
of the Ro resistor set and the Rq resistor set. AC feedthrough
on the X or Y input is related to resistor tolerance as:

R

AC Feedthrough ~2 X 2 x Res.Tol. X Vy
R
1
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INPUTS
R2a
VR O~ MN
I |
Vx0 WS L s RN
RC4200
+V,
s Vost 5 SRy
Ih1z
Vs Sy
.'Ava = 13
|
1c 2 1 4
vy O- AN — o
———
+Vg v
o2 2 ‘.A.A.—#.{'*
- - %'JN 0UTPUT
L |
= Vg - Vos3 OV,
R
M +V.
Joo :
-V
Figure 3. Four-Quadrant, General-Purpose Multiplier with Offset Adjustments
For example, if Rg/R1 were 1.5 as in the example given
previously and the resistors were matched to within 1%,
then the maximum AC feedthrough due to resistor mis-
match would be 3% of the Vx or Vy input voltage. This
AC feedthrough can be nulled directly by trimming the
resistor sets or indirectly by trimming offsets.
Effect of Op Amp Offsets o Vx Vosi . Vg -Vosi
1 Ry Ry
In a multiplier, the offsets are cross multiplied and can
thus cause AC feedthrough. When one input is zero and Ve -V VoV
the other is a large AC signal, then the output will be the = Y~'0s2 + R ~7082
offset of the “zero” input times the AC signal. To quantify 2 Ry RZ
this effect, consider the circuit as shown in Figure 3. The
offsets of each amplifier are due to both input offset
voitage for the op amp and the input offset current times VX'VOSS Vy 'VOSB VR 'VOSS VO 'VOS3
the source resistance. Iy = R + R L R
1 1 2 0
These offsets can be lumped together into a single VOg
term. For this analysis, assume that the external resistors are VR 'VOS4 11 |2
perfectly matched (R1's and R2's all matched). The set of , = ——— lg = ——
equations below must be combined to see their interaction: RZ |4
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For simplicity, V()S2 terms and gain-error factors on error
terms can be dropped. The output voltage would then be
the sum of the terms given below:

Ry Ry ViV

Desired Qutput = 12—2 XY
Ry Vg
Ro 1 )

VY Feedthrough = — — VOS4 -{—+1 VOST VY
Ry Vg 1
Ro 1 )

VX Feedthrough = R_ T V084 - +1 VOSZ VX
1 YR 1

Output Offset =

2Ry Ry Ry Rg

— 4+

—+1)v —+ —)Vgg * Vggy)
0s3 0s1 * Vos2
Ry Ry Ry Ry

To estimate magnitudes, consider the previous example
where Rg = 150kS2, R1 and Rp were 100k§2, and VR = 15V.
Then,

R _ 1
Vy Feedthrough _ﬁ NOS4 - 2VOSI) Vy

1
o Vose - 2Vps2) Vx

VX Feedthrough

Output Offset = 5.5 Vggg = 3 (Vg + Vg

To carry this example further, let each Vpg term have a
maximum value of z10mV. The worst-case combination
would then be a feedthrough of 0.003Vy and 0.003Vx.
Output offset could be as high as 115mV, but would
generally be less.

The trimming procedure is straight-forward when done
in the following recommended sequence:

1. Apply a full-scale AC voltage to Vy and make Vx zero.
Trim Vg1 for output null (Vg =0).

2. Apply the same full scale AC voltage to V) and make
Vv zero. Trim Vg2 for output null Vg = 0).

3. Apply zero to both inputs (Vx = 0 and Vy = 0).
Trim VQs3 for output null (Vg = 0).

4. Adjust scale factor with Rg. Always adjust the input
offsets before setting the scale factor.

In most applications, the offset adjustments are used to
compensate for the R1 and R2 resistor network mismatch
as well as the op amp offsets. Thus, the range of offset
adjustment is usually chosen to encompass both error terms.
For example, the Vy feedthrough is:

=)
N

Ro 1

RofRad  Ria
B L P
Ry Vg

Y -{—+1)}]v \Y)
0s4 ost}¢Vy
Ri\Ryy Ry Ry

Varying Vg1 over sufficient range can compensate for
both offset and resistor mismatch.

ONE-QUADRANT DIVIDER

Division is very easily implemented with the RC4200
multiplier when the inputs are all positive. The circuit
for one-quadrant division is shown in Figure 4. The inputs
Vx, Vz, and VR must be positive and the input currents
11, 12 and I4 must be restricted in range. Within the rated
range, |1 12 will equal 13 14 and therefore:

Y\ (Ve\ [Vo\['z
Ry )\ Ry Ry J\ R4
RgRy  Vy
Vpy = — Vp —
0 R, "y

Rq Ry z

The reference input VR is generally fixed and the ratio of
Rg R4/R1 R2 is usually chosen to make Vo = 10V at the
maximum value of Vx/Vz. For example, if Vg = 6.2V
and Vx/Vz maximum is one, then choose Rg R4/R1R2
of 10/6.2 which is 1.613. The output would then be:

\Y \Y
VO =10 —)i, where—X<1
\Y \Y
z z

As with the four-quadrant multiplier circuit, op amp offsets
cross-multiply with the inputs. These offsets should be
nulled to obtain best accuracy. The output voltage with
offsets considered, but neglecting Vos2 terms, is given by:
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Ideal Error Terms
/ \ 7 ' \
vo 4R Vx RaBol VeVx o Vx Ve v
07 L v o > Vosa - os2 - Vost |* Voss
1Ry z Rify| Vg Vz Vz

Because the offsets and signals are interactive, the recom-
mended procedure for adjustment is the following:

1. Monitor the offsets at pins (8) and (1) directly and adjust
V0s1. Vos2 to null them. This removes the Vog1 and
VQS2 error terms.

2. Make Vx = Vz and sweep over their full dynamic range.
The output should be constant; vary the VoS4 ADJ pot
for a constant output of R4 Rg VR/R1 R2 plus VOs3.

3. Apply the minimum value of Vx/Vz and adjust V033
to obtain the proper VQ.

4. Apply the maximum value of Vx/Vz and adjust Rg for
proper VQ.

The accuracy will be limited only by the nonlinearity,
which for the RCA4200 is very small.

SQUARE-ROOTING

The circuit for implementing the square-rooting function
is shown in Figure 5. An input voltage Vx multiplied by
a reference voltage VR is made equal to the square of the
output voltage. The relationship 11 12 = 13 |4 becomes:

2
VxVr Vo

RqRy RgRq
The input voltage must be positive. Scaling is determined

by the external resistor network and reference voltage VR.
The output voltage is given by:

INPUTS
v; O
R 1
1 — 8
vy O MA
X
R
§ RC4200
+VS
-Vg 112
13 = I OUTPUT
Vg O-
Rg —O vy
W b
s © I = 082 v
2 s
-vsoj % éa __E -ROR4V Vy
= = Vs Vo *© R
Vg — R, R, vy,

Figure 4. One-Quadrant Divider
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In most applications, the resistors should be comparable in
value and VR should be in the range of 5V to 15V. A scale
factor of 10is very convenient and provides an output range
of 0.3V to 10V for an input range of 10mV to 10V.
In equation form:

Vo = [10Vy , 10mV <Vy <10V

The offsets can be externally trimmed as needed. The
nonlinear nature of the square-rooting function makes
the error due to offsets very small for large inputs and very
large at low input levels. With offsets included, the output
voltage is:

RyR v RgRy %

ofa 0s2 0

Vo [ Ve (‘ v M —‘—H - VaVosi * Vo Voss ¥ Vos4’]
1R R 1Ry

The term V(Qs2/VR affects gain only and is constant,
therefore varying Rp can compensate for the Vg2 error
term. The effect of VQg3 and V(g4 is additive and only
one of these offsets need be adjusted. The VQg1 term
should be trimmed to zero. The recommended trimming
sequence is as follows:

1. Adjust Vps3 to zero directly by monitoring pin (4).

2. Apply minimum value of Vx and adjust VQg1 for
correct V(.

3. Apply maximum value of Vx and adjust Rg for correct
Vo.

The square-rooting circuit can easily be designed for overall
accuracy of £0.2% when using the RC4200A IC multiplier.

v flofe
\/ RYX
OV Ry Ry
INPUTS \ "
R 1 R,
1 e 3 4
Vx()— s
R R
s AC4200 s
C,
I Vos 5,
= Ry ) = 0
PRI
hiz
= 1 Tu
R, n, ’|_3 0uTPUT
VRO =
Ag Vos3 *—OVy
C
*Vs s Vosz
- L—@«vs
Vs A’ 1e ‘%—
= = v
.Vs = s

RMS-TO-DC CONVERTER !

The root-mean-square value of a complex waveform can
be computed directly by squaring, integrating, and then i
square rooting. The RC4200 is ideally suited to this com-
putation and the entire RMS-to-DC conversion can be
implemented with a single device.

A functional diagram is shown in Figure 6. An absolute-value
circuit, or precision rectifier, first converts the ACinputinto
a rectified positive voltage. Input currents 17 and 12 are
made equal and will be | ViN |/Rq. The remaining input
current, l4, is made equal to VQ/R plus a derivative term,
CodVQ/dt. Combining these relationships according to
I112=1314,

2

Vi Vo, . o Yo
2

R, Ry dt R

RnC
Vg® + 0’0 d <v02) =Vi®
2 dt

The output voltage squared is the exponentially-weighted
average of the input-voltage squared. Square-rooting both
sides of the equation, and considering the polarity constraints
inherent in this implementation, gives the desired results:

CEVARTC

[vinl
o 'ABSOLUTE-VALUE
N CIRCUIT

N 'q

P
. 5
s RCA200 fs
I

Cg T Cg

ouTPUT

°"n

Figure 5. Square-Rooting Circuit

Figure 6. RMS-to-DC Converter
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This is the true RMS value of VN within the frequency
range where the averaging time constant Fi1 Cq/2 is of
sufficient magnitude for low-pass filtering. Capacitor Cq
must be large enough in value to adequately average the
signal at its minimum frequency.

Various practical considerations limit performance for very
small input signals, so this circuit is usually designed for a
specific input voltage range. As with the divide and square-
root modes of operation, the RC4200 may require a stabi-
lizing RgCg at the input summing junctions (pins 8, 1, and 5).

The specific component values and external adjustments
needed depends on the particular application.

DESIGN CONSIDERATIONS
FREQUENCY RESPONSE AND STABILITY

The op amps within the RC4200 multiplier are stabilized
for optimum performance in the four-quadrant multiplier
configuration. At extremes of input current, the stability
becomes marginal and external phase compensation may be
required. The possibility of undesired oscillations should be
considered for input currents of less than 50uA or greater
than 500uA. Dividing and square-rooting operations often
require a wide dynamic range on the input currents.

Two techniques are very helpful for assuring frequency
stability and minimizing noise under a wide range of
conditions:

1. Connect a series Rg Cg from input summing junction to
ground as shown in Figure 7. This network has the effect
of attenuating the feedback at high frequencies and
thereby stabilizing the op amp. Loop gain at high
frequencies is sacrificed, but this is seldom of concern
in dividing or square-rooting applications. Recommended
values are 10kS2 for Rg and 0.005uf for Cg.

2. The resistor on the noninverting input can be bypassed
as shown in Figure 7. This helps to reduce noise.

The need for these frequency compensating techniques will

depend on the application, particularly the input current
range and input signal characteristics.
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GAIN STABILITY

This type of multiplier is very sensitive to temperature
gradients across the transistor quad (Q1 to Q4 and Q2 to
Q3). The ambient temperature tends to affect offsets, but
temperature gradients will cause a gain error. Several steps
can be taken to minimize this effect:

1. Keep the multiplier physically remote from power dis-
sipating components.

2. When using printed-circuit boards, make pad sizes and
layout pattern as symmetrical as possible.

3. Heat sinking or epoxy potting can be used if necessary.
This will tend to prevent rapid changes in temperature
gradient.

Power drain within the multiplier chip itself is relatively
low, therefore the gain stability can be very good if the
IC is not exposed to temperature gradients.

OFFSET STABILITY

Input offset voltage of the op amps can be easily trimmed if
desired. The effects of input bias current drift can be mini-
mized by making the impedance approximately equal on
the inverting and noninverting inputs. The equivalent input
offset will then depend only on the difference in bias
currents rather than the absolute values.

LOGGING CIRCUIT(One of Thres}
———

BYPASS Cg
CAPACITUR:[

= = RC4200
MULTIPLIER

Figure 7. Optional Frequency Stability Components
Rs,Cs,and Cg.
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FEEDTHROUGH — mV p-p

FOUR-QU.
40 mV (—
Vv
Vo=

30mv

ADRANT

ULTIPLIER CONFIGURATION
Yuly

10

VV=0

Vy = 10sin wt

/

/’(=0

20mv

/

/

//

\/v = 10 sin wt

10 mv ,
__4

1.0 10

100

1K 10K

FREQUENCY — Hz

Figure 8. AC Feedthrough vs. Frequency

HIGH RELIABILITY OPTIONS

100K

AVAILABLE TYPES

Part Type Package Operating Temperature
RM4200DE Ceramic -55to0 +125°C
RV4200NB Plastic -40 to +85°C
RV4200DE Ceramic -40 to +85°C
RC4200DE Ceramic 0to+70°C
RC4200NB Plastic Oto+70 C
RM4200ADE Ceramic -55t0 +125°C
RV4200ANB Plastic -40 to +85°C
RV4200ADE Ceramic -40 to +85°C
RC4200ADE Ceramic 0to+70°C
RC4200ANB Plastic 0to +70°C

Part Type Added Screening Order Part No.
RM4200DE With MIL-STD-883 Class B processing RM4200DE3
RM4200ADE RM4200ADE3
RV4200DE With A + 3 processing® including burn-in and RV4200DE3
RC4200DE tightened AQL RC4200DE3
RV4200ADE RV4200ADE3
RC4200ADE RC4200ADE3
RV4206NB With A + 2 processing” including “Hot Rail” testing, RV4200NB2
RC4200NB burn-in, temp cycle and tightened AQL RC4200NB2
RV4200ANB RV4200ANB2
RC4200ANB RC4200ANB2
RV4200NB With A + 1 processing™ including ““Hot Rail” testing, RV4200NB1
RC4200NB temp cycle and tightened AQL RC4200NB1
RV4200ANB RV4200ANB1
RC4200ANB RC4200ANB1

*Full descriptions contained in the quality section of this catalog.
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GENERAL DESCRIPTION

The RC4444 is a monolithic dielectrically isolated crosspoint ar-
ray arranged into a 4x4x2 matrix. The primary applications are
for balanced switching of 600 ohm transmission lines. The ring
and tip are selected by selective biasing of the P+ and P- gate.

Designed to replace reed-relays in telephone switchboards, it
does not require a constant gate drive to keep the SCR in the
“on’" condition. It is several orders faster, with no bouncing,
and has a much longer operating life than its mechanical
counterpart.

The 16 SCR pairs with the gating system are packaged in a 24
pin dual-in-line package.

The RC4444 is a monolithic pin-for-pin replacement for the
MC3416 and MCBH7601.

4 x 4 x 2 Balanced Switching Crosspoint Array

DESIGN FEATURES
Low Bi-Directional Ron
High Roff

Excellent Matching of Gates
Low Capacitance

High Rate Firing
Predictable Holding Current

SCHEMATIC DIAGRAM
AT 21
N -
AR 1
ATl .
AT PY P- AR p+ & = & b b
AR 20
AT L /Eﬁ
KT Knd AR 18
(TIP) (RING)
AT2 -
P % 1
AR 16
4 13 9 2 ho In 24 §23 113 22 14 115
KTP- KR KTP- KR KTP- KR KT P~ KR
CONNECTION INFORMATION
ANODE T / 2 ::(;Tuuonz
DﬂTNOx: 2 23 : :PWS[LECT
ROWSELECT ] 4 2 z:mone
ANODE
caTHo0E [ g
+ ANODE
"steora ] © of 5
P COLUMN ] o 19 Anooe
SELECT B ar
+ ANODE
"seeere ] 7 18] 2
'+ ANODE
"iteero] 8 vH
CATNO:: E 9 16 ::00(
oW SELECT CATHODE
ST To S s R and PU
“““‘:‘ 1 14 :‘“‘"mm Dual in-Line Packages
A -
ANODE [T, 13 caTHoDE Order Part Nos.:
AT L] RC4444R, RC4444PU
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4 x 4 x 2 Balanced Switching Crosspoint Array 4444

ABSOLUTE MAXIMUM RATINGS

Operating Voltage (Note 1) ... .............. 25V Storage Temperature Range ........ —65°§ to +1 50:C

Internal Power Dissipation (Note 2) . ........ 900mwW Operating Temperautre Range .. ....... 0°Cto+70 C

Operating Current per Crosspoint (Note 2) ... .. 100mA Lead Temperature (Soldering, 60s) . ......... 300°C i

ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C unless otherwise noted) :
CHARACTERISTIC SYMBOL | MIN MAX | UNIT

Anode-Cathode Breakdown Voltage (IaK = 25uA) BVAK 25 - Vdc
Cathode-Anode Breakdown Voltage (IgKa = 25uA) BVKA 25 - Vdc
Base-Cathode Breakdown Voltage {IBK = 25uA) BVBK 25 — Vdc
Cathode-Base Breakdown Voltage (Ixg = 25uA) BVkB 25 - Vdc
Base-Emitter Breakdown Voltage (IBg = 25uA) BVBE 25 — Vdc
Emitter-Cathode Breakdown Voltage (I = 25uA) BVEK 25 - Vdc
OFF State Resistance (VAK = 10V) roff 100 — M
Dynamic ON Resistance ron Q

(Center Current = 10mA) 4.0 12

(Center Current = 20mA) 2.0 10
Holding Current (See Figure 10) IH 0.9 3.8 mA
Enable Current (VBE = 1.5V) IEn 4.0 - mA
Anode-Cathode ON Voltage VAK \%

(IaAk = 10mA) — 1.0

(IaAK = 20mA) - 1.1
Gate Sharing Current Ratio @ Cathodes Gsh 0.8 1.25 |mA/mA

(Under Select Conditions with Anodes Open)
Inhibit Voltage (Vg = 3.0V) Vinh - 0.3 Vv
Inhibit Current (Vg = 3.0V) Iinh — 0.1 mA
OFF State Capacitance (VAK = 0V) Coff - 2.0 pF
Turn-ON Time ton - 1.0 us
Minimum Voltage Ramp (Which Could Fire the SCR Under Transient Conditions) dv/dt 800 — V/us

NOTES:

1. Maximum volitage from anode to cathode.
2. Package thermal resistance 0 ja typically .055°C/mW. Package
power dissipation limited to 900mW.
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TYPICAL APPLICATIONS

4 x 4 x 2 Balanced Switching Crosspoint Array
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4 x 4 x 2 Balanced Switching Crosspoint Array
TYPICAL APPLICATIONS

4444

FEEDTHROUGH VERSUS SIGNAL FREQUENCY

CROSSTALK VERSUS SIGNAL FREQUENCY

-60 -60
-10 -70 ﬂ
- -
o 30 -80 L
= < =
P A 3 L/
S - « -90
o -
@ 2( .5
E -100 > @ -100 b
g e <
E -110 - & -110 7
=4 A
ol
-120 -120
=t
-130 -130
0.1 05 1.0 50 10 50 100 0.1 05 1.0 50 10 50 100

SIGNAL FREQUENCY (kHz) SIGNAL FREQUENCY (kHz)

TEST CIRCUIT FOR FEEDTHROUGH VERSUS FREQUENCY
Tag Ut
e

L——J

T WAVE
ANALYZER

TA =25°C, Vi = 12dBm, Crosspoints Off
Feedthrough = 20 Log1g (vo/vi)

TEST CIRCUIT FOR CROSSTALK VERSUS FREQUENCY
51U

Vot $ 600
‘P

y B4 WAVE
600 3 6002 Vo2 | \naLyzZER

Ta = 25°C, Vi = 12dBm, Crosspoints On
Crosstalk = 20 Log10 (vo2/vo1)
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Industry Cross ReferenceGuide

8-2

S/8)s /)& &
/¢ /S /e )/S /R /)&
AAAANDNANAN
A AYAAYAYAYAY PLASTIC DIP DB N A, P N
VARIATIONS MB B
DN(1)
CERAMIC DIP DC D D 1 L D
: (14 or 16-Lead) DD
DF(2)
DM(2)
j ‘i ,: z CERAMIC MINI DIP DE R J L J
iTaNaldl
% PLASTIC MINI DIP NB | T N[V ]|P]|P|E
== e
——  m——
— — FLATPAK VARIATIONS ¢ | F|F|a]| F|F]|K
I = (10, 14 or 16-Lead) cL w S,
ca w
s B
H TO-99, TO-100, TO-5 TE H H T, G [ S,
TF K, V1
TH L,
DB

NOTES:

1. 24-pin package.
2. Large cavity.



Metal Can

Packaging Information

3-LEAD
TO-5 PACKAGE

TH
370
- 338
‘ DIA.
|l338
305
DIA.

1.500 MIN
o 000 5

3LEADS

10-LEAD
TO-66 PACKAGE
TK

1-1.262 MAX*E

8-LEAD
T0-99 PACKAGE
TE

370
335
DIA
335 |

2 .

! ‘85 050MAX

5M.N 250 MIN
(REF)

040 MAX

10-LEAD

BETWEEN PT A AND PT B LEAD

BETWEEN PT A AND PT B LEAD 019
piats 912 DIAIS 576
seTweEN B & C 921 BETWEEN B & C (2]
2-LEAD 4-LEAD
TO-46 PACKAGE TO-46 PACKAGE
TR TT
.330
.230
209‘{ 075 173
095
;s:i:'?g"e F'*i SEATING PLANE 078
oo %—I— ;E
019 bim. A
oz 7Tt N (o1 o,g’ o_w*g__[lAﬂMAX MIN.
018°™:8 T 100 TYP oM. A) 1oo TYP
h 050 —|
046 };"“
48 BNy
‘028 24 >/
048
028
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Packaging Information

Ceramic

8-LEAD CERAMIC DIP

DE
380
375 7. 005
avawava Ll
AR 1
271 /.025 R
245 € Nom
L (5 8
045 _ L ‘
o
max = | .065 /&5
.200
MAX 060 J

Y

24-LEAD

CERAMIC PACKAGE

035

r "oosmm
SSHH\H\SS

gl

575
5156

13

576
025R ]
2] ‘Nom 515

PAPANAr VAT ATAPEVEFANE

1.29
1.23

063 _|

i
el L L

14-LEAD CERAMIC DIP

14-LEAD CERAMIC DIP
DF (LARGE CAVITY)

DC
85
750
T FAYARANAVAWATAY
OAANNAN PN 7] oosr
1 7 265 NOM
an 025 R %5 ) g 14 314
285 | o 14% NOM 2u TUY j
; ) | L..085 Heo005MIN
el Les > 1+.005 MIN 1045 ot o
X zoo ax i- ,%?f .200 MAX o
L e o S5
N Seg ) [ 909
i L - % il
200
200 9% }‘— |
a2 [ L r,] JL@
0982015 F,l JL_ gfg .098:.015 }“ 376
100 TYP
.100 TYP
16-LEAD 16-LEAD
CERAMIC PACKAGE CERAMIC PACKAGE
DM (LARGE CAVITY)
750
WAYAYAWAWAWA
.2&‘! 8 P 025R
265 NOM
N, [IPAYAVAY] \}1\61
JVL%
m

e '.015
Ltq:?% -—:— -lL‘—L—I 011
)] _oos 1 AX \m
‘10

VP STANDOFF



Metal Ceramic

Packaging Information

14-LEAD METAL DIP

718 157
132.060

“ \%ﬁﬁfi

135 MAX J

e L T
«'MAXFT 310

035 MIN

el

J18
.688
o 025R

7 1]_-Nom
|8 14

14-LEAD CERAMIC
FLAT PACKAGE
CcJ

16-LEAD CERAMIC

FLAT PACKAGE
CL
N 50 045 MAX
‘jﬁ: 1® 16| ::E—J——( I
—— —
o019 — %
015 ——— —
_L é —]
T__ 8 99—
= e
L. =t
9&‘; h 32"75’ oL .0@0
004 2 TYP .05

10-LEAD CERAMIC
FLAT PACKAGE

ca

.060
o1 TYP .005 MIN
e L
- 260

:

T

5 6f—=

=i
.370, 3 0,
004 250 MAX

045

7_*7_*,‘ 200 ——_5_

.240
TVP
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- ]
Packaging Information Plastic
8-LEAD PLASTIC DIP 14-PIN PLASTIC DIP
NB DB/BD
400 .031DIA X .010 -760 031 DIA X .010
— 380 DEEP (PINNO. 1 740 DEEP (PIN NO. 1
260 A IDENTIFICATION ‘ ; IDENTIFICATION
240 { 315 T
ererer .290 T .20
— .260 J
240
065 |} J— 025 nom ,
.315
015 760 .200 e 200
500 780 _fo' 1 B | 260
-350 + .025 | - l—.ozs 135 MAX =\ 240
.125 MIN. T
]! lL '
a0t o 92 o 7
TYP 1009
.350 + .025
16-LEAD PLASTIC DIP 24-LEAD PLASTIC DIP
BM/MB PU
Tvr"1 =
ininisinininininisininial
(12 I j
760 031DIAX O10DEEP—— | | B
r ! 740 Ny ‘ (PINNO. 1 IDENTIFICATION) (" Eoz
0 [8.031DI 0 R
260 DerpPINROY ~(F 120 13 4] |
- g IDENTIFICATION)g) |mpmpmyE ]
t 1.250+.010
.600
.025 TVP
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Beam Lead Linear IC’s

Typical Beam Lead Cross Section
with Interconnections

BEAM (Au)

SN Y

M INNNN|

=

N
Pt A\ N+
g' N \ \ N\ SUBSTRATE
13N AN N\

Product Type No.

Si0z 4 / N+
N LAYER PtSi CROSS SECTION OF BEAM LEAD
DEVICE WITH INTERCONNECTIONS
Ordering Information
Examples
Beam Lead Linear IC’s may be ordered either as military RM101ABL
. . i T
or commercial grade devices: LT 1
Mnlltgry Beam Lead
RM = -55°C to +125°C operating temperature range, Specifications Device
B-level visual. Product Type No.
RC = 0°Cto +70°C, C-level visual. RC104BL
- —
T - m
Commercial Beam Lead
Specifications Device

101A GENERAL PURPOSE Order Part Nos.:

OPERATIONAL AMPLIFIER RMI101ABL,
Die Size: 58 x 60 mils.

RC101ABL

Mechanical Outline 16

789 1011
1M10 9 8 7
120 Pe
13¢ P
ol TM101A |2
150 3
' ' 16 P2
[
12019 18 17 17 18 19 20 1
ACTIVE SIDE AS BONDED
1. BAL 6.+Vce 11. COMP/BAL 16. +INPUT
2.NC 7.NC 12. NC 17.NC
3. 0UTPUT 8.NC 13. -INPUT 18. NC
4.NC 9. COMP 14.NC 19. -Vee
5. NC 10. NC 15. NC 20.NC

105 POSITIVE VOLTAGE
REGULATOR
Die Size: 53 x 63 mils.

ACTIVE SIDE

1.NC 5. GND
2.NC 6. BYPASS
3. BOOSTER OUTPUT 7.NC

4. UNREG INPUT 8.NC

Order Part Nos.:
RM105BL,
RC105BL

Mechanical Outline 22
EIA STANDARD
6 5 4 3 2
H AL

mEE:
17
D16

11121314 15

AS BONDED
10.NC 15.NC
11. FEEDBACK 16.NC
12. COMP 17.NC

13. REG OUTPUT 18.NC

14. CURRENT LIMIT




Beam Lead Linear IC’s

_
709 GENERAL PURPOSE Order Part Nos.: 710 GENERAL PURPOSE Order Part Nos.:
709A OPERATIONAL AMPLIFIER RM709BL, COMPARATOR RM7108BL,
Die Size: 48 x 48 RM709ABL, Die Size: 41 x 41 mils. RM710ABL,
RC709BL RC710BL

Mechanical Outline 8 1112 Mechanical Outline 5

—_—
—_—

=

i

2 1

[ |
r_% l/ 2345 10— el [ L 112 11
L'IE—‘%:_L -1 ———~[ . l\ :——2 JIIUJ

65—
71—

]

L 9- 1o

L ) —— 11 5y E'1'J-’i| —3 2
1w ar TM709 | 8—-J s T™710 |P°
-—— :;SI 8 r-.:-r—l-~4 id P

TTT TOO
[ = - [ 5 6 7
9 10 11 1 121110 9 7 6 5
ACTIVE SIDE AS BONDED ACTIVE SIDE AS BONDED
1.NC 5. +INPUT 9. OUTPUT COMP 12. INPUT COMP 1.NC 4. +INPUT 7.NC 10. NC
2.NC 6.-Vcc  10. OUTPUT 13.NC 2.NC 5.NC 8.-Vcc 1. +Vee
3. INPUT COMP 7.NC 11.+Vce 14. NC 3.NC 6. -INPUT 9. OUTPUT 12. GND
4. -INPUT 8.NC
711 DUAL COMPARATOR Order Part Nos.: 1741 GENERAL PURPOSE Order Part Nos.:
Die Size: 44 x 49 mils. R'V'7111B'-r OPERATIONAL AMPLIFIER RM1741BL,
RC711BL Die Size: 55 x 55 mils. RC1741BL
10 11 12 13 23 4 5

Mechanical Outline 15
EIA STANDARD

pu—

11

Mechanical Outline 9 —
9—--Lll"l|_.r—:l feal But 2 :-1 = 6543 2
s 1 IJ-‘J —14 13121110 -
e H H 15 0000 19—
7_d1-" e 14 e 18—ml
6 —"I J LL,I =16 15 8
- I._L'Jl."— - T™M711 7 ll—=a
16 ' '
TTY s
L1 ! A
1213141516
Pt 2345 ACTIVE SI S BON
ACTIVE SIDE AS BONDED DE AS BONDED
1. BALANCE 6.+Vce  11.BALANCE 16. +INPUT
1. GND 5. -INPUT (A) 9. —-INPUT (B) 13. STROBE 2 2. NC 7.NC 12, NC 17.NC
2.NC 6. +INPUT (A) 10.NC 14. OUTPUT 3. OUTPUT 8.NC 13. -INPUT 18. NC
3.STROBE1 7.-Vcc 11.NC 15. +Vee 4. NC 9. NC 14. NC : 19. -Vce
4.NC 8. +INPUT (B) 12.NC 16. NC 5.NC 10. NC 15. NC 20.NC
4132 MICRO POWER Order Part Nos.: 748 OPERATIONAL AMPLIFIER Order Part Nos.:
OPERATIONAL AMPLIFIER RMA4132BL, Die Size: 55 x 55 RM748BL,
Die Size: 64 x 74 mils. RC4132BL RC748BL

Mechanical Outline 14 Mechanical Outline 15

EIA STANDARD

1110 9 8 7
3456
D6
2
?, 7 :ag Ds
16| TM4132 |18 uc{| TM748 Eg
15 10 15d >
“| -| "' ououyu 1ot
N1 14131211 1718 19 20 1
ACTIVE SIDE AS BONDED ACTIVE SIDE AS BONDED
1.NC 5. —-INPUT 9.NC 13. v+t 1. BAL 6. +Vce 11. BAL 16. +INPUT
2.NC 6. +INPUT 10.NC 14.NC 2.NC 7.NC 12. NC 17.NC
3.NC 7.-Vce 11. BAL 15.NC 3. 0UTPUT 8.NC 13.-INPUT  18.NC
4. BAL 8.NC 12. OUTPUT  16.NC 4. COMP 9. COMP 14.NC 19. -V
5.NC 10.NC 15. NC 20. NC

s




RAYTHEON COMPANY,
SEMICONDUCTOR DIVISION

350 ELLIS STREET

MOUNTAIN VIEW, CALIFORNIA 94042
(415) 968-9211 TWX:910-379-6481

Printed in U.S.A. February 1978



