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Linear Cross

Reference Guide

This listing attempts to provide a handy and reliable guide to National Motorola Fairchild TELEDYNE | Page
pin-for-pin equivalents for standard Teledyne linears. Additional
product and package types may also be available from other LM307D — - LM307D 8
manufacturers or on special order. While every effort has been H MLM307G LM307H H
made to insure accuracy, we cannot accept responsibility for N-8 — N N-8
the consequences of any errors or omissions in this guide. LM308AD - LM308AD LM308AD 16
AH — AH AH
National Motorola Fairchild TELEDYNE | Page D - D D
H - H H
LM101AD - LM101AD LM101AD 2 N _ _ N
AF — AF AF
AH MLM101AG AH AH LM311D MLM311L — LM311D 106
H - LM311H H
LM104F — — LM104F 68 N-8 _ _ N-8
H MLM104G LM104H H
LM324D — — LM324D 11
LM105F — — LM105F 74 N _ _ N
H MLM105G LM105H H
LM339D - - LM339D 112
LM107D — — LM107D 8 N-14 _ _ N-14
F — — F
H MLM107G LM107H H LM376N - LM376N LM376N 81
LM11 1.D — — LM111D 106 LM709AH — 709AHM 709AE 20
F — — F - - ADM AL
H - LM111H H LM709A F - AFM AH
H MC1709G HM BE
LM124D - — LM124D 11 _ _ EM BH
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D — — D CN-14 CP2 — cJ
LM201AD — LM201AD LM201 AD 2 - CL 709DC GL
AF — - AF LM710H MC1710G 710HM 710BE 115
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AH MLM301AG AH AH F F FM BH
AN AP1 AN AN D L DM BL
LM304H MLM304G LM304H LM304H 68 CH CG HC CE
CN CP1 TC cp
LM305AH — LM305AH LM305AH 74 CN-14 cP2 _ cJ
H MLM305G H H
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LM747H - 747HM 747BE 34 51N 51P 51AP 51P 125
H MC1747F FM BH 52N 52pP 52P 52pP
D L DM BL 53N 53P 53P 53P
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LM1458H MC1458G MC1458G 1458E 60 - - 15HM 15BE
N P1 P1 P - - 20HM 20BE
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Selection Guide

Operational Amplifiers

LOW OFFSET VOLTAGE
(1] 1 2 3 4 5my
| i ! i % | % | | ! ;
308A 8448 T41A 124
8488 747A 844C
101A 846C
107 F088B
7094 7418
27408
LOW OFFSET CURRENT
Relix] 01 . 1 10 100nA
[ Lottt Lol Lottt Lol Lty
27408 308 101A 124
27400 308A 8448 107 T41A
8468 B44AC
B46C
LOW BIAS CURRENT
.01 .1 1 10 100 1000nA
l Lo Lot Lottt E f!lliii! f Lot
27408 308 844  101A 709A 3014
27400 308A 846 107 307
844C
7418
HIGH INPUT RESISTANCE
100K ™M 10M T00MO
L | ;Tz]a\xui% T! [ ifllll% ; N
708A 301A T41A 101A 308
307 747A 107 308A gigg
HIGH SLEW RATE
(MEASURED @ UNITY GAIN)
¢ 1 2 3 4V /usec
'f % T | ! }I‘ | ! J
308 101A 1558 844R
301A 1458 844C
107 8468
307 B46C

Bold face type indicates Teledyne Semiconductor proprietary products.




Operational Amplifiers (contd,)

Selection Guide

LOW POWER
(MAXIMUM POWER PER AMPLIFIER)
4] 20 40 80 80 T00mW
j | - | | I j | |
f | T
124 308 741 101A
324 3084 741C 301A
747 107
307
VOLTAGE GAIN (MINIMUM GUARANTEED)
] 20 40 G0 80 100V/imV
| | | E % [ ; | | %
101A 1558 308A 8448
107 27408 8468
ga40 27400
B46C 7488
7418
LOW OFFSET VOLTAGE DRIFT
Y] 10 20 30 A0uV/°C
| % % % | 5 |
308A T09A 741 A 301A
7474 844C
/448 £46C
23488
107
101A
Voltage Regulators
POWER DISSIPATION
o 10060 1500 2000mW
| | i | | | ! }f i‘ % | ! i | | | | | ! |
7238BE 823AL 828BE
723CE 82381 H30BE
305AH B2BCE
105H B30CE
78M00
Series
LOAD CURRENT
=100 0 100 200 300 400 500ma
| I | | | E ! E I |
I At ! !
104 276 106 829 823 78MO0
304 308 830 723 series
30BA
MAXIMUM INPUT VOLTAGE
-850 - 44 -30 - 10 [1] 140 20 a0 40 50V
| % | | | | | | % IT
EZ\Q 304 78M20 B23A
78M24 105
308 305A
376
723
829
830

Rold face type indicates Teledyne Semiconductor proprietary products.




Selection Guide

Voltage Regulators (cont'd)

LOAD REGULATION

1%

78M0O0C
series

0 2 4 6
A S A F— j
104 I 823A I 8298 78M00B
304 108 7238 830B 829C series
305 305A  830C
376
823¢C
LINE REGULATION

0 2 4 6

| | |

1%

B23A TEZSB I 828 830

78MO0
105 104/304 series
305 723B/C
3054
376
STANDBY CURRENT
0 1 2 3 4 5 6mA
e s e A B o i
8234 8238 376 7238 723C 78M00 829
105/305 series 830
305A
RIPPLE REJECTION
0 02 04 .08 08%
T f T —— f
105 I 104 78MO05 78MO6 | 78M08 I 78M15 I 78M24 829
305 823 304 723 78M12 78M20 830
305A
Comparators
MAXIMUM OUTPUT FANOUT
o 1 2 3 5
i ; j i
710 139 111
711 339 311
139A
339A
3302
HIGH SPEED
Q 1.0 2.0usec
| T: % | I | | ] | ! s f I s |
7108 111 139
710C 311 339
7118 3302
711C

Bold face type indicates Teledyne Semiconductor

proprietary products.
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Comparators (Contd.)

LOW INPUT OFFSET CURRENT

Selection Guide

1 10 100 1000 10,000nA
| 1}1115!% stsirizui Lottt Pl
111 138 311 7108 710C
138A 339
338A
3302
LOW INPUT OFFSET VOLTAGE
1] 1 2 3 4 BmV
| % % 'ir
7108 111 138
139A 7118 338
339A 710C
FARIY
HIGH GAIN
1K T0K 100K ™
tf T& ol Lol jf ! Lot
710C ?ll()B 111
311
139
339
139A
339A
3302
LOW BIAS CURRENT
1 1 10 T00uA
| i Lot | Lol | | Lo
&
| i 1
111 311 3302 7108 710C
138 338
138A 339A

Bold face type indicates Teledyne Semiconductor proprietary products.
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Quality and Reliability

Teledyne Semiconductor’s standard quality control opera-
tions and process flows have been designed to assure com-
pliance with MIL-STD-883. A complete line of 883-pro-
cessed linears as standard products. In addition, any Teledyne
linear circuits can be tested to any class of MIL-STD-883.
Our internal quality assurance manual is available for review
upon request.

PROCESS FLOW

Table 1 shows the standard flow for Teledyne integrated
circuits processed in conformance with MIL-STD-883 B.
After wafer processing, spegial visual inspections are per-
formed to MIL-STD-883, method 2010.1, condition B or
A at both chip and preseal inspections to assure a packaged
chip of high reliability. Class A products are tested func-
tionally and then receive a DC parameter test. Significant
parameters are recorded. A 240-hour burn-in at 125°C is
then performed, after which all testing is repeated and
delta shifts calculated. Parametric data for each device,
is provided for the customer. This is followed by 100
percent high and low temperature testing under functional
DC operating conditions. Next, 100 percent AC testing is
accomplished, followed by Group A sampling of all test
conditions. Class A products are branded, visually inspected,
and retested to DC parameters prior to packaging and
shipment.

Class B and Class C devices are processed in a similar
manner, Class B devices undergo burn-in for 168 hours
with GO NO-GO parameter readings made before and after
burn-in, Temperature tests are done on a sample basis,
and visual inspections are performed (although these are
less critical than for Class A devices). Class C device pro-
cessing is similar to Class B, but without burn-in, tem-
perature, and AC tests.

STANDARD PROCESS FLOW SUMMARY

MANUFACTURING
INSPECTION

MANUFACTURING
OPERATION

Purchased Item Verifi-
cation

Manufacturing Stores

Mask Making Mask Inspection

Wafer Preparation and
Epitaxial Growing

Materials Preparation

viii

STANDARD PROCESS FLOW SUMMARY (Cont’d.)

MANUFACTURING
OPERATION

MANUFACTURING
INSPECTION

Photoengraving & Diffusion

Electrical Probe Check
and 100% Visual
Inspection

Final Wafer Lot Acceptance

100% Visual Inspection

Electrical Test of Wafer

100% Electrical Test

Scribing and Dicing

100% Visual Inspection

Visual Die Sort 100% Die Sort
MIL-STD-883 Inspection
Method 2010.1,
Condition B
Die Attach 100% Visual Inspection
Lead Bond 100% Visual Inspection

Pre-Seal Inspection
At 100X Magnification

100% Visual Inspection
at High-Power Magni-

MIL-STD-883 fication
Method 2010.1,
Condition B
At 30X Magnification 100% Visual Inspection
MIL-STD-883 at Low-Power Magni-
Method 2010.1, fication
Condition B
Final Seal Visual & Hermeticity

High-Temperature Bake
150°C — 24 hours minimum
(MIL-STD-883, Method 1010,
Condition C)

100% Processing

Temperature Cycling
-65°C to +150°C, 10 Cycles
(MIL-STD-883, Method 1010,
Condition C)

100% Processing

Centrifuge
30 KG Min. Y; Axis
(MIL-STD-883, Method 2001,
Condition E)

100% Processing

Lead Form

100% Visual Inspection

Carrier Load

100% Visual Inspection

Hermeticity
MIL-STD-883, Method 1014

External Visual

100% I nspection

Electrical Test & Sort

100% Inspection
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Quudlity and Reliability

QUALITY INSPECTION GUARANTEE

INSPECTION LTPD/MAX. ACC. NO. COMMENTS
External 15/2 MIL-STD-833, Method 2009
Hermeticity 10/2
Fine Leak MIL-STD-883, Method 1014,
Condition A
Gross Leak MIL-STD-883, Method 1014,

Condition E (Proposed),
Weight Method

Electrical
+25°C 10/2
Static Parameters +125°C 15/2
-55°C 15/2
o Per Applicable Electrical Test
+25°C 10/2 Specification
Dynamic Parameters +125°C 15/2
-55°C 15/2
Package and Ship (Quality Assurance Monitor Per QR5560)

STANDARD SCREENING PROCEDURES
GROUP A ELECTRICAL TESTS — MIL-STD-883

CLASS A CLASS B CLASS C
B
SUBGROUPS LTPD LTPD LTPD

Subgroup 1

Static tests at 25°C 5 5 5
Subgroup 2

Static tests at maximum rated operating temperature 5 7 10
Subgroup 3

Static tests at minimum rated operating temperature 5 7 10
Subgroup 4

Dynamic tests at 25°C 5 5 5
Subgroup 5

Dynamic tests at maximum rated operating temperature 5 7 10
Subgroup 6

Dynamic tests at minimum rated operating temperature 5 7 10
Subgroup 7

Functional tests at 25°C 3 5 5
Subgroup 8

Functional tests at maximum and minimum rated operating temperatures 5 10 15
Subgroup 9

Switching tests at 25°C 5 7 10
Subgroup 10

Switching tests at maximum rated operating temperature 5 10 15
Subgroup 11

Switching tests at minimum rated operating temperature 5 10 15

NOTE:

The specific parameters to be included for tests in each subgroup shall be as specified in the applicable reliability specification. Where no
parameters have been identified in a particular subgroup or test within a subgroup, no group A testing shall be performed for that sub-
group or test to satisfy group A requirements.




vality and Reliability

STANDARD SCREENING PROCEDURES (Cont’d.)
GROUP B TESTS, MIL-STD-883, METHOD 5005

CLASS A CLASS B CLASS C
ETHOD
TEST METHO CONDITION LTPD LTPD LTPD
Subgroup 1 Physical 2008 Test condition A 10 15 20
Subgroup 2 Marking 2008 Test condition B 4 devices 4 devices 4 devices
permanency (no failures) (no failures) (no failures)
Visual and 2008 Test condition B with 1 device 1 device 1 device
mechanical criteria from design (no failures) (no failures) | (no failures)
and construction require-
ments of applicable
reliability specification
Bond strength 2011
Thermocom- Test condition C or D 5 15 20
pression :
Ultrasonic or Test condition C or D
wedge
Subgroup 3  Solderability 2003 Soldering temperature of 10 15 15
260 +10°C
Subgroup 4 Lead fatigue 2004 Test condition By 10 15 15
Hermeticity: 1014 Per applicable reliability
Fine, Gross specification
GROUP C TESTS, MIL-STD-883, METHOD 5005
CLASS A CLASS B CLASS C
TEST METHOD CONDITION LTPD LTPD LTPD
Subgroup 1 Thermal shock 1011 Test condition B as a
minimum
Temperature 1010 Test condition C
cycling
Moisture 1004 Omit initial conditioning
resistance 10 15 15
Hermeticity: 1014 As applicable
Fine, Gross
End point As specified in the
electrical applicable reliability
parameters specification
Subgroup 2 Mechanical 2002 Test condition B
shock
Vibration, 2007 Test condition A
variable
frequency
Constant 2001 Test condition E 10 15 15
acceleration
Hermeticity: 1014 Per applicable reliability
Fine, Gross specification
End point As specified in the appli-
electrical cable reliability
parameters specification




Quuality and Reliability

GROUP C TESTS, MIL-STD-883, METHOD 5005 (Cont'd.)
TEST METHOD CONDITION CLASS A CLASSB | CLASSC
LTPD LTPD LTPD
Subgroup 3 Salt 1009 Test condition A. 10 15 15
atmosphere Omit initial conditioning
i - 1 +
Subgroup 4 High tempera 008 150 50, C storage, 1000 hrs.
ture storage -25 . . .
End point As specified in the applicable
electrical reliability specification
parameters
Subgroup 5 Operating life 1005 Test condition to be
test specified in the applicable
reliability specification
(1000 hrs.)
e . 5 5 5
End point As specified in the applicable
electrical reliability specification
parameters
Subgroup 6 Steady state 1005 Test condition A,
reverse bias 72 hrs. at 150°C .
End point As specified in the applicable
electrical reliability specification
parameters

OPTIONAL SCREENING PROCEDURES

To minimize reliability for critical applications, the optional
procedures shown below provide for all three levels of
screening per MIL-STD-883, Method 5004. This series is

available at extra cost and is applied after normal Group A
acceptance tests. Parametric test data for individual vari-

ables is supplied with each Class A device.

OPTIONAL SCREENING PROCEDURES (MIL-STD-883, METHOD 5004.1)

CLASS A CLASS B CLASS C
SCREEN EQUIRE REQUIRE
R - - REQUIRE-
METHOD MENT METHOD MENT METHOD MENT
Internal visual (Precap)| 2010.1, 100% 2010.1, 100% 2010.1, . 100%
test condition A test condition B test condition B
Stabilization bake 1008, 24 hrs. 100% 1008, 24 hrs. 100% 1008, 24 hrs. 100%
test condition C, test condition C, test condition C,
150°C 150°C 150°C
Thermal shock 1011, 100% Not required Not required
test condition A,
0°C-100°C
15 cycles
Temperature 1010, 100% 1010, 100% 1010, 100%
cycling test condition C, test condition C, test condition C,
-55°C to +100°C, -55°C to +100°C, -55°C to +100°C,
10 cycles 10 cycles 10 cycles
Mechanical shock 2002, 100% Not required Not required
test condition B
five shock pulses
in Y4 plane only
Constant 2001, 100% 2001, 100% 2001, 100%
acceleration test condition E test condition E test condition E
Y, plane, then Y4 Y4 plane, Y 1 plane,
plane, 30,000 G’s 30,000 G’s 30,000 G's

xi




OPTIONAL SCREENING PROCEDURES (Cont’d.)

CLASS A CLASS B CLASSC
SCREEN METHOD REQUIRE- METHOD REQUIRE- METHOD REQUIRE-
MENT MENT MENT
Seal 1014, 100%, 1014, 100% 1014, 100%
Fine, Condition A Condition A Condition A
Gross Condition C Condition C Condition C
Critical electrical Read and record 100% Go No-Go Not required
parameters
Burn-in test 1015, 240 hrs. @ 100% 1015, 168 hrs. @ 100% Not required
Ta=125°C Ta=125°C
per applicable per applicable
reliability reliability
specification specification
Critical electrical Read and record 100% Not required Not required
parameters per applicable
reliability
specification
Reverse bias 1015, 100% Not required Not required
burn-in test condition A
or C, 72 hrs. @
150°C
Final electrical tests Per applicable Per applicable Per applicable
reliability reliability reliability
specifications specifications specifications
Static tests 25°C 100% 100% 100%
Maximum and 100% 100%
minimum rated
operating temp.
Dynamic tests and 100% 100%
switching tests 25°C
Functional test 25° C 100% 100% 100%
(subgroup 7,
table 1, 5005)
Radiographic 2012 100% Not required Not required
Qualification or 5005 Per 38510 5005 Per 38510 5005 Per 38510
quality conformance Class A Class B Class C
inspection
Groups Band C
optional,
at extra cost
External visual 2009 100% 2009 100% 2009 100%

MIL-M-38510 QUALIFICATION

Teledyne Semiconductor is pursuing a program to qualify
a number of its standard linear devices in accordance
with MIL-M-38510 “JAN" requirements. Until com-
plete qualification is received, these products are avail-
able as “MIL-M-38510 processed”” devices, built in com-
pliance with MIL-M-38510 general requirements and
MIL-STD-883 test methods and procedures. Testing of

“MIL-M-38510 processed’”’ devices is done either to
slash-sheet electrical limits or to Teledyne data sheet
specifications. For additional information on Teledyne
MiL-M-38510 qualification and on devices available as
**MIL-M-38510 processed”, contact your Teledyne Semi-
conductor sales office.

Xii




Section i

Operational Amplifiers



T101A Series

101A*201A*301A

Operational
Amplifiers

Features

® LOW OFFSET VOLTAGE — 3mV
LOW INPUT BIAS CURRENT — 100nA MAX
LOW OFFSET CURRENT — 20nA MAX

OFFSETS GUARANTEED OVER ENTIRE COMMON
MODE RANGE

CONTINUOUS SHORT CIRCUIT PROTECTION
® GUARANTEED DRIFT CHARACTERISTICS

Description

The Teledyne 101A, 201A and 301A are general purpose,
high performance operational amplifiers fabricated mono-
lithically on a silicon chip by the planar epitaxial process.

Equivalent Circuit Diagram

OFFSET NULL
COMPENS(I;\)?EUN Vi

These high performance integrated circuits are intended
for applications requiring low input offset voltage or low
input offset current. The accuracy of long interval inte-
grators, timers and sample and hold circuits is improved
due to the low drift and low bias currents. This amplifier
offers many features which make its application nearly
foolproof: overload protection on the input and output, no
latch-up when the common mode range is exceeded,
freedom from oscillations and compensation with a single
30pF capacitor. The 101A operational amplifier will
operate over the full military temperature range from
-55°C to +125°C. The commercial version, the 301A,
operates over a temperature range from 0°C to +70°C.
The 201A is the same as the 101A except its performance
is guaranteed from -25°C to +85°C.

COMPENSATION

INVERTING
NPUT

5
—e

NON- §NV‘FRT!NG§<
NPUT
OFFSET
NULL

o

Connection Diagrams

E PACKAGE H PACKAGE
8 LEAD METAL CAN 10 LEAD FLATPACK

(TOP VIEW) (TOP VIEW)

comP NC K 0 NE

comp/saL [ 12 317 comp
LESVES - 2
+INPUT 77714 7T outeur
v s 6 aar

Order Part Numbers:
LM101AH, LM201AH,
LM301AH

LM101AF

Order Part Number:

L PACKAGE P PACKAGE
14 LEAD CERDIP 8 LEAD MINIDIP
(TOP VIEW) (TOP VIEW)
NG {:Mtj NE comesaL[ 11 @ 8{ ] comp
ne[ s 13 Ine wreor {12 v
compraaL” |a 1z} come +ineuTL 13 51 ] ourpur
weur| s i jv v e 511 BAL
wineut] 15 1w} oureur
\2 E: & K4 :_3 BAL
ne 17 sl Tne

Order Part Number:
LM301AN

Order Part Numbers:
LM101AD, LM201AD,
LM301AD

TELEDYNE SEMICONDUCTOR




Absolute Maximum Ratings

Differential Input Voltage +30V
Input Voltage (Note 1) +15V
Output Short Circuit Duration (Note 2) Indefinite
Supply Voltage
101A 22V
201A +22V
301A +18Vv
Power Dissipation (Note 3) 500mW
Operating Temperature Range
101A : -55°C to +125°C
201A -25°C to +85°C
301A 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 60s) 300°C
Electrical Characteristics
101A 301A
PARAMETER CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Ta= 25°C, Rg < 10KQ 0.7 2.0 1.5 5.0 mV
Input Offset Current Ta=25°C 1.5 10 3 20 nA
Input Bias Current Ta=25°C 30 75 70 250 nA
Input Resistance Ta =25°C 1.5 4 0.5 2 M
Supply Current Ta =25°C, Vg = +20V 1.8 3.0 1.8 3.0 mA
Large Signal Ta=25°C, Vg =15V
Voltage Gain VouT = =10V, R > 2KQ 50 160 25 160 V/mV
Input Offset Voltage Rg < 10KQ 3.0 6.0 mV
Average Temperature 3.0 15 5.0 20 wv/°c
Coefficient of Input
Offset Voltage
Input Offset Current 20 30 nA
Average Temperature 25°C < Ta <125°C 0.01 0.1 nA/°C
Coefficient of Input o o
25°C < Tp <70°C .01 . AlFC
Offset Current A 0.0 o1 nA”
-55°C < Tp <25°C 0.02 0.2 nA/°C
0°C < Tp <25°C 0.02 0.2 nA/°C
Input Bias Current 100 300 nA
Supply Current Ta=+125°C, Vg = 20V 1.2 2.5 mA
Large Signal Vg = £16V, VoyT = £+10V 25 25 V/mVv
Voltage Gain Ry = 2KQ
Output Voltage Swing Vg =15V, R|_= 10KQ +12 +14 +12 +14 \)
RL= 2KQ 10 13 +10 13 \Y
Input Voltage Range Vg =20V +156 +15 \%)
Common Mode Rg < 10KQ 80 96 70 96 dB
Rejection Ratio
Supply Voltage Rg < 10KQ 80 96 70 96 dB
Rejection Ratio

NOTES: 1. The maximum junction temperature of the 101 A is 150°C, while that of the 201A and 301A is 100°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 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 ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resis-
tance of the dual-in-line package is 100° C/W, junction to ambient.

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

Continuous short circuit is allowed for case temperatures to +125°C and ambient temperatures to +75°C. The limits for
the 301A are 70° C case temperature and 55 C ambient temperature.

4. The specifications apply for £5V < Vg < *20V and -55°C < Tp < 125°C, unless otherwise specified. With the 201A,
p S A

however, all temperature specifications are limited to ~25°C < T < 85°C.

Unless otherwise specified these specificatioons apply over the ambient temperature range of -55°C to +125°C for the
101A; —-25°C to +85°C for the 201A; and 0°C to +70°C for the 301A. The applicable voltage range is 5V < Vg < 20V

for the 101 A and 201 A and +5V < Vg < 15V for the 301 A.

C1=30pF.




p Amps

Typical Characteristics

SUPPLY CURRENT (mA) INPUT VOLTAGE RANGE (+V) INPUT VOLTAGE RANGE (:V)

INPUT CURRENT (nA)

INPUT VOLTAGE GAIN
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163A
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101A Series Op Amps

Typical Characteristics (contd.)
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Typical Applications

SINE WAVE OSCILLATOR

[,m, SINE OUTPUT
i
A ¥ i
a3 3
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COSING QUTPUTY

Fe = 10KHz

Although the 101A is designed for trouble free operation,
experience has indicated that it is wise to observe certain
precautions given below to protect the devices from abnor-
mal operating conditions. It might be pointed out that the
advice given here is applicable to practically any IC op amp,
although the exact reason why may differ with different
devices.

When driving either input from a low-impedance source,
a limiting resistor should be placed in series with the input
lead to limit the peak instantaneous output current of the
source to something less than 100mA. This is especially
important when the inputs go outside a piece of equipment
where they could accidentally be connected to high voltage
sources. Large capacitors on the input (greater than 0.1uF)
should be treated as a low source impedance and isolated
with a resistor. Low impedance sources do not cause a
problem unless their output voltage exceeds the supply
voltage. However, the supplies go to zero when they are
turned off, so the isolation is usually needed.

The output circuitry is protected against damage from
shorts to ground. However, when the amplifier output is
connected to a test point, it should be isolated by a limiting
resistor, as test points frequently get shorted to bad places.
Further, when the amplifier drives a load external to the
equipment, it is also advisable to use some sort of limiting
resistance to preclude mishaps.

Precautions should be taken to insure that the power supplies

INTEGRATOR WITH
BIAS CURRENT COMPENSATION

vt

Vour

* Adjust for zero integrator drift,

& Current drift typically 0.1nA/’C
over - 55"C 10 +125"C temperature

range.

for the integrated circuit never become reversed—even under
transient conditions. With reverse voltages greater than 1V,
the IC will conduct excessive current, fuzing internal alumi-
num interconnects. If there is a possibility of this happening,
clamp diodes with a high peak current rating should be
installed on the supply lines. Reversal of the voltage between
vt and V7 will always cause a problem, although reversals
with respect to ground may also give difficulties in many
circuits,

The minimum values given for the frequency compensation
capacitor are stable only for source resistances less than
10K €2, stray capacitances on the summing junction less
than 5pF and capacitive loads smaller than 100pF. If any
of these conditions are not met, it becomes necessary to
overcompensate the amplifier with a larger compensation
capacitor, Alternately, lead capacitors can be used in the
feedback network to negate the effect of stray capacitance
and large feedback resistors or an RC network can be
added to isolate capacitive loads.

Although the 101A is relatively unaffected by supply by-
passing, this cannot be ignored altogether. Generally it is
necessary to bypass the supplies to ground at least once on
every circuit card, and more bypass points may be required
if more than five amplifiers are used. When feed-forward
compensation is employed, however, it is advisable to bypass
the supply leads of each amplifier with low inductance
capacitors because of the higher frequencies involved.

COMPENSATING FOR STRAY

ISOLATING LARGE
CAPACITIVE LOADS

oo PP QUTRUT
B2
R4
c2 ’

21
INPUT ~AAA-S

INPUT CAPACITANCES OR
LARGE FEEDBACK RESISTOR

PROTECTING AGAINST
GROSS FAULT CONDITIONS

A — ouTPUY

TEST POINT

“Protects input
TProtects output

iProtects output- not
needed when R4 s used




Typical Applications (contd,)

FAST AC/DC CONVERTER*
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107 Series

1072207307
General Purpose

Operational Amplifiers

Features

LOW OFFSET VOLTAGE — 3mV MAX
LOW INPUT CURRENT — 100nA MAX
LOW OFFSET CURRENT — 20nA MAX

OFFSETS GUARANTEED OVER ENTIRE COMMON
MODE RANGE

INTERNAL FREQUENCY COMPENSATION
CONTINUOUS SHORT CIRCUIT PROTECTION

Equivalent Circuit Diagram

Description

The Teledyne Semiconductor 107 Series operational ampli-
fiers are constructed on a single monolithic silicon sub-
strate using planar epitaxial techniques. These high perfor-
mance integrated circuits are intended for applications
requiring low input offset voltage or low input offset
current. The accuracy of long interval integrators, timers
and sample and hold circuits is improved due to the low
drift and low bias currents. Standard pin out allows direct
replacement for the 709, 101, 101A, and the 141.

The 107 operates over a temperature range of ~55°C to
+125°C. The 307 operates from 0°C to +70°C. The 207 is
the same as the 107 except its performance is guaranteed
from -25°C to +85°C.
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Order Part Number:
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Order Part Numbers:
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Order Part Numbers:
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Order Part Number:
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107 Series Op Amps

Absolute Maximum Ratings

Differential Input Voltage +30V
Input Voltage (Note 1) +15V
Output Short-Circuit Duration

107, 207 Indefinite

307 (Note 2) Indefinite
Supply Voltage

107, 207 +22V

307 +18V
Power Dissipation (Note 3) 500mwW
Operating Temperature Range

107 -55°C/+125°C

207 -25°C/+85°C

307 o’c/+70°C
Storage Temperature Range -65°C/+150°C
Lead Temperature (Soldering, 60 sec.) 300°C

Electrical Characteristics
107/207 307
PARAMETER CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Ta = 25°C, Rg < 50k§2 0.7 2.0 2.0 7.5 mV
Input Offset Current Ta=25°C 1.5 10 3 50 nA
Input Bias Current Ta=25°C 30 75 70 250 nA
Input Resistance Ta=25°C 1.5 4 0.5 2 M
Supply Current Ta=25°C, Vg = 20V 1.8 3.0 mA
Ta=25°C, Vg =+15V 1.8 3.0 mA
Large Signal Voltage Ta=25°C, Vg = +15V 50 160 25 160 V/mv
Gain VOUT=i10V, RL<2KQ

Input Offset Voltage Rg < 50KQ 3.0 10 mV
Average Temperature 3.0 15 6.0 30 uv/°C

Coefficient of Input
Offset Voltage

Input Offset Current 20 70 nA

Average Temperature 25°C < Tp <125°C 0.01 0.1 nA/°C
Coefficient of Input -55°C < Tp < 25°C 0.02 0.2 nA/°C
Offset Current 25°C < Tp <70°C 0.01 0.3 nA/°C

0°C<Tp<25°C 0.02 0.6 nA/°C

Input Bias Current 100 300 nA

Supply Current Ta=+125°C, Vg = 20V 1.2 2.5 mA

Large Signal Voltage Vg =215V, VoyT = 10V 25 15 V/mV
Gain R > 2kQ

Output Voltage Swing Vg=*15V, R|_= 10KQ 14 \

R = 2KQ + 13 \;

Input Voltage Range Vg = 20V +1 \Y

Vg = £15V 12 \%

Common Mode Rg < 50KQ 80 96 70 90 dB
Rejection Ratio

Supply Voltage Rg < 50KQ 80 96 70 96 dB

Rejection Ratio

NOTES:

1. For supply voltages less than £15V, the absolute maximum input

voltage is equal to the supply voltage.

2. Continuous short circuit is allowed for case temperatures to

70°C and ambient temperatures to 55°C.

. 107 and 207: The maximum junction temperature of the 107 is

150°C, while that of the 207 is 100°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 package, the derating
is based on a thermai 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 conductors. The thermal resistance of the dual-

in-line package is 100° C/W, junction to ambient.

307: For operating at elevated temperatures, the device must
be derated based on a 100°C maximum junction temperature
and a thermal resistance of 150°C/W junction to ambient or
45° C/W junction to case.

. 107 and 207: These specifications apply for +5V < Vg < +20V

and -55°C < T < 125°C for the 107 or -25°C < T < 85°C
for the 207, unless otherwise specified.

. 307: The specifications apply for 0°C < T, < 70°C and
A

+5V < Vg < £15V, unless otherwise specified.
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Guaranteed Performance Characteristics
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124 Series

124224324

Quad High Gain
Operational Amplifiers

Features
® OUTPUT TTL, DTL COMPATIBLE
® INPUT COMMON-MODE VOLTAGE RANGE INCLUDES

Description

The 124/224/324 consists of four independent, high gain,
internally frequency-compensated operational amplifiers
designed specifically to operate from a single power over

GROUND
° awide range of voltages. Operation from split power supplies
Y'V“II::lE BANDWIDTH, TEMPERATURE COMPENSATED is also possible, and the low power supply current drain
z

is independent of the magnitude of the power supply
voltages. The 124 operates from -55°C to +125°C. The
224 is equal to the 324 over a temperature range of
-25°C to +85°C. The 324 operates from 0°C to +70°C.

® VOLTAGE GAIN 100dB

® LARGE OUTPUT VOLTAGE SWING 0Vpc TO
+
V' - 1.5Vgc

Equivalent Circuit Diagram
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Absolute Maximum Ratings

Differential Input Voltage 32Vpc
Input Voltage =-0.3Vpc to +32Vpc
Output Short-Circuit to GND (Note 1) Continuous

vt <15Vpc and T = 25°C

Supply Voltage, vt

32Vpc or ¥16Vpc

Power Dissipation (Note 2)

Molded DIP
Cavity DIP

570mW
900mW

Operating Temperature Range

324 0°C to +70°C
224 -25°C to +85°C
124 -55°C to +125°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 60 seconds) 300°C
Electrical Characteristics (v =+5Vpc and Ta = 25°C unless otherwise noted)
) 124 224,324
PARAMETER CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Rg = 02 2 5 2 7 mVpc
Input Bias Current(3) Lin(+) ©F TiN(=) 45 300 45 500 nApc
Input Offset Current hing+) — hiNG=) +3 +30 +5 50 nApc
Input Common-Mode 0 vV -15 0 V' -15 Vpce
Voltage Range 4
Supply Current R = e On All Op Amps 0.8 2 0.8 2 mApc
Large Signal Voltage RL = 2KQ 100 100 V/mV
Gain
Output Voltage Swing Ry = 2KQ 0 vi-15 0 vi-15 | Vpc
Common Mode Rejection| DC 85 85 dB
Ratio
Power Supply Rejection DC 100 100 dB
Ratio
Amplifier-to- Amplifier f=1KHz to 20KHz -120 -120 dB
Coupling (Input Referred)
Output Current Source V,N+ =+1Vpoc, VN =0Vpc 20 40 20 40 mApc
Output Current Sink Vin© = +1Voe VINT = 0Vpe| 10 20 10 20 mApC

NOTES:

1.

Short circuits from the output to V+ can cause excessive heating
and eventual destruction. The maximum output current is
approximately 40mA independent of the magnitude of V+. At
values of supply voltage in excess of +15V ¢, continuous short-
circuits can exceed the power dissipation ratings and cause
eventual destruction.

For operating at high temperatures, the 324 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 224

and 124 can be derated based on a +150°C maximum junction
temperature.

3. 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.

4. 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+ -1.5V,
but either or both inputs can go to +30Vpc without damage.
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Typical Characteristics

SUPPLY CURRENT

INPUT CURRENT
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Typical Applications

The 124 series are op amps which operate with only a single
power supply voltage, have true-differential inputs, and
remain in the linear mode with an input common-mode
voltage of OVpc. These amplifiers operate over a wide
range of power supply voltage with little change in per-
formance characteristics. At 25°C amplifier operation is
possible down to a minimum supply voltage of 2.3Vpc.

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in

f- FREQUENCY (Hz)

f- FREQUENCY (Hz)

VOLTAGE FOLLOWER PULSE
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0 10 20 30 40

t- TIME (us)

a test socket as an unlimited current surge through the
resulting forward diode within the IC could cause fusing of
the internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommodated
and, as input differential voltage protection diodes are not
needed, no large input currents result from large differential
input voltages. The differential input voltage may be larger
than V' without damaging the device. Protection should be
provided to prevent the input voltages from going negative
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Typical Applications (contd,)

more than -0.3Vpc (at 25°C). An input clamp consisting
of a diode-connected NPN transistor (C-B short) can be
used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class AB in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost tran-
sistors can be used to extend the power capability of the
basic amplifiers.

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of
50pF can be accommodated using the worst-case non-
inverting unity gain connection. Large closed loop gains or
resistive isolation should be used if larger load capacitance
must be driven by the amplifier.

The bias network of the 124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3Vp¢ to 30Vpg.

Output short circuits either to ground or to the positive
power supply should be of short time duration. Units
can be destroyed, not as a result of the short circuit

NON-INVERTING DC GAIN (OV INPUT = OV OUTPUT)
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current causing metal fusing, but rather due to the large
increase in IC chip dissipation which will cause eventual
failure due to excessive junction temperatures. Putting
direct short-circuits on more than one amplifier at a time
will increase the total IC power dissipation to destructive
levels, if not properly protected with external dissipation
limiting resistors in series with the output leads of the
amplifiers. The larger value of output source current which
is available at 25°C provides a larger output current capa-
bility at elevated temperatures (see typical performance
characteristics) than a standard IC op amp.

The circuits presented in the section on ““Typical Applica-
tions”” emphasize operation on only a single power supply
voltage. |f complementary power supplies are available,
all of the standard op amp circuits can be used. In general,
introducing a pseudo-ground (a bias voltage reference of
V+/2) will allow operation above and below this value
in single power supply systems. Many application circuits
are shown which take advantage of the wide input common-
mode voltage range which includes ground. In most cases,
input biasing is not required and input voltages which
range to ground can easily be accommodated.
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Typical Applications conrd,)

VOLTAGE CONTROLLED OSCILLATOR (VCO)
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308/308A Series
Super Beta

Operational Amplifiers

Features

LOW OFFSET CURRENT OVER TEMPERATURE
LOW INPUT BIAS CURRENT OVER TEMPERATURE
LOW OFFSET VOLTAGE DRIFT

LOW SUPPLY CURRENT

OPERATION OVER WIDE SUPPLY RANGE

Description

The Teledyne Semiconductor 308/308A are special purpose
operational amplifiers constructed on a single monolithic
silicon substrate using planar epitaxial techniques. High
input impedance, low noise, input offsets, and temperature

Equivalent Circuit Diagram

COMPENSATIGN 1

B

drift are made possible through use of super beta process-
ing, making the device suitable for applications requiring
high accuracy and low drift performance. The 308/308A
is specially selected-for extremely low offset voltage and
drift, and high common mode rejection, making possible
superior performance in applications where offset nulling
is undesirable. Increased slew rate without performance
compromise is available through use of feedforward com-
pensation techniques, maximizing performance in high
speed sample-and-hold circuits and precision high speed
summing amplifiers. The wide supply range and excellent
supply voltage rejection assure maximum flexibility in volt-
age follower, summing, and general feedback applications.

COMPENSATION

f
s Fig
S 20k

oy

Ry
940

13

ds38

Riz <
320
K;’lz(z
e Rig
B0xcs o 20K12
AN
A 4 v
i
o L3
Connection Diagrams
E PACKAGE L PACKAGE
8 LEAD METAL CAN 14 LEAD CERDIP
(TOP VIEW) (TOP VIEW)
comp Order Part Numbers: Nc[::_m—j‘- . e Order Part Numbers:
o LM308AH, LM308AD,
LM308H come| 12 (E1 0 R LM308D
comp
cuaro [ 13 12| comp.
INVERTING () OUTFUT weur] 14 ni v
NPUT
sinpur 15 1w ouTeur
NON-INVERTING o, cuarp |16 9l Ine
INPUT :
v v il al Inc

#™TELEDYNE SEMICONDUCTOR




Absolute Maximum Ratings

Differential Input Current (Note 1) +10mA
Input Voltage (Note 2) +15V
Output Short Circuit Duration (Note 3) Indefinite
Supply Voltage +18V
Internal Power Dissipation (Note 4) 500mw

Storage Temperature Range

-65°C to +150°C

Operating Temperature Range

Commercial 0°C to +70°C
Lead Temperature (Soldering, 60 Seconds) 300°C
NOTES:
1. The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input

voltage in excess of 1V is applied between the inputs unless adequate limiting resistance is used.

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

be derated based on thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case.

3. Short circuit may be to either supply or ground. Rating applies to operation up to the maximum operating temperature range.

4. The maximum junction temperature of the 308/308A is 85°C. For operating at elevated temperatures, devices in the TO-99 package must

Electrical Characteristics +5v <vs<t15v, Ta = 25°C, Cc = 30 pF (Unless Otherwise Specified)

PARAMETER CONDITIONS 308 308A UNITS
MIN. TYP. MAX. MIN. TYP. MAX.
Input Offset Voltage 2.0 7.5 0.3 0.5 mV
Input Offset Current 0.2 1.0 0.2 1.0 nA
Input Bias Current 1.5 7.0 1.5 7.0 nA
Input Resistance 10 40 10 40 M2
Supply Current Vg = £15V 0.3 0.8 0.3 0.8 mA
Large Signal Voitage Gain Vg =+15V, R_.=>10k§2, | 25,000 300,000 80,000 300,000 V/V
VOUT = i10V
The following specifications apply for 0°C <TA<+70°C
Input Offset Voltage 10 0.73 mV
Average Input Offset Voltage Drift 6.0 30 1.0 50 | uv/°C
Input Offset Current 1.5 1.5 nA
Average Input Offset Current Drift 2.0 10 2.0 10 pA/ C
Input Bias Current 10 10 nA
Input Voltage Range Vg = 15V +13.5 +13.5 \
Common Mode Rejection Ratio 80 100 96 110 dB
Supply Voltage Rejection Ratio 80 96 96 110 dB
Large Signal Voltage Gain Vg = £15V, RL.=10kS2, | 15,000 60,000 V/V
VouT = £10V
Output Voltage Swing Vs =215V, R =10 k{2 +13 14 +13 +14 \Y

Typical Performance
INPUT CURRENTS MAXIMUM OFFSET ERROR — 308
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Typical Performance (Contd.)
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Typical Applications
Frequency Compensation Circuits
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Application Hints

GUARDING

Extra care must be taken in the assembly of printed circuit
boards to take full advantage of the low input currents of
the 308 amplifier. Boards must be thoroughly cleaned with
TCE or alcohol and blown dry with compressed air, After
cleaning, the boards should be coated with epoxy or silicone
rubber to prevent contamination.

Even with properly cleaned and coated boards, leakage cur-
rents may cause trouble at high temperatures, particularly
since the input pins are adjacent to pins that are at supply
potentials. This leakage can be significantly reduced by

- Hz

using guarding to lower the voltage difference between the
inputs and adjacent metal runs. Input guarding of the 8-lead
TO-99 package is accomplished by using a 10-lead pin circle,
with the leads of the device formed so that the holes adja-
cent to the inputs are empty when it is inserted in the
board. The guard, which is a conductive ring surrounding
the inputs, is connected to a low impedance point that is at
approximately the same voltage as the inputs. Leakage
currents from high voltage pins are then absorbed by the
guard.




Typical Applications (contd.)

CONNECTION OF INPUT GUARDS

INVERTING AMPLIFIER

FOLLOWER

NON-INVERTING AMPLIFIER

308/308A

BOARD LAYOUT FOR
INPUT GUARDING WITH
TO-99 PACKAGE
(BOTTOM VIEW)

COMPENSATION

GUARD
BOTTOM ViEW

7y B2
WFUT
| |
Ryt 7y* L
SuTPUT 308 SUTRYT T OuTET
NPUT + Ry
c, i
S NPT
_RiR2 *Use to compensate for NOTE R1R2  Must be low
- Rq + R2 large source resistances. Rq + R2 impedance
FAST* SUMMING AMPLIFIER WITH LOW INPUT CURRENT SAMPLE AND HOLD
Rg [
INPUT it
R4 v R
M
INPUT %
Q1 T
Ry & o | G PQ
150k ' C3 | [
o o0z vt 0002 g T 150 pF e
i SAMPLE
3.\ Ry b ouTPUT T
308 & W =
: ;»'f/( v
[} R3
T 300 pF Tim
R

*In addition to increasing speed,

the 101A raises high and low
frequency gain, increases output
drive capability and eliminates
thermal feedback.

t Power Bandwidth: 260 kHz
Small Signal Bandwidth: 3.5 MHz
Slew Rate: 10 V/us

6x10°%
IC5='_;“1"—‘

* Worst case drift less than

2.5 mV/s

t Teflon, Polyethylene or
Polycarbonate Dielectric

Capacitor
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709

Operational Amplifiers

Features Description
® HIGH GAIN The Teledyne 709 is a low-cost, high-gain operational
® LOW VOLTAGE AND CURRENT OFFSETS — 2.0V amplifier featuring low offset, high input impedance, large

input common mode range, and high output swing under
load. Excellent temperature stability and operation over a
wide range of supply voltages make it useful in a wide
variety of applications including dc servo systems, analog
computers, and low-level instrumentation.

AND 100mA TYP.
® HIGH INPUT IMPEDANCE — 250KS2 TYP.
® WIDE INPUT COMMON MODE RANGE
® HIGH OUTPUT SWING UNDER LOAD — #14V
® LOW COST

Equivalent Circuit Diagram
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Order Part Numbers:

709AE (-55° C/+125: C)
709BE (-55° C/+125°C)
709CE (0°C/+70°C)

Order Part Numbers:O
709AH (—55°C/+1250C)
709BH (-55°C/+125°C)

Order Part Numbers:
709CJ (0°C/+ 70°C)

Order Part Numbers:
709AN (-55°C/+125°C)
709BN (~55°C/+125°C)

TELEDYNE SEMICONDUCTOR



Absolute Maximum Ratings

709 Op Amps

Differential Input Voltage +5.0V
Input Voltage +10V
Output Short Circuit Duration 5 sec.
Supply Voltage +18V
Internal Power Dissipation (Note 1)
Metal Can (E) 500mWwW
Ceramic Dual-In-Line (N) 670mwW
Plastic Dual-In-Line (J) 530mwW
Flatpack (H) 570mW
Operating Temperature Range
Military (709A and 709B) -55°C/+125°C
Commercial (709C) 0°C/+70°C
Storage Temperature Range -65°C/+150°C
Lead Soldering Temperature (60 sec.) 300°C
NOTE:
1. Rating applies to ambient temperatures up to 75° ¢ ambient. For operation above Ta = 75°C, derate linearly 6.7mW/°C for the metal can,
8.9mW/° C for the ceramic dual-in-line, and 7.56mW for the flatpack. For the flatpack, the derating is 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 oz. copper conductors.
Eleci’rical Characteristics (TA = +25°C, +9 V < Vg < 15 V unless otherwise specified)
709A
PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <10 k&2 0.6 2.0 mV
Input Offset Current 10 50 nA
Input Bias Current 100 200 nA
Input Resistance 350 700 k2
Output Resistance 150 Q
Supply Current Vg=%15V 25 3.6 mA
Power Consumption Vg=+15V 75 108 mwW
Risetime Vg=#15V, V|y=20mV, R =2k, Cq=5nF, 15 us
Transient Response Rq =1.5kQ, Cy =200 pF, Ry = 5600
CL <100 pF
Overshoot 30 %
The following specifications apply for -55°C < T < +125°C:
Input Offset Voltage Rg <10 kQ 3.0 mV
o Rg =508, Ta =+25°C to +125°C 1.8 10 uVv/°C
Average Temperature Coefficient Rg =508, Tp = +25°C to -55°C 1.8 10 uV/°C
of Input Offset Voltage Rg=10kQ, T = +25°C to +125°C 2.0 15 wVv/°C
Rs =10k, Ta = +25°C to -55°C 48 25 wv/eC
Ta =+125°C 35 50 nA
ffset C o
Input Offset Current Tp = -65°C 40 250 nA
Average Temperature Coefficient Ta=+25°Cto +125°C 0.08 0.5 nA/°C
of Input Offset Current Ta =+25°C to -55°C 0.45 2.8 nA/°C
Input Bias Current Ta=-55°C 300 600 nA
Input Resistance Ta =-55°C 85 170 kS
Input Voltage Range Vg=#+15V +8.0 \J
Common Mode Rejection Ratio Rg <10 kQ 80 110 dB
Supply Voltage Rejection Ratio Rg <10 k& 40 100 uV/Vv
Large Signal Voltage Gain Vg=%15V, R >2kQ, Voyr=*10V 25,000 70,000 "
. Vg=2%15V, R|_>10kQ +12 +14 \
Output Voltage Swing Vg=+15V, R > 2kQ +10 13 \
Ta=+125°C,Vg=+15V 2.1 3.0 mA
|
Supply Current Ta=--565°C,Vg =15 V 2.7 45 mA
p ) Tp=+125°C,Vg=%15V 63 90 mW
ower Consumption Ta=--55°C, Vg =£15V 81 135 mw
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Electrical CharﬂCieriSfiCS {Ta =+25°C, 9 V < Vg < +15 V unless otherwise specified)

709B
PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg < 10kQ 1.0 5.0 mV
Input Offset Current 50 200 nA
Input Bias Current 200 500 nA
Input Resistance 150 400 k2
Output Resistance 150 Q
Power Consumption Vg=215V 80 165 mwW
VIN=20mV, R =2k,
T ient Response Risetime Cq1 =5000 pF, R4 =15k, 0.3 1.0 us
ransient Respons C = 200 pF, Ry = 5002
Overshoot CL £ 100 pF 10 30 %
The following specifications apply for -55°C < Ta < +125°C:
Input Offset Voltage Rg <10 k& 6.0 mV
Average Temperature Coefficient Rg = 500 3.0 wv/oC
of Input Offset Voltage Rg < 10 kQ 6.0 uV/C
L ianal Vol Gairt Vg =16V, R > 2k%,
arge Signal Voltage Gai VouT =+10V 25,000 | 45,000 70,000 V/V
i Vg =15V, R|_> 10 kQ +12 +14 \
Output Voltage Swing Vg=215V, RL > 2 k2 £10 13 v
Input Voltage Range Vg =156V +8.0 +10 \"
Common Mode Rejection Ratio Rg < 10kQ 70 20 dB
Supply Voltage Rejection Ratio Rg <10 kQ 25 150 rV/V
Ta=+125°C 20 200 nA
Input Offset Current TA = -65°C 100 500 nA
Input Bias Current Ta =-55°C 05 1.5 HA
Input Resistance 40 100 kQ
Electrical Characterisfics (Vg =£15 V, T = 25°C unless otherwise specified)
709C
PARAMETER CONDITIONS MIN. MAX. TYP. UNITS
Input Offset Voltage Rs<10kQ,t9V <Vg<+15V 20 7.5 mV
Input Offset Current 100 500 nA
Input Bias Current 0.3 15 rA
Input Resistance 50 250 Kk
Output Resistance 150 Q
Large Signal Voltage Gain R >2kQ,VoyT =10V 15,000 45,000 V/V
- RL >10kQ +12 +14 \
Volt =
Output Voltage Swing R >2 kQ 10 13 v
Input Voltage Range +8.0 +10 \Y
Common Mode Rejection Ratio Rg < 10kQ 65 90 dB
Supply Voltage Rejection Ratio Rg <10 k& 25 200 uV/Vv
Power Consumption 80 200 mwW
VIN =20 mV, R =2kQ,
. Risetime Cq =5000 pF, Ry =15 k%, 0.3 us
Transient Response C = 200 pF, R = 50
Overshoot CL <100 pF 10 %
The following specifications apply for 0°C < Tp < +70°C:
Input Offset Voltage Rs<10kQ,¥9V <Vg<+15V 10 mV
Input Offset Current 750 nA
Input Bias Current 2.0 uA
Large Signal Voltage Gain RL>2k, VouyT =10V 12,000 VIV
Input Resistance 35 kQ
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Typical Characteristics

VOLTAGE GAIN
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Typical Characteristics (Cont'd.)

VOLTAGE TRANSFER
CHARACTERISTIC
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Typical Characteristics (Contd.
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709 Op Amps

Typical Applications

OUTPUT SHORT-CIRCUIT INPUT BREAKDOWN
PROTECTION PROTECTION

O AP

Ay P e,
0 800 ) ,
2) Ry HI b2
3

SUPPLY OVERVOLTAGE
LATCH-UP PROTECTION PROTECTION

s £ QUT

Pin numbers only applv to metal can package.
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741

Operational
Amplifiers

Features

® INTERNAL COMPENSATION ELIMINATES EXTERNAL

COMPENSATION COMPONENTS
OUTPUT SHORT CIRCUIT PROTECT
OFFSET NULL CAPABILITY

LOW POWER CONSUMPTION

VOLTAGE RANGES

Equivalent Circuit Diagram

ION

LARGE COMMON MODE AND DIFFERENTIAL

Description

The Teledyne Semiconductor 741 Operational Amplifier
is constructed on a single monolithic silicon substrate using
planar epitaxial techniques. The incorporation of a MOS
capacitor directly on the substrate eliminates the need for
external compensation, Input overvoltage and output short
circuit protection coupled with the elimination of latch up
problems result in an excellent general purpose amplifier.
Proper pin arrangement makes the 741 a direct replacement
for the 709 and 101A operational amplifiers for most
applications with the resultant elimination of compensation
components.
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741

p Amps

Absolute Maximum Ratings

741B 741C

Input Voltage (Note 1) +15V +15V
Differential Input Voltage +30V +30V
Output Short Circuit Duration (Note 2) Indefinite Indefinite
Internal Power Dissipation (Note 3)

Metal Can (E) 500mwW 500mw

Ceramic Dual-In-Line (L) 670mwW 670mwW

Flatpack (H) 570mwW 570mwW
Storage Temperature Range -65°C/+150°C -65°C/+150°C
Operating Temperature Range -55°C/+125°C 0°C/+70°C
Lead Soldering Temperature (60 sec.) 300°C 300°C
Junction Temperature 150°C 150°C

The above ratings are not meant to imply operation at each of these extremes simultaneously. Exceeding any or all of the absolute maximum

ratings may cause permanent damage to the device.

NOTES: 1. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.

2. Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75° C ambient temperature.

3. Rating applies to ambient temperatures up to 75°C ambient. For operation above T o = 75°C, derate linearly 6.7mW/°C for the metal can,
8.9mW/° C for the ceramic dual-in-line, and 7.5mW/° C for the flatpack. For the flatpack, the derating is 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 oz. copper conductors.

Electrical Characteristics at 25°C and Ve = * 15V (Unless Otherwise Specified)

PARAMETER CONDITIONS 7418 741C UNIT
MIN TYP MAX | MIN TYP | MAX
Input Offset Voltage Rs <10k Q 1.0 5.0 2.0 6.0 mV
Input Offset Current 17 200 20 200 nA
Input Bias Current 80 500 80 | 500 nA
Input Resistance 0.3 2.0 0.3 2.0 MQ
Input Capacitance 1.4 1.4 pF
Offset Voltage Adjustment Range 150 150 mV
Input Voltage Range +12 +13 +12 +13 Vv
Large-Signal Voltage Gain Ry =2kg, Vout = T10V 50 200 20 200 V/mV
Output Resistance 75 75 Q
Output Short-Circuit Current 18 18 mA
Supply Voltage Rejection Ratio Rs <10kQ 30 150 30 | 150 uVv/V
Common Mode Rejection Ratio Rg < 10kQ 70 90 70 90 dB
Supply Current 1.7 28 1.7 2.8 mA
Power Consumption 50 85 50 85 mW
Transient Response (unity gain) Vin =20mV, R =2k, C <100pF
Rise Time 0.3 0.3 us
Overshoot 5.0 5.0 %
Slew Rate R =2kQ 0.3 0.5 0.3 0.5 V/us
The Following Specifications Apply Over the Operating Temperature Ranges:
Input Offset Voltage Rs <10kQ 6.0 75 | mVv
Input Offset Current TA max, 7.0 200 10 300 nA
Ta min, 30 500 25 300 nA
Input Bias Current T max, 0.03 0.5 0.04 0.8 MA
Ta min, 0.3 1.5 0.13 0.8 rA
Input Voltage Range +12 *13 +12 +13 \Y;
Common Mode Rejection Ratio Rg <10k 70 920 70 90 dB
Supply Voltage Rejection Ratio Rg <10k 30 150 30 150 uVv/Vv
Large-Signal Voltage Gain RL=>2kQ, Vot = 210V 25 15 V/mV
Output Voltage Swing R =>10kQ +12 +14 +12 14 \Y
RL = 2kQ +10 +13 +10 +13 \
Supply Current - T max. 1.5 25 1.6 3.3 mA
TA min, 2.0 3.3 1.8 3.3 mA
Power Consumption TA max. 45 75 48 100 mwW
TaA min, 60 100 54 100 mwW
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Typical Characteristics
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747

Typical Characteristics (contd.)
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Typical Characteristics (Contd,)
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Typical Applications
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Typical Applications (Cont'd,)
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747

Dual Operational
Amplifiers

Features

® INTERNAL COMPENSATION ELIMINATES
EXTERNAL COMPENSATION COMPONENTS
OUTPUT SHORT CIRCUIT PROTECTION
OFFSET NULL CAPABILITY

LOW POWER CONSUMPTION

LARGE COMMON MODE AND DIFFERENTIAL
VOLTAGE RANGES

Equivalent Circuit Diagram

Description

The Teledyne 747 is a dual 741 general purpose operational
amplifier constructed on a monolithic chip using the
planar epitaxial process. Frequency compensation is pro-
vided internally on the chip, and the 6dB/octave roll-off
insures stability in closed-loop applications. It is internally
short-circuit protected and requires no external components
for frequency compensation which makes it ideal wherever
board space and weight are important. High common mode
voltage range and freedom from ‘/latch-up’ characteristics
make the device useful in voltage follower applications.
Its high gain and wide range of operating voltage provide
superior performance in integrator, summing amplifier
and general feedback applications.
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Absolute Maximum Ratings

747

7478 747C
Differential Input Voltage +22V +18V
Input Voltage (Note 1) +15V +15V
Output Short Circuit Duration (Note 2) Indefinite Indefinite
Supply Voltage +22V +18V
Voltage Between Offset Null and V™ +0.5V +0.5V
Internal Power Dissipation (Note 3)
Metal Can (E) 500mW 500mW
Ceramic Dual-In-Line (N) 670mwW 670mW
Plastic Dual-In-Line (J) NA 530mwW
Storage Temperature Range —65°C/+150°C ~65°C/+150°C
Operating Temperature Range -55°C/+125°C 0°Cc/+70°C
Lead Soldering Temperature (60 sec.) 300°C 300°C
Junction Temperature 150°C 150°C
The above ratings are not meant to imply operation at each of these extremes simultaneously. Exceeding any or all of the absolute maximum ratings
may cause permanent damage to the device.
NOTES: 1. For supply voltages less than $+15V, the absolute maximum input voltage is equal to the supply voltage.
2. Rating applies to ambient temperatures up to 75°C ambient. For operation above Tp = 75°C, derate linearly 6.7mW/°C for the metal
can, 8.9mW/° C for the ceramic dual-in-line.
3. Short circuit may be to ground or either supply. Rating applies to +1 25° C case temperature or +75° C ambient temperature.
Electrical Characteristics
7478 747C
PARAMETER CONDITIONS MIN. TYP. | MAX. MIN. TYP. | MAX. unIT
Input Offset Voltage Rs < 10KQ 1.0 5.0 1.0 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
Input Capacitance 1.4 1.4 pF
Offset Voltage Adjustment +15 +15 mV

Range
Large Signal Voltage Gain | R > 2K, VoyT = 10V 50,000 200K 25,000 200K VIV
Output Resistance 75 75 Q
Output Short-Circuit 25 25 mA

Current
Supply Current 1.7 2.8 1.7 2.8 mA
Power Consumption 50 85 50 85 mW
Transient Response

Risetime ViNn = 20mV, R = 2Kg, 0.3 0.3 us
(Unity Gain)

Overshoot CL < 100pF 5.0 5.0 %
Slew Rate RL = 2KQ 0.5 0.5 V/us
Channel Separation 120 120 dB
The Following Specifications Apply Over the Operating Temperature Ranges:

Input Offset Voltage Rg < 10KQ 1.0 6.0 1.0 7.5 mV
Input Offset Current -Tri :?: 7850 ?()J(()) 0 300 nA
Input Bias Current ‘_;2 :?: %O:f ?g 0.03 0.8 RA
Input Voltage Range 12 +13 12 +13 \
Common Mode Rg < 10KQ 70 90 70 90 dB

Rejection Ratio
Supply Voltage Rg < 10KQ 30 150 30 150 uv/v

Rejection Ratio
Large Signal Voltage Gain | R) > 2K, Voyt = +10V 25,000 15,000 VIV
Output Voltage Swing gt z 12'(1';9 i:g z‘:::, 3(2) i:g ://
Supply Current 12 :T: 12(5) :232 20 33 mA
Power Consumption :Ir'i rmma: gg 17050 60 100 mwW
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747 Op Amps

Typical Characteristics
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Typical Characteristics (cont'd,)
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747 Op ps

Typical Characteristics (Contd.)

FREQUENCY CHARACTERISTICS FREQUENCY CHARACTERISTICS
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Typical Applications (cont'd.)
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748

Operational
Amplifiers

Features
® SHORT-CIRCUIT PROTECTION

® OFFSET VOLTAGE NULL CAPABILITY
® | ARGE COMMON-MODE AND DIFFERENTIAL

VOLTAGE RANGES
® LOWPOWER CONSUMPTION
® NO LATCHUP

Description

The Teledyne 748 is a high performance monolithic opera-

tional amplifier constructed using the p

Equivalent Circuit Diagram

lanar epitaxial pro-

cess. |t is intended for a high wide range of analog appli-
cations where tailoring of frequency characteristics is desir-
able. High common mode voltage range and absence of
"latch-up” make the 748 ideal for use as a voltage follower.
The high gain and wide range of operating voltages provide
superior performance in integrator, summing amplifier, and
general feedback applications. The 748 is short-circuit pro-
tected and has the same pin configuration as the popular
741 operational amplifier. Unity gain frequency compensa-
tion is achieved by means of a single 30pF capacitor. The
748B is intended for operation from -55°C to +125°C.
The 748C commercial version operates from 0°C to +70°C.
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Absolute Maximum Ratings

748 Op Amps

Input Voltage (Note 1) +15V
Differential Input Voltage 130V
Output Short Circuit Duration (Note 2) Indefinite
Supply Voltage 122V
Internal Power Dissipation (Note 3)

Metal Can 500mW

DIP 670mW

Mini DIP 310mw

Flatpak 570mW
Storage Temperature Range

Metal Can -65°C to +150°C

Mini DIP -55°C to +125°C

Operating Temperature
Military (748)
Commercial (748C)

Range

-55°C to +125°C

0°C to +70°C

Lead Temperature (Soldering, 60 Seconds)

Metal Can 300°C
Mini DIP 260°C
° t * o
Electrlcul Characterlshcs (Vg = 18V, Ta = 25°C, Cc = 30pF unless otherwise specified)
748B 748C
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Rg < 10KQ 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
Input Capacitance 2.0 2.0 pF
Offset Voltage Adjustment +15 +15 mV
Range
Large Signal Voltage Gain Ry = 2K&, VouT = #10V 50,000 | 150,000 20,000 | 150,000 V/V
Output Resistance 75 75 Q
Output Short-Circuit 25 25 mA
Current
Supply Current 1.9 2.8 1.9 2.8 mA
Power Consumption 60 85 60 85 mW
Transient Response Riseti
(Voltage Follower, | °otMe 1 v\ = 20mV, Cc = 30pF, 0.3 0.3 s
Gain of 1) R = 2K, C_< 100pF
Overshoot 5.0 5.0 %
Slew Rate R = 2KQ 0.5 0.5 V/us
(Voltage Follower, Gain of 1)
Transient Response | picotime
(Voltage Follower, VN = 20mV, Cc = 3.5pF, 0.2 0.2 us
Gain of 1) R = 2K, C_ < 100pF
Overshoot 5.0 5.0 %
Slew Rate RL>2KQ, Cc= 3.5pF 5.5 5.5 V/us
(Voltage Follower, Gain of 10)
The following specifications apply for -55°C < Tp < +1 25°C:
Input Offset Voltage Rg < 10KQ 1.0 6.0 7.5 mV
Ta=+125°C 10 200 nA
Input Offset Current Ta- _§5°C 50 500 nA
Input Offset Current 300 nA
Ta=+125°C 0.03 0.5 uA
Input Bias Current Ta=-55°C 0.3 1.5 wA
Input Bias Current 800 nA
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P Amps

Electrical Characteristics (Contd.)

7488 748C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Voltage Range +12 +13 12 +13 \%
Common Mode Rejection Rg < 10KQ 70 90 70 90 dB
Ratio
Supply Voltage Rejection = Rg < 10KQ 30 150 30 150 uv/v
Ratio
Large Signal Voltage Gain R > 2KQ, VoyT =*10V 25,000 15,000 VIV
RL = 10KQ +12 +14 12 +14 \
Output Voltage Swing
RL = 2KQ +10 +13 +10 +13 \%
Ta=+125°C 1.5 2.5 mA
Supply Current
Ta=-55°C 2.0 3.3 mA
. Ta=+125°C 45 75 mW
Power Consumption
Ta=-55°C 60 100 mw
Power Consumption 60 100 mwW
° ° -2y 20V
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Typical Performance
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Typical Performance

TYPICAL PERFORMANCE CURVES FOR 748 AND 748C

FREQUENCY CHARACTERISTICS

VS.
SUPPLY VOLTAGE
L4 T
T B0
L2
[P
w Wy
: oo
g L0
é - \?ﬁ”ﬁ 3 @ﬁw\vﬁ‘ T
ke
[X]
748, 748C '
06 +
] 10 15 2
SUPPLY VOLTAGE = £V
INPUT NOISE VOLTAGE
VS.
FREQUENCY
12 y
LY
e %°C
14
£
>
258 =
g
-]
3‘5“
=
i,
748, 748¢ 7
i Lol
10 100 Ik 10 100k
FREQUENCY = Hz

OPEN LOOP VOLTAGE GAIN

VS.
FREQUENCY
120 T
VS =2 iRV
e T " 50
100 N Rg * 500
o

L R, < 2k0
s e | NI Cg - 3
=z
=
<
o
g a
3
>

P

0 e -
748, 748C \
-20 1

I T (N 1 S T S 4
FREQUENCY - Hz
OPEN LOOP VOLTAGE GAIN
VS.
FREQUENCY FOR VARIOUS
GAIN/COMPENSATION OPTIONS
120

100 -

7

3

8

VOLTAGE GAIN - d8

3

\

748, 748C \
i

o

3

10 100 1k 1ok 100k 1M 10M
FREQUENCY - Hz

748 FREQUENCY

CHARACTERISTICS
VS.
AMBIENT TEMPERATURE
L4 VS -3 18V
;
L2
S
g L0 5}
R 5
L7
08 Z %'E'Z"%?’-_
748, 748C
06 L
-0 -20 2 © 100 0
TEMPERATURE - “C

INPUT NOISE CURRENT

vs.
FREQUENCY
m2° VS -3 By
IA = 35°C
Fi?
f S
b
g
i
E
z
>
748, 748C
u-,zs P
0 100 k 10K 100k
FREQUENCY - Hz

PHASE - DEGREES

VOLTAGE GAIN - d8

OPEN LOOP PHASE RESPONSE

VS.
FREQUENCY
0 T T T
R AR Vet 15V
30 AN Cz*of r:wzs}c._.
Re * 500
0 4
0 g, 50
[
-120
NERRREE N
-180
748, 748C
-210 L
1w @ w0t e it
FREQUENCY - Hz
FREQUENCY RESPONSE
FOR VARIOUS
CLOSED-LOOP GAINS
120 i
Vg sy
100 . EEA
52 100
80
Cot IpF
60 -
© Ce -’l/Tf:.‘
20 - 5‘;\\'\\
AN
0 ~
748, 748C
20 t

1 10 100 1k 10k 100k 1M 10M
FREQUENCY - Hz

PEAK-TO-PEAK OUTPUT SWING - V

COMPENSATION CAPACITANCE - pf

RELATIVE VALUE

748C FREQUENCY
CHARACTERISTICS
VS.
AMBIENT TEMPERATURE

L0 ¥
Y o» e 18V

Los ,ﬂﬁ%/

D
&
Lo >

2
0.95 %

748, 7480
i

0.90
0 10 20 30 L] 50 L] 0

TEMPERATURE -°C

BROADBAND NOISE FOR
VARIOUS BANDWIDTHS
CARY
:'A =380

g

1
\

TOTAL NOISE REFERRED TO INPUT =,.Vrms
B

748, 7480
bedid

100 Ik 1ok 100k
SOURCE RESISTANCE -«

OUTPUT VOLTAGE SWING

VS.
FREQUENCY
TTTT
748, 748C Vg2 15y
Tat 259
2 R = 10K |
24
\cC 0¥
ol \
c, - 008
8
h,
et L
0
1k 10k 100k m 1M

FREQUENCY - Hz

COMPENSATION CAPACITANCE
VS.

CLOSED LOOP VOLTAGE GAIN
50

3

5

L O OVERSHOGH
(€, 5 100061

N
AT
- 20 OV{R%O(:\\‘

[y 25%” \\\

w
o

~
°

o

I
748, 748C
A

=
-

iy

10 20 30 4 50 0

=Y

CLOSED LOOP VOLTAGE GAIN - dB

44



Typical
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835"
Quad 741-Type
Operational Amplifiers

Features Description

® LOW CROSSOVER DISTORTION The 835 is a monolithic integrated circuit containing four

e INPUT COMMON MODE RANGE INCLUDES THE internally compensated, differential input, operational amp-
NEGATIVE SUPPLY lifiers with characteristics similar to the popular 741 type.

To reduce the need for external bias circuitry the common
mode range includes the negative power supply. This
reduces the number of external components required for

® REPLACES THE LM124/224/324 IN SPLIT SUPPLY
APPLICATIONS (+1.5v TO +18V)

® INTERNAL FREQUENCY COMPENSATION most applications. To eliminate crossover distortion, when
® LOW IMPEDANCE SHORT CIRCUIT PROTECTED operated from a split power supply, the output was
OUTPUTS designed for Class AB operation and can drive a capacitive

load without instability.
® | OW AMPLIFIER POWER CONSUMPTION ) o
The 835B will operate over a temperature range of -55°C

to +125°C. For operation from 0°C to +70°C, the 835C
should be used.

Connection Diagrams

L PACKAGE JPACKAGE
14 LEAD CERDIP 14 LEAD PLASTIC DIP
(TOP VIEW) (TOP VIEW)
we[ 11 M wl Inc wel 1@ ] e
ne [ 12 (1 nel iz (IR
orsseTnuLe [ 13 2] Jwe orrseTnutt [ {a 2] e
SER 3 INVERTING 5
INVERTING [ o g I 13 vty
oo o Jovrnr oo oo
e A OFFSET
vie ol ] &F;zsﬂ v s ke NULL
nef e sl iwc we 7 81 Inc
Order Part Numbers: Order Part Number:
835BL, 835CL 835J

*available soon

TELEDYNE SEMICONDUCTOR



844/846 Series

(Formerly Teledyne 141/142 Series)

Operaticnal
Amplifiers

Features

® GUARANTEED SLEW RATE — 1.0V/us MIN.

® LOW INPUT BIAS CURRENT — 30nA MAX.
® LOW INPUT OFFSET CURRENT — 5nA MAX.
@ LOW OFFSET VOLTAGE — 2mV MAX.

® LOW OFFSET VOLTAGE DRIFT — 15uVv/°C

Description

The Teledyne Semiconductor 844B/846B Series are general
purpose operational amplifiers constructed on a single
monolithic silicon substrate using planar epitaxial tech-
niques. They are high performance integrated circuits
intended for a wide variety of general applications and also

for applications where high slew rate and high input im-
pedance are important. The 844B/846B series amplifiers
may be used to increase system accuracy and extend the
useful frequency range of existing designs in timer, integra-
tor, sample and hold, D/A converters, and active filters.
These designs are plug-in replacements for many popular
operational amplifiers such as 741, 107, and 101 types.

The 8448B is internally compensated. The 846B is uncompen-
sated allowing the designer the flexibility to individually
tailor the frequency response to match the circuit appli-
cation. The bandwidth of the 846B series can be extended

with 2 pole or feed forward compensation.
(formerly Teledyne 141/142 Series)
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846 Series Op Amps

Absolute Maximum Ratings

844B 844C
Input Voltage (Note 1) +15V +15V
Differential Input Voltage +30V +30V
Output Short Circuit Duration (Note 2) Indefinite Indefinite
internal Power Dissipation (Note 3)
Metal Can (E) 500mwW 500mwW
Ceramic Dual-In-Line (L) 670mwW 670mwW
Flatpack (H) 570mw 570mWwW
Supply Voltage +22V +18V
Storage Temperature Range -65°C/+150°C -65°C/+150°C
Operating Temperature Range -55°C/+125°C 0°C/+70°C
Lead Soldering Temperature (60 sec.) 300°C 300°C
150°C 150°C

Junction Temperature

The above ratings are not meant to imply operation at each of these extremes simultaneously. Exceeding any or all of the absolute maximum

ratings may cause permanent damage to the device.
NOTES: 1.

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

2. Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature
(844B). Rating applies to +70° C case temperature or +55°C ambient temperature (844C).
3. Rating applies to ambient temperatures up to 75° C ambient. For operation above T = 75°C, derate linearly at 6.7mW/°C for the
metal can, 8.9mW/°C for the ceramic dual-in-line, and 7.5mW/° C for the flatpack. For the flatpack, the derating is based on a
thermal resistance of 185°C/W when mounted on a 1/16" thick epoxy-glass board with ten 0.03" wide, 2 oz. copper conductors.

Electrical Characteristics

Test Conditions

Tmin  TmAX Vs
8448 -65°C  +125°C 5 to +20V )
844c 0°C +70°C  +5to £15V Unless Otherwise Noted
Parameter o 8a4s - 84a4c Unit
Test Conditions Min. . Typ. | Max. Test Conditions Min. | Typ. | Max.
25°C o
Input Offset Voltage | Rg < 50kS 10 1 2 25°C 3 15 | mv
Tvin - Twax 3 0°C to 70°C 75 mvV
o
Input Offset Current 25°C 07 5 25°C 3 110 | nA
TMIN - TMAX 10 0°C to 70°C 20 nA
5o o
Input Bias Current 25°C 12 30 25°C 40 75 nA
Tmin - Tmax 60 0°C to 70°C 100 | nA
Input Resistance 25°C 25 75 25°C 1.5 22 M2
250C 25 3
Supply Current Vg ==+ 20V Vg =+ 15V 250
ply s Tonx 20 55 5 50C 25 3 mA
Vg==+15V, o =
Large Slgnal S _ 250C 100 300 VS t_15V 250(C 50 300 V/mV
Voltage Gain Vour ==10V, Vout =+ 10V
RL = 2k Tvin - Tmax 40 Ry = 2k§2 0°C to 70°C | 30 V/mV
Avg. Temperature .
Coefficient of Input Tvin - Twax 3 15 0°C to 70°C 6 30 | upv/eC
Offset Voltage
Avg. Temperature 25°C < Tp < Tyax 0.01 | 0.05 25°C < Tp< 70°C 0.01 | 0.2 | nA/oC
Coefficient of Input
Offset Current Tvin < Ta < 25°C 0.02 | 0.1 0°C < Tp < 25°C 0.02 | 04 . nA/oC
R =10k +12 +13 = + +12.
Output Voltage Vg = +15V L Vg =15V RL=10ke 212 2125 v
Swing R =2k +10 | +125 R =2kQ +10 1 +125 Vv
Input Voltage Range | Vg = + 20V Twin - Twax +15 | 17 Vg =115V 0°Cto70°C | +12  +135 \
Common Mode
Rejection Ratio Re < 50k 90 dB
RS < 50kS2 TMIN - TMAX 80 96 S = 70
Supply Voltage 0°C to 70°C 96 dB
Rejection Ratio
Vg =+ 15V _.
Slew Rate R = 2kQ 250C 10 | 20 sy 250C 10 | 20 V/us
CL = 100pF L=
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Absolute Maximum Ratings

844/846 Series Op Amps

846B 846C
Input Voltage (Note 1) +15V £15V
Differential Input Voltage +30V +30V
Output Short Circuit Duration (Note 2) Indefinite Indefinite
Internal Power Dissipation (Note 3)
Metal Can (E) 500mW 500mwW
Ceramic Dual-In-Line (L) 670mW 670mW
Flatpack (H) 570mwW 570mW
Supply Voltage +22V +18V
Storage Temperature Range -65°C/+150°C -65°C/+150°C
Operating Temperature Range -55°C/+125°C 0°C/+70°C
Lead Soldering Temperature (60 sec.) 300°C 300°C
150°C 150°C

Junction Temperature

The above ratings are not meant to imply operation at each of these extremes simultaneously. Exceeding any or all of the absolute maximum
ratings may cause permanent damage to the device.

NOTES: 1.

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

2. Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature
(846B). Rating applies to +70°C case temperature or +55°C ambient temperature (846C).
3. Rating applies to ambient temperatures up to 75°C ambient. For operation above T 5 = 75°C, derate linearly at 6.7mW/°C for the
metal can, 8.9mW/°C for the ceramic dual-in-line, and 7.5mW/°C for the flatpack. For the flatpack, the derating is based on a
thermal resistance of 185°C/W when mounted on a 1/16’" thick epoxy-glass board with ten 0.03"" wide, 2 oz. copper conductors.

Electrical Characteristics

Test Conditions

TMIN  TMAX Vs C1
846B -55°C +125°C %5 to +20V 30pF .
846C 0°C  +70°C +5t0+15V  30pF Unless Otherwise Noted
Parameter e 8468 - 846C Unit
Test Conditions Min. | Typ. | Max. Test Conditions Min. | Typ. | Max.
25°C o
Input Offset Voltage | Rg < 50k$2 10 2 250C 3 5 | mV
Tvmin - Twax 3 0°C to 70°C 756 | mV
(o) (o]
Input Offset Current 25°C 0.7 5 25°C 3 10 nA
Tvin - TmAX 10 0°C to 70°C 20 nA
250 o
Input Bias Current ¢ 12 30 25°C 40 75 nA
Tvin - Tmax 60 0°C to 70°C 100 | nA
Input Resistance 25°C 25 75 25°C 1.5 22 MQ
250C 25 3
Supply Current Vg =+ 20V Vg =+ 15V 250 .
pply Cur S Tunx 50 25 S 50C 25 3 mA
. Vg=215V, 25°C 100 300 Vg =+15V 25°C 50 300 V/mV
Large Signal v =+ 10V =41
Voltage Gain our” = ’ \our =+ 10V
RL > 2k&2 Tl\/HN - TMAX 40 RL > 2k 0°C to 70°C 30 V/mV
Avg. Temperature
Coefficient of lnput TMIN - TMAX 3 15 0°C to 70°C 6 30 #V/OC
Offset Voltage
Avg. Temperature 250C < Tp < Tmax 0.01 | 0.05 250C < Tp< 70°C 0.01 ; 0.2 |nA/oC
Coefficient of Input
Offset Current Tvin < Ta < 25°C 0.02 | 0.1 0°C < Tp < 25°C 0.02 | 0.4 | nA/°C
' R, = 10k 12 | *13 R, =10kQ |+12 | +125 v
Output Voltage Vg =15V L Vg =+ 15V L= 10k
Swing Ry = 2k$2 £10 | +125 R =2k |+10 | 125 Y
Input Voltage Range |Vg=+20V Tvin - Tmax £15 | £17 Vg =+15V 0°Cto70°C | +12 | +135 \
gz'rz cion “3;’?;; Rg <50k | Tuin - T 80 | 96 Rs < 50k 70 ” *
< . <
Supply Voltage s MIN MAX 0°C to 70°C 26 dB
Rejection Ratio
VS =+15V _
Slew Rate Ry = 2kQ 250C 10 | 20 sy 250C 10 | 20 V/us
CL = 100pF L
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Typical Performance
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844/846 Series Op Amps

Typical Performance (Contd.,) 844B/846B

OPEN LOOP FREQUENCY RESPONSE OPEN LOOP FREQUENCY RESPONSE OPEN LOOP FREQUENCY RESPONSE
SINGLE POLE COMPENSATION TWO POLE COMPENSATION FEED FORWARD COMPENSATION
120 —1 120 1 120 T

Ty = 2EOC 844B/846B — Ta=25°C
100 N 9‘\; Vi =215V 225 100 225 100 \\ Ve = +15v ] 225
\\\ %0 844B/8465 \ \
o \«PO n /“% | w - = @ 80 rd 180 B
5 80 o,o\{? T 180 § % 80 180 § g 8 = §
z \ Y, | pHase g z PHASE £ z \ 4
I 60 2 2 135 2 I A-136 B I 60 AN PHASE {136 2
. 7l g ° I\~ | ¢ g A K g
2 a0 b 90 o 2 a0 % Qg 40 AN % =
5 \ 4 g oan-| N 4 5 N %
Q 2 45 Z S 207 s I S 20 AN 45 I
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844/846 Series Op Amps

Typical Performance 844C/846C
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Test Circuits

FEED FORWARD COMPENSATION SLEW RATE TEST CIRCUIT
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844/846 Series Op Amps

846 VOLTAGE OFFSET NULL GAIN TEST CIRCUIT
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INPUT CAPACITANCE/LARGE ISOLATING LARGE
FEEDBACK RESISTANCE CAPACITIVE LOADS

&2 R
z

1

1

Csrrav
I Ry

QUTPUT

by GUTPLY
v

18

Ty :FREQ,

v

FREQ}— »ACOM

COMP, ¢, Ry Cg
Cp = i

1 i 4
- 142 ONLY 30pF Ry e 30pF 142 ONLY

The values given for the frequency compensation capacitor guarantee stability only for source resistances less than 10k{, stray capacitances
on the summing junction less than 5pF and capacitive loads smaller than 100pF. If any of these conditions is not met, it is necessary to use a
larger compensation capacitor. Alternately, lead capacitors can be used in the feedback network to negate the effect of stray capacitance and
large feedback resistors, or an RC network can be added to isolate capacitive leads.

Overload Protection Circuit

The 844B/846B series is designed for trouble free operation.
However, experience has indicated that it is wise to observe
certain precautions to protect the amplifiers from abnormal
operating conditions. These precautions given here are
applicable to practically any 1C op amp.

If an input is driven from a low-impedance source, a
limiting resistor, R4, should be placed in series with the
input lead to limit the peak instantaneous output current
of the source to less than 100mA. This is especially
important when the inputs go outside a piece of equipment
where they could accidentally be connected to high voltage
sources. Large capacitors on the input (> 0.1 = uF) should
also be treated as low source impedances and isolated with
resistors. Low impedance sources do not cause a problem
unless their output voltage exceeds the supply voltage.
However, the supplies go to zero when they are turned off,
so the isolation is usually needed.

The 844B/846B series output circuitry is protected against
damage from shorts to ground or to the power supplies by
device design. However, when the amplifier output is
connected to a test point, it should be isolated via
limiting resistors Rg or Rg, as test points frequently get
shorted to power supplies that may exceed the rated
operating voltages. Additionally, when the amplifier drives
a load external to the equipment, it is also advisable to use
a limiting resistor to preclude mishaps.

Precautions should also be taken to insure that the power
supplies never become reversed even under transient con-
ditions. With reverse voltages as low as 1V, the IC will con-
duct excessive current, fuzing internal metallization and
damaging the device. If there is a possibility of this
happening, clamp diodes with a high peak current rating
should be connected to the device supply lines. Reversal of
the voltage between V+ and V- will always cause a
problem, and reversals with respect to ground may also
cause difficulties.

Power supplies should be bypassed to ground at one point,
minimum, on each circuit card. More bypass points should
be considered for five or more amplifiers on a single card.
For applications using feed-forward compensation, the
power supply leads of each amplifier should be bypassed
with low inductance capacitors because of the higher
frequencies involved.

Pin connections shown are for H Package (T0-99).

PROTECTING AGAINST GROSS
FAULT CONDITIONS

QUTPUT

ooy g *Protects input
SNPLIT Oy ’ ;FRﬁQ tProtects putput
Pt ;COM? FProtects output —not
FREC, o ek N nweded when ¥y is used,
COMP. &) gagONLY
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844/846 Series Op Amps

Typical Applications

NON-INVERTING AMPLIFIER

Amplifiers

CLIPPING AMPLIFIER

NPUT cr—wWR’ v
QUTPUT
3
L Ry B
Ry + Ry

{36pF 845 ONLY }

Eour = B ir 1By 1 < vy 407V
R

En
where Vy = Zenas breskdown soltage

GAIN CONTROLLED AMPLIFIER

Ry + Ry (30pF 846 ONLY )
GaIN | By | R [ aw. | Ay
10 K | 9k$2 150KkHz | MO
100 | 1000 | 98KQ | BkHz | MO
1000 | 1000 | s98ke | 1BkHz | MO

g
NPUT 2NB163
O OUTRUT
Vg
756
(30pF 142 ONLY)
- =V =iav

INSTRUMENTATION AMPLIFIER

Ry
10193

€
{30pF 846 ONLY) J

[}
3 ==
Z 40 e
3 LT
o« 30 A s = 10Kk
w
£ %
s f
g0 f

0 b

0 -1 -2 -3 4 -5
Vg — GATE VOLTAGE — VOLTS

INVERTING AMPLIFIER

Ry
INPUT Qe AAA

CUTPUT

Ry o+ Ry
{30pF 845 ONLY }
GAIN | Ry | ®y | Bw. | Ay
I 1Gkﬂi 1060 | 15MHz | T0KS2
W kS | 0k | 150KHz | Tk
W0 | Tk | 100k | TEkHz | tkQ
000 | 1000 | 100ke | 15kHa | 1000

CIRCUIT FOR OPERATING

WITHOUT A NEGATIVE SUPPLY

Ry Ry

Gt AA AAR
&

+20V
&

INPUT

QUTPUT

+HV &

PULSE WIDTH MODULATOR

Ry
100K

AAA

By

100K
INPUT QoA
£5Y

€y

047uF

DOUTPUT

Ry=Ry, Ry =Ry

Ry
S )
[:71

J.; INPUTS

UNITY-GAIN VOLTAGE FOLLOWER
WITH BALANCING CIRCUIT

O OUTPUT

By = 2,000 M5

£

G By
BW. = 1.5MHz - BOkS

73
+ {30pF 845 ONLY)
-1 Matching determines CMRR

FAST SUMMING AMPLIFIER

Cz
3pF
Ry, 30kE
Rﬁ m,._a\/w.w‘.‘
0k
INPUT O AAA
3 OUTRUT

‘ Power Bandwidth: 400kHz

Cyq Small Signal Bandwidth: SMHz
150 pF Slew Rate: 20V/us

+16V 18V
Q )

A AP e

3 QGUTPUT

D1, 8.2v
02,8.2v

FAST VOLTAGE FOLLOWER

2
5
846 ouTeuT
si, ¢,
INPUT Ol ¢ ot B0eF
€4
¥ By
9 Wk

Power Bandwidth: 20kHz
Slew Rate: 2¥/us
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Typical Applications (Contd.)

844/846 Series Op Amps

Oscillators and Generators

844
LOW FREQUENCY WEIN BRIDGE
SINE WAVE OSCILLATOR

22uF

300k$2
¥
- 068uF
10k
) QUTPUT
f=10Hz
-
R 1N814
2N3069
_1 5.6V
500K
L3
224822 e

i

LOW FREQUENCY SQUARE WAVE

GENERATOR
Ry
M
AAA
.L A AAd
0 LOW IMPEDANCE
! 2 outPuT
o CLAMPED
CUTPUT
e Ry Dy, 8.2V
10MS2
Dy, 8.2V
*Adjust Oy for frequency. =
FREE-RUNNING MULTIVIBRATOR
Ry
160K
A
+16V ~18Y
-0 QUTPUT
"y e
D01 uF
- *Chosen for oscillation at 100Hz.

Ry
150k

846
LOW DISTORTION SINE WAVE OSCILLATOR
Ry
10K$2
e A

Cs

sp¥ CLIPPING LEVEL ADJUSYT

i

L

et QUTPUT
1Cy=Cy DISTORTION < 0.4%
1

© 27 Cy/Rg iy

Cq [+]
3
180pF  4iigia

e e MINIMUM MAXIMUM
i3 FREQUENCY  FREQUENCY
0.47uF 18Hz 80Hz
0.1uF 80Hz 380Hz

0.022uF 380Hz 1.7kHz

0.0047 uF 1.7kHz Bichiz

0.6024F 4.4kHz 20kHz

WEIN BRIDGE OSCILLATOR WITH J-FET
AMPLITUDE STABILIZATION

392
AAA
\AAS
OUTPUT
51k
7.8V
1NG14
2N2908

.
o HOuF

bty 15
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846 Series Op Amps

Typical Applications (Contd.)

SIMPLE INTEGRATOR

RESEY

[N % .
2
k2 D.1uF < 1008 3
5 1} ANzBY
Pe= Tz 2, ¥
Wiy
Ry 100KSL
W | oz
FPUT Oyt
Ry s GUTPUT
XTI 8

B |

LWV bt !
= Tl

(30pF 848 ONLY)

. 3
Eouy @ = = Eypdt
By Gy
CufF
it
LA
Ry Cu¥F
O i v
ERPUT
] Ry 0
2 23

+

= L
(3GpF 846 ONLY

E
i

Vo
The values of the verious components are gven by:

1
SRy e Ry o=
art

Ry =

Ak

2 7AAC 2

Whare A is the 3dB bandwidth in Hz, A is the voltage

gain and g is the center frequency,

BILATERAL CURRENT SOURCE

12V

Ry

0.1%

¥ i fig
;L,_{ FJ 4'2; ?g:}i)

Cy
Ry {30pF 846 ONLY)
100K
2.1%
\ Wi
Ry
= 49542
81%
A3 Y
‘cm‘iﬁj“—“ Rz =Ryt Rg, Ry =Ry
1 R

Integrators and Differentiators

INTEGRATOR WITH BIAS

CURRENT COMPENSATION
By
PERG
A, Ve

4

-0 QGUTPUT

{30pF 848 ONLY)

Adjust Ry for zerg integrator drift
Current drift typically 8.1 nAMSC over
~BEOC to +125°C wemperature range.

SIMPLE DIFFERENTIATOR

{30pF 846 ONLY)

dE 4y
By = = By Cp e
? ot

- aut

Filters and Tuned Circuits

NOTCH FILTER USING THE
844 OR 846 AS A GYRATOR

Trim Ry such that

By Ry
R, 2R,

Current Sources and Monitors

PRECISION CURRENT SOURCE

INPUT O

)
lour Ry

2N3089

Vi < 0V

Y | %
L»{% J 0k
{30pF 846 ONLY) L

NPUT

846 FAST INTEGRATOR

R

Ry
S8k

846 TUNED CIRCUIT

OUTPUT
V, 16k
w 10k g
T
|
>
g 1w
w
3
w g
£ 100 ™
o
w
(=
2
w
o 10
0.0001 0.001 001 0.1 10
CAPACITOR C; — uF
CURRENT MONITOR
1
9.0
Ry 1%
"AA POSITIVE 3 YO LOAD
° INPUT -
e VOLTAGE
2NE218
4
- & 3‘
1‘ v
It 243957 L._;}wj
é (30pF 846 ONLY}
Yo
MONITOR g
SUTPUT
GV /mA

By
s
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844/846 Series Op Amps

Typical Applications (Contd. ,
yp PP ontd) Other Circuits

PRECISION AC/DC CONVERTER LOW DRIFT SAMPLE AND HOLD
Bs e
e
AWA' yil
gOZkS'Z ?gkfl ?{%4339
Iy Y e RS EAY

QUTPUT QUTPUT O

FNPUT Qe

NPUT O

l *Polycarbonate
T dislsctric capacitor

m +1BY {SAMPLE]
~20V (HOLD)

LESS THAN 1% ERROR TO 100kHz

FAST HALF WAVE RECTIFIER

Ca
3pF
it
LAl
0 QUTPUT
Ry
20k0
%
INPLIT G AP
Re
18k
Dy
NG 14
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845 Series

Operational Amplifiers

Features

EASILY DRIVES 1000pF CAPACITIVE LOAD
LOW INPUT BIAS CURRENT — 30nA MAX.
LOW INPUT OFFSET CURRENT — 5nA MAX.
LOW OFFSET VOLTAGE — 2mV MAX.

LOW OFFSET VOLTAGE DRIFT — 15uv/°C
INTERNAL FREQUENCY COMPENSATION

Description

The Teledyne Semiconductor 845 Series are general
purpose operational amplifiers constructed on a single
epitaxial

monolithic  silicon substrate using planar

Equivalent Circuit Diagram

techniques. They are high performance integrated circuits
intended for a wide variety of general applications and also
for applications where high input impedance is important.
The 845 series amplifiers may be used to increase system
accuracy of existing designs in timer, integrator, sample and
hold, D/A converters, and active filters. These designs
are plug-in replacements for many popular operational
amplifiers such as 741, 107, and 101A types. The Teledyne
845 is especially useful in applications requiring excellent
amplifier input characteristics plus the ability to drive
high capacitance loads. For typical performance character-
istics, refer to Teledyne 844/846 data sheets.

Rag

85K g

piced
By

CUTPUT

o
25pF ¢ 2!

| I
H
! jj
5 hfm
Oz

>
40K
Riz

L »
rc(’! '\ﬁQw T,
3 L2.3K 2.
R EoE
Ay
! 5
OFFSET OFFSET
3 Ll
Connection Diagrams
E PACKAGE H PACKAGE
8 LEAD METAL CAN 10 LEAD FLATPACK
(TOP VIEW) (TOP VIEW)
e NC 18 10 ine
O enming == 2 e
orFFseT NuLL () Now-mvﬁg\ﬁﬁém ) =
INPLIT bt & 7iTTouTRuT
v 5 8 T OFFSET NULL

INVERTING ()
INPUT

NON-INVERTING
IMNPUT

Order Part Numbers:
843BH

Order Part Numbers:
843BE
843CE

N PACKAGE L PACKAGE
8 LEAD PLASTIC MINIDIP 14 LEAD CERDIP
(TOP VIEW) (TOP VIEW)
ofrsET e 8] Jne NC EMZ] NG
lNVEm’;}:? - 7w we [ 2 1l ]
NON'WVE"‘@% 3 6] Joureur orrseTvuLL [ 13 i2{ Ine
o U o R
NON-NVERTING—] 5 1o outeur
) OFFSET
v s o[7] NULL
el 17 8 Jnc
Order Part Number: Order Part Numbers:
LM344N 843BL
843CL

“/TTELEDYNE SEMICONDUCTOR



845 Op Amps

Absolute Maximum Ratings 8458 8asC
Input Voltage (Note 1) +15V +16V
Differential Input Voltage +30V +30V
Output Short Circuit Duration (Note 2) Indefinite Indefinite
Internal Power Dissipation

Metal Can (E) 500mwW 500mwW

Ceramic Dual-In-Line (L) 670mW 670mwW

Flatpack (H) 570mwW 570mW
Supply Voltage +22V +18V
Storage Temperature Range -65°C/+150°C -65°C/+150°C
Operating Temperature Range -55°C/+125°C 0°Cc/+70°C
Lead Soldering Temperature (60 sec.) 300°C 300°C
Junction Temperature 150°C 150°C

The above ratings are not meant to imply operation at each of
these extremes simultaneously. Exceeding any or all of the
absolute maximum ratings may cause permanent damage to the
device.

NOTES:

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

2. Short circuit may be to ground or either supply. Rating applies
to +125°C case temperature or +75°C ambient temperature

(844B). Rating applies to +70°C case temperature or +55°C
ambient temperature (843C).

3. Rating applies to ambient temperatures up to 75°C ambient.
For operation above Tp = 75°C, derate linearly at 6.7mW/°C
for the metal can, 8.9mW/°C for the ceramic dual-in-line, and
7.5mW/°C for the flatpack. For the flatpack, the derating is
based on a thermal resistance of 185°C/W when mounted on a
1/16"" thick epoxy-glass board with ten 0.03” wide, 2 oz.
copper conductors.

Test Conditions

TMIN  TmAX Vs
845B —550C  +1250C %5 to + 20V u o .
. . e o oc + N nleﬁ tgermse
Electrical Characteristics 845C 09C  +70°C +5to + 15V ote
845B 845C
PARAMETER UNIT
TEST CONDITIONS MIN. | TYP. | MAX. TEST CONDITIONS MIN.| TYP. | MAX.
Input Offset Volt Re < BOKS 25°C 1.0 2 25°C 3 5 mV
nput Dtfset Voltage | s = TN - TMAX 0°C to 70°C 75 | mv
250C 7 o 10 A
Input Offset Current 0 25°C 3 n
TMIN - TMAX 10 0°C to 70°C 20 nA
Inout Bias C . 25°C 12 30 250C 40 | 75 nA
u las Curren
P € T - Tiax 60 0°C to 70°C 100 | nA
Input Resistance 25°C 25 75 25°C 15 22 MQ
Supply C t Vg =+ 20V 25°C 25 3 Vg =+15V 250C 25 3 A
ren =z =z . m
pply Bur s TvAx 20 | 25 | °
Large Signal Vs=+15V, 25°C 100 | 300 Vg =15V 25°C 50 | 300 V/mV
V*m: e‘%‘:in VouT=*10V, VpuT = * 10V
9 RL > 2kQ Tvin - Tmax 40 RL = 2kQ2 0°C to 70°C | 30 V/mV
Avg. Temperature
Coefficient of Input Tvin - TMAX 3 15 0°C to 70°C 6 30 rv/eC
Offset Voltage
Avg. Temperature 25°C < Tp < Tmax 0.01 | 0.05 250C < Tp< 70°C 0.01 | 0.2 | nA/°C
Coefficient of Input
Offset Current Tvin < Ta < 25°C 0.02 | 0.1 0°C < Ty < 25°C 0.02 | 04 | nA/°C
Outout Volta Ve = £ 15V R =10kQ +12 | +£13 Ve = £ 15V Ry =10k |12 | 125 \
utpu e =t =+
Swing ¢ s R = 2kQ T16 [£125 s R =2kQ [%10 | 125 v
Input Voltage Range | Vg =120V Tvin - TMAX +15 | £17 Vg =+16V 0°Cto 70°C | +12 | £135 Vv
Common Mode
Relection Ratlo Rg<50k2 | Tyin - T 80 | 96 Rs < 50k{2 70 i "
Supply Voltage 5= MIN MAX 0°C to 70°C 26 dB
Rejection Ratio
Vg =+ 15V _
Slew Rate RL = 2kQ 250C 5 sy 250C 5 V/ps
CL = 100pF L




1558/1458/1458C

Dual Operational Amplifiers

Features

® SHORT-CIRCUIT PROTECTION

® WIDE COMMON-MODE AND DIFFERENTIAL
VOLTAGE RANGE

® | OWPOWER CONSUMPTION
® NO LATCH-UP
® NO FREQUENCY COMPENSATION REQUIRED

Description

The Teledyne 1558 is a duaj 741 general purpose opera-
tional amplifier constructed on a single monolithic chip.

Equivalent Circuit Diagram (each side)

Frequency compensation is provided internally, insuring
closed-loop stability. High common-mode voltage range and
freedom from latch-up make the device useful as a voltage
follower. Its high gain and its ability to operate with a
wide range of supply voltage provide for excellect per-
formance in summing amplifier, integrator, and general
feedback applications.

The 1458 and 1458C are identical to the 1558 except that
the operating temperature range and electrical parameters
are specified for industrial and commercial applications
respectively. For Typical Characteristics and Applications,
see Teledyne 747 data sheet.

FNVERTING
NPUT

RO
INVERTING
INPUT

Qz

> Ry

250

o

OUTPUT

4 217 ’ —]
a5 s Qi{%&n 023 -
% Rig
< 500
B f R , PR
o sin 31k e s S Eon G20
-
. <
. °
Connection Diagrams
E PACKAGE P PACKAGE
8 LEAD METAL CAN 8 LEAD MINIDIP
(TOP VIEW) (TOP VIEW)
vt Order Part Numbers: OUTPUT A 1 @ 8 vt Order Part Numbers:
1658E (~55°C/+125°C) . G{: - 1458P (0°C/+75°C)
OUTPUT A o™ oUTPUT B 1458E (0°C/+75°C) T A 7[] ovtruT B 1458CP (0°C/+75°C)
@) 1458CE (0 C/+75 C) NOR-INVERTING [ 3 s INVERT
WNPUT A INPUT B
INVERTING phy A INVERTING v, ¢ |1 NON-INVERTING
INPUT AN + INPUT 8 - INPUT B

(I NON-INVERTING
INPUT &

NON-INVERTING {_)
INPUT A

TELEDYNE SEMICONDUCTOR




1558/1458/1458C Op Amps

Absolute Maximum Ratings

1558 1458/1458C
Differential Input Voltage (Note 1) 30V 30V
Common-Mode Input Voltage (Note 2) +15V +15V
Qutput Short Circuit Duration Continuous Continuous
Power Supply Voltage +22V +18Vv
Internal Power Dissipation (Note 3)
Metal Can (E) 830mwW 830mw
Plastic Minidip (P) 780mwW
Operating Temperature Range -55°C/+125°C 0°c/+75°C
Storage Temperature Range -65°C/+150°C -65°C/+150°C
Electrical Characterisﬁcs (V¥ =+15 Vdc, V™ = —15 Vdc, Tp = +25°C unless otherwise noted)
Parameter Conditions Symbol . 1558 1458 1458C Units
Min Typ Max Min Typ Max Min Typ Max
Input Bias Current TA=+25°C (See Note 4) b 0.1 0.5 0.1 0.5 0.1 0.7 nAdc
TAa=Tiow to Thiah (See Note 3) Ip 15 0.8 1.0
Input Offset Current Ta=+25°C lio 0.01 0.2 0.01 0.2 0.01 0.3 uAdc
TA = Tiow 10 Thigh lio 0.5 0.3 0.4
Input Offset Voltage (Rg <10 kg) TAT ¥25°C Vio 10 5.0 20 6.0 20 10 mVde
Ta = Tiow to Th-gh Vio 6.0 7.5 12
Differential Input Impedance | (Open-Loop, f = 20 Hz)
Parallel Input Resistance Rp 0.3 1.0 0.3 1.0 1.0 Megohms
Parallel Input Capacitance Cp 6.0 6.0 6.0 pF
Common-Mode Input
Impedance (f = 20 Hz) Z(in) 200 200 200 Megohms
Common-Mode Input
Voltage Swing CMVin 12 +13 12 +13 11 +13 Vpk
Equivalent Input Noise (Ay =100, Rg = 10 k ohms,
Voltage f=1.0 kHz, BW = 1.0 Hz) &n * 48 45 nV/(Hz)%
Common-Mode Rejection
Ratio (f = 100 Hz) CMrej 70 90 70 90 60 90 dB
Open-Loop Voltage Gain
(Vo =10V, Ta=+25°C AvoL 50,000 200,000 20,000 100,000 VIV
Ry = 2.0 k ohms) TA = Tiow 1 Thigh 25,000 15,000
(Vg =t10V, R Ta=+25°C 20,000 100,000
R = 10 k ohms) TA = Tiow 10 Thigh 15,000
Power Bandwidth (Ay =1, R = 2.0 k ohms, Pgw 14 14 14 kHz
THD < 5%, Vg = 20V p-p)
Unity Gain Crossover fc 1.1 1.1 11 MHz
Frequency (open-loop)
Phase Margin 65 65 65 ! degrees
(open-loop, unity gain)
Gain Margin " 1 1 dB
Slew Rate (Unity gain) dVout/dt 08 ' 0.8 08 Vius
Transient Response
(Unity gain)

Risetime VIN =20 mV, R =2k, 0.35 0.35 0.35 usec
Overshoot CL <100 pF 10 10 10 %
Output Impedance (f =20 Hz) Zout 75 75 75 ohms
Short-Circuit Output Current Isc 25 25 25 mAdc
Output Voltage Swing (R = 10 k ohms) Vo 12 14 12 +14 11 +14 Vpk

RL =2 k ohms (T = Tiow t© Thigh) Vo +10 13 10 13 9.0 +13
Average Temperature (Rg =50 ohms Tp = Tjow to Thigh) | TCVio 15 15 15 uv/ec
Coefficient of Input
Offset Voltage
Power Supply Sensitivity V™ = constant, Rg < 10 k ohms S+ 30 150 30 150 30 rVIV
v* = constant, Rg < 10 k ohms S— 30 150 30 150 30
Power Supply Current Ip* 23 5.0 23 5.6 2.3 8.0 mAdc
Ip~™ 23 5.0 2.3 5.6 23 8.0
DC Quiescent Power (Vo =0} Pp 70 150 70 170 70 240 mW
Dissipation
NOTES: 1. For supply voltages of less than £15V, the maximum differential input voltage is equal to +(V +[Vv]).
2. For supply voltages of less than 15V, the maximum input voltage is equal to the supply voltage (+v ', - [V 1.

3. Ratings are based on a maxnmum junction temperature of 150°C. For operation above 25°C ambient, derate by 6. 7mW/° C for the
metal can and 6.3mW/°C for the plastlc package.
4. Tiow: 0°C for 1458 and 1458C, —55°C for 1558. Thigh* +75°C for 1458 and 1458C, +125°C for 1558.
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2740

FET Input
Operational Amplifiers

Features
® HIGH INPUT IMPEDANCE 741 operational amplifier with the high input impedance
® HIGH GAIN characteristics of a monolithic dual field effect transistor
stage. It is intended for use in applications requiring
® LARGE COMMON MODE REJECTION OVER WIDE extremely low bias and offset currents such as high
INPUT VOLTAGE RANGE impedance filter sections and integrators. Equally versatile
® LOW POWER DISSIPATION in general feedback applications, the 2740 incorporates
output short-circuit protection, input overvoltage and
Description “latch-up” immunity, internal 6 dB/octave frequency

compensation, external offset voltage null capability, and

The Teledyne Semiconductor 2740 operational amplifier has the same pin configuration as the 741

combines the superior performance of the widely accepted

Equivalent Circuit Diagram

e T -
INVERTING | i ]
INPUT T . i
- 2! f
! ]
NON-INVERTING { H -
INBUT oﬁ—*ar : 741 >—~-~-~“oours>u“r
) 3! ] | 6

’L OidOL ITHIC DUAL
2 2TREY > 27Tk8

2%k

Voo OFFSET
NULL

Connection Diagram

E PACKAGE
8 LEAD METAL CAN

(TOP VIEW)
NC

OFFSET NULL

INVERTING ¢ OUTPUT
INPUT (-} ¢ O

NON-INVERTING ‘ ’ OFFSET NULL

NPT (+)

~Vee

Order Part Numbers:
2740BE, 2740CE,
2740DE

TELEDYNE SEMICONDUCTOR




2740 Op Amps

Absolute Maximum Ratings

2740B 2740C 2740D
Supply Voltage +22V +22V +22V
Input Voltage (Note 1) +15V +15V +15V
Differential Input Voltage (Note 1) 30V 30V 30V
Power Dissipation (Note 2) 800mwW 800mW 800mwW
Output Short Circuit Duration (Note 3) Indefinite Indefinite Indefinite
Storage Temperature -65°C/+150°C -65°C/+150°C -65°C/+150°C
Operating Temperature Range -55°C/+125°C 0°C/+100°C 0°C/+100°C
Lead Soldering Temperature 300°C 300°C 300°C
1/16" from Case, 10 seconds max.
NOTES: ‘
1. For supply voltages less than +15V, the absolute maximum 3. Short circuit may be to ground or either supply. Rating applies

input voltage is equal to the supply voltage. for case temperature up to the maximum operating temperature

o .
2. Rating applies for case temperatures up to the maximum or +75°C ambient temperature.

operating temperature. Derate linearly at 10.7mW/°C for am- 4. When using high impedance operational amplifiers, be sure to
bient temperature above +75°C. adequately decouple the power supplies.
Electrical Characteristics v =15V, Tp = 25°C
TEST 2740B 2740C 2740D
PARAMETER FIG TEST CONDITIONS | SYMBOL | MIN TYP MAX MIN | TYP |MAX MIN | TYP  MAX UNITS
Open Loop Voltage 1 Rg =0, R > 2K&Q Ao 90 94 90 94 86 90 dB
Gain Vin = £10V
Input Offset 1 Rg = 1MQ Vos 3 5 5 10 10 20 mV
Voltage Vin=0
Input Bias Current 2 Vin=0 Ig 10 50 10 50 20 50 pPA
Input Offset Current 2 Vin=0 los 5 25 5 25 10 25 PA
Input Resistance 2 Vi, =10V Rin 100 200 100 | 200 50 | 100 KmQ
Common Mode 3 CMRR Test CMVR 10 £10 +10 Vpk
Voltage Range Condition
Common Mode 3 Common Mode CMRR 60 80 60 80 60 80 aB
Rejection Ratio Input = +10V peak
Power Supply 1 Vin =0, Rg = 1MQ PSRR 60 80 60 80 60 80 dB
Rejection Ratio AVcc = 1V, each )
Supply Independent
Output Voltage Swing 4 Vin =10V, Vo 10 +10 +10 Vpk
Ry = 2KQ
CL < 100pF
Power Dissipation 4 Vin =0V Ppiss 80 90 80 90 90 | 100 mW
R = 2KQ
CL_ < 100pF
Ve = +15V, Ta = Tmin to Tmax unless otherwise noted.
Open Loop Voltage 1 Rs =0, R = 2KQ Ao 86 90 86 920 80 84 dB
Gain Vin =210V
Input Bias Current 2 Vin =0, Ig 1 10 1 10 1 10 nA
TA = TMAX only
Input Offset Current 2 Vin=0, los 0.5 5 0.5 5 0.5 5 nA
TA = TMAX only
Common Mode 3 CMRR Test CMRV =10 +10 +10 Vopk
Voltage Range Condition
Common Mode 3 Common Mode CMRR 60 74 60 74 60 74 dB
Rejection Ratio Input = £10V peak
Power Supply 1 Vin =0, Rg = 1KQ PSRR 60 74 60 74 60 74 dB
Rejection Ratio AVcc = 1V, each
Supply Independent
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2740 Op Amps

Electrical Characteristics (Cont'd.)

Vee = £158V, Ta = TmiN 10 Tmax unless otherwise noted.

TEST 2740B 2740C 2740D
PARAMETER FIG TEST CONDITIONS | SYMBOL | MIN | TYP| MAX | MIN | TYP| MAX | MIN | TYP | MAX UNITS
Output Voltage Swing 4 Vin = 210V, Vo 10 10 10 Vpk
R > 2KQ
Cp < 100pF
Input Offset Voltage 1 Vin=0, Rg=1KQ |(AVpg)T 5 10 5 10 5 15 mV
Drift
Power Dissipation 4 Vin =0, R = 2KQ Ppiss 50 | 100 50 | 100 60 | 110 mwW
C_ < 100pF
Test Circuits
o Vg W00 0K
él@hﬂ
|
1:%.'\’;'«
Fig. 1 Fig. 2 Fig. 3 Fig. 4
- &Vo 1 +12 AVIN PDISs =2 Vce x|
A0 =34 dB +20 LOG 7T B=—" CMRR =40dB +20 LOG [ ——————
AV|N — AVQ _aon YMAX - VIN
v _ 0S=10 ———m %
~ Vo los=11-12 VIN
0s~
112 I AVIN dVo
AVos IN = Alg ot =10% -90% Vg
PSRR =20 LOG ————
AVee
(AVos)T = Vs (Ta = MIN) — Vg (Ta = MAX) |

Typical Characteristics
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Typical Characteristics (Contd)
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Typical Applications

To insure a maximum phase margin when large inverting
input source resistors are employed, an external feedback
capacitance, C¢, is recommended to compensate for feed-
back lag due to the internal input capacitance (6 to 10pF).
No external capacitance is needed for a source resistance,
Rp. less than 20K ) For a source resistance greater than
20KS2, Cs = 10pF will insure stability for all gains.
Maximum bandwidth may be obtained for inverting gains,
Ro/Rq, greater than unity by using the relationship

TIME (uSEC)

OFFSET VOLTAGE (mV) POWER DISSIPATION (W)

VOLTAGE AMPLITUDE (mV)
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Voltage Regulators



104 Series

1042204304

Negative Voltage
Regulators

Features

® LOAD REGULATION 1mV WITH FULL LOAD

@ LINE REGULATION 0.01%/V

@ RIPPLE REJECTION 0.2mV/V

® TEMPERATURE STABILITY 0.3% OVER FULL
TEMPERATURE RANGE

Description

The 104, 204, 304 devices are high precision negative
voltage regulators which can be programmed by a single
external resistor to supply voltages from -40V to 0OV
while operating from a single unregulated supply. Their
current capability can be boosted with the addition of an

Equivalent Circuit Diagram

ADIUSTMENT

external pass transistor. When used with a separate,
floating, pre-regulated bias supply it can provide better
than 0.01% line regulation. External resistors are used to
control the output current limiting in either constant or
fold-back modes. When used in conjunction with the 105
positive voltage regulator, complementary operation can
be achieved. Although designed primarily as a series
regulator, the 104 can be used as a switching regulator,
current regulator, or in various control applications,

The 104 operates over the military temperature range of
-55°C to +125°C. The 304 is the commercial version
which operates from 0°C to +70°C. The 204 is the same as
the 104 except its performance is guaranteed from —25°C
to +85°C.
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104 Series Regulators

Absolute Maximum Ratings

104 204 304
Input Voltage 50V ' 50V 40V
Input-Output Voltage Differential 50V 50V 40V
Power Dissipation (Note 1) 500mwW 500mW 500mwW
Storage Temperature Range -65°C/+150°C -65°C/+150°C -65°C/+150°C
Operating Temperature Range -55°C/+125°C -25°C/+85°C 0°c/+70°C
Lead Temperature (Soldering, 10 sec.) 300°C 300°C 300°C
Junction Temperature 150°C 150°C 150°C
Electrical Characteristics (note 2) 104
PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Input Voltage Range —-50 -8.0 \Y
Output Voltage Range —40 -0.015 \Y
Output/Input Voltage Differentiai (Note 3) louT =20 mA 2.0 50 \
louT = 5 mMA 0.5 50 \%
Load Regulation (Note 4) 0<lgyT<20mA Rgc=15%Q 1.0 5.0 mV
Line Regulation (Note 5) VouT < -5V,AV|N=0.1 VN 0.056 0.1 %
Ripple Rejection C19 =10 uF, ViN = 15V 0.2 05 mV/V
f=120He, —-7V=V|y=-156V 05 1.0 mV/V
Output Voltage Scale Factor R923=2.4 k&2 1.8 20 2.2 V/k§2
Temperature Stability VouT < -1V, 55 C<Tp < 125°C 0.3 1.0 %
Output Noise Voltage 10 Hz < f < 10 kHg, Ci9=0 0.007 %
VouTt < -5V, C19=1OuF 15 uV
Standby Current Drain IL=5mA VouTt =0 2.1 25 mA
VouTt = —40V 3.6 5.0 mA
Long Term Stability Vout<-1V 0.1 1.0 %
Electrical Characteristics (Note 2) 304
PARAMETER CONDITIONS MIN. TYP, MAX. UNITS
Input Voltage Range —40 -8.0 \%
Output Voltage Range -30 —0.035 \%
Output/Input Voltage Differential (Note 3) louT =20 mA 2.0 40 \%
louT = 5mA 05 40 Vv
Load Regulation (Note 4) 0<lpyT <20mMA,Rgc =15 1.0 5.0 mV
Line Regulation (Note 5) VouT < -5V,AV|y=0.1 VN 0.056 0.1 %
Ripple Rejection C1g = 10 uF, ViN<—-15V 0.2 05 mvV/V
f=120He, —7IV>V|y=-15V 05 1.0 mV/V
Output Voltage Scale Factor Ro3=2.4 k2 1.8 2.0 2.2 V/kQ
Temperature Stability VouT <—1V,0°C < Tp <70°C 0.3 1.0 %
Output Noise Voltage 10 Hz < f < 10 kHz, Cig=0 0.007 %
VouT < -5V, C1g =10 uF 15 uV
Standby Current Drain Vout =0 21 25 mA
IL=5mA
Vout =—-30V 3.6 50 mA
Long Term Stability Voutr<—-1V 0.1 1.0 %
NOTES:

1. For operating at elevated temperatures, the device must be de-rated, based on 150°C maximum junction temperature for the 104 and 85°C
for the 304 and a thermal resistance of 45°C/W junction to case or 150°C/W junction to ambient. Peak dissipations to 1.0W are allowable
providing the dissipation rating is not exceeded with the power averaged over a two second interval.

2. These specifications apply for junction temperatures between —55°C and 1560°C (between 0°C and 65°C for 304) and for input and output
voltages within the ranges given, unless otherwise specified. The load and line regulation specifications are for constant junction tempera-
ture. Temperature drift effects must be taken into account separately when the unit is operating under conditions of high dissipation.

3. When external booster transistors are used, the minimum input-output voltage differential is increased, in the worst case, by approximately
one volt. '

4. 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.

5. With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between 0V and —5V,a DC
output variation, determined from the ripple rejection, must be added to find the worst-case line regulation.
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L Series Regulators

Typical Characteristics
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‘E@aﬁ Series R@guﬂutérs

Typical Characteristics (Contd.)
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Typical Applications

Due to the wide variation of possible conditions under which these devices can be operated, it becomes difficult, if not
impossible, to put worst-case limits on the device that cover more than one or two ‘‘spot’’ conditions. Rather than elimi-
nate this information entirely, we have chosen to present it in the following way. In this section are a set of curves with
the attendant design rules that allow them to be used for “worst case’’ designs.
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eries Regulators

Typical Applications (contd)

Determine the maximum allowable power dissipation, Pp .
Using the highest ambient temperature in which the device
is expected to operate, and the maximum junction tempera-
ture permitted (see absolute maximum ratings), and pick off
the maximum allowable power dissipation.

EXAMPLE: The regulator will be called on to operate in
ambient temperatures of Ty = 60°C maximum. The junc-
tion temperature has been restricted to T; = 125°C maxi-
mum. The maximum allowable power dissipation, Pp, is
400mW.

Determine the maximum allowable power dissipation due to
the load current alone. Thisisdone by subtracting the power
dissipation due to standby current from Pp.

Pp (load) = Py (total) — (V|y x IstanDBY )

EXAMPLE: V|y =25V, IsTANDBY = 2mA (from table of
electrical characteristics). Pp = 400mW .. Pp (load) =
400mW — (25V x 2mA) = 400 —50 = 350mW.

Determine the maximum IC regulator load current allowable.
Note: This is the load current the 104 can deliver under
your specified conditions. It is not the total load current
your regulator design will be able to deliver. That is deter-
mined by external transistors that will be added. Use the
Pp (load) and the V|y —VgouTt already determined.

EXAMPLE: With Py (load) = 350mW and Vin —VouT =
25V the maximum load current is 14mA.

Determine the size of the programming resistor used to set
the value of the output voltage.

EXAMPLE: Vout =5V .. Ry = 2.4Q and Ry = 2.5k
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Typical Applications (contd.)

OPERATING WITH SEPARATE

BIAS SUPPLY
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105 Series

1052205°305°305A

Voltage Regulators

Features

OUTPUT VOLTAGE ADJUSTABLE FROM 4.5V TO
40V

OUTPUT CAPABILITY UP TO 10A USING EXTERNAL
TRANSISTORS

LOAD REGULATION GUARANTEED 0.1% FULL LOAD
LINE REGULATION GUARANTEED 0.03%/V

RIPPLE REJECTION 0.01%/V

DESIGNERS’ GUIDE SIMPLIFIES REGULATOR DESIGN

Equivalent Circuit Diagram

Description

The Teledyne Semiconductor 105, 205, 305, and 305A
precision voltage regulators feature a single monolithic
substrate using planar epitaxial techniques. This positive
voltage regulator is designed for use in linear and switching
regulator circuits. External transistors can be used to
increase the output current capability to greater than 10A.
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Absolute Maximum Ratings

105 Series Regulators

105 205
Input Voltage 50V 50V
Input/Output Voltage Differential 40V 40V
Internal Power Dissipation (Note 1)
Metal Can (H) 800mwW 800mW
Flatpack (F) 650mWwW 650mwW

Storage Temperature Range

-65°C to +150°C

-65°C to +150°C

Operating Temperature Range

-55°C to +125°C

-25°Cto +85°C

Lead Soldering Temperature (60 sec) 300°C 300°C
Junction Temperature 150°C 150°C
305 305A
Input Voltage 40V 50V
Input/Output Voltage Differential 40V 40V
Internal Power Dissipation (Note 1)
Metal Can (H) 800mW 800mW

Storage Temperature Range

~65°C to +85°C

-65°C to +150°C

- Operating Temperature Range

0°C to +70°C

0°C to +70°C

Lead Soldering Temperature (60 sec.) 300°C 300°C
Junction Temperature 85°C 150°C
NOTES:
1. For operation at elevated temperatures, the devices must be derated by the thermal resistance method (TO5...150° C/W, junction to

ambient, or 45° C/W junction to case; flatpack . . .

185° C/W when mounted on 1/16” thick epoxy glass board with ten, 0.03"" 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 105 and 205, and averaged over a 2 second interval for the 305.

tlectrical Characteristics

105 205
PARAMETER CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Input Voltage Range 8.5 50 8.5 50 \
Output Voltage Range 4.5 40 4.5 40 \
Input/Output Voltage 3.0 30 3.0 30 \%
Differential
Load Regulation (Note 3)
105 0<lg<12mA
Rsc =100, Ta =25°C 0.02 0.05 %
Rsc =109, Tao=125°C 0.03 0.1 %
Rsc =109, Ta=-55°C 0.03 0.1 %
205 0<lp<12mA
Rsc=10Q, Ta =25°C 0.02 0.05 %
Rsc =109, Ta=85°C 0.03 0.1 %
Rgc =109, Ta = -25°C 0.03 0.1 %
Line Regulation VIN - VouT <5V 0.025 0.06 0.025 0.06 %IV
VIN - VouT > 5V 0.015 0.06 0.015 0.03 %IV
Ripple Rejection CREF = 10uF, f = 120Hz 0.003 0.01 0.003 0.01 %IV
Temperature Stability
105 -55°C < Tp <125°C 0.3 1.0 %
205 -25°C < Tp <85°C 0.3 1.0 %
Feedback Sense Voltage 1.63 1.7 1.81 1.63 1.7 1.81 \%
Output Noise Voltage 10Hz < f < 10KHz
CReEr =0 0.005 0.005 %
CREF > 0.1uF 0.002 0.002 %
Current Limit Sense Rsc =109, Ta = 25°C, 225 300 375 225 300 375 mV
Voltage VouT =0V
Standby Current Drain VN = 50V 0.8 2.0 0.8 2.0 mA
Long Term Stability 0.1 1.0 0.1 1.0 %
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Electrical Characteristics (Contd)
305 305A
PARAMETER CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Input Voltage Range 8.5 40 8.5 50 \%
Output Voltage Range 4.5 30 4.5 40 \%
Input/Output Voltage 3.0 30 3.0 30 \%
Differential
Load Regulation (Note 3)
305 0<lp<12mA
Rgc =108, Ta = 25°C 0.02 0.05 %
Rgc =150, Ta =70°C 0.03 0.1 %
Rsc =108, Tpo=0°C 0.03 0.1 %
305A 0<Ilp<45mA
Rgc =08, Tp = 25°C 0.02 0.2 %
Rgc=0Q, Ta=70°C 0.03 0.4 %
Rsc=0Q, Tpo=0°C 0.03 0.4 %
Line Regulation ViIN - VouT <5V 0.025 0.06 0.025 0.06 %IV
VIN - VouT > 5V 0.015 0.03 0.015 0.03 %IV
Ripple Rejection CREF = 10uF, f = 120Hz 0.003 0.01 0.003 %IV
Temperature Stability 0°C<Tp<70°C 0.3 1.0 0.3 1.0 %
Feedback Sense Voltage 1.63 1.7 1.81 1.55 1.7 1.85 \
Output Noise Voltage 10Hz < f < 10KHz
CReg =0 0.005 0.005 %
CREF > 0.1uF 0.002 0.002 %
Current Limit Sense Rsc =108, Ta = 25°C, 225 300 375 225 300 375 mV
Voltage (305A Note 4) VouT = 0V
Standby Current Drain VN = 40V 0.8 2.0 mA
VN = 50V 0.8 2.0 mA
Long Term Stability 0.1 1.0 0.1 1.0 %

NOTES:

1. For operation at elevated temperatures, the devices must be derated by the thermal resistance method (TOS5. . .150°C/W, junction
to ambient, or 45°C/W junction to case: flatpack. . .185°C/W when mounted on 1/16" thick epoxy glass board with ten, 0.03"
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 105 and 205, and averaged over a 2 second interval for the 305.

2. Theoutputcurrents 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.

3. 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.

4. (305A only) With no external pass transistor.

Typical Characteristics
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Typical Characteristics (cContd.)
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Typical Applications

OUTPUT CURRENT (mA)

105 Series Regulators
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Due to the wide variation of possible conditions under which these devices can be operated, it becomes difficult if not impossible,
to put worst-case limits on the device that cover more than one or two “‘spot’’ conditions. Rather than eliminate this information
entirely, we have chosen to present it in the following way. In this section are a set of curves with the attendant design rules that
allow them to be used for ““worst-case’’ designs. The intention has been to present in a 1, 2, 3 fashion the basic applications in-

formation to make best use of the device.
STEP 1. Determine the maximum allowable
power dissipation, Pp, from Chart 1.
Use the highest ambient temperature in
which the device is expected to operate,
and the maximum junction tempera-
ture permitted (see absolute maximum
ratings), and pick off the maximum
allowable power dissipation.
EXAMPLE: The regulator will be called on
to operate in ambient temperatures of Tp =
60°C maximum. The junction temperature
has been restricted to Tj = 125°C maximum.
The maximum allowable power dissipation,
Pp, is 400mW.
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Series Regulators

Typical Applications (Contd)

STEP 2.

STEP 3.

STEP 4.

STEP 5.

Pick the typical line regulation your CHART 2 EXAMPLE: Desired line regulation is
regulator should exhibit, and determine SUPPLY VOLTAGE REJECTION 0.003%/V. From Chart 2 a VN
from Chart 2 the input/output voltage _m Vour = 50V 1 ~Vourt of 20V should be used.
differential necessary to achieve this 3 0.05 s
performance. This chart is also used g
to determine whether or not it is nec- S om S
essary to bypass the interval reference g Ml
. . W 0.01 g "“\w.g,
of the regulator with a bypass capaci- g N
tor. At this point the input voltage, gaoos i SO 7, 5
VN, has been determined by Vg = 2 -
Vv z e, REFERENCE
(Vin -Vout) -Vour- £ o002 BYPASS
» T caraciton
0.001 =

1 2 5 10 20 50

INPUT OUTPUT VOLTAGE DIFFERENTIAL (V)
Determine the maximum allowable Pplioad)y = Pp (total) — (V| x ISTANDBY)
power dissipation due to the load cur- EXAMPLE: VN = 25V, |STANDBY = 2mA (from table of electrical

characteristics). Pp = 400mW (from Step 1). . Pp (load)

rent alone. This is done by subtracting = 400mW — (25V x 2mA) = 400 -50 = 350mW

the power dissipation due to standby
current from Pp found in Step 1.

Determine the maximum IC regulator CHART 3 EXAMPLE: With Pp (load) = 350mwW
load current allowable from Chart 3. LOAD CURRENT and VN -VouT = 25V the max. load -
Note: This is the load current the N [ current, from Chart 3, is 14mA.
105 can deliver under your specified zz W oo v | 1oy |zov ztv
conditions. It is not the total load cur- 2 . 4/ P4
rent your regulator design will be able £ " IiViV &4 N
to deliver. That is determined by ex- g i/ e s ]
ternal transistors that will be added. 5 ||/ /| /|// 0"~
Use the Pp (load) determined in Step ¢ LA
3 and the V|y -VouyT determined in S .
Step 2. .
!
’ 0 200 400 600 800 1000
POWER DISSIPATION (mW)
Determine the size of the two resistors CHART 4 EXéAMPLE: VouT =5V ~Rq = 1.18 x
used to set the value of the output OPTIMUM DIVIDER RESISTANCE VALUES 10° x 5V = 5.92kQ. Ry (from chart) =
voltage from Chart 4. Note: Cq should 32 R 3.1k
always be 47 pF. 10 R1=1.18Vour X 10°_|
I 28
g N 3 \ Vout = 5V
,‘Z_‘ 26 < Ry = 5.92k82
@ S >
g 24 \\'?i‘
22 Vi = Ry = 3.1k
2.0 GROUND
5 10 20 50

OUTPUT VOLTAGE (V)
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Typical Applications (contd.)

STEP 6.

STEP 7.

STEP 8.

Determine the size of the current limit-
ing resistor from Chart 5. (This method
does not work when foldback current
limiting is used). Use the maximum
junction temperature that was used in
Step 1 to find the sense voltage that
will initiate current limiting. Calculate
thevalue of the current limiting resistor
from the formula, Rsc = Vgense /
ILoaD. where I oap is the maximum
regulated output current of the regula-
tor design.

Determine the value of Igc, output
current with output shorted to ground,
from Chart 6. For the maximum junc-
tion temperature, find the short circuit
sense voltage, Vgc sense. Then calcu-
late the value of Igc from Igc = Vg¢

sense /Rsc-

SENSE VOLTAGE (mV)

CURRENT LIMIT SENSE VOLTAGE (V)

260

105 Series Regulators
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CHART 5 EXAMPLE: For a regulator designed
with a max. design junction temperature
of Ty = 125°C and a 200 MA ljgad Out-
put current, from Chart 5:

Rgc = 130mV/200mA = 0.65%2.
AN
\
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\\
N
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CHART 6

JUNCTION TEMPERATURE (°C)

EXAMPLE: For a regulator designed

0.7

with a max. junction temperature of Ty =

0.6

125°C, then from Chart 6, VgC SENSE
= 0.3V and Ig¢ = 0.3V/0.65% from Step

6, Isc = 460mA.
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Select external pass transistor Qq. Use ljpaq found in Step 4 for the base drive to the transistor, which must be able
to pass the max. load current for the regulator with the minimum data sheet hgg for Qq. The device must dissipate
steady state Pp where Pp = (Vin =VouT) (lioad) Step 6. If the design is to be short-circuit protected, the transistor-
sink combination must be able to withstand Pp = (VN) (Isc) for the appropriate length of time. In the event that a
device meeting these requirements cannot be found, it may be necessary to go to a foldback current limiting con-

figuration.
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Typical Applications (contd.)

10A REGULATOR WITH
FOLDBACK CURRENT LIMITING
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376

Voltage Regulators

Features Description

® OUTPUT VOLTAGE +5 TO 37V The Teledyne Semiconductor 376 is a positive voltage regu-
lator designed primarily for commercial product applications.

® OUTPUT CURRENT 25mA

. The device is especially useful because it is packaged in
® LOAD REGULATION 0.2% an 8-pin MINIDIP for reduced size and low cost. Used
@ LINE REGULATION 0.03%/V independently, the device will supply 26mA; with the addi-
® LOW STANDBY CURRENT DRAIN tion of external pass elements, any desired load current

can be achieved. The circuit features extremely low standby
current drain, and provision is made for either linear or
foldback current limiting.

Equivalent Circuit Diagram
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Absolute Maximum Ratings

Input Voltage 40V
Input-Output Voltage Differential 40V
Power Dissipation (Note 1) 400mwW
Operating Temperature Range 0°C to 70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C
Electrical Characteristics
PARAMETER CONDITIONS 376 UNITS
MIN TYP MAX
Input Voltage Range 9.0 40 \%
Output Voltage Range 5.0 37 \)
Input/Output Voltage 3.0 30 Vv
Differential
Load Regulation 0<\lgp <25mA
Rsc = 082, Ta = 25°C 0.2 %
Rsc = 0§2, Ta = 70°C 0.5 %
Rsc =082, Ta = 0°C 0.5 %
Line Regulation Ta =25°C 0.3 %/V
.1 %/V
Ripple Rejection f=120Hz, Tp = 25°C 0.1 %/V
Standby Current Drain Vin = 30V, T = 25°C 2.5 mA
Reference Voltage 1.60 1.72 1.80 \%
Current Limit Sense Voltage .360 \%

NOTES: 1.

a thermal resistance of 187°C/W junction to ambient.
2. These specifications apply for an operating temperature between 0°C and 70°C.

Typical Applications

BASIC POSITIVE REGULATOR WITH CURRENT LIMITING
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For operating at elevated temperatures, the device must be derated based on a 100° C maximum junction temperature and
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376 Regulator

Typical Applications (Cont'd.)

1.0A REGULATOR WITH PROTECTIVE DIODES
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723

Voltage Regulators

Features

® POSITIVE OR NEGATIVE SUPPLY OPERATION
® SERIES, SHUNT, SWITCHING OR FLOATING

APPLICATIONS

® HIGH PERFORMANCE LINE AND LOAD

REGULATION — .01%

® | OW OUTPUT VOLTAGE DRIFT — .002%/°C TYP
® BASIC OUTPUT CURRENT 150mA — BOOSTABLE
® ADJUSTABLE OUTPUT VOLTAGE — 2 TO 37 VOLTS

Equivalent Circuit Diagram

Description

The Teledyne Semiconductor 723 is a monolithic voltage
regulator constructed using planar epitaxial techniques. The
device consists of several basic regulator building blocks of
temperature compensated reference and buffer amplifier,
error amplifier, power series pass transistor, and current
limiting circuitry. This device features extremely low output
voltage drift with temperature and is ideally suited as a
positive or negative regulator in series, shunt, switching, or
floating applications. The output current capability of the
723 is 150mA which can be boosted by the addition of
external PNP or NPN pass elements.
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723 Regulator

Absolute Maximum Ratings

723 723C

Input/Output Voltage Differential 40V 40V
Maximum Qutput Current 150mA 150mA
Pulse Voltage from V¥ to V— (50 msec) 50V 40V
Continuous Voltage from V¥ to V-~ 40V 40V
Current from VRgfr 15mA 15mA
Current from Vz 25mA 25mA
Internal Power Dissipation (Note 1) “E"" Package 800mW 800mW

TO-116 “"L" Package 900mW 900mW

TO-116 ""J"" Package NA 780mW
Storage Temperature Range -65°C/+150°C -65°C/+150°C
Operating Temperature Range -55°C/+125°C 0°C/+70°C
Lead Temperature (Soldering, 60 sec) 300°C 300°C

Electrical Characteristics at Tp = 25°C, Viy = V5 =V =12V, V7 =0, Vout =5V, I = TmA, Rgc =0,

C1 = 100 pF, Crer = 0 and divider impedance as seen by error amplifier <10 KS2
connected as shown in Figure 1 (Unless Otherwise Specified)

Parameter Conditions Min. ;5?) Max. | Min. 13,?)(: Max. Units
Line Regulation Vin= 12V to Vi = 15V 0.01] 0.1 0.01 0.1 %VouT
(Note 7) Vin= 12V to Vi = 40V 0.02| 0.2 0.1 0.5 %VouT
—55°C <Tp <+125°C, V) = 12V to V|y= 15V 0.3 %VouT
0°C <Ta <70°C, V|y = 12V to V| = 15V 0.3 %VouT
Load Regulation I =1mAtol_ =50 mA 0.03,0.15 0.03} 0.2 %VouT
(Note 7) —55°C <Tp<+125°C, I_ = 1 mA to I_ =50 mA 0.6
0°C<TA<70°C, I, = 1TmA to I, =50 mA 0.6 %VouT
Ripple Rejection f=50Hz to 10 kHz, Cggr = 0 74 74 dB
f= 50 Hz to 10 kHz, Crgg =5 uF 86 86 dB
Average Temperature —55°C<<Ta <+125°C 0.002/0.015 %/°C
Coefficient of Output 0°C<TA<70°C 0.003]0.015 | %/°C
Voltage
Short Circuit Current Rsc = 1082, VouTt =0 65 65 mA
Limit
Reference Voltage 6.95 7.15,7.35  6.807.15 7.50 \%
Output Noise Voltage BW = 100 Hz to 10 kHz, Crer = 0 20 20 MV ms
BW =100 Hz to 10 kHz, Cgreg =5 uF 2.5 2.5 MV rms
Long Term Stability 0.1 0.1 %/1000 hrs
Standby Current Drain | 1 =0, V|y= 30V 23 135 2.3 (4.0 mA
Input Voltage Range 9.5 40 (95 40 Vv
Output Voltage Range 2.0 37 120 37 \
Input-Output Voltage 3.0 38 3.0 38 \%
Differential
NOTES:

1. Derate linearly at 6.8mW/°C for metal can package, 9mW/° C for Ceramic Dual-In-Line package, and 6.3mW/°C for plastic Dual-In-Line
package for operation at ambient temperatures above 25°C.

L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core or equivalent with 0.009" air gap.

Figures in parentheses may be used if R1 /R2 divider is placed on opposite side of error amp.

Replace R1/R2 in figures with divider shown in Figure 13.

VT must be connected to a +3V or greater supply.

For metal can applications where Vz is required, an external 6.2 volt zener should be connected in series with VoyT-

NN

Line and load regulation specifications are given for the condition of constant chip temperature. Temperature drifts must be taken account
separately for high power dissipation.
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723 Regulator

Typical Performance
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723 Regulator

Typical Performance (cont'd.)

CURRENT LIMITING CURRENT LIMITING STANDBY CURRENT DRAIN
CHARACTERISTICS CHARACTERISTICS VS. INPUT VOLTAGE
723 723C 723
12 Vour < BV, Vi = 112V Rl s T Rl o ey
Age = 1062 Vour = #8V =0
o 1o fAge = 10ML
> : 40
w
w w
2 g <
g o 508 E Taz 55 C
> g (= 3.0
£ - 2 ALz C
0.6 2 0.6 L o .
£ £ STET < e
5] 2 IR =0 = 3 o P T = 125 €
S 5 = S M =1 8= > 20 - "2
E 0.4 ? e B B ] E 04 s SX3 = o § | ]
< Rt I < Z
- N o n - 7S
) ot Gt G & 02 2 a0 -~
0 20 40 ’ °
60 80
100 0 20 a0 60 80 100 o T s pos w0 w0
OUTPUT CURRENT - mA OUTPUT CURRENT - mA INPUT VOLTAGE - V
LINE REGULATION DYNAMIC LOAD REGULATION
STANDBY CURRENT DRAIN VS. INPUT-OUTPUT VS. INPUT-OUTPUT
VS. INPUT VOLTAGE VOLTAGE DIFFERENTIAL VOLTAGE DIFFERENTIAL
723C 723 723
50 - gy +0.3 T 02 oy v
723 Vout = VReF Vouy = +BY 723 Vi = 212V
. [ - Rge =0 E Yoyt = 8V
Ta w4250 ‘;sc 22 ¢
W= 43V “ 25 C
a0 02 |L=1’mA b . o1 tfﬂmA TO iy =50 mA
E 5 3
Z 30 S o * o
% Taso C[ * ' 723 z ]
g i H =1 o
§ v P e = . ”0[ e | £ . - | g —on .
8 e s 3 o -
2 4 3
= L 3
1.0 -0.1 -02
0 -02 -03
0 10 20 30 40 50 -5 5 15 25 35 45 -5 5 15 2 35 45
INPUT VOLTAGE - V Vin - Vourh V Vi - Vour) v
LINE TRANSIENT OUTPUT IMPEDANCE LOAD TRANSIENT
RESPONSE VS. FREQUENCY RESPONSE
723 723 723
6.0 ; gy 4.0 10 ; 12
73T bt varrane MR T 25 L aD current Vi = +12V
ot = BV Vour = +6V.4410
> ! R S [ Iy, = 40 mA
E a0 TATEC 20 € g0 Ta=25°C ]
> j Rge =0 il E \ Rge=0
S a i Qo [
e R o 5 T
3 20 o 9 i E 4.0 g‘
o < Hi i a =4
“ 0N OUTPUT VOLTAGE 2 I w P ¥ N -0 &
< f 5 i i A e S
50 -20 = 50 o o
3 \ 5 3 T OuTRUT VOLTAGE 2
> 01 i > 2
e e = y -20 §
=1 2 oo i 2 -
& ° Vour = ¢ 13 !
5 -20 -4.0 Vi = +12V 5 40
° Rge = 0 ° X
Ta®+26°C -30
1y = 50 mA U
_a0 -6.0 o1 Tt} -80
o 5 15 2 35 a5 100 1K T0K 100K ™ [ 15 25 35 45
TIME - us FREQUENCY - Hz TIME - s

87



723 Regulator

Typical Applications

TABLE| RESISTOR VALUES (kS2) FOR STANDARD QUTPUT VOLTAGES
Positive Applicable | Fixed Output | Output Adjustable Negative Applicable | Fixed Output 5% Output
Output Voltage | Figures 5% $10% (Note 4) Output Voltage Figures 5% Adjustable £10%
(Note 3) R1 Ro R1q Pq Ro (Note 3) R1 R2 Rq Pq Ro
+3.0 1,5,6,9, 412 3.01 {18 05 1.2 +100 7 3.57 102 22 10 91
12(4)
+3.6 1,5,6,9, 3.57 365 15 05 1.5 +250 7 3.57 255 122 10 240
12(4)
+5.0 1,5,6,9, 2.15 499 10.75 05 2.2 —6 3,(10) 3.57 243 1 1.2 05 0.75
12(4) (Note 5)
+6.0 1,5,6,9, 1.15 6.04 | 05 {05 2.7 -9 3,10 3.48 536 { 5.36 0.5 2.0
12(4)
+9.0 2,4,(5,6, 1.87 7.15 [0.75 1.0 2.7 —-12 3,10 3.57 8.45 | 8.45 0.5 3.3
12,9)
+12 2,4,(5,6, 4.87 715 120 {10 3.0 —15 3,10 3.65 115 1.2 105 4.3
9,12)
+15 2,4,(5,6, 7.87 7.15 1 3.3 {10 3.0 —28 3,10 3.57 24.3 1.2 {105 10
9,12)
+28 2,4,(5,6, [21.0 7.15 156 | 1.0 2.0 —45 8 3.567 41.2 2.2 10 33
9,12)
+45 7 3.57 48.7 2.2 10 39 —100 8 3.57 976 | 2.2 10 91
+75 7 3.57 78.7 2.2 10 68 —250 8 3.57 249 2.2 10 1240
TABLE Il FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES
Outputs from +2 to +7 volts Outputs from +4 to +250 volts Current Limiting
[Figures 1, 5,6,9, 12, (4)] [Figure 7] VSENSE
v “ v X Ro ] v ‘[VREF X R2+H1]R -R LMt = Rsc
ouT REF Ry + Ry out = [—— T 3=Rg
Outputs from +7 to +37 volts Outputs from —6 to —250 volts Foldback Current Limiting
[Figures 2, 4, (5,6, 9, 12)] [Figures 3, 8, 10] | [VOUT R3 Vsense (R3 + Rg)
KNEE =
Ry +R v Rsc R4 Rsc Ra
VOUT:[VREFX'%] VOUT=[ﬂxR1_+R_2] R3= Ry
2 R1 _ . VseNse _R3+Rg
ISHORT CKT=[ ——— x ——1
Rsc Ra
NOTE: Line and Load Regulation in Figures 1 through 12 are shown in mV for the convenience of the experimenter in relating to his actual meter readings.
Figure 1 Figure 2
BASIC LOW VOLTAGE REGULATOR BASIC HIGH VOLTAGE REGULATOR
(VouT =2 to 7 Volts) (VouT = 7 to 37 Volts)
WVing Yin
M\;—“—}VC ] Ve I\’c
Your Vagr Your
Vaes
figg
7 o fs 73 o ]
i S
h cs 8
lc“" N Ny AR NV M
:{: : fig v comp i’;%; Ve comp
i I = .
L] il S
. r. < R1 R2 . .
Note: Rz = for minimum temperature drift.
Note: Rz = R1.R2 ¢or mini if R1*R2
: Rz =_1_< for minimum temperature drift.
R1+R2 R3 may be eliminated for minimum component count.
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Regulated Output Voltage 5V Regulated Output Voltage i5Vv
Line Regulation (AVin=3V) 0.5 mV Line Regulation (AVin=3V) 1.5mV

Load Regulation (Al =50 mA) 1.6 mV

Load Regulation (Al_=50 mA) 4.5 mV
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Typical Applications (cont'd.)

Figure 3
NEGATIVE VOLTAGE REGULATOR

VRer Vourt

vz

25081

REGULATED
OUTPUT

TYPICAL PERFORMANCE

Regulated Output Voltage -15V

Line Regulation (Ain =3 V) 1mvV

*Note 6 Load Regulation (Al = 100 mA) 2mV
Figure 5

POSITIVE VOLTAGE REGULATOR
(External PNP Pass Transistor)

T

v v
2N5C01

r—~ VRer Vour
¢ V2 foeme

£ 723 gL
LN Y T
REGULATED
Ry . jfo’“? OUTPUT
Im nE
TYPICAL PERFORMANCE

Regulated Output Voltage +5 V
Line Regulation (AVin=3V) 05mV
Load Regulation (Al =1 A) 5mV
Figure 7

POSITIVE FLOATING REGULATOR

Vi

fa
by - o & B
S gaokagh

©1 36V
11384 fig 192
R iy .L
Ve SOMP
. "o [owe 7%,
30K B00pF

e REGULATED
= OUTPUT

TYPICAL PERFORMANCE
Regulated Output Voltage +50 V
Line Regulation (AVin=20V)}) 15mV
*Note 6 Load Regulation (Al =50 mA) 20 mV

723 Regulator

Figure 4

POSITIVE VOLTAGE REGULATOR
(External NPN Pass Transistor)

REGULATED
DUTPUT

TYPICAL PERFORMANCE

Regulated Output Voltage +15 V
Line Regulation (AVin =3 V) 1.5 mV
Load Regulation (Al =1 A) 15 mV

. Figure 6
FOLDBACK CURRENT LIMITING

REGULATED
QUTPLIT

c8

__J
s

L Ny h

g I;_ _lcome
¢
e
TYPICAL PERFORMANCE

Regulated Output Voltage +5V
Line Regulation (AVin=3V) 0.5mV
Load Regulation (Al =10 mA) 1mV

Current Limit Knee 110 mA
Short Circuit Current 20 mA
Figure 8

NEGATIVE FLOATING REGULATOR

Vi
Rg 10K
Vi Ve
h Vaer Vour e Té,‘(p
vz 7
e 2N5287
1426 & py -
bk 30 I
K2
[y —
N wv T
Rg C1
R EXTC I A % come i 1000F
REGULATED

QUTPUT

TYPICAL PERFORMANCE

Regulated Output Voltage —-100 V
Line Regulation (AVin=20V) 30 mV

*Note 6 Load Regulation (Al = 100 mA) 20 mV




723 Regulator

Typical Applications (cont'd.)

Figure 9
POSITIVE SWITCHING REGULATOR

Vi
ve

Vrir 2071 D1 Heode

T

g B =
g o W REGULATED
OUTPUT
cs
% €2 1004F
{come

TYPICAL PERFORMANCE

Regulated Output Voltage +5 V
Line Regulation (AVin=30V) 10mV
**Note 2 Load Regulation (Al|_=2 A) 80 mV
Figure 11
REMOTE SHUTDOWN REGULATOR WITH
CURRENT LIMITING
Vi
] Y+ Ve
Ry
Vrge Your WA
AREGULATED
QUTPUT
"y 723 o
s
[ERN NV
i Jj‘ Wum:c
& : INPUT
Iamf 2M3646
Note: Current limit TYPICAL PERFORMANCE
transistor may be
used for shutdown R}egulated Otftput Vqltage +5V
if current limiting Line Regulation (AVin=3V) 0.5mV

is not required.

Figure 13

OUTPUT VOLTAGE
ADJUST

#1

Load Regulation (Al_ =50 mA) 1.5 mV

Figure 10
NEGATIVE SWITCHING REGULATOR
Viy
i
_[j ?V* ,Vc ?351 Ty ZNATIE
R et YREF Vour —-——"%
1
s i WOV
- 2NB287 R
[ o.1uF 723 €L e b
‘éﬂs Ly
3K 1.2mb
C§ e
REGL
Ry 1KS oﬁ%’?&?m
5 A% R BAY fronnt
#; V- lcowme Ay
Ry e l
%wg oy 1spe KO C2 1004F
i I

TYPICAL PERFORMANCE

Regulated Output Voltage —-15V
Line Regulation (AVin = 20 V) 8 mvV
*Note 6 **Note 2 Load Regulation (Al =2 A) 6 mV
Figure 12
SHUNT REGULATOR
Vi
Vagr Vaour
vz Tt ZNAT1E
1008
ay [T .
[ - =
Y AN
Rz Jj_ H{i,GMP
Cy
e e b G F
TYPICAL PERFORMANCE
Regulated Output Voltage +5V
Line Regulation (AVin=10V) 0.5 mV
*Note 6 Load Regulation (Al = 100 mA)1.5 mV
Figure 14
EQUIVALENT CIRCUIT
FREQUENCY
v COMPENSATION
&
TEMPERATURE T
COMPENSATED Vi
ZENER
INVERTING
INPUT

red ™

[oum—
NONINVERTING
INPUT

SERIES PASE

AT I TRANSISTOR

>

& Voury

*
.
VOLTAGE cusrenT | -
REFERENCE AENT S & SURRS
AMPLIFIER - ARAE 5
ERROR CURRENT
AMPLIFIER LIMITER

* Vz connection is only available in “dual”’

in-line package."’
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823

Voltage Regulators

Features

® POSITIVE OR NEGATIVE SUPPLY OPERATION
® SERIES, SHUNT, SWITCHING OR FLOATING

APPLICATIONS

@ HIGH PERFORMANCE LINE AND LOAD

REGULATION — .01%

® LOW OUTPUT VOLTAGE DRIFT — .002%/°C TYP.
® BASIC OUTPUT CURRENT 150mA — BOOSTABLE
® ADJUSTABLE OUTPUT VOLTAGE — 2 TO 37

VOLTS

Equivalent Circuit Diagram

Description

The Teledyne Semiconductor 823 voltage regulator is
constructed on a single monolithic silicon substrate using
planar epitaxial techniques. The 823 has a temperature
compensated zener referencing the amplifier, an error
amplifier and a series pass transistor with current limiting
circuitry. An external NPN or PNP pass element may be
used when additional output current is required. It can be
used as a pin for pin substitute for the 723 voltage regulator
in all applications with the additional advantages of lower
quiescent current drain, lower drift, improved line regu-
lation, and higher input voltage.

v" veo ©
B2y 71

et b%(l ~

j RS
1k
Qg

Q2

"
r—“i 0RO S
a4

i » P
Tl i B

L Package pinouts in parentheses.
*Vz connection in L Package only.

Connection Diagrams

E PACKAGE
10 LEAD METAL CAN
(TOP VIEW)

CLARENT
LIMIET

CURRENT

NVERTING
NPUT

SENSE . rd COM?ENSAT&ON

P Qv

NON-IYVERTING P 3 7N,
WPUT (J CIve

VREE e VoUT
V-

Order Part Numbers:

823AE, 823BE

W\LM @13 @14
",
H10
5 k6 vouT 8110}
WA L gy 03
. L
10052 B3 $
H vz
L
COMPENSATION ¢ (13)
<o Qe ey
CURRENT LIMIT 12{2)
G2 g émwwu————-«—-{)
79
5002
CURRENT SENSE 1 (3)
448 35 5 (7 2 {4}
Vags NON-INVERTING V™ INVERTING
INPUT WPUT

L PACKAGE
14 LEAD CERDIP
(TOP VIEW)
L0 R e 1
T MO w1

CURRENT SENSE {: 3 12 :} v

INVERTING pUT [ g i ve
NONANVERTING INPUT] |5 10 IVour

Vage !’:: 5 of Jve

vy s _nc

Order Part Numbers:
823AL, 823BL

TELEDYNE SEMICONDUCTOR



823 Regulators

Absolute Maximum Ratings

823A 823B
Input-Output Voltage Differential 40V 40V
Maximum Output Current 150mA 150mA
Continuous Voltage from V* to V- 50V 40V
Current from VRgf 15mA 15mA
Current from V3 25mA 25mA
Internal Power Dissipation (Note 1) ““E’" Package 800mwW 800mwW
L Package 900mWwW 900mwW
Operating Temperature Range -55°C/+125°C -55°C/+125°C
Storage Temperature Range -65°C/+150°C -65°C/+150°C
Lead Temperature (Soldering, 60 sec.) 300°C 300°C
Electrical Characteristics
Parameter Conditions 823A 8238 Units
Min.| Typ. Max. Min. | Typ. Max.
Line Regulation Vin = 12V to Vjy = 15V 0.01 | 0.02 0.01 | 0.05 | %Vour
(Note 2) Vin = 12V to Vi = 40V 0.02 | 0.1 0.1 0.2 %VouT
~55°C <Tp <+125°C, Vjy = 12V to V}y = 15V 0.05 %VouT
0°C T <70°C, Vi = 12V to Vyy = 15V 0.1 %VouT
Load Regulation IL=1mAto I =50mA 0.03 0.1 0.03 0.2 %VouT
(Note 2) —55°C < Tp <+125°C, I = 1 mA to I, = 50mA 0.2
0°C <TA<70°C,I_ = TmAtol_ =50mA 0.4 %BVouT
Ripple Rejection f=560 Hz to 10 kHz, CRgr =0 70 74 60 74 dB
f= 50 Hz to 10 kHz, Cref = 5 uF 76 | 86 66 @ 86 dB
Average Temperature Coefficient | —55°C <T, <+125°C 0.002 | 0.005 %/°C
of Output Voltage 0°Cc <T, <70°C 0.003 | 0.015 | %/°C
Short Circuit Current Limit Rsc = 1082, Vout = 0 65 65 mA
Reference Voltage 6.957.15 7.35 6.80(7.15 7.50 \%
Output Noise Voltage BW =100 Hz to 10 kHz, Crgg =0 20 20 MVims
BW =100 Hz to 10 kHz, Cref = 5 uF 25 25 JT\VA
Long Term Stability 0.1 0.1 %/ 1000 hrs
Standby Current Drain I =0, Viy =40V 0.8 2.0 mA
L =0, Vin = 50V 0.8 1.5 mA
Input Voltage Range 9.5 50 9.5 40 \%
Output Voltage Range 2.0 40 2.0 37 \%
Input-Output Voltage I =0mA 25 40 2.5 38 \
Differential I =50 mA 3.0 15 3.0 15 \%
NOTES:

1. Derate linearly at 6.8mW/°C for metal can package and at
9mW/°C for the ceramic dual-in-line for operation at ambient
temperatures above 25°C,

2. At Tp = 25°C, Vyn = V¥ = Ve =12V, V- =0, Vout = 5V,
I = TmA, Rgc = 0, C1 = 100pF [Cq compensation capacitor —

Pins 9 (13) to Pins 2 (4).], CrRgfg = O and divider impedance
as seen by error amplifier < 10K (unless otherwise specified).

Line and load

regulation specifications are given for the

condition of constant chip temperature. Temperature drifts must
be taken into account separately for high power dissipation.
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829/830

Three-Terminal Positive
Voltage Regulators

Features

LOW COST
SMALL SIZE PERMITS “ON BOARD” REGULATION

PERFECT FOR 12V OR 15V HiNIL AND 74C LOGIC
SUPPLIES

50mA OUTPUT

® EASILY EXPANDABLE TO HIGHER OUTPUT
CURRENTS

INTERNAL CURRENT LIMITING AND THERMAL
CONTROL CIRCUITRY

®

Description

The Teledyne 829 and 830 voltage regulators are low
cost three-terminal spot regulators constructed on a single

AVAILABLE FOR 12V (829) OR 15V (830) OPERATION

monolithic substrate using epitaxial techniques. The 829
is for 12 volt operation, and the 830 is a 15 volt version.
Intended to be the lowest cost solution to commercial/
industrial problems, they are ideal both for op-amp power
supplies and as ““‘minimum component” power supplies for
12V or 15V logic such as Teledyne HiNIL or 74C. The
number of external components has been minimized by
placing all components on the chip. If the regulator is some
distance away from the filter capacitors, external bypass
capacitors may be needed on the input and output. The
current capability of the circuit can be considerably
extended through the use of discrete output transistors.

The 829BE and 830BE are intended for operation from
-55°C to +125°C. The 829CE and 830CE operate from
0°C to +70°C.

L] e L3 o
Equivalent Circuit Diagram S0
l 750
in O g Ve © Ny
} Bk 7509 VJ
A WA rﬁ
P S 55K (829)
'ﬁb 8.4K (830)
Z o Tl 50F =
o0 ,‘g > 7.5K (829)
T 8.8K {830}
GND O
o *
Connection Diagram
E PACKAGE
3 LEAD METAL CAN
(TOP VIEW)
QUTPUT () ’ GROUND

iR

PUT

Order Part Numbers:
892BE, 830BE (—-55°C/+125°C)
830BE, 830CE (-30°C/+70°C)

TELEDYNE SEMICONDUCTOR



Absolute Maximum Ratings

8298, 8308 829C, 830C
Differential I nput Output Voltage 35V 30V
Peak Output Current 100mA 100mA
Pulse Voltage from V |y to Gnd (50ms) 45V 35V
Continuous Voltage from Vy to Gnd 40V 30V
Internal Power Dissipation (Note 1) 1000mwW 1000mwW
Storage Temperature Range -66°C/+150°C -65°C/+100°C
Operating Temperature Range -55°C/+125°C 0°C/+70°C
Lead Soldering Temperature (60 sec) 300°C 300°C
Junction Temperature 150°C 100°C

The above ratings are not meant to imply operation at all of these extremes simultaneously. Exceeding any or all of the absolute maxi-
mum ratings may cause permanent damage to the device.

NOTE: 1. For operation at elevated temperatures, the devices must be derated by the thermal resistance method (TO-5. . .125°C/W,
junction to ambient, or 25° C/W junction to case.

Electrical Characteristics

8298 830B 829C 830C
PARAMETER | CONDITIONS MIN | TYP  MAX MIN | TYP  MAX MIN | TYP | MAX MIN | TYP | MAX UNITS
Output Voltage | V|y = 20V .25V 11.4 12 12.6 14.4 | 15.0 | 15.6 11.25 12 12.75 1425} 15.0 | 15.75 \%
T,=25°C
Line 20V <V <22V 10 | 18 10 | 25 12 | 18 15 | 25 mv
Regulation Ty=25°C
20V <V <30V 15 | 60 10 | 80 30 | 72 20 | 95 mv
Ty =25°C
20V < Viy < 22V 72 95 72 95 mvV
TMIN S Ta <Tmax
Load ViN = 24V + .25V 12 24 15 31 15 30 20 40 mV
Regulation TmA < I <50mA
T, =25°C
TMIN < Ta < Twax 72 95 72 95 mV
Ripple VRIP = 1Vpp 0.01 0.01 0.01 0.01 Vv
Rejection 50Hz < f < 10KHz
VIN = 24V £ .25V
Tmin STa <Tmax
Loaded 20V < V)y <30V 11 13 14 16 1 13 14 16 \Y
Output TmA < I <50mA
Voltage VRip = 1.0Vpp
50Hz < f < 10KHz
TMIN STaA <Tmax
Input Voltage TMIN < Ta <Tmax 15 40 18 40 15 30 18 30 v
Range
Quiescent 20V <V)y <30V 4.0 6.0 40 | 6.0 40 | 6.0 40 . 6.0 mA
Current TMIN < Ta <Tmax
NOTES:

Tmin = -55°C for B versions Tmax = +125°C for B versions
Tmin= 0°C for C versions Tmax = +70°C for C versions

Typical Characteristics 103 oaD REGULATION
. : i T
Ta = 25°C
102 G i=80mA

A OUTPUT VOLTAGE (%)
=]
=)
i

3.0 6.0 90 120 150 180 21.0

INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V)
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Typical Characteristics (Contd)

LOAD REGULATION
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Typical Applications

LINE REGULATION
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29/830 Regulators

CHARACTERISTICS
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The Teledyne 829 and 830 three leaded regulators ate exceptionally easy to use. By incorporating all of the normally needed
external components onto the IC chip, a spot regulator can be built that requires only the bare minimum number of external
components. Four designs are presented in 12V and 15V versions: a 50mA regulator, a 1A regulator, a spot regulator featuring
load currents in excess of 1A, and a current regulator.

STEP 1.

Determine the maximum allowable power
dissipation, Py, from Chart 1. Use the

highest ambient temperature in which the
device is expected to operate, and the
maximum junction temperature permitted
(see absolute maximum ratings), and pick
off the maximum allowable power dissi-

pation.

EXAMPLE: The regulator will be called
on to operate in ambient temperatures of
Ta = 75°C max. The junction tempera-
ture has been restricted to Ty = 125°C
max. The maximum allowable power

dissipation, Pp, is 400mW.

CHART 1
METAL CAN JUNCTION
TEMPERATURE

150

125

100

75

JUNCTION TEMPERATURE (°C)

25

25 50 75 100 125 150

AMBIENT TEMPERATURE (°C)
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829/830 Regulators

Typical Applications (cont'd.)

STEP 2.

STEP 3.

STEP 4.

STEP 5.

The line regulation is determined primarily
by the input-output voltage differential.
Pick the typical line regulation your regu-
lator should exhibit and determine from
Chart 2 the input/output voltage differen-
tial necessary to achieve this performance.

EXAMPLE: The typical line regulation
desired for this design is 0.02%. From
Chart 2 this corresponds to an input-
output voltage differential of 9V.

Calculate the worst case power dissipation
attributed to quiescent current. This is
determined by multiplying the quiescent
current, 6.0 mA, by the input voltage to
the regulator.

12V EXAMPLE: In the example of Step
2, the input/output differential was
to be 9.0V. That means VN, the input
voltage, must be 12V +9.0V = 21V. Pp
(QUIESCENT) [worst case] = 21V X
6.0mA = 126mW.

Calculate the power dissipated by the load.
This is done by subtracting the dissipation
due to quiescent current (Step 3) from
the maximum allowable total dissipation
(Step 1).

12V EXAMPLE: |If the total power dissi-
pation was determined in Step 1 to be
400mW and the quiescent power dissipa-
tion to be 126mW (Step 3), the max.
power left for regulation must be 400mW
-126mW = 274mW.

Calculate the maximum load current avail-
able by dividing the regulation power (Step
4) by the input/output voltage differential
(Step 2).

DESIGN A. — LOW CURRENT SPOT REGULATOR

For some applications, the maximum load
current determined in Step 5 may be
sufficient. In that event, two stabilization
capacitors are all that is required to use
the 829 or 830 as a spot regulator. |f the
regulator is physically close to the filter
capacitor of the power supply, the input
capacitor, Cq, may be omitted.

A OUTPUT VOLTAGE (%)

CHART 2
LINE REGULATION
0.03
0.02
0.01
0.00
Ty = 25°C
-0.01 1 tma T
-0.02

6.0 9.0 120 15.0 18.0 21.0
INPUT-OUTPUT VOLTAGE
DIFFERENTIAL (V)

15V EXAMPLE: In Step 2, the input/
output differential was determined to
be 9.0V. That means V,y, the input
voltage, must be 15V +9V = 24V,
Pp (QUIESCENT) [worst case] = 24V X
6.0mA = 144mW.

15V EXAMPLE: The total power dissi-
pation was determined in Step 1 to be
400mW and the quiescent power dissi-
pation to be 144mW (Step 3). The max.
power left for regulation must be 400mw
-144mW = 256mW.

12V EXAMPLE:
274mW (Regulation Power)

9.0V In/Out Diff.

=30.44mA I
(Load Current)

15V EXAMPLE:
256mW (Regulation Power)

9.0V In/Out Diff.

= 28.4mA IL
(Load Current)

OUTPLT
INPUT 2 7828\ 1 15V
S (& A
839/

[ 3
AT

]

kY

3

EH
-

2
HE

xE§\—-ma:-
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Typical Applications (Contd.)

DESIGN B. — TA SPOT REGULATOR

For most designs the 25-50mA of allow-
able load current from the unaided 829
or 830 will not be sufficient. Opera-
tion at heavier load currents will require
the use of an external pass transistor.
The transistor that is chosen must satisfy
the following three conditions:

Condition 1. The transistor must be able
to dissipate the full load current at the
input/output voltage differential.

Condition 2. The transistor must be able
to pass collector current equal to the
maximum load current.

Condition 3. The hg of the transistor
must be large enough so that using the
max. load current determined in Step 5
as a base drive, the transistor will pass
the full load current.

The resistor Rq must be chosen so that the
voltage drop across it when passing 16mA
must be equal to 0.7V. Note: 15mA must
not be larger than the max. load current
through the 829 or 830 as determined in
Step 5. If it is, design C must be used.

DESIGN C. — REGULATORS — 1 AMP and UP

The limitations of maximum I
determined in Step 5 and the availability
of economical high 8 power transistors
impose a ceiling of about 1 Amp
maximum load current for the design
B regulator. This can be extended tremen-
dously by using two transistors. The first,
Q,, is selected exactly as in design B
where the maximum load current is
1A. Qg is selected by the same criteria
except that the maximum load current is
now the total design value, i.e., 5A. The
hie must then be capable of providing an
Ic = 5A with a base drive of 1A. Ro is
chosen so that when .3 X ljgaq (Q1)
is flowing through it, the voltage drop is
0.7V. In some cases, a more economical
solution is to use a smaller transistor for
Qq and a higher 3 device for Qz. Rq is
selected as before.

829/830 Regulators

EXAMPLE:

12V or 15V 1 Amp
0.7V

R1 = =47Q
15mA

Q: lg=1Amp

1 Amp
hfg=>—"""=36

fe~ 28ma

Pp =1 Amp x 9V = 9W

(}3
R
INPUT il PY4 A% OUTPUT
o ANA { f/;;\‘

. ) 830 .
Lt Lo,
e 3 S

EXAMPLE:
12V or 156V 5 Amp
011 |c =1 Amp
hse > 36
Pp = 9W
021 IC =5 Amp
hte > 5
Pp = 45W

Ry =47Q
0.7V

R, = =230
27 3x1A

0y

ay

WPUT By fy 2SS ¢ | ouTRUT
3 ()
doc, 850/ L c,
T iuE 3 T

1
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29/830 Regulators

Typical Applications (contd.)
DESIGN D. — CURRENT REGULATOR

The 829 or 830 can be made to func-
tion as a current regulator by the circuit
shown below. It will operate between the
minimum/maximum values of input/out-
putvoltage differential and between maxi-
mum load current and the quiescent opera-
ting current.

EXAMPLE:

At 12V:

lout = louiescent *+ 2V
Rq+ Ry

At 15V:

lout = laulescenT P
Ry + Ry

Rt is included to trim out the effects
of variations in the quiescent current
from unit to unit.

DUTPLUT
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78MOO Series*

Three-Terminal Positive
Voltage Regulators

Features
® OUTPUT CURRENT UP TO 0.5 AMP limiting, thermal shutdown and safe-area compensation,
® NO EXTERNAL COMPONENTS making them essentially indestructible. If adequate heat
sinking is provided, they can deliver up to 500mA output
® INTERNAL THERMAL OVERLOAD PROTECTION current. Intended as fixed-voltage regulators, they can be
® INTERNAL SHORT CIRCUIT CURRENT LIMITING used in a wide range of applications including local, on-card
® OUTPUT TRANSISTOR SAFE-AREA regulation for elimination of noise and distribution prob-
COMPENSATION lems associated with single point regulation. In addition to

fixed voltage regulator applications, these devices can be
used with external components to obtain adjustable output
voltages and currents and as the power pass element in
The Teledyne 78MO00 series of three-terminal medium precision regulators.

current positive voltage regulators employ internal current

Description

Schematic Diagrams

1
£} INPUT

Rg fig By
10002 4002 0k
Qg Qg P2
I
a,
?\x“m [ Q47
|
- Ryz iy
20042 % 039
€3 OUTPUT
2
$ Rao
025 k2
g
2740
D
N
-
L % Rig
Ry <
Mng 25k
3
{3 COMMON
C i i
onnection Diagram
E PACKAGE ORDER INFORMATION
3 LEAD METAL CAN OUTPUT OUTPUT
(TOP VIEW) VOLTAGE PART NO. VOLTAGE PART NO.
5V 78MO05BE 5V 78MO05CE
6V 78MO6BE 6V 78MO06CE
8V 78MO08BE 8Vv 78M08CE
NeUT SROUND 12V 78M12BE 12v 78M12CE
15V 78M15BE 15V 78M15CE
20V 78M20BE 20V 78M20CE
24V 78M24BE 24V 78M24CE

OUTPUT

*available soon
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78M00 Series Regulators

Absolute Maximum Ratings

Input Voltage

(5Vv, 6V, 8V) 30V

(12v, 15V) 35V

(20V, 24V) 40V
Internal Poyver Dissipation (Note 1) Internally Limited
Storage Temperature Range —-65°C to +200°C
Operating Temperature Range (Note 2)

Military (78MO0O) -55°C to +150°C

Commercial (78M00C) 0°C to +150°C
Lead Temperature (Soldering, 60 sec) 300°C

NOTES:

1.
2. Operating Ambient Temperature Range: 78M0OOB — —~55°C to +125°C; 78M00C — 0°C to +85°C.

Thermal resistance of the packages (without a heat sink): Junction to Case — 20°C/W; Junction to Ambient — 150° Cc/w

Electrical Characteristics

78MO05
(Vin =10V, IoyT = 200mA, -55°C < T, < 150° C for 78MO5B and 0°C < T < 150°C for 78MO5C, unless otherwise specified).
PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Output Voltage T,=25°C 5.0 \%
Line Regulation Ty=25°C 7V < VN < 25V 3.0 mV
Load Regulation Ty=25°C 5mA < lgyT < 0.5A 25 mvV
X < <
Output Voltage grgx < 'VO|8T <252\(;0mA 5.0 \
Quiescent Current T,=25°C 4.5 mA
Quiescent Current Change with tine BV < Vin =25V 02 mA
with load 5mA < lgyT < 200mA 0.1 mA
Output Noise Voltage Ta= 25°C, 10Hz < f < 100kHz 40 uv
Ripple Rejection f=120Hz, 8V < V|5 < 18V 78 dB
louT = 300mMA, Ty =25°C
Dropout Voltage T;=25°C 2.0 \%
Peak Output Current Ty=25°C 700 mA

78M06
(VIN=11V, loyT = 200mA, -55°C < T, < 150°C for 78MO06B and 0°C < T < 150°C for 78MO6C, unless otherwise specified).
PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Output Voltage Ty=25°C 6.0 \Y
Line Regulation T,=25°C 8V < VN <25V 5.0 mV
Load Regulation T,=25°C 5mA < lgyTt <0.5A 30 mV
9V <V )y < 25V
Output Voltage BMA < loyT < 200mA 6.0 \
Quiescent Current T,=25°C 4.5 mA
with line 9V < V) < 25V 0.2 mA
Quiescent Current Change
with load BMA < loyT < 200mA 0.1 mA
Output Noise Voltage Ta= 25°C, 10Hz < f < 100kHz 45 uVv
Ripple Rejection f=120Hz, 9V <V < 19V 75 dB
IOUT= 300mA, TJ = 25°C
Dropout Voltage T,=25°C 2.0 Vv
Peak Output Current Ty;=25°C 700 mA
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Electrical Characteristics (Cont'd.)

78M08

78MOO0 Series Regulators

(Vin = 14V, IouT = 200mA, -55°C < T < 150° C for 78M08B and 0°C < T, < 150°C for 78MO8C, unless otherwise specified).

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Output Voltage T,=25°C 8.0 \Y;
Line Regulation Ty;=25°C 10.5V < V |y < 25V 6.0 mV
Load Regulation T;=25°C 5mA < lgyT < 0.5A 40 mV
Output Voltage :S:niv <<| ;/L')'j'r i Z%\ém A 8.0 \Y
Quiescent Current Ty=25°C 4.6 mA
Quiescent Current Change with line 11.5V < VN < 25V 0.2 mA
with load 5mA < lgyT < 200mA 0.1 mA
Output Noise Voltage Ta=25°C, 10Hz < f < 100kHz 52 kA
Ripple Rejection f=120Hz, 11.5V < VN < 21.5V 72 dB
louT = 300mA, T, =25°C
Dropout Voltage T,=25°C 2.0 \Y;
Peak Output Current Ty=25°C 750 mA
78M12
(VN =19V, loyT = 200mA, -55°C < T; < 150°C for 78M12B and 0°C < T, < 150°C for 78M12C, unless otherwise specified).
PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Output Voltage T,=25°C 12 \%
Line Regulation Ty=25°C 14.5V < V| < 30V 10 mV
Load Regulation Ty=25C 5mA < lgyT < 0.5A 50 mv
Output Voltage 15§r;iv<<2:)/(;:§ 2 12 \%
Quiescent Current Ty=25°C 4.8 mA
Ouiescont Current Ghange with line 15V <V < 30V 0.2 mA
with load 5mA < lgyT < 200mA 0.1 mA
Output Noise Voltage Ta= 25°C, 10Hz < f < 100kHz 75 LA
Ripple Rejection f=120Hz, 15V < V| < 25V 7 dB
louT = 300mA, T, = 25°C
Dropout Voltage T,=25°C 2.0 \Y;
Peak Output Current Ty;=25°C 700 mA

78M15

(VN = 23V, loyT = 200mA, -55°C < T < 150°C for 78M16B and 0°C<Ty< 150°C for 78M15C, unless otherwise specified).

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Output Voltage T;=25°C 15 \%
Line Regulation Ty=25°C 17.65V < V |y < 30V 1 mV
Load Regulation T,=25°C BmA < lgyT < 0.5A 60 mV
Output Voltage ;iiv<<l(\)/:ﬁ’r i :;(())\(;m A 15 \Y
Quiescent Current T,=25°C 4.8 mA

with line 18.5V < V| < 30V 0.2 mA
Quiescent Current Change

with load 5mA < loyT < 200mA 0.1 mA
Output Noise Voltage Ta=25°C, 10Hz < f < 100kHz 90 nvY
Ripple Rejection f=120Hz, 18.5V < VN < 28.5V 70 dB

louT = 300mA, T = 25°C

Dropout Voltage Ty=25°C 2.0 \%
Peak Output Current Ty=25°C 700 mA
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78MOO Series Regulators

o L]
Electrical Characteristics (contd,)
78M20
(Vin =29V, loyT = 200mA, -55°C < T < 150°C for 78M20B and 0°C < Ty < 150°C for 78M20C, unless otherwise specified).
PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Output Voltage T,=25°C 20 \Y,
Line Regulation T,=25°C 23V < VN <36V 15 mV
Load Regulation Ty=25°C 5mA < lgyT < 0.5A 80 mv
24V < VN < 35V
Output Voltage 5mMA < louT < 200mA 20 \%
Quiescent Current T,=25°C 4.9 mA
with line 24V < VN < 35V 0.2 mA
Quiescent Current Change
with load 5mA < IgyT < 200mA 0.1 mA
Output Noise Voltage Ta=25°C, 10Hz < f < 100kHz 110 KA
Ripple Rejection f=120Hz, 24V < V| < 34V 69 dB
'OUT = 300mA, TJ = 25°C
Dropout Voltage T,=25°C 2.0 \Y
Peak Output Current T,=25°C 700 mA
78M24
(Vin =33V, loyT = 200mA, -55°C < T, < 150°C for 78M24B and 0°C < T, < 150°C for 78M24C, unless otherwise specified).
PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Output Voltage T;=25°C 24 Y
Line Regulation T,=25°C 27V < V)N <38V 18 mV
Load Regulation Ty=25°C 5mA < lpgyt <0.5A 100 mV
28V < VN <38V
Output Voltage BMA < loyT < 200mA 24 \%
Quiescent Current Ty;=25°C 5.0 mA
with line 28V < V| < 38V 0.2 mA
Quiescent Current Change
with load 5mA < lgyT < 200mA 0.1 mA
Output Noise Voltage Ta = 25°C, Hz < f < 100kHz 170 uVv
Ripple Rejection f=120Hz, 28V < VN <38V 66 dB
loyT = 300mA, T, =25°C
Dropout Voltage T;=25°C 2.0 \Y
Peak Output Current T, =25°C 700 mA
Typical Applications
POSITIVE AND NEGATIVE REGULATOR NEGATIVE OUTPUT VOLTAGE CIRCUIT
+ OUTPUT sl
{)5 31_ ! amxx 2 :I: ©
g . 0.7 1F +
M _—l T 3! @ ?! { =
~ 1 ~ :
M ! TR 2 o ' 2
i > e AP © bs " 7BMIXX el
LT T T " 1

~OUTPUT
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78MO0 Series Regulators

Typical Applications (contd.)

FIXED OUTPUT REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE
HViN 1 2 Vo
INPUT O ! TBMXX 2 ) QUTPUT Qe s 7BMXX £
1 l’o IVxx :;m
03348 = ° - > 1

NOTES:
*  To specify an output voltage, substitute voltage value for **XX."” Ro

o Vpo=Vxx (1+—)+I1gR2
+ Although no output capacitor is needed for stability, it does R

1
improve transient response.

++ Required if regulator is located an appreciable distance from
power supply filter.

CURRENT REGULATOR ADJUSTABLE OUTPUT REGULATOR, 7 to 30 VOLTS
1 2
INPUT O 9 TBMXX
O i = 7y INPUT O ! TEMXX Z £y OUTPUT
.dod
. I £ OUTPLT ) 5 ’4_2_]
i oo 033 uF 6<74; g R P
10K
% 1wn 4 \ 3 4
v {
Qutput Current = ﬂ-J—T— a
R1 =
VARIABLE OUTPUT VOLTAGE, 0.5 to 7 VOLTS HIGH CURRENT VOLTAGE REGULATOR
2N3789
iseuT O o
IO(\gg\fBSV 4 P 2 -I i Yout ‘;z g
0.33uF T 3 2 9108 0.1 4F 3; | 1 - - o
= 360 ‘i-—-—ca. WJ‘
033 uF [ o1 uF
=Vin Ry
HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED + TRACKING VOLTAGE REGULATOR
INPUT s 1

Vi O-———I—-——- TEMRXX 2 5 _L el PV OUT
.33 pF 0.1 xF I
<

L

o3

OUTPUT

L
I T I

e [

il

.1 uF 7 2

741
\ :
.
4 l 2
; 47 %

o VAN

NS0T

O ~Vour
33 pF

i
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Section IV

Comparators and
Peripheral Drivers



111 Series

111 2217 « 311

Voltage Comparators

Features

® LOW INPUT BIAS CURRENT — 60nA
LOW INPUT OFFSET CURRENT — 4nA
DIFFERENTIAL INPUT VOLTAGE — 30V

OPERATION FROM SINGLE 5.0V TO +15V POWER
SUPPLIES

® OFFSET VOLTAGE NULL CAPABILITY
® STROBE CAPABILITY
® VERSATILE OUTPUT STAGE

planar epitaxial techniques. The device can operate from a
single +bV supply used for integrated circuit logic as well as
conventional £15V supplies used in systems with operational
amplifiers. The 111 series is intended for a wide range of
applications including driving lamps or relays and switching
output voltages up to 50V at currents as high as 50mA.
The extremely versatile output stage is compatible with
DTL, TTL, CMOS, and MOS logic families.

The 111 operates over the full military temperature range
of -55°C to +125°C. The 211 is the same as the 111 except
its performance is guaranteed from -25°C to +85°C. The
311 is the commercial version which operates from 0°C to
+70°C.

Description

The Teledyne 111 Series high performance comparator is
constructed on a single monolithic silicon substrate using

5 O BALANCE

Equivalent Circuit Diagram

BALANCE/ O A

STROBE 8
] ;
Ay fy Ay By
3000 2 1.3k05 3000 S 13152
|
) -
0
%} “Kw.zkd.
2 Q
By 2% N Fio Qiz
Qq 4K
5V 5V
NPUTS 014/; D QUTRUT
[ Qs ] !
oo
3 g 13052 -
s
QﬁN
i
fyg
° 3 vooAs !
Connection Diagrams L GRouND
E PACKAGE H PACKAGE P PACKAGE L PACKAGE
8 LEAD METAL CAN 10 LEAD FLATPACK 8 LEAD MINIDIP 14 LEAD CERDIP
(TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW)
v GROUND 19 0 vt GROUND 1@ 8 v NC i S g NC
HNPUT T2 9 T OUTRUT i:: :] E:: :j
GROUND ¢ Ny ouTPuT SNPUT TS e Rl B 7 oureut srouno [ 12 13 INe
e m— 7 Bat/ -INPUT BAL/ . N
[ , v s - L ° - sTRose e e
anput() . BAL amt 50 leac weur{ s v
] wvel is 1wl _dnc
Pyt A v v ls s outpur
A\
BAL 7 8 BAL/
acl] - STROBE

Order Part Numbers:
LM111H, LM211H,
LM311H

Order Part Number:
LM111F

Order Part Number:
LM311N

Order Part Numbers:
LM111D, LM211D,
LM311D
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Absolute Maximum Ratings

1118eries Comparators

Differential Input Voltage +30V
Input Voltage (Note 1) +15V
Output to V™
11 50V
31 40V
Output Short Circuit Duration 10 seconds
Voltage Between V¥ and V~ Terminals 36V
Ground to V™ 30V
Internal Power Dissipation (Note 2) 500mWwW
Storage Temperature Range -65°C/+150°C
Operating Temperature Range
Military (111) -55°C/+125°C
Commercial (311) 0°C/+70°C
Electrical Characteristics
Unless otherwise specified, Vg = £ 15V, Tp = —55°C to +125°C for 111, T = 0°C to 70°C for 311. See Note 3.
PARAMETER CONDITIONS " a1 UNITS
TYP. MAX. TYP. | MAX.
Input Offset Voltage (Note 4) Ta=25°C, Rg <50k 0.7 3.0 2.0 7.5 mV
Input Offset Current (Note 4) Ta =25°C 4.0 10 6.0 50 nA
Input Bias Current Tp =25°C 60 100 100 250 nA
Voltage Gain Ta =25°C 200 200 V/imV
Response Time (Note 5) Ta=25°C 200 200 ns
Saturation Voltage (111) VIN < =5mV, IgyT =50mA, Tp = 25°C 0.75 1.6 \
Saturation Voltage (311) VIN < —10mV, IgyT = 50mA, Tp = 25°C 0.75 1.5 \%
Strobe On Current Ta=25°C 3.0 3.0 mA
Output Leakage Current ViN = BmV, VoyT =35V, Ta = 25°C 0.2 10 nA
Output Leakage Current ViN = 10mV, VoyT =35V, TAa = 25°C 0.2 50 nA
Input Offset Voitage (Note 4) Rg < 50kQ 4.0 10 mV
Input Offset Current (Note 4) 20 70 nA
Input Bias Current 150 300 nA
Input Voltage Range +14 +14 \"
Saturation Voltage (111) V+ 3245V, V—=0, V|y <—6mV, 0.23 0.4 v
ISINK < 8mA
Saturation Voltage (311) V+>4.5V,V—=0, Vjy < —-10mV, 0.23 0.4 v
ISINK < 8mA
Output Leakage Current V|N = 5mV, VouT =35V 0.1 0.5 LA
Positive Supply Current Ta= 25°C 5.1 6.0 5.1 7.5 mA
Negative Supply Current Ta= 25°C 4.1 5.0 4.1 5.0 mA

NOTES:

1.

This rating applies for +15V suppliss. 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 of the 111 is 150°C, while
that of the 211 is 110°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 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 ten, 0.03-inch-wide, 2-ounce copper
conductors. The thermal resistance of the dual-in-line package is
100° C/W, junction to ambient.

. The offset voltage, offset current and bias current specifications

apply for any supply voitage from a single 5V supply up to
+15V supplies.

. The offset voltages and offset currents given are the maximum

values required to drive the output within a volt of either
supply with a 1mA 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 (see definitions) is for a 100mV

input step with 5mV overdrive.
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111Series Comparators

Typical Characteristics

INPUT BIAS CURRENT
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111 Series Comparators

Typical Characteristics (Contd.) a1

INPUT CHARACTERISTICS v COMMON MODE LIMITS 6 TRANSFER FUNCTION
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111 Series Comparators

Typical Applications

OFFSET NULL CIRCUIT
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Typical Applications (Contd.)
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139 Series

139-239:339°139A239A-339A
Quad Comparators

Features

@ WIDE SUPPLY VOLTAGE RANGE — +2 TO +36 VDC
(SINGLE SUPPLY), 1 TO +18 VDC (DUAL)

® LOW SUPPLY CURRENT DRAIN — 0.8 mA

® LOW INPUT BIASING CURRENT — 35 nA

® | OW INPUT OFFSET CURRENT AND VOLTAGE —
3nA, 3mV

® LOW OUTPUT SATURATION VOLTAGE — 1 mV AT
5 A, 70 mV AT 1 mA

® OUTPUT VOLTAGE COMPATIBLE WITH ALL LOGIC
FAMILIES

Description

The Teledyne 139 series consists of four independent voltage
comparators designed to operate from a single power supply
over a wide range of voltages. Operation from split power

supplies is also possible, and the low power supply current
drain is independent of the magnitude of the power supply
voltage. The input common-mode voltage range includes
ground, even though operated from a single power supply
voltage.

Application areas include limit comparators, simple analog to
digital converters; pulse, squarewave and time delay genera-
tors; wide range VCO; MOS clock timers; multivibrators and
high voltage digital logic gates. The 139 series was designed
to interface directly with TTL and CMOS. When operated
from both plus and minus power supplies, the 339 will inter-
face directly with MOS logic, where the low power drain of
the 339 is a distinct advantage over standard comparators.

The 139/139A is designed to operate over a temperature
range of —-55°C to +125°C. The 239/239A operates from
-25°C to +85°C. For operation over a 0°C to +70°C tempera-
ture range use the 339/339A.

Equivalent Circuit Diagram
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Absolute Maximum Ratings

139 Series Comparators

Differential Input Voltage

36 Vpc

Input Voltage

-0.3 Vpc to +36 Vpc

Supply Voltage, vt

36 Vppc or £18 Vpc

Power Dissipation (Note 1)

Molded DIP 570 mW
Cavity DIP 900 mW
Flatpack 800 mW
Output Short-Circuit to GND (Note 2) Continuous

Operating Temperature Range

339 0°C to +70°C
239 -25°C to +85°C
139 -55°C to +125°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C
Electrical Characteristics (V' =+5V, T = 25°C)
139 239, 339
PARAMETER CONDITIONS ViIN VP MAX VTN TYP MAX UNITS
Input Offset Voltage Vo =1.4Vpc, VREF = 2 5 2 5 mV
139, 239, 339 1.4Vpc, Rg = 0S2
139A, 239A, 339A 1 2 1 2 mV
Input Offset Current hine — hine) 3 25 5 50 nA
Input Bias Current @ Output In Linear Range 25 100 25 250 nA
Input Common-Mode 0 v+ -1.5 0 v+ -15 | Vpc
Voltage Range(‘” ¢
Supply Current R =°0On All Comparators .8 2 .8 2 mA
Voltage Gain RL = 15K 200 200 V/mV
100mV Input Step With
Propagation Delay Time 5mV Overdrive 1.3 1.3 Msec
VgL =5.0 VDC, Ry =5.1k§2
Output Sink Current VoL <1.5Vpc 6 16 6 16 mA
Low Level Output Isink = 3mA .25 .5 .25 .5 Vpc
Voltage .
Output Leakage Current (Output Voltage High) A A nA
0°C to +70°C
F 55°C to +125°C 539
. e : _ +
The Following Specifications Apply For to _25°C 10 +85°C
239
Vo =1.4Vpe
9.0 9.0 mV
Input Offset Voltage Vigr = 1.4Vpe Rs = 00 ‘
Input Offset Current hNE) ~ liN) 100 150 nA
Input Bias Current Output in Linear Range 300 400 nA
Input Common-Mode 0 vt-20] o vi-20| Vpc
Voltage
Saturation Voltage Isink <4.0mA 700 700 mV
Output Leakage Current VouT = 30V 1.0 1.0 MA
Differential Input Vin's > OVpe 36 36 Vpe
Voltage
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139 Series Comparators

Electrical Characteristics (Cont'd.)

NOTES:
1. For operating at high temperatures, the 339 must be derated and eventual destruction. The maximum output current is
based on a +125°C maximum junction temperature and a approximately 20 mA independent of the magnitude of V+.
; o . . ;
thermal resistance of 175°C/W which applies for the device 3. The direction of the input current is out of the IC due to the

soldt?red in a printed circuit board, operating in a still fi" PNP input stage. This current is essentially constant, indepen-
ambient. The 239 and 139 must be derated based on a +150°C dent of the state of the output so no loading change exists on

maximum junction temperature. The low bias dissipation and the the reference or input lines.
ON-OFF characteristic of the outputs keeps the chip dissipation
very small (Pd < 100 mW), provided the output transistors are
allowed to saturate.

4. 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' -1.5V,
2. Short circuits from the output to V' can cause excessive heating but either or both inputs can go to +30Vpc without damage.

Typical Characteristics
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Typical Applications (see also 3302)
NON-INVERTING
COMPARATOR COMPARATOR
DRIVING TTL DRIVING CMOS WITH HYSTERESIS WITH HYSTERESIS

+5 Vg
o

COMPARING INPUT INVERTING
VOLTAGES OF COMPARATOR WITH
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anN2222
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INFUT

*OR LOGIC GATE
WITHOUT PULL-UP RESISTOR
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710

Differential
Comparators

Features Description
® 5mV MAXIMUM OFFSET VOLTAGE The Teledyne 710 differential voltage comparator is in-
® 5.A MAXIMUM OFFSET CURRENT tended for applications requiring high accuracy and fast

response times. It features both inverting and non-inverting
® 1000 MINIMUM VOLTAGE GAIN inputs and a TTL compatible output. Applications include
® 20uV/°C MAXIMUM OFFSET VOLTAGE DRIFT variable threshold Schmitt triggers, pulse height discrim-
inators, A to D converters, memory sense amplifiers, and
high noise immunity line receivers. The 710B is intended
for operation over the full military temperature range from
-55°C to +125°C. The 710C, commercial equivalent of the
Equivalent Circuit Diagram 710B, will operate over a temperature from 0°C to +70°C.

o v
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(13 Y Y
_m___Km
iy % R2
500 500 <
O eus O < o AN
INVERTING o K o 82V 82V
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el T,
Qo
fig
100 Q
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Order Part Number:
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710 Comparator

Absolute Maximum Ratings

7108 710C

Differential Input Voltage 5.0V 5.0V
Input Voltage (Note 1) 17.0v 7.0V
Peak Output Current 10mA 10mA
Output Short Circuit Duration (Note 2) Indefinite Indefinite
Positive Supply Voltage +14.0V +14.0V
Negative Supply Voltage -7.0V -7.0v
Internal Power Dissipation (Note 3)

Metal Can (E) 500mW 500mW

Ceramic Dual-In-Line (N) 670mwW 670mW

Plastic Dual-In-Line (J) NA 530mwW

Flatpack (H) 570mwW 570mW
Storage Temperature Range -65°C/+150°C -65°C/+150°C
Operating Temperature Range -55°C/+125°C 0°c/+70°C
Lead Soldering Temperature (60 sec) 300°C 300°C
Junction Temperature 150°C 150°C

The above ratings are not meant to imply operation at each of these extremes simultaneously. Exceeding any or all of the absolute maximum ratings may cause permanent damage to the device.

NOTES:

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

3. Rating applies to ambient temperature up to 75°C ambient. For operation above Tp = 75°C, derate linearly 6.7 mW/°C for the metal can, 8.9 mW/°C for the ceramic dual-in-line, and
7.5mW/°C for the flatpack. For the flatpack, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/16" thick, epoxy-glass board with ten 0.03"-wide, 2 oz.

copper conductors.

Electrical Characteristics (T, = 25°C, V+ = 12V, V— = —6.0V unless otherwise specified)

7108 710C
PARAMETER CONDITIONS UNITS
MIN | TYP  MAX MIN| TYP A MAX
Input Offset Voltage (Note 1) Rg < 20092 06 | 20 1.6 | 5.0 mV
Input Offset Current (Note 1) 0.75 @ 3.0 18 5.0 uA
Input Bias Current 13 20 16 25 uA
Voltage Gain 1250 11700 1000 {1500
Output Resistance 200 200 Q
Output Sink Current AViN Z5mV, VoyT =0 20 25 16| 25 mA
Response Time (Note 2) 40 40 ns
The Following Specifications Apply Over the Operating Temperature Ranges:
Input Offset Voltage Rg <2000 3.0 6.5 mV
Average Temperature Coefficient Rs = 509, Ta =25°C to +1250C 3.5 10 LV/OC
of Input Offset Voltage, 710B TA = 25°C to —55°C 2.7 10
Average Temperature Coefficient Rg =502, Ta =09C to 700C 50 2 LV/OC
of Input Offset Voltage, 710C
Ta =+1250C 3.0
Input Offset Current, 710B uA
Ta =-55°C 18 7.0
Input Offset Current, 710C 7.5 MA
Average Temperature Coefficient TA =25°C to +125°C 5.0 25 nA/OC
of Input Offset Current, 710B | Tp = 259C to —55°C 15 75
Average Temperature Coefficient | T = 259C to +700C 15 . 50 nA/OC
of Input Offset Current, 710C | Tp = 25°C to 0°C 24 | 100
Input Bias Current Ta =—55°C (710B); Tp = 0°C (710C) 27 45 25 40 HA
Input Voltage Range V—=-7.0V +5.0 *5.0 \
Common Mode Rejection Ratio Rg <2000 80 | 100 70, 98 dB
Differential Input Voltage Range 5.0 +5.0 Y
Voltage Gain 1000 800
Output HIGH Voltage AV N Z5mV, 0 < IgyT <5.0mA 25, 32 40 25, 32 40 Vv
Output LOW Voltage AV|N Z5mV -1.0{-05 0 —-1.0 -0.5 0 \Y
Output SINK Current, 7108 AV)N >5mV, Vout =0, (A T T125°C 05 1.7 mA
Ta =-55°C 10| 23
Output SINK Current, 710C AV|N =5mV, VouTt =0 0.5 mA
Positive Supply Current VouTt SO 52 9.0 52 9.0 mA
Negative Supply Current VouT =Gnd, Inverting Input = +6mV 46 7.0 46 7.0 mA
Power Consumption VOUT = Gnd, Inverting Input = +10mV 90 @ 150 90 | 150 mwW

NOTES: 1. The input offset voltage and input offset current are specified for a logic threshold voltage as follows: for 7108, 1.8V at —55°C, 1.4V at +25°C, 1.0V at +125°C; for 710C, 1.5V at 0°C,

1.4V at +25°C, and 1.2V at +70°C.

2. The response time specified is for a 100mV input step with 5mV overdrive.
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711

Dual Differential
Comparators

Features

® FAST RESPONSE TIME. .. 40ns TYPICAL

® 5mV MAXIMUM OFFSET VOLTAGE

@ 10uA MAXIMUM OFFSET CURRENT

® INDEPENDENT STROBING OF EACH COMPARATOR

Description

The Teledyne Semiconductor 711 is a dual differential
voltage comparator for use in core-memory sense appli-
cations, Its TTL compatible output, high accuracy, fast
response times, and large input voltage range make it also

useful as a window discriminator in pulse height detectors.
In addition, the 711 can be used in double-ended limit
detectors for automatic Go/No-Go test equipment.

Its very flexible design provides easy adjustment of the
threshold voltage over a wide range, independent strobing
of the comparator channels, and even pulse stretching on
the output.

The 711B operates over the full military temperature
range from —55°C to +125°C. The 711C operates over a
temperature range from 0°C to +70°C.

Equivalent Circuit Diagram
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711 Comparators

Absolute Maximum Ratings

711B 711C
Differential Input Voltage +5.0Vv +5.0V
Input Voltage (Note 1) +7.0V +7.0V
Peak Output Current 50mA 50mA
Output Short Circuit Duration (Note 2) Indefinite Indefinite
Positive Supply Voltage +14V +14V
Negative Supply Voltage -7.0V -7.0V
Strobe Voltage 0 to +6.0V 0 to +6.0V
Internal Power Dissipation (Note 3)
Metal Can (E) 500mwW 500mwW
Ceramic Dual-In-Line (N) 670mWwW 670mwW
Plastic Dual-In-Line (J) NA 530mwW
Flatpack (H) 570mwW 570mW
Storage Temperature Range -65°C/+150°C -65°C/+150°C
Operating Temperature Range -55°C/+125°C 0°c/+70°C
Lead Soldering Temperature (60 sec) 300°C 300°C
Junction Temperature 150°C 150°C
The above ratings are not meant to imply operation at each of these extremes simultaneously. Exceeding any or all of the absolute maxi-
mum ratings may cause permanent damage to the device.
NOTES: 1. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage
2. Shortcircuit may be to ground or either supply. Ratlng applies to +125°C case temperature or +75°C ambient temperature.
3. Rating applies to ambient temperature up to 75°C ambient. For operatlon above Tp = 75° C, derate linearly 6.7mW/° C for
the metal can, 8. 9mW/°C for the ceramic dual-in- line, and 7.5mW/°C for the flatpack. For the flatpack, the derating is
based on a thermal resistance of 185°C/W when mounted on a 1/16" thick, epoxy-glass board with ten 0.03" wide, 2 oz.
copper conductors.
Electrical Characteristics (1, = 25°C, v+ = 12V, V— = —6.0V unless otherwise specified)
711B 711C
PARAMETER CONDITIONS MIN.| TYP.[MAX. | miN.| Typ. [max. | YNITS
Y =+1.4V, Rg <2002, Vepm =0 1.0 | 35 10 | 50 \Y%
Input Offset Voltage outr = M m
VouT =+1.4V, Rg <ZOQQ 1.0 5.0 10 | 75 mV
Input Offset Current VouT = 1.4V 0.5 110.0 0.5 15 HA
Input Bias Current 25 75 15 1100 MA
Voltage Gain 750 1500 700 {1500
Response Time (Note 1) 40 40 ns
Strobe Release Time 12 12 ns
Input Voltage Range V—=-7.0V +5.0 5.0 Y,
Differential Input Voltage Range 5.0 150 Y
Output Resistance 200 200 Q
Output HIGH Voltage ViN = 10mV 45 | 50 45 | 50 \%
Loaded Output HIGH Voltage VIN Z10mV, Ig =5mA 25| 35 25| 35 \%
Output LOW Voltage VIN =10mVv -1.0 —-05 0 —1.0 {—05 0 \%
Strobed Output Level VSTROBE <0.3V —1.0 0 -1.0 0 \%
Output Sink Current VIN=10mV, VouT =0 05} 08 05 08 mA
Strobe Current VSTROBE = 100mV 1.2 | 25 1.2 | 25 mA
Positive Supply Current Vout =Gnd, Inverting Input = +5mV 8.6 8.6 mA
Negative Supply Current VouT =Gnd, Inverting Input = +5 mV 3.9 39 mA
Power Consumption 130 | 200 130 | 230 mw

118



711 Comparators

Electrical Characteristics (Contd.)
The Following Specifications Apply Over the Operating Temperature Ranges:

711B 711C
PARAMETER CONDITIONS MIN. TYP. | MAX. MIN. | TYP.| MAX. UNITS
Rg <2009, Vcm =0 45 6.0 mV
Input Offset Voltage (Note 2) s> cm
Rg <2000 6.0 10 mv
Input Offset Current (Note 2) 20 25 uA
Input Bias Current 150 150 MA
Temperature Coefficient of °
Input Offset Voltage 50 50 wviIec
Voltage Gain 500 500

NOTES: 1. The response time specified is for a 100mV step input with 5mV overdrive.

2. The input offset voltage is specified for a logic threshold as follows: for the 711B, 1.8V at -55°C, 1.4V at +25°C, 1.0V at
+125°C; for 711C, 1.5V at 0°C, 1.4V at +25°C, 1.2V at +70°C.
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2901
Quad Differential

Comparator

Features

® WIDE SINGLE SUPPLY VOLTAGE RANGE —
(2Vpc TO 36Vpc) OR DUAL SUPPLIES (+1Vpg
TO +18Vpc)

® VERY LOW SUPPLY CURRENT DRAIN (0.8mA) —
INDEPENDENT OF SUPPLY VOLTAGE (1mW/
COMPARATOR AT +5Vpc)

@ LOW INPUT BIASING CURRENT (35nA)

® L OW INPUT OFFSET CURRENT (3nA) AND
OFFSET VOLTAGE (3mV)

® INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

® DIFFERENTIAL INPUT VOLTAGE RANGE EQUAL
TO POWER SUPPLY VOLTAGE

® LOW OUTPUT SATURATION VOLTAGE (1mV AT
5uA, 70mV AT 1mA)

® OUTPUT VOLTAGE COMPATIBLE WITH TTL
(FANOUT OF 3), DTL, ECL, MOS AND CMOS
LOGIC SYSTEMS

Equivalent Circuit Diagram

Q2
HINPUT Q1

Description

The Teledyne Semiconductor 2901 consists of four inde-
pendent voltage comparators designed specifically to oper-
ate over a temperature range from -40°C to +85°C and
from a single power supply over a wide range of voltages.
Operation from split power supplies is also possible, and the
low power supply current drain is independent of the
magnitude of the power supply voltage. The input common-
mode voltage range includes ground, even though operated
from a single power supply voltage.

Applications include limit comparators, simple analog to
digital converters; pulse, squarewave and time delay gener-
ators; wide range VCO; MOS clock timers; multivibrators
and high voltage digital logic gates. When operated from
both plus and minus power supplies, the 2901 will
directly interface with MOS logic — where the low power
drain of the 2901 is a distinct advantage over standard
comparators.
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Connection Diagrams
L PACKAGE
14 LEAD CERDIP
(TOP VIEW)
ovreurz 11 1 Joutruta
outeuT1 [ 12 13"} outeuT s
vt s 2| ] eno
weur i [ e 11 7] eut e
weut [ 15 w7} neuT 4
wput 2 [e 9] meuT s
weut 2oy g ] mneuT3

Order Part Numbers:
LM2901N, LM2901L

M

g
!

JPACKAGE
14 LEAD PLASTIC DIP
(TOP VIEW)
outpur2 [ 11 @ 1a] | outeuTs
outPuT1 [ |2 B[} ourruta
vii s iz{ _jawp
weuT 1 | 4 1 [ meut 4
eyt [ e Wi ] meuT s
weut2 [ e 8] weut s
wrut 2o f 17 8} weutra
Order Part Number:
LM2901N
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Absolute Maximum Ratings

2901 Comparator

Differential Input Voltage 36Vpc
Input Voltage -0.3Vpc to +36Vpc
Output Short-Circuit to GND (Note 1) Continuous
Supply Veltage, V* 36Vpc or ¥18Vpc
Power Dissipation (Note 2) 570mW
Operating Temperature Range -40°C/+85°C
Storage Temperature Range -65°C/+150°C
Lead Temperature (Soldering, 10 sec) 300°C
Electrical Characteristics (v =5V, T, = 25°C)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Input Offset Voltage At Output Switch Point, Vg = 1.4Vp¢, 2 5 -mVpc
Vger = +1.4Vpc and Rg = 0§2

Input Bias Current (Note 3) N of lin(-) With Output in Linear Range 25 250 nApc
Input Offset Current hINE) - - hiNG=) 5 50 nApc
Input Common-Mode Voltage 0 vt-15 Vpe
Range (Note 4)
Supply Current R =2 0n All Comparators 0.8 2 mADpC
Voltage Gain RL = 156K&2 200 V/mV
Response Time (Note 5) VgL = 5.0Vpc and R = 5.1K§2 1.3 us
Output Sink Current Vine) =+1Vpe, Ving) = 0and Vo < +1.5Vpc 6 16 mApc
Saturation Voltage Vine) = +H1Vpe, Vine) = 0 and Iging = 3mA 200 400 mVpc
Output Leakage Current Vine = +1Vpe, Ving) = 0and Voyt = 5Vpe 0.1 nApc

NOTES:

1. Short circuits from the output to V¥ can cause excessive
heating and eventual destruction. The maximum output current
is approximately 20mA independent of the magnitude of vt,

2. For operating at high temperatures, the 2901 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 low bias dissipation and the ON-OF F characteristic
of the outputs keeps the chip dissipation very small (Pa
< 100mW), provided the output transistors are allowed to
saturate.

. The direction of the input current is out of the IC due to the

PNP input stage. This current is essentially constant, inde-
pendent of the state of the output so no loading change
exists on the reference or input lines.

. 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 vt -~ 1.5V,
but either or both inputs can go to +30VpC without damage.

. The response time specified is for a 100mV input step with

5mV overdrive. For larger overdrive signals 300ns can be
obtained, see typical performance characteristics section.
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3302
Quad Differential

Features Description

® WIDE OPERATING TEMPERATURE RANGE —-40 TO The Teledyne 3302 contains four independent comparators,
+85°C planar epitaxially constructed on a single monolithic chip.

® SINGLE-SUPPLY OPERATION — +2.0 to +28 Vdc I?esigned specifically. for single .positive power supp_ly open:a-

tion, the 3302 has wide application in consumer and industrial

@ DIFFERENTIAL INPUT VOLTAGE = *V¢c electronics,

® COMPARE VOLTAGES AT GROUND POTENTIAL

® TTL COMPATIBLE

® LOW CURRENT DRAIN — 700uA @ V¢ = 5.0 Vdc

® OUTPUTS CAN BE CONNECTED TO GIVE THE

IMPLIED AND FUNCTION

Equivalent Circuit Diagram

Qz
= INPUT Q1

QUTPUT

INPUT O

i
|

Connection Diagram

J PACKAGE
14 LEAD PLASTIC DIP
(TOP VIEW)

QUTPUT ?C kR 14 IOUTPUT 4
OUTPUT 2 E z 13 ::] OUTPUT 3
vt [: 3 12 3 GROUND

INPUT 2~ {: 4 11 :impm 3+

INPUT 2¢ [: 5 10 jss\mu’r 3=

INPUT 1—[: 8 g jwm'r 4+

INPUT T+ E 7 8 jmpm 4-
Order Part Number:
33024

TELEDYNE SEMICONDUCTOR



3302 Comparator

Absolute Maximum Ratings (T, = +25°C unless otherwise noted.)

RATING SYMBOL VALUE UNIT
Power Supply Range Vce +2.0 to +28 Vdc
Output Sink current(" lo 20 mA
Differential Input Voltage VDR ‘ Ve Vdc
Common-Mode Input Voltage Range(m VicR -0.3t0+V¢c Vdc
Power Dissipation (Package Limitation) Pp 625 mwW

Derate above T = +25°C 5.0 mW/°C
Operating Temperature Range Ta -40 to +85 °c
Storage Temperature Range Tsig -65 to +150 °c

NOTES:
1. Requires an external resistor, R, to limit current below maximum rating.

2. If either (+) or (=) inputs of any comparator go more than several tenths of a volt below ground, a parasitic transistor turns ‘on’’ causing high
input current and possible faulty outputs.

Electrical Characteristics (Ve =+15Vdc, To =+25°C (each comparator) unless otherwise noted.)

CHARACTERISTIC FIGURE SYMBOL MIN. TYP. MAX. UNIT
Input Offset Voltage (Vyef = 1.2 Vdc) Vio mVdc
(Ta =+25°C) - 3.0 20
(TA =-40to +85°C) - - 40
Input Offset Current 1 llo — 3.0 — nAdc
Input Bias Current B nAdc
(Ta =+25°C) - 30 500
(TA =-40 to +85°C) — - 1,000
Voltage Gain Avol V/V
(Ta =+25°C, RL = 15k§2) ) 2,000 | 30,000 -
Transconductance am - 2.0 - mhos
Differential Input Voltage Range VIDR *Vee - - Vdc
Output Leakage Current loff MAdc
(Output Voltage High) - - 1.0
Negative Output Voltage VoL mVdc
(I = 2.0mA, Vcc =+5.0 to +28 Vdc) 3 - 150 400
Output Sink Current Is mAdc
(Vce =+5.0 Vdc)
(Ta =+25°C, VoL = 400mV) - 6.0 -
(TA =-40 to +85°C, VoL = 800mV) 2.0 - -
Input Common-Mode Range VICR Volts
(Vce = +28 Vdc) 4 0-26 - —
Common-Mode Rejection Ratio CMRR — 60 — dB
Propagation Delay Time tPHL/LH Ms
For Positive and Negative-Going Input Pulse 5 - 2.0 —
Slew Rate (R = 15k§2) tSR™ - 200 — V/us
tspt - 50 —
Power Supply Current (Total of four comparators) 6 ID mAdc
(lIs =0, Vcc = +5.0 to +28 Vdc) - 0.7 1.5
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3302 Comparator

Typical

Characteristics

SUPPLY CURRENT
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Test Circuits (1/4 Circuit Shown)
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Typical Applications (see aiso 139 Series)

SQUAREWAVE OSCILLATOR
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Figure 6
CRYSTAL NON-INVERTING
CONTROLLED COMPARATOR WITH
OSCILLATOR HYSTERESIS

CRYSTAL

eaok}l ¢ 100 itz

124



75450/75460 Series

Including 75450B Series
Dual Peripheral Drivers

Features Description

® HIGH SPEED SWITCHING Teledyne Semiconductor’'s 75450, 75450B, and 75460

® HIGH OUTPUT CURRENT CAPABILITY Series are dual general purpose interface drivers tI:\at convert
TTL and DTL logic levels to high current, high voltage

© UNCOMMITTED COLLECTOR OUTPUT DEVICES drive capability. The 75450 features two TTL NAND gates

FOR HIGH OUTPUT VOLTAGE CAPABILITY and two uncommitted transistors. The 75451, 75452,

® TTL OR DTL INPUT COMPATIBILITY 75453 and 75454 feature two standard series 74 TTL gates
e INPUT CLAMP DIODES in AND, NAND, OR and NOR configurations respectively,
driving the base of two high voltage, high current,

® +5VOLT SUPPLY VOLTAGE uncommitted collector output transistors.

Typical applications include high-speed logic buffers, power
drivers, relay drivers, lamp drivers, line drivers, MOS

Summary - 75450/75460 SERIES DUAL DRIVERS drivers, and memory drivers. The Teledyne 75450 and
75451 are functionally interchangeable with SN75450/
LOGIC OF 75450A and SN75451/75451A, respectively.
DEVICE COMPLETE CIRCUIT  PACKAGE The 75460 series is pin interchangeable with the 75450
series and are reco nded f i icati ir-
75450/754508/ 75460 AND T 14 pin silicon DIP : d ¢ commended for u:j‘.e in applications requir
ing a minimum collector to emitter breakdown voltage
75451/75451B/75461 AND 8 pin MINI-DIP of 60V
75452/754528/75462 NAND 8 pin MINI-DIP The 75450B series is functionally interchangeable with
75453/75453B/76463 OR 8 pin MINI-DIP industry standard 75450 and 75450A series, but has more
75454/75454B/75464 NOR _ 8pin MINI-DIP tightly controlled switching parameters for critical appli-
cations. A test to ensure freedom from latch-up also has
TWith transistor base connected externally to output of gate. been added.

Absolute Maximum Ratings

75451/75451B 75461
75452/75452B 75462
75453/75453B 75463
75450/75450B 75460 75454/75454B 75464
Input Voltage!!! 5.5V 5.5V 5.5V 5.5V
Output Voltage!" @ 30V 60V
Continuous Output Current'® 300mA 300mA
Supply Voltage, Vcc A% 7V 7V v
Interemitter Voltage'? 5.5V 5.5V 5.5V 5.5V
Vcc to Substrate Voltage(G) 35V 40V
Collector to Substrate Voltage(ﬁ) 35V 40V
Collector-base Voltage 35V 40V
Collector-emitter Voltage(?’) 30V 40V
Emitter-base Voltage 5V 5V 5V 5V

TELEDYNE SEMICONDUCTOR




Absolute Maximum Ratings (Cont'd.)

75451/75451B/75461
75452/75452B/75462
75453/75453B/75463
75450/75450B/75460 75454/75454B/75464
Continuous Collector Current(5) 300mA 300mA
Continuous Total Power Dissipationm 800mwW 800mwW
Operating Free-Air Temperature Range 0°C to 70°C 0°C to 70°C

Storage Temperature Range
Molded DIP

-55°C to 125°C

-55°C to 125°C

Lead Temperature
Molded DIP (Soldering, 10 seconds)
Hermetic DIP (Soldering, 30 seconds)

260°C
300°C

260°C
300°C

NOTES:

1. Voltage values are with respect to network ground terminal
unless otherwise specified.

2. This is the voltage between two emitters of a multiple-emitter
input transistor.

3. This value applies when the base-emitter resistance (Rgg) is
equal to or less than 500 2.

Test Circuits

Fig. 1. Vin, VoL
Both inputs are tested simultaneously.

Fig. 2. ViL. VoH

Veoe V(z):c
ion N
Vi
% SUB GRD
Fig. 5. Igg

Fig.- 4. 1), Yy
Each input is tested separately.

OPEN

Each input is tested separately.

Each gate is tested separately.
(76450, 754508, and 75460 only.)

4. This is the maximum voltage which should be applied to any

output when it is in the off state.

5. Both halves of these dual circuits may conduct rated current

simultaneously.

6. For the 75450, 75450B and 75460 only, the substrate (Pin 8)

must always be at the most negative device voltage for proper
operation.

7. Above 50°C ambient temperature, derate linearly at 8.3mW/°C.

(Arrows indicate direction of current flow. Current into terminal is a positive value.)

Fig. 3. Vi, I
Each input is tested separately.

Vcc

L
for {7 c S ——————— )o—w OPEN
L .

?T >

Fig. 6. IccH. lccL
Both gates are tested simultaneously.

Veg

OPEN
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75450/75460 Series
Peripheral Drivers

Test Circuits (Cont'd.)

Fig. 7. Vi, ViL. loH- VOL Fig. 8. V|, 1L
Each input is tested separately.
Voo Voo
o INPUT
UNDER | OTHER OouTPUT oy e T
CIRCUIT TEST INPUT | APPLY MEASURE fofﬁs}—u‘—
ion CIRCUIT |
spg prmm— YOH 75451,B Vin ViH Vohn loH = W UNDER o opEN
Y] eST 75461 ViL Vee loL VoL ... B
TABLE “\*m
75452,B Vin Vig loL VoL
75462 ViL Vee VoH loH ’«l f
75453,8 Vin GND Vow loH v
Vo 75463 ViL Vie loL VoL
= 75454,8 Vin GND oL VoL =
I_ 75464 ViL Vio VoH loH I
NOTE: Each input is tested separately. NOTES:“ .

A. Each input is tested separately.

B. When testing 75453, B/75463
and 75454, B/75464, input not
under test is grounded. For all
other circuits itis at 4.5V.

Fig. 9. Iy, |H Fig. 10. iccH. IccL Fig. 11. IccH. lccL
For AND, NAND Circuits For OR, NOR Circuits
Vee Vee OPEN V<f
T 5;(:}(&? %‘c-u
. l "
(V2 S
CIRCUIT |y vy {
UNDER W OPEN E
8 Al TEST |
-
Each input is tested separately. Both gates are tested simultaneously. Both gates are tested simultaneously.
Fig. 12. PROPAGATION DELAY TIMES, EACH GATE
(75450, 75460 ONLY)
INPUT 24V Vec oUTPUT 5v
o o " o

I R —

& Ry = 400 D

PULSE !
GEMERATOR oy ————
(See Note A) ) . .
! {See NMote O} % el
Cy = 15 pF F;M""‘f“'-"”j - » o Vou
{See Now B} # .
NOTES: e e
A. The pulse generator has the following characteristics: s
PRR =1 MHz, Zg5,¢ ~ 50 Q. TS —— \ s L 31,

B. C include probe and jig capacitance.
C. All diodes are 1N3064 or equivalent.

VOLTAGE WAVEFORMS

Fig. 13. SWITCHING TIMES, EACH TRANSISTOR
(75450, 754508, 75460 ONLY)

ENPUT v kAT

} 0.4 us |
|
1 RS2 Ry =50 Q 3 "
O QUTPUT
PULSE LR T 50
GENERATOR ; ‘{ : oy = 15 pF
{8ep Mote A} {Bee Note B}
620
NOTES: = = e
A. The pulse generator has the following characteristics: duty cycle
< 1%, Zour ~ 50 Q. VOLTAGE WAVEFORMS

B. C_ includes probe and jig capacitance.
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Test Circuits (Cont'd.)

Fig. 14. SWITCHING TIMES OF COMPLETE DRIVERS

IRPUT 1o

,,.{ hﬁ- < By w-i ;-»«» < tns
|
NPUT E ; % Kis
iy = 506 TESBOB/TEAE0 0% 1 F A 0%
FRARIR/TE4ET 1EY 1.BY
754635/ 76463 |y 0% L o
GUTPUT b G ps {
o | oo ] <1
PULSE i o ‘ R AT av
GENERATOR cIBcuIT I %1
(Saw Nots A} unoER NPUT e 50%
(Sss Nots BY L © w15 pE T54628/75252 0% | 1.8V s;w! 0%
{Ses Note C} FHABAR/TE464 ov
VE = 2.8V for 75450/754508/75460 eNp qsus g o1 tpg g ti]
TE4B1/ 754B18/75461 | ﬁ
75452/754528675462 i OUTPUT i ! You
= 04V for 7H453/754538/ 75463 0% Iy, so% 50% /| 90%
5454/754548/ 75464 e = = = IR, 1ou ws /|
e i S .
NOTES:
] fro 1y, s R
A. The pulse generator has the following characteristics: PRR — 1
MHz, Z,,: ~ 5082. VOLTAGE WAVEFORMS
B. When testing 75450, 75450B, and 75460, connect output Y
to transistor base and ground the substrate terminal. C. C_ includes probe and jig capacitance.
Fig. 15. LATCH-UP TEST OF COMPLETE DRIVERS
,
Vg = 20V | ]
Sns D] e < Yns
INPUT
WPUT 5V 1 '22{:}2
g Fmbd .
ey 4538
1N3064
85I A0us
- = Gng
} z ¢ ouTPUT INPUT
i 4528
PULSE TAB4R
GENERATOR ) N
{Sea Mot A} CIRCUIT
UNDER
TEST ?i; .
{See Note B} = j;;{;@fm
Ve Ay R "
for 784508 oo | sue Vo
FRABIR E
754528 }
- pav | QUTPUT
for 754538
784548 e
= Eea = = e Vi,
V+

TEST CROUY

NOTES:

A. The pulse generator has the following characteristics: PRR = 12.5kHz, Zout = 50Q2.

B. When testing 76450B, connect output Y to transistor base with a 500 resistor from there to ground, and ground the substrate terminal.
C. CL includes probe and jig capacitance.
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75450/75460 Series
Peripheral Drivers

75450,/75450B /75460
Dual Positive AND

. L3 L] L L3
Equivalent Circuit Diagram Connection
.
o ve Diagram
JPACKAGE
3 14 LEAD PLASTIC DIP
s e (TOP VIEW)
. 1E
) é)s__{c e[: 1@ 14 :EVCC
1A . 1AE 2 3 :}M
} P} 1O w{is 12:]2\/
18{: 4 i1 :328
§ ?CK 3 i :32(2
pO SUB zsg 5 3 ::]2;3
G GNDE 7 8 :]sus
32: Positive Logic: Y = AG (gate only)
C = AG (gate and transistor)
. Order Part Numbers:
020 754504, 7545084,
2v 28
& 75460J
e ZE
%g ’
GND

All resistor values in ohms.

Electrical Characteristics (vcc=5.0V, Ta = 0°C to 70°C, unless otherwise noted.)

TEST
SYMBOL PARAMETER FIGURE CONDITIONS MIN | TYPT| MAX UNIT
Viu Input HIGH Voltage 1 2 \
Vi Input LOW Voltage 2 0.8 \%
Vebp Input Clamp Diode Voltage 3 Vec =475V, I} ==-12mA -1.5 \%
VCC=4'75 Vv, V||_= 0.8V,
VoH Output HIGH Voltage 2 lom = -400 KA 2.4 3.3 \%
VCC=4'75V' V|H=2V,
VoL Output LOW Voltage 1 loL = 16 mA 0.22 0.4 Vv
Input Current at Maximum A _ _ 1
|| Input Voltage G 4 Vcc 5.25 V, V| 5.5V 2 mA
A _ 40
liH Input HIGH Current G 4 Vee=5.25V, V=24V 80 HA
A -1.6

I Input LOW Current G 3 Vee=5.25V, V=04V 3.2 mA
los Short-Circuit Output Current® 5 Vee=5.25V -18 -55 mA
lccH

75450/B 2 4 mA

Supply Current, Output HIGH 6 Vee=5.25V, V=0V

75460 - 2.8 4 mA
lccL

75450/B 6 11 mA

! Supply Current, Output LOW 6 Vec=5.25V, V=5V
75460 7 1 mA
TAIl typical values at Vec =5V, Ta = 25°C. *Not more than one output should be shorted at a time.

129



75450/75460 Series
Peripheral Drivers

Electrical Characteristics (Voo =5.0V, Tx = 0°C to 70°C, unless otherwise noted.)

SYMBOL PARAMETER CONDITIONS MIN | TYPT | MAX UNIT
VBR (cBO)
75450/B 35
Collector-Base Breakdown Voltage lc =100 uA lg=0 \%
75460 40
VBR (CER)
75450/B 30
Collector-Emitter Breakdown Voltage Ic =100 A Rgg = 500 Q \"
75460 40
VBR (CEO)
75460 Collector-Emitter Breakdown Voltage lc =10 mA, Ig=0 25 \Y
(Note 8)
V(BR)EBO Emitter-Base Breakdown Voltage Ig = 100 pA Ic=0 5 Vv
Vce=3V, lc =100 mA 25
Ta=25°C
Vce=3V, Ic =300 mA,
_ oo 30
h Static Forward Current Transfer Tao=25C
FE Ratio (Note 8) Vee=3V, Ic =100 mA, 20
Ta=0°C
Vce=3V, Ic =300 mA, 25
TA = OOC
Ig=10mA, lc =100 mA 0.85 1
VBE(sat) Base-Emitter Voltage (Note 8) \
Ig=30mA, lc = 300 mA 1.056 1.2
Collector-Emitter Saturation Ig =10 mA, Ic =100 mA 025 ' 04
VeE(sat) Voltage (Note 8) = = v
Ig =30mA, Ic =300 mA 0.5 0.7

T All typical values are at Vec =5V, Ta=25°C. Note 8: These parameters must be measured using pulse techniques. t,, = 300 us, duty cycle < 2%.

AC CHARACTERISTICS (vcc=5V, Ta=25°C)

TTL Gates
75450
TEST 75460 754508
SYMBOL PARAMETER FIGURE CONDITIONS MIN | TYP MAX MIN | TYP| MAX UNIT
Propagation Delay Time, Output
tPLH LOW to HIGH 22 12122 ns
- 12 C_ = 15pF, R =400Q
¢ Propagation Delay Time, Output 8 8 15 ns
PHL HIGH to LOW
Output Transistors
75450
TEST 75460 754508
SYMBOL PARAMETER FIGURE CONDITIONS MIN | TYP MAX MIN | TYP| MAX UNIT
ty Delay Time 10 8 15 ns
Ic =200 mA, Ig(1) = 20 mA,
ty Rise Time 13 | 20 mA v v 16 12 20 ns
=-40mA, fn=-1V,
tg Storage Time B(2) BE(off) 23 7 15 ns
C_ =15pF, R =50 Q
ts Fall Time 14 6 15 ns
Gates and Transistors Combined
75450
TEST 75460 754508
SYMBOL PARAMETER FIGURE CONDITIONS MIN | TYP | MAX MIN TYP | MAX UNIT
Propagation Delay Time, Output
4 5 20 30
PLH LOW to HIGH 018 ne
Propagation Delay Time, Output
¢ (o] 20 30
tPHL HIGH to LOW 14 Ic =200 mA, C_ = 15 pF, 35 5 ns
Transition Time, Output R =508 ’
20 7 12
TLH LOW to HIGH 10 n
Transition Time, Output
. 9 15 s
fTHL HIGH to LOW 10120 "
High-Level Output Voltage Vg=20V, Ic =300 mA,
1 Vg—6.5 mV
Vo After Switching 5 Rge = 500 © S

*Voltage and current values shown are nominal; exact values vary slightly with transistor parameters.
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75450/75460 Series
Peripheral Drivers

75451/ 75451B /75461
Dual Positive AND

o o o L] ®
Equivalent Circuit Diagram Truth Table Connection
Ll
O vee Diagram
A B Y
4k 1.8K 1360
< L L L (on state) P PACKAGE
L H L (on state) 8 LEAD MINIDIP
H L L (on state) (TOP VIEW)
v H H H (off state) " [: e s :] Veo
ACY K H = HIGH Level, L = LOW Level ‘iBE 2 7 :] 28
5O 1Y [: 3 [ j 28
ano [ e 5 :} 2y
A§ o Positive Logic: Y = AB
Tk 506 Order Part Numbers:
75451P, 754518BP,
. OGND 75461P
== Component values shown are nominal. All resistor values in ohms.
L3 . ® .
Electrical Characteristics (Ve =5.0V, Ta = 0°C to 70°C, unless otherwise noted.)
TEST
SYMBOL PARAMETER FIGURE CONDITIONS MIN | TYPT | MAX UNIT
Vin Input HIGH Voltage 7 2 \Y,
ViL Input LOW Voltage 7 0.8 \%
Vebp Input Clamp Diode Voltage 8 Vecc =475V, Vi =08V -1.5 \
lon Output HIGH Current 7 Vec =478V, Von=30V 100 uA
Vip=2V
\Y =475V, =038V,
cc_ ViL=08 025 | 0.4
loL = 100 mA
VoL Output LOW Voltage 7 \%
Vec=4.75V, V| =038V, 0s | 07
oL = 300 mA ’ )
Input Current at Maximum _ _
I Input Voltage 9 Vec=5.25V, V=55V 1.0 mA
(. Input HIGH Current Vec=5625V, V=24V 40 LA
L Input LOW Current Vec =525V, V=04V -1.0 | -1.6 mA
75451B 7.0 1
lccH Supply Current, Output HIGH 10 Ve =525V, V=5V mA
75461 8 11
75451B 52 65
lceL Supply Current, Output LOW 10 Vec=5.25V, V=0V mA
75461 61 76
TAll typical values are at Vec =5V, Ta = 25°C.
AC CHARACTERISTICS (Vcc =5V, Ta =25°C)
75451
TEST 75461 75451B
SYMBOL PARAMETER FIGURE CONDITIONS MIN| TYP| MAX | MIN | TYP| MAX | UNIT
Propagation Delay Time, Output 45 1 2
PLH LOW to HIGH 55 8 ne
Propagation Delay Time, Output
tPHL HIGH to LOW i lo ~ 200 MA, CL=15pF 30 40 18 25 ns
Transition Time, Output RL=50&
20
L LOW to HIGH 8 5 8 ne
Transition Time, Output
1 7 12
TTHL HIGH to LOW 0 2 "
High-Level Output Voltage 15 Va= v I~ ~ 300 MA Ve v
Vo After Switching s=20V, c m s—6.5 m
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75450/75460 Series
eripheral Drivers

75452/75452B /75462
Dual Positive NAND

Equivalent Circuit Diagram Truth Table Connection
-0 Veo Diagram
) ) A B Y
&k & 18k 4: 16 & < 1306

p < L L H (off state) P PACKAGE
L H H (off state) 8 LEAD MINIDIP

E é H L H (off state) (TOP VIEW)

¥
V}r“"o H H L (on state) w[Tie o vee

A0~ __..K [N 13{_:2 7328
- . =

4 5
PalyaN —
Sk > 1 ::59;} Positive Logic: Y = AB
Order Part Numbers:
3 GND 75452P, 75452BP,
“Z" Component values shown are nominal. 75462P

Electrical Characteristics (Ve =5.0v, Ta = 0°C to 70°C, unless otherwise noted.)

TEST
SYMBOL PARAMETER FIGURE CONDITIONS MIN TYPT | MAX UNIT
Vin Input HIGH Voltage 7 2 \V
ViL Input LOW Voltage 7 0.8 Y
Veo Input Clamp Diode Voltage 8 Ve = 4.75V, I =-12mA -1.5 \Y,
Vee = 4.75V, Von = 30V,
lon Output HIGH Current 7 ViL = 0.8V 100 nA
Vee = 4.75V, Vig =2V, 0.25 0.4
loL = 100 mA
VoL Output LOW Voltage 7 V;
Vce = 4.75V, Vin = 2V,
loL = 300 mA 0.5 0.7
I Input Current at Maximum 9 Vee = 5.25V, V| = 6.5V 1.0 mA
Input Voltage
iy Input HIGH Current 9 Vee = 5.25V, V) =24V 40 uA
T8 Input LOW Current 8 Vee = 56.25V, V) = 0.4V -1.0 -1.6 mA
| 75452/8 Supply C o HIGH 10 \Y 5.25V V=0V ! 1
upply Current, Output c=5.25V, 1= mA
CCH 175462 ¢ 13 | 17
75452/8 Supply C (o] Low 10 \% ‘5 25V V, =5V % !
1 upply Current, Output c=5. , 1= mA
CCL | 75462 ¢ 65 | 76
TAll typical values are at Vee = 5V, Ta = 25°C.
o
AC CHARACTERISTICS (V¢c = 5V, Ta = 25°C)
75452
TEST 75462 754528
SYMBOL PARAMETER FIGURE CONDITIONS MIN: TYP | MAX | MIN TYP, MAX UNIT
Propagation Delay Time, Output
PLH LOW to HIGH 50 | 65 2% | 35 ns
Propagation Delay Time, Output 40 50
24 35
tPHL HIGH to LOW " Io~200mA,  C_=15pF ns
Transition Time, Output R =500
fTLH LOW to HIGH 12128 5| 8 ne
Transition Time, Output
fTHL HIGH to LOW 5 120 7 ne
High-Level Output Voltage 15 - N _
Vou After Switching Vg=20V, Ic ~ 300 mA Vg—6.5 mv
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75450/75460 Series
Peripheral Drivers

75453,/75453B /75463
Dual Positive OR

Equivalent Circuit Diagram Truth Table Connection
; 0 vee Diagram

Y

L (on state) P PACKAGE

H (off state) 8 LEAD MINIDIP
H
H

(off state) (TOP VIEW)

(off state) n E: T e . 3 Voo
A ot ¢ H = HIGH Level, L = LOW Level ?BEZ 7:]23
— , 1 {: 3 & :} 2
i ane [ s Y

V
P, Positive Logic: Y =A+ B
ZS %H 500 Order Part Numbers:

IIrr »
IrIr; o

8O

75453P, 754538BP,
O GND 75463P

= All resistor values in ohms.

Electrical Characteristics (Vcc = 5.0V, To = 0°C to 70°C, unless otherwise noted)

TEST
SYMBOL PARAMETER FIGURE CONDITIONS MIN TYPT MAX UNIT
Vi Input HIGH Voltage 7 2 \
ViL Input LOW Voltage 7 0.8 \Y,
Veb Input Clamp Diode Voltage 8 Ve =4.75V, I =-12mA -1.5 \]
Vee =4.75V, \Y, =30V
loH Output HIGH Current 7 V?:= ov OH 100 HA
Vee = 4. =0.
cc_ 75V, V_=0.8V, 0.25 0.4
lop = 100 mA
VoL Output LOW Voltage 7 V]
Voo =4.75V, VL =0.8V, 0.5 0.7
loL = 300 mA . ’
N Input Current at Maximum 9 Vee = 5.25V, V| =55V 1.0 mA
Input Voltage
R Input HIGH Current 9 Vee = 5.25V, V| = 2.4V 40 uA
e Input LOW Current 8 Vee = 5.25V, V| =0.4V -1.0 | -1.6 mA
lecH Supply Current, Output HIGH 1 Vee = 5.25V, V, =5V 8.0 11 mA
754538 Supply Ci O LOW \ \% V=0V > 68
| upply Current, Output =5.25V, = mA
cCL [75463 cc ! 63 | 76
T All typical values are at Vg = 5V, Tp = 25°C.
o
AC CHARACTERISTICS (Vcc =5V, Ta =25 C)
75453
TEST 75463 75453B
SYMBOL PARAMETER FIGURE CONDITIONS MIN | TYP | MAX MIN TYP| MAX UNIT
Propagation Delay Time, Output
4
tpLH LOW to HIGH 5 55 18 25 ns
Propagation Delay Time, Output
tPHL HIGH to LOW " lo~200mA,  C_=15pF 30 | 40 6] 25 ns
Transition Time, Output R_ =508
tTLH LOW to HIGH - 812 51 8 ne
Transition Time, Output
trHL HIGH to LOW 10 25 7 12 ns
High-Level Output Voltage 15 _ . .
VoH After Switching Vs=20V, Ic ~ 300 mA Vg—6.5 mv
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734230/ 73400 Series
Peripheral Drivers

75454/75454B /75464
Dual Positive NOR

Equivalent Circuit Diagram

Truth Table

%

>
2k
S

Bk 130

< Vee

IITIrri»
IrITr @

rrrrI <

(off state)
(on state)
(on state)
(on state)

Connection
Diagram
P PACKAGE

8 LEAD MINIDIP
(TOP VIEW)

1AE1

® si | vee

Yo e
H = HIGH Level, L = LOW Level mEz 1:]25
1y [: 3 & :! 24
8
GND [: 4 8 j 2y
:ZE EK L : & Positive Logic: Y = A+ B
LTk Tk < 800 Order Part Numbers:
| Oenn ;gig:; 754548BP,
*= Component values shown are nominal. All resistor values in ohms.
° - ° ° .
Electrical Characteristics (v = 5.0V £5%, T4 = 0°C to 70°C, unless otherwise noted)
TEST
SYMBOL PARAMETER FIGURE CONDITIONS MIN TYP‘r MAX UNIT
Vin Input HIGH Voltage 7 2 \
Vi Inpyt LOW Voltage 0.8 \%
Vep Input Clamp Diode Voltage 8 Vee =4.75V, I} =-12mA -1.6 \%
Vec=4.75V, Vg =30V,
loH Output HIGH Voltage 7 Vi = 0.8V 100 MA
Vec=475V,  Viy=2v, 025 | o4
VoL Output LOW Voltage 7 loL = 100 mA \%
Vee =475V, Vi y=2vV,
IoL =300 mA 05 | 07
1 Input Current at Maximum 9 Vee =56.25V, V=55V 1.0 mA
Input Voltage
(m Input HIGH Current Vee =5.25Y, 'V, =24V 40 BA
T8 Input LOW Current Ve =5.25V, V| =0.4V -1.0 -1.6 mA
75454/B 13 17
lecH Supply Current, Output HIGH 1 Vee = 5.25V, V) =0V mA
75464 14 19
75454/8 Supply C (o] LOW 1 \ 5.25V V| =5V 61 1o
| upply Current Output cc=5 P 1= mA
CcCcL 75464 72 85
T All typical values are at Vee =5V, Ta=25°C.
AC CHARACTERISTICS (V¢c =5V, Ta = 25°C)
75454
TEST 75464 75454B
SYMBOL PARAMETER FIGURE CONDITIONS MIN | TYP | MAX| MIN TYP| MAX UNIT
Propagation Delay Time, Output 50 65
PLH LOW to HIGH : 271 35 ns
Propagation Delay Time, Output 40 2% 3
5
tPHL HIGH to LOW v Io ~ 200 mA, CL=15pF 50 ns
Transition Time, Output R =50
12
'TLH LOW to HIGH 20 5] 8 ne
Transition Time, Output
1 1
TTHL HIGH to LOW 5|20 7 "
High-Level Output Voltage 15 - N _
Von After Switching Vs=20V, Ic ~ 300 mA Vs—6.5 mv
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D555

Dual Timer

Features

® REPLACES TWO 555 TIMERS
® TIMING FROM MICROSECONDS TO HOURS

® OUTPUT COMPATIBLE WITH TTL, CMOS, HiNIL
LOGIC

® HIGH OUTPUT CURRENT DRIVE CAPABILITY
® EXCELLENT MATCHING BETWEEN TIMERS
Description

The Teledyne D555 Dual Timer consists of two indepen-
dent 555 type timers on a single monolithic chip. Each
timing section is capable of functioning as an accurate time

Equivalent Circuit Diagram

14

delay or astable oscillator. Independent trigger, reset, and
timing terminals are provided for each section. The related
time interval is precisely set by an external R-C combination.

Separate outputs are capable of driving various logic
families, including TTL, CMOS, and HiNIL, with up to
200mA of source or sink current. Trigger and Reset inputs
are logic-level compatible.

The D555 is primarily intended for industrial control
applications including pulse generation, pulse shaping, time
delay, clock generation, and various pulse modulation
schemes. The D555 Dual Timer is intended for operation
over a temperature range of 0°C to +70°C.

4 {10} ¢ CONTROL

Ve O

w3
Bk %

3 (11

THRESHOLD O]

P 113
O QUTPUT

| |
Q11 Q12
2012}

TRIGGER o
& (8) L “‘1
R&ssro—g Qg 4

51(9) L
DISCHARGE Ry Ry
10k 100k
7 Quq
GNDOl

Connection Diagram

JPACKAGE
14 LEAD PLASTIC DIP
(TOP VIEW)
outrut1 [ 11 @ 14 [:} Vee
TRIGGER 1| 12 131 ] oureut2
hresroLn 1{ |3 12 ] raiccER 2
controL 1 [ 1a 1] rHREsHOLD 2
DISCHARGE 1 [ |5 10|} controL 2
reseT 1| e 81 biscrarce 2
srounn {17 8| JreseT2

Order Part Number:

D555CJ

TTELEDYNE SEMICONDUCTOR



D555 Dual Timer

Absolute Maximum Ratings

Supply Voltage 18v
Power Dissipation (Note 1) 530mWwW
Storage Temperature Range -65°C/+150°C
Operating Temperature Range 0°C/+70°C
Lead Soldering Temperature (60 sec) 300°C
Junction Temperature 150°C
NOTES:
1. Rating is for the total package at an ambient temperature of up 4. This will determine the maximum value of Rp + Rg. For 15V
to 70°C. operation, the maximum total R = 20MQ.

2. Supply current when output is high is typically 1.0mA less. )
pRly P v 5. Matching characteristics refer to the difference between per-

3. Tested at Vg = 5V and Vg = 15V. formance characteristics of each timer section.

Electrical Characteristics (To=25°C, Ve = +5V to +15V unless otherwise specified)

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Supply Voltage 4.5 16 \%
Supply Current (Each Timer Section) Low State Output, Note 2
Vee =5V, RL = 3 6 mA
Vee =15V, R = 10 15 mA
Total Supply Current Low State Output
(Both Timer Sections) Vee =5V, R =2 6 12 mA
Vec =15V, R =° 20 30 mA
Timing Error Ra, R = 1kQ to 100kS2, C = 0.1uF,
Initial Accuracy Note 3 1.0 %
Drift with Temperature 50 ppm/°C
Drift with Supply Voltage 0.1 %IV
Threshold Voltage 2/3 xVee
Trigger Voltage Vce =5V 1.67 \Y
Vce = 15V 5.0 \%
Trigger Current 0.5 uA
Reset Voltage 0.4 0.7 1.0 \%
Reset Current 0.1 mA
Threshold Current Note 4 30 100 nA
Control Voltage Level Vee =5V 2.60 3.33 4.0 v
Vce = 15V 9.0 10.0 11.0 \%)
Output Voltage (Low) Vee =5V
lsink = 5.0mA 0.25 0.35 \%)
Ve = 15V
lsink = 10mA 0.1 0.25 \
lgink = BOMA 0.4 0.75 \]
lsink = 100mA 2.0 2.5 \Y)
Isink = 200mA 2.5 v
Output Voltage (High) lsource = 100mA
Vee =5V 2.75 3.3 \Y
Vce = 15V 12.75 13.3 Vv
lsource = 200mA
Vee = 15V 12.5 \)
Rise Time of Output 100 ns
Fall Time of Output 100 ns
Discharge Leakage Current 20 100 nA
Matching Characteristics Note 5
Initial Timing Accuracy 0.2 %
Timing Drift with Temperature +10 ppm/°C

NOTES:

Rating is for the total package at an ambient temperature of up to 70°C.
Supply current when output is high is typically 1.0mA less.

Tested at Vcc = 5V and V¢ = 15V.
This will determine the maximum value of Ra + Rp. For 15V operation, the maximum total R = 20MQ.

Matching characteristics refer to the difference between performance characteristics of each timer section.

oD
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D555 Dual Timer

Typical Performance Characteristics (Each Timer Section)

MINIMUM TRIGGER

PULSE WIDTH
150
~ 125
E
E
£ 100
4
=
o
£ 75 o
w
g e jj/
a 50 i o o
| - ﬁf’””w"‘
E oLl =
_—— 1
[ DS8S
0 i
0 0.1 0.2 03 0.4
LOWEST VOLTAGE LEVEL
OF TRIGGER PULSE (X Vcc )
Figure 1
LOW OUTPUT VOLTAGE
10 -
Ve =8y
0%
10 ~ 7
g /
2 IS o odv) —
2 —Y+70°C
0.1 = -
DESS
0.01 i
12 5 10 20 50 100
Isink (mA)
Figure 4
DELAY TIME VS.
SUPPLY VOLTAGE
1.015
£ 1010 !
N t
F i
= 1.005 !
4
5] i} o
: \ —
H 1.000 s N
s
5 0.995
w
o
1
50990
i)?ss
09857 5 10 15 20

Vs —SUPPLY VOLTAGE (Vdc)

Figure 7

Is — SUPPLY CURRENT (mA)

Vou (Vde)

t4 — DELAY TIME NORMALIZED

SUPPLY CURRENT
(BOTH TIMER SECTIONS)

4 ]
0555
0 i
5 10 15
Vs — SUPPLY VOLTAGE (Vdc)
Figure 2
LOW OUTPUT VOLTAGE
10 T
Vit = 0V
1.0 ;_
o N
0.1} ﬁ:lafc ek T PEC
: > gog —
L D555
0.01 :
2

1

5 10 2 50 100

Isink (mA)

Figure 5

DELAY TIME VS.

TEMPERATURE
1.005
1.000 \ \
\
D585
0.995
[} +25 +50 +75

Ta — AMBIENT TEMPERATURE (°C)

Figure 8

Vec —Vou (Vdc)

Voo (Vdc)

tpd — PROPAGATION DELAY TIME (ns)

HIGH OUTPUT VOLTAGE

20 i T }
!
1.8 +
]
16 T
T !
14 WM o
L m— +70°C
1.0
0.8
0.6
04 .
5V < Voo < 16V
0.2 i
! ; D565
0 i i
1 2 5 10 20 50 100
Isource (mA)
Figure 3
LOW OUTPUT VOLTAGE
10 —
Vi = 18V
1.0
+76°C
|
+250 ,
0.1 + +
o e |
L * D555
0.01 i
12 5 10 20 50 100
Isink (mA)
Figure 6
PROPAGATION DELAY VS.
TRIGGER VOLTAGE
300 y
2601
200 ;-
Y
150 S —
[ ey /
T
100 <7
- BT
+70°C
50 S—
DE5S
° i
0 0.1 0.2 03 0.4

LOWEST VOLTAGE LEVEL
OF TRIGGER PULSE (X V¢c )

Figure 9
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Typical Applications

DESCRIPTION OF CIRCUIT CONTROLS

Output

The output logic level is normally in a “low” state, and goes
*high”’ during the timing cycle.

Trigger

The timing cycle is initiated by lowering the dc level at the
trigger terminal below 1/3 Vgc . Once triggered, the circuit is
immune to additional triggering until the timing cycle is
completed.

Threshold

The timing cycle is completed when the voltage level at the
threshold terminal reaches 2/3 Vcc. At this point, the threshold
comparator changes state, resets the internal flip-flop, and
initiates the discharge cycle.

Control or FM

The timing cycle or the frequency of oscillation can be con-
trolled or modulated by applying a dc control voltage to pin 4
or 10. This terminal is internally biased at 2/3 V¢ . The con-
trol signal for frequency modulation or pulse-width modula-
tion is applied to this terminal. When not in use, the control
terminals should be ac grounded through 0.01uF decoupling
capacitors.

Discharge

This terminal corresponds to the collector of the discharge
transistor. During the charging cycle, this terminal behaves
as an open-circuit; during discharge, it becomes a low impe-
dance path to ground.

Reset

The timing cycle can be interrupted by grounding the reset
terminal. When the reset signal is applied, the output goes
“low” and remains in that state while the reset voltage is
applied. When the reset signal is removed, the output remains
“low” until re-triggered. When not used, the reset terminals
should be connected to Vgc in order to avoid any possibility
of false resetting. When the timing circuits are operated in
the astable mode, the reset terminals can be used for “‘on” and
“off” keying of the oscillations.

SPECIAL APPLICATIONS CONSIDERATIONS

Triggering

The device triggers on the negative going edge of a low going
pulse. The trigger pulse must be of shorter duration than the
“RC" time interval. If the trigger is held low, the output will
stay high until trigger is driven high again.

Timing Drift with Temperature

The timer in the monostable mode has a timing drift of
50 PPM/°C typical. In the astable mode, since both compara-
tors of the device are used, the drift is somewhat greater.
(Typically 150 PPM/°C drift)

Maximum Oscillation Frequency

The D555 timer is capable of oscillating at up to 300kHz.
However, for temperature stability the limit should be around
200kHz.

Duty Cycle

When expressed as a ratio of output ““true”” time to total cycle
time, the duty cycle is normally greater than 50%. However,
by adding a diode as shown, a duty cycle of less than 50% can
be achieved.

D555 Dual Timer

i ey

Rip < ﬁ

1/2 DEES .
b o i

C

S
*

L1 '
T L

Latch Up When Driving an Inductive Load

A negative voltage at pin 1 can cause a latch up. The solution
is to add two diodes as shown. This circuit prohibits a negative

voltage from reaching pin 1.

Figure 1

D2

1/2 D855 1

R
ﬁm
" R

Figure 2

Monostable Operation

In this mode of operation, the timer functions as a one-shot.
Referring to Figure 3 the external capacitor is initially held
discharged by a transistor inside the timer.

+Wep (B TO 18V)

o
RESET?-—MM—-« Ra
TRIGGER O 2 6 s
120865 3 18
OUTBUT Orermmm 1 4 4 o
_L } CONTROL
VOLTAGE
.E}T@LF:I:

Figure 3

Upon application of a negative trigger pulse to pin 2, the
flip-flop is set which releases the short circuit across the exter-
nal capacitor and drives the output high. The voltage across
the capacitor, now, increases exponentially with the time con-
stant 7 = R5C. When the voltage across the capacitor equals
2/3 Vcc . the comparator resets the flip-flop which in turn
discharges the capacitor rapidly and drives the output to its
low state. Figure 4 shows the actual waveforms generated in
this mode of operation.

The circuit triggers on a negative going input signal when the
level reaches 1/3 Vg . Once triggered, the circuit will remain
in this state until the set time is elapsed, even if it is triggered
again during this interval. The time that the output is in the
high state is given by t = 1.1 RAC. Notice that since the charge
rate, and the threshold level of the comparator are both direct-
ly proportional to supply voltage, the timing interval is inde-

= 0.1 MS/CM

INPUT — 2V/CM

OUTPUT VOLTAGE ~ 8V/CM

%

£

/
71

CAPACITOR VOLTAGE — 2V/OM
Ra = 8.1k80, C= 01uF, Ry~ 1k

Figure 4
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Typical Applications (cont'd.)

pendent of supply. Applying a negative pulse simultaneously
to the reset terminal (pin 6) and the trigger terminal (pin 2)
during the timing cycle discharges the external capacitor. The
timing cycle will now commence on the positive edge of the
reset pulse.

When the reset function is not in use, it is recommended that it
be connected to V¢ to avoid any possibility of false resetting.

Astable Operation

If the circuit is connected as shown in Figure 5 (pins 3 and
2 connected) it will trigger itself and free run as a multivibrator.
The external capacitor charges through Ra and Rg and dis-
charges through Rg only. Thus the duty cycle may be pre-
cisely set by the ratio of these two resistors.

g (8 TO 15V

o
OUTPUT Oy 1 § a4 g
1/2 D555 Fg

G

4 7 2 3
CONTROL r i

0.0%
YOLTAGE I

L

Figure 5

In this mode of operation, the capacitor charges and discharges
between 1/3 Ve and 2/3 Ve . As in the triggered mode, the
charge and discharge times, and therefore the frequency are
independent of the supply voltage.

Figure 6 shows waveforms generated in this mode of operation.

= 0.5 MS/CM

OUTPUT VOLTAGE

CAPACITOR VOLTAGE

Figure 6

The charge time (output high) is:
t1 =0.693 (Ra + Rg)C
The discharge time (output low) is:
tr = 0.693 (RB)C
The total period is:
T=11 +1t2=0.693 (Ra + 2Rg)C
The frequency of oscillation is:

Missing Pulse Detector

Using the circuit of Figure 7, the timing cycle is continuously
reset by the input pulse train. A change in frequency, or a
missing pulse, allows completion of the timing cycle which
causes a change in the output level. For this application, the
time delay should be set to be slightly longer than the normal
time between pulses. Figure 8 shows the waveforms seen in
this mode of operation.

Voo {5 TO 15V)

*
—1 &
OUTPUT Qs G 4 5
1/2 DEES —L I
f" 7 2 3 g
ﬁ?p‘?l ‘_ﬁ‘Ky
I L I "
INPUT -
Figure 7
INPUT zv'i'fg”ré o o i"”" f"“" -

IR

OUTPUT VOLTAGE 8V/CM

p - Al

VI~ i

CAPACITOR VOLTAGE

Ra= 1k§2, © = 08uF

Figure 8

Long Time Delays

In the D555 timer the timing is a function of the charging rate
of the external capacitor. For long time delays expensive capa-
citors with extremely low leakage are required. The practicality
of the components involved limits the time between pulses to
something in the neighborhood of ten minutes.

To achieve longer time periods both halves may be connected
in tandem with a ““Divide-by’’ network in between. The first
timer section operates in an oscillatory mode with a period
of 1/fg.

This signal is then applied to a “/Divide-by-N"" network to give
an output with the period of N/fy. This can then be used to
trigger the second half of the D555. The total time delay is
now a function of N and fo-

TOTAL PERIOD = 693 {Ra + 2Rp)C. LONG THIE COUNTER
1 1.44 {Exampte values set for approx, 15 min.} {Mours, Days, Waeks, atc.} Voo
f= —_——————— 3
Ra + 2Rg)C
™ T | (. A 8) Ra S (Bl R
e duty cyc :'s' 58 b e 130 MIN) 10k 5 8 14
B ; L3 {1 HOUR]) OUTPUT
=— M2 13 1720855 1 BINARY ot 11 1/2 D555 1340
Ra +2Rp COUNTER (i3 (2 HOURS)
COUNTER 12
2, 4 o T:z {4 HOURS} o 3 10
© == (330u) T “ CLOCK TO NEXT D1
= O COUNTER FOR T ¢
- LONGER TIMES
o T T
e OUTPUT PULSE WIDTH, T= 1.1 RC
Figure 9
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D555 Dual Timer

Typical Applications (cont'd.)

Keyed Oscillator M S U S W S U R S

One of the timer sections of the D555 can be operated in its INPUT SIGNAL {f; = 9kHz)

free-running mode, and the other timer section can be used A S s S R A B N

H a° " i (2 H H .

Fo key lt. on and “off”. A recommended circuit connection OUTBUT AT PIN 1

is shown in Figure 10. FOR DIVIDE-BY-3
VARIABLE DUTY CYCLE
DUTPUT AT PIN 13

" igure 12
€y cz Figure

i‘ Puise Position Modulation
E——'vw—ow When a timer section of the D555 is operated in its astable
e mode, the period of the output pulse train can be varied by

O 21 4 10 i3 O O OUTPUT ' . : .
"U“' , applyinga quulatlon vo!tage to the correspon.d.lng modulation
TRIGGER i control terminal. In this manner, the repetition rate of the
= output pulse train can be varied. This output can be used to
}% N drive a second timer section operating in the monostable mode,
0.014E]0.01uF ‘ *i resulting in a pulse-position modulated output. Typical transfer
- Ty =14 Ry characteristics between the timing cycle and the modulation
"X‘ .46 voltage are given in Figure 13.
{Ra + 2R1Cy
Figure 10 20
Frequency Divider and Pulse Shaper g s e
If the frequency of the input is known, each timer section of § -
the D555 can be used as a frequency divider by adjusting the 0
length of its timing cycle. If the timing interval Ty (= 1.1 R4 Cq) A R R !
is larger than the period of the input pulse trigger, then only § i
those input pulses which are spaced more than 1.1 Rq Cq will E s i
actually trigger the circuit. = / i
If desired, the remaining timer section can be used as a “pulse- !
shaper”’ to adjust the duty cycle of the output waveform. As S w e e v v
seen in Figure 11, Timer 1 is used as the frequency divider MODULATION VOLTAGE AT CONTROL TERMINAL
section and Timer 2 is used as the pulse-shaper. Corresponding Figure 13

waveforms are shown in Figure 12.

Pulse Width Modulation (PWM)
In this application, the timer is connected in the monostable
‘,\;,0 mode as shown in Figure 14. This circuit is triggered with a

L PR continuous pulse train and the threshold voltage is modulated
Ay - Rz by the signal applied to the control voltage terminal (pin 4).
s s This has the effect of modulating the pulse width as the con-
3 1 ;
o mER TIMER trol voltage varies.

T i
e 5 #1 #2 9
By

e = {5 TO 18V}

O 3
— Ra
QUTPUT Ot ] G 4 5 j-‘
T°
ey

120855 3
CLOCK 5 4 MODULATION
INPUT i INPUT
Figure 11 Figure 14
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356

Dual Timer

Features Description

® TIMING FROM MICROSECONDS THROUGH HOURS The Teledyne 556 monolithic timing circuit is a highly

® OPERATES IN BOTH ASTABLE AND MONOSTABLE stable controller capable of producing accurate time delays
MODES or oscillation. In the time delay mode, delay time is pre-

cisely controlled by only two external parts: a resistor

® ADJUSTABLE DUTY CYCLE and a capacitor. For operation as an oscillator, both the free

@ QUTPUT DRIVESTTL running frequency and the duty cycle are accurately con-
® HIGH CURRENT OUTPUT CAN SOURCE OR SINK trolled by two external resistors and a capacitor.

150mA Terminals are provided for triggering and resetting. The
® TEMPERATURE STABILITY OF 0.005%/°C circuit will trigger and reset on falling waveforms. The

output can source or sink up to 150mA or drive TTL
circuits. The 556 circuit is intended for operation over the
temperature range of 0°C to +70°C.

Equivalent Circuit Diagram

CONTROL
o]

o1
Ble

>

Qzz

{3 OUTPUT

Connection Diagrams

L PACKAGE JPACKAGE
14 LEAD CERDIP 14 LEAD PLASTIC DIP
(TOP VIEW) (TOP VIEW)
e
DISCHARGE A {: 1 14 :] Vee DISCHARGE A i: 1@ 14 :] Vee
THRESHOLD AE 2 13 :imscmm;s 8 THRESHOLD A E 2 13 jaxsewmcs 8
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Absolute Maximum Ratings

556 Dual Timer

Supply Voltage +18V
Power Dissipation (Note 1) 530mW
Operating Temperature Range 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 60 seconds) +300°C
NOTE:
1. Rating is for the total package at ambient temperature up to 70°C.
Electrical Characteristics (Ta = 25°C, Vcc = +5V to +15V unless otherwise specified)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Voltage 45 16 \'
Supply Current (Each Side) Vee =5V, R = 3 6 mA
Vee = 15V, R =0 10 14 mA
Low State'"
Timing Error (Free Running) Ra, Rg = 2 k§2 to 100 k€2
c=0.1pF?
Initial Accuracy 2.25 %
Drift with Temperature 150 ppm/°C
Drift with Supply Voltage 0.3 %/Volt
Timing Error (Monostable) Ra, Rg =2 k§2to 100 k§2
c=0.1uF?
Initial Accuracy 0.75 %
Drift with Temperature 50 ppm/°C
Drift with Supply Voltage 0.1 %/Volt
Threshold Voltage 2/3 X Vce
Trigger Voltage Vce = 15V 5 \%
VCC =5V 1.67 \Y
Trigger Current 0.5 MA
Reset Voltage 0.4 0.7 1.0 \%
Reset Current 0.1 mA
Threshold Current @) 0.03 0.1 MA
Control Voltage Level Vee = 15V 9.0 10 11 \Y
Vee =5V 2.6 3.33 4 \Y
Output Voltage (low) Vce = 15V
lSINK =10 mA 0.1 0.25 \%
Isinkg = 50 mA 0.4 0.75 \%
|S|NK =100 mA 2 2.75 \%
ISINK =160 mA 2.5
VCC =5V
lSlNK =5mA 0.25 0.35 \%
Output Voltage (high) Isource = 150 mA
Vee = 15V 12.5 \%
Isource = 100 mA
Vee = 15V 12.75 13.3 Y,
Vee =5V 2.75 33 \%
Rise Time of Output 100 ns
Fall Time of Output 100 ns
Discharge Leakage Current .02 1 MA
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| Timer

Electrical Characteristics (Cont'd.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Matching Characteristics
Between Each Section
Initial Timing Accuracy 0.1 0.2 %
Timing Drift with Temperature +10 ppm/°C
Drift with Supply Voltage 0.2 0.5 %/Volt

NOTES:

1. Supply current when output high typically 1mA less (each side). 2. Tested at Ve = 5V and Ve = 15V. 3. This will determine the maxi-
mum value of R + Rg. For 15V operation, the maximum total R = 20M£.

Typical Performance Characteristics
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Typical Applications

MONOSTABLE OPERATION

In this mode, the timer functions as one-shot. The external
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
Vce, where the comparator resets the flip-flop and dis-
charges the external capacitor. The output is now in the low
state.

+Vge (6.0 TO 16 V)

ESET B
iy RES T Ve

TRIGGER DHSCHARGE
Jo—
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i;;
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}; Q0% uF

GROUND

OUTPUT CQNTQQL

VOLTAGE

..Md

FREE RUNNING OPERATION (Astable)

With the circuit connected as shown and it will trigger
itself and free run as a multivibrator. The external capa-
citor charges thru Rp and Rp and discharges thru Rpg only.
Thus the duty cycle is set by the ratio of these two resistors,

+Vge (5.0 TO 18 V)

i

RESEY DISCHARGE

& % BES
QUTPUT THRESHOLD

i TRIGGER

GROUND

A
&

i

Circuit triggering takes place when the négative-going trigger
pulse reaches 1/3 Vcc and the circuit stays in the output
high state until the set time elapses. The time the output
remains in the high state is 1.1 RAC 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.
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and the capacitor charges and discharges between 1/3 VcC
and 2/3 Vcc. 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.
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Glossary of Terms

Average Input Offset Current t° Coefficient—(Op Amps) Change in
input offset current divided by change in ambient temperature
producing it.

Bandwidth—(Op Amps) Frequency at which voltage gain is re-
duced to 1/\/2 times the low frequency value.

Common Mode Firing Voltage—(Comparators) CM input voltage
that exceeds dynamic range of inputs with strobe enabled resulting
in output switching states.

Common Mode Input Resistance—(Op Amps) Resistance looking
into both inputs tied together.

Common Mode Recovery Time—(Comparators) Time from turn
off of CM signal 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.

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

Current-Limit Sense Voltage—(Regulators) 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 transistors are
used.

Differential Input Offset Current—(Comparators) Absolute differ-
ence in two input bias currents of one differential input.

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

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

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

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

Full Power Bandwidth—(Op Amps) Maximum frequency at which
full sinewave output might be obtained.

Harmonic Distortion—(Op Amps) Percentage of harmonic distor-
tion being defined as 100 times ratio of RMS sum of harmonics to
fundamental.

% harmonic distortion =
(V22 + V33 + V42 +... )1/2 (100%)
Vi

where V4 is RMS amplitude of fundamental and V5, Vg3, Vg4, . ..
are RMS amplitudes of individual harmonics.

Input Bias Current—(Comparators) DC current which flows into each
input pin with differential input of OV. —(Op Amps) Average of the
two input currents at zero input voltage.
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Input Capacitance—(Op Amps) Capacitance looking into either
input terminal with other grounded.

Input Current—(Op Amps) Current into an input terminal.

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

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

Input Offset Current—(Comparators) Absolute value of difference
between two input currents for which output will be driven
higher or lower than specified voltages. —(Op Amps) Difference in
currents into two input terminals with output at zero volts.

Input Offset Voltage—(Comparators) Absolute value of voltage
between input terminals required to make output voltage greater or
less than specified voltages. —(Op Amps) 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
resistances are inserted in series with input leads.

Input-Output ,Voltage Differential—(Regulators) Range of voltage
difference between supply voltage and regulated output voltage over
which regulator will operate.

Input Resistance—(Op Amps) Resistance looking into either input
terminal with other grounded.

Input Voltage Range—(Comparators) Range of voltage on input
terminals (common mode) over which offset specifications apply.
—(Op Amps) Range of voltages on input terminals for which
amplifier operates within specifications. In some cases, input offset
specifications apply over input voltage range. —(Regulators) Range
of DC input voltages over which regulator will operate within
specifications.

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

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

Load Regulator—(Regulators) Percentage change in output voltage
load a specified change in load current;

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

Maximum Power Dissipation—(Regulators) Maximum total device
dissipation for which regulator will operate within specifications.

Negative Output Level—(Comparators) Negative DC output voltage
with comparator saturated by differential input equal to or greater
than specified voltage.

Offset Voltage—(Comparators) Difference between absolute values
of threshold voltage in positive- and negative-going directions.

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



Output Leakage Current—(Comparators) Current into output termi-
nal with output voltage within given range and input drive equal to
or greater than given value.

Output Noise Voltage—(Regulators) RMS output noise voltage with
constant load and no input ripple.

Output Resistance—(Comparators) Resistance seen looking into
output terminal with DC output level at logic threshold voltage.
—(Op Amps) Resistance seen looking into output terminal 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.

Output Short-Circuit Current—(Op Amps) Maximum output current
available . from amplifier with output shorted to ground or to
either supply.

Output Sink Current—(Comparators) Maximum negative current
that can be delivered by comparator.

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

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

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

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

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

Power Consumption—(Comparators) 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
conditions. —(Op Amps) DC power required to operate amplifier
with output at zero and with no load current.

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

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

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

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

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

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

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

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

Settling Time—(Op Amps) Time between initiation of input step
function and time when output voltage has settled to within

Short-Circuit Current Limit—(Regulators) Output current of regu-
lator with output shorted to negative supply.

Slew Rate—(Op Amps) Maximum rate of change of output voltage
under large signal condition.
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Standby Current Drain—(Regulators) Supply current drawn by
regulator with no output load and no reference voltage load.

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

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

Strobe OFF Voltage—(Comparators) Minimum voltage on strobe
terminal that will guarantee that it does not interfere with operation
of comparator.

Strobe ON Voltage—(Comparators) Maximum voltage on either
strobe terminal required to force output to specified high state
independent of input voltage.

Strobe Release Time—(Comparators) 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—(Comparators) DC output voltage, indepen-
dent of input conditions, with voltage on strobe terminal equal to or
less than specified low state.

Supply Current—(Comparators) 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. —(Op Amps) Current
required from power supply to operate amplifier with no load and
output at zero.

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

Temperature Stability—(Regulators) Percentage change in output
voltage for thermal variation from room temperature to either
temperature extreme.

Temperature Stability of Voltage Gain—(Op Amps) Maximum
variation of voltage gain over specified temperature range.

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

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

Voltage Gain—(Comparators) Ratio of change in output voltage to
change involtage between input terminals producing it. —(Op Amps)
Ratio of output voltage to input voltage under stated conditions for
source resistance (Rg) and load resistance (R ).
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Product Index

PRODUCT NUMBER:

101A

104

105

107

111

124

139 (139, 139A)

144, 142 (See 844/846 Series)
201A

204

205

207

211

224

239 (239, 239A)

241, 242 (See 844/846 Series)
301A

304

305 (305, 305A)

307

308 (308, 308A)

311

324

339 (339, 339A)

341, 342 (See 844/846 Series)
376

D555

556

709 (709, 709A, 709B, 709C)
710 (710, 7108, 710C)

711 (711, 7118, 711C)

723 (723, 723C)

741 (741, 741A, 741B, 741C)
747 (747, 7478, 747C)

PAGE:
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1
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74
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1
112
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68
74

16
106
1
112
47
81
136
142
20
115
117
84
27
34

PRODUCT NUMBER: PAGE:
748 (748, 748B, 748C) 40
823 (823, 823A, 823B) 91
829 (829, 8298, 829C) 93
830 (830, 8308, 830C) 93
8356 46
844 (844, 844B, 844C) 47
845 (845, 8458, 845C) 58
846 (846, 846B, 846C) 47
1458 (1458, 1458C) 60
1558 60
2740 (2740, 27408, 2740C, 2740D) 62
2901 120
3302 122
75450/75460 125

(75450/75450B, 75451/75451B,
75452/75452B, 75453/75453B,
75454/75454B, 75460, 75461,
75462, 75463, 75464)

78M00 99
(78M05, 78M06, 78M08, 78M 12,
78M15, 78M20, 78M24)
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