ESE D- M 29b1724 0048008 2 M |_'|'1[]13, LT1013A, LT1013D
DUAL PRECISION OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFC)

SEE ORDER OF DATA ?gEIgERATA INFORMATION _ D3237, MAY 1968 - REVISED JULY 1989
— @ Single-Supply Operation: D PACKAGE - -
/T Input Voltage Range Extends to Ground (TOP VIEW) T 7 ? 16
~ Output Swings to Ground While Sinkin
Cur?ent 9 9 1N+ U s[J1IN-
Vee - Oz 7J10uT
@ Input Offset Voltage ... 150 pV Max at 2IN+[]s s Vee +
25°C for LT1013A 2IN-[]4 s[]2ouT
@ Offset Voltage Temperature Coefficient ...
JG OR P PACKAGE
‘ 2 uVv/°C Max for LT1013A (TOP VIEW)
® Input Offset Current ... 0.8 nA Max at 25°C
for LT1013A 1out [+ U e[lvee.

1IN-[]2 7[J2ouT
1IN+[]3 6[]J2IN-

Vee -4 5[12IN+

® High Gain ... 1.5 V/uV Min (R = 2kQ),
0.8 V/iV Min (R = 600 k) for LT1013A

® Low Supply Current ... 0.5 mA Max at

25°C for LT1013A L PACKAGE
(TOP VIEW)
® Low Peak-To-Peak Noise Voltage ...
0.55 uV Typ

@ Low Current Noise ... 0.07 pA/NHz Typ

description

The LT1013 is a precision dual operational

amplifier featuring low offset voltage temperature

coefficient, high gain, low supply current, and low
<4 noise. It is offered in an 8-pin industry-standard
configuration in JG and P package types as well
as in a D package with a special pinout.

Pin 4 of the L package is in
electrical contact with the case.

41
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i The LT1013 can be operated from a single 5-V power supply; the common-mode input voltage range

| includes ground, and the output can also swing to within a few millivolts of ground. Crossover
distortion is eliminated. The LT1013 can be operated with both dual £15-V and single 5-V supplies.

The LT1013M, LT1013AM, and LT1013DM are characterized for operation over the full military
temperature range of —55°C to 125°C. The LT1013Il, LT1013Al, and LT1013DI are characterized for
operation from ~40°C to 105°C. The LT1013C, LT1013AC, and LT1013D are characterized for
operation from 0°C to 70°C.

AVAILABLE OPTIONS

Vjo max PACKAGE
TA AT 25°C SMALL OUTLINE | CERAMIC DIP | METAL CAN | PLASTIC DIP
(D) (JG) (L) (P)
0°C 150 pV — LT1013ACJG LT1013ACL —
to 300 pVv — LT1013CJG LT1013CL LT1013CP
70°C 800 puVv LT1013DD LT1013DJG LT1013DL LT1013DP
- 40°C | 150 pv _— LT1013ANG —_ —_
to 300 pv — LT10131JG —_ LT1013IP
105°C | 800 pV LT1013DID LT1013DIG —_— LT1013DIP
-55°C | 150 puv —_— e LT1013AML —_
to 300 pVv — LT1013MJG LT1013ML LT1013MP
125°C | 800 pv LT1013DMD LT1013DMJG LT1013DML | LT1013DMP

The D package is available taped and reeled. Add the suffix R to the device type (e.g., LT1013DDR).

! PRODUCTION DATA documents contain information
| current as of publication date. Produgts conform to
speclfications per the terms of Texas Instruments

andard warranty., Production rracssslnn doss not

necessarlly include testing of all parameters.
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DUAL PRECISION OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFCO) — T=79-/0

schematic (each amplifier)
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a5E p W 8961724 0080610 0 mm  LT1013, LT1013A, LT1013D
DUAL PRECISION OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC) T 79_/0

I

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voo, (8ee Note 1) ..o i 22V
Supply voltage, Voo (See Note 1) ... .o 22V
Differential input voltage (see NOte 2) .. ... e +30 V
Input voltage range, V| (any input, see Note 1). ...t Veo--5Vito Ve,
Duration of short-circuit current at (or below) 25°C (see Note 3) ......... ... .ot unlimited
Operating free-air temperature range, Ta: LT1013M, LT1013AM, LT1013DM .......... -55°C to 125°C

LT1013l, LT1013Al, LT1013Dl ............ —40°C to 105°C

LT1013C, LT1013AC, LT1013D ............... 0°C to 70°C
Storage temperature range . ... ..ot iiii i i e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package .............. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG or L package.............. 300°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vg, and Voo -

5

1423

2. Differential voltages are at the noninverting input with respect to the inverting input.
3. The output may be shorted to either supply.
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TEXAS INSTR (LIN/INTFC)
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R
TYPICAL CHARACTERISTICS T=79-/0
table of graphs
FIGURE
vs Source resistance 1
Vio input offset voitage vs Temperature 5
AVio Change in input offset voltage vs Time 3
llo Input offset current vs Temperature 4
i input bias current vs Temperature 5
Vic Common-mode input voltage vs Input bias current 6
Ayp Differential voitage amplification :2 l';cr’::u;e:l?tance 97"180
Channel separation vs Frequency 11
OQutput saturation voltage vs Temperature 12
CMRR  Common-mode rejection ratio vs Frequency 13
ksvR Supply voltage rejection ratio vs Frequency 14
lce Supply current vs Temperature 15
los Short-circuit output current vs Time 16
Vn Equivalent input noise voltage vs Frequency 17
In Equivalent input nolse current vs Frequency 17
VN(PP)  Peak-to-peak input noise voltage vs Time 18
Pulse response Small-signal 19, 21
Large-signal 20, 22, 23
Phase shift vs Frequency 9
TEXAS N'q
10
INSTRUMENTS
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- T-79-10

L
TYPICAL CHARACTERISTICST
LT1013A INPUT OFFSET VOLTAGE
INPUT OFFSET VOLTAGE OF REPRESENTATIVE UNITS
Vs Vs
BALANCED SOURCE RESISTANCE FREE-AIR TEMPERATURE
10 p— 250 , .
' + } } '/ = +15V
Vee+ =5V, Vee-=0 200 ces
Ta = —65°Cto 125°C
2 A= 3 150
dl, Veet = £15V v :’ 100
E 1 Ta = ~55°C to 125°C /Ill:/,,'/ 5‘ 5 /-/
2 X A S —
2  [Veci=5Vv 7 77 3 o
g | Vcc_ =0 /,/// g \.\\
] Ta = 25°C /// // . 5 —50 — —
& 04 =l i E — T~
= o ——— ~100 —
: : — o \\
[@) T =
=  [Vecs = 15V Rs ] > -150 N
_Ta = 25°C > ] —200
| fg
0,01 : . -250
1k 3k 10k 30k 100k 300k 1M 3M 10M ~-50 -25 0 25 50 75 100 125
Rg - Source Resistance - Q TA — Free-Air Temperature - °C
FIGURE 1 FIGURE 2
WARM-UP CHANGE
IN INPUT OFFSET VOLTAGE INPUT OFFSET CURRENT
Vs Vs
ELAPSED TIME FREE-AIR TEMPERATURE
5 r 1 T
= Voot = 215V Vic=0
| Ta = 25°C
® 4 < 08
s [
) t
s 3 g 0.6
g L PACKAGE 3 /
£ | — Voot = £25V
s 7 . | g
g _E_' Vee+ = 5V, Vee- =0 // /
5 JG PACKAGE 5 //' T /
( 1 = 02 | ——— ]
(o} =
3 v('|:C:t = 215V
0 0
0 1 2 3 4 5 -50 ~25 0 25 50 75 100 125
t — Time After Power-On - min Ta - Free-Air Temperature - °C
FIGURE 3 FIGURE 4
Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LT1013, LT1013A, LT1013D

DUAL PRECISION OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFC)

25 D MWW 89L1724 0080L19 7 M

4 ‘- .
TYPICAL CHARACTERISTICST / 79 ~/10
LT1013A LT1013A
INPUT BIAS CURRENT COMMON-MODE INPUT VOLTAGE
Vs vs
FREE-AIR TEMPERATURE INPUT BIAS CURRENT
~30 , 15 , 5
Vic=0 Ta = 25°C
>
-25 110 4
< &
c S
. : |
E ~20 ; 5 3
E Vee+ = 6V,Vee-=0 a Veet: = £15V Vee+ =5V
é .5 |//[// < ] (Left Scale) Veg- = 0 \
- - o b~
.g /;/ ;W/ E? (Right Scale)
5 ] Vet = 25V £
E 10— vgoyg = 15V E -5 1
n cct = ¢ E \\
0 o
= i
-5 -10 0
1] -15 \ -1
-50 -25 0 25 50 75 100 125 0 -5 -10 -15 -20 -25 -30
T - Free-Alr Temperature - °C lig - Input Bias Current — nA
FIGURE 5 FIGURE 6
LT1013A
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs vs
LOAD RESISTANCE LOAD RESISTANCE
, 1op SO— 10 - S
2 Voo = £15V — E “Vee+ = 5V,Voe-=0
> (Vg = £10V B27.4 > [Vo = 20mVto35V
5 4 | Ta = 25°C 5 ¢
3 Ta = -s5°c/| [ /] 3
£ T g =
< / / /rA = 125°C < ) /1 Ta = —55°C
A ol i : [
E 1 H E ! i = TA%EE
(<} I o VAR 4 PR O N
3 I / 3 17 e ———
'-g 04 'g 0.4 71/ Py Ta = 125°C 1]
8 g /] /
s £ y
a a [/l 1/
o o / /
> >
< 04 , < 04
100 400 1k 4k 10k 100 400 1k 4k 10k
R| — Load Reslstance ~ Q RL — Load Resistance — Q
FIGURE 7 FIGURE 8

Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

Vic - Common-Mode Input Voltage — V

A
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ESED | - Bql;l7EL| 0080k20 37;77 | LT1013, LT1013A, LT1013D
DUAL PRECISION OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC).
m N 4
T=79-/0

TYPICAL CHARACTERISTICST

/zf
o
~ DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT DIFFERENTIAL VOLTAGE AMPLIFICATION
vs Vs
FREQUENCY FREQUENCY
| S Y B N I B 80° 140% T 1
@ Vic=0 a CpL= 100 pF
L 20p v 18V Cp = 100 pF100° I 120 < TA = 25°C -
- = 0 c
S \\ ~<\\CC1 'II'A | I25 C S
ki NEER NI — 120° & 100
= AVD\\ \\\ \\{ Vees = 5V £ Voe+ = 5V \Vcct = 15V
E 10 \Q —Vee- = 0 1400 E 80f—Vce-=0
(72}
8 NN N 3 B N\
2 lvees = 5NN N 160°y 5 60
> Voor =0 NN \(\ & 3 \
3 o} cC-" A 1800, E a0 \
g \:\ ) § \
£ \\ \‘ 200° £ 20 \
Ql Vect = £15V \>\ O' \
g -10 AN 220° g 0 A\
g ™ <
ISNAY 240° -20 \
0.01 0.3 1 3 10 001 01 1 10 100 1k 10k 100k 1M 10M
f — Frequency — MHz f — Frequency — Hz
- FIGURE 9 : FIGURE 10
= CHANNEL SEPARATION OUTPUT SATURATION VOLTAGE
VS VS
FREQUENCY FREE-AIR TEMPERATURE
160 . . 10 : ;
Veet: = 15V Vee+ = 5Vto 30V
r—\ V|(PP) = 20 V to § kHz Veg- =0
140 \ - N RL =2 kfl >
a LIMITED BY Ta = 25°C é’ lsink = 10 mA
] THERMAL 1 ' '
c S = lgink = 5 MA —
§ 120{INTERACTION NN 3 L el
£ \ N = 1000 g [
(§- RL|= 1kQ \ \ ‘g |s|nk,= 1m‘A Tt
T 100 . 2
g LIMITED BY @ 0.1 j———r’—T
g 5 %TElsink = 100 pA
5 PIN-TO-PIN 2
80 CAPACITANCE N a
\ - Isink = 10 BA
ls[nk =0 ______._—-—-—""———‘
60 0.01
10 100 1k 10k 100k 1™ ~50 -25 0 25 50 75 100 125
f - Frequency — Hz Tp — Free-Air Temperature — °C
FIGURE 11 FIGURE 12

1Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LT1013, LT1013A, LT1613 ESE 1>‘. "- 8961724 00A0L21 S WA
DUAL PRECISION OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC)

 ___________ _ __ T
TYPICAL CHARACTERISTICST 7_:' '79-/ (4] _ﬁo}
LT1013A .
COMMON-MODE REJECTION RATIO SUPPLY VOLTAGE REJECTION RATIO
Vs vs
FREQUENCY FREQUENCY
120 . 140 : :
@ Ta = 25°C m Vet = t15V
T \\ T 120 Ta = 25°C
o 100 o \
- ®
s \\\\\ Vecs = £15V T 100 S AN
g w0 Vegs = 5V g \\\\ \\ POSITIVE
T Vee- = 0 \ 2 0 NEGATIVE \ \ SUPPLY
E 6 § e SUPPLY
2 ) 8 \
z \ g \
E 40 AN ": \
[ e 40 N,
o a \\\'\\
{ |
= 20 € 20 3 N
2 g AN
0 0
10 100 1K 10k 100k 1M 01 1 10 100 1k 10k 100k 1M
f - Frequency ~ Hz f — Frequency — Hz
FIGURE 13 FIGURE 14 \
SUPPLY CURRENT SHORT-CIRCUIT OUTPUT CURRENT I
VS VS
FREE-AIR TEMPERATURE ELAPSED TIME
460 40
\\T“ -55°C Veet = 15V
] T 80— Ta=25°C
L 420 ! | ]
& S 20 P~ Ta = 125°C
a g
& S 10
5 380 i
m L3
E 210 Voot = £15V 'g
3 — £ _10 Ta = 125°C
—-> / 9 .
§ / // .§ |
@ -~ » -20 Tp = 25°C
| 300 ! et T
8 /// v 5V,V, 0 8_sf | Ta= -s5°C
cc+ = 5V,Vee- = =
260 | | -40 el
-50 -25 O 25 50 75 100 125 0 1 2 3

Ta ~ Free-Air Temperature — °C

FIGURE 15

t — Time -~ min

FIGURE 16

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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25E D MW 891724 008022 7 WM LT013, LT1013A, LT1014D
DUAL PRECISION OPERATIONAL AMPLIFIERS

TEXAS INSTR (LINZINTFQ) T - /79_/0

TYPICAL CHARACTERISTICS

T
i
- EQUIVALENT INPUT NOISE VOLTAGE
and EQUIVALENT INPUT NOISE CURRENT PEAK-TO-PEAK INPUT NOISE VOLTAGE
Vs OVER A
FREQUENCY 10-SECOND PERIOD
1000 |- ] ¥ LU LA T k) 1000 2060 1) 1
I%‘ Voot = £2Vto 18V N Veet = £2Vto 18V
£ FTa = 25°C Is f= 0.1Hzto 10 Hz
T "" S 1600 | Ta = 25°C
g 300 0 £ €
g \|n g dl.)
2 \\ © £ 1200 i
& N 2 2 WNW
2 100 100 2 g MM
5 5 ©
£ = I T
P - I
R A N 30 £ =
a_ \~~~~-- \n.\ s' > 400
w / ~ u
| 1/ CORNER = 2 Hz ~] )
e £
£ £
LT } :
1 10 100 1k 0 2 4 ] 8 10
f — Frequency ~ Hz t-Time-~s
. FIGURE 17 FIGURE 18
e VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER
SMALL-SIGNAL LARGE-SIGNAL
PULSE RESPONSE PULSE RESPONSE
80 | — 20 s
Veex = 215V Vet = £15V
60 Ay =1 15| Ay = 1
TA = 25°C Ta = 25°C
E 40 > 10 r
] . /
g 20 o 5
8 P
: : / \
> 0 - 0
: : | \
.
5 5
o -2 O -5
b 6 \
> ~40 > -10
-60 v/ -15
- 80 -20
0 2 4 6 8 10 12 14 0 50 100 150 200 250 300 350
t - Time - ps t - Time - ps
FIGURE 19 FIGURE 20
. AN L
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LT1013, LT1013A',»LT10»14[>) 725:-: D MW 89b1724 DOB0L23 9 WE
DUAL PRECISION OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFQ)

TYPICAL CHARACTERISTICS ’ - l'7 9 o (»-}
VOLTAGE-FOLLOWER ) VOLTAGE-FOLLOWER
SMALL-SIGNAL LARGE-SIGNAL
PULSE RESPONSE PULSE RESPONSE
160 ¢ . . ! I 6 i 1 | i |
Vee+ = 5V,Vee-=0 Vecs = 5V, Vee- = 0
140 V|=0to100mV — 5-V|=0to4V
RL: 600 Q to GND HL=4.7thO5V
E120 Ay = 1 E alAy =1
i 100 Ta = 25°C . Tp = 25°C \
& 8 ° \
£ go P /
s s, \
2 60 H / \
3 g 1
, 40 ; \
(o} O
> 20 > 0
0 -1
-20 -2
0 20 40 60 80 100 120 140 0 10 20 30 40 50 60 70
t - Time ~ pus t — Time - ps
FIGURE 21 FIGURE 22
VOLTAGE-FOLLOWER )
LARGE-SIGNAL
PULSE RESPONSE
6 T T
Vclc.,, =5V, IVCC- = (I)
5FVi=0todV
RL=0
> 4L Ay =1
| Ta = 25°C [
& 3 f
s \
£ /
: /
=
o 1
o
> 0 .
-1
-2
0 10 20 30 40 50 60 70
t - Time - us
FIGURE 23
-
Ti {IF
16 EXAS
INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265

1436 E-03



a
e

e

A

o s Ay A, i S.CTEx. B -a- e

25E D W 89651724 D080bL2Y "U'- LT1013, LT1013A, LT1013D
DUAL PRECISION OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC)

sing

Vi(pp) — Input Voltage — V

TYPICAL APPLICATION DATA T_ '7?'/0

le-supply operation

The LT1013 is fully specified for single-supply operation (Voc— = 0). The common-mode input voltage range
includes ground, and the output swings within a few millivolts of ground.

Furthermore, the LT1013 has specific circuitry that addresses the difficulties of single-supply operation, both
at the input and at the output. At the input, the driving signal can fall below 0 V, either inadvertently or on a
transient basis. If the input is more than a few hundred millivolts below ground, the LT1013 is designed to
deal with the following two problems that can occur:

1. On many other op amps, when the input is more than a diode drop below ground, unlimited current
will flow from the substrate (Vg terminal) to the input, which can destroy the unit. On the LT1013,
the 400-Q resistors in series with the input (see schematic) protect the device even when the input
is 5 V below ground.

2. When the input is more than 400 mV below ground (at T = 25°C), the input stage of similar type
op amps saturates and phase reversal occurs at the output. This can cause lock-up in servo systems.
Because of a unique phase-reversal protection circuitry (Q21, Q22, Q27, and Q28), the LT1013
outputs do not reverse, even when the inputs are at ~1.5 V (see Figure 24).

This phase-reversal protection circuitry, however, does not function when the other operational amplifier on
the LT1014 is driven hard into negative saturation at the output. Phase-reversal protection does not work on
amplifier 1 when 2's output is in negative saturation or on amplifier 2 when 1’s output is in negative saturation.

At the output, other single-supply designs either cannot swing to within 600 mV of ground or cannot sink more
than a few microamperes while swinging to ground. The all-NPN output stage of the LT1013 maintains its low
output resistance and high gain characteristics until the output is saturated. In dual-supply operations, the
output stage is free of crossover distortion.

5 5 5
4 N\ > >
LT N s /
g 3
A LA s 1\ $ 1T\ /
\ / \ z 2 z 2
‘ 2 (AL : LIV LY
\ |/ g LA \ 5
0 o \ \ o r 17
A 2 ol
-2 -1 -1
(a) V|(pp) = -15Vtod4s5V (b) OUTPUT PHASE REVERSAL (c) NO PHASE REVERSAL
EXHIBITED BY LM358 EXHIBITED BY LT1013

FIGURE 24. VOLTAGE-FOLLOWER PULSE RESPONSE WITH INPUT EXCEEDING
THE NEGATIVE COMMON-MODE INPUT VOLTAGE RANGE
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L'I"101M:-3:_Li'101<:;l‘\,‘LT1~0130 25E 1>- éébi‘?aql 0080LRS5 2 W
DUAL PRECISION OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFC)

TYPICAL APPLICATION DATA T 79-/0 )

comparator applications

The single-supply operation of the LT1013 lends itself for use as a precision comparator with TTL-compatible
output. In systems using both operational amplifiers and comparators, the LT1013 can perform multiple duties.
Refer to Figures 25 and 26.

5 5 e
> >
I Vcc.,. =5V
- s // =z o o[NP Voo = 0 -
8 10 mv / / 5mV | 2mv / 8 \ \ \ Ta = 25°C
S 3 / S 3 N
1. d F NN

3
g 2 pd g 2 ]
o / / OVERDRIVE o 10mv \ 5mv 2mv
o ! a o ! N N
> 0 ///_4/ > 0 \ \ OVERDRIVE
538 1100 mv Vees = 5V § s Iwo mv
g 5 Veg- =0 g3
ag Tp = 25°C cg
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
t - Time — ps t - Time — ps
FIGURE 25. LOW- TO HIGH-LEVEL OUTPUT FIGURE 26. HIGH- TO LOW-LEVEL OUTPUT )
RESPONSE FOR VARIOUS INPUT OVERDRIVES RESPONSE FOR VARIOUS INPUT OVERDRIVES - )

low-supply operation

The minimum supply voltage for proper operation of the LT1013is 3.4 V (three Ni-Cad batteries). Typical supply
current at this voltage is 290 pA; therefore, power dissipation is only 1 mW per amplifier.

offset voltage and noise testing

The testcircuit for measuring input offset voltage and its temperature coefficientis shown in Figure 30. This circuit
with supply voltages increased to +20 V is also used as the burn-in configuration.

The peak-to-peak equivalent input noise voltage of the LT1013 is measured using the test circuit shown in
Figure 27. The frequency response of the noise tester indicates that the 0.1-Hz corner is defined by only one
zero. The test time to measure 0.1-Hz to 10-Hz noise should not exceed 10 seconds, as this time limit acts as
an additional zero to eliminate noise contributions from the frequency band below 0.1 Hz.

An input noise voltage test is recommended when measuring the noise of a large number of units. A 10-Hz input
noise voltage measurement correlates well with a 0.1-Hz peak-to-peak noise reading because both results are
determined by the white noise and the location of the 1/f corner frequency.

Current noise is measured by the circuit and formula shown in Figure 28. The noise of the source resistors is
subtracted.
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85E D -wé%l.?au EIIJ.BUVI:.EI:. 4 LT1013, LT1013A, LT1013D
DUAL PRECISION OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC)
TYPICAL APPLICATION DATA T 7?_/0

< offset voltage and noise testing (continued)
10Q
a3kq 22pF
4.7 pF OSCILLOSCOPE
Ayp = 50,000 I 22p.FI Rin =1MQ
110 kQ §
L L L 0.1 uF -4
NOTE A: All capacitor values are for nonpolarized capacitors only.
FIGURE 27. 0.1-Hz TO 10-Hz PEAK-TO-PEAK NOISE TEST CIRCUIT
10kQ
—ANN 50 kQ
(see Note A)
1Mot 10mat
# ‘ Vno
= 100Q
1 1omat 1omat (see Note A) ’ Vo =1000vi0
Metal film resistor. 50k
(see Note A) =15V
L Vno? - (820 nv)21/2 I
n= 40 MQ x 100 -
FIGURE 28. NOISE CURRENT TEST CIRCUIT NOTE A: Resistors must have low thermoelectric potential.
AND FORMULA

FIGURE 29. TEST CIRCUIT FOR V|g AND ayjo
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Lf1;(_l173,‘|;T1013A, LT1b13D asé D - 8961724 00B0L2? L WA
DUAL PRECISION OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFC)

TYPICAL APPLICATION DATA 7-79-/0

typical applications

5V

a3

2N2905
2N2905

f“ T1 1N4002 (4)
§ 680
2N2905
0.33 uF 10k2  10kQ
I} —AM—
Q4 5V 100 k2

2N2222

10kat
20-mA TRIM

sokat

j\ 100 pF

5V

4-mA 10 20-mA OUT
= TO LOAD
—» 2.2kQ MAX

LT1004
1.2V

IN
— 0TO4V

19 film resistor. Match 10-k resistors 0.05%.
NOTE A: T1 = PIC0O-31080.

FIGURE 30. 5-V POWERED 4-mA — 20-mA CURRENT LOOP TRANSMITTER WITH 12-BIT ACCURACY
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25E D WM 89kL172Y uban&.ea & m LT10;:;:7L;;|7(7)};A, LT1013D
DUAL PRECISION OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC)
T-79-/0

TYPICAL APPLICATION DATA

T 1N4002 (4)

TO INVERTER
DRIVE

4-mA to 20-mA OUT

FULLY FLOATING

-
»

20-mA

LT1004 TRIM

1.2V

= 0704V =

1% film resistor

FIGURE 31. FULLY FLOATING MODIFICATION TO 4-mA - 20-mA CURRENT LOOP
TRANSMITTER WITH 8-BIT ACCURACY

1/2 LTC1043 5V
IN+ -8 o]

in- 18] o—

NOTE A: Vg = 150 uV, Ayp = (R1/R2) + 1, CMRR = 120dB, Vjcg = 0105 V.
FIGURE 32. 5-V SINGLE-SUPPLY DUAL INSTRUMENTATION AMPLIFIER

TeEXAs "@
INSTRUMENTS

POST OFFICE BOX 655303 » DALLAS, TEXAS 75265

1441 E-08



LT1013, LT1013A, LT1013D 25E D WM 89L172Y4 0080L29 T M
DUAL PRECISION OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC)

TYPICAL APPLICATION DATA T-79-70 f)
_ 10 TO .
t 8 INPUT
200k 9 CABLE
SHIELDS
5V |2
10kat
IN~
ouT
IN+
5V —
t19% film resistor. Match 10-kQ resistors 0.05%.
*ror high source impedances, use 2N2222 as diodes.
NOTE A: Ayp = (400,000/RG) + 1.
FIGURE 33. 5-V POWERED PRECISION INSTRUMENTATION AMPLIFIER
D
{}
0o TEXAS ‘U
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