LT1008M, LT1008C

PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

D3233, MAY 1988 - REVISED FEBRUARY 1989

@ Input Bias Current . . . + 30 pA Typ,

JG OR P PACKAGE

+ 100 pA Max at 25°C (TOP VIEW)
e Input Offset Voltage . . . 30 pV Typ, compi [+ U &[] comp2
120 pV Max at 25°C N-[J2 7P Vvees

e Offset Voltage Temperature Coefficient. ..

1.5 uV/°C Max

® Low Peak-to-Peak Noise Voltage at

IN+ [ e[ out
Vcc_[:4 s[1NC

L PACKAGE
0.1 Hzto 10 Hz ... 0.5 uV (TOP VIEW)
@ Low Supply Current . .. 380 pA Typ, COMP2

600 pA Max at 25°C

e Supply Voltage Rejection Ratio ... 114 dB
Min at 25°C

e Common-Mode Rejection Ratio...114dB
Min at 25°C

e High Voltage Amplification with 5-mA Load
Current

NC — No internal connection
Pin 4 (L Package) is in electrical contact

® Applications: with the case.

Precision Instrumentation

Charge Integrators

Wide-Dynamic-Range Logarithmic
Amplifiers IN +

Light Meters

Low-Frequency Active Filters

Standard Cell Buffers

Thermocouple Amplifiers

symbol

out
IN -

Operational Amplifiers H

CcomMP2
COMP1

description

The LT1008 is a precision operational amplifier that can be used in practically all precision applications. The
LT1008 offers picoampere bias currents (maintained over the full temperature range), microvolt offset voltage,
low offset voltage temperature coefficient and long-term drift, low voltage and current noise, and iow power
dissipation. Additionally, the LT1008’s precision specifications include high common-mode and supply voitage
rejection ratios. The LT1008 can deliver a 5-mA load current with high voltage amplification.

The LT1008 is externally compensated with a single capacitor to add flexibility in shaping the frequency
response of the amplifier. The LT1008 is a pin-for-pin replacement for the LM108 series.

The LT1008M is characterized for operation over the full military temperature range of —55°C to 125°C. The
LT1008C is characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS

PACKAGE
Ta CERAMIC DIP | METAL CAN | PLASTIC DIP
6) L P)
0°C
, gzc LT1008CJG LT1008CL LT1008CP
—-55°C
22 LT1008MJG LT1008ML LT1008MP

PRODUCTION DATA documents contain intormation
current as of publication date. Products contorm to
spacifications per the terms of Texas Instruments
y. F does not
necessarily include testing of ait parameters.

Copyright © 1988, Texas Instruments Incorporated
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LT1008M, LT1008C
PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

schematic
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All resistor values shown are nominal and in chms.

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

Supply voltage, Vo, (S NOte 1) ... L 20V
SUPPIY VORAGE, VGG - - - v v v ettt i -2V
INPUL VORAGE FANGE, V. . .o ittt et e e 20V
Differential input current (see Note 2) .. ......... ... .. .. i e + 10 mA
Duration of output short-circuit at (or below) 25°C (see Note 3). ........ ... ... ... ... ...... unlimited
Operating free-air temperature, TA: LT1008M ....... ... ... ... ... ... .. ........ - 55°C to 125°C

LT100BC ... .. . e i e 0°C to 70°C
Storage temperature range . . ...ttt — 65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JGor L package .............. 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ................... 260°C

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

C
2. Differential input voltages greater than 1 V will cause excessive current to flow through the input protection diodes unless current-
limiting resistors are used.
3. The output may be shorted to either supply.

recommended operating conditions

LT1008M LT1008C
MIN NOM MAX | MIN Nom MAxX | UNT
Supply voltage, Voo +20 +20 \
Common-mode input voltage, Vic [Vect = £15V +13.5 | —15 +13.5 \
Operating free-air temperature, Ta -55 125 4] 70 °C
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LT1008M, LT1008C
PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

electrical characteristics, Vo + = 15V, Vi = 0 (unless otherwise noted)

LT1008M LT1008C
u UNIT
PARAMETER TEST CONDITIONS Ta MIN_ TYP MAX MIN _ TYP WAX NI
25°C 30 120 30 120
V =15V, Vg =0
cox = *1 ic Full range 250 180
Voot = £15V, 25°C 40 180 40 180
| A\
Vio  Input offsat voltage V|G = H135V Full range 320 250 | "
Voc: = t2Viez20V 25°C 40 180 40 180
Voc+ = +2.5 V10120 V| Full range 320 250
Average temperature
avio coefficient of input offset Full range 0.2 15 0.2 1.5 | uv/°C 2
voitage
Long-term drift of
25° 3 0.3 V/mo
input offset voltage 5°C 0 H 2
25°C 30 100 30 100 @
Vi =+15V,Vc =0 et
CC+ Ic Full range 250 180 =
Voot = t15V, 25°C 40 150 40 150 [}
1 ft: A
lo Input offset current Vig = 135V Full range 350 250 | P £
Vect = +2Vtex20V 25°C 40 150 40 150 <
Voo = £25V10+20 V] Full range 350 250 —
Average temperature 2
o0 coefficient of input offset Full range 04 25 04 25 |pArC =]
current -
25°C +£30 +100 +30 +100 ©
\'7 =+16V,Vic = 0 T
cC# ic Full range 600 180 g'
. Vecz: = t15V, 25°C +40 +150 +40 %150
! Input bias ci t A
1B nput bias curren Vig = 135V Full range + 800 io50 | © o
Voot = t2Vto+20V 26°C +40 150 +40 +150
Voc+ = +25V10+20V | Full range + 800 + 250
Average temperature
o8 coefficient of input bias Full range 0.6 6 04 25 |pArC
current
v Common-mode input 25°C +135 t14 +135 +14 v
ICR voltage range Full range | + 13.5 +135
Maximum peak output 25°C +13 14 +13 +14
Vi RL = 10kQ v
OM  yotage swing L Fullrange | +13 +13
Vg = 12V, °!
Large-signal differential o 25°C 200 2000 2002000
AvD voitage amplification AL > 10kQ Full range 100 150 vimv
ge amp Vo = t10V,RL = 2k | 25°C 120 600 120 600
CMRR C(.er.mn—m-ode Vic = £185V 25°C 114 132 114 132 4B
rejection ratio Full range 108 110
K Supply-voltage rejection Voot = 12Vtox20V 26°C 114 132 114 132 4B
SVR  ratio (AVGe4 / AVIO) Voot = ©25Vt0£20V | Fullrange | 108 110
Voot = £15 v,
ViG = +135V 25°C 380 600 380 600
1 Supply current —
cc PRl Vocs = t2V0£20V 25°C 380 600 30 eo0] M
Vcc+ = $15V,Vjc = 0 | Full range 800 800
tFull range is —55°C to 125°C for the LT1008M and 0°C to 70°C for the LT1008C.
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LT1008M, LT1008C

PICOAMP INPUT CURRENT, MICROVOLT OFFSET

LOW-NOISE OPERATIONAL AMPLIFIERS

operating characteristics, Voc + = £ 15V, Ty = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN _ TYP MAX | UNIT
SR Slew rate at unity gain Ct = 30 pF, See Figure 29(a) 0.1 0.2 Vius
VNPp Peak-to-peak equivalent input noise voltage f =01Hzto 10 Hz 05 uv
i . . t = 10Hz 17 30
Vn Equivalent input noise voltage T ” 22 nVAHz
In Equivalent input noise current f=10Hz 20 tA~NHz
2 TYPICAL CHARACTERISTICS
table of graphs
_9 FIGURE
Temperature 1
@ v f i v
a 10 nput offset valtage vs Source resistance 5
- vs Time — minutes 2
- AV h in input
° 10 Change in input offset voltage vs Time — months 3
= Temperature coefficient of
g_ owio input offset voltage vs Source resistance 6
> . vs Common-mode input voltage 7
| nt
3 B8 Input bias curre vs Temperature 8
Load resi
° Ayp  Differential voltage amplification :: Load resistance T 1? 12
- F
- R Y , 1,
a' CMRR Common-mode rejection ratio vs Frequency 13
(7) kgyvR Supply-voltage rejection ratio vs Freq Y 14
los Shart-circuit output current vs Time 15
lcc Supply current vs Supply voltage 4
SR Slew rate vs Comp ion cap 16
VNPP Peak-to-peak equivalent input neise voltage vs Time 17
Equivalent input noise voltage and
Vol
MM equivalent input noise current vs  Frequency 18
Total equivalent input noise voltage vs Source resistance 19
Phase shift vs Frequency 11,12
Pulse response Small-signal 20,21,22
PO Large-signal 23,24
2-108 Texas
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LT1008M, LT1008C
PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

INPUT OFFSET VOLTAGE WARM-UP CHANGE IN
OF REPRESENTATIVE UNITS INPUT OFFSET VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE ELAPSED TIME
60 T 1 T 5 1
Veet =215V ¢ S Voot = £15V
T Ta = 25°C
1 © S ~—— LT | & 4
1 — g ;
£ " 3 !
2 g »
i § g
o // < 2 sm—
g \5// Y L PACKAGE =
: _20 \\ : g.
£
2 40 ™ R / <
B >g JG OR P PACKAGE ©
N c
-60 o l l 5
-5 -25 0 25 50 75 106 125 /] 1 2 3 4 5 -
Ta — Free-Air Temperature — °C Time After Power-On — minutes E
FIGURE 1 FIGURE 2 b3
(o]
LONG-TERM DRIFT OF SUPPLY CURRENT
INPUT OFFSET VOLTAGE Vs
OF REPRESENTATIVE UNITS SUPPLY VOLTAGE
10 500
Vect = 215V
>|=- 8t 14 =25°C
£ ° 3
2 4 - .
g / £
2 £
Iy 3
E. 0 — 400
£ i TA = 25°C
~—— A=
§ -4 T T o Ta= —55°C
o o
1 -6
o
2 -8
-10 300
0 1 2 3 4 5 0 5 10 +15 +20
t — Time — months Vcct — Supply Voltage — V
FIGURE 3 FIGURE 4
tData for temperatures below 0°C and above 70°C are applicable to the LT1008M only.
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LT1008M, LT1008C

PICOAMP INPUT CURRENT, MICROVOLT OFFSET

LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS!

INPUT OFFSET VOLTAGE
vs
SOURCE RESISTANCE
10
Voot = £15V
[ T4 = 25°C 7
7
E /
I
g 1 'I/ '/
& A
E ,_I Il
o 3 // //
B 5 [ / //
- 3 MAXIMUM
:os 2 TYPICAL <~
[+
> 0.01
3 1k 10k 100k 1™ 10M  100M
g._ Rg - Source Resistance — Q
-l
2 FIGURE 5
@ INPUT BIAS CURRENT
VS
COMMON-MODE INPUT VOLTAGE
60 1 I
Veet: = +15V

Ta = 25°C
40 t

1
POSITIVE INPUT CURRENT
20 }—"1

ne = 2x 10120

NEGATIVE INPUT CURRENT

Iig - Input Bias Current — pA
o

-20—
i
-40 B —
vic
—60 — .
-15 =10 -5 0 5 10 15
Vic — Common-Mode Input Voltage — v

FIGURE 7

AVERAGE TEMPERATURE COEFFICIENT
OF INPUT OFFSET VOLTAGE

Vs
SOURCE RESISTANCE

§

FVees = 15V 7
[+ r4
3 7
ES /l
1
i L/
£ 7 7
é Z y 4
é // /
g [ maximum /
| 7z
o 7
z TYPICAL L~
0.1
1k 10k 100K i 10M  100M
Rg — Source Resistance — Q
FIGURE 6
INPUT BIAS CURRENT
Vs
FREE-AIR TEMPERATURE
100

1 1
Vge & = 15V

\\ UNDERCANCELLED UNIT

OVERCANCELLED UNITN

L — NG

N

)
3

g — Input Bias Current - pA

5
e

-50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature ~ °C

FIGURE 8

tData for temperatures below 0°C and above 70°C are applicable to the LT1008M only.
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LT1008M, LT1008C
PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

LARGE-SIGNAL LARGE-SIGNAL DIFFERENTIAL
DIFFERENTIAL VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION and PHASE SHIFT
Vs Vs
LOAD RESISTANCE FREQUENCY
1M, , . 40— , 100°
2 [ Veg ¢ =215V a AyplH \ e
: f vo =210V | ‘< \< \
§ Tp = -55°C g 2 N \ 120°
g 3M o & NGt =3pF Cf = 30pF
S T | Ta=25C £ N 2
a [ N | & :
E AT | T E 2 N 140° £
5 / Tp = 125°C g I 1- -
g 1m 3 Ct=30pF 8 =
2 = o \ £ ©
2 y 47— 4 > | | N N \ [ -
= 7 7/ = 10 ™ 160° 1+ =
] 717 £ N \ - =
g // /I / ] \\ g
300k E v, - N
= a3 crnt =215V N o
N /] ) R = 10kQ N 180 E
e s Tp =25°C N ©
< See Figure 29(a) N c
100 k -10 AT 200° (=]
1 2 5 10 20 0.01 0.1 1 10 -
R — Load Resistance — kQ f - Frequency — MHz E
FIGURE 9 FIGURE 10 g_
(o]
LARGE-SIGNAL LARGE-SIGNAL DIFFERENTIAL
DIFFERENTIAL VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION and PHASE SHIFT
vs Vs
FREQUENCY FREQUENCY
140 T T T 410 e 100°
o Vect =215V ] \KAVD—-q\ I I ”””
1 120 S RL=10kQ ] |~ Cg=10pF
SERNNEE P NN
3 100 DO See Figure 29 | 3 N \ I
2 % (o] I 10 pIF %. \\ \C 100 pF
[-% g = N s =
E 80 D\ — E N . E
< \%( Ci=3pF < 20 140° £
[ Cg = 100 pF - e e @
EEE=N P NGO
; C¢ = 30 pF \\\\ E 10 \\\ 1600+
g 20 \ \ 2 \\ \\
£ N \ 5 | Veo & = 15V N 180°
1 N I R = 10kQ {
o o e Ta =25°C \
< < See Figure 29(b)
-20 -10 il aniden 200°
0.01 0.1 1 10 100 1k 10k 100k 1M 10M 0.01 0.1 1 10
t - Frequency — Hz t - Frequency — MHz
FIGURE 11 FIGURE 12
*Data for temperatures below 0°C and above 70°C are applicable to the LT1008M only.
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LT1008M, LT1008C
PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

CMRR - Common-Mode Rejection Ratio — dB

Ips - Short-Circuit Output Current — mA

TYPICAL CHARACTERISTICS!

COMMON-MODE REJECTION RATIO

vs
FREQUENCY
140 T T
Vect =115V
120 N Vic= $135V |
N Ta = 25°C
See Figure 29
100 \ t t
Cg = 100 pF \ C¢ = 30pF
80
® N
40 S
20
0
1 10 100 1k 10k 100k 1M
f — Frequency — Hz
FIGURE 13
SHORT-CIRCUIT CUTPUT CURRENT
VS
ELAPSED TIME
15 T
\'/ =15V
12 cct=¢% |
Tp = -55°C
° A
:
Ta = 125°C Ta = 25°C
3
0
-3
6 TA= 125"?
o Ta = 25°C
- |
— Tp = ~55°C
-12
-15
0 1 2 3 4
Time — minutes
FIGURE 15

kgVR - Supply Voltage Rejection Ratio — dB

SR - Slew Rate - V/us

140

120

100

60

40

20

10

0.1

SUPPLY-VOLTAGE REJECTION RATIO

vs
FREQUENCY
VcTc ¢ = ;:15 v
\ \\\ Ta=25°C

AN

\\\Neamvs SUPPLY

POSITIVE SUPPLY
Cg=100pF —

See Figure 29(b) N \
AN

L POSITIVE SUPPLY
Cs = 30pF 3 \
See Figure 29(a) 1\ N
0.1 1 10 100 1k 10k 100k 1M
t — Frequency — Hz
FIGURE 14
SLEW RATE
vs
COMPENSATION CAPACITANCE
Vect = 215V ]
Ay =1 1
RL=2kQ
Ta = 25°C i
See Figure 29
. Cs
X p—
~
AN i
\‘ ——
N Ct
\\
0 20 40 60 80 100

Compensation Capacitance ~ pF
FIGURE 16

tData for temperatures below 0°C and above 70°C are applicable to the LT1008M only.
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LT1008M, LT1008
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PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

EQUIVALENT INPUT NOISE VOLTAGE
and EQUIVALENT INPUT NOISE CURRENT

OUTPUT NOISE VOLTAGE

Vs

OVER A 10-SECOND PERIOD FREQUENCY
2000 , ’ 1000
Vee=t2Vio £20V N FVoc + = +2Vio 120V
t=0.1Hzto 10 Hz %E [ Ta = 25°C
1600 |- TA = 25°C s =
&35
>T 2 § 5 e X 2
5 1200 3 § N
£ 22 ~ 4
$ i3 i 2
§ 800 £ E Vn B ~ ™~ -——
S = =
z £E "Licornen:2sn =
g5 | = =4 E
=
400 2z 1/f CORNER = 120 Hz <
i 3
( 1 o
0 2 4 6 8 10 1 10 100 000
t-Time-s f — Frequency — Hz E
FIGURE 17 FIGURE 18 g
TOTAL EQUIVALENT INPUT NOISE VOLTAGE VOLTAGE-FOLLOWER o
V8 SMALL-SIGNAL
SOURCE RESISTANCE PULSE RESPONSE
10 80 !
E FVeo: = t2Vto 220V Voot = £15V
< [ Ta = 25°C 60 Ay =1
4': Ct=30pF
@ I'=1DHz———7/ > 40} CL=100pF
g 1= 1kHz — H Ta = 25°C
2 =z g 2
2 7 — 2
2 I S 0
s | _W_>_ y 4 g
2 o4l THRs=2n ,/ gl—zo
2 T t t 7
] — ~ 2w
g f=10Hz
s f=1kHz [ -60
= 001 RESISTOR NOISE ONLY "
102 109 104 105 106 107 108 0 10 20 30 40 50 60 70
Rg - Source Resistance - Q t— Time — us
FIGURE 19 FIGURE 20
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LT1008M, LT1008C
PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

VOLTAGE-FOLLOWER

VOLTAGE-FOLLOWER

SMALL-SIGNAL SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
8 T T 8 T T T
Vect =215V Veet = 15V
6 Ay =1 6 Ay =1 e
Cg = 100 pF Cg = 100 pF
E 4} Cp = 100 pF E 4 Cy = 600 pF
; Ta = 25°C . Ta = 25°C
2 § 2 s 2
2 -]
S o0 2 o
g i i
@ a8 -2 3 -2
8 ) o
= > -4 > -4
S
8 N
> -8 -8
3 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
B t - Time — us t - Time — us
= FIGURE 21 FIGURE 22
[+]
a VOLTAGE-FOLLOWER . VOLTAGE-FOLLOWER
LARGE-SIGNAL LARGE-SIGNAL
PULSE RESPONSE PULSE RESPONSE
8 8 T T .
vcé, = £15V :cc:1=t15v
6lAy =1 6fAv=
Cy= 30pF Cg = 100 pF A
E 4}TA =25°C £ E 3] TA=25°C / \
. /1IN - /
s 2 & 2
: / : / \
2 o / > 0
i / \ £ / \
=
8 -2 38 -2
| / \ , \
L _a 2
-6 -6
-8 -8
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
t - Time — ps t— Time — ps
FIGURE 23 FIGURE 24
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LT1008M, LTIO08C
PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

achieving picoampere, microvolt performance

Proper care should be exercised to realize the picoampere, microvolt accuracy of the LT1008. Because
ieakage currents in external circuitry can significantly degrade performance, high-quality insulation should be
used (e. g.,Teflon, Kel-F). All insulating surfaces should be cleaned to remove fluxes and other residues.
Surface coating may be necessary to provide a moisture barrier in high-humidity environments.

Board leakage can be minimized by encircling the input circuitry with a guard ring operated at a potential close
to that of the inputs (see Figure 25). In inverting configurations, the guard ring should be tied to ground; in
noninverting configurations, the guard ring should be tied to the inverting input (pin 2). Both sides of the
printed circuit board should be guarded. Bulk leakage reduction depends on the guard ring width.
Nanoampere-level leakage into the compensation terminals can affect input offset voltage and its temperature
coefficient (see Figure 26).

Microvolt-leve! error voltages can also be generated in the external circuitry. Thermocouple effects, caused
by temperature gradients across dissimilar metals at the contacts to the input terminals, can exceed the
inherent temperature coefficient of the amplifier. Air currents over device leads should be minimized, package
leads should be short, and the two input leads should be as close together as possible and maintained at the
same temperature. The LT1008 is specified over a wide range of supply voltages from £2 V to £18 V.
Operation with lower supplies (down to +1 V) is possible with two Ni-Cad batteries.

R1
50 kQ
15V
R2
100 & > Vg = 1000 Vio
R -5V
50 kQ

NOTES: A. Resistors must have low thermoelectric potential.
B. This circuit is also used as the burn-in configuration for
the LT1008, with supply voitages increased to + 20 V,
R1 = R3 = 20kQ, R2 = 200 Q, and Ay = 100.

FIGURE 25. GUARD RING FIGURE 26. TEST CIRCUIT FOR Vg AND ay|o

GUARD

noise testing

The peak-to-peak equivalent input noise voltage of the LT1008 is measured in the test circuit shown in
Figure 27. The frequency response of this noise tester indicates that the 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 noise in 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 resuits are
determined by the white noise and the location of the 1/f corner frequency.

Current noise is measured by the current shown in Figure 28 and calculated by the following formula in which
the noise of the source resistors is subtracted:

[Vno? - (820 nv)2 1"

L 40 MQ x 100

Operational Amplifiers H
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LT1008M, LT1008C
PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
noise testing (continued)

0.1 pF
IL
1LY
100 kQ
LT1008
e Lroot
43 LF 0SCILLOSCOPE
Rip = 1 MQ
22uF 110Kk

1

NOTE A : All capacitor values are for nonpolarized capacitors only.
FIGURE 27. 0.1-Hz TO 10-Hz PEAK-TO-PEAK NOISE VOLTAGE TEST CIRCUIT

10kQ

1o mMat

4 10 Mot
1000 3 oo . Vno

1omMQt ~ LT1008

sioiidwy [euonesadQ u
..Ié
g

t Metal film.
FIGURE 28. NOISE CURRENT TEST CIRCUIT

frequency compensation

The LT1008 is externally frequency compensated with a single capacitor. The two compensation circuits
shown in Figure 29 are identical to the frequency compensation circuits for the LM108A series. Therefore,
the LT1008 operational amplifiers can be inserted directly into LM108A or LM308A sockets, with similar ac and
upgraded dc performance.

R1 R2
IN— N - R1 R2
LT1008 LT1008
R3 $— OUT R3 L—ou-r
IN+ IN+
Cs T 100 pF
Cg (see Note A} < (see Note C)
(a) STANDARD COMPENSATION {b) ALTERNATE COMPENSATION (see Note B}

NOTES: A. Gf 2 (R1xCg}/(R1+R2),Go = 30 pF. Bandwidth and slew rate are proportional to 1/Cy.
B. This circuit improves the supply voltage rejection ratio by a factor of 5.
C. Bandwidth and slew rate are proportional to 1/Cg.
D. For (R2/R1) > 200, no external frequency compensation is necessary.

FIGURE 29. FREQUENCY COMPENSATION CIRCUITS (see Note D)

2-116 TEXAS b
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LT1008M, LTIO08C

PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

frequency compensation (continued)

External frequency compensation provides additional flexibility in shaping the frequency response of the
amplifier. For example, for a voltage gain of 10 and C¢ = 3 pF, a gain-bandwidth product of 56 MHz and slew
rate of 1.2 V/us can be realized. For closed-loop gains greater than 200, no external compensation is
necessary, and the slew rate increases to 4 V/us. The LT1008 can also be overcompensated (e.g., C¢> 30 pF
or Cg > 100 pF) fo improve capacitive-ioad-handiing capability or to narrow noise bandwidth. In applications
in which the feedback loop around the amplifier has gain, overcompensation can stabilize the circuit with a

single capacitor.

The avaitability of the compensation terminals permits the use of feed-forward frequency compensation to
enhance slew rate in low closed-loop-gain configurations (see Figure 30). The inverter slew rate is increased
to 1.4 V/ps. The voltage-follower feed-forward scheme bypasses the amplifier's gain stages and slews at

nearly 10 V/us.

e
(]
-
c2 =
5pF Q
30pF E
R2 t <
R1 10kQ 10kQ —
IN—vwA—e Q
10k LT1008 LT1008 c
—{> Q
— OUT L_ =
our
£ lrs i 10X s
L, 3k (see Nots A) g
c1
| sopF Tiopr 1000 pF ©
m = NOTEA:Rg < 15 kQ2 for stability.
B8 20
6 15

;: \ ;
: \ T
;% as I

-4 >-10
-6 ~15
-8 -20
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
t - Time — us t - Time — us
(a) INVERTER FEED-FORWARD (b) VOLTAGE-FOLLOWER FEED-FORWARD

FIGURE 30. FREQUENCY COMPENSATION CIRCUITS
and VOLTAGE-FOLLOWER PULSE RESPONSES
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LT1008M, LT1008C
PICOAMP INPUT CURRENT, MICROVOLT OFFSET
LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

other considerations

The inputs of the LT1008 are protected by back-to-back diodes. Current-limiting resistors are not used
because the leakage of these resistors would prevent the realization of picoampere-level bias currents at
elevated temperatures. In the voltage-follower configuration, when the input is driven by a fast, large-signal
pulse (> 1 V), the input protection diodes effectively short the output to the input during slewing, and a current,
limited only by the output short-circuit protection, flows through the diodes.

The use of a feedback resistor, as shown in the voltage-follower feed-forward diagram, is recommended
because this resistor keeps the current below the short-circuit limit, resulting in faster recovery and settling
of the output.

typical applications

sisyydwy [euonesad WS

S T T 7
/ /
/ 1000 pF /
/ /
/ /
N / 15V —o1°v
A / - .
0 LV p 100 kQ * T &
i - 15V b o
9Maz 1V LT1008 sKkn 10V
—O
900 k v {see Note A) 100V
FN507 e
2ay  ALLEN BRADLEY 1kQ 1000 V
okl 355'?255 DIVIDER (sceNote &) TO1-VFULL-SCALE
1okas 1000V = ANALOG-TO-DIGITAL

CONVERTER

NOTES: A. Ratio match £ 0.01 %.
B. This application requires low bias current, low offset voltage and offset voltage
temperature coefficient, low noise, and low long-term offset voltage drift.

FIGURE 31. INPUT AMPLIFIER FOR 4 1/2-DIGIT VOLTMETER

zn%n zu"gn
124 kQ
(seeNote B)  S-1kQ

@—0—@ 15V
1 = s 2kQ 1100 pF LT1004C
oxa T 330 pF - 1.2V
1 15V LM107
(see Note B) 15.7 kQ g 1
IN ——"M-—m‘a - _ (see Note B) =
+ 1kQ
-15V (see Note C)

T %P Gur i

NOTES: A. The low bias current and offset voltage of the LT1008 allow 4 1/2 decades of voltage input logging.

B. 1% film resistor.
C. Tel. Labs, Type Q81.

FIGURE 32. LOGARITHMIC AMPLIFIER
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15V
50kQ
- 15V

TYPICAL APPLICATION DATA

OPTIONAL
0.01-Hz TRIM

22 MQ

15V

o

1000 pF (POLYSTYRENE)

A 1puF

7

N I
wokat T~
" P I LT1008|

0-t0V

It
10

63.4 kat -
+

22kQ

w4

LT311A

-15

T 100 pF

100 kQ

10kat ,{"

1A

1kQ

LM329

1okat

v>=

750 kQ

—wm— 15V
10kQ

A LT1004C

= 1.2V

10kQ

-15V

119% metal film resistor

NOTES: A. TheLT1008 integrator extends the low frequency range. The total dynamic range is0.01 Hz to 10 kHz (or 120 dB) with 0.01%

linearity.

B. All diodes 1N4148.

FIGURE 33. EXTENDED RANGE CHARGE PUMP VOLTAGE-TO-FREQUENCY CONVERTER

R1
5MQ
1%

V'Y

R2
5MQ
1%

?—»—— Vo = 10 V/ipA
ct

IIOOpF

FIGURE 34. AMPLIFIER FOR PHOTODIODE
SENSOR

It
L]
5pF

100 kQ
KELVIN-VARLEY
DIVIDER =
ESI#DP311
00000 -
99999 + 1

NOTEA:

of a least significant bit.

FIGURE 35. FIVE-DECADE KELVIN-VARLEY
DIVIDER BUFFERED BY THE LT1008

10kQ

FREQUENCY OUTPUT
0.01 Hz to 10 kHz

Approximate error due to noise, bias
current, common-mode rejection,
and voltage gain of the amplifier is 1/5

= 15V

*8
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TYPICAL APPLICATION DATA

2TO8pF

10kt

2N4393
@

1N4148 (4)
ld
T TN

-15V

(a) SR = 100 V/ps
iz = 30 pA
Vip = 30 pv
Settling = 5 ps to 0.01%/10-V step

siodwy jeuonesadQ N

1% metal film resistor.

ouT
LT318A IN

(b)

10kat 10 ket
$ 10 kQ
»l
Ll
1N4148

. 10 pF

TN it
15V

LT318A
— OUT

-15V

SR = 50 Vius

g = 30pA

Vio = 30uV

ayjo = 0.3 uv/C

BW = 2 MHz

Setting = 12 ps to 0.01%/10-V step

FIGURE 36. FAST PRECISION INVERTERS

2N3609

vee + R5
56 MQ
t ct
100 :':1 100k R3 30 pF 1018235V
510ka SATURATED ™
L our STANDARD ?::.)11. R23
R4 - EPPLEY LABS '
te R2 510 k2 R6 NEWPORT, R.L =
100 kQ 100 kQ 56 MQ

NOTE A: Ayp = 100.

NOTE A : The typical 30-pA input bias current of the LT1008 will

FIGURE 37. AMPLIFIER FOR BRIDGE

TRANSDUCERS

degrade the standard cell by only 1 ppm/year. Noise is a
fraction of a ppm. Unprotected gate MOSFET isolates
standard cell on power down.

FIGURE 38. SATURATED STANDARD-CELL
AMPLIFIER
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TYPICAL APPLICATION DATA

k' LT1004C-1.2

10 k2
— 1nA
INPUT LT1008
CURRENT + 10 n"A“"mQ
= o—e
0.01 uF 1000A Jg000
o—e
L THA 25490
- o—e
1A 25890
o—e
100 pA

NOTES: A. This ammeter measures currents from 100 pA to 100 uA without the use of
expensive high-value resistors. Accuracy at 100 pA is limited by the offset voitage
between Q1 and Q2 and, at 100 pA, by the inverting bias current of the LT+008.

B. Q1-Q4 RCA CA3146 transistor array.
C. Adjust R1 for full-scale deflection with 1-pA input current.

FIGURE 39. AMMETER WITH 6-DECADE RANGE
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TYPICAL APPLICATION DATA

10kQ

IN——1

NOTES: A. This circuit is useful where fast signal acquisition and high
precision are fequired, as in electronic scales. The filter's time
constant is set by the 2-kQ resistor and the 1-uF capacitor until
COMP1 switches. The time constant is then set by the 1.5-MQ
resistor and the 1-pF capacitor. COMP2 provides a quick reset.
The circuit setties 1o a final value three times as fastas a simple
1.5-MQ, 1-pF filter with aimost no dc error.

B. OPTO-MOS switch, Type OFMIA, Theta-J Corp.

o -15V " | gLTERCUT
S IN ADJUST
o 1000 10kQ 1
-4 1
-]
g_ 15V
g LT311A
D - 15V
5 L
=2
=
o
=
7]

FIGURE 40. PRECISION, FAST-SETTLING, LOW-PASS FILTER.
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