TLO87, TLO8B, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

D2484, MARCH 1979 —REVISED MARCH 1989

Low Input Offset Voltage ... 0.5 mV Max
Low Power Consumption

Wide Common-Mode and Differential
Voltage Ranges

Low Input Bias and Offset Currents

High Input Impedance . . . JFET-Input Stage

description

Internal Frequency Compensation
Latch-Up-Free Operation
High Slew Rate . . . 18 V/us Typ

Low Total Harmonic Distortion . . .
0.003% Typ

These JFET-input operational amplifiers incorporate well-matched high-voltage JFET and bipolar transistors
in a monolithic integrated circuit. They feature low input offset voltage, high slew rate, low input bias
and offset currents, and low temperature coefficient of input offset voltage. Offset-voltage adjustment

is provided for the TLO87 and TLO88.

The M-suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The I-suffix devices are characterized for operation from —40°C to 85°C, and the C-suffix
devices are characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS

PACKAGE
TA TYPE X'f;;’:g SMALL OUTLINE | CERAMIC DIP | METAL CAN | PLASTIC DIP FLAT
(D) (JG) L) P) )
0o Single 0.5 mv TLOB7CD TLO87CJG TLO87CL TLO87CP
0 1 mv TLOB8CD TLO88CJG TLO8BCL TLOBBCP
200C Dual 0.5 mvV TL287CD TL287CJG TL287CL TL287CP
1 mv TL288CD TL288CJG TL288CL TL288CP
] 0.5 mv TLO87ID TLO8713G TLO87IL TLO87IP
-40°C Single N
o 1 mv TLOS8ID TLO8BIJG TLOBSIL TLO8BIP
850C Dual 0.5 mv TL287ID TL2871JG TL287IL TL287IP
1 mv TL288ID TL288IJG TL288IL TL288IP
~565°C Single 1 mv TLOBBMJG TLO8BML TLO8BMU
t
1250% Dual 1 mv TL288MJG TL288ML TL288MU

The D package is available taped and reeled. Add the suffix R to the device type {e.g., TLOB7CDR).

PRODUCTION DATA documents contain information

current as of publication date. Products conform to v}
specifications per the terms of Texas Instruments TEXAS

standard warranty. Production processing does not

Copyright © 1989, Texas Instruments Incorporated
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TLO87, TLOBS TLO8BSM
D. JG, OR P PACKAGE U PACKAGE
{TOP VIEW) {TOP VIEW)
ofFfrseT N1 [ U e[ NC Nnc [Je1 10 NC
IN- ]2 7{] Vec+ OFFSET N1 ]2 9[JNC
IN+ []3 6[J ouT IN- 3 8] vee +
vee - s 5[] OFFSET N2 IN+ []a 7[] ouT
vee- [Os 6[] OFFSET N2
TL287, TL288 TL288M
D. JG, OR P PACKAGE U PACKAGE
(TOP VIEW) (TOP VIEW)
ampL | QYT 0 Usvees NC [Je1  10[J NC
IN- [J2  7[Jout ouT (]2 o[J vee
#1 AMPL AMPL _ ouT
IN+ []3 6[]IN- 42 ‘1 IN- 3 8] AMPL
vee- (s s[N+ N+ s 7N "
vee-[Os  s[JIN+
NC—No internal connection
symbol {each amplifier) TLO87, TLOBS
L PACKAGE
NONINVERTING ) (TOP VIEW)
INPUT IN + NC
ouTPUT
INVERTING @
INPUT IN - = orrseT N/ DO\ vee +
IN-[@ ® ) out
IN+ @®© OFFSET N2
vee -
TL287, TL288
L PACKAGE
(TOP VIEW)
Ve +
ampL | OYT D@ out AMPL
n) N @ @)IN- o,
IN + @@@) IN +
vee -
Pin 4 (L Package) is in electrical contact with the case
NC —No internal connection
i
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

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

TLO87I TLO87C
TLOSSM TLO8S8I TLO88C UNIT
TL288M TL2871 TL287C
TL288I TL288C

Supply voltage, Vcc + (see Note 1) 18 18 18 \Y
Supply voltage, Vcc — (see Note 1) -18 -18 -18 \
Differential input voltage {see Note 2} +30 + 30 +30 v
Input voltage (see Notes 1 and 3} +15 +15 +15 \'%
Input current, || (each input) +1 +1 +1 mA
Output current, I {each output} +80 +80 +80 mA
Total Ve + terminal current 160 160 160 mA
Total Vo — terminal current - 160 - 160 - 160 mA
Duration of output short circuit {see Note 4) unlimited unlimited unlimited
Continuous total dissipation See Dissipation Rating Table
Operating free-air temperature range -5651t0 125 —-25to 85 0to 70 °C
Storage temperature range -65t0 150 [ -65to 150 [ -65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from JG, L, or U package 300 300 300 oc
case for 60 seconds
Lead temperature 1,6 mm (1/16 inch) from D or P package 260 260 oc
case for 10 seconds

NOTES:

1.
2.
3.
4,

the dissipation rating is not exceeded.

DISSIPATION RATING TABLE

All voitage values, except differential voltages, are with respect to the midpoint between Vcc 4+ and Vg —.
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that

PACKAGE Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mw/°C 464 mwW 377 mwW N/A
JG 1060 mW 8.4 mw/°C 672 mw 546 mW 210 mW
L 650 mwW 5.2 mW/°C 416 mW 338 mwW 130 mW
P 1000 mW 8.0 mwj/°C 640 mW 520 mW N/A
u 675 mwW 5.4 mw/°C 432 mW 351 mwW 135 mwW
recommended operating conditions
M-SUFFIX 1-SUFFIX C-SUFFIX UNIT
MIN NOM MAX| MIN NOM MAX| MIN NOM MAX
Supply voltage, Vcc +5 +156 +5 +15 +5 +156 \%
\ = +5V -1 4 -1 4 -1 4 v
Common-mode input voltage, V¢ CCx
Vec: = 215V -1 11 -1 1 -11 11 \%
V = x5V -1 4 -1 4 -1 4 \%
Input voltage, V| cCs
Vegs = 215V -1 11 -1 11 -1 11 \
Operating free-air temperature, Ta -55 125{ -40 85 0 70 °C

{iP
Texas
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JFET-INPUT OPERATIONAL AMPLIFIERS

TLO87, TLO8S, TL287, TL288
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics V¢ = 15V, Tp = 25°C

TLOSSBM, TL288M TLO87I, TLO87C
PARAMETER TEST CONDITIONS TLO88I, TL088C UNIT

MIN TYP MAX | MIN TYP MAX

SR Slew rate at unity gain Vi=10vV, AL = 2k, 18 8 18 Vius

CL =100pF, Ayp =1
ty Rise time Vi =20mV, RL = 2 kQ, 55 55 ns
Overshoot factor CL = 100pF, Ayp =1 25% 25%
Vnh  Equivalent input noise voltage Rg = 100 Q, f=1kHz 19 19 nV/vHz

{i,
Texas
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

Vee+

Vo

Vi +
Vee-

CL_L RL
{see Note A)

NOTE A: C includes fixture capacitance.

FIGURE 1. SLEW RATE, RISE/FALL TIME,
AND OVERSHOOT TEST CIRCUIT

10 kQ2

vVees

Vo

Vee-
Rgs $Rg

i

FIGURE 3. NOISE VOLTAGE TEST CIRCUIT

typical values

Typical values as presented in this data sheet
represent the median (50% point) of device
parametric performance.

input bias and offset current

At the picoamp bias current level typical of
these JFET operational amplifiers, accurate
measurement of the bias current becomes
difficult. Not only does this measurement require
a picoammeter, but test socket leakages can
easily exceed the actual device bias currents. To

accurately measure these small currents, Texas Instruments uses a two-step process. The socket leakage
is measured using picoammeters with bias voltages applied, but with no device in the socket. The device
is then inserted in the socket and a second test that measures both the socket leakage and the device
input bias current is performed. The two measurements are then subtracted algebraically to determine

the bias current of the device.

OVERSHOOTI -

== ty— RISE TIME

FIGURE 2. RISE TIME AND OVERSHOOT
WAVEFORM

10 kQ

Vees

V| —vw—4 -
100Q Vo
+

Vee- I
CL
(see
Note A)

RL

NOTE A: C|_includes fixture capacitance.

FIGURE 4. UNITY-GAIN BANDWIDTH AND
PHASE MARGIN TEST CIRCUIT

GROUND SHIELD _ YCC+

FIGURE 5. INPUT BIAS AND OFFSET
CURRENT TEST CIRCUIT

xas WP

E
INSTRUMENTS

2-406 POST OFFICE BOX 865303 « DALLAS, TEXAS 75265



TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

table of graphs

TYPICAL CHARACTERISTICS

FIGURE
Vi Temperature coefficient of input offset voltage Distribution 6,7
[Te) Input offset current vs Temperature 8
i Input bias current ve Vic 2
vs Temperature 8
\7l Common-mode input voltage range limits vs Vee 10
vs Temperature 11
Vip Differential input voitage vs Output voltage 12
vs Voo 13
VoM Maximum peak output voltage swing vs Output current 7
vs Frequency 14, 15, 16
vs Temperature 18
vs R 19
Ayp Differential voltage amplification vs Frequency 20
vs Temperature 21
Zo Output impedance vs Frequency 24
CMRR Common-mode rejection ratio vs Frequency 22
vs Temperature 23
ksvR Supply-voltage rejection ratio vs Temperature 25
vs Vce 26
los Short-circuit output current vs Time 27
vs Temperature 28
vs Voo 29
lcc Supply current vs Temperature 30
SR Slew Rate vs R 3
vs Temperature 32
Overshoot factor vs C 33
Vi Equivalent input noise voltage vs Frequency 34
THD  Total harmonic distortion vs Frequency 35
i . . vs Vce 36
B4 Unity-gain bandwidth vs Temperature 37
vs Vco 38
om Phase margin vs C 39
vs Temperature 40
Phase shift vs Frequency 20
Small-signal 41
Pulse response i
Large-signal 42

TExas

*3

E
INSTRUMENTS

POST OFFICE BOX 665303 « DALLAS, TEXAS 75286

2-407



TL087, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLO88 DISTRIBUTION OF TL288
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
20 T T T T v T T 20 T T T T U
120 Units tested from 2 wafer lots 172 Amplifiers tested from 2 wafer lots
Veg+ = 215V Veg+ = 215V
16].TA = 25°Cto 125°C T = 25°C to 125°C
P Package "\: 15 P Package
a,g [ One unit at — 34.6 uv/°C
] 2
Z 42 =
5 g
g % 1[+] S — -
] o
t 8 g
8 :
$ $
& s R
4 S
o : e = 0 . Ll Lﬁ il
-25-20-15-10 -5 0 5 10 15 20 25 -30 -20 -10 0 10 20 30
ayjo — Temperature Coefficient — uV/°C ayjo - Temperature Coefficient - 1v/°C
FIGURE 6 FIGURE 7
INPUT BIAS CURRENT AND
INPUT OFFSET CURRENT INPUT BIAS CURRENT
Vs Vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
100 10 T T
F Ve = £15V = Voes = £15V
f': Fvo = 0 Tp = 25°C
g 1w}Vic=0
5 = T s
3 s z
N = £ %
5 ~ II’ O
T ——~+—ho 3 0
§ 0.1 — et e %
ﬂ; i //I £
2 = m -5
e 0.01 -
S ——
[
0.001 -10
25 45 65 85 105 125 -15 -10 -5 0 5 10 15
Tp - Free-Air Temperature — °C Vic - Common-Mode Input Voltage - V
FIGURE 8 FIGURE 9

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

Qip
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TLO87, TLO8S, TL287, TL288

JFET-INPUT

OPERATIONAL AMPLIFIERS

Vic - Common-Mode input Voitage — V

Vo - Output Voltage - V

TYPICAL CHARACTERISTICSt

COMMON-MODE

INPUT VOLTAGE RANGE LIMITS

COMMON-MODE

INPUT VOLTAGE RANGE LIMITS

Vs VS
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
16— - 20
Ta = 25°C i / Vec+ =215V |
| i | ;
12 1 } ] > 15 i ; ; : !
‘ // | é’ ‘ | POSITIVE LIMIT
8 f t — s 10} 5 ]
//POSITIVE LIMIT S ‘ |
4 ﬁ 3 st — —]
! £ !
0 ‘ g o —
=
_a \\ NFGAT[VE LII‘MT g _s : N
-8 S 3 -1}
) ‘ | _
\ o
-12 — . s -15 L
o | NEGATIVE LMIT
-16 ~20 h .
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125
|Vee +|- Supply Voltage - v Ta - Free-Air Temperature - °C
FIGURE 10 FIGURE 11
OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
vs vs
DIFFERENTIAL INPUT VOLTAGE SUPPLY VOLTAGE
15 ’ " 16 ” T \ T T T
Vee+ = 215V Ta = 25°C | VoM +
“\ Ta = ‘25°C R[] A :
10 ; 8 RL = M
g 8 | | [
] ! T : ]
s|— z :
2 a
3
(o]
of———nu ¥ 0
] &
] R = 600Q g ) I
U TTT RL = 1kQ ] R ;
RL = 2kQ —— S~ s -8
—10l Ry = 10kQ M~ L |
‘ i | S-12 i
: ; ;
o | W |
- 400 - 200 0 200 400 0 2 4 6
V|p - Ditferential Input Voltage - uV |Vee +|- Supply Voltage - v
FIGURE 12 FIGURE 13

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

TEw&s‘y
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

Vopp - Maximum Peak-to-Peak Output Voltage - V

Vopp - Maximum Peak-to-Peak Output Voltage — V

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

Vs
FREQUENCY
30 " ” T
R T
Vec+ = 215V
25 bt by \
20 \
15 ;‘ H
Ta=12sc N | L i
‘ | “‘ o ! =Tp = -55°C
10 P ;
Voc+ = £5V
i I \
5 ; [
| ! N !
‘ Cl : ..\ :
0 | ‘ ‘ ‘ I L il #
10k 100 k 1M 10M
f - Frequency — Hz
FIGURE 14
MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE
Vs
FREQUENCY
30 ; ™ ‘, T T T T
: : i P RL = 10kQ
Ta = 25°C
25 \ : A' I
|
\VCCt = +15V i
20} ;
i
15 ; ‘ |
i | |
10 H
5 Vet = 25V \ '
| | \:::\
0 J L . I~
10k 100 k 1M 10M
f — Frequency — Hz
FIGURE 16

Vopp - Maximum Peak-to-Peak Output Voltage - V

|Vom| - Maximum Peak Output Voltage - V

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vSs
FREQUENCY
30 T i =TT
LTI RL = 2kQ
Vcci‘: +15V TA= 25°C
25 = ;
\ ! |
20
15
10
Voot = £5V \
N
5 W\
Ny
0
10k 100 k 1™ 10M
f - Frequency — Hz
FIGURE 15
MAXIMUM PEAK OQUTPUT VOLTAGE
Vs
OUTPUT CURRENT
16 T T T
Vec+ = 215V
14 Tp = 25°C
12 i\
10 \\\\
\\ VoM +
8 S
6 vouX\ [N
NN
4 \\ N
2
o \
0 10 20 30 40 50
liol = Output Current —~ mA
FIGURE 17

tData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices.
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

MAXIMUM PEAK QUTPUT VOLTAGE

Vs
FREE-AIR TEMPERATURE
16
R = 10kQ
> T
J, 12 RL = 2kQ
o VOM + ,
8 T
H 8
>
5
g 4 - Ea—
=
o : i Vec =15V
& 0 ; | |
] i f [
o ; i |
E H !
: |
%
o
& -8
|
= VOM - RL = 2kQ;
-2 !
1 R = 10kQ
—16 i
-75 -50 -25 0 25 50 75 100 125

Ta — Free-Air Temperature - °C

FIGURE 18

LARGE-SIGNAL DIFFERENTIAL VOLTAGE

AMPLIFICATION AND PHASE SHIFT
vs
FREQUENCY
106 T T T

! Veg+ = +15V
g 105 .. B =2kQ do
g \ CL = 25pF
£ N Ta = 25°C
g 104 30°
< \ \ Avp
E’ 103 AN | 60°
5 \
= !
S 102 S~ j ~-—{90°
8 PHASE SHIFT \ \
Q |
£ 10! } AN 120°
L | N \
I 1 - \\ 150°

. | !

0.1 ’ | ‘ 180°
10 100 1k 10k 100k 1M 10M
f - Frequency — Hz
FIGURE 20

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

Phase Shift

Ayp - Ditferential Voltage Amplification - V/mV

Ayp - Differential Voltage Amplification - V/mV

LARGE-SIGNAL VOLTAGE AMPLIFICATION

vs
LOAD RESISTANCE
250 vy T TT 17
Vo =1V . i
Ta = 25°C ’ | i
. i | .
200 |- ; : e
; Voo =t15V]
| h s
150 anfl i
1 !
T L
I i |
// . [ Vet = 25V
100 i I
| /’i"“"""’r-T “
i ;// Ll ;] i
sol el b
4 1 : ‘
R i \ b B
[ : | i
oLl 1] |
0.4 1 4 10 40 100

R| - Load Resistance — kQ

FIGURE 19

LARGE-SIGNAL VOLTAGE AMPLIFICATION

1000

400

100

40

10

Vs
FREE-AIR TEMPERATURE
T T T
] Veg: = 15V ]
w; Vo = 10V ]
[T RL = 10k
_;\
i -\,\\ '
'\\ l \
—— RL = 2k ko
= —~
| N
|
| M
-75 -50 -25 O 25 50 75 100 125

Tp — Free-Air Temperature - °C

FIGURE 21
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

COMMON-MODE REJECTION RATIO

Vs
FREQUENCY
100 , ,
o Vee+ = 215V
T %0 \\ Ta = 25°C
o i
5 8 1
@ ! |
§ 70 U S
g f
2 60
& \
$ 50 —
O : i
= \
s 40 }
] ;
E i \
£ 30 :
Q |
; N
1 20 l
& ‘ i
= 10 ‘ ; ]
o ! 1 ;
0 I | 1 .
10 100 1k 10k 100k 1M 10M
f — Frequency — Hz
FIGURE 22
OUTPUT IMPEDANCE
Vs
FREQUENCY
100 i > =
’;. - Il J? /II /II
77”/éAVD = 100// //
. VA4 4
i /
A
c — Z1 V4
QO A 7 ]
g q’ Avp = 10/~ -—————
£ |
b= / /
a8
=]
o
1
o
N

ro (open loop) = 250 Q
L

fl 1 Tp=25C
k

10k 100 k ™
t ~ Frequency - Hz
FIGURE 24

CMRR - Common-Mode Rejection Ratio — dB

kgvR ~ Supply-Voltage Rejection Ratio — dB

COMMON-MODE REJECTION RATIO

Vs
FREE-AIR TEMPERATURE
100 —T ;
! } Vic = VicR min
| i | | ‘
95| } | . | N
I Vee+ = 215V
e
90 } ; l ]
[ i
I
[
b I e e e —
- i Vee+ = t5V i
i | :
80 ; i
|
75— :
| :
70 I L I
-75 -50 -25 O 25 50 75 100 125
Ta — Free-Air Temperature - °C

FIGURE 23

SUPPLY-VOLTAGE REJECTION RATIO

vs
FREE-AIR TEMPERATURE
110 ‘ ‘ , . :
Vect =15V to t15V [
| ‘ | ‘
|
106} ; !
102 - ‘ ]
I
ool I
9l
% i | . i
-75 -50 -25 0 25 50 75 100 125

Ta - Free-Air Temperature - °C

FIGURE 25

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

2412
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT QUTPUT CURRENT
\£ Vs
SUPPLY VOLTAGE TIME
60 ' r 60
Vo =0 L Vip=-1V
- Ta - 25°C ] E w
4 /, s
] / Vip=1V H
3 » - 3 »
5 5
= 8
3 o 3 o
o — 0
tt': -% ‘\\ ::o? 0
ﬁl Vip=1V e U‘l:) ol Vip=-1V
- -40 ]
ig 40 :OD Vecet = 15V
Tp = 25°C
- 60 -60 L |
0 2 4 6 8 10 12 14 16 0 10 20 30 40 50 60
Ve +|- Supply Voltage — v Time - Seconds
FIGURE 26 FIGURE 27
SHORT-CIRCUIT OUTPUT CURRENT
Vs
FREE-AIR TEMPERATURE
60 T T
Vip=1V \.\_\ Vect = 215V
? a0 R B o
|
g 20 Voot = £5V
5 Vip=1V
2
3 o
"?: Vec+ = 25V
2 -20} Vip=-1V
T
) ~ Vect = 215V
o -40 Vip=-1V
o Vo =0
ol L

-75 -50 -25 0 26 50 75 100 125
Tp — Free-Air Temperature - °C

FIGURE 28

tData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices.
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

SUPPLY CURRENT SUPPLY CURRENT
VS Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
3 3
"] N
25 b\ 25 = X
F k \ku=25°c g ’ rVec: = £15V
L2 Ta=-55°C | L2 FVog s = £5V
& N Tp = 125°C ] a
5 | 3
S 15} ; S 15| H—
g [ g - ?
=) 2 i
172} 77 1 i
(Y S Ao - o j i
o Q s ;
L ] L : : ‘
05 05 —
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TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices.
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TLO87, TLOBS, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?
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Data at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices.
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TLO87, TLOBS, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST
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FIGURE 40

TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices.
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TLO87, TLOBS, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

VOLTAGE-FOLLOWER

SMALL-SIGNAL

TYPICAL CHARACTERISTICS

PULSE RESPONSE
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

output characteristics

All operating characteristics are specified with 100-pF load capacitance. These amplifiers will drive higher
capacitive loads; however, as the ioad capacitance increases, the resulting response pole occurs at lower
frequencies, thereby causing ringing, peaking, or even oscillation. The value of the load capacitance at
which oscillation occurs varies with production lots. If an application appears to be sensitive to oscillation
due to load capacitance, adding a small resistance in series with the load should alleviate the problem.
Capacitive loads of 1000 pF and larger may be driven if enough resistance is added in series with the output
(see Figure 43).

(8)CL = 100 pF,R = 0 (b)CL = 300 pF,R = 0 (c)CL = 350 pF,R = 0

(d) CL = 1000 pF,R = 0 () CL 1000 pF, R = 50 Q (HCL = 1000 pF, R = 2kQ
FIGURE 43. EFFECT OF CAPACITIVE LOADS

+15V

Vo
J L
-5V

-15V

CL J‘ 2kQ
(see Note A)

NOTE A: Cy includes fixture capacitance.

FIGURE 44. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS
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TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

input characteristics

These amplifiers are specified with a minimum and a maximum input voltage that, if exceeded at either
input, could cause the device to malfunction.

Because of the extremely high input impedance and resulting low bias current requirements, these amplifiers
are well suited for low-level signal processing; however, leakage currents on printed circuit boards and
sockets can easily exceed bias current requirements and cause degradation in system performance. It is
good practice to include guard rings around inputs (see Figure 45). These guards should be driven from
a low-impedance source at the same voltage level as the common-mode input.

Vi
— Vo

Vi — w4

Vo

— Vo
Vi

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER
FIGURE 45. USE OF GUARD RINGS

noise performance

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential
amplifier. The low input bias current requirements of these amplifiers result in a very low current noise.
This feature makes the devices especially favorable over bipolar devices when using values of circuit
impedance greater than 50 k2.
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