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LF353
WIDE-BANDWIDTH DUAL JFET-INPUT OPERATIONAL AMPLIFIER

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

SUPPIY VOAGE, VO 4 v« vttt et e e e e e s 18V
SUpply voltage, VG = t v v e e e e e -18V
Differential input voltage, VID . .« v oo it e e e e e e e +30V
Input voltage {see Note 1) ... .. o e e e e e 15V
Duration of output shortcircuit . . . ... ... . i i i i e e e Unlimited
Continuous total power dissipation . . ... ... ...t i e 500 mW
Operating temMPerature FANGE . . . .+ v o o v ittt s e et et bt e e 0°C to 70°C
Storage temMPerature range . .. . .. .o v vt e e s —65°C to 150°C
Lead temperature 1,6 mm {1/16 inch) from case for 60 seconds, JG package . . .......... 300°C
2 Lead temperature 1,6 mm {1/16 inch)} from case for 10 seconds, D or P package ......... 260°C
NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage.
g electrical characteristics over operating free-air temperature range, Vgc+ = 15V, Vgg- = =15V
2 {unless otherwise specified)
g. PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
g Vio Input offset voltage Vic = 0. Rg = 10 k2 ::\" :ngf;"c s :g mV
9— aVIo Average temperature coefficient Vie = 0 Re = 10 kQ 10 V/oC
> of input offset voltage ic ' s i
3 | Inout offsat ' Vi = Ty = 25°C 25 100 | pA
Te) nput offset current Ic =0
=] T, = 70°C 4] nA
E'; [IT:] input bias current! Vic=0 Ty = 26%C 50 200 pA
® Ty = 70°C 8 nA
by -12
Vicr Common-mode input voltage range =11 to v
15
Vom Maximum peak output voltage swing | R = 10 k@2 +12 £135 \'4
. . Ta = 25°C 25 T
Ayp Large-signal differential voltage Vo = £10V, Ry =2k} F:\ll range 15 VimV
[d Input resistance Ty = 25°C 1012 Q
_C Common-mode rejection ratio Rg < 10 kit 70 100 dB
_ksv_n- Supply voltage rejection ratio See Note 2 70 100 dB
lce Supply current 3.6 6.5 mA
operating characteristics, Vgg+ = 15V, Vgg—~- = =15V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VO1/Vo2 Crosstalk attenuation f =1kHz 120 dB
SR Slew rate 8 13 Vius
B1 Unity-gain bandwidth 3 MHz
Vi Equivalent input noise voltage f=1kHz, Rg = 100 18 nV//Hz
In Equivalent input noise current f = 1kHz 0.01 pANHAZ

1 Input bias currents of a FET-input operational ampilifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques

must be used that will maintain the junction temperatures as close to the ambient temperature as possible.

NOTE 2: Supply voltage rejection ratio is maasured for both supply magnitudes increasing or decreasing simultaneously.
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LF411C
JFET-INPUT OPERATIONAL AMPLIFIER

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

Supply voltage, VCC+ .. . oo e e e 18V
Supply voltage, VoG — - o oo o e -18V
Differential input voltage, VID . ... e e . +30V
Input voltage (see Note 1) . ...... e e [P R P £15 V
Duration of output short circuit . . . .. . . . .. e Unlimited
Continuous totai power dissipation . ... .. .. e 500 mwW
Operating temperature range . . . . .. .. .ottt e e ..... 0°Cto70°C
Storage temperature range . .. . ... ..ottt e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package. . .......... 300°C
Lead temperature 1,6 mm {1/16 inch) from case for 10 seconds, D or P package . ... ... .. 260°C

NOTE 1: Unless otherwise specified, the absolute maximum negstive input voltage is equal to the negative power supply voltage.

© electrical characteristics over operating free-air temperature range, Vec+ = 15V, Vo= = -15V
'8 {unless otherwise specified)
3 PARAMETER TEST CONDITIONS MIN  TYP MAX UNITJ
= ! vio Input offset voitage Vic = 0, Rg = 10k, Tp = 25°C 0.8 2 mvV
% avio oAfvfn':ﬂ:::f'::f::‘:;:”eﬁ'c'em Vic = 0, Rg = 10 ka 10 20t | wwoC
- " i Ty = 25°C 25 100 pA
> [[Te) Input offset current Vic=0 T, = 70°C 2 "y
3 , . T, = 25°C 50 200 | pA
-g B Input bias current Vic=0 T, = 70°¢C 2 Yy
= —18
2 VicrR Common-mode input voltage range +11 to %
"] 14.5
Vom  Maximum peak output voltage swing | B = 10 kQ +12 £13.5 \
Ayp Large-signal differential voltage Vo = £10V, Ry =2k Ta = 28°C 28 200 Vimv
Full range 18
T Input resistance Ty = 25°C iy« Q
CMRR Common-mode rejection ratio Rs = 10 k@ 70 ) dB
kgvR Supply voltage rejection ratio See Note 2 70 dB
ice Supply current 2 3.4 mA
operating characteristics, Vgcc+ = 15V, Vggc- = =15V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate 8 13 Vius
B4 Unity-gain bandwidth 2.7 3 MHz
Vp Equivalent input noise voltage f=1kH2z, Rg = 100Q 18 nv/ Az
In Equivalent input noise current f=1kHz 0.01 pA/JHZ

T At least 90% of the devices meet this limit for ay|Q.

% Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques

must be used that will maintain the junction temperatures as close to the ambient temperature as possible.
NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.
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LF412C
DUAL JFET-INPUT OPERATIONAL AMPLIFIER

7. MARCH 1987 —REVISED MAY 1988

® Low Input Bias Current

D. JG, OR P PACKAGE
Typically 50 pA

(TOP VIEW}
® Low Input Noise Current outdr UsPvees
Typically 0.01 pA//Hz AMP #1 {IN- 2 7 §OUT}
. IN+ 3 6[]JIN- » AMP #2
Low Supply Current . . . Typically 4.5 mA vee- He Pl
High Input Impedance

Typically 1012 @
Internally Trimmed Offset Voltage
Wide Gain Bandwidth . . . Typically 3 MHz

N

High Slew Rate . . . Typically 13 V/us

description

This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage
and a specified maximum input offset voltage drift. It requires low supply current yet maintains a large

gain bandwidth product and a fast slew rate. In addition, the matched high-voltage JFET input provides
very low input bias and offset currents.

The LF412C can be used in applications such as high-speed integrators, digital-to-analog converters, sample-
and-hold circuits, and many other circuits.

The LF412C is characterized for operation from 0°C to 70°C.

symbol {(each amplifier)

Operational Amplifiers

IN - -
out
IN + +
AVAILABLE OPTIONS
SYMBOLIZATION
OPERATING Vo MAX
pevice | TACKAGE | reMPERATURE RANGE | at 25°C
SUFFIX
LF412C | D,JG,P 0°C to 70°C 3 mv

The D packages are available taped and reeled. Add the suffix R to
the device type when ordering. (i.e. LF412CDR)

PRODYCTION [1A} 5 dacuments contain infermation

R Copyright © 1987, Texas Instruments Incorporated
currant as of |- n date. Products conform to /]
:pec.i’ﬁcdnionl i P" tdnm:g of Toxas iInltl‘rumanut TEXAS 211
standard warrsnty. Production precessing does no -
nacesserily include testing of all paramatars. lNST RUM ENTS
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LM224A, LM324A

QUADRUPLE OPERATIONAL AMPLIFIERS
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LT1001
PRECISION OPERATIONAL AMPLIFIER

TYPICAL CHARACTERISTICSt

MAXIMUM PEAK MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE SWING OUTPUT VOLTAGE SWING
Vs VS
LOAD RESISTANCE > FREQUENCY
> 16 T T T T T T
| Vect = 15V P = Vecs = £15V
g Ta = 25°C ‘% Ta = 25°C
3 - 24
@ g
o =
2 5 12 /, g 20
o -
; Vom - / é
2 A 3 e
S 7 5 I
® % VoM + & 12 X
~ 8 2 \ il
B e i 8 A
- o - N
o £ ¢ < i
= X £
-] -]
D EI E ¢4 AN
: h il
> 3 0 EI 0 i a
3 > 100 300 1000 3k 10 k a 1 10 100 1000
g R —Load Resistance—Q § f—Frequency —Hz
s
> FIGURE 8 FIGURE 9
=
@ DIFFERENTIAL VOLTAGE AMPLIFICATION
DIFFERENTIAL VOLTAGE AMPLIEICATION and PHASE SHIFT
vs Vs
FREQUENCY FREQUENCY
o
o 140 — T o 20 Vegt = 15V 80
® Ta = 25°% T N\———L__¢ (Right Scaie) at Tp = 25°C
« 120 c 16 e 100°
k-] —\\VCC:!: = +15V S N
S 100 g SN
£ 3 £ 12 120°
E E N N £
< ao s \ A, \ -] ::
@ V - 33V e 8 140° o
8 cCx g \ \ ©
g 60 2 N g
s \ S a N —|160° &
g 40 £ laypatTa = 125°¢ W N . °
£ 20 £ 0 180
£ £ ;
1 o \ T-4 AN 200°
o o [AvpatTa - 25°C, -55°C \\\
<_5 <_g Lo 220°
01 1 10 100 1k 10k 100k 10M 0.1 0.2 0.5 1 2
f—Frequency —Hz f— Frequency — MHz
FIGURE 10 FIGURE 11

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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LT1001
PRECISION OPERATIONAL AMPLIFIER

VOLTAGE-FOLLOWER

PULSE RESPONSE

SMALL-SIGNAL

TYPICAL CHARACTERISTICS

VOLTAGE-FOLLOWER
SMALL-SIGNAL
PULSE RESPONSE

80 T T T 80
Vees = *16V
eo-Av =1 60 A
Cp = pF ]\/\»
2 4o Ta = 25°C % 40
| |
[}]
S ©
> 0 2 o0
g : 5
g _20 5 _a0 Veex = 215V D
c|> °© Ay =1 4=
o o CL = 1000 pF !
> ~40 > -40 [T 7a = 25°C \/\ £
-60 -60 U <
-80 -80 g
[+] 2 4 6 10 0 2 4 6 8 10 12 14 <)
t—Time—us t—Time—us ]
@
FIGURE 20 FIGURE 21 5
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER OVERSHOOT 8-
LARGE-SIGNAL vs
PULSE-RESPONSE LOAD CAPACITANCE
8 — 100 T
= *
Vegs = 215V vees 15V
6hAY = 1 V) = 100 mV
CL = 50 pF ale BO:LiZ%:g
> a|Ta=25°C—/ i A
: \
‘-E 2 2 60
> °
3 : y
= 2
°I= _2 3 40
) / 8
> -4 _:‘:':
S 20 e
-6 /
-8 0
0 20 40 60 80 100 120 140 100 1000 10000 100000
t—Time —us C|—Load Capacitance—pF
FIGURE 22 FIGURE 23
TEXAS ‘Vi
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LT1001
PRECISION OPERATIONAL AMPLIFIER

TYPICAL APPLICATION DATA

5V

an% 5 kQ 5%
<
1.21 MO

NONINVERTING
INPUT _

4
$4.99 K0 1%
1 20k

2N3904

2 INVERTING
INPUT
O 1
'8 -
= NOTE: Positive feedback to one of the nulling terminals creates 5 1V to 20 MV of hysteresis. The input offset voltage s typically changed by less
E" than 5 uV due to the feedback.
g FIGURE 34. MICROVOLT COMPARATOR WITH TTL OUTPUT
Q
3 100
j=3
= 2N2218
(4] REFERENCE OUT
& TO MONITORING

IN4148 A/D CONVERTER

350- BRIDGE

]
I

I

-

VW
AAA
VWA —
——

’_Om v
ouT

LT1001

(b
:: 340 kot

>
j’: 1kt
2N2907 GAIN

= TRIM

100 Q
5WwW
-15V

TRN60OC film resistors

FIGURE 35. STRAIN-GAUGE SIGNAL CONDITIONER WITH BRIDGE EXCITATION
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LT1007, LT1007A, LT1037, LT1037A

LOW-NDISE, HIGH-SPEED, PRECISION OPERATIDNAL AMPLIFIERS

TYPICAL CHARACTERISTICS?T

INPUT OFFSET VOLTAGE
OF REPRESENTATIVE UNITS
Vs
FREE-AIR TEMPERATURE

50 r y T T
20 Vee: = #15V ] 114007, LT1037
>|1 30 =
[
S 10
E . ﬁ,\, iy
3 " LT1007, LT1037A P /
5" =
2 //
= -20 L
‘o LT1007, LT1037
Q N
<-30 — N
- 40 K
-50

~560 -25 0 25 50 75 100

TA—Free-Air Temperature — °C
FIGURE 1
LONG TERM STABILITY OF

INPUT OFFSET VOLTAGE
FOR FOUR REPRESENTATIVE UNITS

10
S T
=
®
o
s 5
5
>
5 —t" LINE
P D

5 [ 0.2 pVIMONTH TREN
s — gl
o
£
-]
o
=
£
2 -5
i 0.2 uV/MONTH TREND LINE
>
B

10

h 2 4 8 8 10

t—Time —months

FIGURE 3

125

AV)g—Change in input Offset Voitage—uV

ho—Input Offset Current—nA

INPUT OFFSET VOLTAGE CHANGE
Vs
TIME AFTER POWER ON

10 T I
Veg: = £15V
Ta = 25°C
8 —
6
L PACKAGE
4 W
/’ DW, JG, OR P PACKAGE
2
o |
0 1 2 3 4 5
Time After Power On—minutes
FIGURE 2
INPUT OFFSET CURRENT
Vs
TEMPERATURE
i I B I
Vee+ = 215V
50
30
20
W &007, LT1037M
10 Q{
LT1007, LT1037AM
0 —_— ) 1
-75 -50 -25 O 25 50 75 100 125

Ta—Free-Air Temperature — °C

FIGURE 4

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

Trxas {5’
INSTIRI MENTS

POST OFFICE BOX 655012 ¢ DALLAS TEXAS 75265

























































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

BT

Vo - Input Offset Volt.

AVio — Change in input Offset Voltage — uV

TYPICAL CHARACTERISTICS?

INPUT OFFSET VOLTAGE
OF REPRESENTATIVE UNITS
v§
FREE-AIR TEMPERATURE
60 T T
Vect = £15V 1 \
40

-20

-40

-60

10

"

T |

VARN

L[|
\\

50 -25 1] 25 50 75 100 125
Ta ~ Free-Air Temperature - °C

FIGURE 1
LONG-TERM DRIFT OF

INPUT OFFSET VOLTAGE
OF REPRESENTATIVE UNITS

Vee+ =215V
8 1o =25%C
6
4 ]
2/
0 e ——t
-2
. T ——
-6
-8
-10
0 1 2 3 4 5
t - Time - months
FIGURE 3

WARM-UP CHANGE IN

Data for temperatures below 0°C and above 70°C are applicable to the LT1008M only.

Texas
INSTRUMENTS

INPUT OFFSET VOLTAGE
vs
ELAPSED TIME
5 —
- Voot = 215V
TL Ta = 25°C
|
g —
; { O
5, =
= (]
3 [
E 2
£ 2 — =
it L PACKAGE | _ =
% T | E— gﬂ
-
S
1 1 / <
S JG OR P PACKAGE -5
<
| l 5
(] ©
0 1 2 3 4 5 -
Time After Power-On — minutes E
FIGURE 2 8
@)
SUPPLY CURRENT
vs
SUPPLY VOLTAGE
500 T
3
!
H
g
3
2 400
'g: Ta =25°C
=] e |
":, Ta=125°C
.8 Ta = —55°C
300
0 £5 £10 £15 +20
Voot — Supply Voitage - v
FIGURE 4
Lﬁ 2-109
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LT1008M, LT1008C

PICOAMP INPUT CURRENT, MICROVOLT OFFSET

LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS!

INPUT OFFSET VOLTAGE
Vs
SOURCE RESISTANCE
10 :
Ve = 215V 7}
Ta=25°C 4
>
£ 7L /
1
g ! ] =
% —F—F
2 7 17—
[} 77
° % A
9} 3 MAXIMUM
A ——
=] o - -  — RN
3 > TYPICAL -
2 ,*
3> 0.04
1k 10k 100 k 1™ 10M  100M
g Rg — Source Resistance — Q
-y
9‘ FIGURE 5
@ INPUT BIAS CURRENT
vs
COMMON-MODE INPUT VOLTAGE
60 1 |
Veer = 215V
Ta = 25°C
40 o

POSITIVE INPUT CURRENT

20

"ne = 2x10120
|

NEGATIVE INPUT CURRENT
—20 "]

AL

-6 i S

B - Input Bias Current - pA
o

-15 -10 -5 0 5 10 15
Vic = Common-Mode Input Voitage — V
FIGURE 7

AVERAGE TEMPERATURE COEFFICIENT
OF INPUT OFFSET VOLTAGE
Vs
SOURCE RESISTANCE

100 ,
Fvecs =15V = —7
9 7
>
A 4
1 /
Bl /
(7] " A— —Z
E F——7—
3 Z 7 —
H
% / /
g | [wwxmom /
- —
3 ——]
1
Q I R SN R
g TYPICAL
0.1
1 10k 100k 1M 10M  100M
Rg — Source Resistance — Q
FIGURE 6
INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE
100 \ ,
Vect = 215V
50
< n
= \\ UNDERCANCELLED UNIT
£ L 1™
é OVERCANCELLED UNITN
3
o // K \
S -50
g N
1
[ \
T-100 \
- 150

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

FIGURE 8

*Data for temperatures beiow 0°C and above 70°C are applicable to the LT1008M only.
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NE5532, NE5532A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

schematic (each amplifier)

1 . -Vee+
d 36 pF I L 3 r-i
NONINVERTING - <
INPUT
37 oF 1

16—
INVERTING 14 pE
INPUT p Y2 15Q
p: AN
1 OUTPUT
7 pF
H¢ 159
o—? )
[ [
v
460 Q $ 1
*—4 _ _ »>—48 —Vee—

Component values shown are nominal,

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

siayidwy jeuonessdo N

Supply voltage, VoCc+ (seeNote 1) ... it e i i N PP 22V
Supply voltage, VCC— (8ee Note 1) . v i vt i i i e e e e e -22V
Input voltage, eitherinput (see Notes 1and 2) ......... .. i it Vce+
Input current (see NOte B) . . . .. e s +10 mA
Duration of output short-circuit (see Note 4) . . ... . ... .. . i i e unlimited
Continuous total power dissipation . .......... ... ... ... .. .. See Dissipation Rating Table
Operating free-air temperature range . ... .o vt ittt i e e 0°C to 70°C
Storage temperature range . ... ... 65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .............. 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Ppackage ............... 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vg4 and Voo —.
2.The magnitude of the input voltage must never exceed the magnitude of the supply voltage.
3. Excessive input current will flow if a differential input voitage in excess of approximately 0.6 V is applied between the inputs unless
some limiting resistance is used.
4, The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure the
maximum dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Tp = 25°C POWER RATING
JG 825 mwW 6.6 mW/°C 528 mW
P 1000 mw 8.0 mW/C 640 mw
Texas “5‘
2-144
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opP-07C, OP-07D, OP-07E
ULTRA-LOW-OFFSET-VOLTAGE OPERATIONAL AMPLIFIERS

D2757, OCTOBER 1983 —REVISED JUNE 1988

® Ultra-Low Offset Voltage . . .30 xV Typ D, JG, OR P PACKAGE
(OP-07E) {TOP VIEW)
® Ultra-Low Offset Voltage Temperature OFFSET N1 (|1 8{] OFFSET N2
Coefficient . . . 0.3 xV/°C Typ (OP-O7E) IN- []2 70 vee+
. N+ s e[Jout
Ultra-Low Noise vee- s s NG

No External Components Required
NC~No internal connection
Replaces Chopper Amplifiers at a Lower

Cost symbol
Single-Chip Monolithic Fabrication

OFFSET N1
Wide Input Voltage Range NONINVERTING
Oto +14 V Typ INPUT IN+ +
OUTPUT
® Wide Supply Voltage Range INVERTING _
+3Vto £18 V INPUT IN~
® Essentially Equivalent to Fairchild xA714 OFFSET N2

Operational Amplifiers

® Direct Replacement for PMI OP-07C,
OP-07D, OP-07E

description

These devices represent a breakthrough in operational amplifier performance. Low offset and long-term
stability are achieved by means of a low-noise, chopperless, bipolar-input-transistor amplifier circuit. For
most applications, external components are required for offset nulling and frequency compensation. The
true differential input, with a wide input voltage range and outstanding common-mode rejection, provides
maximum flexibility and performance in high-noise environments and in noninverting applications. Low
bias currents and extremely high input impedances are maintained over the entire temperature range. The
OP-07 is unsurpassed for low-noise, high-accuracy amplification of very-low-level signals.

Operational Amplifiers N

These devices are characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS

PACK - -
Ta | VIo MAX -l OUTLINE | CERANI: DIP | PLASTIC DIP
a1 25°C (D) 1JG} {P}
0°C | g0 v OP-07CD OP-07CJG 0P-07CP
to 0P-07DD 0P-07DJG 0P-07DP
70°C 75 oV OP-07ED OP-07EJG OP-07EP

The D package is available taped and reeled. Add the suffix R to the device type
when ordering. (e.g., OP-07CDR)

. Copyright © 1983, Texas Instruments Incorporated
+iop date, Praduct 0,

|...| llu. torms of Texas

standard warrnn( Production process.iy Juue .ot

necesserily include testing sf all paramstars. lNSTRUMENTS 2-147

POSTY OFFICE BOX 655012 +» DALLAS, TEXAS 75265













0P-27A, OP-27C, OP-27E, OP-27G
0P-37A, OP-37C, OP-37E, OP-37G
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

D3176, FEBRUARY 19B39

® Direct Replacements for PMI and LTC
OP-27 and OP-37 Series

Features of OP-27A, OP-27C, OP-37A, and
oP-37C:

® Maximum Equivalent Input Noise Voltage:
3.8 nV/VHz at 1 kHz
5.5 nV/vHz at 10 Hz

® Very Low Peak-to-Peak Noise Voltage at
0.1 Hzto 10 Hz . . . 80 nV Typ

® Low Input Offset Voltage . . . 25 pV Max
® High Voltage Amplification . . . 1 V/pV Min
Feature of OP-37 Series:

® Minimum Slew Rate . . . 11 V/us

description

The OP-27 and OP-37 operational amplifiers
combine outstanding noise performance with
excellent precision and high-speed specifi-
cations. The wideband noise is only 3 nV/vHz,
and with the 1/f noise corner at 2.7 Hz, low
noise is maintained for all low-frequency
applications.

The outstanding characteristics of the OP-27
and OP-37 make these devices excellent
choices for low-noise amplifier applications
requiring precision performance and reliability.
Additionally, the OP-37 is free of latch-up in high-
gain, large-capacitive-feedback configurations.

JG OR P PACKAGE
(TOP VIEW)

Vio TRIM 1 U 8] vio TRIM

IN-(J2  70vee+
IN+[]3 6 [JouT
vee- e s{INC

L PACKAGE
(TOP VIEW)}

Vio TRIM
Vig TRIM (D@ Vee +

N-{D ® Jour
IN + @@ NC

vVee -

NC—No internal connection

symbol

3
IN+()

(6)

{2}
IN ~

(1)[(8)
Vip TRIM

ouT

N

Operational Amplifiers

The OP-27 series is compensated for unity gain. The OP-37 series is decompensated for increased bandwidth

and slew rate and is stable down to a gain of 5.

The OP-27A, OP-27C, OP-37A, and OP-37C are characterized for operation over the full military temperature
range of —565°C to 125°C. The OP-27E, OP-27G, OP-37E, and OP-37G are characterized for operation

from —25°C to 85°C.

AVAILABLE OPTIONS

PACKAGE
Vip MAX | STABLE
CERAMIC Di T. AN | PLA
TA AT 25°C GAIN C DiP METAL C. STIC DIP
(JG) (L} (P}
1 OP27EJG 0. OP27EP
-25°C 25 uV .-
o ¥ 5 OP37EJG ) OP37EP
1 OP27GJG 0OP27GL OP27GP
o 100 puV
85°c # 5 0P37GJG OP37GL OP37GP
55°C 25 4V 1 OP27AJG OP27AL OP27AP
¢ # 5 0P374 1 OP37AL OP37AP
J
1 OP2' * 0P27CL OP27CP
125°C 100 pv
¥ 5 oP3 OP37CL OP37CP
PRODUCTION DATA documents contain informatien . Copyright © 19BS, Texas Instruments Incorporated
current as of publication deta. Products cenform te v}
specifications per the terms of Texas Insljumsnu
dard warranty. Production pr ing does net
necessarily irm:lucra testing af :II parameters. INST RUMENTS

POST OFFICE 80X 655012 « OALLAS, TEXAS 75265
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OP-27E, OP-37E, OP-27G, OP-37G
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Voe + 4 15 22 A
Supply voltage, Vo — -4 -15 -22 A
Common-mode input | Ve = £15 V, Ta = 25°C +11- v
voltage, range Vect = 215V, Ta = -55°Cto 126°C "
Operating free-air temperature, Ta ~25 " 85 °C

electrical characteristics, VCC+ = %15 V (unless otherwise noted)

.27E, OP-37 -27G, OP-
PARAMETER TEST CONDITIONS Ta op 0p-37E 0P-27G, OP-37G UNIT
MiN TYP MAX MIN TYP MAX
Vo=0,Vic=0 25°C 10 25 30 100
Vv Input offset voltage \Y]
1o 9% JRg = 50 0, See Note 3 | —25°C to 85°C 50 220] "
O Average temperature
g *Vig coefficient of input —25°C to 85°C 0.2 0.6 0.4 1.8 pvioC
3 offset voltage
Long-t: drift of
= ongterm it o1 g e Note 4 0.2 1 0.4 2| yVimo
(o] input offset voltage
=3 25°C 7 35 12 75
1 Input offset current [Vg = 0, Vi = 0 A
D |"o ‘inputoffsat cur 0 1c ~255C to 85°C 50 135 "
> 25°C +10 +40 +15 80
| Input bias current Vo =0, Vic=0 A
3 '8 nput bias cur 0 ' Z25°C 1o 86°C 60 £1650]
o v Common-mode input| 25°C +11 +11 v
E ICR voltage range —25°C to 85°C |+10.5 +10.5
= RL = 2kf) 12 +13.8 +11. 13.6
] Peak output voltage = 25°C x 3 1.5 %13
= |vom . RL = 0.6 kO £10 +11.5 £10 £11.5 v
» o RL = 2 k2 —25°C to 85°C |£11.7 11
RL 2 2kil, Vg = £10V - te 700 -
Large-signal RL = 1k Vg = 210V 250¢ .
A differential voltage (R = 0.6 k@, Vg = £1 V] v/imV
VD difierential voltage L 0 250 700 200 500 fm
amplification Vee = £ 4V
RL = 2kfl, Vg = 10 V] -25°C to 85°C 750 450
Common-mode input
i 2 G
fiem resistance 3
o Qutput resistance Vo =0,lg=0 25°C mn 70 Q
Common-mod Vig= 211V 25°C 114 . 120
CMRR _ommen-mode 18 a8
rejection ratio Vic = £10V —25°C to 85°C 110 Ju
K Supply voltage Vees = t4Vito 218V 25°C 100 120 94 118 4B
SVR rojection ratio Vecs = 4.5V 10 18V —25°C 10 85°C | 97 90

NOTES: 3. Input offset voltage measurements are performed by automatic test equipment approximately 0.5 seconds after applying power.
4. Long-term drift of input offset voltage refers to the average trend line of offset voltage versus time over extended periods
after the first 30 days of operation. Excluding the initial hour of operation, changes in V| during the first 30 days are typically

2.5 pV. See Figure 3.

TeExAs {'P
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0P-27A, OP-27C, OP-27E, OP-27G
OP-37A, OP-37C, OP-37E, OP-37G
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

0oP-27 0P-37
PHASE MARGIN AND PHASE MAGIN AND
GAIN-BANDWIDTH PRODUCT GAIN-BANDWIDTH PRODUCT
Vs A2
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
70 ] 10 80 Nocs = =15V
° ot cct = *
o 2 750 ) 8 3
= m =
L 70° mrnnreet 80 |
60° 90 ]
2 e 2 c 65° 75 3
® 2 B °
3 ~ < & 60° 70 &
o GBW (f = 100 kHz) — 5 s
g 5 50 t il - 2 g0l GBW (f = 10 kHz) |65 3
® £ ~ T & 2
~ | ~—] @ [ 50° T~ 60 3
D ge0° £ N I~ &
=T T < 45 55 ®
(=] 79 Q
= 40° 50
<] 30° % E
- [ 35° 45 O
> Vge: = 16V
. ) L 6 30° 40
3 -75 -50 -26 O 25 50 75 100 125 -50 -25 O 25 50 756 100 125
'g TA—Free-Air Temperature— °C Ta —Free-Air Temperature — °C
gi FIGURE 20 FIGURE 21
-
” EQUIVALENT INPUT NOISE VOLTAGE TOTAL EQUIVALENT INPUT NOISE VOLTAGE
vs vs
BANDWIDTH SOURCE RESISTANCE
10 HER-E - N T | I S V8
S Ve = £15V == 1£9° Fveer = =18 VHE R Raaas
‘i Rg = 100 Q 0 S BW = 1 Hz :E:—M—-— ]
[ Ta = 25°C '|= FTa = 25°C RN |
o ® R2 J
£ <) —AM— +
B S
> B -
2 1 — >o Rs R1 + R2
g ~_ 2 10 4
a . 2 5 1 - »
: = : =
8 0.1 < f = 10 Hz 4= i
s s : U
5 g T= 1 ke RESISTOR NOISE ONLY
[17] - =8 A l |
| o] 7
& = ]
0.01 2
0.1 1 10 100 100 1k 10k
Bandwidth—kHz Rs—Source Resistance—
(0.1 Hz to frequency indicated) FIGURE 23
FIGURE 22

TData for temperatures below —25°C and above 85°C are applicable to the OP-27A, OP-27C, OP-37A, and OP-37C only.

2162 TEXAS *
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0P-27A, OP-27C, OP-27E, 0P-27G
OP-37A, OP-37C, OP-37E, OP-37G
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

N

sialyljdwy jeuonesadp

TYPICAL APPLICATION DATA

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

Figure 35 shows a circuit measuring current noise and the formula for calculating current noise.

10 k@

_ Wno? - (130 nv)2)%
1 MQx 100

FIGURE 35. CURRENT NOISE TEST CIRCUIT AND FORMULA

offset voltage adjustment

The input offset voltage and temperature coefficient of the OP-27 and OP-37 are permanently trimmed
to a low level at wafer testing. However, if further adjustment of V| is necessary, using a 10-kQ nulling
potentiometer, as shown in Figure 36, does not degrade the temperature coefficient o y. Trimming to
a value other than zero creates an oy of V|0/300 pV/°C. For example, if V|Q is adjusted to 300 uV,
the change in xvy|q is 1 uV/oC.

The adjustment range with a 10-kQ2 potentiometer is approximately + 2.5 mV. If a smaller adjustment range
is needed, the sensitivity and resolution of the nulling can be inproved by using a smaller potentiometer
in conjunction with fixed resistors. The example in Figure 37 has an approximate null range of £200 pV.

INPUT
-15V
FIGURE 36. STANDARD INPUT OFFSET FIGURE 37. INPUT OFFSET VOLTAGE
VOLTAGE ADJUSTMENT ADJUSTMENT WITH IMPROVED SENSITIVITY

offset voltage and drift

Unless proper care is exercised, thermocouple effects caused by temperature gradients across dissimilar
metals at the contacts to the input terminals can exceed the inherent temperature coefficient «v 4 of
the amplifier. Air currents should be minimized, package leads should be short, and the two input leads
should be close together and at the same temperature.

The circuit shown in Figure 38 measures offset voltage. This circuit can also be used as the burn-in
configuration for the OP-27 and OP-37, with the supply voltage increased to +20V, R1 = R3 = 10k,

2-166

R2 = 200 €, and Ayp = 100.
xas WP
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RC4559
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

02785, OC 983 -REVISED JUNE 1988

® Matched Gain and Offset Between Amplifiers D OR P PACKAGE

TOP VIEW)
® Unity-Gain Bandwidth . . . 3 MHz Min [—_j v,
i ouT (1 8l ]Vce+
® Slew Rate . .. 1.5 V/ns Min AMP #1< IN- []2 7 ouT
® Low Equivalent Input Noise Voltage IN+ []3 6[]IN- AMP #2
... 2 pV/\Hz Max {20 Hz to 20 kHz) vee- [a_ s[]IN+
® No Frequency Compensation Required .
symbol (each amplifier)
® No Latch Up
® Wide Common-Mode Voltage Range NONINVERTING N [
. INPUT IN+ i i
® Low Power Consumption Gl :
® Designed to be Interchangeable with Raytheon 'x;’j_?w\'a —————l/
RC4559 ' -
AVAILABLE OPTIONS

SYMBOLI::::(T;E OPERATING Vio MAX

DEVICE TEMPERATURE RANGE | at 26°C
SUFFIX

RC4559 D,P -0°C to 70°C 6 mv

The D packages are available taped and reeled. Add the suffix R to
the device type when ordering. (i.e.,RC45539DR)

description

The RC4559 is a dual high-performance operational amplifier. The high common-mode input voltage and
the absence of latch-up make this amplifier ideal for low-noise signal applications such as audio preamplifiers
and signal conditioners. This amplifier features a guaranteed dynamic performance and output drive
capability that far exceeds that of the general-purpose type amplifiers.

The RC4559 is characterized for operation from 0°C to 70°C.

Operational Amplifiers

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

Supply voltage VoC + {see Note 1) .. .. oo i i e i s BV
Supply voltage VCC — (see Note 1) .. ..... e e e e .. =18V
Differential input voltage (see Note 2) ....................... B < \Y)
Input voltage {any input, see Notes 1and 3) ............ ... ... innnn. ... %15V
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) ......... unlimited
Continuous total dissipation . . . . ... .. i e e e e e 500 mW
Operating free-air temperature range . . .. .. ..o e B 0°C to 70°C
Storage temperature range . . ............. e e .... —65°Cto 125°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . .................... 260°C

NOTES: 1. Allvoltage values, uniess otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where
the zero reference level is the midpoint between Vo 4 and Voo —.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.

PRDDUCTIDN DATA docuements contain informatian o Copyright © 1983, Texas Instruments Incorporated
cnm.;[t as of pnhlic;tinn date. :’['o’:dm:lsl cenform to T ”
spacificatians per the tarms ef Texas Instrumants x AS

d qurruntlx.:‘ duction p ing deas not E 2-171
nacessarily include testing of ell paremetars. INSTRUMENTS
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SE5534, SE6534A, NE5534, NES534A
LOW-NOISE OPERATIONAL AMPLIFIERS

operating characteristics, VcCc+ =

#1565V, Tp = 25°C

SE5534, NE5534 ~L'* 34A, NES534A
PARAMETER TEST CONDITIONS MIN TYP  MAX | tair. TYP MAX UNIT
Slew rate at Cc=0 13 13
SR unity gain Cc = 22 pF 6 6 Vins
tr Rise time V) =50mV, Ayp =1, 20 20 ns
AL = 6000, Cg = 22 pF,
Overshoot factor Cy = 100 pF 20% 20%
4 Rise time Vi =50mv, Ayp =1, 50 s0 ns
AL = 6000, Cc = 47 pF,
2 Overshoot factor CL = 500 pF 35% 35%
Equivalent input f = 30 Hz 7 5.5 7
VI H
Y noise voltage = 1Kz 3 35 a5 | VHe
Equivalent input f = 30 Hz 2.5 1.6
'co n noise current f =1 kHz 0.6 0.4 pAINHz
2 F Average noise figure Rg = 5 k@, f = 10 Hz to 20 kHz 0.9 dB
Q
=4
=]
=] TYPICAL CHARACTERISTICSt
Q
> NORMALIZED INPUT BIAS CURRENT
3 and INPUT OFFSET CURRENT MAXIMUM PEAK-TO-PEAK QOUTPUT VOLTAGE
ho} - vs vs
E § FREE-AIR TEMPERATURE S FREQUENCY
= 3 16 L O veeimrsv T orprmm
® O I _ f 1<) C(E_i o ¢ = 22 pF
a3 J Ve =215V g Ta=25°C /il
£ 14 N S 25 - —TITRY \/ i
< N O ] ‘-
2 A g
c ‘p&) S 20 |
£ 1 || -
.E 1.2 G/‘Q ~ —1_1 cc=1u
< q [ .
- £y a i
13 - J T
£ g T T a
5 < 1
o [~ 3 6c=47 pt
« a C b \
@ 08 \‘\\ E 10 A e
- - 3 oo
: N : m\\ |
% )
£ L]
g 06 AN = 5 A
k] & N
® o
E 0.4 S 0 .. -
2 7550 -25 0 25 50 75 100 125 100 1k 10k 100 k ™

TA—Free-Air Temperature—"C

FIGURE 1

f—Frequency—Hz

FIGURE 2

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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TLO22M, TLO22C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

D1661, SEPTEMBER 1973 —REVISED JULY 1988

Very Low Power Consumption TLO22M . .. JG PACKAGE
TLO22C . .. D, JG, OR P PACKAGE
® Power Dissipation with +2-V {TOP VIEW)
Supplies . . . 170 xW Typ R ouT[[T U1 vee.s
® Low Input Bias and Offset Currents xP IN-[]2 7JouT AMP
S . IN+{]3 6[]IN~
® Output Short-Circuit Protection Vee-[a 5| 1IN+ #2
® Low Input Offset Voltage
® Internal Frequency Compensation TLO22M . . . U FLAT PACKAGE
(TOP VIEW)
® Latch-Up-Free Operation nc o1 1old ne 2
® Popular Dual Op Amp Pin-Out AMP ouT[]2 9] vee s
g1 § WL s OUT awp
TLO22M IS NOT RECOMMENDED FOR IN+ [Ja 71 IN- 42 2
NEW DESIGNS vee-[s 61 ) IN+ 2
description NC— No internal connection %‘
The TLO22 is a dual low-power operational symbol (each amplifier) €
amplifier designed to replace higher power <
devices in many applications without sacrificing NONINVERTING ‘ =
system performance. High input impedance, low INPUT IN + * OUTPUT c
supply currents, and low equivalent input noise INVERTING _____ | °
voltage over a wide range of operating supply INPUT IN - “a
voltages result in an extremely versatile -
operational amplifier for use in a variety of analog 8_
applications including battery-operated circuits. (@)
Internal frequency compensation, absence of
latch-up, high slew rate, and output short-circuit
protection assure ease of use.
The TLO22M is characterized for operation over
the full military temperature range of —-55°C
to 125°C; the TLO22C is characterized for
operation from 0°C to 70°C.
AVAILABLE OPTIONS
PACKAGE
V)0 MAX
Ta AT 25°C SMALL OUTLINE | CERAMIC DIP | PLASTIC DIP | CERAMIC FLAT PACK
{DI {JG) (P} {U}
o°cC
o 5 mv TLO22CD TLO22CJG TLO22CP —
70°C
-55°C
o 5 mv - TLO22MJG - TLO22MU
125°C

The D package is available taped and reeled. Add the suffix R to the device type {i.e. TLO22CDR})

PRODUCTION DATA documents contain information

. Copyright © 1983, Texas Instruments Incorporated
current es of publication date. Products conform to 1,
specifications’ per the terms of Texes Instruments TEXAS
derd Productian pr g does not 2-187
necessarily include testing of all paramoters. INSTRUMENTS
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TL031, TLO31A
ENHANCED JFET LOW-POWER LOW-OFFSET
OPERATIONAL AMPLIFIERS

D3151, JULY 1988 - REVISED JANUARY 1989

® Maximum Offset Voltage ... 800 pV ® Very Low Power Consumption ... 6.5 mW Typ
® High Slew Rate ... 2.9 V/us Typ ® OQutput Short-Circuit Protection
® Low Input Bias Current ... 2 pA Typ
D, JG, or P PACKAGE FK PACKAGE L. PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
Q-0 Q0 NC
oFrFseT Nt []1 U s[JNC z2z=z2=z
OFFSET N1 Ve .
iN-Tl2 70vce+ ' 20 19 @@
N+ 13 sl out . YL VPN h
. . ! [ : - [ l,"‘ . ).
NC NS )
NC e 1eNG N S S oreser N2
N+ 7 [} ouT
Ne [Je 14{] ne Vee-
[3"2”1“1_2_“3 Pin 4 (L Package) is in electrical
d )
5 108 o contact with the case
zZ p2Zz
(&
>

NG - No internal connection
description
The TL031 and TLO31A operational amplifiers incorporate well-matched, high-voltage JFET and bipolar
transistors in a monoiithic integrated circuit. These devices offer the significant advantages of Texas
Instruments new enhanced JFET process. This process affords not only iow initiai offset voitage due to the

on-chip zener trim capability but also stabie offset voltage over time and temperature. In comparison,
traditional JFET processes are plagued by significant offset voitage drift.

Operational Amplifiers I I

This new enhanced process still maintains the traditional JFET advantages of fast siew rates and low input
bias and offset currents. These advantages, coupled with low power consumption, make the TL031 well-
suited for new state-of-the-art designs as well as existing design upgrades. The TL031 has been designed
to be functionaily compatible and pin compatibie with the TL061.

DISTRIBUTION OF TLO31A

INPUT OFFSET VOLTAGE
16 T T T T
1433 Units tested from 1 wafer lot
AVAILABLE OPTIONS 14t-Vog s = £15V
PACKAGE 1p| TA = 25°C |
v ® 12 p package T 1
TA 10 Max| SMALL- CHIP CERAMIC METAL  PLASTIC ) e
AT 25°C|{ QUTLINE CARRIER nip CAN P 2 10 | -
0 (FK) (JG) L) (P) 5 r_J
O{})C 0.8my |T —  TLO31ACJG  TLO3TACL TLO31ACP ° 8| —
| 7nec | 15 mV |7 ——  TLO31CJG  TLO3IC. TLO3ICP s
T, lL08mv — T J& T nail TLO3TAIP § 6F—
85°C | 1.5mV — T G T TLOA1IP E
-95°C| oamv |TL "N TLOSIAMFK T YT TWUTLOb i mMr 4 N
125°C | t5mv |TLO: = TLOMIMFK T i T * TLO3IMP 2
s
D packages are available taped-and-reeled. Add "R" suffix to device type (e.g.,
TLO31CDR).
-900 -600 -300 O 300 600 900

Vio - Input Offset Voltage ~ pV

PRODUCTION DATA documents contain infermation
eurrani as of pubiication date. Products conform to
:ations per the terms of Texas instruments
- 'd warranty. Producticn Pmcesslng does not

arily include testing of ali parameters.

Copynight © 1988, Texas tnstruments incorporated
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TLO31, TLO31A

ENHANCED JFET LOW-POWER LOW-OFFSET
OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

10 kQ

Vee

10 kQ VIWQ—

S
Vee «
1 5
— Vo CL R
(see L
Vee - Note A)
Rg LRs =

NOTE A: C| includes fixture capacitance.

FIGURE 3. NOISE VOLTAGE TEST CIRCUIT FIGURE 4. UNITY-GAIN BANDWIDTH AND
PHASE MARGIN TEST CIRCUIT

GROUND SHIELD _YCC +

FIGURE 5. INPUT BIAS AND OFFSET
CURRENT TEST CIRCUIT

siayydwy [euonesadg !

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 the TLO31 and TLO31A, 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 into 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.

noise

Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet
specific application requirements. Please contact the factory for details.

2200 TEXAS {'P
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TLO31, TLO31A
ENHANCED JFET LOW-POWER LOW-OFFSET
OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

SHORT-CIRCUIT OQUTPUT CURRENT EQUIVALENT INPUT NOISE VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE FREQUENCY
25 T T T 70 LIRS
~ E—— Veg+ =15V E Voot = £15V
< 20 —_ z Rg = 1000
L 15F B~ z Tp = 25°C
£ Voot = £5V @ See Flgure 3
4 o 60 ——
= 10 g |
2 N 2
g g 1N
o o =z N
© = Veg: = £5V 5
o B -5 ] 2 50 -1
8 %ol e ‘
2 & Vo = £15V g \
o 1 =15
S 3 g N
® - -2 e
— Vo=0 > | .
> -25 L 40 LLLiLL
-75 -50 -25 O 25 50 75 100 125 10 100 1k 10k 100k
_g Tp — Free-Air Temperature - °C f — Frequency — Hz
= FIGURE 30 FIGURE 31
(5]
a SUPPLY CURRENT SUPPLY CURRENT
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
250 250 —
Vet = 218V
e B
200 — e — — 200 |~ e
—
® F/ N 1y = 25C = Vec« = £5V
g 150 1 L e g 150 /
3 T 3 /
2 Ta = 125°C /
E 00 //{ — § 100
7] N ! 7]
: N Tp = -55-C i
g g
50 ! 50
‘ Vo =10 Vo =0
. | No Load . No Load
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125
]Vcc il' Supply Voltage - V Ta — Free-Air Temperature - °C
FIGURE 32 FIGURE 33
’
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TL031, TLO31A
ENHANCED JFET LOW-POWER LOW-OFFSET
OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

output characteristics

All operating characteristics (except bandwidth and phase margin) are specified with 100-pF load
capacitance. The TL031 and TL.031A will drive higher capacitive loads; however, as the load 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 49).

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

Operational Amplifiers H

(d)Cp = 1000 pF,R = 0 (e) C|, = 1000 pF,R = 50 Q () CL = 1000pF,R = 2kQ
FIGURE 48. EFFECT OF CAPACITIVE LOADS

+15V
R

+5V _[—I_ Vo
-5V 15V

CL 10 kQ

(see Note A) '

NOTE A: C|_ includes fixture capacitance.
FIGURE 50. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS
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TL032, TLO32A
ENHANCED JFET LOW-POWER LOW-OFFSET
DUAL OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

PHASE MARGIN PHASE MARGIN
Vs Vs
SUPPLY VOLTAGE LOAD CAPACITANCE
65 70
T T - o
] i 3 AL = 10k0 ]
] g6l T~ Tp = 25°C
§ 63 L § AN See Figure 4
o § 64 S B0 I N
3 / g ~ N Vet =15V 2
c ¢ B3
@ 61 / 9 60
S S See Note 10 (7))
= =
] g 56 !\ ™~ o
£ £ Vegs = £5V \\ =
1 Vi = 10mV | 56 —r -5-
E % RL = 10kQ ] £ s £
Cp = 25pF <
Tp = 25°C 52
See Figure 4 o
57 50 c
0 2 4 6 8 10 12 14 16 0 10 20 30 40 50 60 70 80 90 100 0
IVCC il‘ Supply Voltage -V C| ~ Load Capacltance -~ pF 4"‘.?
FIGURE 42 FIGURE 43 5
Q
PHASE MARGIN VOLTAGE-FOLLOWER (@]
Vs SMALL-SIGNAL
FREE-AIR TEMPERATURE PULSE RESPONSE
67 18 T | —
Veg+ = 215V
Vec + = £15V 12| RL = 10ka
. —_ cL=100pF M\
8 4 E 8|-Ta = 25°C
§ 63 . | See Figure 1 /
© l g a4 -
E Vec+ = £5V % \
5 s e~ Z 0 ﬁfﬁ —
= 5
© £
; i | \
T 50 N ]
: | 2
N Vi=10mV -
57 R = 10kQ T f\—-‘
CL = 25pF -12
See Flgure 4 l
55 . . -16
-75 -50 -25 O 25 50 75 100 125 0 02 04 06 08 1.0 1.2 14
Ta - Free-Air Temperature — °C t-Time-us
FIGURE 44 FIGURE 45

NOTE 10: Values of phase margin below a load capacitance of 25 pF were estimated.
’
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TL034, TLO34A
ENHANCED JFET LOW-POWER LOW-OFFSET
QUAD OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

10 kQ

Vee

10 k2 V)

100 0 :l;>7 Vo
Vee +
v Vee - I
~ VO CL R
(see t
Vee - Note A)
Rg Rg =

= = NOTE A: C| includes fixture capacitance.

FIGURE 3. NOISE VOLTAGE TEST CIRCUIT FIGURE 4. UNITY-GAIN BANDWIDTH AND
PHASE MARGIN TEST CIRCUIT

GROUND SHIELD _VCC +

FIGURE 5. INPUT BIAS AND OFFSET
CURRENT TEST CIRCUIT

siayldwy jeuonesddQ !

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 the TL034 and TLO34A, 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 into 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.

noise

Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet
specific application requirements. Please contact the factory for details.
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TL034, TLO34A

ENHANCED JFET LOW-POWER LOW-OFFSET

QUAD OPERATIONAL AMPLIFIERS

ssoidwy JeuoniesadQ !

TYPICAL CHARACTERISTICS

SHORT-CIRCUIT OUTPUT CURRENT

EQUIVALENT INPUT NOISE VOLTAGE

Vs Vs
FREE-AIR TEMPERATURE FREQUENCY
25 v ‘-i1‘5v 90 T U TTe
< ® ~ \\\ CCt~= Ig \ ;00_11;01015 A
[ T~ S 8o _ |1 | Rg=
1 15 — I c \ Ta = 25°C
- ] ]
5 Voo =15V o See Figure 3
E 10 g 70 \ i
= = \
O (3
-1 5 > \
& 3 \
9 0 2 60 —++
= = A
né s N Vee + +t5 E N
-10 ° |
5 Voot = £ 15V E % \ Bl
| -15 s N
17} S N
L 2 = S
Vo =0 >
-25 - 40
-75 -50 -25 O 25 50 75 100 125 10 100 1k 10k 100k
Tp - Free-Air Temperature ~ °C f - Frequency - Hz
FIGURE 30 FIGURE 31
SUPPLY CURRENT SUPPLY CURRENT
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
1 1000 T |
Vec+ = £15V
-—’—‘—- T———
0.8 / /———‘ [ 800 B r’ \‘\
T
£ ] /‘%/ E / / T
‘;_ F/ L7 = 25°C é y Vec+ = 25V
g 06 | ——_ & 600 /
: — 5 /
o o
- 0 >
_E //_( TAl = 12|5 c z /
3 o4 - — 5 400
| { -Ta = —55°C !
[9) o
© O
0.2 200
Vo =0 Vo =10
No Load o No Load
0 .
0 2 4 6 8 10 12 14 16 ~-75 ~-50 -25 O 25 50 75 100 125
[Vee |- Supply Voltage - v Ta - Free-Alr Temperature — °C
FIGURE 32 FIGURE 33
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TLO51, TLOS1A
ENHANCED JFET PRECISION
OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

LARGE-SIGNAL VOLTAGE AMPLIFICATION

Vs
LOAD RESISTANCE
250 p=rrrrr
E Vo =1V
s Ta = 25°C
|
g 200 L]
-E Vegc+ = £15V
£
° LT
E 150
< /'/
) / |
P L Voot = £5V
S /
> 100
® |ttt TT]
= b
5 L1
]
Sl
& 50
]
o
>
< 0
0.4 1 4 10 40 100
Ry, - Load Resistance - kQ
FIGURE 22
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LARGE-SIGNAL VOLTAGE AMPLIFICATION
VS
FREE-AIR TEMPERATURE

1000 T T
z Vec: = £5V 7
= Vg = £23V
| ]
'5 400
®
£
g
% RL = 10kQ
o 100 S—
P
(<]
=
[}
e R. = 2kQ —
g 40 L ~1
£
()

1
[=]
>
<

10

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

FIGURE 24

LARGE- -:'.AL DIFFERENTIAL VOLTAGE
AMPI| - - ATION AND PHASE SHIFT
Vs
FREQUENCY
106 ‘ \
L Voo + = #15V

S 105 RL = 2kQ Jdo°
® CL = 25pF
£ Tp = 25°C
3 104 A 30°
2 \ \ Ayp
§i 103} \ 60°
3 \ \
E 102 AN - 90°
8 PHASE SHIFT N \
o
£ 10 AN 120°
L \
1
[=]
Z 1 AN 150°

0.1 180°

10 100 1k 10k 100k 1M
t — Frequency - Hz

FIGURE 23

10M

LARGE-SIGNAL VOLTAGE AMPLIFICATION
VS
FREE-AIR TEMPERATURE

1000 T T
E Veg+ = 15V
B Vg =10V ]
) |
§ 400 Ry = 10kQ
A e =
- ~
5 T— \
& 100 Tl ~~
8 RL = 2kQ =
o
> B,
s .
T
8 40
£
[
]
o
>
g

10

-75 -50 -25 O 25 5 75 100 125
Tp - Free-Air Temperature — °C

FIGURE 25

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

Phase Shift
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TLO51, TLOS1A
ENHANCED JFET PRECISION
OPERATIONAL AMPLIFIERS

#m — Phase Margin — degrees

Vo - Output Voitage —mV

tData at high and low temperatures are applicabie oniy within the rated operating free-air temperature ranges of the various devices.
NOTE 11: Values of phase margin below a load capacitance of 25 pF were estimated.

TYPICAL CHARACTERISTICS?

PHASE MARGIN PHASE MARGIN
VS
LOAD CAPACITANCE FREE-AIR TEMPERATURE
70 — 85
Vi =10 mV
< RL = 2kQ
65 Ta = 25°C
A 63
N \‘\\ See Figure 4 $ Voot = £15V
60 AR ~ “_*l ) '?:; //
Voot = £15V I 61
See Note 1”\\\ £
55 i IS H
’ . = Voo s = £5V
Vect = £5V N N § s i
50 y \ £ //
1
£ L1 Vi = 10mv
> 57
45 ™. RL = 2kQ
CL = 25pF
See Figure 4
40 55 ' '
0 10 20 30 40 50 60 70 80 90 100 -75 -50 -25 0O 25 50 75 100 125
CL - Load Capacitance — pF T — Free-Air Temperature - °C
FIGURE 46 FIGURE 47
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER
SMALL-SIGNAL LARGE-SIGNAL
PULSE RESPONSE PULSE RESPONSE
16 8
12 [ 6
V 'y
; i . i
| | : / \
4 2 2
I Voo + = 15V \ s / Veg+ = 215V \
0 RL = 2KQ z o RL = 2kQ
l Cp = 100 pF \ a8 l Cp = 100pF \
-4 Tp = 25°C 3 _» T = 25°C
l See Figure 1 \ 6 l See Figure 1 \
. | T
-12 \/ -6
-16 -8
0 02 04 06 08 10 1.2 0 1 2 3 4 5 6
t-Time ~ps t-Time-us
FIGURE 48 FIGURE 49
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TL052, TLO52A

ENHANCED JFET PRECISION
DUAL OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

table of graphs

&

FIGURE
Vio Input offset voltage Distribution )
V10 Ternperature coefficient Distribution 7
of input offset voltage
o Input offset current vs Temperature 8
’ vs Vg 9
) Input bias current vs Temperature 8
Al Input voltage range :: '\r{gn?perature :? 2
Vo Output voitage vs Differential input voltage 12,13
vs Veg 14 z’
Vo Maximum peak output vs Output current 18,19 .2
voltage swing vs Freguency 15,16, 17 =
vs Temperature 20, 21 'E_
. vs R_ 22 E
Ayp Differential voltage amplification vs Frequency 23 <
vs Temperature 24, 25 -
2g Output impedance vs Frequency 29 3]
CMRR Common-mode rejection ratio vs Frequency 26,27 g
vs Temperature 28 -
ksVR Supply-voitage rejection ratio vs Temperature 30 1]
vs Voo 31 a
los Short-circuit output current vs Time 32 Q.
vs Temperature 33 O
vs Voo 34
lcc Supply current vs Temperature 35
vs R 36, 37
SR Stew rate vs Temperature 38, 39
Overshoot factor vs Cp 40
Vn Equivalent input noise voltage vs Frequency 41
THD Total harmonic distortion vs Frequency 42
B4 Unity-gain bandwidth \‘:: ;'/gn(iperature ji
vs Veo 45
om Phase margin vs Cp 46
vs Temperature 47
Phase shift vs Frequency 23
Pulse response Small-signal 4
Large-signal 49

s ¢
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TL052, TLO52A
ENHANCED JFET PRECISION
DUAL OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS!

PHASE MARGIN
Vs
LOAD CAPACITANCE

70 T T 1
Vi = 10mv
o RL = 2kQ
65 N Ta = 25°C
N o AN ) See Figure 4
L ) )
~J N o
60 S —

NN

]\ :
Vec: = 5V \\
50 \\\

45

¢m — Phase Margin — degrees

0 10 20 30 40 50 60 70 80 90 100
C| - Load Capacitance ~ pF

FIGURE 46
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VOLTAGE-FOLLOWER
SMALL-SIGNAL
PULSE RESPONSE

16 ‘ | T
12 /\
|
>
: 8 \
i
= Veg+ =215V \
Z 0 RL = 2kQ
2 ! CL = 100 pF \
8 —4 Ta = 25°C
]
° I SeeFIgure]1 \
> _g ‘ \
-12 f
-16
Q 02 04 06 08 1.0 1.2
t—Time-pus
FIGURE 48

¢m — Phase Margin - degrees

Vp - Output Voitage ~V

PHASE MARGIN

'S
FREE-AIR TEMPERATURE
65 ‘ \
Veg =215V
63
61 ] | :
Vect+ = 5V
" ! !
59 B
,/ Vi = 10mv
87 RL = 2kQ 1
CL = 25pF
See Figure 4
55 L !
-75 -50 -25 0 25 50 75 100 125
Ta ~ Free-Air Temperature - °C
FIGURE 47
VOLTAGE-FOLLOWER
LARGE-SIGNAL
PULSE RESPONSE
8
6 _
. [ |
2 )
Veg+ = 215V \
0 RL = 2kQ
CL = 100 pF \
-2 Ta = 25°C
See Figure 1 \
—4 —
-6
-8
1] 1 2 3 4 5 6
t—Time —pus
FIGURE 49

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

NOTE 11: Values of phase margin beiow a ioad capacitance of 25 pF were estimated.
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TLO70, TLO70A, TLO71, TLO71A, TLO71B

TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

MAXIMUM PEAK QUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

+15 T v
>l RL = 10 kQ
) -
21125 AL =2ke
2‘6 ] [ —
>
5 10
X +7.5
-]
o
£
E +5
x
=
| %25
s Vec+ = 215V
>O o See‘FigureZ
-75-50 -25 O 25 50 75 100 125
Ta—Free-Air Temperature— °C
FIGURE 10

MAXIMUM PEAK OUTPUT VOLTAGE
vs
SUPPLY VOLTAGE

15 T
RL = 10 k@
Ta = 25°C

+12.5 /

7.5

+5

25

VoM—Maximum Peak Output Voltage—V

0 2 4 6 8 10 12 14 16
Ve £ |—Supply Voltage—V

FIGURE 12

ut Voltage—V

Vom—Maximum Peak

Ay p—Differential Voltage Amplification —V/mV

MAXIMUM PEAK OUTPUT VOLTAGE

Vs
LOAD RESISTANCE
15 — T
Veet: = 215V _u
Ta = 25°C //’”"
+12.5 {See Figure 2 V
+10 L T /lr T ﬂ
s ! Pl
+7.5 /' "m
.8 /J
25
0
0.1 0.2 04 071 2 4 7 10

R —Load Resistance—k(}
FIGURE 11

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

Operational Amplifiers | I

1000

400

200

100

Y

40

20
10

4rvect = £15V

[vo = t10V
RL = 2k
1 1

N

1
-75-50 -25 O 25 50 75 100 125
Ta—Free-Air Temperature— °C

FIGURE 13

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

18-pF compensation capacitor is used with TLO70 and TLO70A.
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TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

TLO70
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREQUENCY WITH FEED-FORWARD

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT

Vs
COMPENSATION FREQUENCY
106 — 106 . . —
< \étz:c -31}:15V 5 Vet = 5V to 15V |
8 - 3 pl = RL = 2 k0
ki 105 Ta = 25°C | £ 105 \\ Ta = 25°C
= See Figure 3 s |
E £ \
< 104 AN < 104 DIFFERENTIAL | go
S \ 2 N VOLTAGE
£ 03 N\, 3.3 \ AMPLIFICATION
s 10 N > 10 \ (left scale] —45°
: \\ £
= 3 &
§ 102 g 102 \ 90° ]
£ E N j:
n . PHASE SHIFT B
o 10 g 10 (right scalel \ 135
< ) ||
1 1 \ 180°
100 1k 10k 100k 1M 10M 1 10 100 1k 10k 100k 1M 10M
f—Frequency —Hz f—Frequency —Hz
FIGURE 14 FIGURE 15
NORMALIZED UNITY-GAIN BANDWIDTH
and PHASE SHIFT COMMON-MODE REJECTION RATIO
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 1.03 89 —
! ] Vegs = £15V
- UNITY-GAIN BANDWIDTH é RL = 10 k@
512 (left scalel —1.02 T 88
2 -4
= £ s
8 11 N 1014 'g 87
~ ] »
Q PHASE " £ P
> 1+~ 1 - 86
£ SHIFT ;] o “+
5 . N =
2 {right scale) 2 =
3 0.9 +— 0.99 £ g 86
E N 2 E
E Vec: = =15V 3
S 081 L 2kn 0.98 o 84 -+
f = 89 for Phase Shift E
0.7 I ! I I 0.97 O g3
-75 -50-25 0 25 50 75 100 125 -75 -50-25 0 25 50 75 100 125
Ta—Free-Air Temperature— °C Ta —Free-Air Temperature— °C
FIGURE 16 FIGURE 17

tData at high and low temperatures are applicable only within the rated operating frea-air temperature ranges of the various devices. An
18-pF compensation capacitor is used with TLO70 and TLO70A.
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TLOB7, TLOBSB, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

SHORT-CIRCUIT QUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT
Vs VS
SUPPLY VOLTAGE TIME

60

T T T
Vo = T l J/F Vip= -1V
Tp = 25°C

40 A

/TI

Vip=1V

&
o

20 >4

< <
E E
A J
=
g g
3 g
H F 2
é o )
E =
5 -20 [~ | 0-.' -20 -
E v‘ -:I&\ E ! =
@ D= @ Vip=-1V o
-40 - - 40 i
—8 _8 Voot = £168V E
Tp = 25°C
-60 - - 60 . L ©
0o 2 4 6 8 10 12 14 16 0 10 20 30 40 50 60 c
Ve |- Supply Voltage - v Time ~ Seconds 0
=)
FIGURE 26 FIGURE 27 ©
V]
SHORT-CIRCUIT QUTPUT CURRENT Q
vs (@]
FREE-AIR TEMPERATURE
60 I 1
\7 =+15V
Vip=1V| —T——d—__| ‘CC*
E 40 \t_\\
1
|
Z::; 20 il VCCi = 5V
E‘ Vip=1V
=
6 of}9—}—+
E Vcc + = {is \)
S =
? —20}- Vip=-1V
T
& l v ,T::v’
Iy—40 Vip=-1V cex="
o Vo =0
-60 1 L

-75 -5 -25 0 25 50 75 100 125
Tp — Free-Air Temperature - °C

FIGURE 28

1Data 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
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SUPPLY CURRENT SUPPLY CURRENT
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
3 3 [ J }
25 == 25[—t=" — T
g NN Th =25 g N M Voo = £15V
.
L2 T -8SC B B L = N AV
] \ [ =Tp = 125°C 8 ‘ i cc{: |
5 | 3 |
> 15 — = } - = 15[ —— - —— T
a a i | :
5 ! ‘ 5 . ‘
(2] | ‘ 4] | ’ ‘ |
[ —_— o e —— — ——-
° RN REEEEEE
© , ©
0.5 SR os| | L —
( i Vo =0 : | ’ Vo =
‘ , No Load t ‘ | ‘ No Load
[¢] | ] | 0 X
6 8 10 12 14 16 -75 -50 -25 O 25 50 75 100 125
[Vee 1/- Supply Voltage ~ v Tp — Free-Air Temperature — °C
FIGURE 29 FIGURE 30
SLEW RATE SLEW RATE
Vs Vs
LOAD RESISTANCE FREE-AIR TEMPERATURE
30 30 ‘
SR +
25 25 R SR + I
’—T\\
- \
4 L SR n // —
S 20 2
| ‘ ' SR-| —]
2 2
€ 15 ‘ £ 45
- i
? 2
5 10 5 10
Vee+ = t15V Veg+ = £15V
5 . CL = 100 pF 5 RL = 2kQ i
Ta = 25°C Cp = 100 pF
See Figure 1 See Figure 1
[} | L1l [} | l
0.4 4 10 40 100 -75 -50 -25 0 25 50 75 100 125
R|_ - Load Resistance — kQ Tp — Free-Air Temperature — °C
FIGURE 31 FIGURE 32

tData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices.
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TL321l, TL321C
OPERATIONAL AMPLIFIERS

D2343, APRIL 1977 ~REVISED OCTOBER 1988

o Wide Range of Supply Voltages Single
Supply .. 3V to 30 V or Dual Supplies

e Low Supply Current Drain Independent of
Supply Voitage ... 0.8 mA Typ

e Common-Mode Input Voltage Range
Includes Ground Allowing Direct Sensing
near Ground

¢ Low Input Bias and Offset Parameters input
Input Offset Voltage ... 2 mV Typ
Input Offset Current. .. 3 nA Typ (TL321l)
Input Bias Current ... 45 nA Typ

o Differential Input Voitage Range Equal to
Maximum-Rated Supply Voitage ... +32V

e Open-Loop Differential Voitage
Amplification . .. 100 V/mV Typ

¢ [nternal Frequency Compensation

description

The TL321 is a high-gain, frequency-
compensated operational amplifier that was
designed specifically to operate from a single
supply over a wide range of voltages. Operation
from split supplies is also possible as long as the
difference between the two supplies is 3V
to 30 V and pin 7 is at least 1.5V more positive
than the input common-mode voltage. The low
supply current drain is independent of the
magnitude of the supply voltage.

Applications include transducer amplifiers, d-c
amplification blocks, and all the conventional
operational amplifier circuits that now can be
more easily implemented in single-supply-
voltage systems. For example, the TL321 can be
operated directly off of the standard 5-V supply
that is used in digital systems and will easily
provide the required interface electronics without
requiring additional =15-V supplies.

The TL321! is characterized for operation from
—25°C to 85°C. The TL321C is characterized for
operation from 0°C to 70°C.

TL321), TL321C ... 0, JG OR P PACKAGE
(TOP VIEW)

ne (T U

IN- 2
IN+ []3
GND [Ja

NC —No internal connection

8{ | NC
70 vee
&[] our
5[] NC

symbol
IN+———]F
our
IN - -
AVAILABLE OPTIONS
PACKAGE
75 | V10 MAX | SMALL- [CERAMIC [PLASTIC
at25°C |OUTLINE| DIP DIP
{D) (4G) (P
0°C
to 7mv | TL321CD | TL321CJG | TL321CP
70°C
—25°C
to 5mV | TL321ID | TL3211G | TL321IP
85°C

The D packages are avallable taped and reeled. Add the

suffix R to the device type. (8.g., TL321CDR)

Operational Amplifiers H

FHULULTIIN DAT A 1)cumants centain infermation

rurre 33 <f ~uh c2ion dats. Products cenform to {}
sgecitications gur the o a of Taxas ]nn;::l'n:: E
necessarily include tese ] :,n all purnmc’un. ler RUMEN-IS

Copynght ® 1983, Texas Instruments Incorporated
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TL3211, TL321C
OPERATIONAL AMPLIFIERS

schematic
[ ? 1 ! T
=6 uA ~6 A ~100 A
CURRENT CURRENT CURRENT
REGULATOR REGULATOR REGULATOR
[
L
!
L
<
INVERTING OUTPUT
INPUT IN -
NONINVERTING ~50 uA
INPUT IN+ CURRENT
REGULATOR

soyndwy jeuonesadg WN]

Supply voltage, Vo (see Note 1)
Differential input voltage (see Note 2)
Input voltage range (eitherinput) ... .o i
Duration of output short-circuit to ground at (or below) 25°C free-air temperature

(Vocc = 15V) (see Note 3)
Continuous total dissipation . . . ......... ... i
Operating free-air temperature range: TL321|

GND

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

32V
+*32V
. —03Vto32V

unlimited

See Dissipation Rating Table

. —25°C to 85°C

TL321C . 0°C to 70°C
Storage temperature range . . . . ... oo e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DorP package ............ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .............. 300°C
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,
3. Short circuits from the output to Vo can cause excessive heating and eventual destruction.
DISSIPATION RATING TABLE
D ACKAGE Tas 25°C DERATING DERATE Ta = 70°C Ta = 65C |
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING
D 680 mwW 58 mwW/°C 33°C 464 mwW 377 mW
JG 680 mwW 6 6 mW/°C 47°C 528 mW 429 mwW
P 680 mw 8.0 mw/°C 66°C 640 mwW 520 mwW

Texas {?
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265
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TLC251C, TLC251AC, TLC251BC
PROGRAMMABLE LOW-POWER LinCMOS™ OPERATIONAL AMPLIFIERS

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

Supply voltage, VDD (see Note 1) . . .. ..o e 18 V
Differential input voltage (see Note 2) . .......... .. ... i, +18 V
Input voltage range (any iNput) . . .. ... i i e -0.3Vto18V
Duration of short-circuit at (or below) 25°C free-air temperature (see Note 3) .......... unlimited
Continuous total dissipation . . ................... . e See Dissipation Rating Table
Operating free-air temperature range . . .. .. ........... e 0°C to 70°C
Storage temperature range . . .. ..o ittt e e e -65°C to 150°C
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: JG package........ 300°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ........

D or P package

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal.
2. Differential voltages are at the noninverting input terminal, with respect to the inverting input terminal.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C
POVFF RATING ABOVE T4 = 25°C  POWER RATING
D mw 5.8 mW/°C 464 mW
JG 825 mwW 6.6 mW/oC 528 mW
P 1000 mW 8.0 mW,°C 640 mW

recommended operating conditions

Operational Amplifiers

MIN_NOM_ MaX | uniT |
Supply voltage, Vpp 1.4 16 \%
Vpp = 1.4 V [ 0.2
Common-mode input voltage, Vic Vop =5V —0.2 4 \4
Vpp = 10V -0.2 9
Vpp = 16 V -0.2 14
Operating free-air temperature, TA o] 70 °C
Bias Select pin voltage See Application Information
m
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TLC252C, TLC25L2C, TLC25M2C
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS

D2752, JUNE 1983 —~REVISED SEPTEMBER

® A Suffix Versions Offer 5-mV V|o D, JG. OR P PACKAGE
{TDP VIEW)
® B Suffix Versions Offer 2-mV V|o
. out [+ Usedvpp
® Wide Range of Supply Voltages iN- 2 2 out
1.4Vt 16 V N+ 3 6] IN-
True Single-Supply Operation GND [« 5[] IN+

Common-Mode Input Voltage Includes the
Negative Rail

® Low Noise . . . 30 nVHz Typ at

symbol (each amplifier)

NONINVERTING

f = 1 kHz (High-Bias Versions) INPUT IN+ OUTPUT 2
INVERTING
description INPUT IN -

The TLC252C, TLC256L2C, and TLC25M2C are low-cost, low-power dual operational amplifiers designed
to operate with single or dual supplies. These devices utilize the Texas Instruments silicon gate LiInCMOS™
process, giving them stable input offset voltages that are available in selected grades of 2, 5 or 10 mV
maximum, very high input impedances, and extremely low input offset and bias currents. Because the
input common-mode range extends to the negative rail and the power consumption is extremely low, this
series is ideally suited for battery-powered or energy-conserving applications. The series offers operation
down to a 1.4-V supply, is stable at unity gain, and has excellent noise characteristics.

The TLC252C series is characterized for operation from 0°C to 70°C

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.1. However, care should
be exercised in handling these devices as exposure to ESD may result in a degradation of the device
parametric performance.

Operational Amplifiers

Because of the extremely high input impedance and low input bias and offset currents, applications for
the TLC252C series include many areas that have previously been limited to BIFET and NFET product types.
Any circuit using high-impedance elements and requiring small offset errors is a good candidate for cost-
effective use of these devices. Many features associated with bipolar technology are available with
LinCMOS™ operational amplifiers without the power penalties of traditional bipolar devices. General
applications such as transducer interfacing, analog calculations, amplifier blocks, active filters, and signal
buffering are all easily designed with the TLC252C series devices. Remote and inaccessible equipment

AVAILABLE OPTIONS

PACKAGE
Vio MAX
TA | aragoc | SMALL-OUTLINE | PLASTIC DIP | CERAMIC DIP
D} P JGI

10 mv TLC252CD TLC252CP TLC252C)G

5 mV TLC252ACD TLC252ACP | TLC252ACJG

2 mv Treacow o | TI-. .8CP | TLC252BCJG

o°C | 10mv Tt TI it.2CP | TLC25L2CJG
to 5 mV TLC25L2ACD | TLC25L2ACP | TLC25L2ACJG
70°C | 2mv TLC.L.BCD | TLC25L2BCP | Ti+. .2BCJG
10 mV TL(.<*82CD | TLC25M2CP | T. . M2CJG
5mV | TLC25M2ACD | TLC25M2ACP| TLC25M2ACJG
2mV | TLC25M28BCD | TLC25M2BCP | TLC25M2BCJG

D packages are available taped-and-reeled. Add 'R’ suffix to device type when
ordering {e.g., TLC252CDR).

LinCMOS is a trademark of Texas Instruments Incorporated

PRUDUCTION DATA documents contain infermation

R Copyright © 1983, Texas Instruments Incorporated
cu:ren; a3 of pubfication date. Products conform to /]
spocifications per the tarms of Texas \ns\dmmon!: TEXAS 2461
dard Production pr ing doss nef -
necassarily include testing of :II parameters. INSTRUM ENTS

POST OFFICE BOX 855012 » DALLAS, TEXAS 75265
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TLC271, TLC271A, TLC271B
LinCMOS™ PROGRAMMABLE LOW-POWER
OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)?

LOW-LEVEL OUTPUT VOLTAGE

LOW-LEVEL OUTPUT VOLTAGE

Vs Vs
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE
700 T T 500 T T 1
\ Vpp =5V Vpp=10V
lop=5mA — I, =5mA
> o 2 oL~
E \ Tp=25C € 450l — Tp=25C —
4 e00 °
3\ j
o
> >
= Vip=-100mv g 400
£ s00 g | V,p=-100mV
RN 3 sl NS Yo
§ \ : & VID=-2.5V
2 i 3
3 a00 | \\\ il’n N
3 Yip= Y IN e N
> \\\\\.\ > \\
\\ M—
300 250
0 1 2 3 4 0 2 4 6 8 10
VIC - Common-Mode Input Voltage ~ V Vlc ~ Common-Mode Input Voitage — V
FIGURE 10 FIGURE 11
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
v§s v§s
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE
800 —T 800 T T
) =5mA
I, =5mA oL
oL — Vo=
» 700 Vo= Vi /2| > BT vp=-1v
E Ic ch [ V..=05V
| TA =25°C 7 700}— IC
o 600 ® /
g \ ’ ’ 5 oo Vpp=3Y 4
S s00 — S v A
5 V=5V 500 A -
& \ DD P /
3 00PN 1 1A
s \\\ 400 > /’
3 300 g 47 T Vpp=tov
3 Vpp=10V| ™ 3 300
‘?_‘ 200 ‘?_. 200
>° 100 > 100
0 0
0 -2 -4 -6 -8 =10 75 -50 -25 0 25 50 75 100 125
VID ~ Differential Input Voitage — V T s Free-Air Temperature — °C
FIGURE 12 FIGURE 13

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices.
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TLC271M
LinCMOS™ PROGRAMMABLE LOW-POWER
OPERATIONAL AMPLIFIERS

LOW-BIAS MODE

electrical characteristics at specified free-air temperature range {(unless otherwise noted)

PARAMETER TEST CONDITIONS | Ta' Vpp = 5V Vop = 10V uNIT
MIN TYP MAX M TYP MAX
X?Cll;tv 25°C 11 10 1110
Vio Input offset voltage mv
Rs =500 Full range 12 12
RL = 1 MQ
Average temperature coefficient 25°C to
2 avio of input offset voltage : 125°C 1.4 1.4 wiee
- L
o Input offset current (see Note 4) xﬁ: _= \er);;g 12: o(é ?l T ?; s ::
= 0
8 [ Input bias current (see Note 4) zl?: ; \(/I;I;’;' 1;: og 0.695 5 01(7) = :2
(1] 0 -03 0 -03
3 25°C to to to to \
= Common-mode input voltage 4 4.2 9 9.2
g Vicr range (see Note 5) [ [+
) Fult range to to v
- 3.5 8.5
> ‘ VD = 100 mV, 25°C| 3.2 4.1 8 8.9
3 VOH High-level output voltage R = 1M -55°C 3 4.1 7.8 8.8 \
T L 125°C| 3 4.2 7.8 9
E.i ViD = —100 mv, 25°C 0 50 0 50
[+ VoL Low-level output voltage o = © -55°C 0 50 0 50 mv
@ oL 125°C 0 50 0 50
. . . . 25°C 50 520 50 870
o et e e v
125°C 25 .- 25 .
25°C| 65 94 65 o
CMRR  Common-mode rejection ratio Vic = V|cRmin —-55°C 60 95 80 97 dB
125°C 60 85 60 91
Supply-voltage rejection ratio Vpp = 5Vt 10V, 25°C 79 57 70 27
KSVR  (svop/aviol Vo = 1.4V -55°C| 60 97 80 97 d8
125°C 60 98 80 98
lj(SEL)  Input current to bias select pin | V)(SEL) = VDD 25°C 65 95 nA
Vo = Vpp/2, 25°C 10 17 14 23
IpD Supply current Vic = Vpp/2. ~55°C 17 30 28 48 A
No load 125°C 7 12 9 15

TFull range is —55°C to 125°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp = 5V,Vp =025Vt 2V;atVpp = 10V, Vg = 1Vto6V.
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TLC271, TLC271A, TLC271B
LinCMOS™ PROGRAMMABLE LOW-POWER
OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION
input bias current

Because of the high input impedance of the TLC271 op amp, attempts to measure the input bias current
can result in erroneous readings. The bias current at normal room ambient temperature is typically less

than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered
to avoid erroneous measurements:

1. Isolate the device from other potential leakage sources. Use a grounded shield around and between

the device inputs {see Figure 101). Leakages that would otherwise flow to the inputs will be shunted
away.

2. Compensate for the leakage of the test socket by actually performing an input bias current test (using
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated

by subtracting the ‘‘open-socket’’ leakage readings from the readings obtained with a device in the
test socket.

2

One word of caution . . . many automatic testers as well as some bench-top op amp testers use the
servo-loop technique with a resistor in series with the device input to measure the input bias current
(the voltage drop across the series resistor is measured and the bias current is calculated). This method
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an “‘open-
socket’’ reading is not feasible using this method.

8 5

1 4

V = Ve

Operational Amplifiers

FIGURE 101. ISOLATION METAL AROUND DEVICE INPUTS
(JG AND P DUAL-IN-LINE PACKAGE)

low-level output voltage

To obtain low-supply-voitage operation, some compromise was necessary in the input stage. This
compromise results in the device low-level output being dependent on both the common-mode input voltage
level as well as the differential input voltage level. When attempting to correlate low-level output readings
with those quoted in the electrical specifications, these two conditions should be observed. If conditions
other than these are to be used, please refer to the Typical Characteristics section of this data sheet.

input offset voltage temperature coefficient

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage.
This parameter is actually a calculation using input offset voltage measurements obtained at two different
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both
the device and the test socket. This moisture will result in leakage and contact resistance which can cause
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on
the leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is
suggested that these measurements be performed at temperatures above freezing to minimize error.

full-power response

Full-power response, the frequency above which the op amp slew rate limits the output voltage swing,
is often specified two ways . . . full-linear response and full-peak response. The full-linear response is

Texas WP 2527
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TLC271, TLC271A, TLC2718B
LinCMOS™ PROGRAMMABLE LOW-POWER
OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

The TLC271 works well in conjunction with digital logic; however, when powering both linear devices
and digital logic from the same power supply, the following precautions are recommended:

1. Power the linear devices from separate bypassed supply lines (see Figure 104); otherwise the linear

device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital
logic.

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive
decoupling is often adequate; however, high-frequency applications may require RC decoupling.

° ° ° 7
S S A | |
- LOGIC POWER

LOGIC LOGIC
N SUPPLY

{a) Common Supply Rails

| PO
‘%: LOGIC LOGIC WER

Losie SUPPLY

T

{b) Separate Bypassed Supply Rails {preferred)
FIGURE 104. COMMON VERSUS SEPARATE SUPPLY RAILS

input offset voltage nulling

The TLC271 offers external input offset null control. Nulling of the input offset voltage may be achieved
by adjusting a 25-kQ potentiometer connected between the offset null terminals with the wiper connected
as shown in Figure 105. The amount of nulling range varies with the bias selection. In the high-bias mode,
the nulling range will allow the maximum offset voltage specified to be trimmed to zero. In low-bias and
medium-bias modes, total nulling may not be possible.

Vop N2 N2
N1 ﬁ N1 ﬂ
GND

(a) Single-Supply (b) Split-Supply
FIGURE 105. INPUT OFFSET VOLTAGE NULL CIRCUIT

Operational Amplifiers H
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TLC271, TLC271A, TLC271B
LinCMOS™ PROGRAMMABLE LOW-POWER
OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

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 the TLC271 results in a very low noise current, which
is insignificant in most applications. This feature makes the devices especially favorable over bipolar devices
when using values of circuit impedance greater than 50 k@, since bipolar devices exhibit greater noise
currents.

——————AAA———

N

— Vo Vo ™ Vo
Vi vi

<3 ”n
< e
1 L1 2
- - =
{a) Noninverting Amplifier {b) Inverting Amplifier {c) Unity-Gain Amplifier E
FIGURE 107. GUARD RING SCHEMES 1S
<
f ©
eedback . c
Op amp circuits nearly always employ feedback, ( ,9
and since feedback is the first prerequisite for I I "&'
oscillation, some caution is appropriate. Most —A M 5
oscillation problems result from driving o
capacitive loads and ignoring stray input ¢ L__ (@)

capacitance. A small-value capacitor connected
in parallel with the feedback resistor is an

e
effective remedy (see Figure 108). The value of ji
this capacitor is optimized empirically. = T
electrostatic discharge protection FIGURE 108. COMPENSATION FOR

INPUT CAPACITANCE
The TLC271 incorporates an internal

electrostatic discharge (ESD) protection circuit

that prevents functional failures at voltages up

to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be exercised, however, when
handling these devices, as exposure to ESD may result in the degradation of the device parametric
performance. The protection circuit also causes the input bias currents to be temperature dependent and
have the characteristics of a reverse biased diode.

latchup

Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC271
inputs and output were designed to withstand —110-mA surge currents without sustaining latchup;
however, techniques should be used to reduce the chance of latchup whenever possible. Internal protection
diodes should not, by design, be forward biased. Applied input and output voltage should not exceed the
supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling on pulse
generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 uF typical) located
across the supply rails as close to the device as possible.
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TLC272, TLC272A, TLC2728B, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

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

Supply voitage, VDD [see Note 1) . .. .. ... e

Differential input voltage (see Note 2) . . .. .. .. ... +Vpp
Input voltage range, V) (any input} .. ... .. ... ... e e -0.3 Vto Vpp
INPUL CUITBINTL, 1. . e ettt et et e e e i +5 mA
Output current, Ig leach outpUt) . .. .. L e +30 mA
Total current into VDD terminal . .. ... . . e e e 45 mA
Total current out of ground terminal . . ... .. . .. L e 45 mA
Duration of short-circuit current at (or below) 25°C (see Note 3). ... ................ Unlimited
Continuous total dissipation ... ... . ... ... .. . e See Dissipation Rating Table
Operating free-air temperature, Ta:M-suffix. . ... .. ... ... ... ... ...... -55°C to 125°C
Isuffix. ... o o e —40°C to 85°C

. Csuffix ...................... e 0°C to 70°C

Storage temperature range . . . ..o ittt e —-65°C to 150°C
Case temperature for 60 seconds: FK package. .. .. ...... ... .. .. .. .. .. . . .. ... . ... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.
2. Differential voltages are at the noninverting input with respect to the inverting input.

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

dissipation rating is not exceeded (see application section).

DISSIPATION RATING TABLE

PACKAGE Ta < 258°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125"0‘1
POWER RATING ABDVE Tp = 25°C POWER RATING POWER RATING POWER RATING
b} 725 mW 58 mW: °C 464 mwW 377 mW
FK 1375 mw 11 mW. °C 880 mW 715 mwW 275 mW
JG (M-suffix} 1050 mW 84 mW/°C 672 mW 546 mW 210 mW
JG (C-, tsuffix) 825 mw 6.6 mw/°C 528 mW 429 mw
P 1000 mW 80 m\V,°C 640 mW 520 mW

recommended operating conditions

M-SUFFIX +-SUFFIX C-SUFFIX
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX

UNIT

Supply voitage, Vpp 4 16 4 16 3 16
c de input voltage, V Vpp =5V 0 3.6 |-0.2 3.5 |[-0.2 3.5

ommon-mocs input vorage, ¥ic 'y = 10v| o 85 |-02 85 |-02 .
Operating free-air temperature, Ta -~ 55 125 | —-40 85 0 v

TExas {’P
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TLC272, TLC272A, TLC272B, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLC272 and TLC277 are optimized for single-supply operation, circuit configurations used
for the various tests often present some inconvenience since the input signal, in many cases, must be
offset from ground. This inconvenience can be avoided by testing the device with split supplies and the
output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is shown
below. The use of either circuit will give the same resulit.

2 Voo
Vo Vo
_9 i CL AL :E RL
m ]
a = =
=, Vpp -
Q ) )
=] {a) Single-Supply {b) Split-Supply
R FIGURE 1. UNITY-GAIN AMPLIFIER
>
3 10 kQ 10 k0
35 WA
=—‘ 100 @ Vbp VoD +
5 A L— [
3 12 Vpp —@ Vo b— Vo
166 Q e
10002 100 0
= = = Vob-
{a} Single-Supply {b} Split-Supply
FIGURE 2. NOISE TEST CIRCUIT
10 kQ 10 kQ
Vi Voo
100 9 oo 100 0 *
Vi —wWv Vi =MW
aal g
1/2 Vpp ———+ T cL cL
B B " vpp-
{a) Single-Supply {b} Split-Supply
FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER
XAS i
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TLC274, TLC274A, TLC274B, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLC274 and TLC279 are optimized for single-supply operation, circuit configurations used
for the various tests often present some inconvenience since the input signal, in many cases, must be
offset from ground. This inconvenience can be avoided by testing the device with split supplies and the
output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is shown

below. The use of either circuit will give the same result.

2
o Vi
c Ry
- L
1]
a = =
=, VoD -
g (a) Single-Supply (b) Split-Supply
E’- FIGURE 1. UNITY-GAIN AMPLIFIER
3 10 kQ 10 kQ
S VWA
= Vop VDD +
= 100 © )
2 1/2 Vpp Vo L Vo
w + {
100 @ <
10002 100 @
= 1
- = T Vob-
{a} Single-Supply {b) Split-Supply
FIGURE 2. NOISE TEST CIRCUIT
10 kQ 10 k&
__',Ah’—.. AAVA'Av
v VoD +
100 bb 100 @
V) V) — WA
VpDp -~
{a) Single-Supply {b) Split-Supply

FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER
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TLC274, TLC274A, TLC274B, TLC279

LinCMOS™ PRECISION QUAD OPEATIONAL AMPLIFIERS

N

VoH—High-Level Output Voltage—V

si9iydwy [euoneiadQ

Vgl —High-Level Output Voltage—V

TYPICAL CHARACTERISTICS?

HIGH-LEVEL OUTPUT VOLTAGE

Vs

HIGH-LEVEL OUTPUT CURRENT

5 I T
Vip = 100 mV
Ta = 25°C
) |
|
\ \\ VDD - 5V
Vpp = 4 V\é\
|
[
2 QD =3V 1
. \
1
[}
0 -2 -4 -6 -8 -10
loH—Hlgh-Level Output Current—mA
FIGURE 10
HIGH-LEVEL OUTPUT VOLTAGE
Vs
SUPPLY VOLTAGE
16 T T T
Vip = 100 mV J
14}-RL = 10 kQ
Ta = 256°C /
12 \ //
10 //
8 /
6 //
4 //
2 /
0

0 2 4 6

8

10

12 14 16

Vpp—Supply Voltage—V
FIGURE 12

VoH— High-Level Output Voltage—V

HIGH-LEVEL OUTPUT VOLTAGE

Vs

HIGH-LEVEL OUTPUT CURRENT

16 T T
> Vip = 100 mV
| 14 - TA = 25°C
& |~ Vpp = 16 V
o]
= 12
o
>
5 10
g
5 4 HERAN
: VDD = 10V 1
< 6 f
5 S
T oa
5
> 2
0
0 -10 -20 -30 -40
|0H — High-Level Output Current—mA
FIGURE 11
HIGH-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
VDD-—1.6 | ¥ T
IoH = -5 mA
Vpp-1.7 Vip = 100 mV
~ Vpp = 5V |
Vpp-1.8 ‘ I
Vpp-1.9 ~Z I~ \
Vpp-2.0 \\ \\
Vpp = 10V
Vpp-2.1 \
Vpp-2.2 \
! |
Vpp-2.3
VpD-2.4

-75 -850 -25 0©

256 50 75

Ta—Free-Air Temperature— °C
FIGURE 13

100 125

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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TLC274, TLC274A, TLC274B, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL QUTPUT VOLTAGE
Vs vs
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE
700 — 500 ] ——
S Vpp = 5V - Vpp = 10V
5 N ~loL = ETA* E ‘ loL = 5 mA
& ‘ TA - 28°C 5 450|\ - *Fl(*LTA = 25°C —
$ 600 e $ \ \ ,
) ]
: : |
H Vip = =100 mv g T
3 s00 L 3 VIp = —100 mV | *
- | p ViD= -1V | b
S 1 $ 350 \A\H - t— @
2 ‘ ? Vip = -2.5V ' 4
- ! i \ - ' * v
§ a0} 1 NEAN 3 N a
[ Vp= -1V \\ | 300 > E
; — | ¥ N\ :
> >
300 250 c
] 1 2 3 4 1] 2 4 6 8 10 o)
Vic—Common-Mode Input Voltage —V Vi¢c—Common-Mode Input Voltage—V -
FIGURE 14 FIGURE 15 g
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 8'
vs vs
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE
800 T 900 T T R
loL = 5 m
> oL = 5mA 2 800|—
700 r ~ - -
& vic = |Vipi2| T x:g cav /
- ° @ - = U
% s00 | Ta = 25°C & 700 [
3 3 Vpp = 5V
SN £ w0 o0 =51,
P 500 \ T T 05 /
2 \VDD =5V 2 500 — [ ——
£ a00 NS 3 | |
° N h 2 400
° ] '
E 300—! I — E ’/ L Vpp = 10V
1 Vpp = 10V 3 300~
3 200 ] 3 200
X L
2 100 S 100
) 0
] -2 -4 -6 -8 -10 -75 ~-50 -25 0 25 50 75 100 125
V|p— Differential input Voitage—V T —Free-Air Temperature— °C
FIGURE 16 FIGURE 17

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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TLC274, TLC274A, TLC274B, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?
UNITY-GAIN BANDWIDTH

vs
FREE-AIR TEMPERATURE
3.0 T T
l Vpp =~ 5V
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LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
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FIGURE 32

UNITY-GAIN BANDWIDTH
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SUPPLY VOLTAGE
2.5
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T Ta = 25°C
EI See Figure 3
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LARGE-SIGNAL DIFFERENTIAL VOLTAGE (@)
AMPLIFICATION AND PHASE SHIFT
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FIGURE 33

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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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9

LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLC27L4 and TLC27L9 are optimized for single-supply operation, circuit configurations used
for the various tests often present some inconvenience since the input signal, in many cases, must be
be avoided by testing the device with split supplies and the
output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is shown

offset from ground. This inconvenience can

below. The use of either circuit will give the same result.

VoD -

(b) SPLIT-SUPPLY

FIGURE 1. UNITY-GAIN AMPLIFIER

Voo
Vo
\71 cL RL
{a) SINGLE-SUPPLY
10 k0
AvAvAv
V|
100 0 oo
1/2 Vpp b— Vo
100 0
{a) SINGLE-SUPPLY
FIGURE 2.
10 k@
Vv
100 0 po
v' A'AvA
1/2 Vpp ————{+

e
T

(a) SINGLE-SUPPLY

10 k@

AAA,
VA~

VDD +

— Vo

>
100 ni 100 0

VpD -
(b} SPLIT-SUPPLY
NOISE TEST CIRCUIT

10 k2

AAA
VW

VoD +

100 2

VpD -~

Vo
CL

(b} SPLIT-SUPPLY

FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7:
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLC27M2 and TLC27M7 are optimized for single-supply operation, circuit configurations used
for the various tests often present some inconvenience since the input signal, in many cases, must be
offset from ground. This inconvenience can be avoided by testing the device with split supplies and the
output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is shown

below. The use of either circuit will give the same result.

Vbo
2 v
Vi

CL RL
O
°
m = -
3 Vpp -
~*
6' {a) Single-Supply {b) Split-Supply
g FIGURE 1. UNITY-GAIN AMPLIFIER
> 10 kQ? 10 kQ
o) 100 0 Vbp Vop +
—d VWA - [
"_;! 1/2 Vpp — vo b— Vo
= WA +

100 Q <
("] 100 2 ;E 100 Q
= = + vpo-
(a) Single-Supply {b) Spiit-Supply
FIGURE 2. NOISE TEST CIRCUIT
10 k@2 10 k2
Vpp VoD +

100 @ 100 9

Vi —Wv V) =V
/2 Vpp 4 j: cL cL

Vpp -

{a) Single-Supply {b} Spiit-Supply
FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7

LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

oo vo- v | |

0.9}—Vip = -1V

Vic = 0.5V ‘ \
08— T4 = 25°C — - Hﬁ7‘
Vpp =5V
0.7 |
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vpp =3V,
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ool 1t L
y 4

0.1
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Vor—Low-Level Output Voitage—V

0o 1 2 3 a4 5 [} 7 8
10L.—Low-Level Output Current—mA
FIGURE 18

LARGE-SIGNAL
OIFFERENTIAL VOLTAGE AMPLIFICATION
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VpD—Supply Voltage—V
FIGURE 20

LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

3.0 T T
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loL —Low-Level Output Current—mA

FIGURE 19

LARGE-SIGNAL
OIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREE-AIR TEMPERATURE
T 500 T
>l 450 RL = 100 k@ __|
c
£ a00 —N
o
€ 350 ™
E' \ Vpp = 10V
< 300} .
& N
o
g 250 < ~1
> 200 S
B Vpp = 5V
£ 150
5 ~~
£ 100
o
|g 50
< 0
~-75-50-26 ©0 25 50 75 100 1256
TA—Free-Air Temperature— °C
FIGURE 21

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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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

1M

& —AAA ©-

oo it

\‘\ 33 pF

100 k0 $

12

1N4148

V

NOTES: Vpg = 8V to 16

Vo = 5V, 10 mA

J_ TLC27M2

AAA

100 k2
A

FIGURE 48. 5-V LOW-POWER VOLTAGE REGULATOR

5V

0.01 4F
Vi —it 0.22 4F
—Vvo
] 12
TLC27M2
<D
1Mo S
100 401 100 k0
P
310k
= 0.1 4F

FIGURE 49. SINGLE-RAIL AC AMPLIFIER
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M3

LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

1.0 T T |
o9}—Vib= -1V

FWc = 05V
0.81—Tp = 25°C = A

Vpp = 5V
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os Vpp = 3/V /,//
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0.3
0.2 /

VoL—Low-Level Output Voltage—V
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[+]
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loL—Low-Level Output Current—mA

FIGURE 18

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
SUPPLY VOLTAGE
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| —40°C
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Vpp —Supply Voltage—V
FIGURE 20

VoL—Low-Level Output Voltage—V

Ayp—Differential Voitage Amplification—V/mV

LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT
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FIGURE 19

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREE-AIR TEMPERATURE

500

| I 1
RL = 100 k? __|

450

400 |
350 N
N

300

250 AN
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/
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100
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FIGURE 21

100 125

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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TLC1078
LinCMOS™ uPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS
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Vo — High-Level Output Voltage - V

VoH - High-Level Output Voltage - V

TYPICAL CHARACTERISTICSt

HIGH-LEVEL OUTPUT VOLTAGE
Vs
HIGH-LEVEL OUTPUT CURRENT

5 1
' Vip = 100 mV
i } Tp = 25°C
“ ’ |
Vpp = 5V
3
Vpp = 4V
2 w‘::v \\ |
I N T
1 ;
]
. L
0 -2 -4 -6 -8 -10
lon - High-Level Output Current — mA
FIGURE 5
HIGH-LEVEL OUTPUT VOLTAGE
Vs
SUPPLY VOLTAGE
16 v T T { ‘
Vip = 100 mV ‘ : ! |
ML R =1MQ A
Tp = 25°C /
12 Il 1 //
|
8 / ; : I
‘ /
4 /
e
AP
/ I
. |

0 2 4 6 8 10 12
Vpp - Supply Voitege - V

FIGURE 7

14 16

HIGH-LEVEL OUTPUT VOLTAGE
Vs
HIGH-LEVEL OUTPUT CURRENT

16 T T
[ Vip = 100 mV
14 Ta = 25°C
> ™~ Vpp= 16V
® ™~
5 2 \\
?c: 10 N
g N
=}
o 8
- \
[ VDD =10V
5 6 \\
5 ~
oA
5
> 2
0
0 -10 -20 -30 -40
lon - High-Level Output Current — mA
FIGURE 6
HIGH-LEVEL OUTPUT VOLTAGE
V8
FREE-AIR TEMPERATURE
Vpp-1.6 T T
Vip = 100 mV
5 VoD -17 IoH = -5 mA
{a Vpp = 6§V I J
Vpp -1.8
k) DD W \
g Vpp-1.9 \\ 1
3 ~L
3 Vpp -2 b .
-— T \
% Vpp = W0V
Z Voo -2 ~ ‘
2
T N
1 Vop-22 \\
T
(=}
> vpp-23
Vpp-24
-75 -50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature — °C
FIGURE 8

t 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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TLC1078
LinCMOS™ wPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS

Pm— Phase Margin — degrees

¢m-Phase Margin — degrees

TYPICAL CHARACTERISTICS?

PHASE MARGIN

'
SUPPLY VOLTAGE
42 PP R R B B
Vi = 10mV ! ' .
| CL =20pF
O 14 = 25°C
See Figure 2
38 !
36
" /
32
30
0 2 4 6 8 10 12 14 16
Vpp — Supply Voltage -V
FIGURE 29
PHASE MARGIN
VS
CAPACITIVE LOAD
& T 1
i Vpp = 5§V
35 \‘ Vi = 10mVv .
\ Ta = 25°C
See Figure 2
33 " 7
31 ‘

® N

27
25
0 20 40 60 80 100
C - Capacitive Load - pF
FIGURE 31

# y— Phase Margin — degrees

V- Equivalent Input Noise Voltage - nV/VHz

PHASE MARGIN
Vs
FREE-AIR TEMPERATURE

40 T T
\\ Vpp =8V |
N Vj = 10mv
36 Cp = 20pF |
See Figure 2
32
= N
24

0
-7 -50-25 0 25 50 75
Tp - Free-Air Temperature ~ °C

100 125

FIGURE 30
EQUIVALENT INPUT NOISE VOLTAGE
VS
FREQUENCY
aoo T LIRS
Vpp =5V
Rg = 100Q
Ta = 25°C
200 \ A
\
N
100 \
80 \\
80 N
70 [Tt —
60
50
1 10 100 1000
f — Frequency - Hz
FIGURE 32

1 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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TLC1079
LinCMOS™ wPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS

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

Supply voltage, VDD (see Note 2) . . . . ... e 18V
Different input voltage (see Note@ 3) . . . . .. oo ittt e e e s +=VpD
Input voltage range, Vi (@ny input) . ... ..o e -0.3VtoVpp
Input current, || (eachinput) . . . .. .... e e e e e e *5 mA
Output current, [0 (BaCh OULPUL) . . . . o oo e +30 mA
Total current into Vpp terminal (see Note 4) . . . . . ... i it e e e s 45 mA
Duration of short-circuit current at (or below) 25°C (see Note 4) ... . ........ ... ...\, Unlimited
Continuous total dissipation . . . ...... ... ... . i See Dissipation Rating Table
Operating free-air temperature, TA: M-suffix .......... ... ... .. ... ... ... -55°C to 125°C

FSuffix oo e —40°C th 2o

C-suUffiXx . ..o e 0°C 1o, 0h e,
Storage femperature range ... .. .. . e e —-65°C 1o 150°C
Case temperature for 60 seconds: FKpackage . ... ... it 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D orN package . .. ......... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............... 300°C

NOTES: 2. All voltage values, except differential voltages, are with respect to network ground.

3. Differential voltages are at the noninverting input with respect to the inverting input.
4.The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation ratings is not exceeded.

DISSIPATION RATING TABLE

Operational Amplifiers II

PACKAGE TA=25C TG FacTOR A= TOC TA = B5°C Ta = 125°C
POWER RATING POWER RATING POWER RATING POWER RATING
D 950 mwW 7.6 mW/C 608 mW 494 mW N/A
FK 1375 mW 11 mW/C 880 mW 715 mW 275 mW
J 1375 mW 11 mW;°C 880 mW 716 mW 275 mW
1575 mW 12,8 mW/°C 1008 mW 819 mW N/A
recommended operating conditlons
M-SUFFIX 1-SUFFIX C-SUFFIX UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Vpp 4 16 3 16 1.4 16 v
. Vpp=5V 0 41 =02 4 { -0.2 4
- It V]
Common-mode input voltage, Vic VoD = 10V 0 5T =52 51 02 5 v
Operating free-air temperature, Tp —55 125 | —-40 85 0 70 °C
T i
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TLGC1079
LinCMOS™ uPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt
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HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
Vs Vs
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
5 T 16 T T
Vip = 100 mV Vip = 100 mV
Ta = 25°C 14 >~ Tp = 25°C -
>] p >! \VDD =16V
g \ é 2 \\\
g N \ VOD =5V § 10 \
T 3 N
H ~— Vpp = 4V ~—— 5
3 ’\‘ 3 ° T~ |Vpp = 10V
3 [ pD =
3 2N Vpp = 3V B LI \\\
H T
z 1 £
3 2
0 0
0 -2 -4 -6 -8 -10 0 -10 -20 -30 - 40
loH — High-Level Output Current — mA IoH - High-Level Qutput Current - mA
FIGURE 5 FIGURE 6
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
V'S V'
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
16 T T Vpp - 1.6 - -
Vip = 100mV A i Vip = 100 mV
14} RL = 1MQ Vpp -1.7 loH = -5 mA -
Z | Ta = 25°C // i Vpp = 5V
Vpp -
§ 12 / é& pD - 1.8
]
Z 10 / ; Vpp-19 \\
3’ / 2 \ \
3 8 /) 8 Voo -2 h N
= o N ~
2 // g Vpp = 10V
@
2 6 va Z Vop-21 \
£ / 3 N
i 4 / | Vpp -22 s
5 / 3 AN
> 2 7 > vpp-23
/
0 Vpp - 2.4
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voitage - V Ta - Free-Air Temperature - °C
FIGURE 7 FIGURE 8

1 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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TLC1079
LinCMOS™ pPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS
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2
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1
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42

40

38

38

32

30
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35

33

3N

29

27

25

TYPICAL CHARACTERISTICSt

PHASE MARGIN

16

C| - Capacltive Load - pF
FIGURE 31

Vs
SUPPLY VOLTAGE
T T R
Vi = 10mV P
B CL = 20pF ] i
Ta = 25°C |
SeelFIgure\z ‘ ‘ i
VR
L /A/
/
/
0 2 4 6 8 10 12 14
Vpp — Supply Voltage -V
FIGURE 29
PHASE MARGIN
Vs
CAPACITIVE LOAD
] D
V| =5V
\‘ v.DZ 1omv |
\ | Ta=o25C
‘ \ ‘ Sje Flgure 2
J i
L L 1
% | ’ | | : | ‘
NG
| )
| 1 | ]
] T
.
0 20 40 60 80 100

Pm— Phase Margin — degrees

V,, - Equivalent input Noise Voltage — nV/VHz

PHASE MARGIN

Vs
FREE-AIR TEMPERATURE
40 -  —
~ Vpp = 5V
S [ vy=10mv |
36 | Cp = 20pF |
See Flgure 2
32
28 AN
N
24
20 l
-75 -50 -25 0 25 50 75 100 125

TA - Free-Air Temperature - °C

FIGURE 30
EQUIVALENT INPUT NOISE VOLTAGE
Vs
FREQUENCY
300 =TT
T 1T ven =5
[ L Rg = 1000
Tp = 25°C
200 |;1 | | A% o
b |
100 ————H :
g
90—+ 1 \\ 1
80 f S f ;
70 —~A—~—r \T‘ BNz Em—
60 |— r
. | i I
1 10 100 1000
f - Frequency — Hz
FIGURE 32

1 Data at high and fow temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLC2201, TLC2201A, TLC2201B
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

description (continued)

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. The C-suffix devices are
characterized for operation from 0°C to 70°C.

D, JG, or P PACKAGE FK PACKAGE L PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
OO0 00U
ne [ U e[ ne zzzz2

IN-[]2 70 VoD + 3 2 12019
N+ [fo sH out NC []4 18] NC
vpp_/aND[]¢e  s[INC we s 71l Vop.
NC []8 16[] NC
IN+{]7 15(] ouT
NC []8 ME NC VoD -/GND
g9 10 11 12 13 Pin 4 of the L package is in electricat

contact with the case.

[ONsNGNeING]
zzZzZzzz

siaidwy |euoneiadQ .

o
I
[=]
[}
>
NC - No internal connection
equivalent schematic
VDD +
Qs Q6 Q9 Q12 Q14 Q16
—e
T T T
— — L — [
IN + —e
C1 ouT
IN- '—J |——%
H—

a1 Q4 H——T———E L»J E—

>_|'“ : %10 1 ' ik 4
s 7 H :
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TLC2201, TLC2201A, TLC22018
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

10 kQ
VDD +
¢ V| —wa—te

104 '400 a2 Vo

VDD «
Vpp -

| — Vo CL AL
(see
VDD - Note A)
100 © 100 Q = =

NOTE A: C| includes fixture capacitance.

FIGURE 1. NOISE VOLTAGE TEST CIRCUIT FIGURE 2. PHASE MARGIN TEST CIRCUIT

VDD +

— VO
Vi
Vpp -
CL RL
(see Note A)

NOTE A: C| includes fixture capacitance. =

FIGURE 3. SLEW RATE TEST CIRCUIT FIGURE 4. INPUT BIAS AND OFFSET
CURRENT TEST CIRCUIT

siayyildwy jeuonesadQ !

typical values

Typica! 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 the TLC2201, TLC2201A, and TLC2201B, 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 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 measuring
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.

noise

Texas Instruments offers automated production noise testing to meet individual applications requirements.
Noise voltage at f = 10 Hz and f = 1 kHz is 100% tested on every TLC2201B device, while lot sample testing
is performed on the TLC2201A. For other noise test requirements, please contact the factory.
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TLC2201, TLC2201A, TLC2201B
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT AMPLIFICATION
Vs vs
FREQUENCY FREE-AIR TEMPERATURE
120 ‘ r 30° 130
% ! Vpp & = t5V %
i 100 R = 10ka 150 I
's A Cp = 100 pF § 120
g w0 i P Ta=%C |y g 2
Z . \ H
£ K E
< 60 gr £ T M0
) 5 & »
b PHASE SHIFT o s a
] . o o —
E 40 }———- 10 i E 100 :.-_-
§ 20 130° § tE:.
£ £
5 5 s 8
0 - 150" n—
S S ©
< < c
-20 170° 80 - o
10 100 1k 10k 100 k ™ -75 -50 -25 0 25 50 75 100 125 =
f - Frequency — Hz Ta - Free-Air Temperature - °C E
o
FIGURE 17 FIGURE 18 o
@]
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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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TLC2652M, TLG2652AM
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED
OPERATIONAL AMPLIFIERS

operating characteristics at specified free-air temperature, Vpp + = *5 V (unless otherwise noted)

TLC2652AM TLC2652M

P ETE! TEST CONDITIONS' UNIT
ARAM R MIN  TYP MAX MIN TYP MAX
SR+ Posm.ve sl.ew rate Vo = £23V, 25°C . 28 2 2.8 Vins
at unity gain R 10 K Full range 1.3 1.3
sr_  Negaive slew rae c'—  to0or 25°C 23 31 23 ad Ve
at unity gain L=10p Fulrange | 1.6 16 K
- - - - S 4
Vi Equivalent input noise t = 10Hz 25°C 94 9 AR
voltage t = 1kHz 25°C 23 23
v Peak-to-peak equivalent f=0to1Hz 25°C 0.8 0.8 v
NPP input noise voltage f=0to10Hz 25°C 28 2.8 # 2
In Equivalent input noise current f=1kHz 25°C 0.004 0.004 pANHzZ
f = 10 kHz, .
Gain-bandwidth product BL = 10kQ, 25°C 1.9 1.9 MHz »
CL = 100pF o
o Ph i ity gai R = 10k, 25°C a8° 48° =
m ase margin at unity gain CL - 100 pF E
TFull range is - 55°C to 125°C. E
1)
c
2
pt
(W
—
o]
Q.
(@]
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TLC2652, TLC2652A
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED
OPERATIONAL AMPLIFIERS

Gain-Bandwidth Product — MHz

#m — Phase Margin — degrees

TYPICAL CHARACTERISTICST

GAIN-BANDWIDTH PRODUCT
Vs
FREE-AIR TEMPERATURE

26 n—
Vpp+ = 25V
24l A RL = 10ke _ |
\ CL = 100 pF
22 \\
2 \\
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FIGURE 29
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FIGURE 32

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

2-806

TEXAS {'f

INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265












H Qperational Amplifiers

2810






TLC2654, TLC2654A
Advanced LinCMOS™ LOW-NOISE CHOPPER-STABILIZED
OPERATIONAL AMPLIFIERS

description EQUIVALENT INPUT NOISE VOLTAGE
. VS
The TLC2654 and TLC2654A are low-noise FREQUENCY

siollidwy jeuonessdQ !

chopper-stabilized operational amplifiers using
the Advanced LinCMOS™ process. Combining
this process with chopper stabilization circuitry
makes possible excellent dc precision. In
addition, circuit techniques have been added that
give the TLC2654 and TLC2654A noise perfor-

-
o
=

I

-
x
|

lIIH
mance unsurpassed by similar devices. ' | H”
Chopper stabilization techniques provide for £¥-n-'F?!-?552a'zzllize d i
extremely high dc precision by continuously Op-iu1 - nal Amplifier '
nulling input offset voltage even during variations T I
in temperature, time, common-mode voltage, and 100 T ! l-l
power supply voltage. The high chopping frequ- TLC2654 M

ency of the TLC2654 and TLC2654A provides

.

Vv, — Equivalent Input Noise Voltage ~ nV/VHz

excellent noise performance in a frequercy "'\\~
spectrum from near dc to 10 kHz. In addition, 10 T
intermodulation or aliasing error is eliminated 1 10 100 1K

from frequencies up to 5 kHz. - Frequency — Hz

This high dc precision and low noise, coupled

with the extremely high input impedance of the

CMOS input stage, make the TLC2654 and TLC2654A an ideal choice for a broad range of applications such
as low-level low-frequency thermocouple amplifiers and strain gauges, as well as wide-bandwidth and
subsonic circuits. {For applications requiring even greater dc precision, use the TLC2652 or TLC2652A
device, which has a chopping frequency of 450 Hz.)

The TLC2654 and TLC2654A common-mode input voltage range includes the negative rail, thereby providing
superior performance in either single-supply or split-supply applications, even at power supply voitage levels
as low as 2.3 V.

Two external capacitors are required to operate the device; however, the on-chip chopper control circuitry is
transparent to the user. On devices in the 14-pin and 20-pin packages, the control circuitry is accessible,
allowing the user the option of controlling the clock frequency with an external frequency source. In addition,
the clock threshold of the TLC2654 and TLC2654A requires no level shifting when used in the single-supply
configuration with a normal CMOS or TTL clock input.

Innovative circuit techniques used on the TLC2654 and TLC2654A allow exceptionally fast overload recovery
time. An output clamp pin is available to reduce the recovery time further.

The device inputs and output are designed to withstand —100 mA surge currents without sustaining latchup.
In addition, the TLC2654 and TLC2654A incorporate internal ESD protection circuits that prevent functional
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015; however, care should be
exercised in handling these devices as exposure to ESD may result in degradation of the device parametric
performance.

The M-suffix devices are characterized for operation over the full military temperature range of —55°C to
125°C. The Il-suffix devices are characterized for operation from —40°C to 85°C. The C-suffix devices are
characterized for operation from 0°C to 70°C.
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TLC26541, TLC2654A1
Advanced LinCMOS™ LOW-NGISE CHOPPER-STABILIZED
OPERATIONAL AMPLIFIERS

operating characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted)

TLC2654Al TLC26541
ST CONDITIONS'
PARAMETER TE o MIN  TYP MAX MIN TYP MAX UNIT
Positive slew rate . 25° 1. 1. 2
SR+ | oowveslow Vo = £23V, 5°C 5 2 5 Vips
at unity gain R 10K, Full range 1.2 1.2
. Negative slew rate cL - 100 25°C 23 37 23 37 Vis
at unity gain L= P Full range 1.5 1.5 3
v Equivalent input noise f = 10Hz 25°C 47 75 47 VAT
n voltage (see Note 6) f=1 25°C 13 20 13
Peak-to-peak equivalent f=0to1Hz 25°C 05 0.5
VNPP . ] nv
input noise voltage f = 0to10Hz 25°C 15 1.5 2
n Equivalent input noise current f = 1kHz 25°C 0.004 0.004 pANHz
t = 10 kHz,
Gain-bandwidth product R = 10kQ, 25°C 1.9 1.9 MHz
C_ = 100 pF
RL = 10kQ,
P i H H 0| o o
m hase margin at unity gain CL - 100pF 25°C 48 48

YFull range is — 40°C to 85°C.
NOTE 6: This parameter is tested on a sample basis for the TLC2654A. For other test requirements, please contact the factory. This statement
has no bearing on testing or nontesting of other parameters.

Operational Amplifiers
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TLC2654, TLC2654A
Advanced LinCMOS™ LOW-NOISE CHOPPER-STABILIZED
OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

capacitor selection and placement

Leakage and dielectric absorption are the two important factors to consider when selecting external capacitors
Cxa and Cxp. Both factors can cause system degradation negating the performance advantages realized
by using the TLC2654.

Degradation from capacitor ieakage becomes more apparent with increasing temperatures. Low-leakage
capacitors and standoffs are recommended for operation at T = 125°C. in addition, guardbands around the
capacitor connections on both sides of the printed circuit board are recommended to alleviate problems

caused by surface leakage on circuit boards. _

Capacitors with high dielectric absorption tend to take several seconds to settle upon application of power,
which directly affects input offset voltage. In applications needing fast settling of input offset voltage, it is
recommended that high-quality film capacitors, such as mylar, polystyrene, or polypropyiene, be used. In
other applications, however, a ceramic or other low-grade capacitor may suffice.

Unlike many choppers available today, the TLC2654 is designed to function with values of Cya and Cxpg in
the range of 0.1 pF to 1 pF without degradation to input offset voltage or input noise voitage. These capacitors
should be located as close as possible to the Cy a and Cxp pins and returned to either the Vpp_ pin or the
C RETURN pin. Note that on many choppers, connecting these capacitors to the Vpp_ pin causes
degradation in noise performance, a problem that is eliminated on the TLC2654.

internal/external clock

The TLC2654 has an internal clock that sets the chopping frequency to a nominal vaiue of 10 kHz. On 8-pin
packages, the chopping frequency can only be controiled by the internal clock; however, on ail 14-pin
packages and the 20-pin FK package, the device chopping frequency may be set by the internal clock or
controlied externally by use of the INT/EXT and CLK IN pins. To use the internal 10-kHz clock, no connection
is necessary. If external clocking is desired, connect the INT/EXT pin to Vpp_ and the external clock to CLK
IN. The external clock trip point is 2.5 V above the negative rail; however, the CLK IN pin may be driven
from the negative rail to 5 V above the negative rail. This allows the TLC2654 to be driven directly by 5-V
TTL and CMOS logic when operating in the single-supply configuration. If this 5-V level is exceeded, damage
could accur to the device unless the current into the CLK IN pin is limited to £5 mA. A divide-by-two frequency
divider interfaces with the CLK IN pin and sets the
chopping frequency. The chopping frequency
appears on the CLK OUT pin.

Operational Amplifiers r

0 [ ¥ i
Vppy+ =5V
Tp = 25°C

overload recovery/output clamp

When large differential input voltage conditions
are applied to the TLC2654, the nulling loop
attempts to prevent the output from saturating by
driving Cxa and Cxpg to internally-clamped
voltage levels. Once the overdrive condition is
removed, a period of time is required to aliow the
built-up charge to dissipate. This time period is
defined as overload recovery time (see Figure
33). Typical overload recovery time for the
TLC2654 is significantly faster than competitive
products; however, if required, this time can be
reduced further by use of internal clamp circuitry
accessible through the CLAMP pin.

Vg - Output Voltage - V

Vi —Input Voitage — mV

0 10 20 30 40 50 60 70 80
t—Time - ms

FIGURE 33. OVERLOAD RECOVERY
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uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

MAXIMUM PEAK QUTPUT VOLTAGE OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL
vs VOLTAGE AMPLIFICATION
FREQUENCY '

20 T v . e SUPPLY VOLTAGE
> Veer = 15V " T % 400 ———
éi18—-\/cc__=_,-|5 VHH PP N >l | Vo=%10V
% +16 _$|— = ;‘5’0'::9 U R B < RL = 2kQ LA

A= S 200 T, < 25°
2 g _JA s 5 Ta=25°C g
] £
E 12 | 3 pd
2 3t SRR N I 1 SR B g 100
< Z
E 10 U G S va
a S
Uo 5 8 SRR o R g V4
o E I | = 40 /
- ; +6 \ frreme —— e =
p 2 \ §
= - £
o | *4 N 2 20
Q g 2 ‘\\ E
- * T
> 0
o
> 1k 10k 100 k ™ < 0 2 4 6 8 10 12 14 16 18 20
3 f—Frequency—Hz |Vccs | —-Supply Voltage—V
j=3 FIGURE 6 FIGURE 7
=h
e OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL
7] VOLTAGE AMPLIFICATION
Vs
FREQUENCY
107 ———
'5 Vee+ =15V
] 106 Vegc-=-15V
& Vo=*10V
g 105 RL =2kQ —
< Ta=26°C
e 104
s
S 103
s
£ 102
g
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9
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s 1
10-1
1 100 10k ™ 10Mm
f—Frequency—Hz
FIGURE 8
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uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO

Vs

OUTPUT VOLTAGE

FREQUENCY ELAPSED TIME
@ 100 —— 28
T Vee+ =15V
£ 9% Vee— =—15 VT 24
©
2 80 Rs = 10 kQ
€ N Ta =25°C Z 16 y N
g 70 ) 90%7(
‘B \ g 20 A
e 60 A £ i
) i
4 50 N Z 12 -
= N\ g / | ®
£ 40 N 5 8 P
£ 3 AN Q / || Vee+ =15V Q@
E ° \ o 1 1 Vee—=-15V_| =
Q 20 N > 10%gd | RL =2k a
Z .0 0 —t CL=100pF — £
z -ty Ta=25C <
o 90 -4 ! | —
100 10k 1™ 100 M 0 05 1 15 2 25 ©
f—Frequency—Hz t—Time—us g
FIGURE 9 FIGURE 10 'og
E
VOLTAGE-FOLLOWER 8_
LARGE-SIGNAL PULSE RESPONSE @)
8 ———
Vee+=15V
6 Vee_ = -15V
> -1 RL =2k
s 4 / N\ e = 100F
£ ouTPuT | | \Ta=25"C
S 2
> T \
£ o i
é / INPUT ) \
T 2 !
s VN
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t—Time—us
FIGURE 11
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uA748M, uA748C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

D921, DECEMBER 1970—REVISED NOVEMBER 1988

Frequency and Transient Response
Characteristics Adjustable

Short-Circuit Protection

uA748M . .
uA748C ...

. JG PACKAGE
D, JG, OR P PACKAGE
{TOP VIEW}

o N1/,comp 1 U s[] comp
Offset-Voitage Null Capability IN- ]2 70 vees
Wide Common-Mode and Differential IN+ []3 s|]J ouT
Voltage Ranges vee - [Ja 5[] N2
Low Power Consumption
uA748M . . . U FLAT PACKAGE
No Latch-Up
(TOP VIEW)
Same Pin Assignments as uA709 nc [fo1 1o ne 2
description N1/coMmP [Jz  9[Jcomp
p IN- 3 s{Jvee +
The uA748 is a general-purpose operational IN+ Q4 7[d out
amplifier that offers the same advantages and vee- L5 6[J N2

attractive features as the uA741 except for
internal compensation. External compensation
can be as simple as a 30-pF capacitor for unity-
gain conditions and, when the closed-loop gain
is greater than one, can be changed to obtain

NC —No internal connection

symbol

wider bandwidth or higher slew rate. This circuit comp
features high gain, large differential and N”CO':Z

common-mode input voltage range, and output
short-circuit protection. Input offset voltage

; . ; NONINVERTING
adjustment can be provided by connecting a INPUT IN+ +
variable resistor between the offset null pins as OUTPUT
shown in Figure 12 INVERTING
. R . INPUT IN— ‘
The uA748M is characterized for operation over

the full military temperature range of —55°C
to 125°C; the uA748C is characterized for
operation from 0°C to 70°C.

Operational Amplifiers

Uhinmigy nh CRLA Heumants contain information
Citral gt e nian data. Products conform to
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