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TLO7xx Low-Noise JFET-Input Operational Amplifiers
1 Features 3 Description

*  Low Power Consumption

* Wide Common-Mode and Differential Voltage
Ranges

* Low Input Bias and Offset Currents
»  Output Short-Circuit Protection
* Low Total Harmonic Distortion: 0.003% (Typical)
* Low Noise
V, = 18 nV/NHz (Typical) at f = 1 kHz
* High-Input Impedance: JFET Input Stage
* Internal Frequency Compensation
» Latch-Up-Free Operation
» High Slew Rate: 13 V/us (Typical)

+  Common-Mode Input Voltage Range
Includes Vs

2 Applications

* Motor Integrated Systems: UPS

« Drives and Control Solutions: AC Inverter and VF
Drives

* Renewables: Solar Inverters
* Pro Audio Mixers

» DLP Front Projection System
» Oscilloscopes

The TLO7xx JFET-input operational amplifiers
incorporate well-matched, high-voltage JFET and
bipolar transistors in a monolithic integrated circuit.
The devices feature high slew rates, low-input bias
and offset currents, and low offset-voltage
temperature coefficient. The low harmonic distortion
and low noise make the TLO7x series ideally suited
for high-fidelity and audio pre-amplifier applications.
The TLO71 device has offset pins to support external
input offset correction.

Device Information!"

PART NUMBER PACKAGE BODY SIZE (NOM)
SOIC (14) 8.65 mm x 3.91 mm
TLO7xxD
SOIC (8) 4.90 mm x 3.90 mm
TLO7xxJG CDIP (8) 9.59 mm x 6.67 mm
TLO74xJ CDIP (14) 19.56 mm x 6.92 mm
TLO7xxP PDIP (8) 9.59 mm x 6.35 mm
TLO7xxPS SO (8) 6.20 mm x 5.30 mm
TLO74xN PDIP (14) 19.3 mm x 6.35 mm
TLO74xNS SO (14) 10.30 mm x 5.30 mm
TLO7xxPW TSSOP (8) 4.40 mm x 3.00 mm
TLO74xPW TSSOP (14) 5.00 mm x 4.40 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Logic Symbols

TLO71
OFFSET N1
IN+ +\
} out
IN- -/
OFFSET N2

TLO72 (each amplifier)
TLO74 (each amplifier)

IN+ +

ouT

IN-

Copyright © 2017, Texas Instruments Incorporated

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.



13 TEXAS
TLO71, TLO71A, TLO71B INSTRUMENTS
TLO72, TLO72A, TL072B, TL074, TLO74A, TL074B, TLO72M, TL0O74M
SLOS080N —SEPTEMBER 1978—REVISED JULY 2017 www.ti.com

Table of Contents

1 FeatureS..........ccococeeeiie i 1 TLO7XBC, TLO7XI ..o
2 Applications .............c.coeeieieieeeeeeee e 1 6.18 Typical Characteristics.........................
3 DESCHPION ... 6.1 Parameter Measurement Information ...
4 Revision History 7 Detailed Description.............ccccocoiiiiieiiice.
5 Pin Configuration and Functions......................... 4 T OVEIVIEW ..o e
6 Specifications................ccoi i 10 7:2. Functional Blo.ck.Diagram
6.1 Absolute Maximum Ratings .......cccccevevreereeneenenennne 10 ;2 Ez?/:g;elzzii;!ﬁzlo:/i;;; """
6.2 ESD Ratings......ccoceeviiiiiiriiiiie et 10 o T T e T
6.3 Recommended Operating Conditions..................... 10 8 Application and Implementation ..
6.4 Thermal Information: TLOZAX oo oo 1 8.1 Application Information...................
6.5 Thermal Information: TLO72X.......c.ccevvervirieerieeenns 11 8.2 Typical Application................
6.6 Thermal Information: TLO72x (cont.)........ccccceevennne 11 8.3 Unity Gain Buffer.......
6.7 Thermal Information: TLO74X ... 1 8.4 System Examples .......cccocoeveiiiiniininieeee e
6.8 Thermal Information: TLO74x (cont)..........ccceeevennne 12 9 Power Supply Recommendations....................
6.9 Thermal Information: TLO74X (CONt)......vverveerereennn. 12 10 Layout.......occoiiiiieecieee e
6.10 Electrical Characteristics: TLO71C, TL072C, 10.1 Layout Guidelines .............
TLOTAC ..o e e 13 10.2 Layout Example ........cccoccveviininiinennen.
6.11 Electrical Characteristics: TLO71AC, TLO72AC, 11 Device and Documentation Support................. 34
TLOTAAC <o 14 111 DOCUMENLAtION SUPPOTt oo 34
6-12T5)";Ztgga' Characteristics: TL071BC, TLO728C, 5 11.2 Related Links .................... .34
6.13 Electrical Characteristics: TLO711, TLO72I, 1.3 Community Resources... e 34
TLOTAL et soesoesnscneseesoee 16 114 Trademarks ....o.coovvsvssirsiesoe e 34
6.14 Electrical Characteristics: TLO71M, TLO72M ........ 17 11.5 Electrostatic Discharge Caution..............cccccceenee. 34
6.15 Electrical Characteristics: TLO74M ..o 18 116 GlOSSANY ..ceeceeeieeeceie ettt 34
6.16  Switching Characteristics: TLO7XM .......ccc.oveeeeenee. 19 12 Mechanical, Packaging, and Orderable
6.17 Switching Characteristics: TLO7xC, TLO7XAC, Information .............cccovvvveeiiiiee s 35

4 Revision History
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Changes from Revision M (February 2014) to Revision N Page
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(00T Lo 110 XS =1 o) [P 10
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5 Pin Configuration and Functions

TLO71x D, P, and PS Package
8-Pin SOIC, PDIP, SO

Top View
( )
O
OFFSETNT [_| 1 8 NC
N~ [ ] 2 7 vee+
N [ ] 3 6 ouT
vee- [ ] 4 5 OFFSET N2
. J
Not to scale
NC- no internal connection
Pin Functions: TL071x
PIN
110 DESCRIPTION

NAME NO.
IN— 2 | Inverting input
IN+ 3 | Noninverting input
NC 8 — Do not connect
OFFSET N1 1 — Input offset adjustment
OFFSET N2 5 —_ Input offset adjustment
ouT 6 0] Output
VCC- 4 — Power supply
VCC+ 7 — Power supply
4 Submit Documentation Feedback Copyright © 1978-2017, Texas Instruments Incorporated
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TLO072x D, JG, P, PS and PW Package
8-Pin SOIC, CDIP, PDIP, SO

Top View
4 N\
O
tout [ 1 s |_] vce+
- (] 2 7 |_] 20ut
m+ [ ] 3 6 |_] ain-
vee- [ ] 2 5 | ] ain+
L J
Not to scale
Pin Functions: TL072x
PIN
/0 DESCRIPTION
NAME NO.
1IN— 2 | Inverting input
1IN+ 3 | Noninverting input
10UT 1 (0] Output
2IN—- 6 | Inverting input
2IN+ 5 | Noninverting input
20UT 7 (0] Output
VCC- 4 — Power supply
VCC+ 8 — Power supply
Copyright © 1978-2017, Texas Instruments Incorporated Submit Documentation Feedback 5
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TLO72x U Package

10-Pin CFP
Top View
4 N\
NC K 10 | NC
10UT :__I‘: 2 9 EC__ VCC+
1IN- ___I‘: 3 8 E__ 20UT
1IN+ [ 4 7 1| 2IN-
VCC- :__I‘: 5 6 EC__ 2IN+
. J
Not to scale
NC- no internal connection
Pin Functions: TL072x
PIN
/0 DESCRIPTION
NAME NO.
1IN— 3 | Inverting input
1IN+ 4 | Noninverting input
10UT 2 (0] Output
2IN—- 7 | Inverting input
2IN+ 6 | Noninverting input
20UT 8 o] Output
NC 1,1 — Do not connect
VCC- 5 — Power supply
VCC+ 9 — Power supply
6 Submit Documentation Feedback Copyright © 1978-2017, Texas Instruments Incorporated
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TLO072 FK Package

20-Pin LCCC
Top View
= +
=) O
¢ 2 ¢ ¢y
4 TN N\
@) [ T (T R |
o N -~ o D
N —
N 18 71 ne
N~ |- s 17 177 20ut
N S 16 1 ne
N | T 7 15 7] an-
Nne | s 14 77 ne
> 2 - & 2
r bl
 DOOnn
o o + Not to scale
b4 8 z z z
= N
NC- no internal connection
Pin Functions: TL072x
PIN
/10 DESCRIPTION
NAME NO.
1IN- 5 | Inverting input
1IN+ 7 | Noninverting input
10UT 2 O Output
2IN—- 15 | Inverting input
2IN+ 12 | Noninverting input
20UT 17 (0] Output
1,3,4,6,8,
NC 9, 11, 13, 14, — Do not connect
16, 18, 19
VCC- 10 — Power supply
VCC+ 20 — Power supply
Copyright © 1978-2017, Texas Instruments Incorporated Submit Documentation Feedback 7
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TLO74 D, N, NS, PW, J, and W Packages
14-Pin SOIC, PDIP, SO, TSSOP, CDIP and CFP

Top View
( )
O
10UT 1 14 | ] aout
1IN- 2 13 ] an-
1IN+ 3 12 [ ] 4N+
vee+ 4 11 ] vee-
2IN+ 5 10 [_] 3N+
2IN— 6 9 | ] an-
20uT (] 7 8 ] sour
. J
Not to scale
Pin Functions: TL074x
PIN
[[e} DESCRIPTION
NAME NO.
1IN- 2 | Inverting input
1IN+ 3 | Noninverting input
10UT 1 o] Output
2IN- 6 | Inverting input
2IN+ 5 | Noninverting input
20UT 7 O Output
3IN- 9 | Inverting input
3IN+ 10 | Noninverting input
30UT 8 0 Output
4IN— 13 | Inverting input
4IN+ 12 | Noninverting input
40UT 14 0] Output
Vee- 11 — Power supply
Vees 4 — Power supply
8 Submit Documentation Feedback Copyright © 1978-2017, Texas Instruments Incorporated
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TLO074 FK Package

20-Pin LCCC
Top View
5 5 .
£ 0O o Z
~ ~— < <
4 L T )
@) [ | [ |
[sp] N o [}
N ~
e 18 17 7] aine
ne | s 17 171 ne
veer | | 6 16 177 vee-
ne |0 7 15 1 ne
28+ | ) 8 14 177 aine
= o Q2
b T
. M | N | J
| - = | Not to scale
z 2 >z
& O o &
N [Se)
NC- no internal connection
Pin Functions: TL074x
PIN
/10 DESCRIPTION
NAME NO.
1IN- 3 | Inverting input
1IN+ 4 | Noninverting input
10UT 2 (0] Output
2IN- 9 | Inverting input
2IN+ 8 | Noninverting input
20UT 10 0] Output
3IN- 13 | Inverting input
3IN+ 14 | Noninverting input
30UT 12 0] Output
4IN—- 19 | Inverting input
4IN+ 18 | Noninverting input
40UT 20 (0] Output
1,57, 11,
NC 15, 17 — Do not connect
VCC- 16 — Power supply
VCC+ 6 — Power supply
Copyright © 1978-2017, Texas Instruments Incorporated Submit Documentation Feedback 9
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) "

MIN MAX UNIT
Vee+ - Vec—  Supply voltage -0.3 36 \%
\2 Input voltage @ Veeo—0.3  Vee + 36 \Y
lik Input clamp current -50 mA
Duration of output short circuit® Unlimited
T, Operating virtual junction temperature 150 °C
Case temperature for 60 seconds - FK package 260 °C
Lead temperature 1.8 mm (1/16 inch) from case for 10 seconds 300 °C
Tstg Storage temperature —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Differential voltage only limited by input voltage.

(3) The output may be shorted to ground or to either supply. Temperature and supply voltages must be limited to ensure that the dissipation
rating is not exceeded.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(" +2000
Vesp) Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- v
c101 2) +1000

(1) JEDEC document JEP 155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT
Vees Supply voltage (" 5 15 \Y;
Ve Supply voltage -5 -15 \Y;
Vem Common-mode voltage Vee- +4 Vee+ \%
TLO7xM -55 125
TLO8xQ —40 125
Ta Operating free-air temperature °C
TLO7xI —40 85
TLO7xAC, TLO7xBC, TLO7xC 0 70

(1) Vce+ and Ve are not required to be of equal magnitude, provided that the total Ve (Vec+ — Vee-) is between 10 V and 30 V.

10 Submit Documentation Feedback Copyright © 1978-2017, Texas Instruments Incorporated
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6.4 Thermal Information: TL071x

TLO71x
THERMAL METRIC(" D (SOIC) P (PDIP) PS (SO) UNIT
8 PINS 8 PINS 8 PINS
Roja Junction-to-ambient thermal resistance 97 85 95 °C/W
Rosctop)  Junction-to-case (top) thermal resistance — — — °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

6.5 Thermal Information: TL072x

TLO72x
THERMAL METRIC(") D (SOIC) JG (CDIP) P (PDIP) PS (SO) UNIT
8 PINS 8 PINS 8 PINS 8 PINS
Rgua Junction-to-ambient thermal resistance 97 — 85 95 °C/W
Rosc(top) Junction-to-case (top) thermal resistance — 15.05 — — °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

6.6 Thermal Information: TL072x (cont.)

TLO72x
THERMAL METRIC(" PW (TSSOP) U (CFP) FK (LCCC) UNIT
8 PINS 10 PINS 20 PINS
Roja Junction-to-ambient thermal resistance 150 169.8 — °C/wW
RoJc(top) Junction-to-case (top) thermal resistance — 62.1 5.61 °C/W
Ross Junction-to-board thermal resistance — 176.2 — °C/W
Wit Junction-to-top characterization parameter — 48.4 — °C/W
NAL:] Junction-to-board characterization parameter — 1441 — °C/W
Rosc(bot) Junction-to-case (bottom) thermal resistance — 5.4 — °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

6.7 Thermal Information: TL074x

TLO74x
THERMAL METRIC (" D (SOIC) N (PDIP) NS (SO) UNIT
14 PINS 14 PINS 14 PINS
Rgua Junction-to-ambient thermal resistance 86 80 76 °C/W
RoJcop) Junction-to-case (top) thermal resistance — — — °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

Copyright © 1978-2017, Texas Instruments Incorporated
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6.8 Thermal Information: TL074x (cont).

TLO74x
THERMAL METRIC(" J (CDIP) PW (TSSOP) W (CFP) UNIT
14 PINS 14 PINS 14 PINS
Roja Junction-to-ambient thermal resistance — 113 128.8 °C/W
ReJc(top) Junction-to-case (top) thermal resistance 14.5 — 56.1 °C/wW
Ross Junction-to-board thermal resistance — — 127.6 °C/W
VuT Junction-to-top characterization parameter — — 29 °C/W
NAL:] Junction-to-board characterization parameter — — 106.1 °C/W
RoJc(bot) Junction-to-case (bottom) thermal resistance — — 0.5 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

6.9 Thermal Information: TL074x (cont).

TLO74x
THERMAL METRIC(" FK (LCCC) UNIT
20 PINS
Roja Junction-to-ambient thermal resistance — °C/W
RoJctop) Junction-to-case (top) thermal resistance 5.61 °C/W
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
12 Submit Documentation Feedback Copyright © 1978-2017, Texas Instruments Incorporated
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6.10 Electrical Characteristics: TL071C, TL072C, TL074C

Vce: = £15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS () @ MIN TYP  MAX| UNIT
Vo=0 Ta =25°C 3 10
\Y Input offset voltage o mv
10 P g Rs =50 Q Ta = Full range 13
o Temperature coefficient of Vo=0 _ o
input offset voltage Rg =50 Q Ta = Full range 18 uvre
Tp = 25°C 5 100 pA
lio Input offset current Vo=0
Ta = Full range 10 nA
Ta=25°C 65 200 A
Is Input bias current ) Vo=0 A P
Ta = Full range 7 nA
Vicr g%rgg"on'm‘)de input voltage | 1, _ >50¢ 11 —121t0 15 v
R.= 10 kQ Tp=25°C +12 £13.5
Maximum peak output
Vowm voltage swing R = 10 kQ T, = Full range +12 \%
R.2 2 kQ +10
A Large-signal differential Vo =10V Ta=25°C 25 200 VimV
VD voltage amplification R =2 kQ Ta = Full range 15
By Utility-gain bandwidth Ta = 25°C 3 MHz
n Input resistance Ta =25°C 102 Q
" iacti Vic = VicR(min)
CMRR g‘t’irgm” mode rejection Vo=0 Ta=25°C 70 100 dB
Rg =50 Q
K Supply voltage rejection ratio gcc:oig Vio 15V T.=25°C 70 100 dB
SVR (AVcce/AVio) R‘; -500 A
| Supply current (each Va = 0 no load Ta = 25°C 1.4 25| mA
cc amplifier) o= A : :
Vo1/ Voo Crosstalk attenuation Ayp =100 Ta=25°C 120 dB

(1) All characteristics are measured under open-loop conditions with zero common-mode voltage, unless otherwise specified.
(2) Fullrangeis Tp = 0°C to 70°C.
(3) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in Figure 1. Pulse techniques must be used that maintain the junction temperature as close to the ambient temperature as
possible.

Copyright © 1978-2017, Texas Instruments Incorporated
Product Folder Links: TLO71 TLO71A TLO71B TLO72 TLO72A TL0O72B TL074 TLO74A TLO74B TLO72M TLO74M

Submit Documentation Feedback 13



13 TEXAS
TLO71, TLO71A, TLO71B INSTRUMENTS

TLO72, TLO72A, TL0O72B, TL074, TLO74A, TL074B, TLO72M, TL0O74M

SLOS080N —SEPTEMBER 1978—REVISED JULY 2017 www.ti.com

6.11 Electrical Characteristics: TL071AC, TL072AC, TL074AC

Vce: = £15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS () @ MIN TYP  MAX| UNIT
Vo =0 Ta=25°C 3 6
\Y Input offset voltage o mvV
10 P g Rs=50Q T, = Full range 7.5
o Temperature coefficient of Vo=0 _ o
input offset voltage Rg=50Q Ta = Full range 18 uvre
Ta = 25°C 5 100| pA
lio Input offset current Vo=0
Ta = Full range 2 nA
Ta=25°C 65 200 A
Is Input bias current ) Vo =0 A P
Ta = Full range 7 nA
ViR paaeromode INPUtVOlage: | r, - ggec £11 12t0 15 v
R.= 10 kQ Ta =25°C 12 +13.5
Maximum peak output
Voum voltage swing R210ko Ta = Full range £12 Y
R.2 2 kQ +10
A Large-signal differential Vo =10V Ta=25°C 50 200 VimV
VD voltage amplification R =2 kQ T = Full range 25
B4 Utility-gain bandwidth Ta = 25°C 3 MHz
n Input resistance Ta = 25°C 102 Q
o | Vic = Vicr(min)
CMRR Common-mode rejection ratio | Vo = 0 Ta=25°C 75 100 dB
Rs =50 Q
o -~ |Vec=%9Vio+15V
ksvr (SAU\? ply-\//cil’{?g? rejection ratio Vo=0 Ta=25°C 80 100 dB
CC+ 10 RS =500
Supply current _ A _ oEo
lec (each amplifier) Vo = 0; no load Ta = 25°C 1.4 251 mA
Vo1/ Vo Crosstalk attenuation Ayp = 100 Ta=25°C 120 dB

(1) All characteristics are measured under open-loop conditions with zero common-mode voltage, unless otherwise specified.
(2) Fullrangeis Tp = 0°C to 70°C.
(3) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in Figure 1. Pulse techniques must be used that maintain the junction temperature as close to the ambient temperature as
possible.
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6.12 Electrical Characteristics: TL071BC, TL072BC, TL074BC

Vce: = £15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS () @ MIN TYP MAX | UNIT
Vo =0 Ta=25°C 2
\Y Input offset voltage 0 mv
10 P 9 Rs =50 Q Ta = Full range 5
o Temperature coefficient of | Vg =0 _ o
input offset voltage Rs =50 Q Ta = Full range 18 uvree
Ta = 25°C 5 100| pA
lio Input offset current Vo=0
Ta = Full range 2| nA
_ X Tp = 25°C 65 200| pA
Is Input bias current ) Vo=0
Ta = Full range 7| nA
VicR common-mode input Tp = 25°C £11 -121015 v
voltage range
R.= 10 kQ Tp=25°C +12 +135
Maximum peak output
V " R 2 10 kQ +12 \%
oM voltage swing L Ta = Full range
R.2 2 kQ +10
A Large-signal differential Vo =10V Ta=25°C 50 200 VimV
VD voltage amplification RL22kQ T = Full range 25
By Utility-gain bandwidth Ta = 25°C 3 MHz
n Input resistance Ta =25°C 102 Q
L Vic=V i
Common-mode rejection IC = YICR(min) oo
CMRR ratio Vo = 0 Tp =25°C 75 100 dB
Rs =50 Q
— Vec =19 Vito 15V
Supply-voltage rejection cc _ oo
ksvr ratio (AVcea/AVio) \Fﬁg - 20 o Ta=25°C 80 100 dB
Supply current (each A _ ~po
lcc amplifier) Vo = 0; no load Ta=25°C 1.4 25| mA
Vo1/ Voo Crosstalk attenuation Ayp = 100 Ta =25°C 120 dB

(1) All characteristics are measured under open-loop conditions with zero common-mode voltage, unless otherwise specified.

(2) Fullrangeis Tp = 0°C to 70°C.
(3) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as

shown in Figure 1. Pulse techniques must be used that maintain the junction temperature as close to the ambient temperature as

possible.
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6.13 Electrical Characteristics: TL071l, TL072l, TL074I

Vce: = £15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS () @ MIN TYP MAX | UNIT
Vo =0 Ta=25°C 3
\Y Input offset voltage o mv
10 P g Rs =50 Q Ta = Full range
o Temperature coefficient of Vo=0 _ o
input offset voltage Rg =500 Ta = Full range 18 WV C
Ta=25C 5 100| pA
lio Input offset current Vo=0
Ta = Full range 2 nA
Ta=25°C 65 200 A
Is Input bias current ) Vo=0 A P
Ta = Full range 7 nA
Vick Common-mode input voltage Ty =25°C +11 1210 15 v
range
R.= 10 kQ Tp=25°C 12 +13.5
Maximum peak output
V " RL 210 kQ 12 \Y
oM voltage swing L Ta = Full range
R. 22 kQ +10
A Large-signal differential Vo =10V Ta=25°C 50 200 VimV
VD voltage amplification R. 22 kQ T, = Full range 25
B4 Utility-gain bandwidth Ta=25°C 3 MHz
n Input resistance Ta =25°C 102 Q
" iacti Vic = VicRr(min)
CMRR g‘t’irgm” mode rejection Vo=0 Ta=25°C 75 100 dB
Rs = 50 Q
. Vo =29 Vio +15V
Ksvr (SAu\?pIy;Xc\)}ta?e rejection ratio Vo =0 T =25°C 80 100 dB
CC# 10 RS =500
| Supply current (each Vo = 0 no load Ta = 25°C 1.4 25| mA
cc amplifier) o= A : :
Vo1/ Voo Crosstalk attenuation Ayp = 100 Ta=25°C 120 dB

(1) All characteristics are measured under open-loop conditions with zero common-mode voltage, unless otherwise specified.

(2) Ta=-40°Cto 85°C.

(3) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in Figure 1. Pulse techniques must be used that maintain the junction temperature as close to the ambient temperature as
possible.
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6.14 Electrical Characteristics: TL071M, TLO72M

Vce: = £15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS () @ MIN TYP MAX | UNIT
Vo =0 Ta=25°C 3
\Y Input offset voltage 0 mv
10 P 9 Rs =50 Q Ta = Full range 9
Temperature coefficient | Vg =0 _ o
vio of input offset voltage Rs=50Q Ta = Full range 18 BvF°C
Tp = 25°C 5 100 pA
lio Input offset current Vo=0
Ta = Full range 20 nA
_ Tp = 25°C 65 200 pA
lis Input bias current Vo=0
Ta = Full range 50 nA
VicR common-mode input | 1 _ 550 £11 —1210 15 v
voltage range
RL =10 kQ Tp=25°C 12 +13.5
Maximum peak output
V : R 2 10 kQ +12 \Y
oM voltage swing L Ta = Full range
R.22kQ +10
A Large-signal differential | Vo =10V Ta=25°C 35 200 VimV
VD voltage amplification RL22kQ T, = Full range 15
B4 Unity-gain bandwidth 3 MHz
T Input resistance 1012 Q
antinn | Vic = VicR(min)s
CMRR rCact)irc'r:mon-mode rejection Vo = 0 I Th = 25°C 80 86 dB
Rs =50 Q
o Vec =19 Vio 215V
Supply-voltage rejection |,’CC — oo
k ! Vo=0 Tp =25°C 80 86 dB
SVR ratio (AVcc+/AVo) Rz =50Q A
Supply current _n _ oro
lce (each amplifier) Vo = 0; no load Ta=25°C 1.4 25| mA
Vo1/ Vo2 Crosstalk attenuation Ayp = 100 Ta =25°C 120 dB

(1) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in Figure 1. Pulse techniques that maintain the junction temperature as close to the ambient temperature as possible must be
used.

(2) All characteristics are measured under open-loop conditions with zero common-mode voltage, unless otherwise specified. Full range is
Ta =-55°C to +125°C.
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6.15 Electrical Characteristics: TL074M

Vce: = £15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS () @ MIN TYP MAX | UNIT
Vo=0 Tp=25°C 3 9
\Y Input offset voltage 0 mv
10 P g Rs =50 Q Ta = Full range 15
Temperature coefficient _ _ _ o
[Vi¥ViTe} of input offset voltage Vo=0,Rs=50Q Ta = Full range 18 uv/ec
Ta=25°C 5 100| pA
lio Input offset current Vo=0
Ta = Full range 20 nA
) Ta=25°C 65 200| pA
lis Input bias current Vo=0
Ta = Full range 20 nA
VicR common-mode input | _ o5 11 12t015 v
voltage range
R =10 kQ Tp =25°C 12 +13.5
Maximum peak output
V . R_ 2 10 kQ 12 \
oM voltage swing L Ta = Full range
R 22 kQ 10
A Large-signal differential | Vg =+10 V Ta=25°C 35 200 Ny
VD voltage amplification RL 22 kQ T, = Full range 15
B4 Unity-gain bandwidth 3 MHz
T Input resistance 102 0
_ ot Vic = VicR(min)
CMRR rCa?ir;lmon mode rejection Vo=0 Tp =25°C 80 86 dB
Rs =50 O
o Vec=19Vio +15V
Supply-voltage rejection cC. _ oro
k ; Vo=0 Tp =25°C 80 86 dB
SVR ratio (AVcc+/AV o) R(S) =50Q A
Supply current _ A — g0
lcc (each amplifier) Vo = 0; no load Ta=25°C 1.4 25| mA
Vo1/ Vo2 Crosstalk attenuation Ayp =100 Ta=25°C 120 dB

(1) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in Figure 1. Pulse techniques that maintain the junction temperature as close to the ambient temperature as possible must be
used .

(2) All characteristics are measured under open-loop conditions with zero common-mode voltage, unless otherwise specified. Full range is
Ta =-55°C to +125°C.
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6.16 Switching Characteristics: TLO7xM

Vees = $15 V, T, = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Lo V=10V R = 2kQ
SR Slew rate at unity gain CL = 100 pF See Figure 21 5 13 Vius
. V,=20V RL =2 kQ 01 ps
t; Rise-time overshoot factor CL = 100 pF See Figure 21 20%
Equivalent input noise _ f=1kHz 18 nVAHz
Vi Rg =20 Q
voltage f=10 Hz to 10 kHz 4 ny
I Equivalent input noise current | Rg = 20 Q f=1kHz 0.01 pA~Hz
Virms =6V Auvn = 1
THD Total harmonic distortion R 22 kQ VD 0.003%
- RS <1 kQ
f=1kHz
6.17 Switching Characteristics: TL07xC, TLO7xAC, TLO7xBC, TLO7xI
Vee: =215V, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
L Vi=10V R =2 kQ
SR Slew rate at unity gain CL = 100 pF See Figure 21 8 13 Vius
L V=20V RL = 2 kQ 01 s
t Rise-time overshoot factor CL = 100 pF See Figure 21 20%
Equivalent input noise _ f=1kHz 18 nV/VHz
Vv, Rs =20 Q
voltage f=10 Hz to 10 kHz 4 nv
I, Equivalent input noise current | Rg = 20 Q f=1kHz 0.01 pANHz
Virms =6 V Aon = 1
THD Total harmonic distortion R 22 kQ VD 0.003%
- RS <1 kQ
f=1kHz
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6.18 Typical Characteristics

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

devices.
Table 1. Typical Characteristics: Table of Graphs
FIGURE
lis Input bias current versus free-air temperature Figure 1
Figure 2
versus frequency Figure 3
Voum Maximum peak output voltage - F!gure 4
versus free-air temperature Figure 5
versus load resistance Figure 6
versus supply voltage Figure 7
Avo Large signal differential voltage versus free-air t'emperature ngure 8
amplification versus load resistance Figure 9
Phase shift versus frequency Figure 9
Normalized unity-gain bandwidth versus free-air temperature Figure 10
Normalized phase shift versus free-air temperature Figure 10
CMRR Common-mode rejection ratio versus free-air temperature Figure 11
Input offset voltage change versus common-mode voltage Figure 20
lec Supply current versus free-air temperature ngure 13
versus supply voltage Figure 12
Pp Total power dissipation versus free-air temperature Figure 14
Normalized slew rate versus free-air temperature Figure 15
Vi, Equivalent input noise voltage versus frequency Figure 16
THD Total harmonic distortion versus frequency Figure 17
Large-signal pulse response versus time Figure 18
Vo Output voltage versus elapsed time Figure 19
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6.18.1 Typical Characteristics

10— 15 T T Tr=TTTT
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,',, +12.5 | See Figure 2
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— y 4 o
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B = s 125
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Ta — Free-Air Temperature - °C f - Frequency - Hz

Figure 1. Input Bias Current vs Free-Air Temperature Figure 2. Maximum Peak Output Voltage vs Frequency
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Figure 3. Maximum Peak Output Voltage vs Frequency Figure 4. Maximum Peak Output Voltage vs Frequency
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See Figure 2
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Ta = Free-Air Temperature - °C R_ - Load Resistance - kQ
Figure 5. Maximum Peak Output Voltage vs Free-Air Figure 6. Maximum Peak Output Voltage vs Load
Temperature Resistance
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Typical Characteristics (continued)

Vom — Maximum Peak Output Voltage - V

+15 T T
RL =10 kQ
Ta =25°C

0 2 4 6 8 10 12 14 16
|Vccs| — Supply Voltage - V
Figure 7. Maximum Peak Output Voltage vs Supply

Ayp - Large-Signal Differential
Voltage Amplification — V/imV
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100 i —
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20

10

4 [~ Vee:r =215V
Vo=+10V
21 R =2kQ
S
-75 -50 -25 0 25 50 75 100 125

Ta — Free-Air Temperature - °C

Figure 8. Large-Signal Differential Voltage Amplification vs
Free-Air Temperature

Voltage
108 T J T
Vece =15 Vto+15V
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1ot N\ Differential ¢
\ Voltage ﬁ
108 Amplification 45° E
o

102 \‘ \\ 90°
- Phase Shift \\ 135°
1 \ 180°
1 10 100 1k 10k 100k 1M 10M
f - Frequency - Hz
Figure 9. Large-Signal Differential Voltage Amplification
and Phase Shift vs Frequency

Ayp - Large-Signal Differential
Voltage Amplification

1.3 1.03
ISR
£ 1.2 Unity-Gain Bandwidth 1.02
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Figure 10. Normalized Unity-Gain Bandwidth and Phase
Shift vs Free-Air Temperature

89 T T
Vee: =+15V

RL =10 kQ

88
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84

CMRR - Common-Mode Rejection Ratio - dB

83
=75 =50 =25 0 25 50 75 100 125

Ta — Free-Air Temperature — °C
Figure 11. Common-Mode Rejection Ratio vs Free-Air
Temperature

2 1
Ta=25°C

|~ No Signal
No Load
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1.6

1.4

1.2

0.8

0.6

0.4

Icct ~ Supply Current Per Amplifier - mA

0.2

0 2 4 6 8 10 12 14 16
[Vce:l = Supply Voltage - V
Figure 12. Supply Current Per Amplifier vs Supply Voltage
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Typical Characteristics (continued)

2 T T
Vec: =15V
1.8 No Signal — |
16 ~ No Load
~
\\
1.4 ~
N~
12 —
I~

0.8

0.6

0.4

Icct — Supply Current Per Amplifier — mA

0.2

0
-75 -50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature - °C
Figure 13. Supply Current Per Amplifier vs Free-Air
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PD - Total Power Dissipation - mW
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Figure 14. Total Power Dissipation vs Free-Air
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Figure 15. Normalized Slew Rate vs Free-Air Temperature
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Figure 16. Equivalent Input Noise Voltage vs Frequency
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Figure 17. Total Harmonic Distortion vs Frequency
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Figure 18. Voltage-Follower Large-Signal Pulse Response
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Typical Characteristics (continued)

28 10
— Vget =115V
24 J—_ = 8 I
Overshoot 6
Z 2 a7 7
£ i % 90% 4
% 16 T
g | ’>g 2
= | ~ 0
T n I o 1
s | > 2l
o 8 I
1 I -4
L 4 I
10%4 | Vee: =15V 6
0 i R.= 2kQ - 8
¢ Ta=25°C
-4 | | -10
0 041 02 03 04 05 06 0.7 319 -7 5 3 -1 1 3 5 7 9 11 13 15 17
t - Elapsed Time - ps VCM (V)
Figure 19. Output Voltage vs Elapsed Time Figure 20. Vio vs Vem
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6.1 Parameter Measurement Information

ouT
V|

CL =100 pF RL =2k0Q

Figure 21. Unity-Gain Amplifier

10 kQ

1kQ
Vi
ouT
R|_ I C|_ =100 pF

Figure 22. Gain-of-10 Inverting Amplifier

IN- —] -
ouT
IN+ —] + N2
N1
100 kO
V/\,f\_.—-

21.5KQ

!

\fc c-

Figure 23. Input Offset-Voltage Null Circuit
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7 Detailed Description

7.1 Overview

The JFET-input operational amplifiers in the TLO7xx series are similar to the TLO8x series, with low input bias
and offset currents, and a fast slew rate. The low harmonic distortion and low noise make the TLO7xx series
ideally suited for high-fidelity and audio preamplifier applications. Each amplifier features JFET inputs (for high
input impedance) coupled with bipolar output stages integrated on a single monolithic chip.

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

7.2 Functional Block Diagram

Vcc+ P Py Py
A I
IN+ ‘
p
IN- 64 Q
128 Q
ouT
64 Q
—Pi—o ® ® I\
c1 |
0—|
18 pF
q L
I__ 1
: 1080 Q 1080 IQ
| |
Vee- I * ® ® —* ® ®
OFFSET OFFSET
N1 N2
TLO71 Only
All component values shown are nominal.
COMPONENT COUNT?
COMPONENT
TYPE TLO71 TLO72 TLO74
Resistors 1 22 44
Transistors 14 28 56
JFET 2 4 6
Diodes 1 2 4
Capacitors 1 2 4
epi-FET 1 2 4
1 Includes bias and trim circuitry
26 Submit Documentation Feedback Copyright © 1978-2017, Texas Instruments Incorporated

Product Folder Links: TLO71 TLO71A TLO71B TL0O72 TLO72A TLO72B TLO74 TLO74A TLO74B TLO72M TLO74M



13 TEXAS

INSTRUMENTS TLO71, TLO71A, TLO71B
TL072, TLO72A, TLO72B, TL074, TLO74A, TL074B, TLO72M, TLO74M
www.ti.com SLOS080N —SEPTEMBER 1978—REVISED JULY 2017

7.3 Feature Description

7.3.1 Total Harmonic Distortion

Harmonic distortions to an audio signal are created by electronic components in a circuit. Total harmonic
distortion (THD) is a measure of harmonic distortions accumulated by a signal in an audio system. These devices
have a very low THD of 0.003% meaning that the TLO7x device adds little harmonic distortion when used in
audio signal applications.

7.3.2 Slew Rate

The slew rate is the rate at which an operational amplifier can change the output when there is a change on the
input. These devices have a 13-V/us slew rate.

7.4 Device Functional Modes

These devices are powered on when the supply is connected. These devices can be operated as a single-supply
operational amplifier or dual-supply amplifier depending on the application.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. Tl's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

A typical application for an operational amplifier is an inverting amplifier. This amplifier takes a positive voltage on
the input, and makes the voltage a negative voltage. In the same manner, the amplifier makes negative voltages
positive.

8.2 Typical Application
RF

RI Vsup+

O Vour

+

ViN
Vsup-

Copyright © 2016, Texas Instruments Incorporated

Figure 24. Inverting Amplifier

8.2.1 Design Requirements

The supply voltage must be selected so the supply voltage is larger than the input voltage range and output
range. For instance, this application scales a signal of 0.5 V to +1.8 V. Setting the supply at +12 V is sufficient
to accommodate this application.

8.2.2 Detailed Design Procedure

Determine the gain required by the inverting amplifier:

Ay = VOUT
VIN 1)
Av = ﬁ =-3.6
-0.5 (2)

Once the desired gain is determined, select a value for Rl or RF. Selecting a value in the kilohm range is
desirable because the amplifier circuit uses currents in the milliamp range. This ensures the part does not draw
too much current. This example uses 10 kQ for Rl which means 36 kQ is used for RF. This is determined by
Equation 3.

RF
Av= ——
RI 3)
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Typical Application (continued)
8.2.3 Application Curve

™\
/ \ ——VOouT

15 A
VAR
os I\

[\

\_ \_
\_/ \_/
\/ \/

-2 T
0 0.5

1 1.5 2
Time (ms)

Figure 25. Input and Output Voltages of the Inverting Amplifier

8.3 Unity Gain Buffer

VIN

Copyright © 2017, Texas Instruments Incorporated

Figure 26. Single-Supply Unity Gain Amplifier

8.3.1 Design Requirements

* Ve must be within valid range per Recommended Operating Conditions. This example uses a value of 12 V

for Vcc.

» Input voltage must be within the recommended common-mode range, as shown in Recommended Operating
Conditions. The valid common-mode range is 4 Vto 12V ( Ve + 4 V to Ve

» Output is limited by output range, which is typically 1.5 V to 10.5 V, or Vec_ + 1.5V to Ve — 1.5 V.

8.3.2 Detailed Design Procedure

» Avoid input voltage values below 1 V to prevent phase reversal where output goes high.
» Avoid input values below 4 V to prevent degraded Vg that results in an apparent gain greater than 1. This

may cause instability in some second-order filter designs.
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Unity Gain Buffer (continued)
8.3.3 Application Curves

12 15

L \
10 1 ‘
8 05

VOUT (V)
[«2)
Gain (V/IV)
o

4 -0.5 —\
2 - -1
0 -1.5
0 2 4 6 8 10 12 0 2 4 6 8 10 12
VIN (V) VIN (V)
Figure 27. Output Voltage vs Input Voltage Figure 28. Gain vs Input Voltage

8.4 System Examples

3.3kQ i

Cg=33uF T $1kQ
J: =15V
& —
33k0
5 j_a.1 k0
f=
Figure 29. 0.5-Hz Square-Wave Oscillator
Vees
R1 R2 »
Input —¢—"VW\——"\\—4 —— Output
C3 == Vee-

R1=R2=2R3 =1.5MQ
R3
_<|31 C|1_ C1:CZ:%:110pF

1
= fl=—— =1kHz
2rR1C1
Figure 30. High-Q Notch Filter
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System Examples (continued)

6 sin wt 1N4148 _ 18 kQ (see Note A) S
18 pF
S
Vee+
= 88.4 kQ
AN
$88.4 kQ y 6 cos ut
Vec-
18 pF i 1 kO
ll—‘f. }—il ' 15V
18 k() (see Note A)
88.4 kO
Figure 31. 100-kHz Quadrature Oscillator
Vees
100 k2
Figure 32. AC Amplifier
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9 Power Supply Recommendations

CAUTION

Supply voltages larger than 36 V for a single-supply or outside the range of +18 V for a
dual-supply can permanently damage the device (see the Absolute Maximum Ratings).

Place 0.1-uF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high-
impedance power supplies. For more detailed information on bypass capacitor placement, see Layout.

10 Layout

10.1 Layout Guidelines

For best operational performance of the device, use good PCB layout practices, including:

» Noise can propagate into analog circuitry through the power pins of the circuit as a whole, as well as the
operational amplifier. Bypass capacitors are used to reduce the coupled noise by providing low impedance
power sources local to the analog circuitry.

— Connect low-ESR, 0.1-uF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from V+ to ground is applicable for single-
supply applications.

» Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective
methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.

A ground plane helps distribute heat and reduces EMI noise pickup. Take care to physically separate digital

and analog grounds, paying attention to the flow of the ground current. For more detailed information, see

Circuit Board Layout Techniques.

« To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If
it is not possible to keep them separate, it is much better to cross the sensitive trace perpendicular as
opposed to in parallel with the noisy trace.

» Place the external components as close to the device as possible. Keeping RF and RG close to the inverting
input minimizes parasitic capacitance, as shown in Layout Example.

+ Keep the length of input traces as short as possible. Always remember that the input traces are the most
sensitive part of the circuit.

+ Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce
leakage currents from nearby traces that are at different potentials.
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10.2 Layout Example

Place components close to
device and to each other to
reduce parasitic errors

Run the input traces as far

away from the supply lines RF
as possible
NC NC | VS+
\ _______________ : Use low-ESR, ceramic
RG : bypass capacitor

ano O—ANN— - vCer

NC

r

1@
1 Z
1 O

Only needed for
dual-supply
operation

D VS-
| | (or GND for single supply) VOUT Ground (GND) plane on another layer

Figure 33. Operational Amplifier Board Layout for Noninverting Configuration

RIN
VIN—AANN— +

—\VOUT

L RG
= RF

Figure 34. Operational Amplifier Schematic for Noninverting Configuration
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation
For related documentation, see the following:
Circuit Board Layout Techniques (SLOAQ089)

11.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 2. Related Links

PARTS PRODUCT FOLDER |  ORDER NOW DS Sopoa & OO,
TLO71 Click here Click here Click here Click here Click here
TLO71A Click here Click here Click here Click here Click here
TLO71B Click here Click here Click here Click here Click here
TLO72 Click here Click here Click here Click here Click here
TLO72A Click here Click here Click here Click here Click here
TLO72B Click here Click here Click here Click here Click here
TLO72M Click here Click here Click here Click here Click here
TLO74 Click here Click here Click here Click here Click here
TLO74A Click here Click here Click here Click here Click here
TLO74B Click here Click here Click here Click here Click here
TLO74M Click here Click here Click here Click here Click here

11.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘2 il\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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