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Precision Gain = 10
DIFFERENTIAL AMPLIFIER

FEATURES APPLICATIONS

e ACCURATE GAIN: +0.025% max e G = 10 DIFFERENTIAL AMPLIFIER
e HIGH COMMON-MODE REJECTION: 86dB min e G = +10 AMPLIFIER
e NONLINEARITY: 0.001% max e G =-10 AMPLIFIER
e EASY TO USE e G = +11 AMPLIFIER
e PLASTIC 8-PIN DIP, SO-8 SOIC o INSTRUMENTATION AMPLIFIER
PACKAGES

DESCRIPTION 3 =

. o . _ _ - ,| 1ok 100kQ 5
ThelNA106 isamonolithic Gain =10 differential amplifier -In O VWA— YW O Sense
consisting of a precision op amp and on-chip metal film
resistors. The resistors are laser trimmed for accurate gain 70 v+
and high common-mode rejection. Excellent TCR tracking
of theresistors maintains gain accuracy and common-mode 20 output
rejection over temperature. .
The differential amplifier is the foundation of many com- Rs R, A
monly used circuits. The INA106 provides this precision 5| 10kQ 100kQ 1
circuit function without using an expensive resistor network. *n © WA VWA © Reference
The INA106 is available in 8-pin plastic DIP and SO-8

surface-mount packages.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. .

Products conform to specifications per the terms of Texas Instruments i,

standard warranty. Production processing does not necessarily include TEXAS

testing of all parameters. INSTRUMENTS
www.ti.com

Copyright © 1987-2003, Texas Instruments Incorporated



SPECIFICATIONS

ELECTRICAL
At +25°C, Vg = +15V, unless otherwise specified.
INA106KP, U

PARAMETER CONDITIONS MIN TYP MAX UNITS

GAIN

Initial(® 10 VIV

Error 0.01 0.025 %
vs Temperature -4 ppm/°C

Nonlinearity(?) 0.0002 0.001 %

OUTPUT

Related Voltage lo = +20mA, -5mA 10 12 \

Rated Current Vo = 10V +20, -5 mA

Impedance 0.01 Q

Current Limit To Common +40/-10 mA

Capacitive Load Stable Operation 1000 pF

INPUT

Impedance Differential 10 kQ

Common-Mode 110 kQ

Voltage Range Differential +1 \%

Common-Mode +11 \Y

Common-Mode Rejection®) Ta = Tuin 10 Tyax 86 100 dB

OFFSET VOLTAGE RTI®)

Initial 50 200 uv
vs Temperature 0.2 puv/eC
vs Supply +Vg = 6V to 18V 1 10 UV
vs Time 10 uv/mo

NOISE VOLTAGE RTI®)

fg = 0.01Hz to 10Hz 1 HVp-p.

fo = 10kHz 30 nV/VHz

DYNAMIC RESPONSE

Small Signal -3dB 5 MHz

Full Power BW Vo = 20Vp-p 30 50 kHz

Slew Rate 2 3 Vius

Settling Time: 0.1% Vo = 10V Step 5 Hs

0.01% Vo = 10V Step 10 us
0.01% Vewm = 10V Step, Vpiee = OV 5 Hs

POWER SUPPLY

Rated +15 \Y

Voltage Range Derated Performance +5 +18 \%

Quiescent Current Vo =0V +15 +2 mA

TEMPERATURE RANGE

Specification 0 +70 °C

Operation -40 +85 °C

Storage -65 +150 °C

NOTES: (1) Connected as difference amplifier (see Figure 1). (2) Nonlinearity is the maximum peak deviation from the best-fit straight line as a percent of full-scale peak-
to-peak output. (3) With zero source impedance (see “Maintaining CMR” section). (4) Includes effects of amplifiers’s input bias and offset currents. (5) Includes effect
of amplifier's input current noise and thermal noise contribution of resistor network.
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PIN CONFIGURATION

Top View DIP/SOIC

o) N

+In

[~] [o] [~] [-]

INA106

NOTE: (1) Pin 1 indentifier for SO-8 package.
Model number identification may be abbreviated
on SO-8 package due to limited available space.

ABSOLUTE MAXIMUM RATINGS

Power SUPPlY VORAGE ....c..ooiiiiiiiiieiieeec e +18V
INPUL VORAGE RANGE ....oveiiiiiiiiicee e Vg
Operating Temperature Range: P, U . ....—40°C to +85°C
Storage Temperature Range ............. —40°C to +85°C
Lead Temperature (soldering, 10S): P .....ccceviiiiieiiieiieeiee s +300°C
Wave Soldering (3s, max) U ... .
Output Short Circuit to COMMON .......ccouiiiiieiiieiieeiee e Continuous

NOTE: (1) Stresses above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. Exposure to absolute maximum
conditions for extended periods may affect device reliability.

< ELECTROSTATIC
(0R
e DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Texas Instru-
ments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-
tion to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small
parametric changes could cause the device not to meet its
published specifications.

PACKAGE/ORDERING INFORMATION

For the most current package and ordering information, see
the Package Option Addendum located at the end of this
data sheet.
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TYPICAL PERFORMANCE CURVES

At T, = +25°C, Vg = =15V, unless otherwise noted.

Output Voltage (mV)

Vour (V)

STEP RESPONSE

Output Voltage (mV)

2us/div

SMALL SIGNAL RESPONSE

(RLoap = @, Cpoap = 100pF)

SMALL SIGNAL RESPONSE

(No Load)

2ps/div

TOTAL HARMONIC DISTORTION AND NOISE
vs FREQUENCY

1 s s e ! !
A = 20dB, 3Vrms, 10kQ load
= 01
S 7
z 74
+ /
a ,/Inverting 4]
I Noninverting
P ool 74
-
B 30kHz low-pass filtered
0.001 [ 111 L
2ps/div 1k 10k 100k
Frequency (Hz)
MAXIMUM Vg1 VS loyr MAXIMUM Vg7 VS loyr
(Negative Swing) (Positive Swing)
I 17.5
Vg = 218V
I | 15
—_— Vg = £18V
Vg = %15V 12,5 |
! _ Vg = £15V
Vg = 12V S 10 |
|5 T
3 75 Vg = 12V
5
Vg = 5V — 25
Vg =25V
0 )
-2 -4 -6 -8 -10 -12 0 6 12 18 24 30 36
—lout (MA) lout (MA)
i
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TYPICAL PERFORMANCE CURVES (CONT)

At T, = +25°C, Vg = £15V, unless otherwise noted.

CMR vs FREQUENCY
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APPLICATIONS INFORMATION

Figure 1 shows the basic connections required for operation
of the INA106. Power supply bypass capacitors should be
connected close to the device pins as shown.

v v+
1uF 1pF
inin/ 11
) INAL06 )
Rl RZ
10kQ 100kQ

R -
5 10k0 6 0
V3 O— +  Vour = 10(V5-Vy)
—O
RA
100kQ

FIGURE 1. Basic Power Supply and Signal Connections.

The differential input signal is connected to pins 2 and 3 as
shown. The source impedance connected to the inputs must
be equa to assure good common-mode rejection. A 5Q
mismatch in source impedance will degrade the common-
mode rejection of atypical deviceto approximately 86dB. If
the source has a known source impedance mismatch, an
additional resistor in series with one input can be used to
preserve good common-mode rejection.

The output is referred to the output reference terminal
(pin 1) which isnormally grounded. A voltage applied to the

POWER SUPPLY REJECTION
vs FREQUENCY

140

120 \

100

PSRR (dB)
[e0]
o

T

60

40

1 10 100 1k 10k 100k
Frequency (Hz)

Ref terminal will be summed with the output signal. The
source impedance of a signal applied to the Ref terminal
should be less than 10Q to maintain good common-mode
rejection.

Figure 2 shows a voltage applied to pin 1 to trim the offset
voltage of the INA106. The known 100Q source impedance
of the trim circuit is compensated by the 10Q resistor in
series with pin 3 to maintain good CMR.

INA106
Ry R,
Voo 2 MW WA
00 R L‘ I VA
VoW MWy ¢
Compensates for %
: R,
some impedance
at pin 1. See text. +15V
! 499kQ i
Vo=V,—V,
100kQ
Offset Adjustment Range = +3mV \/\/\/\ 00
100Q
-15Vv

FIGURE 2. Offset Adjustment.

Referring to Figure 1, the CMR depends upon the match of
theinternal R,/R; ratio to the R;/R, ratio. A CMR of 106dB
requires resistor matching of 0.005%. To maintain high
CMR over temperature, the resistor TCR tracking must be
better than 2ppm/°C. These accuracies are difficult and
expensive to reliably achieve with discrete components.

i
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INA106
v, 10Q 10kQ 100kQ {
200Q Adjust
_ ] %"
+
v, 100 10kQ 100kQ 1 {
Oo——NAAA AM/—¢ CMR
\/\/\/\ \/\/\/\ 2000 Adjust

To eliminate adjustment interactions,
first adjust gain with V, grounded.

FIGURE 3. Difference Amplifier with Gainand CMR Adjust.

INA106

10kQ 100kQ

OV,

+
Vo =-10V,

10kQ 100kQ

3|¥|1

Gain Error = 0.01% maximum
Nonlinearity = 0.001% maximum
Gain Drift = 2.ppm/°C

El
—In INA106

R, 2 \/\/\/\ \/\/\/\ 5

W W

E,=10(1+ 2R, /Ry) (E, — E;)
O
E,
+In

To make a high performance high gain instrumentation amplifier, the INA106
can be combined with state-of-the-art op amps. For low source impedance
applications, OPA37s will give the best noise, offset, and temperature drift. At
source impedances above about 10kQ, the bias current noise of the OPA37
reacting with inputimpedance degrades noise. For these applications, use an
OPAL111 or a dual OPA2111 FET input op amp for lower noise. For an
electrometer grade A, use the OPA128—see table below.

Using the INA106 for the difference amplifier also extends the input common-
mode range of the instrumentation amplifier to +10V. A conventional I1A with
a unity-gain difference amplifier has an input common-mode range limited to
+5V for an output swing of +10V. This is because a unity-gain difference amp
needs =5V at the input for 10V at the output, allowing only 5V additional for
common-mode.

R, | R, | GAIN |CMRR NOISE AT 1kHz
Ay A, @ |k | vvy | @) |1, (pA) (nV/ VHz)
OPA37A 50.5 | 2.5 | 12000 | 128 | 40000 4
OPA111B [ 202 | 10 | 1000 | 110 1 10
OPA128LM | 202 | 10 | 1000 | 118 | 0.075 38

FIGURE 6. Precision Instrumentation Amplifier.

FIGURE 4. Precision G = —10 Inverting Amplifier.

JT— 2 VYW ? YW

R, B 6 Vo
Vin 1 100kQ O
O— + Vo=Vin
+100V Rq
Safe Input 10kQ

This circuit follows an 11/1 divider with a gain of 11 for an overall gain of unity.

INA106
Rl RZ
5 10kQ 100kQ
YW W
R, - 6 Vo
Vi 4| 100k@ o)
O—T—VW—"9 ¢ Vo=V, +10V,
R3
A 10kQ
W

FIGURE 7. Precision Summing Amplifier.

With an 11/1 divider, the input signal can exceed 100V without damage.

FIGURE 5. Voltage Follower with Input Protection.

INA106

10kQ 100kQ

2 5
W W

100kQ 0V,
W% +
V4= 11V,
Viy O—4 10kQ I ° N
3 Gain Error =

0.01% maximum

FIGURE 8. Precision G = 11 Buffer.
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PACKAGE OPTION ADDENDUM

Q? TEXAS
INSTRUMENTS
www.ti.com 8-Oct-2003
PACKAGING INFORMATION
ORDERABLE DEVICE STATUS(1) PACKAGE TYPE PACKAGE DRAWING PINS PACKAGE QTY
INA106KP ACTIVE PDIP P 8 50
INA106U ACTIVE SOIC D 8 100

(1) The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.




MECHANICAL DATA

MPDIOO1A — JANUARY 1995 — REVISED JUNE 1999

PLASTIC DUAL-IN-LINE

P (R-PDIP-T8)
0.400 (10,60)
€ 03550002
8 5
A Wadin W llad T
0.260 (6,60)
0.240 (6,10)
o
P NSy
Jyh
0.070 (1,78) MAX
0.325 (8,26)
0.020 (0,51) MIN 0300 (7.62)
I \ ? [—\ f 0.015 (0,38)
0.200 (5,08) MAX Gage Plane
\. v L Seating Plane

* 0.125 (3,18) MIN 0.010 (0,25) NOM

S—
0.430 (10,92)
MAX

0.021 (0,53)
i o 0.38) [ 5] 0.010(0,25) )|

4040082/D 05/98

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

For the latest package information, go to http://www.ti.com/sc/docs/package/pkg_info.htm

{'} TeEXAS
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MECHANICAL DATA

MSO0I002B — JANUARY 1995 — REVISED SEPTEMBER 2001

D (R-PDSO-G*)

PLASTIC SMALL-OUTLINE PACKAGE

8 PINS SHOWN
0.050 (1,27) 4,‘ ’« —b‘ ’47 % 4 | 0.010 (0,25™
0.244 (6,20) 0.008 (0,20) NOM
0.228 (5,80)
0.157 (4,00)
0.150 (3,81)

v

Gage Plane _+_

o UL

v

0.010 (0,25)

[ 0.010 (0,25)

0.044 (1,12)
0.016 (0,40)

=)

Seating Plane

— 0.069 (1,75) MAX 0.004 (0,10) N 0.004 (0,10)
PINS **
8 14 16
DIM
0.197 0.344 0.394
A MAX (5.00) | (8,75) | (10,00)
0.189 0.337 0.386
AMN 1 4g0) | 855 | (9.80)
4040047/E 09/01
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15).
D. Falls within JEDEC MS-012
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patentright,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright 00 2003, Texas Instruments Incorporated


http://amplifier.ti.com
http://dataconverter.ti.com
http://dsp.ti.com
http://interface.ti.com
http://logic.ti.com
http://power.ti.com
http://microcontroller.ti.com
http://www.ti.com/audio
http://www.ti.com/automotive
http://www.ti.com/broadband
http://www.ti.com/digitalcontrol
http://www.ti.com/military
http://www.ti.com/opticalnetwork
http://www.ti.com/security
http://www.ti.com/telephony
http://www.ti.com/video
http://www.ti.com/wireless

