Ordering & Technical Design & Support &
E quality digum(;tation development E training
i3 TEXAS INA146
INSTRUMENTS JAJSRZ7A — SEPTEMBER 1999 — REVISED NOVEMBER 2023
INA46 SHEE. TOASSXTINVTA L EBT T
1558 3R
o EWFEIHEE: INA146 IR E OEB T 7T, MW EBNEE 4 EiE
— 40V (Vg =5V Kf) IS mOWEMAEEZRREL T, —ixi7R(E S
— +100V (Vg = £15V KF) fﬁ EL~ULED a2 feft T4, £7-. &5 EH

;T A = 0.1VIN~100V/V:
— AMFTHERIC IR E
RV ER IR BT - 570UA
rhaaﬁ‘/‘ {ﬁ’fﬁr .

— HAFEJH:4.5V~36V

— [WFEJH:+2.25V~+18V
K7 A 73 74:0.025%
KEW[FEIFHERZ::80dB

277V —=3>

Ny T VIR ET AME R

AC RZA7 €Y 2—/L

HVAC =2 he—7

A =T AT T T (T =TT
v/ Z~<7 L DC ER

T—HT A4 ar (DAQ)

RG1 RGZ
v W w
T 7 ] 5
R1 R2
100kQ 10kQ
Vin © YW VWA Rs
10kQ =
= (1%) A2
G=01 A1 MW + 6
N |
R, R,
100kQ2 10kQ
Vin O YW YW INA146
J>4 1 8
O @)
Ref Vo4
INA146 OHIRE 7 A v

OV,

(ZED | KRNI A IR FEREREL (R 2 TV D 2172y
iﬁ" AN FEAAFLP 25 W7 DEPL — V2 B2 T DTz
?Sb INA146 [ZHERE W EIOW ST 0T 7V r—ia

i TJ,

L— NI ENTA L F o7 O ERICEY ., &
WA RS L O RIFHBR B b A EB LT, Zhbo#k
PLOENTZ TCR Moo 712X, RGP
STEREENHERF SN ET,

MAT T Na=T4 T NyT77LUTREHSA T
HEA . 10:1 OEFHTFITEY 0.1VIN OF A3 ES
NET, ZORERKTIE, Hi K £100V £TO A S EE % H
ETEET, 0V 22 D7 A%, B A S#PHEIC
WA G 25772 AMPTOBIRT 2L TRE
TEET,

INA146 (T, HroRk TR #PH (-40°C~85°C) THhE
PIRESN TS, SO-8 Kl HELE v — ThHRSHL

E3
Ny r— R
HREE | Sor—v0) | memesE |00
o QE 4.90mm x
INA146 SOIC (8) -40°C~85°C & 00mm
() RUBATREAT ~CO /Sy lr— AT ST, F et — KR
IZHDEXEHRAZ L TSN,
Q) /Sl AR (i) BAFHECHD, BT B8 A1

UHEENET,

2 ZOVY—ADITLOFFEIFHFET T, MR EAE ISR T 20 0T, BEMEY —/L (BEIER) ZEHL TW52EnBY ., TI TIEFRO EfftE B L 0% Y
I, ti.com TUT R OUGERE S B MTZSNET IO BN ZLET,

PEIZOFEL U —UIRGEN e L EE A, ERROR G2 E ORIIC

English Data Sheet: SBOS109

§%§ﬂ|


https://www.ti.com/solution/battery-cell-formation-test-equipment
https://www.ti.com/solution/ac-drive-control-module/
https://www.ti.com/solution/hvac-controller
https://www.ti.com/solution/professional-audio-amplifier-rack-mount
https://www.ti.com/solution/programmable-dc-power-supply
https://www.ti.com/solution/data-acquisition-daq
https://www.ti.com/product/ja-jp/ina146?qgpn=ina146
https://www.ti.com/ja-jp/lit/pdf/JAJSRZ7
https://www.ti.com/product/ja-jp/INA146?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/INA146?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/INA146?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/INA146?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SBOS109

INA146
JAJSRZ7A — SEPTEMBER 1999 — REVISED NOVEMBER 2023

Table of Contents

4 Pin Configuration and Functions
5 Specifications..............ccccoooiiii
5.1 Absolute Maximum Ratings
5.2 ESD RaAtiNGS ..eoviiiiiiiiiec et
5.3 Recommended Operating Conditions
5.4 Thermal Information...........cccccoeeiiieeiiiiiiiiee e
5.5 Electrical Characteristics Vg = +2.25V to £18 V.........
5.6 Electrical Characteristics Vg = 5 V Single Supply
5.7 Amplifier A1, A2 Performance
5.8 Typical Performance Curves

8 Revision History
9 Mechanical, Packaging, and Orderable Information.. 19

I3 TEXAS
INSTRUMENTS
www.ti.com/ja-jp
6 Application and Implementation.................................. 11
6.1 Application Information...........ccccoecviiniiiiiieciieee 11
7 Device and Documentation Support............................ 17
74 B =R =T (BRI PT D 0T F e 17
7.2 Documentation Support.........cccceeeeeiieiiiieeeeecieeee. 17
7.3 ¥ a A MO EHNBENZ ST IND T e 17
A B e N B e SRR 17
7.5 Trademarks........cocoiiiiiiiieeiiiiii e e 17
7.6 FEREIC R AR I e 17

7.7 &

2

BRHI T B 70— RS2 (DR B Ab) #21E

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: INA146

English Data Sheet: SBOS109


https://www.ti.com/product/ja-jp/ina146?qgpn=ina146
https://www.ti.com/ja-jp/lit/pdf/JAJSRZ7
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSRZ7A&partnum=INA146
https://www.ti.com/product/ja-jp/ina146?qgpn=ina146
https://www.ti.com/lit/pdf/SBOS109

13 TEXAS
INSTRUMENTS INA146
www.ti.comlja-jp JAJSRZ7A — SEPTEMBER 1999 — REVISED NOVEMBER 2023

4 Pin Configuration and Functions

Top View SO-8
o
Ref | 1 8 | Vo
Vin | 2 7 |V,
N3 6 [ Vo
Vs— 4 S5 |Rg

Eq 4-1. INA146 D Package, 8-Pin SOIC (Top View)

& 4-1. Pin Functions

PIN TYPE(") |DESCRIPTION

NAME NO.
Ref 1 | Reference input. This pin must be driven by a low impedance source.
V- 2 | Negative (inverting) input
V N+ 3 | Positive (non-inverting) input
Vs- 4 - Negative supply
Rg 5 | Gain setting input. Place a resistor network between pin 1 and pin 5.
Vo 6 (6] Output of amplifier A2
Vg4 7 - Positive supply
Vo1 8 O Output of amplifier A1

(1) Signal Types: | = Input, O = Output, I/O = Input or Output.
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5 Specifications

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

MIN MAX UNIT
Ve Supply voltage Dual supply, Vs = (Vs+) — (Vs-) +18 v
Single supply, Vg = (Vs+)— 0V 36
ViN+s VIN- Signal input voltage +100 \%
Signal input current +1 mA
Output short-circuit(@) Continuous
Ta Operating temperature -55 125 °C
Tstg Storage temperature -55 125 °C
T, Junction temperature 150 °C
Lead temperature (soldering, 10 s) 240 °C

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

(2) Short-circuit to Vg / 2.

5.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) +1000
V(esp) Electrostatic discharge - — \%
Charged-device model (CDM), per JEDEC specification JESD22-C101® | +1000

(1) JEDEC document JEP155 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.

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

MIN TYP MAX UNIT
Ve Supply voltage Single-supply 4.5 30 36 v
Dual-supply +2.25 +15 +18

Ta Specified temperature -40 85 °C
5.4 Thermal Information

INA146

THERMAL METRIC(") SO-8 UNIT

8 PINS
Rgya Junction-to-ambient thermal resistance 110.3 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 43.6 °C/W
Ress Junction-to-board thermal resistance 55.5 °C/W
Wyt Junction-to-top characterization parameter 6.2 °C/W
Wis Junction-to-board characterization parameter 54.3 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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5.5 Electrical Characteristics Vg = ¥2.25 V to 18 V
at Tp=25°C, Vg =225V to +18 V, R_. = 10 kQ, VRer =0V, Vcm = Vs / 2, and G = 0.1 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
INPUT
Vos Offset voltage, Vo RTI, Vs =15V, Vcy=0V +1 15 mV
Offset voltage, Vo4 RTI +1 mV
Offset voltage drift RTI, Ta=—-40°C to 85°C +10 uv/eC
PSRR Z‘t’i‘ge"su”p'y rejection RTI, Vg = +1.35Vto 18 V +100 +600|  pviv
Vewm Common-mode voltage () |Vg=%15V,V|y=0V -100 100 \Y
" RTI, 11 (=Vg) <Veu<11(Vg-1),Rg=0Q 70 80
CMRR | Common-mode voltage (=Vs) < Vem (Vs-1), Rs .
rejection Ta=—40°C to 85°C 64 74
Differential input Non-inverting input 110 .
impedance Inverting input 91.7
_Common-mode input 55 KQ
impedance
BIAS CURRENT
Is Bias Current Vem =Vs /2 +50 nA
los Offset Current 5 nA
NOISE
Vot ) RTI, fg = 0.1 Hz to 10 Hz 12 uVpp
[ oltage noise
N RTI, f= 1 kHz 550 nVAFZ
GAIN
Gain 0.1 100 VIV
Vo=(V-)+0.15Vto (V+)—1V,R.=100kQ, G =1 +0.025 +0.1
GE Gain error %
Vo=(V-)+0.3Vto (V+)-1.25V,R . =10kQ, G =1 +0.025 +0.1
Vo =(V-)+0.25V to (V+) -
1V, R, =100KkQ, G = 1 * 10
Gain error drift@ Ta = —40°C to 85°C ppm/°C
Vo =(V-)+0.5Vto (V+) - +1 +10
1.25V,R.=10kQ, G =1 - -
Gain nonlinearity Vo=(V-)+0.3Vto(V+)-1.25V,G =1 +0.001 1+0.01| % of FSR
OUTPUT
(V=) +
0.15 (V) -1
R.=100kQ, G =1
= _40° . (V=) +
Output voltage Ta=-40°C to 85°C 0.25 (V+) -1 Vv
(V-)+0.3 (V+)-1.25
RL=10kQ, G =1
Ta=-40°C to 85°C (V-)+0.5 (V+)-1.25
C. Load capacitance Stable operation 1 nF
Isc Short-circuit current Continuous to Vg /2 +15 mA
FREQUENCY RESPONSE
G=0.1 550
BW Bandwidth, -3 dB kHz
G=1 50
SR Slew rate 0.3 V/us
To 0.1%, Vo =10 V-step 40
ts Settling time us
To 0.01% Vo = 10 V-step 80
Overload recovery 50% input overload 40 us
POWER SUPPLY
ViN=0V 1570 +700
la Quiescent current uA
Ta=—40°C to 85°C +750
(1)  Input common-mode voltage varies with output voltage; see Typical Characteristics.
(2) Specified by wafer test.
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5.6 Electrical Characteristics Vg = 5 V Single Supply
at Ta=25°C,Vg=5V,R =10kQ, VRegr =0V, Vcpm = Vs /2, and G = 0.1 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS TEST CONDITIONS ‘ MIN TYP MAX| UNIT
INPUT
Vos Offset voltage, Vo RTI, Ve =0V +3 +10 mV
Offset voltage, Vo4 RTl, Vegu =0V +1 mV
Offset voltage drift RTI, Ta=—-40°C to 85°C +10 uv/eC
PSRR f;‘t’i‘ge"su”p'y rejection RTI, Vg = +1.35Vto 18 V +100 +600|  pviv
Vem Common-mode voltage () |V\y=0V -25 19 \%
" Vem=-25Vt019V,Rs=0Q 70 80
CMRR Cgmmon mode voltage CM S dB
rejection Ta=—40°C to 85°C 64 74
Differential input Non-inverting input 110 .
impedance Inverting input 91.7
_Common-mode input 55 KQ
impedance
BIAS CURRENT
Is Bias Current Vem =Vs /2 +50 nA
los Offset Current Vem=Vs/2 5 nA
NOISE
Vot ) RTO, fg =0.1 Hz to 10 Hz 12 uVpp
[ oltage noise
N RTO, f= 1 kHz 550 nVAAz
GAIN
Gain 0.1 100 VIV
Vo=0.15V 104V, R =100 kQ +0.025 +0.1
GE Gain error %
Vo=0.3V1t03.75V,R_=10kQ +0.025 +0.1
L/3=0.25Vto4v, R_ =100 +1 +10
Gain error drift@ Ta = —40°C to 85°C ppm/°C
Vo=05V1t03.75V,R. = +1 +10
10 kQ - -
Gain nonlinearity Vo=03Vto3.75V +0.001 1+0.01| % of FSR
OUTPUT
0.15 4
R_ =100 kQ
Ta=-40°C to 85°C 0.25 4
Output voltage \Y
0.3 3.75
RL=10kQ
Ta=—40°C to 85°C 0.5 3.75
C. Load capacitance Stable operation 1 nF
Isc Short-circuit current Continuous to Vg /2 +15 mA
FREQUENCY RESPONSE
G=0.1 550
BW Bandwidth, -3 dB kHz
G=1 50
SR Slew rate 0.3 V/us
To 0.1%, Vo =10 V-step 40
ts Settling time us
To 0.01% Vo =10 V-step 80
Overload recovery 50% input overload 40 us
POWER SUPPLY
ViN=0V 1570 +700
la Quiescent current uA
Ta=—40°C to 85°C +750

(1)  Input common-mode voltage varies with output voltage; see Typical Characteristics.

(2) Specified by wafer test.
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5.7 Amplifier A1, A2 Performance
at Tp =25°C, RL.=10kQ, VRer =0V, Vcm = Vs / 2, and G = 0.1 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS TEST CONDITIONS MIN TYP MAX| UNIT
INPUT
Vos Offset voltage, Vo RTI, Vs =+15V,Vcu=Vo =0V +0.5 mV
Offset voltage drift RTI, Ta=—40°C to 85°C +1 uv/eC
Vem Common-mode voltage (V) |Viy=Vo=0V Vg_to (Vgs) =1 Vv
CMRR g?g?oon”'m"de voltage |\, — Vg to (Vey) —1 ) dB
GAIN
AoL Open Loop Gain 110 dB
BIAS CURRENT
Is Bias Current +50 nA
los Offset Current 15 nA
OUTPUT
Resistor at Vo1 Initial 10 kQ
Error at Vo4 +1 %
Error drift at Voq +100 ppm/°C
(1)  Input common-mode voltage varies with output voltage; see Typical Characteristics.
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5.8 Typical Performance Curves

At Tp = 25°C, Vg = +15 V, G = 0.1, R_ = 10 kQ connected to ground and Ref pin connected to ground, unless
otherwise noted.
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6 Application and Implementation

&
LIFo7 7V r—vaAFiid, T o EARRICE EN56 O TIERL, Tl TIEEOIEMIEE 37w etz
PRAEVZLE A, fll 2 O BB 2 - OBEAVEIC DN TR, BERROEETHMTL TV e72<Zeic
MFET, BERITIAF ORI RIELHFEL T AN DL T, VAT AOKREEZHERR T DM BERHY ET,

6.1 Application Information

The INA146 is a programmable gain difference amplifier consisting of a gain of 0.1 difference amplifier and a
programmable-gain output buffer stage. Basic circuit connections are shown in [X| 6-1. Power supply bypass
capacitors must be connected close to pins 4 and 7, as shown. The amplifier is programmable in the range of G
= 0.1 to G = 50 with two external resistors.

The output of A1 is connected to the noninverting input of A2 through a 10-kQ resistor which is trimmed to £1%
absolute accuracy. The A2 input is available for applications such as a filter or a precision current source. See
application figures for examples.

6.1.1 Operating Voltage

The INA146 is fully specified for supply voltages from £2.25 V to +18 V with key parameters specified over the
temperature range —40°C to 85°C. The INA146 can be operated with single or dual supplies with excellent
performance. Parameters that vary significantly with operating voltage, load conditions or temperature are shown
in the typical performance curves.

6.1.2 Setting the Gain
The gain of the INA146 is set by using two external resistors, Rg1 and Rgp, according to the equation:
G=0.1x (1 + RG2/Rg1)

For a total gain of 0.1, A2 is connected as a buffer amplifier with no Rg1. A feedback resistor, Rgo = 10 kQ, must
be used in the buffer connection. This provides bias current cancellation (in combination with internal Rs) to
assure specified offset voltage performance. Commonly used values are shown in the table of [X] 6-1. Resistor
values for other gains must be chosen to provide a 10-kQ parallel resistance.

6.1.3 Common-mode Range

The 10:1 input resistor ratio of the INA146 provides an input common-mode range that can extend well beyond
the power supply rails. Exact range depends on the power supply voltage and the voltage applied to the Ref
terminal (pin 1). For proper operation, the voltage at the non-inverting input of A1 (an internal node) must be
within the linear operating range. The voltage is determined by the simple 10:1 voltage divider between pin 3
and pin 1. This voltage must be between V—and (V+) - 1 V.
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+\é3 Ra1 Rz
0.1uF IJW YW
}—o — “3-
- - Rs
7 5
R, R,
100kQ 10kQ
Vy O P
N= ) W \/\/\/\ Vo= (ViN—Vin) 0.1 (1 + Rg,/Rgy)
Rs -
10kQ A2 OV,
W + °
STANDARD 1% RESISTORS
Rs R, TOTAL GAIN | A2GAIN | R, Re, R,
100k 10kQ (VIV) (VIV) (©) Q) (©)
Vin © 3 VWA VWA INA146 0.1 1 (None) 10k —
7 ; 5 0.2 2 20k 20k —
0AuF 0.5 5 12.4k | 49.9k —
\ —+ v 1 10 11.0k 100k —
1 - o1 2 20 10.5k 200k —
= o 5 50 10.2k 499k —
Vg 10 100 10.2k 1M —
20 200 499 100k 9.53k
50 500 100 49.9k 10k
100 1000 100 100k 10k

& 6-1. Basic Circuit Connections

6.1.4 Offset Trim

The INA146 is laser-trimmed for low offset voltage and drift. Most applications require no external offset
adjustment. [X| 6-2 shows an optional circuit for trimming the offset voltage. A voltage applied to the Ref terminal
is summed with the output signal. This feature can be used to null offset voltage. To maintain good common-
mode rejection, the source impedance of a signal applied to the Ref terminal must be less than 10 Q and a
resistor added to the positive input terminal must be 10 times that, or 100 Q. Alternatively, the trim voltage can
be buffered with an operational amplifier such as the OPA277.

6.1.5 Input Impedance

The input impedance of the INA146 is determined by the input resistor network and is approximately 100 kQ.
The source impedance at the two input terminals must be nearly equal to maintain good common-mode
rejection. A 12-Q mismatch in impedance between the two inputs causes the typical common-mode rejection to
be degraded to approximately 72 dB. 6-7 shows a common application measuring power supply current
through a shunt resistor. The source impedance of the shunt resistor, Rg, is balanced by an equal compensation
resistor, Re.

Source impedances greater than 800 Q are not recommended, even if the source impedances are perfectly

matched. Internal resistors are laser trimmed for accurate ratios, not to absolute values. Adding equal resistors
greater than 800 Q can cause a mismatch in the total resistor ratios, degrading CMR.
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10kQ
R, R,
Vin=© W *
Rs A2 O Vg
100Q Ry + 6
Vint VVV
R,
1 +15V
Offset Adjustment Range = £15mV, RTI Ry
(+1.5mV at pin 1) 100kQ i
100kQ
10Q
NOTE: Increasing the trim resistor
R will decrease the trim range - -15V
B 6-2. Optional Offset Trim Circuit
Re2
\g/ 10kQ
+
R, W
W !
2
‘/\/\/\ ‘/\/\/\ Output scaled to low
voltage A/D converter.
10k O V,, = 1.08V nominal
—\W—rqg 6
L AV
@ INA146 v+ | Maxv,
. ' 4 1 +5V 40V
Differential measurement at
E : +7V 60V
battery rejects voltage drop = - 10V v
in connection resistance, Ry. +10 95
211V | 100V

6-3. Measuring Voltages Greater Than Supply Voltage
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Pole at
106Hz G=1 1500pF
— |
Re+ Re2
10kQ 1IMQ
W
- 5
B 2
Vin © VVV—Y
10kQ O Vg
+ 6
+ 3
ViN O AN N—¢
" ! INA146
I

22nF

IH=

Pole at
720Hz  \
6-4. Noise Filtering
RGZ
10kQ2
VW
_ 2
Vin 0—H
10kQ OV,
. 6
V+ 0_3
" INA146
I EC

1N4684 (3.3V)

Output clamps at
approximately +4V. 1N914

6-5. Output Clamp
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Ra2
10kQ
5
2 R, R,
Viv o2 AW
0V<Vy<5V
10kQ O Vg
+ 6
R3 R,
+ 3
Vin O——
INA146
1 8
e 1N914
(1)
Voltage 5.0v
Reference ta-diqi +
or analog-to-digital Vg
L 1N914
(1)
NOTE: (1) 1/2 OPA2342 with V4 connected to +5V and GND. +
B 6-6. Precision Clamp
Rg4 Ra2
11kQ 100kQ
Power
Sommy —W VWA
For sense resistors (Rg) 5
greater than 10Q, use
series compensation
resistor (R) for good
common-mode rejection. -
Sense resistors greater O Vg
than 500Q2 are not + 6
recommended.
INA146
R
— O
Voi
6-7. Current Monitor, G =1
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2y Feedback

8.4kQ
AAA
VWY

SHUNT
Rl Lamp/10
e.g, 0.1Q for 1A

INA146

Fe—ov,
6

1V - 50mV

A
v
ﬂ: TR |7 tomo

Lamp

6-8. Comparator Output With Optional Hysteresis Application to Sense Lamp Burn-Out

Ra1 R
11kQ 100kQ
- 5
iV 2
IN O \/\/\/‘
O Vo
.
v o 3 \/\/\/\ R,
N VVY INA146 MQ
1 c,
0.1uF
||
/’— 11
Pole at
f= 1 =1.6Hz
27R R
6-9. AC Coupling (DC Restoration)
RGZ
10kQ
5
2
i o2y
10kQ OV,
. 6
+ 3
Vin VVV VVV INA146
1 8 Vo
* lour— (Vi = Vi10kQ
o

] 6-10. Precision Current Source
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7 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

7TA—R - NR—T1HAICHTIREHR

PR = F B T —E R BT AT X R A AV A ALY O HRIE ., B E X7 R A RV LA
VOB B RE—FEITIR SN DG AT BRI R =T B F T E RO A PRI BT B 2R
=R e R—=TF B F T EADERRDOEREZER T HLOTIEHVFET A,

7.2 Documentation Support

7.2.1 Related Documentation

For related documentation see the following:

» Texas Instruments, Comprehensive Error Calculation for Instrumentation Amplifiers, application note
« Texas Instruments, High-Voltage Signal Conditioning for Low Voltage ADCs, application note

» Texas Instruments, Analog Engineer's Calculator, application

73 RFa A2 bOEFBMEZITMDHE

RF 2 A PO EHINZ DOV TOBEEESZ T EDIZIL, www.tij.co.jp DT /A AR 7 4 V2 % BV TLIZEW, [E%n] 27
Uo7 L TR THE, BREINT- TR COMBIFERICET I AV AN B Z TRAZENTEET, BEOFEMIZ
ONTHE, WRTENTZRF 2 A MIEEFN TV ASGETEREZ B LIEE0,

7.4KR—pF-UY—2R

TXP R A LAYV AY E2E™ IR —b e T —T AT, T V=T BRREEE H ORI LR EHIE T A Mg AR
—IPORGERDDEBESEAZENTEXALET T, BEFEORIEARR LD, MEOEME L0524 T, &t T
e RIS e TEET,

Vo733 7%, KB ICID BUROFE LI NDE O T, ZNHIETF TR A AV VALY D
BEARERR T AL D TIIRL BT LET XY AR AL AV N ALY D RfEZ KM LD TIEHVER A, T T A ALY
VALY O R E SRR TLTEENY,

7.5 Trademarks

TXY R A AN A Y E2E™ is a trademark of Texas Instruments.

T RCOPEENL, TNENOFAEICFELET,

7.6 BHESMEICHAT 5 EEEE

ZD IC 1L, ESD IZE> THHBE T D W REMERHVE T, THF VA A 2L AV, IC OSBRI T OB AT L

‘ EHERLET, IELWEWRWBLOREFIRICEDRWG S, 7 AE MR T2 BTN 0nH0ET,
A\ ESD (L AMHRIL, DT ARERES T DT A ADTERREIEE THILI D0 ET, K7 IC DBA ., /"TA—S DT
WZEALT D2 TARSN TR DA N D TR R H D70 NI AELLT <> TNOET,
7.7 A8
TXA A AR LAY R ZOMEEEIZIE, HEEPIEEO —EB L OVERDFLHIN TWET,
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8 Revision History
BREERBORFIILGETERL TOET, TOUGETEIEIZHEFERICHEC T ET,
Changes from Revision * (September 1999) to Revision A (October 2023) Page
o FFAUPRIRIZDIZS TR, K, AHAB RO TTEZ TRTo (o 1
* Changed pin 7 from V+ 10 Vgy and pin 4 from V- 10 V. oo 3
* Added VREF =0V, VCM = VS / 2 "unless otherwise noted" conditions in Electrical Characteristics and

Typical CharacteristiCs fOr ClAIY ..........oueiiii ettt et ee e e e st e e e s snbeeeeeeanee 5
* Changed from Offset Voltage vs Power Supply to Power-supply rejection ratio for more clarity....................... 5
+ Change test condition V¢ formula for more Clarity...........c..eeeioiiiiiii e 5
* Added test condition "TA = —40°C to 85°C" for "Gain error vs temperature" in Electrical Characteristics and

renamed to "Gain drift" fOr Clarity....... .o e e e e s 5
» Added test condition "T = -40°C to 85°C" for Output over Temperature in Electrical Characteristics............... 5
* Added test condition "Continuous to VS / 2" short-circuit current specification in Electrical Characteristics

Lo e F= 141 PRSP 5
» Deleted redundant voltage range, operating temperature range, and specification temperature range

specifications from Electrical CRaraCteriStiCs ...............oooiiuuiiiiiiiii e a e 5
* Added VREF =0V, VCM = VS /2, to "unless otherwise noted" conditions in Electrical Characteristics and

Typical CharacteristiCs fOr ClAIY ..........ouuiii ettt et e e e st e e e s rabaeeeeeanes 6
* Changed from Offset Voltage vs Power Supply to Power-supply rejection ratio for more clarity....................... 6
» Added test condition "TA = —40°C to 85°C" for "Gain error vs temperature" in Electrical Characteristics and

renamed to "Gain drift" fOr ClArity....... .ot e e e e s nnree e s 6
* Added test condition "TA = —40°C to 85°C" to "Output voltage" in Electrical Characteristics...............cccccoenee. 6
» Added test condition "Continuous to VS / 2" short-circuit current specification in Electrical Characteristics

Lo el F= 141 PSP RP 6
» Deleted redundant voltage range, operating temperature range, and specification temperature range

specifications from Electrical CRaraCteriStCS ..............oui it e e 6
* Added Vrer =0V, Vocum = Vs / 2 to "unless otherwise noted" conditions in Electrical Characteristics and

Typical CharacteristiCs fOr ClaTItY ...... ... eii i e e e e e e e e e e e e e 7
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9 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
INA146UA LIFEBUY SOIC D 8 75 RoOHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 INA
146UA
INA146UA/2K5 ACTIVE SOIC D 8 2500 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 INA
146UA
INAL46UAE4 NRND SoIC D 8 75 TBD Call Tl Call TI -40 to 85

® 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0O Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
INA146UA/2K5 SolIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
INAL146UA/2K5 SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
INA146UA/2K5 SoIC D 8 2500 367.0 367.0 35.0
INA146UA/2K5 SoIC D 8 2500 353.0 353.0 32.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
INAL46UA D SOIC 8 75 506.6 8 3940 4.32
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WaZeM, EF1UF 1, B, FLRMEOEFAORELBFESICHITIETEZ. SEEOANIBEIMTESENDELET,
LROBEVY AR, FELLKEFECNDTWEMNI HBVET, cNSOUY—RAK, VDY—ATHBAThTVS TIRREFEATZ TS
Dy—2a>0RBOENTOL, TIRTOFEAZSEZFRICHFELET, chsOUY—RAICELT, OEBEMNTERTZIEXESRET
BPLERBEENTVET, TIXE=ZZOANHEEOS A ANTEEATVWIRTRSYELA, BEKRRE. ChsoUY—R%&
BETHEALLERRETZHSWBHLILT, BE. BA. B, EELCOVT. TIBLUZORBAEZZLICHETDIEOEL, TI
F—nEXEEERTLET,
TIOHERE, T ORGERE, Tk ti.com®AA2 TIRROBEEREEOVTNA ZBUTREIZIBEATHAZREN T TERMHAS 1
TVWET, TIFNChSsOVY—RERETZI Lk, BRATAD TIORIEZTLZMECORIEOKBEOILEAPEEEZEKRIZDENOTIEHY E
A,

BEENVABLIEMREXRZGREFEEZRELLBETE, TIRThSICEBEBX, EELET,

EP3E 5{EFT : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated


https://www.ti.com/ja-jp/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

	1 特長
	2 アプリケーション
	3 概要
	Table of Contents
	4 Pin Configuration and Functions
	5 Specifications
	5.1 Absolute Maximum Ratings
	5.2 ESD Ratings
	5.3 Recommended Operating Conditions
	5.4 Thermal Information
	5.5 Electrical Characteristics VS = ±2.25 V to ±18 V
	5.6 Electrical Characteristics VS = 5 V Single Supply
	5.7 Amplifier A1, A2 Performance
	5.8 Typical Performance Curves

	6 Application and Implementation
	6.1 Application Information
	6.1.1 Operating Voltage
	6.1.2 Setting the Gain
	6.1.3 Common-mode Range
	6.1.4 Offset Trim
	6.1.5 Input Impedance


	7 Device and Documentation Support
	7.1 サード・パーティ製品に関する免責事項
	7.2 Documentation Support
	7.2.1 Related Documentation

	7.3 ドキュメントの更新通知を受け取る方法
	7.4 サポート・リソース
	7.5 Trademarks
	7.6 静電気放電に関する注意事項
	7.7 用語集

	8 Revision History
	9 Mechanical, Packaging, and Orderable Information



