Ordering & Technical Design & Support & P SIS
E quality documentation development E training E %IF"—T}K

13 TEXAS INA146
INSTRUMENTS ZHCSTR6A - SEPTEMBER 1999 - REVISED NOVEMBER 2023
INA146 7= F I P Jm A2 3 25 22 40 TBOK 2%
1 Ryt 3 VB
o IR INA146 & —FE 5% 27 HORHs , TR = 22 5

- Vg =5V I A 40V

- Vg =15V i}y #100V
E4HE = 0.1V/IV £ 100V/V :
~ AL @I A EE R A
AR - 570pA

B LR LR

- HJE : 4.5V F 36V

- XHEJE : +2.25V & +18V
RIBAEIRZ : 0.025%
L] - 80dB

FL IS I AR R I, DAASE 55 8 LA 5 A P P s T
MR S D REIE AR LA A GRS AL
VU3 R 97 Jre 27 L S AR, AT INA146 B LAl
PERTOUHEL RN F (1 B AR A 3

Jr R Al WO B R | W SEHLRE I a A e At
AN X 2L FBH #S K € TCR ERER D) g Al 7R IRV
FE SR B S R S

2 RO 28 HIAE BRI 25 92 pP AR I, 1001 2220 IR
syl e ft 0.1VIV Hias. EBEE T, AT LR Ak
100V HFA L o AT A8 T — AN A1 A AL B & 0 R i e
KT 0AVIV LS, A2 ML A T .

INA146 K SO-8 Kili# % , £ -40°C &=
85°C (1A E Tll T BE Vi B AT

HERER
BAHE e BURRARE | HER @
INA146 SOIC (8) ~40°C % 85°C 4é?gg1mmmx

(1) W/ T AEpTA R, S B EEE R AR R R T
Ko
(2)  HERRRT (K> %) NARWE , IR (EH ) .

2 MA
o LS BRI %
o ATURURB ER R IR
« HVAC il 8%
o BB BOCE (HLAE)
o A YmAEE IR
* HufER4E (DAQ)
RG1 RGZ
V+ __|__\/\N ‘/\/\/\
T7 ) 5
R, R,
100kQ 10kQ
Vin © 2 \/\/v\ \/\/\/\ Rg
10kQ —‘-
- (1%) A2
G=01 Al YW |+
R, . R,
& 100kQ 10kQ
Vi o——/ M VWA INA146
J>4 1 8
O @)
V- Ref Vo,
INA146 fEi{L T HEE]

OV,

AV SIS . Or R, TR T3 Tl Rt 7 HSME TR, TIAGREF SRR, ARk
HEGRTE |, 1 55 7 I ti.com S5 Bt (S SRAS (#0030 ) o

English Data Sheet: SBOS109


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.cn/product/cn/ina146?qgpn=ina146
https://www.ti.com.cn/cn/lit/pdf/ZHCSTR6
https://www.ti.com.cn/product/cn/INA146?dcmp=dsproject&hqs=#order-quality
https://www.ti.com.cn/product/cn/INA146?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com.cn/product/cn/INA146?dcmp=dsproject&hqs=#design-development
https://www.ti.com.cn/product/cn/INA146?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SBOS109

I3 TEXAS
INA146 INSTRUMENTS
ZHCSTR6A - SEPTEMBER 1999 - REVISED NOVEMBER 2023 www.ti.com.cn
Table of Contents
TR e 1 6 Application and Implementation.................................. 11
2 L oo 1 6.1 Application Information.............cooooviiii, 11
BB e, 1 7 Device and Documentation Support............................ 17
4 Pin Configuration and Functions....................c.ccccoc....... 3 T =P T W e 17
5 SPeCifications................ccccoveviieeiecee e 4 7.2 Documentation Support.........cccceeeeeiieiiiieeeeecieeee. 17
5.1 Absolute Maximum Ratings..........cccoeeueueerueueuereecnnnnn. 4 7.3 BRI A oo 17
5.2 ESD RatiNgS ...cccveiveiiieeiectece ettt 4 [ - = o SRR
5.3 Recommended Operating Conditions..............ccccue.... 4 7.5 Trademarks.........occueeiiiiieiiiei e
5.4 Thermal Information............cccoovieiiiniiiiien e 4 7.6 F L R A
5.5 Electrical Characteristics Vs = +2.25 V to +18 V........5 YOS
5.6 Electrical Characteristics Vg = 5 V Single Supply....... 6 8 Revision History
5.7 Amplifier A1, A2 Performance...........cc.cooveninn. 7 9 Mechanical, Packaging, and Orderable Information.. 19
5.8 Typical Performance Curves..........ccccoecveeeeeeiiiieeneen. 8
2 R 15 Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: INA146
English Data Sheet: SBOS109


https://www.ti.com.cn/product/cn/ina146?qgpn=ina146
https://www.ti.com.cn/cn/lit/pdf/ZHCSTR6
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSTR6A&partnum=INA146
https://www.ti.com.cn/product/cn/ina146?qgpn=ina146
https://www.ti.com/lit/pdf/SBOS109

13 TEXAS
INSTRUMENTS INA146
www.ti.com.cn ZHCSTR6A - SEPTEMBER 1999 - REVISED NOVEMBER 2023

4 Pin Configuration and Functions

Top View SO-8

Ref | 1 8 | Vo,

Vin | 2 7 | Vs,

N3 6 [ Vo

v, | 4 5 |Rg

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

Z 4-1. Pin Functions

PIN
TYPE(") |DESCRIPTION
NAME NO.
Ref 1 | Reference input. This pin must be driven by a low impedance source.
VIN- 2 | Negative (inverting) input
ViN+ 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
Vs+ 7 - Positive supply
Vo1 8 O Output of amplifier A1

(1)  Signal Types: | = Input, O = Output, /0 = 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, Vg = (Vs+) - (Vs-) +18 v
Single supply, Vg = (Vs+) - 0V 36
ViNn+ VIN - Signal input voltage +100 \Y
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(") +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 45 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
R ya Junction-to-ambient thermal resistance 110.3 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 43.6 °C/W
R g Junction-to-board thermal resistance 55.5 °C/W
Vg7 Junction-to-top characterization parameter 6.2 °C/W
LT Junction-to-board characterization parameter 543 °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 Ta=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 =415V, Vcy=0V +1 15 mV
Offset voltage, Vo1 RTI +1 mV
Offset voltage drift RTI, Ta= -40°C to 85C +10 uv/eC
PSRR | Powersupplyrejection |y ve= 4135 Vio 18V £100 £600| PV
Vewm Common-mode voltage (V' |Vg=#15V,V\y=0V -100 100 \%
" RTI, 11 (-Vs)<Veu<11(Vs-1),Rs=0Q 70 80
CMRR Cgm?_won mode voltage (-=Vs) <Vem (Vs-1), Rs .
rejection Ta= -40°C to 85C 64 74
Differential input Non-inverting input 110 o
impedance Inverting input 91.7
pommon-mode input 55 O
impedance
BIAS CURRENT
Ig Bias Current Vem =Vs /2 +50 nA
los Offset Current 15 nA
NOISE
RTI, fg = 0.1 Hz to 10 Hz 12 uVpp
en Voltage noise —
RTI, f=1kHz 550 nV/ v Hz
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-)+03Vto(V+) - 1.25V,R. =10kQ, G =1 +0.025 +0.1
Vo=(V-)+0.25Vto
(V+) - 1V, R. =100 kQ, G +1 +10
=1
Gain error drift(® Ta= -40°Cto 85°C ppm/°C
Vo=(V-)+05Vto
(V+) - 1.25V, R =10 kQ, +1 10
G=1
Gain nonlinearity Vo=(V-)+03Vto(V+) - 1.25V,G =1 +0.001 +0.01| % of FSR
OUTPUT
(V-)+ _
0.15 V) -1
R.=100kQ, G=1 Vo)
. . V-)+
Output voltage Ta= -40C to 85C 0.25 (V+) - 1 v
(V-)+03 (V+) - 1.25
RL.=10kQ, G=1
Ta= -40C to 85C (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
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at Ty =25°C, Vg =225V 1o 18 V, R_. =10 kQ, VRer = 0V, Vo = Vs / 2, and G = 0.1 (unless otherwise noted)

Product Folder Links: INA146

PARAMETER TEST CONDITIONS TEST CONDITIONS MIN TYP MAX UNIT
Vin=0V +570 +700
la Quiescent current HA
Ta= -40C to 85C +750
(1)  Input common-mode voltage varies with output voltage; see Typical Characteristics.
(2) Specified by wafer test.
5.6 Electrical Characteristics Vg = 5 V Single Supply
atTp=25°C,Vs=5V,R_.=10kQ, VRer =0V, Ve = Vg / 2, and G = 0.1 (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS ‘ TEST CONDITIONS MIN TYP MAX UNIT
INPUT
Vos Offset voltage, Vo RTI, Vegm =0V +3 +10 mV
Offset voltage, Vo4 RTl, Ve =0V 1 mV
Offset voltage drift RTI, To= -40°C to 85C +10 /e
PSRR f;‘t’i‘ge"su”p'y rejection RTI, Vs = +1.35Vto 18 V +100 $600| pvV
Vem Common-mode voltage (" |Viy=0V -25 19 \%
- Vem= -25V1t019V,Rs=0Q 70 80
CMRR Cc_ammon mode voltage CM S dB
rejection Ta= -407C to 85T 64 74
Differential input Non-inverting input 110 o
impedance Inverting input 91.7
Common-mode input
impedance 55 kQ
BIAS CURRENT
Ig Bias Current Vem =Vs/2 +50 nA
los Offset Current Vem=Vs/2 5 nA
NOISE
RTO, fg = 0.1 Hz to 10 Hz 12 uVpp
en Voltage noise —
RTO, f=1kHz 550 nV/ v Hz
GAIN
Gain 0.1 100 VIV
Vo=0.15Vto4V, R =100 kQ +0.025 0.1
GE Gain error %
Vo=03V1t03.75V,R.=10kQ +0.025 0.1
:(/8=0.25Vto4V,R|_=‘IOO +1 +10
Gain error drift?) Ta= -40°Cto 85°C ppm/°C
Vo=05V1t03.75V,R, =
+1 +10
10 kQ
Gain nonlinearity Vo=03Vt03.75V +0.001 +0.01| % of FSR
OUTPUT
0.15 4
RL = 100 kQ
Ta= -40TC to 85C 0.25 4
Output voltage \%
0.3 3.75
R =10 kQ
Ta= -40C to 85C 0.5 3.75
C. Load capacitance Stable operation 1 nF
Isc Short-circuit current Continuous to Vg /2 +15 mA
FREQUENCY RESPONSE
G=01 550
BW Bandwidth, - 3 dB kHz
G=1 50
SR Slew rate 0.3 Vius
To 0.1%, Vo = 10 V-step 40
ts Settling time us
To 0.01% Vo = 10 V-step 80
6 TR 15 Copyright © 2023 Texas Instruments Incorporated
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atTp=25°C,Vs=5V,R_.=10kQ, VRer =0V, Ve = Vs / 2, and G = 0.1 (unless otherwise noted)

PARAMETER TEST CONDITIONS TEST CONDITIONS MIN TYP MAX UNIT
Overload recovery 50% input overload 40 us
POWER SUPPLY
Vin=0V +570 +700
la Quiescent current HA
Ta= -40C t0o 85C +750
(1)  Input common-mode voltage varies with output voltage; see Typical Characteristics.
(2) Specified by wafer test.
5.7 Amplifier A1, A2 Performance
at Tp =25°C, R =10k, VRep =0V, Ve = Vs / 2, and G = 0.1 (unless otherwise noted)
PARAMETER TEST CONDITIONS TEST CONDITIONS MIN TYP MAX UNIT
INPUT
Vos Offset voltage, Vo RTI, Vg =215V, Vecy=Vo =0V +0.5 mV
Offset voltage drift RTI, To= -40C to 85C +1 uv/°eCc
Vem Common-mode voltage (" |V\y=Vo=0V Vs- to (Vss) -1 \%
CMRR S;j’;‘;g‘oon”'m"de voltage 1y, = Vg 1o (Ver) - 1 <) dB
GAIN
AoL Open Loop Gain 110 dB
BIAS CURRENT
Ig Bias Current +50 nA
los Offset Current 5 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.
Copyright © 2023 Texas Instruments Incorporated TR 15 7
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5.8 Typical Performance Curves

At Tp = 25°C, Vg = 215V, 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

#1E
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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 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+Rgy/Rg1)

For a total gain of 0.1, A2 is connected as a buffer amplifier with no Rg1. A feedback resistor, Rgz = 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 | 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 —
0.1uF 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. & 6-2 shows an optional circuit for timming 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. K| 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, Rc.

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
& 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 0—1 AN
" vy INA146
I

22nF

IH=

Poleat \
720Hz

K 6-4. Noise Filtering

RGZ
10kQ
VW
- 2
Vin 0—
10kQ OV,
+ 6
V+ 0_3
N INA146
IERC

1N4684 (3.3V)

Output clamps at
approximately +4V. 1N914

A 6-5. Output Clamp

t
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Vin O

Vin O——

For sense resistors (Rg)
greater than 10Q, use
series compensation
resistor (R) for good

common-mode rejection.

Sense resistors greater
than 500Q2 are not
recommended.

INA146
ZHCSTR6A - SEPTEMBER 1999 - REVISED NOVEMBER 2023
Rea
10kQ
5
Ry Ry
0V<Vy<5V
10kQ O Vg
+ 6
Rs R,
INA146
1 8
= 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. +
& 6-6. Precision Clamp
R Rca
11kQ 100kQ
Power
Soply W WA
- 5
S 0V,
INA146
1 8
— O
Vor

& 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

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

Ra1 Rea
11kQ 100kQ
- 5
Ve o 2
IN O \/\/\/‘
0V,
.
v o 3 \/\/\/\ R,
N VVY INA146 Mo
1 ,
0.1uF
I
— il
Pole at
f= —1 = 16Hz
27RR;
& 6-9. AC Coupling (DC Restoration)
RGZ
10kQ
5
2
Y o2
10kQ OV,
. 6
+ 3
V, o—_,/\/\/\_.,_\/\/\/\—
N INA146
1 8 Vo
* lour— (Vi = Vin)/10kQ
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.

74 BETT AR TE

TI RATHIE 5 =J7 P2 B8RS A RIS B, ASEeR B 27 i BT 55 BRARE (03 A GBI AT, AN REA Rt
27 it BUIR S5 BB S AR T 77 i BUIR S5 — S B R R BOA T

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

7.3 B FEHTE A

FERNCOE B | 1 FAE ti.com BRI M SO e it Ay #EATIEMY , RV ATRE A G £ 8 B Ed
o FAREAMTRE L | I BRI SO RS BT I il k.

7.4 XFFHIR

TIE2E™ HCscfFivtafe TREMIEE S TR, W EEN L FARARE ., Ll SR E ik . M=%
U 2 e Y B R R, SRAS T 5 B DR B T3 B

BN R B AN TIRE ISR SRt XIS EIF AR TI BRI |, IF BA s Bk TI A 3§31
T 23K

7.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.

B tEAs Y N2 B TR E = .

7.6 BER TS
Hra it (ESD) SRR B . B (028 (T1) REUGEELIE 5 (TS H HEAL TR T 47 SR . 0 SRRRENF T 0 A 52

A RIZERLT | ] B SR S AR B

‘m ESD MR /N E SEGUNMATERERE S , KEBABAENEE . W% R BT R A 5 23, KRR NEE MM S

OB R AT RE 2 R 5 HL R AT RS A AT

7.7 RiER
TI Rk AARUERIN IR TR 15 B R A1 Lo
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8 Revision History
T DU RRCAS B DR AT BE -5 24 RS 1) RS AN (]
Changes from Revision * (September 1999) to Revision A (October 2023) Page
o HUH TEEASSORI RS . BRI XS BRI THE T e o 1
* Changed pin 7 from V+ 10 Vg and pin 4 from V-10 Vg oot 3
* Added VREF =0V, VCM = VS /2 "unless otherwise noted" conditions in Electrical Characteristics and
Typical CharacteristiCS fOr ClAMIY ..........ccuuiiie e e e e e e e st e e e e s et eeeeesbteeeeesantaeeeesanes 5
» Changed from Offset Voltage vs Power Supply to Power-supply rejection ratio for more clarity....................... 5
* Change test condition Vg formula for more Clarity...........oo i 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.........cooi e s e e e e e e e nnneee s 5
* Added test condition "Ta = -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 el F= 141 PR 5
* Deleted redundant voltage range, operating temperature range, and specification temperature range
specifications from Electrical CRAracCteriSHiCS ................ooooe e 5
* Added VREF =0V, VCM =VS /2, to "unless otherwise noted" conditions in Electrical Characteristics and
Typical Characteristics fOr ClAIY .........oouei it et e e et e e e e rabae e e e e anes 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 t0 "Gain drift" fOr ClANTY.........ooii oo e e e e e e e e s s st e e e e e aaaeeeeeaannnes 6
* Added test condition "TA = - 40°C to 85°C" to "Output voltage" in Electrical Characteristics........................... 6
* Added test condition "Continuous to VS / 2" short-circuit current specification in Electrical Characteristics
Lo T e3 = 141 SO 6
* Deleted redundant voltage range, operating temperature range, and specification temperature range
specifications from Electrical CharacCteriStCS ... eeas 6
* Added Vrer =0V, Vom = Vg / 2 to "unless otherwise noted" conditions in Electrical Characteristics and
Typical CharacteristiCs fOr ClAaItY ..........o.ueii e e et 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 part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

INAL46UA Obsolete Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 85 INA
146UA

INA146UA/2K5 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 INA
146UA

INA146UA/2K5.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 INA
146UA

INA146UAE4 NRND Production SOIC (D) | 8 75| TUBE - Call TI Call Tl -40to 85

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents TlI'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 TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

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—
L Regic oy Rogic e o T
o| |e o 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 O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
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 8 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 353.0 353.0 32.0
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