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5 Device Comparison Table

DEVICE DESCRIPTION GAIN EQUATION RG AT PINS

INAB49 1-nV/ J Hz Noisg, 35-pv Offset, 0.4.1 pv/eCc YQS Drift, 28-MHz G=1+6kQ /RG 2.3
Bandwidth, Precision Instrumentation Amplifier

INA821 35-uy_0f'fset, 0.4 pV/"C_) Vos Dr?f_t, 7-nV/ ¥ Hz Noise, High-Bandwidth, G=1+494kQ /RG 2.3
Precision Instrumentation Amplifier

INA819 35-py.0ﬁset, 0.4 pV/°Q Vos Dr!f.t, 8-nV/ v Hz Noise, Low-Power, G=1+50kQ /RG 2.3
Precision Instrumentation Amplifier
200- 1 A Supply Current, 3-V to 36-V Supply Instrumentation Amplifier _

INAB26 | ith Rail-to-Rail Output G=1+494ka IRG 23

INA81S 35-py.0ﬁset, 0.4 pV/°Q Vos Dr?f.t, 8-nV/ v Hz Noise, Low-Power, G=1+50KQ /RG 1,8
Precision Instrumentation Amplifier

INAB28 50-uy_Of'fset, 0.5 uV/"_C Vos Dr?f_t, 7-nV/ ¥ Hz Noise, Low-Power, G=1+50kQ /RG 1,8
Precision Instrumentation Amplifier
25-pV Vg, 0.1 pV/°C Vg Drift, 1.8-V to 5-V, RRO, 50-pA I, Chopper- _

INA333 Stabilized INA G=1+100kQ /RG 1,8
1/8 VIV to 128 V/V Programmable Gain Instrumentation Amplifier With -

PGA280 3-V or 5-V Differential Output; Analog Supply up to +18 V Digital programmable N/A

INA159 G = 0.2 V Differential Amplifier for £10-V to 3-V and 5-V Conversion G=0.2VN N/A

PGA112 Precision Programmable Gain Op Amp With SPI Digital programmable N/A

6 Pin Configuration and Functions

s p
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K 6-1. D (8-Pin SOIC) and DGK (8-Pin VSSOP) Packages, Top View

7 6-1. Pin Functions

TRE PIN o) TYPE DESCRIPTION

-IN 2 Input Negative (inverting) input

+IN 3 Input Positive (noninverting) input

ouT 6 Output Output

REF 5 Input Reference input. This pin must be driven by a low impedance source.
RG 1,8 — Gain setting pin. Place a gain resistor between pin 1 and pin 8.

-VS 4 Power Negative supply

+VS 7 Power Positive supply
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7 Specifications

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

MIN MAX| UNIT
Vs - VS, +VS pins voltage Dual supply, Vs = (+Vs) ~ {~Vs) *20 \
Single supply, Vs = (+Vs) 40
IN pins voltage (-Vs) - 60 (+Vg) + 60 \%
RG, REF, OUT pins voltage (-Vs) - 05 (+Vg) + 0.5 Y
RG pins current -10 10 mA
OUT pin current -50 50 mA
Isc Output short-circuit current(?) Continuous
Ta Operating temperature -50 150 °C
T, Junction temperature 175 °C
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Short-circuit to Vg / 2.

7.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
V(Esp) Electrostatic discharge \%
Charged-device model (CDM), per ANSI/ESDA/JEDEC JS-002(2) £750

(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.

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

MIN MAX| UNIT
Single supply, Vs = (+Vg) 2.7 36
Vg Supply voltage \Y
Dual supply, Vs = (+Vs) - (- Vg) +1.35 +18
Ta Specified temperature -40 125 °C
7.4 Thermal Information
INA823
THERMAL METRIC(") D (SOIC) DGK (VSSOP) UNIT
8 PINS 8 PINS
Roa Junction-to-ambient thermal resistance 126.7 167.5 °C/W
R Jc(top) Junction-to-case (top) thermal resistance 67.0 60.3 °C/W
Rous Junction-to-board thermal resistance 70.1 88.7 °C/W
T Junction-to-top characterization parameter 18.6 7.9 °C/W
LTS Junction-to-board characterization parameter 69.4 87.1 °C/W
R yc(bot) Junction-to-case (bottom) thermal resistance n/a n/a °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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7.5 Electrical Characteristics
at Ta =25°C, Vg =15V, R. = 10 kQ, Vg = VRer = 0V, and G = 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
INPUT
20 100
uv
Vosi Input stage offset voltage(") ) 190
Ta= -40°C to +125°C(
0.2 1.2 pv/°eC
140 450
uv
Voso | Output stage offset voltage(") ) 850
Ta= -40°C to +125°C(
1 5 pv/°eC
G=1,RTI 100 130
G =10, RTI 115 148
PSRR | Power-supply rejection ratio Vs =+135Vto+18V dB
G =100, RTI 120 148
G =1000, RTI 120 148
ZiN Input impedance 121/ 8.5 GQ || pF
RFI filter, - 3-dB frequency 20 MHz
(Ve) (+Vg) - 1
Vew | Operating input voltage(®) Vg =+1.35Vto 218 V 0.15 v
Ta = -40°C to +125°C See ] 7-53
Input overvoltage Ta = -40°C to +125°C@ +60 Y
Atdc to 60 Hz, RTI, Vg =(V-) -0.15Vto (V+) - 1
Vv, 84 110
G=1
At dc to 60 Hz, RTI, Vg =(V-) -0.15Vto (V+) - 1
CMRR | Common-mode rejection ratio |V, 104 136 dB
G=10
At dc to 60 Hz, RTI, Vg =(V-) -0.15Vto (V+) - 1
Vv, 120 149
G =100
BIAS CURRENT
1.2 8
nA
Ig Input bias current 24
Ta= -40°C to +125°C
15 pA/°C
0.4 4
nA
los Input offset current 0.8
Ta= -40°C to +125°C
4 pA/°C
NOISE VOLTAGE
Input stage voltage noise _ _ _ —_
on density(® f=1kHz, G=1000,Rs=0Q 21 nV/ v Hz
Input stage voltage noise® fg = 0.1 Hz to 10 Hz, G = 1000, Rg =0 Q 0.4 UVpp
Output stage voltage noise _ _ —_—
. density® f=1kHz, Rs=0Q 120 nV/ v Hz
NO
Output stage voltage noise®  |f3 =0.1 Hzto 10 Hz, Rg =0 Q 5 UVep
) Current noise density f=1kHz 160 fA/ VHz
i
" Current noise fg =0.1 Hz to 10 Hz, G = 100 5 PApp
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7.5 Electrical Characteristics (continued)

at Tp =25°C, Vg =215V, R =10 kQ, Veom = Vrer = 0V, and G = 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
GAIN
Gain equation 1+ (100 kQ/ Rg) VIV
G Gain 1 10000 VIV
G= +0.01 +0.04
G=10 +0.025 0.2
GE Gain error(®) Vo=210V %
G =100 +0.025 0.2
G =1000 +0.05 0.2
G= 0.2 5
Gain drift(®) Ta= -40°C to +125°C ppm/°C
G>1 +12 +35
G=1t0 10 2 10
Gain nonlinearity G>10 5 ppm
G =110 100, R =2kQ 15
OUTPUT
; (-Vg) + (+Vs) -
Output voltage swing 015 0.15 \Y
Load capacitance Stable operation 1000 pF
Zout Closed-loop output impedance See [¥ 7-37 Q
Isc Short-circuit current Continuous to Vg /2 +20 mA
FREQUENCY RESPONSE
G=1 1.9 MHz
G=10 350
BW Bandwidth, - 3 dB
G =100 60 kHz
G = 1000 6
SR Slew rate G=1,Vo=210V 0.9 V/us
G=11t010,Vsrgp =10V 12
T00.01% G =100, Vgrgp = 10V 28
G= 1000, VSTEP =10V 260
ts Settling time us
G:1t010,VSTEp:1OV 14
To 0.001% G =100, Vgrgp =10V 33
G =1000, Vgrgp = 10V 290
REFERENCE INPUT
Rin Input impedance 100 kQ
Reference input voltage (-Vs) (+Vs) \
Gain to output 1 VIV
Reference gain error inside the output voltage swing 0.01 0.05 %
POWER SUPPLY
180 250
la Quiescent current Vin=0V WA
Ta= -40°C to +125°C 300
(1)  Total offset, referred-to-input (RTI): Vos = (Vosi) + (Voso / G).
(2) Specified by characterization.
(3) Offset drifts are uncorrelated. Input-referred offset drift is calculated using: A Vogrry = v[A Vos 2+ (AVoso/ GY.
(4) Input voltage range of the instrumentation amplifier input stage. The input range depends on the common-mode voltage, differential
voltage, gain, and reference voltage. See Typical Characteristic curves for more information.
(5) The values specified for G > 1 do not include the effects of the external gain-setting resistor, Rg.
(6) Total RTI voltage noise is equal to: exrriy = ¥ [eni 2 + (eno/ G)2l.
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7.6 Typical Characteristics

atTpo=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)

% 7-1. Table of Graphs

FIGURE TITLE FIGURE NUMBER
Typical Distribution Graphs
Typical Distribution of Input Stage Offset Voltage Figure 7-1
Typical Distribution of Input Stage Offset Voltage Drift Figure 7-2
Typical Distribution of Output Stage Offset Voltage Figure 7-3
Typical Distribution of Output Stage Offset Voltage Drift Figure 7-4
Typical Distribution of Inverting Input Bias Current Figure 7-5
Typical Distribution of Noninverting Input Bias Current Figure 7-6
Typical Distribution of Input Offset Current Figure 7-7
Typical CMRR Distribution, G = 1 Figure 7-8
Typical CMRR Distribution, G = 10 Figure 7-9
Typical Gain Error Distribution Figure 7-10
vs Temperature Graphs
Input Stage Offset Voltage vs Temperature Figure 7-11
Output Stage Offset Voltage vs Temperature Figure 7-12
Input Bias Current vs Temperature Figure 7-13
Input Offset Current vs Temperature Figure 7-14
CMRR vs Temperature, G = 1 Figure 7-15
CMRR vs Temperature, G = 10 Figure 7-16
Gain Error vs Temperature, G = 1 Figure 7-17
Gain Error vs Temperature, G = 100 Figure 7-18
Supply Current vs Temperature Figure 7-19
AC Performance Graphs
Closed-Loop Gain vs Frequency Figure 7-20
CMRR vs Frequency (RTI) Figure 7-21
CMRR vs Frequency (RTI, 1-k Q source imbalance) Figure 7-22
Positive PSRR vs Frequency (RTI) Figure 7-23
Negative PSRR vs Frequency (RTI) Figure 7-24
Voltage Noise Spectral Density vs Frequency (RTI) Figure 7-25
Current Noise Spectral Density vs Frequency (RTI) Figure 7-26
0.1-Hz to 10-Hz RTI Voltage Noise Figure 7-27
0.1-Hz to 10-Hz RTI Voltage Noise, G = 1000 Figure 7-28
Small-Signal Response, G = 1 Figure 7-29
Small-Signal Response, G = 10 Figure 7-30
Small-Signal Response, G = 100 Figure 7-31
Small-Signal Response, G = 1000 Figure 7-32
Overshoot vs Capacitive Loads Figure 7-33
Large-Signal Step Response Figure 7-34
Settling Time vs Step Size Figure 7-35
Large-Signal Frequency Response Figure 7-36
Closed-Loop Output Impedance vs Frequency Figure 7-37
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7.6 Typical Characteristics

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)

% 7-1. Table of Graphs (continued)

FIGURE TITLE ‘ FIGURE NUMBER

Input and Output Voltage Graphs

Input Current vs Input Overvoltage Figure 7-38
Gain Nonlinearity, G = 1 Figure 7-39
Gain Nonlinearity, G = 10 Figure 7-40
Gain Nonlinearity, G = 100 Figure 7-41
Gain Nonlinearity, G = 1000 Figure 7-42
Positive Input Bias Current vs Common-Mode Voltage (Vs -) Figure 7-43
Positive Input Bias Current vs Common-Mode Voltage (Vs.) Figure 7-44
Negative Input Bias Current vs Common-Mode Voltage (Vs -) Figure 7-45
Negative Input Bias Current vs Common-Mode Voltage (Vs+) Figure 7-46
Offset Voltage vs Common-Mode Voltage, Vg = 30 V Figure 7-47
Offset Voltage vs Common-Mode Voltage, Vg = 2.7 V Figure 7-48
Positive Output Voltage Swing vs Output Current, Vg = 30 V Figure 7-49
Negative Output Voltage Swing vs Output Current, Vg = 30 V Figure 7-50
Positive Output Voltage Swing vs Output Current, Vg = 2.7 V Figure 7-51
Negative Output Voltage Swing vs Output Current, Vg = 2.7 V Figure 7-52
Input Common-Mode Voltage vs Output Voltage, Vs =2.7V, G =1 Figure 7-53
Input Common-Mode Voltage vs Output Voltage, Vs =2.7V, G =1 Figure 7-54
Input Common-Mode Voltage vs Output Voltage, Vs =5V, G =1 Figure 7-55
Input Common-Mode Voltage vs Output Voltage, Vs =5V, G =100 Figure 7-56
Input Common-Mode Voltage vs Output Voltage, Vs =24 VandVs=30V,G =1 Figure 7-57
Input Common-Mode Voltage vs Output Voltage, Vg =24 Vand Vg=30V, G =10 Figure 7-58
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7.6 Typical Characteristics

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)

7-1. Typical Distribution of Input Stage
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& 7-2. Typical Distribution of Input Stage Offset Voltage Drift
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&l 7-3. Typical Distribution of Output Stage Offset Voltage
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& 7-4. Typical Distribution of Output Stage Offset Voltage Drift
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A 7-5. Typical Distribution of Inverting Input Bias Current
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& 7-6. Typical Distribution of Noninverting Input Bias Current
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7.6 Typical Characteristics (continued)

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)
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3 | o il
2 8
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< 40 < 10
0 0
-2 -1 0 1 2 -40 -20 0 20 40
Input Offset Current (nA) Common-Mode Rejection Ratio (uV/V)
N =1170 Mean = - 0.092 nA Std Dev = 0.35 nA N = 1225 Mean = -0.22 uV/V Std Dev=6.95 uV/V
& 7-7. Typical Distribution of Input Offset Current & 7-8. Typical CMRR Distribution
30 15
—~ 20 —~ 10 —
= & = || [
8 i 5
= s
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< 10 < 5
0 —L— 0 —
-3 -2 -1 0 1 2 3 -0.2 -015 -0.1 -0.05 0 0.05 0.1 0.15 0.2
Common-mode Rejection Ratio (uV/V) Gain Error (%)
Mean = - 0.0599 N =550 Mean = - 0.0334 %  Std. Dev = 0.0433 %
N =1225 Std. Dev =0.710 v V/V G=10
w VIV
G=10 Fl 7-10. Typical Gain Error Distribution
& 7-9. Typical CMRR Distribution
100 1000
—~ 80 800
2 s
% 60 \——,—\_/ 2 600
o) S -
£ 40 & 400
S G
Z 20 > 200
& g
5 of T—— T—~u 5§ of ___—m
8 20 8 -200
15 8
T -40 @ .400 //'_\
z H
5 -60 —— Mean 5 -600 — Mean
= 80 % © 00 — +3c
— 30 — -30
-100 -1000
60 -40 -20 O 20 40 60 80 100 120 140 -50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
& 7-11. Input Stage Offset Voltage vs Temperature A 7-12. Output Stage Offset Voltage vs Temperature
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7.6 Typical Characteristics (continued)

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)
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< 3 <
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m 05 o) 1
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-1.5 — 30 — 30
-2 -2.5
60 -40 -20 O 20 40 60 80 100 120 140 60 -40 -20 O 20 40 60 80 100 120 140
Temperature (°C) Temperature (°C)
A 7-13. Input Bias Current vs Temperature E 7-14. Input Offset Current vs Temperature
140 160
_ — Unit 1 _ — Unit 1
Q e Un!t2 Q —_ Un!t2
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c o
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kst k3]
Ko 2
g 120 ' 140
[0 (]
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(e} ]
= Z
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5 110 g 130
£ IS
o o]
o o
100 120
-40  -20 0 20 40 60 80 100 120 -40  -20 0 20 40 60 80 100 120
Temperature (°C) Temperature (°C)
G=1 G=10
& 7-15. CMRR vs Temperature & 7-16. CMRR vs Temperature
0.03 0.4
0.02 0.3
o T —— o
< 0.01 E 02
) )
1 0 w 0.1
£ £
8 -0.01 3 o
el ©
o} — T o}
N .0.02 N .01
®© ®©
£ £
g -0.03 g -0.2
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-0.04 — 43¢ -0.3 — +3c0
— 30 -3c
-0.05 -0.4
60 40 -20 O 20 40 60 80 100 120 140 -60 -40 -20 0 20 40 60 80 100 120 140
Temperature (°C) Temperature (°C)
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& 7-17. Gain Error vs Temperature 7-18. Gain Error vs Temperature
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7.6 Typical Characteristics (continued)

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)

240 80
—_G=1
230 70 — G=10
60 — G =100
220 50 — G =1000
< 210
2 40
2 200 &
g o 30
S 190 c
S §
—% 180 10
@ 170 0
160 -10
150 — VS=+27V 220
— VS=115V
140 -30
-50 -30 -10 10 30 50 70 90 110 130 150 10 100 1k 10k 100k 1™
Temperature (°C) Frequency (Hz)
B 7-19. Supply Current vs Temperature A& 7-20. Closed-Loop Gain vs Frequency
160 160
_ _ — G=1
= g 3
o o B
g 120 & 120 — G =1000
4 o
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S 100 S 100
|5 |5
RoX 2
g 80 g 80
(] ()
8 60 3 60
= =
é 40 é 40
£ g
§ 20 § 20
0 0
1 10 100 1k 10k 100k 1 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz)
B 7-21. CMRR vs Frequency (RTI) & 7-22. CMRR vs Frequency (RTI, 1-kQ source imbalance)
~ 160 = 160
S )
o 140 S 140
S B4
4
_5 120 .5 120
] ks
3 100 2100
[0
4 24
> 80 2 80
& g
? 60 9 60
) [
z 8
g 40|—oc=1 £ 40— G=1
© — G=10 2 — G=10
2 20— G=100 £ 20| — G=100
3 — G =1000 2 — G =1000
o 0 z 0
100m 1 10 100 1k 10k 100k 1 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz)
A 7-23. Positive PSRR vs Frequency (RTI) & 7-24. Negative PSRR vs Frequency (RTI)
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7.6 Typical Characteristics (continued)

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)

1000
¥ 100
3 i
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o2 10 i
o 0
g0a
SE
(5]
(o]
& 1|—G=1
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0.1
100m 1 10 100 1k 10k 100k
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[ 7-25. Voltage Noise Spectral Density vs Frequency (RTI)

1000

Current Noise
Spectral Density (FANHz)

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

& 7-26. Current Noise Spectral Density vs Frequency (RTI)

& 7-29. Small-Signal Response

10 400
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& 7-27. 0.1-Hz to 10-Hz RTI Voltage Noise & 7-28. 0.1-Hz to 10-Hz RTI Voltage Noise
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A 7-30. Small-Signal Response
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7.6 Typical Characteristics (continued)

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)

100 100
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60 60
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8 20 8 20
2 2
g 0 g 0
< <
s 20 5 20
g g
3 40 3 40
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A& 7-31. Small-Signal Response A 7-32. Small-Signal Response
180 12
— C_=30pF —_G=1
150 — C_ =100 pF 9 — G=10
120 — CL=220pF — G=100
_ —— C_ =500 pF 6 — G =1000
Z 9% A [\ — CL=1000 pF S
8 60 N allna g 3
2 VT 2
£ 90 E 0
z <
3 -30
O A [\ P l\ FaN © -6
-60 v VHV=
-120 -12
0 25 5 75 10 125 15 175 20 225 25 0 100 200 300 400 500 600 700 800 900 1000
Time (us) Time (us)
& 7-33. Overshoot vs Capacitive Loads 7-34. Large-Signal Step Response
39 20
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33 16
& 30 = 14
=2 o
o 27 3 12
E g
= 24 e 10
= <
= 21 5 8
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@ 18 3 6
15 4
9 0
2 4 6 8 10 12 14 16 18 100 1k 10k 100k 1™
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& 7-35. Settling Time vs Step Size [ 7-36. Large-Signal Frequency Response
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7.6 Typical Characteristics (continued)

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)
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& 7-37. Closed-Loop Output Impedance vs Frequency %l 7-38. Input Current vs Input Overvoltage
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A 7-39. Gain Nonlinearity 7-40. Gain Nonlinearity
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A 7-41. Gain Nonlinearity 7-42. Gain Nonlinearity

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: INA823

Submit Document Feedback 15


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/ina823?qgpn=ina823
https://www.ti.com.cn/cn/lit/pdf/ZHCSNH8
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSNH8B&partnum=INA823
https://www.ti.com.cn/product/cn/ina823?qgpn=ina823

INA823
ZHCSNH8B - JULY 2021 - REVISED NOVEMBER 2021

13 TEXAS
INSTRUMENTS

www.ti.com.cn

7.6 Typical Characteristics (continued)

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)
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& 7-43. Positive Input Bias Current vs Common-Mode Voltage
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& 7-44. Positive Input Bias Current vs Common-Mode Voltage
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] 7-45. Negative Input Bias Current vs Common-Mode Voltage
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& 7-46. Negative Input Bias Current vs Common-Mode Voltage

Common-Mode Voltage (V)
Vs =115V

A& 7-47. Offset Voltage vs Common-Mode Voltage
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A 7-48. Offset Voltage vs Common-Mode Voltage
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7.6 Typical Characteristics (continued)

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)
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Kl 7-49. Positive Output Voltage Swing vs Output Current
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& 7-50. Negative Output Voltage Swing vs Output Current
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& 7-51. Positive Output Voltage Swing vs Output Current
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& 7-52. Negative Output Voltage Swing vs Output Current
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/& 7-53. Input Common-Mode Voltage vs Output Voltage

2.25

21 — VREF=0V
1.05 — VREF =135V
1.8
1.65
15
1.35
12
1.05
0.9
0.75 >
0.6
0.45
0.3
0.15
0

Common-Mode Voltage (V)

0 025 05 075 1 125 15 175 2 225 25 275
Output Voltage (V)
Vg=27V G =100

A 7-54. Input Common-Mode Voltage vs Output Voltage
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7.6 Typical Characteristics (continued)

atTp=25°C, Vs =215V, R . =10kQ, C_ =0 pF, Vcm = Vrer = 0V, and G = 1 (unless otherwise noted)
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& 7-55. Input Common-Mode Voltage vs Output Voltage
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& 7-56. Input Common-Mode Voltage vs Output Voltage
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7-57. Input Common-Mode Voltage vs Output Voltage
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& 7-58. Input Common-Mode Voltage vs Output Voltage
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8 Detailed Description
8.1 Overview

The INA823 is a monolithic precision instrumentation amplifier that incorporates a current-feedback input stage
and a four-resistor difference-amplifier output stage. One of the features of an instrumentation amplifier (1A) is
that the gain is set by placing an external resistor across the RG pins, as described in 75 8.3.1. The three-op-
amp |A topology in the INA823 limits the maximum input voltage applied to the input terminal. The maximum
input voltage depends on the common-mode voltage, differential voltage, gain, and the reference voltage; for
more information, see 77 8.3.2. The INA823 also features protection at each input by two junction field-effect
transistors (JFETs) that provide a low series resistance under normal signal conditions, and preserve excellent
noise performance. When excessive voltage is applied, these transistors limit the input current, as described in

7 8.3.3.

The INA823 is developed for medical-sector applications such as infusion pumps (see 7 9.2.1), and industrial
applications such as programmable logic controllers (see 77 9.2.2)

The schematic in 8-1 shows how the INA823 operates. A differential input voltage is buffered by the input
transistors, Q4 and Q,, and is forced across Rg. This causes a signal current through Rg, R4, and R,. The output
difference amplifier, Az, removes the common-mode component of the input signal and refers the output signal
to the REF pin. The threshold voltage of Q4 and Q, (defined as Vgg) along with the voltage drop across R4 and
R> produce output voltages on A4 and A, respectively, that are approximately 0.8 V less than the input voltages.

V+ V+
Optional Rg
(External)
' 50 kQ
A; Out =Vey + Vge +0.125 V +Vp/2 x G R R, ——AA——
Az Out=Vey + Vge +0.125V - Vp/2 x G 50 kQ Vo A 50 kQ V+
Output Swing Range Aq, Ay, (V+) - 0.1V to (V) + 0.1 V. 50 kQ
A% -
A ouT
Vo =G x (Vine = Vin-) + Virer ?\(}\;\f} N 3
Linear Input Range A; = (V+) - 0.9 Vto (V-) + 0.1V V+
50 kQ V-
4 REF
V+ V+
Qr V )
Vo2 Overvoltage G A4 A; p— Cz Overvoltage
Protection I + + I Protection
Ig Cancellation I Iz Cancellation
Rg — Vs Rg
Vew T
V-

& 8-1. Detailed Schematic
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8.2 Functional Block Diagram

External Gain Set
Resistor (Optional) REF
: 'y

P — s S -
| 4 |
| Overvoltage Input Bias Current- }
—IN —¥ SYi—  Current — Feedback — |
Protection Cancellation Input Stage }

Difference » OUT

|

|

! H

| v Amplifier |

} »| Overvoltage Input Bias Current- }

*IN 9 »> —» Feedback |

|
|

] Protecti Current
| rotection Cancellation Input Stage
|
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8.3 Feature Description
8.3.1 Gain-Setting Function

¥ 8-2 shows that the gain of the INA823 is set by a single external resistor (Rg) connected between the RG pins
(pins 1 and 8).

Vewm

+VS
—IN Overvoltage VS
Protection + 50 kO 5/?/\k/(\)/
RG
§ 50 kQ - ouT
Re
50 kQ +
R
RG )
VWA
Overvoltage + 50 kQ 50 kQ REF
+IN Protection

The gain of the INA823 can be calculated with 77 f£5{ 1:

G=1+100k0
G

R

The value of the external gain resistor Rg is then derived from the gain equation:

Rg =

_ 100k
G-1

K 8-2. Simplified Schematic of the INA823 With Gain and Output Equations

(1)

)

%% 8-1 lists several commonly used gains and resistor values. The 100-kQ term in J7 73 1 is a result of the sum
of the two internal 50-k @ feedback resistors. These on-chip resistors are laser-trimmed to accurate absolute
values. The accuracy and temperature coefficients of these resistors are included in the gain accuracy and drift
specifications of the 77 7.5. As shown in [& 8-2 and explained in more details in 77" 17, make sure to connect low-
ESR, 0.1-yF ceramic bypass capacitors between each supply pin and ground that are placed as close to the

device as possible.

# 8-1. Commonly Used Gains and Resistor Values

DESIRED GAIN NEAREST 1% Rg () CALCULATED GAIN ERROR (%)
1 Not connected Not connected
2 100 k 0
5 249k 0.321
10 11k 0.909

20 5.23k 0.602
33 3.09 k 1.098
50 2.05k 0.439
65 1.58 k 1.091
100 1.02 k 0.961
200 499 0.700
500 200 0.200
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# 8-1. Commonly Used Gains and Resistor Values (continued)
DESIRED GAIN NEAREST 1% Rg (2) CALCULATED GAIN ERROR (%)
1000 100 0.100

8.3.1.1 Gain Drift

The stability and temperature drift of the external gain setting resistor (Rg) also affects gain. The contribution of
Rg to gain accuracy and drift is determined from 52 2.

The best gain drift of 5 ppm/C (maximum) is achieved when the INA823 uses G = 1 V/V without Rg connected.

In this case, gain drift is limited by the slight mismatch of the temperature coefficient of the integrated 50-k Q
resistors in the differential amplifier (As).

At gains greater than 1 V/V, gain drift increases as a result of the individual drift of the 50-k Q resistors in the
feedback of A1 and A, relative to the drift of the external gain resistor (Rg.) The low temperature coefficient of
the internal feedback resistors significantly improves the overall temperature stability of applications using gains
greater than 1 V/V over alternate options.

8.3.2 Input Common-Mode Voltage Range

The INA823 linear input voltage range extends from 1 V less than the positive supply to 0.15 V less than the
negative supply, and maintains excellent common-mode rejection throughout this range. The common-mode
range for the most common operating conditions are shown in & 8-3. While there are other methods to calculate
the common-mode voltage range, the suggested tool is the Analog Engineers Calculator.

5 5
— VREF=0V — VREF=0V
4.5 —— VREF =25V 4.5 —— VREF=25V
S M S T
g 35 L [~ g 35
= = / \
S 3 S 3
S 25 S 25
<§-: 2 ~ ‘E.D 2
5 LT 5
E 15 = E 15
8 ) [~ L 8 1
0.5 =< — 0.5 H™ —
o L—1 ~_— 0
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Output Voltage (V) Output Voltage (V)
Vg=5V,G=1 Vg=5V,G =100
& 8-3. Input Common-Mode Voltage & 8-4. Input Common-Mode Voltage
vs Output Voltage vs Output Voltage
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g 8 2 s
5 I/ rrrrr ‘ 5 / rrrrrrrrrrrr
> 4 ! > 4 ]
Q h Q
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3 -8 : 3 -8
o \ / _12\ = g s
o o R e el I e ' O R O W, et AR e '
-16 -12 -8 -4 0 4 8 12 16 -16 -12 -8 -4 0 4 8 12 16
Output Voltage (V) Output Voltage (V)
G:11VREF=0V G>10,VREF=0V
& 8-5. Input Common-Mode Voltage & 8-6. Input Common-Mode Voltage
vs Output Voltage vs Output Voltage

A single-supply instrumentation amplifier has special design considerations. To achieve a common-mode range
that extends to single-supply ground, the INA823 employs a current-feedback topology with PNP input
transistors. The matched PNP transistors, Q1 and Q2, shift the input voltages of both inputs up by a diode drop,
and (through the feedback network) shift the output of A1 and A2 by approximately 0.6 V. The output of A1 and
A2 is well within the linear range when the inputs are within the single-supply ground. When inputs are within the
supply ground, differential measurements can be made at the ground level. As a result of this input level-shifting,
the voltages at pin 1 and pin 8 are not equal to the respective input pin voltages. For most applications, this
inequality is not important because only the gain-setting resistor connects to these pins.

8.3.3 Input Protection

The inputs of the INA823 device are individually protected for voltages up to #60 V and for short transients up to
180 V. For example, a condition of - 60 V on one input and +60 V on the other input does not cause damage.
Internal circuitry on each input provides low series impedance under normal signal conditions. If the input is
overloaded, the protection circuitry limits the input current to a value of approximately 4 mA.

=

NN I [ v W R
IN Overvoltage
Input Voltage Protection

Source Input Transistor

Vs
ZD2
-V

& 8-7. Input Current Path During an Overvoltage Condition

During an input overvoltage condition, current flows through the input protection diodes into the power supplies,
as shown in ¥ 8-7. If the power supplies are unable to sink current, then Zener diode clamps (ZD1 and ZD2 in
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Kl 8-7) must be placed on the power supplies to provide a current pathway to ground. &/ 8-8 shows the input
current for input voltages from - 80 V to +80 V when the INA823 is powered by £15-V supplies.

10 20
— In I I
7.5 — Vour 15
— Vg |
5 10
2 s
E 25 5 o
I g
[ Input Overload Input Overload 0 5
g Protection Area | Protection Area >
- =]
2 -2.5 -5 %
£ o
5 | -10
-7.5 -15
-10 | | -20
-80 -60 40 -20 0 20 40 60 80
Input Voltage (V)

K 8-8. Input Current vs Input Overvoltage

8.4 Device Functional Modes

The INA823 has a single functional mode and is operational when the power supply voltage is greater than 2.7 V
(x1.35 V). The maximum power-supply voltage for the INA823 is 36 V (18 V).
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9 Application and Implementation

Note

PAR RLFR 43 v 145 SR T T1 38R YE FE , T A GRILAERR A e . TI % N7 S
S REIEH T HNM . & I IEFF N, DR RS EE.

9.1 Application Information
9.1.1 Input Bias Current Return Path

The input impedance of the INA823 is extremely high, but a path must be provided for the input bias current of
both inputs. This input bias current is typically 1.2 nA. High input impedance means that this input bias current
changes little with varying input voltage.

For proper operation, input circuitry must provide a path for this input bias current. & 9-1 shows various
provisions for an input bias current path. Without a bias current path, the inputs float to a potential that exceeds
the common-mode range of the INA823, and the input amplifiers saturate. If the differential source resistance is
low, the bias current return path connects to one input (as shown in the thermocouple example in ¥ 9-1). With a
higher source impedance, use two equal resistors to provide a balanced input, with the possible advantages of a
lower input offset voltage as a result of bias current, and better high-frequency common-mode rejection.
Furthermore, matched input impedances generally minimize the impact to performance in cases where the input
common-mode voltage is very low and input bias current can increase as the Ig cancellation circuity runs out of
headroom. The input offset current typically remains low; therefore, well-matched input impedances reduce the
differential error voltage that would otherwise arise.

For more details about why a valid input bias current return path is necessary, see the Importance of Input Bias
Current Return Paths in Instrumentation Amplifier Applications application note.

Microphone,
Hydrophone, Tl Device
and So Forth

4
+

47 kQ 47 kQ -

Thermocouple % Tl Device

+

10 kQ

Center tap provides
bias current return.
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& 9-1. Providing an Input Common-Mode Current Path
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9.2 Typical Applications
9.2.1 Resistive-Bridge Pressure Sensor

The INA823 is an integrated instrumentation amplifier that measures small differential voltages while
simultaneously rejecting larger common-mode voltages. The device offers a low power consumption of 250 pA
(max) and high precision, thus minimizing errors with voltage offset, offset drift and gain error.

The device is designed for portable applications where sensors measure physical parameters, such as changes
in fluid, pressure, temperature, or humidity. An example of a pressure sensor used in the medical sector is in
portable infusion pumps or dialysis machines.

The pressure sensor is made of a piezo-resistive element that can be derived as a classical 4-resistor
Wheatstone bridge. Occlusion (infusion of fluids, medication, or nutrients) happens only in one direction, and
therefore, can only cause the resistive element (R) to expand. This expansion causes a change in voltage on
one leg of the Wheatstone bridge, which induces a differential voltage Vpe.

Kl 9-2 showcases an exemplary circuit for an occlusion pressure sensor application, as required in infusion
pumps. When blockage (occlusion) occurs against a set-point value, the tubing depresses, thus causing the
piezo-resistive element to expand (Node AD: R + AR). The signal chain connected to the bridge downstream
processes the pressure change and can trigger an alarm.

Vss=5V
Vexr=2.5V
1WF 1uF
_ REF5025 —
’?’xq
P 0.1 uF
Pressure D N’_| }%
Occlusion [
Sensor V
Vorr  RG % INA823 o ADC e
c 4 . VREF
R1
GND

Kl 9-2. Resistive-Bridge Pressure Sensor

Low-tolerance bridge resistors must be used to minimize the offset and gain errors.

Given that there is only a positive differential voltage applied, this circuit is laid out in single-ended supply mode.
The excitation voltage, Vexr, to the bridge must be precise and stable; otherwise, measurement error is
introduced.

The REF5025 is a low-noise, low-drift (3 ppm/C), and high-precision (0.05%) voltage reference that is an
excellent option to generate the excitation voltage Vexr.

The following subsections give the design requirements and detailed design procedure for an application with a
occlusion pressure sensor.

For more information and design tips to consider when using a resistive-bride pressure sensor, see the Design
tips for a resistive-bridge pressure sensor in industrial process-control systems analog applications journal.
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9.2.1.1 Design Requirements
For this application, the design requirements are as shown in % 9-1.

% 9-1. Design Requirements

DESCRIPTION VALUE
Single supply voltage Vg=5V
Excitation voltage Vext =25V
Occlusion pressure range P =1...10 psi, increments of p = 0.5 psi
Occlusion pressure sensitivity S =2+0.5(25%) mV/V/psi
Occlusion pressure impedance (R) R=4.99kQ +50 Q (0.1%)
Total pressure sampling rate Sr=20Hz
Full-scale range of ADC Vapcss) = Vour =4.5V

9.2.1.2 Detailed Design Procedure

This section provides basic calculations to lay out the instrumentation amplifier with respect to the given design
requirements.

One of the key considerations in resistive-bridge sensors is the common-mode voltage, Vgp. If the bridge is
balanced (no pressure, thus no voltage change), Vemuax is half of the bridge excitation (Vext). As the pressure
increases to the maximum value, the common-mode voltage decreases to Veommin.-

To achieve the output voltage of Voyt = 4.5 V with the INA823, the limitation for the common-mode voltage is at
VeMm(iNA823max) = 1.8 V, as shown in 7-56 and 9-3 (where an initial gain value of 100 V/V is used as an
approximation). An additional series resistor in the Wheatstone bridge string (R1) is required to shift the
common-mode voltage to this value. However, be aware that shifting the common-mode voltage also changes
the effective excitation voltage Vext across the bridge.

Vem vs. Vout for Instrumentation Amp Vem Vine (Max)
in+ (Max)

4.09925+ 4
1823
3.75-
3.5- f Vout Max
== 45
S5 Vin (dif Max)
e 45m
2.75-
25- ‘
B 225- v
= 2- Vin - (Max)
1.75-
(e
1.25- Vin+ (Min)
1- 1.801
0.75
05 Vout Min
Vin (dif Min) 0.15
00508 - - e ! 1.5m
. 35 4 45 48 R
Vout i |
Select INA Enter Design Information and Create Graph 1799
Vs+ Gain Vin - (Min)
£ m ’
o5 4 100
o [I—:! v ) j] Create Graph
o Nref oK Help
4o o |

& 9-3. Screen Shot From Analog Engineer's Calculator

Calculate the new effective excitation voltage Vext(nom) associated with a desired Veyminy value by solving the
following:

VEXT — VCM(MIN) 25-18
= 2% — 2% . . —
VEXT(NOM) = 2 ( 1+ SmaxPmax ) \Tv23 M7 psi*10 psi 1366V ®)
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VExT(Nom) €an in turn be used to calculate the desired value of R1:

_ VEXT _ 25V _
Ry = R(W - 1) = 499k0(153%0y — 1) = 4144 k0 @)

Use a standard 0.1% resistor value of 4.12 k Q.

Calculate the maximum value of Vp g by solving the following equation for the maximum pressure of 10 psi:
VDIFF = (SMAX*PMAX)*VEXT(NOM) = (2.5 mv/v*psi*lo psi)*1.366 V=3415mV 5)

Use the resulting value to verify that the minimum bridge common-mode voltage, Vemminy, is within the limits of
the INA823 by solving the following:

VDIFF 34.15mV
VCM(MAX) = VCM(MIN) t+——= 1.8V + Tm =1817V (6)

Next, use 5 #£3{ 7 to calculate the required gain for the given maximum sensor output voltage span, Vprg, with
respect to the required Vgyt, which is the full-scale range of the ADC.

Vout 45V
= = =131.77V/V 7
VDIFF(MAX) 34.15mV / (7)

Ji 23X 8 calculates the gain-setting resistor value using the INA823 gain equation shown in 5 23 2:

_100kQ _ _ 100kQ  _
Re=C-1 = 13177 Vh-1 " 764.69Q (8)

Use a standard 0.1% resistor value of 768 Q, so as not to exceed the full-scale range of the ADC.
9.2.1.3 Application Curves

The following typical characteristic curve is for the circuit in |&| 9-2.

0.05 5

0.045| — VoI 45
S — Vour :
£ 004 4 s
> 0035 35 <
o 3
g 003 3 5
S 2
2 0025 25 §
3 S
£ 0.02 2 ..>.‘
T 3
£ 0.015 15 8
o (@]
g 0.01 1
8 0.005 05

0 0

4950 5050 5150 5250 5350 5450 5550
Bridge Resistance R+AR ()

i 9-4. Input Differential Voltage, Output Voltage vs Bridge Resistance
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9.2.2 Supporting High Common-Mode Voltage in PLC Input Modules

9-5 showcases a high common-mode voltage circuit that is commonly required for programmable logic
controller (PLC) analog input modules. This circuit uses a resistive scaling network in front of the IA.

Ri
750 kQ
MA———s ’
N R¢ Cs
@ Vore! 2 249 kQ 47 nF

> > RG
33.2kQ
Rf Ct
Ri 249 kQ 47 nF
750 kQ
N ¢
0.1 uF

& 9-5. High Common-Mode Voltage PLC Input Module

—15V

For a detailed description of the passive scaling approach and more, see the Supporting High-Voltage Common
Mode Using Instrumentation Amplifier application brief.

9.2.2.1 Design Requirements

% 9-2 lists the requirements for this design example.

% 9-2. Design Parameters

PARAMETER VALUE
Supply voltage +15V
Common-mode voltage +36V/ -43V
Input differential signal 1V
Gain Vout/Voirr 1 VIV
Minimum dc CMRR 65 dB

9.2.2.2 Detailed Design Procedure

The gain of the IA is calculated so that the circuit operates at unity gain, where Voyt = Vpire.

The single-ended input impedance, Rjy(SE), of the circuit is the sum of the scaling resistors (Rf + R;). To
minimize the error that is caused by the tolerance of the scaling resistors, keep Rj, > 1 M Q.

Ideally, choose the resistors so that Rf / Ri = Rf' / Ri". In the real world, designers have to trade off between the
mismatch of ratios that degrades the common-mode rejection ratio (CMRR) and the acceptable cost for the
design.

The following text describe how to estimate the CMRR performance of the external resistor scaling approach. In
the calculation of CMRR, the following factors are considered:

+ Take into account the number of resistors, which is estimated by v n, where n is the number of resistors
applied. In this case, this estimation results in a factor of 2.

* AR/ R s the resistor matching ratio. The resistor tolerance for all four resistors is 0.1%.
* Take into account that a normal production distribution of the resistor value with a standard deviation of +3 o
(99.7%). In this case, the assumption results in a factor o = 1/3 = 0.33 into the equation.
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J7#£3 9 calculates the common-mode rejection ratio with given factors:

Gl +1

CMRRgp = a-TJr\/n ©)
2R

CMRRyg = —222+1 _ _g554p (10)

0.33-0.1%V4

The scaling ratio G1 is calculated by:

Rf

where

* Rgis variable
* Risfixed at 750 kQ.

Kl 9-6 shows a comparison between the CMRR performance at worst-case (a neglected) and considering
normal distribution for different gain settings of G1.

For more details about the calculation of CMRR, see the Difference amplifier (subtractor) circuit analog
engineer's circuit.

9.2.2.3 Application Curves

68
64

60

56 //

— Tol = 1%, Worst-case
—— Tol = 1%, Typical

CMRR (dB)

52
0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
Gain G1 (V/V)

& 9-6. Common-mode Rejection Ratio of External Resistor Network for Different Scaling Ratios
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10 Power Supply Recommendations

The nominal performance of the INA823 is specified with a supply voltage of +15 V and midsupply reference
voltage. The device also operates using power supplies from £1.35V (2.7 V) to £18 V (36 V) and non-midsupply
reference voltages with excellent performance. Parameters that can vary significantly with operating voltage and
reference voltage are shown in 77°7.6.

CAUTION
Supply voltages higher than 40 V (+20 V) can permanently damage the device.

11 Layout
11.1 Layout Guidelines

Attention to good layout practices is always recommended. For best operational performance of the device, use
the following PCB layout practices:

Make sure that both input paths are well-matched for source impedance and capacitance to avoid converting

common-mode signals into differential signals.

Use bypass capacitors to reduce the coupled noise by providing low-impedance power sources local to the

analog circuitry.

- Connect low-ESR, 0.1-pyF 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.

Route the input traces as far away from the supply or output traces as possible to reduce parasitic coupling. If

these traces cannot be kept separate, crossing the sensitive trace perpendicular is much better than crossing

in parallel with the noisy trace.

Place the external components as close to the device as possible.

Use short, symmetric, and wide traces to connect the external gain resistor to minimize capacitance

mismatch between the RG pins.

Keep the traces as short as possible.
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11.2 Layout Example

+V

R2
+IN
RG
R3% INAB23 |, ouT
RG
-IN ‘>’|’
R1
C1
N
Ground plane
v removed at gain
resistor to minimize
parasitic capacitance
Use ground pours for
shielding the input R3
signal pairs
oD ANV Ry
GND
— ©
O
Ri (] re re [ 8] C2
o =1 -n ws [771 | HH
Input traces routed
adjacent to each other +IN (5] +nN out| 6] ouT
4 | -vs REF | 5
R2 § C : Low-impedance
GND L J connection for

reference pin

C1

Place bypass
capacitors as close to
IC as possible

©

K 11-1. Example Schematic and Associated PCB Layout
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12 Device and Documentation Support
12.1 Device Support
12.1.1 Development Support

*  SPICE-based analog simulation program — TINA-TI software folder
* Analog Engineer's Calculator

12.1.1.1 PSpice® for Tl

PSpice® for Tl is a design and simulation environment that helps evaluate performance of analog circuits. Create
subsystem designs and prototype solutions before committing to layout and fabrication, reducing development
cost and time to market.

12.2 Documentation Support
12.2.1 Related Documentation

For related documentation see the following:

* Texas Instruments, Comprehensive Error Calculation for Instrumentation Amplifiers application note

* Texas Instruments, Importance of Input Bias Current Return Paths in Instrumentation Amplifier Applications
application note

* Texas Instruments, REF50xx Low-Noise, Very Low Dirift, Precision Voltage Reference data sheet

* Texas Instruments, OPAx191 36-V, Low Power, Precision, CMOS, Rail-to-Rail Input/Output, Low Offset
Voltage, Low Input Bias Current Op Amp data sheet

12.3 BSOSOy FE S0
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12.5 Trademarks
TI E2E™ is a trademark of Texas Instruments.
P R bR BN & E BT R .
12.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation 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.

12.7 RiER
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13 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 ©)
@ )
INA823DGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2IVJ
INA823DGKR.B Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2IVJ
INA823DGKT Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2IVJ
INA823DGKT.B Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2IVJ
INA823DR Active Production SOIC (D) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 INA823
INA823DR.B Active Production SOIC (D) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 INA823
INA823DT Active Production SOIC (D) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 INA823
INA823DT.B Active Production SOIC (D) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 INA823

@ 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.
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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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PACKAGE MATERIALS INFORMATION
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www.ti.com 25-Jul-2025
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 O 0O O 0 O0 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)
INA823DGKR VSSOP DGK 2500 330.0 12.4 53 34 1.4 8.0 12.0 Q1
INA823DR SOIC D 3000 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
INA823DT SOIC D 250 180.0 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)
INA823DGKR VSSOP DGK 8 2500 353.0 353.0 32.0
INA823DR SoIC D 8 3000 353.0 353.0 32.0
INA823DT SoIC D 8 250 213.0 191.0 35.0
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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

02
| Soacl— -

FPIN 1 INDEX AREA SEATING
‘ PLANE
) 8 6X ,/j\
—] == j T T
—-—] 2% 1l
|
[ ] + ‘ ]
— == |
L ) 5 L 5 0.38 \J/
I N S %0130 [c[ale]
NOTE 4
\f{ ‘\ 0.23
/
- <¥SEE DETAIL A o
1.1 MAX

L 0.15

0.05

DETAIL A
TYPICAL

4214862/A 04/2023

NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

5. Reference JEDEC registration MO-187.

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

Tsx (1.4) j
1

8X (0.45) 1 [ Y J

SEE DETAILS
‘ (4.4)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ /  OPENING
O |
|
EXPOSED METAL \ * T T——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED) SOLDER MASK DETAILS

4214862/A 04/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

+ r 8X (;.4) j

8X (0.45) 1 [ ]

SOLDER PASTE EXAMPLE
SCALE: 15X

4214862/A 04/2023

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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