


INA851 Input and Output Range Design Calculator
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INA Common mode and input/output

voltage range

* Output swing and common mode of the internal
amplifiers is a complex relationship.

* The INA851 consist of a 2 op-amp differential
amplifier front-end, follow by an FDA

* On the front end, the VS+, VS-, front-end gain
play a role on the limitations of the input stage.

* On the back-end, VCLAMP+, VCLAMP- and
VOCM and Output stage gain determine the
output swing, and output common mode
relationship.

* An excel tool simplifies this complex calculation
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Instrumentation amplifiers are composed of multiple op amps. This figure shows the simplified
INA851 configuration. Each amplifier inside the INA has it's own input and output swing limitations.
These limitations combine into an overall common mode versus output swing range limitation for the
instrumentation amplifier.

The output swing limitation of the first stage internal amplifiers is a function of the input front-end
gain, input common-mode voltage, input stage supplies (VS+/VS-). The output range limitations of
the second stage is a function of the VOCM voltage, the gain of the output stage, the power supplies
(VS+/VS-), and the clamp voltages (VCLAMP+ and VCLAMP-). This relationship can be complex
and generally cannot be determined with a simple equation or data sheet parameter. In some cases
a data sheet diagram graphing common mode versus output swing can be used to understand this

limitation.




INA851 Input and Output Range Design Calculator

Download INA851 Input and Output Range Design Calculator: (excel file)
https://www.ti.com/tool/download/INA851-INPUT-OUTPUT-RANGE-DESIGN-CALC

Products Applications Design resources Quality & reliability

Support & training About TI

Home / Design resources

INA85T-INPUT-OUTPUT-RANGE-DESIGN-CALC
INA851 input and output range design calculator

Select a version [EEERCEEP Version: REV-1  Release date: 21 Oct 2022

Filter by version or date Q

REV-1 (21 Oct 2022)

Downloads  Supported products & hardware

8 INAB5-input-and-Output-Range-Calc-revA xlsx — 490 K
MDS checksum 08fe3a07d827041745c278e57¢684cice R

@ =Requires export approval (1 minute}

W Texas INSTRUMENTS
3

Download INA851 Input and Output Range Design Calculator: (excel file)




INA851 Input and Output Range Design Calculator

The excel tool consists of two sheets:

First sheet: “INA851_Vin_Vout_tool”

»  User fills the highlighted cells in blue with
required voltages.

* Required: VS+, VS-, Front-End Gain, Back-End
Gain, Input differential/input common-mode
Voltage, VOCM, VCLAMP+ and VCLAMP- (if
Clamps Enabled).

*  Excel provides resulting VOUT+, VOUT-, and
VOUT-differential voltages, and the RG resistor
for a given front-end gain.

INPUTS: CELLS HIGHLIGHTED IN BLUE

BE Gain = 1
Leave GO2+ /G02-
Disconnectad|Floating

*  The tool highlights in red any voltage out of
range, and displays warnings in red if the device
is outside of linear range. o o Bl i

W Texas INSTRUMENTS

The excel tool consists of two sheets, select the sheet at the bottom:

First sheet: “INA851_Vin_Vout_tool”
» User fills the highlighted cells in blue with required voltages.

» Required: VS+, VS-, Front-End Gain, Back-End Gain, Input differential/input common-mode
Voltage, VOCM, VCLAMP+ and VCLAMP- (if Clamps Enabled).

» Excel provides resulting VOUT+, VOUT-, and VOUT-differential voltages, and the RG resistor for
a given front-end gain.

» The tool highlights in red any voltage out of range, and displays warnings in red if the device is
outside of linear range.




INA851 Input / Output Range Calculator

First sheet: “INA851_Vin_Vout_tool”

Input : Cells High-lighted in blue
Enter all the operating and supply
voltage conditions.

vs+ EESIMin voits
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- “

Ensure VCLAMP+ < (V§+- 1.5) V

VCLAMPE in Volts

|Tip: The Operating Range Chart (on next sheet) provides the valid
|input & output ranges plot for this Instrumentation Amplifier.

s+

VCLAMP+

Enter BE Gain:
1-VIV or 0.2-V

BE Gain=1:
Leave G02+ /G02-

Inkii Topoloky Fully Differential Disconnected/Floating
Enter the input VIN- inVolts
differential VIN -0.06v IN- 126K o2+ Back End GAIN inviv
RG— _| 5kQ
voltage. Front GAIN m VN m . A,—l
@ o L ouTH VOUTP in Volts
Vdiff in Volts RG flesistor (ideal)| 153846 | O o — 7—:E m N ouT] | 4.9000 ‘ VOUT Ditferential in Voits
&l 4.8000
(01% 192) [ 130000 | 0 e ; [ oo |
Iil S5kQ VOUTN in 4a
IN+ Go2—
VIN+in Volts. 1.25 kQ
viP 0.06V Outpin
[Coouv ]
o VC“*W”l Tool calculates expected out+ and out-
Enter FE Gain voltages
voom [ -vers vs. ([ vors vae [ -

Ensure VCLAMP- > (VEE + 1.5) V

Enter the
input common
mode voltage.

Enter VS supplies, VCLAMP and V), voltages

W Texas INSTRUMENTS

5

First sheet:

“INA851_Vin_Vout_tool”

» User fills the highlighted cells in blue with required voltages.

» Required: VS+, VS-, Front-End Gain, Back-End Gain, Input differential/input common-mode
Voltage, VOCM, VCLAMP+ and VCLAMP- (if Clamps Enabled).

» Excel provides resulting VOUT+, VOUT-, and VOUT-differential voltages, and the RG resistor for

a given front-end gain.

» The tool highlights in red any voltage out of range, and displays warnings in red if the device is

outside of linear range




INA851 Input / Output Range Calculator

First sheet:

“INA851_Vin_Vout_tool”

In this example, the INA851 input is outside input

INPUTS: CELLS HIGHLIGHTED IN BLUE

Required: VS+, VS-, Front Gain, Back End Gain, Input Voltage,
VOCM, VCLAMP+and VCLAMP- (if Clamps Enabled).

_ b 520 Rel

common-mode range.

The device has also excessive gain, where both
internal front-end outputs are out of range
Calculator highlights in red inputs outside of
range, and provides warning. Output is also

Tip: The Operating Range Chart (on next sheet) provides the valid highlighted red since the output stage is out of
input & output ranges plot for this Instrumentation Amplifier. N range limited by VCLAMP pins
INA851 Ve VCLAMPS Leave GO2+ /G02-

|anItS out of 5 = Disconnected/Floating

common-mode, logy Fully Differential Clamp

highlighted in et

VIN IN— 1.25 kO 5 Back End GAIN 1 inv/v
o (o] o N
Front GAIN ViV
© ouTH VOUTP in Volts
Vdiff in Violts RG REsislor(idEal] e} i, ouTH _ VOUT Ditterential in Volts
o [ 2| | le)e _ ] ] [T
VOUTN in Volts
f_ - Front-end stage shows out of range
Enter the input - ﬂ““ warning due to both excessive gain _
differential and input common-mode to close
voltage. \_negative supply Output stage out of
o l l range limited by
e VCLAMP pin limits
VOCMm m Volts VS- ir\ Volts VCLAMP- “ inVvolts
’ Ensure VCLAMP- > [VEE+1.5)V )

Enter the input
common mode

Enter VS supplies, VCLAMP and V), voltages
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voltage.

First sheet:

“INA851_Vin_Vout_tool”
User fills the highlighted cells in blue with required voltages.
Required: VS+, VS-, Front-End Gain, Back-End Gain, Input differential/input common-mode

Voltage, VOCM, VCLAMP+ and VCLAMP- (if Clamps Enabled).

a given front-end gain.

outside of linear range

Excel provides resulting VOUT+, VOUT-, and VOUT-differential voltages, and the RG resistor for

The tool highlights in red any voltage out of range, and displays warnings in red if the device is




INA851 Input and Output Range Design Calculator
Second sheet: “INA851 Vin CM vs Vout Diff Plot”, . . . . .. ...

- INA851 Input and Output Range Design Calculator 43 TEXAS INSTRUMENTS
INPUTS: CELLS HIGHLIGHTED IN BLUE ‘

The excel tool consists of two sheets:

a V&, Frort Gai
VCLAMP ane VCLAMP- (f Clar

Tip:The

A

Second sheet:

“INA851_Vin CM vs Vout Diff Plot”

» User fills the highlighted cells in blue.

* Required: VS+, VS-, Front Gain, Back End Gain,
Input Voltage, VOCM, VCLAMP+ and VCLAMP-(if
Clamps Enabled).

» The Operating Range Chart provides the valid
input & output ranges for this Instrumentation
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Amplifier. Use VICM to scroll bar to adjust the
input common mode. &3 v

5 Output Differential Voltage (V)

®
BEGAN S inv/
& - o

\IN Diffarential Volt (Max)
- Input Diff Voltage vs Output Voltage

VIN Dffereniel Vit (Vir)

INAB51 Vin Vout range | INABS1 Vin CM vs Vout Diff Plot | INA351 Specificatons | About
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The excel tool consists of two sheets, select the sheet at the bottom:

Second sheet:
“INA851_VinCM_vs_VoutDiff_Plot”
» User fills the highlighted cells in blue.

» Required: VS+, VS-, Front Gain, Back End Gain, Input Voltage, VOCM, VCLAMP+ and VCLAMP-
(if Clamps Enabled).

» The Operating Range Chart provides the valid input & output ranges for this Instrumentation
Amplifier. Use VICM to scroll bar to adjust the input common mode.
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Second sheet:

“INA851 Vin CM vs Vout Diff Plot”

INA851 Input and Output Range Design Calculator Q‘ TeEXAS INSTRUMENTS

INPUTS: CELLS HIGHL|

IGHTED INBLUE |

Plot Parameters

INAB51 Output Differential vs Input Common Mode Input Commaon Mode, VICM (V)
it Com de,
s+ i Vats Max/Min VOUT Differential (v) — o

CLAMP Enabled YES

Ensure VCLAMP: < V5+- 1.5}V

VCLAMP+ in Volts

Ensure VCLAMP- = (VEE +1.5)V

VCLAMIP- in Voits
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Y axis:
Input CM
Voltage
Viem)

X axis:
Output differential voltage
(* Vour pir)

Output Differential Voltage (V)

Enter the supplies,
clamp voltages, FE gain,
BE gain and Vgcy
voltage.
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Required; VS+, VS-, Front Gain, Back End Gain, Input Voit:
VELAMP+ and VELAMP- {if Clamps Enabled)

Tip: The Operating Range Chart provides the valid input &
fi entation Amplifier. Use VIEM to scroll bar
Input c mode

VICM (Scroll) in Volts

VIN Differential Volt (Max) in Volts
VIN Differential Volt (Min) -0.1300 inVolts
VOUT Differential (Max} 5.2000 inVelts
VOUT Differential (Min) 5.2000 | inVolts

Scroll to the desired input common mode
voltage. White line represents V), level

Check input / output
voltage range
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“INA851_VinCM_vs_VoutDiff_Plot”: User fills the highlighted cells in blue.

Required: VS+, VS-, Front Gain, Back End Gain, Input Voltage, VOCM, VCLAMP+ and VCLAMP- (if
Clamps Enabled).

The Operating Range Chart provides the valid input & output ranges for this Instrumentation

Amplifier. Use VICM to scroll bar to adjust the input common mode.

Here we show a calculator that allow you to confirm that the instrumentation amplifier will have a
linear output swing for your configuration. Enter the supplies, front-end gain, back-end gain, VOCM
voltage and VCLAMPs (if clamps enabled). Enter/Scroll the common mode voltage using VICM
scroll voltage. Notice that the graph has common mode voltage on the vertical axis and Vout
differential on the horizontal axis. The selected common mode voltage shows up as a white
horizontal line. The output swing limitation are the points where the white line intersects with the
green plot. The excel also displays the maximum differential input and max differential output on
the right side of the screen.
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