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Instrumentation Amplifier (INA): Choose Gain

PARAMETER ADS8681 TEST CONDITION MIN TYP MAX UNIT
ANALOG INPUT
_ Input range = +3 X Vgee | -12.288 12.288
Vi, Full-scale input voltage span Input range = +2.5 x Vngr | -10.24 10 24 y
Input range = +1.5 X Vgee | -6.144 6.144
3V 3V
+15V
+15V 4.096V
ADS8681 Reference |
) re U1 INA826 Vref AVDD DVDD
10mVito Re {
+1omv 499 Ref
-15V . T/gl{ f
— -10Vto
/G _ (AVoyr\ [ 10V —(=10V) \ 1000\ f 15y OV
826 =\ "Avy ) \10mV — (=10mV)/ vem =0V
49.4kQ
Ggre =1+ < ) _C
RG -
49.4kQ  49.4kQ AGND _ DGND

= 49.5Q) or 49.9Q

R = =

G Ggpe—1 1000 -1
Vout = Ggz6 * Vin + VREF
\\IOUT = 1000 - (10mV) + 0V = 10V

/

A\
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Common mode and output swing for INAS

V R
VA1 :VCM _ﬂ(l-l_ZR_z)

2

Rp
Voutr = Vbir + Vpir - (1 + 2 R_G) + VRer

INA Common mode

« Output swing and common mode of
VVOUT Internal amplifiers is a complex
relationship.
« Different INAs have different topologies
« Vref, V+, V-, and gain determine common
mode vs output swing relationship.
v « A software tool simplifies this calculation
REF

V
VAZ =VCM +%(1+2—F>
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Verify INA Common Mode Range (INA826)

5 5
45| Vs=5V.G=1 —_— Ve =0V 45| Vs=5V,.G=100 —_— Vpegr=0V
— VHEF =25V — VHEF =25V
< 4 T\ T — < 4 Hr—] T —
g 3.5 ‘--->< \J“\ o 3.5 HME \\R
A | g LT T~ ~—
S 25 — S 25
3 2 T~ g 2 T~
T 15 ] T 15
o 1 Q 1
E E
E 05 v/ - E 05
-0.5 -0.5
-1 =1
0 05 1 15 2 25 3 35 4 45 5 0 05 1 16 2 25 3 35 4 45 5
Output Voltage (V) G034 Output Voltage (V) Go3?
Single supply Single supply
Figure 11. Input Common-Mode Voltage vs OutputVoltage Figure ¥Z. Input Common-Mode Voltage vs Output Voltage

N

[ Output Voltage = V * Gain ]
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Verity INA Common Mode Range

## Instrumentation Amplifier Qutput Voltage vs. Common Mode Voltage

+15V
Graph Vcm vs. Vout ‘
Vem vs. Vout for Instrumentation Amp vem Vin+ (Max)
14.3:E ooort |
iz: j_ Vout Max f
8- Vin (dif Max) — -10mV to Re
: Taam
: - +1omy 499
. 2—; W '15V +
s g: Vin - (Max) f
b o ) A5y 10V
I — Vem = 0V Gain = 1000
= Vout Min
131; Vin (dif Min) 148 o
15 -125-10 75 5 25 0 25 5 75 10 125 15 . C— b e Vout range limited to -14.8V to +14.2V
Select INA Enter Design Information and Create Graph W -1OV to 1OV OUtpUt InSIde the range
e - http://www.ti.com/tool/ina-cmv-calc
oK W j o . Create Graph
\VS- \Vref OK
f 15 )0
L \ N\
f ~ N S A
1. Select your 2. Enter the supplies, 3. Enter the 4. Does the output
instrumentation gain, reference and common mode range work for your
amplifier press “Create Graph”. voltage. system?
\- \_ J \C VRN Y,
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INA: Setting the reference input

Vcm vs. Vout for Instrumentation Amp
14-
12-
10-

Vom
QENON R @

_8_

_]_D_

_12_

_14_

-16-) i . . i i . . i i i . i

-15 -125 -10 75 -5 25 0 25 &5 7.5 10 125 15
Vout

-10.24V < Vin_adc < +10.24V

ADS8681 -10.24V < Vin_abs max < +10.24V

+15V
+15V
) &NAS%
Imvto Re
r21mv - 499 Ret
-15V ¥ R
+
-10V to
15V +10V
-15V
59kQ) 11V .

-15V

AVour 10V — (—10V)
Ggoe = = = 1000
826 < AViy ) <1mV — (—=21mV)

49.4Kk()
-1+ (220)
49.4kQ 49.4Kk()
R6 = G =1 10001
Vout = Gg26 * VIN + VREF

= 49.5Q0 or 49.90Q

VREF = VOUT_Min - G826 'VIN_Min

QREF = —10V — (1000)(1mV) = —11V

e ’
\ N\ A\m

PGA A[.)> <
Drive
/ AIN_M

Reference input

\ - must be driven

« Gain is calculated same as before
* Negative Vref input to shift the signal
« Reference input must be driven

v
}W(v O Vbias \
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Output range limited by input common mode

#3 Instrumentation Amplifier Output Voltage vs. Common Mode Voltage il +1'=V +1oV A D S 8 6 8 1
Graph Vcm vs. Vout ‘ h
) . rRe U1 INAB26
vcm vs. Vout for Instrumentation Amp vem OmV to G %
Vin+ (Max) NNN—
a3 12002 +1+OmV 49.9 e \\
12- Y
B f Vout Max
10+ 64 ;
= Vin (df Max) o4 § = 0Vto
6- = | < Vem =12V -15V +10v PGA -
4- —_ )
£ 2 11.9968 Gain = 1000
= D_ Win - (Max)
-2-
4 s ANN\— )N(v O Vbias
- Vin+ (Min) -
_8_2 11.9968
107 voutMin | | .
-12- vin (dif Min) 6.4
-13.8* [6am
Jo | |
Select INA Enter Design Information and Create Graph W . .
v om - (1) o « Vout range limited to £6.4V
. 15 4 1000 Create Graph ’ I
oc | e s 7 - « Cannot achieve 0 to 10V output
=
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Two Stage Approach

oV

REF6050

5.0V
+15V Reference

Vref AVDD DVDD

+15V
; U1 INAS26 2V

10mVito Re

+iomv 499 b 1 OPA30 - e
-15V ¥ OV t0 +5V BW = 20MHZ _annd ADS8860

f _ —220 AGND DGND

15V
Vem = 0V Gain = 250

Precision DC Input Wide Bandwidth Driver
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Thanks for your time!
Please try the quiz.



Quiz: Determining a SAR ADC w
Linear Range when using
Instrumentation Ampllflers

TIPL 4102 e Nt
Tl Precision Labs — ADC T e 115 - P
Created by Art Kay - o i, = - - ==
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Quiz: Linear Range ADC + INA

1. The data converter below Is configured so that the input range is OV to 10.24V.
The goal of the INA188 Is to translate the OmV to 30mV input signal to OV to
10V. Use the INA188 data sheet to answer these questions.

a. Isthe INA188 gain set correctly to achieve the goal?
b. Does the INA188 have the linear output range to achieve the goal?

5V 3V
T ADSS8688 2056V
? Reference
’ f R I;Qg+ Ul INA188 Vref AVDD DVDD
OomV to G
+30mV 150% Ref f AYAYAY,
R
p v o
= Output
= Swing Goal Input Range
vem = 4V 0oV to +10V 0V < Vin < +10.24V
I AVAVAY,
AGND DGND

= "\
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Quiz: Linear Range ADC + INA

2. The data converter below is configured so that the input range is -10.24V to
10.24V. The goal of the INA188 is to translate the -20mV to 30mV input signal
to -10V to 10V. Use the INA188 data sheet to answer these questions.

What gain, and 0.1% standard value of RG is required to achieve the goal?
What INA188 reference, and voltage divider 0.1% standard resistor values will

a.
b.

achieve this goal.
Confirm linear output swing.

+15V

-15V

+15V

f

-20mVito Rg
+80mV

v

Rg
£

vem = 0V

-15V

{ rRe U1 INAB26

Ref

ADS8688  -10.24V < Vin_adc < +10.24V

Output Swing
Goal
-10V to +10V

L]

ok
=>
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Quiz: Linear Range ADC + INA
3. The objective of the circuit below Is to translate the -20mV to 80mV input
signal to a -10V to +10V output signal. What is wrong with the circuit below?

a. Noissue. The circuit should properly scale the output to 10V

b. The gain is not set correctly.
c. The voltage divider on the INA188 reference pin requires 915|9uffer.

d. The output swing is limited by the common mode input. +15V

' rg N\U1 INAS26
20mVto _Re
rgomy 2520 Ret ~

-15V v Rg f
f Output Swing
Goal

-5V -10V to +10V

vem = 0V -15V
R1
15k

R2 §
10k
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Quiz: Linear Range ADC + INA

4. Referring to the circuit below, what is the purpose of the OPA3207?

a.
. The amplifier is not necessary.

b
C.
d

It is required to achieve good settling on the switched capacitor input SAR.

The amplifier translates the £15V signal from the INA826 to OV to 5V range.
It matches the output impedance of the INA826 to the ADS8860 input impedance.

oV
=

3V
REF6050 3V
T

Reference
+15V — Vref AVDD DVDD
+15V -
F . U1 INA826 2Y 70
Ra - OVto
10mVio Re : A OPAZ 5.0V
15V v R OV to +5V BW = 20MHz WA ADS8860
/‘ 25V = 22Q \ AGND DGND
-15V
Vem = 0V Gain = 250 = \Y4
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Quiz: Linear Range ADC + INA

1. The data converter below Is configured so that the input range is OV to 10.24V.
The goal of the INA188 Is to translate the OmV to 30mV input signal to OV to
10V. Use the INA188 data sheet to answer these questions.

a. Isthe INA188 gain set correctly to achieve the goal? Yes. See calculation below.

G—1+50kQ—1+50kQ—3343
B Rg 1500 +15V
Vout =G - Vin + Vref — (3343) . (30mV) + (OV) = 10.03V 0 ? Ul INA188S
omVio Re
s ¥
Output
Swing Goal
vem = 4V OV to +10V
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Quiz: Linear Range ADC + INA

1b. Does the INA188 have the linear output range to achieve the goal? No, the output
swing is limited to 0.22V to 7.56V

## Instrumentation Amplifier Output Voltage vs. Common Mode Voltage

Graph Vcm vs. Vout |

Vem vs. Viout for Instrumentation Amp Vem

e 158 Vin+ (Max)
= |4.01131
13- :

12} _f_

11 Vin (dif Max)

107 22.61m

12+
11~
10+

9- 9—; *
E - 3: 3.98869
- Z_ 6 Vin - (Max)
_ : N
5- 5_; 15V
4 4l Vin+ (Min)
3- 52 14.00033 D -
: +
?_ 2_ Vout Min ? R Rg U 1 I NA188
- 1 Vin (dif Min) I—D-22 G
0-f 0.33- ssau OomV to

=}
P
I
Lea]
[#»]
'-‘_
[=}
—
]
—
s
=
o

1 1 1 1
!1l|
- |4
Vout V, |

Select INA Enter Design Information and Create Graph |3.99967

+3omy 199 Ref /A

! g

D, +
Vst Sl Vin - (Min) D, .
II‘II J\ll - u u
oK INAIBS -] o415 /3343 Create Graph . 0
Vs ref oK — Swing Goal
o0 S E

vem = 4V OV to +10V
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Quiz: Linear Range ADC + INA

2. The data converter below is configured so that the input range is -10.24V to
10.24V. The goal of the INA188 is to translate the -20mV to 30mV input signal
to -10V to 10V. Use the INA188 data sheet to answer these questions.

a. What gain, and 0.1% standard value of RG is required to achieve the goal?

AVoe 10V — (—10V)
G = = — 200
AV, 80mV — (=20mV)
o _ 1 4 50KO
_ -
R, = 20K S0k o a0 or 2520
GTG-1 200—1 “°>rO

+15V

-15V

+15V

?

20mVito  Rg
+80mV

Y

4

rRg \WU1 INA826

Rey

Rg
+

f

Vcm = 0V

-15V | +15V
R1

R2 -15V

wi# TEXAS INSTRUMENTS

Output Swing

15V Goal
-10V to +10V
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Quiz: Linear Range ADC + INA

2b. What INA188 reference, and voltage divider 0.1% standard resistor values will

achieve this goal.

Vout = G - Vip + Vref

Vier = Vour — G + Viy = 10V — 200 - 80mV = —6V

V.r=—15V R,
ref — R, +R,

R, \  Veer  —6V o4
R1+R2 - =15V  —15V

= 15kQ, R, = 10kQ

Select the Calculator Calculator
+ Converters
=l Amplifier
Single Supply Amp
Find Amplifier Gain 3 Resistors _Tolerance R1
INA Vcm + Dif Filker ’;: 0.1% E198 150
Find Amplifier Gain :
- Passive i g R1
Find Series Combo w. Standard R !\iRatvo R2
RC Char g e / Discharge 04 100 Vout
RC Low Pas Flt '_(
ind Voltage Divider best ratio *
Fin d St ndard R sistor —=
+ Noise 0.4 Vin-=
+  Stabity . Help g R2
+- PCB Error(%a)
+ Sensor 0

Use the calculator as simple way to find
the voltage divider resistors.
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Quiz: Linear Range ADC + INA

2c. Confirm linear output swing. The INA188 can swing from -14.78V to +14.87V, so
no problem with -10V to +10V.

+15V
%% Instrumentation Amplifier Output Voltage vs. Common Mode Voltage il
Graph Vom vs. Vout |
Vicm vs. Vout for Instrumentation Amp vem Vin+ (Max) ?
14- 13.5- 20mVio R
- e 0.05195 80mV G
10- 10° f vout Max £y +olm
2' 8 Vin (dif Max) 1478 ) +
- 6_ -
i . — | f Output Swing
) 2 I
? 2| : - i 1othoa+1ov
2 5 P Vin - (Max) Vem = 0V ) °
] -4 -
e 15V | +15Vv
. 2 Vin+ (Min)
_ 8- -0.02195
-10- R1 - -6V
] -12° Vout Min
o E Vin (dif Min) |—14.?8
-16- 1 1 1 1 1 1 1 1 1 1 1 1 -14.8= -43.9m +
-15 -125 -10 75 -5 25 0 25 5 7.5 10 125 15 2 a
Vout o |
Select INA Enter Design Information and Create Graph 0.02195 R2 § -15Vv
Vs+ Gain Vin - (Min)
. MAss | ::l 15 ::l 200 Create Graph 1
Vs- Vref oK _
15 g5
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Quiz: Linear Range ADC + INA

3. The objective of the circuit below Is to translate the -20mV to 80mV input
signal to a -10V to +10V output signal. What is wrong with the circuit below?

a.

b
C.
d

No issue. The circuit should properly scale the output to £10V

. The gain is not set correctly.
The voltage divider on the INA188 reference pin requires +alt_)l\:guffer.

. The output swing is limited by the common mode input.

+15V

Vecm = 0V

&NASZG
2 {

-20mV to
+gomy 2920
-15V - %/
f -15V
15V

R1

15k
@

R2 §

10k

ReV

Output Swing
Goal
-10V to +10V
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Quiz: Linear Range ADC + INA

4. Referring to the circuit below, what is the purpose of the OPA3207?

a.
. The amplifier is not necessary.

b
C.
d

It Is required to achieve good settling on the switched capacitor input SAR.

The amplifier translates the £15V signal from the INA826 to OV to 5V range.
It matches the output impedance of the INA826 to the ADS8860 input impedance.

oV
=

REF6050 3V 3V
T

Reference
+15V — Vref AVDD DVDD
+15V -
f N\ Ul INA826 oY 290
Ra - OVto
10mVio Re g A OPAZ 5.0V
-15V v R OV to +5V BW = 20MHz WA ADS8860
/‘ 2.5V = 220 \ AGND  DGND
-15V
vcm = 0V Gain = 250 — NV
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