Instrumentation Amplifiers: characteristics

By definition:

* Precise gain

* High input resistance
e Differential input

Other important features

* Low input referred offset voltage

* Low bias currents

* Low input referred voltage and current noise
« High CMRR

* Large bandwidth



Instrumentation Amplifiers: connection to the
source
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Monolithic In-Amps
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Input and output offset / noise
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Typical two-stage architecture of In-amps

Generally, A,= 1, thus:




Three-opamp instrumentation amplifier

First Stage Second Stage
IN-n
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RG1 = | r? W Mismatch of these resistors

D — AN MA— ‘/ degrades the CMRR of the
%G o T lout second stage. Resistor

> 5\ , trimming is necessary for
RG2 ; ; 7 CMRRs > 60 dB
N-p ® REF ™ The circuit that provides

Vger Must have a very low
output resistance (<<R)



Instrumentation Amplifiers
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Figure 8. Current Noise Spectral Density vs. Frequenc

(G = 1-1000)

Figure 8. Voltage Noise Spectral Density vs. Frequency,



GBW does not increase much beyond the G=10 case: BW affected by second stage

AD 620

Nearly constant GBW product: BW determined by first stage

N\

AD620

ADa20A ADa20B ADw208!
Maodel Conditions Min Tvp Max Min Tvp Max "/ Min Typ Max Units
DYNAMIC RESPONSE N
Small Signal -3 dB Bandwidth
G=1 1000 L 000 1000 kHz
G=10 B00 RO Slew/!-Rate B00 kHz
Go= 100 120 120 120 kHz=
G = 1000 12 12 / 12 kHz
Slew Rate 0.75 1.2 .75 1.2 0.75 1.2 Vips
Sertling Time o 0.01% 10V Step
G=1-100 15 Settling times 3 15 us
G = 1000 150 150 lis
NOISE Output noise >> input noise Broad-Band Noise: VSgg
Voltage Moise, 1 kHz Toral RTI Notse = (€ i v+ (emo | GF \ \
Input, Voltage Moise, ey o 13 \ 0 } 13 0 13 oV Hz
Chutput, Voltage Noise, & 72 1m0 72 10k . oV Hz
R‘I’Lui.Jl Ho 1o lﬁ He ' Low Frequency Noise
G=1 . 3.0 6. Integrated over 0.1-10Hz  |uV p-p
G=10 current | Broad-Band Noise: VSgs 035 o 033 03 “ﬂ -
Current Moise f=1kHz 100 1000 fAanHz
0.1 Hz to 10 He Integrated over 0.1-10 Hz S | b P pop
| i



Such a small offset voltage and offset drift is
the result of a laser-trimmed resistor-load

AD 620

The effective input referred offset (RTI)
Is a combination of the input and output offset

BJT input pair

/ Input offset

VOLTAGE OFFSET otal RTI Error = Vog + Vaso/G)
Inpur Offser, Vag Ve=25Vwx1s¥ 30 125 15 50 30 125 uv
Owver Temperamare Ve=45Vio 215V 185 Output offset 225 uv
A‘-‘cragc TC Ve=45Vio 215V 0.3 1.0 ﬂ.]dx& 0.3 1.0 uvr=C
Output Offset, Viso Ve=+15V 400 1000 200 500 400 1000 uv
Ve=+5V 1500 750 1500 uv
Owver Temperature V=25 Vo 215V 2000 1000 2000 uv
A‘-‘tragc TC "'-"5= +5Vio+15V 5.0 15 r 7.0 5.0 15 u\""'f
Offser Referred to the
Input vs.
Supply (PSR) V=123V £18V
G=1 B 100 B0 100 B 1040 dB
G=10 05 120 100 120 a5 120 dB
Go= 100 110 140 120 140 110 140 dB
G o= 1000 110 140 120 140 110 140 dB
INPFUT CURRENT
Input Bias Current 0.5 2.0 .5 1.0 05 2 nA
Over Temperatre 25 1.5 4 nA
Average TC 3.0 3.0 8.0 p&=C
Input Offset Current 0.3 1.0¢ 0.3 05 0.3 1.0 nA
Over Temperature 1.5 0.75 20 nA
Average TC 1.5 /I 5 8.0 pA~C
The input bias current and input offset current are similar, since
such a small bias current is the result of internal bias current cancellation
POWER SUPPLY
Operating Range* +2.3 +18 +2.3 +18 +2.3 +18 v
Quiescent Current Vg=4223Vtwo 18V 0.9 1.3 0.9 1.3 1.3 mA
Over Temperature 1.1 16 /1.1 1.6 1.6 mA

The AD 620 in-amp represent a good trade-off between input noise
voltage, input bias currents and supply current (quiescent current)
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The AD8429 has a much smaller input referred noise than the AD620
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Figure 26. RTI Voltage Noise Spectral Density vs. Frequency

VOLTAGE NOISE, RTI
Spectral Density': 1 kHz

Vi, Viem =0V

'

Input Voltage Noise, en 1.0 1.0 nV/y/Hz
Output Voltage Noise, eno 45 45 nV/JHz
Peak to Peak: 0.1 Hzto 10 Hz
G=1 2 2 uwp-p
G=1000 100 100 nV p-p
CURRENT NOISE
Spectral Density: 1 kHz 15 15 pA/\Hz
Peak to Peak: 0.1 Hzto 10 Hz 10(}\\ 100 pAp-p

o e —

..... but its input current noise is much larger..



AD 8429

The bias current (dc value) is also much larger than AD620 one

VOLTAGE OFFSET? /
Input Offset, Vas 150 50 v
Average TC 0.1 1 0.1 0.3 pv/eC
Output Offset, Vosa 1000 500 v
Average TC 3 10 3 10 pv/eC
Offset RTl vs. Supply (PSR) Ve=+5Vto+15V
G=1 90 100 dB
G=10 110 120 dB
G=100 130 130 dB
G=1000 130 130 dB
INPUT CURRENT ‘
Input Bias Current 300 150 nA
Average TC 250 250 pA/C
Input Offset Current 100 30 nA
Average TC 15 15 pA/C
DYNAMIC RESPONSE The AD8429 is faster than the AD62()
Small Signal Bandwidth: -3 dB
G=1 15 15 MHz
G=10 4 / 4 MHz
G=100 1.2 1.2 MHz
G=1000 0.15 0.15 MHz
.... but it requires much more quiescent curren
POWER SUPPLY
Operating Range +4 / +18 +4 +18 Vv
Quiescent Current 6.7 7 6.7 7 mA
T=125°C 9 9 mA




Instrumentation Amplifiers
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PARAMETER TEST CONDITIONS MIN y TYP MAX UNIT
INPUT!T
Offsat voltage, RTIE Vi +10 +25/G | +25 +75IG p
vs Temperatura 0.1 £0.5/G T [
vs Power supply PSR 1.8V 5 Vg £ 5.5V +1 45/G +5 +15/G uV
Long-tarm stability Sea nota
POWER SUPPLY
Voltage range
Single +18 +5.5 W
Dual +0.9 2275 W
Quiescent currant I Wi =Vgl2 50 75 i)




INA 333

FREQUENCY RESPONSE
Bandwidth, —3dB
G=1 150 kHz
G=10 as kHz
G =100 Small bandwidths 33 Kz
G = 1000 350 Hz
Sattling time to 0.01% s
G=1 Varep = 4V S0 ps
G =100 Viren = 4V 400 s
Very low input bias current
INPUT BIAS CURRENT
Input bias current la +70 +200 oA
w5 Temperature See Typical Characteristic curve pASC
Input offset current los +50 | +200 pA
w5 Temperature See Typical Characteristic curve pASC
INPUT VOLTAGE NOISE
Input voltage noise Era G =100, Rg =00}
f=10Hz Ly 50 n\i+Hz
f = 100Hz _ _ _—|" =0 nViNFz
f= 1kHz Large noise density = 50 —_—
f = 0.1Hz to 10Hz AD620 was 9 nV/VHz 1 Ve
Input current noise Iy
f=10Hz 100 fanHz
f=0.1Hz to 10Hz 2

Phee




INA 111: J-Fet input

W+

?T{m}
INAT11 Top View oiF
vy, O— h "
() Rg| 1 8 |Rg
A, YWAR
; - 10k P Connected ""HE TV
2) ﬁ.ﬁﬂ Internally V| 3 6 [vg
V- 4 5 Ref
. W [«
= 2512 G=1+ 20K
{15) Rg i
= Top View S0L-16 Surface Mount
., Ay WA — -
V"Dﬁ + Tk Tk M 1] O 16 | NC
% [Z] ap
oL MC ? ? MC
DIP—* *—(S0IC) = |
V- V|4 13 [ws
Mo —p 12 | Feedback
Note the presence of a s mP
. . = a
sense (Feedback) terminal in w7 et
the 16 pin case ne [8] 9 | nc
B _g—
INPUT
Offset Voltage, RTI
Initial Ty =+25°C +100 £ 500G | £500 + 20005 +400 £ 5000G | +1000 £50000G [TA'
vs Temperature Ta = Ty 10 Toaa +2 + 10/G £5 + 100/G +2 + HIG +10 + 100/G Y
ve Power Supply q = +6\ fo 218V 2 +1NG 30 + 100/G ¥ ¥ uWing

Offset is considerably worse than

AD620 which has a BJT input stage




INA 111

BlAS CURRENT +2 +20 ® ¥ p&
OFFSET CURRENT #0.1 +10 ® S pA&
NOISE VOLTAGE, RTI G = 1000, Ry = 00
f=100Hz 13 ® nWHNHz
f=1kHz 10 ® n¥NHz
f=10kHz 10 ® nWhHz
fg=0.1Hz to 10Hz 1 ® wp-p
Moise Current .
f=10kHz 0.8 ® fAMHz

.... but the (integrated) low-frequency
The broad-band input referred noise density voltage noise is much worse (was 0.28 pV) in
is similar to AD 620 ..... the AD 620

The strong advantage of a JFET input is the
negligible noise current density



| [’\D LTC1100

TECHNOLOGY Precision, Zero-Drift
Instrumentation Amplifier

Voltage Noise vs Frequency

The LTC 1100 uses an Autozero
technique to cancel the input offset and
N flicker noise.
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The side-effect is foldover, resulting in an
increased low-frequency noise density.
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Input Offset Voltage (Note 2) =1 =10 =1 =10 uV

Input Offset Voltage Drift (Note 2) 2 +5 =100 +D =100 nV/°C




