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Biopotential Amplifiers

Biopotentials arise from movement of ions in cells and 
organs. Signal Levels are small + noise levels are 
large 

Electrodes are the biosensor which converts from 
voltage (as ion potential energy – in tissue) 

→
voltage (as electron potential energy – in wires)

Biopotential amplifiers are required to

 Amplify signal levels while rejecting interference
 Maintain patient electrical safety
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Amplitude of biomedical signals
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Biopotential Amplifier 
requirements

Signals are small
Signals are low frequency

 Generally amplifiers should be limited to signal range

Voltage amplifiers required with high input impedance
Electrical shock protection of patient
Common mode (CM voltages are high)

 Active ground required
 High CMRR required

Quick calibration required
Lots of electrical interference in clinical milieu
Adjustable gain (signal levels vary significantly between patients)
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Gain: differential and 
common mode

In most biomedical measurements, we 
want to make difference 
measurements: v

+
 – v

– 
 

For biopotentials, this is because:
 The signals are inherently 

differential
 Differential measurements

 reduce noise
Differential gain works using a 

scissors analogy
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Gain: differential and 
common mode
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Based on difference measurements: v
+
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the output is:

where:
 A

d
: Differential Gain

 A
cm

: Common-mode Gain

 CMRR = A
d
/A

cm

Example:
 V

O
= 0.01V when V

–
=V

+
=1V

 V
O
= 0.02V when V

–
=1V & V

+
= 1V+1μV

 A
cm

 = 0.01→ A
d
 = 0.01V/1μV = 10000

 CMRR= A
d
/A

cm
 = 106 10000 → 20log

10
106  = 120dB

V O=Ad V −V −AcmV cm

whereV cm=
V V−

2
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Amplifiers: Ideal Op-amp

The ideal op-amp is the building block for most precision analog circuits
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    Linear behaviour
(amplifiers designed
to operate here)
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very large A ≈ 100k

Ideal Op-amp
  Inputs V

+
, V

–  
 draw no current

  Output V
O
 can source any current

  When you have negative feedback,  
      V

o
 “tries” to make V

–
 = V

+
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Amplifier Building Blocks:
The difference Amplifier

In most biomedical measurements, we want to make difference 
measurements (v

+
 – v

–
). 

We can use a difference amplifier
Because the circuits are linear we decompose the difference amp: 
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Amplifier Building Blocks:
the inverting amplifier

Because V
4
= 0, V

+
 = 0

Because V
–
 draws no current, i flows from V

3
 to V

O

We have negative feedback, therefore V
O
 does what it can to get V

–
=V

+
.

Since V
+
 = 0, V

–
 = 0.

Current i: (V
3
 – V

+
 = R

3
 i ) → i = V

3
/R

3

Output Voltage: V
–
  – V

O
 = R

4
 i →
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=−V 3

R4
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Amplifier Building Blocks:
the non-inverting amplifier

Current flows from V
4
to ground via R3, R4 

acting like a voltage divider.
We have negative feedback, therefore V

O
 does 

what it can to get V
–
=V

+
.

Current i: 

Output Voltage: V
–
  – V

O
 = R

4
 i
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V
3 Current i

V =
R4

R3R4
V 4

V 3−V =R3 i  i=
−R4

R3R3R4
V 4

R4
R3R4

V 4−V O=
−R4

2

R3 R3R4
V 4

V O=
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R3R4
1
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V 4=
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The difference Amplifier

Based on our analysis of each part of the difference amplifier,

V O=− R4R3 V 3   R4R3 V 4

V O= R4R3  V 4−V 3

Good circuit, balanced against
various op-amp defects.
Ampli has differential gain, but no
common mode gain.

Disadvantages:
 - need good matching R

3
, R

4

 - input impedance is low (=R
3
)
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The instrumentation amplifier

Advantages:
 High input impedance
 Matched components (available in chip form). Stable time/temp/freq

 Gain controlled by selection of R
1

Difference Amplifier
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The instrumentation amplifier

V
4

V
3

Current i

In both input op-amps, V
–
 = V

+
, since we 

have negative feedback.
Thus, we can analyse current i

Using the equation for the difference 
amplifier, we have 

i=
V −V −

RG
V 3−V 4=RG2R2 i

V 3−V 4=
RG2R2
RG

V −V −

V 3−V 4=12
R2
RG

V −V −

V O=
R4
R3

V 3−V 4

V O=12
R2
RG


R4
R3

V−V −
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Instrumentation Amplifiers

Spec sheet from: analog devices
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Questions

What are some requirements for medical amplifiers?
What is the CM signal? Why is it a problem?
Why are single chip instrumentation amplifiers better than 3 op-amp 

ones?
From the spec sheet: The internal gain resistors, R1 and R2, are 

trimmed to 24.7 kΩ, allowing the gain to be programmed with a single 
external resistor: G= 1+49.4kΩ/RG. What is R3, R4?

Exam 07f (1c) Because the scalp is an insulator, the EEG signal levels 
are small, and high amplification is required. Consider an EEG signal 
which causes a difference of 15μV between two electrodes. The neon 
interrogation lights cause a common mode signal of 1.8V on the scalp. 
Given an instrumentation amplifier with gain 10 and CMRR=80 dB, 
what level of common mode and difference signal will be measured?

Will twisting the EEG lead wires together help to reduce the interference 
from the lights?
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