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1.  INTRODUCTION
A signal conditioning circuit is needed to amplify weak

signal coming out of the sensor without any distortion. It is

desirable that signal conditioning circuit has low signal to noise

ratio with high CMRR and variable high gain. The amplifiers

most commonly used for this purpose are i) differential

amplifier [1], ii) bipolar transistor amplifier [2] and, iii) current

mode and voltage mode instrumentation amplifier [3]. A

typical available instrumentation amplifier has CMRR = 80 dB

and gain bandwidth = 1.5 MHz [4]. Instrumentation amplifier

of Charles Kitchin and Lew Counts is used as basic circuit for

development of a new instrumentation amplifier in the present

study [4]. It provides a variable high gain, low noise, high input

impedance and minimises the input bias current.

Figure 1: Modified low noise instrumentation amplifier with variable high gain
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Instrumentation amplifier consists of three op-amps. 2 Op-

amps are used for amplification and as input buffers; whereas

another one is used as a differential amplifier rejecting the

common mode signal. The variable resistor is used for gain

adjustment. However this circuit has few limitations. The gain

of the amplifier cannot exceed 10000.0 for DC amplification.

It is due to the amplification limit of the operational amplifier

used in the circuit. The instrumentation amplifier also has

mismatching of resistances in the circuit due to inherent

tolerances of the resistors. This degrades the CMRR of the

amplifier. These problems are addressed in the design of our

new amplifier circuit.

2.  PROPOSED AMPLIFIER CIRCUIT
To improve the range of the gain and CMRR, modification

were made on the basic instrumentation amplifier circuit as

shown in Figure 1. 

A cascaded differential amplifier OA4 is used to raise the

gain up to 10000.0. It also reduces the nonlinearity. The gain

expression for the modified circuits is given as:

(1)

where:

R1=R2=R3=R4, R5=R6, R8=R10 and R9=R19

The total DC CMRR of the instrumentation amplifier is given

in Equation 2 [5].

(2)

Where the subscripts IN and CA are used for instrumentation

amplifier and cascaded amplifier respectively, CMRRIN and

CMRRCA can be expressed [6]:

CMRRIN = 20 log (3)

CMRRCA = 20 log (4)

Equation 2 shows that one of the DC CMRR stages will

dominate the total DC CMRR if it is much smaller than that of

the other stage. We can control the DC CMRR of the modified

instrumentation amplifier by using only one variable resistor.

The variable resistor R19 is implemented in Figure 1. This

maximises the CMRR of the cascaded amplifier stage. Variable

Capacitor C6 is used to maximise the AC CMRR. The

modifications in the circuit are also aimed at reducing the noise

in the amplifier. A conventional offset trimming is used to

minimise the offset noise [7]. The capacitors C2, C3, C4 and C5

are used to decouple the power supply. Decoupling is needed to

assure that the noise current flows through the low impedance

bypass element rather than through the power supply [8].The

capacitors are also used as low pass filters for the high

frequency content of any current that does pass through the

series element, this make the power supply stable [8].

A prototype of the proposed amplifier is built on PCB

board. This helps in minimising the noise in the circuit. The

PCB layout is designed using Easy-PC software and developed

using standard etching technique. Figure 2 shows the prototype

of the amplifier.

3.  RESULTS AND DISCUSSION
Experimental verification of the new amplifier has been

carried out by using the prototype amplifier. The gain of the

circuit can be varied by adjusting the value of R1. The effects

of variable resistor R19 and variable capacitor C6 on CMRR

are studied and compared with the simulated results.

Simulation was performed using circuit simulator PSPICE, the

details of which are given in ref [9]. Figure 3 shows that the

amplifier operates linearly even beyond the gain of 10000.0.

Figure 4 shows the dependence of CMRR on R19. The

discrepancy between the experimental and simulated results is

due to the tolerance of components used in the prototype

circuit. The sharp rise in simulated CMRR value is due to the

impedance matching condition at R19 = 9.75K Ohm. Figure 5

shows that both experimental and simulated values of CMRR

decrease exponentially with input frequency. The maximum

value of 106 dB is obtained experimentally when R19 is kept

constant at 9.75K Ohms. This discrepancy in the results is also

attributed to the tolerance of the components and thermal

instability. The DC CMRR remains unchanged for the entire

range of amplifier gain (Figure 6).  The gain bandwidth product

of the amplifier is as high as 0.324 X 108 Hz.
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Figure 2: Prototype of the new amplifier 

Figure 3: Linearity of the amplifier 

061-064•low noise  8/30/06  12:27 PM  Page 62



Slew rate of the proposed amplifier is also tested. Figure 7

show that the propose amplifier has slew rate as low as 0.07 V/

µ s.

4.  CONCLUSION
A low noise variable high gain instrumentation amplifier

has been designed by using cascaded differential amplifier. The

main advantages of this amplifier are a high variable gain

(>10000gain) at minimum noise and high CMRR(106dB). The

AC and DC CMRR can be maximised by using a variable

capacitor and a variable resistor. This amplifier also has a wide

gain bandwidth product compared to other amplifier. �
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Figure 4: CMRR variation with respect to R19 

Figure 5: CMRR variation with respect to input frequency (R19 =
9.75K Ohms) 

Figure 6: CMRR versus the Gain Range (R19 = 9.75K Ohms)

Figure 7: Slew rate experimental results
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