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Abstract— Instrumentation amplifiers are important 

integrated circuits when dealing with low voltage situations. 

This application note will teach the reader how to design an 

instrumentation amplifier by discussing important 

characteristics and by deriving a transfer function. An 

instrumentation amplifier is an integrated circuit (IC) that is 

used to amplify a signal. This type of amplifier is in the 

differential amplifier family because it amplifies the 

difference between two inputs. The importance of an 

instrumentation amplifier is that it can reduce unwanted noise 

that is picked up by the circuit. The ability to reject noise or 

unwanted signals common to all IC pins is called the 

common-mode rejection ratio (CMRR). Instrumentation 

amplifiers are very useful due to their high CMRR. Other 

characteristics, such as high open loop gain, low DC offset 

and low drift, make this IC very important in circuit design. 
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I. INTRODUCTION 

An amplifier, electronic amplifier is an electronic device that 

can increase the power of a signal (a time-varying voltage or 

current). An amplifier functions by using electric power from 

a power supply to increase the amplitude of the voltage or 

current signal. An amplifier is effectively the opposite of an 

attenuator: while an amplifier provides gain, an attenuator 

provides loss. An amplifier can either be a separate piece of 

equipment or an electrical circuit contained within another 

device. Amplification is fundamental to modern electronics, 

and amplifiers are widely used in almost all electronic 

equipment. Amplifiers can be categorized in different ways. 

One is by the frequency of the electronic signal being 

amplified; audio amplifiers amplify signals the audio (sound) 

range of less than 20 kHz, RF amplifiers amplify frequencies 

in the radio frequency range between 20kHz and 300GHz. 

Another is which quantity, voltage or current is being 

amplified; amplifiers can be divided into voltage amplifiers, 

current amplifiers, transconductance amplifiers, and trans 

resistance amplifiers. A further distinction is whether the 

output is a linear or nonlinear representation of the input.  In 

"Electronics", small signal amplifiers are commonly used 

devices as they have the ability to amplify a relatively small 

input signal, for example from a Sensor such as a photo-

device. into a much larger output signal to drive a relay, lamp 

or loudspeaker for example.  There are many forms of 

electronic circuits classed as amplifiers, from Operational 

Amplifiers and Small Signal Amplifiers up to Large Signal 

and Power Amplifiers. The classification of an amplifier 

depends upon the size of the signal, large or small, its physical 

configuration and how it processes the input signal that is the 

relationship between input signal and current flowing in the 

load. 

II. OVERVIEW OF INAMP  

Instrumentation Amplifier (INAMP) can be implemented in 

block of 3 OTA INAMP. Our main concern while designing 

an INAMP is to reduce the interferences in the form of 

common mode voltage and high gain. The proposed complete 

INAMP shown. The first 2 OTA at the gain stage are identical 

and their transistor level. The two-stage OTA includes a bias 

circuit, a differential amplifier, a second gain stage and a 

compensation circuit. The differential amplifier stage 

provides gain to improve the performance in terms of noise 

and offset. The bias circuit is used to establish the operating 

point for all transistors in saturation as well as subthreshold 

region. The main motto of compensation circuit is to maintain 

the stability when negative feedback is applied to the OTA. 

The first two OTA are used in buffer mode to provide high 

input impedance followed by difference amplifier. All the 

transistors at stage one in saturation region and stage two 

transistors are in subthreshold region. Aspect ratio of all the 

transistors. This aspect ratio plays very important role in 

making transistors in saturation and subthreshold region. The 

value of resistive network of INAMP are gain resistor is 5K 

and all other are 10K for optimization. In operational 

amplifier load capacitor CL=2pF and miller capacitance 

(compensation capacitor) CC=440fF. 

In the analysis of instrumentation amplifier 2 volt 

power supply with bias current Ibias =20μA is used 

The general block of an INAMP is: 

 
Fig. 2.1: General block of IN AMP  

III. GM/ID METHODOLOGY 

In gm/Id Methodology OPAMP designed using MOS 

transistor back end data base. The database defines the 

characteristics of MOS transistor i.e., gm against varying W/L 

ratio, Id against Vov, Id/w against Vov, gm against Vov.  

Characteristic tables in the database can be accessed to select 
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the required W/L of the MOS transistor for the chosen 

overdrive voltage for the given specification. 

 
gm/ID  is maximum in weak inversion region and 

decreases as the operating point moves toward strong 

inversion. 

From the chosen overdrive voltage and using the 

following plots , fT and gain are estimated. If there is any 

deviation in the gain bandwidth from the specification, 

iterations are repeated with varying W and the optimal W 

which determines the gain bandwidth to specification is 

determined from ID/W and ID values.  

The plots used are:  

gm/gds  vs gm/ID  

fT vs gm/ID  

Id/W vs gm/ID  

ID/W vs Vov  

Some of the key features of gm/ID based design are 

as follows  

 This method gives us an idea of the device operating 

regime. The set of curves generated for a particular 

technology is continuous and there is no transition in 

equations from various regions of operation. Thus we can 

conveniently select the device operation as per our needs; 

 Using a pre-generated set of graphs for a particular 

technology we can easily arrive at the transistor 

dimensions meeting the specifications by breaking the 

amplifier into its basic constituent structures; 

 The number of iterations required in designing complex 

analog circuits is greatly reduced. Since there is complete 

characterization of the technology, additional graphs 

which completely characterize the parasitics can be 

generated and approximations equations determining the 

device behavior is eliminated. 

IV. EQUATIONS 

Design for op-amp 

DC gain                              :60dB           

GBW    : 30Mhz             

Phase Margin   :700              

Slew rate   :2 v/µs  

Icmr+    :2v 

Icmr-    :0.8v 

CL    :2Pf 

Power dissipation                    :300µw 

VDD    :2 

Technology   :180nm 

Length    :0.5µm  

Design for INAMP: 

Design for traditional method 

R1=10K      R2=5K      R3=10K      Rg=5K          

GAIN=VO/(V2-V1)*(1+2R1/Rg)*R3/R2  

=(1.6/800*10^3)*(1+(2*10*10^3)/(5*10^3))*((10*10^3)/(5*

10^3)) 

GAIN=120db 

Design for gm/ ID 

R1=10K    R2=5K    R3=10K     Rg=5K 

GAIN=VO/(V2-V1)*(1+2R1/Rg)*R3/R2  

=(1.9/800*10^3)*(1+(2*10*10^3)/(5*10^3))*((10*10^3)/(5*

10^3)) 

GAIN=130db 

V. FIGURES AND TABLES 

A. Schematic of Operational Amplifier: 

 
Fig. 5.1: schematic of operational amplifier 

This figure 5.1 shows the general schmetic for both the 

traditional and gm/ ID  method only W/L ratios in tne mosfet 

are changed. In gm/ ID  method we can expect high gain due to 

accurate W/L ratios. 

B. Output for traditional method – op-amp: 

 
Fig. 5.2: Gain for traditional method using op-amp 

 
Fig. 5.3: Slew rate for traditional method using op-amp 
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C. Output for gm/ ID method – op-amp: 

 
Fig. 5.4: Gain for gm/ ID method using op-amp 

 
Fig. 5.5: Slew rate for gm/ ID method using op-amp 

D. Schematic of Instrumentation Amplifier (INAMP): 

 
Fig. 5.6: schematic of Instrumentation amplifier 

E. Output for Traditional Method - INAMP: 

 
Fig. 5.7: Gain for traditional method using INAMP 

F. Output for traditional method - INAMP: 

 
Fig. 5.8: Output Waveform for traditional method using 

INAMP 

G. Output for gm/ ID method - INAMP: 

 
Fig. 5.9: Gain for gm/ ID method using INAMP 

H. Output for gm/ ID method – INAMP: 

 
Fig. 5.10: Output Waveform for gm/ ID method using 

INAMP 

I. Comparison Table: 

This table gives the information about the obtained graphs 

from the instrumentation amplifier which is obtained using 

two methods. 

S.NO PARAMETERS 
traditional 

method 

gm/ID 

method 

1 dc gain(DB) 118 131 

2 
output 

voltage(VOLTS) 
1.7 1.9 

We were not able to meet the specification in 

traditional method. But using the gm/ID methodology we met 

the specifications. It is because of the accurate ratios of width 

to length ratios. 
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VI. CONCLUSION 

In this paper, the designing concept for instrumental amplifier 

(IA) using modified 3 op-amp architecture with different 

transistor sizing for low voltage and low power sensor 

applications is unveiled. The design triumph comparatively 

improved gain & CMRR as compared to the state of art .The 

design also ensures moderate noise and power one of the 

main circuit application. 
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