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ABSTRACT: 
          The trend towards low voltage low power 

silicon chip systems has been growing quickly 

due to the increasing demand of smaller size and 

longer battery life for portable applications in 

all marketing segments including 

telecommunications, medical, computers and 

consumer electronics. The supply voltage is 

being scaled down to reduce overall power 

consumption of the system. 

          The objective of this project is to 

implement the full custom design of low voltage 

and low power operational amplifier for the 

Biomedical and Telecommunications 

applications. This project presents the 

operational amplifier schematic implementation, 

simulation results and the layout with the 

0.18µm technology. The operational amplifier is 

used to implement the ADC circuit. 

          This project will briefly outline the 

performance of operational amplifier (input 

stage compensated). 

Keywords - CMRR, MOSFET, OTA, PSRR, 

Slew Rate,  SNR. 

 

1. Introduction: 
Improvements in processing have pushed 

scaling of device dimensions persistently over the 

past years. The main drive behind this trend is the 

resulting reduction in IC production cost since 

more components on a chip are possible. In 

addition to device scaling, the increase in the 

portable electronics market is also encouraging 

low voltage and low power circuitry since this 

would reduce battery size and weight and enable 

longer battery life time. 

Operational amplifier, which has become 

one of the most versatile and important building 

blocks in analog circuit design. There are two 

operational amplifiers developed. Operational 

transconductance amplifiers (unbuffered) have the 

output resistance typically very high. The other one  

 

 

 

is the buffered amplifiers (voltage operational 

amplifier) typically low output resistance. 

The differential transconductance stage 

introduced in the input of the operational amplifier 

and sometimes provides the differential to single 

ended conversion. Normally, a good portion of the 

overall gain is provided by differential input stage, 

which improves the noise and offset performance. 

          The second stage is typically an inverter. If 

the differential input stage does not perform the 

differential to single ended conversion, then it is 

accomplished in the second stage inverter. If the 

operational amplifier must drive a low resistance 

load, the second stage must be followed by a buffer 

stage whose objective is to lower the output 

resistance and maintain a large signal swing. 

          Bias circuits are provided to establish the 

operating point for each transistor in its quiescent 

state. Compensation is required to achieve stable 

closed loop performance.  

      In 1934 Harry Black commuted from his home 

in New York City to work at Bell Labs. In the 

middle 1960’s that Fairchild released the μA709. 

This was the first commercially successful IC 

operational amplifier, and Robert J. Widler 

designed it. 

PARAMETER 

NAME 

PARAMETER 

SYMBOL 

VALUE 

Input current IIN 0 

Input offset 

voltage 

VOS 0 

Input impedance ZIN ∞ 

Output 

impedance 

ZOUT 0 

Gain A ∞ 
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Table 1: List of the basic ideal Operational 

amplifier assumptions 

 Operational Amplifier Performance 

parameters are Input Offset Voltage, Input Offset 

Current, Input Bias Current, Input Resistance, 

Output Voltage Swing, Common-Mode Rejection 

Ratio (CMRR), Power Supply Voltage Rejection 

Ratio (PSRR), Slew Rate, Settling Time, Phase 

Margin, Gain Margin, Signal-to-noise ratio. 

   

2. Categorization of Operational amplifier’s 

 
Fig 1: categorization of operational amplifier 

 

3. Architectures of operational amplifier 
The operational amplifier are basically divided into 

two types    

                   

1. Single stage operational amplifier            

2. Multi stage operational amplifier 

 

Single stage OP-AMP’s have the 

characteristics are of superior frequency response, 

higher speed, low power, fast settling time and less 

design complexity. Its drawbacks are less open-

loop DC gain and compatible with only low 

frequency. 

 

Multi-stage OP-AMP’s are mainly 

classified into 3 types; two stage, Folded Cascade 

and Telescopic. 

 

Two-stage OP-AMP mainly consists of a 

cascade of Voltage to Current and Current to 

voltage stages. The first stage consists of a 

differential amplifier converting the differential 

input voltage to differential currents. These 

differential currents are applied to a current mirror 

load recovering the differential voltage. The second 

stage consists of common source MOSFET 

converting the second stage input voltage to 

current. This transistor is loaded by a current sink 

load, which converts the current to voltage at the 

output. The second stage is also nothing more than 

the current sink inverter. 

 

Folded cascode architecture was 

developed in part to improve the input common 

mode range and the power supply rejection of the 

two stage operational amplifier. One of the 

advantages of the folded cascode operational 

amplifier is that it has a push-pull output. The 

operational amplifier uses cascoding in the output 

stage combined with an unusual implementation of 

the differential amplifier to achieve good input 

common mode range. Thus, the folded cascade 

operational amplifier offers self-compensation, 

good input common mode range, and the gain of 

two stage operational amplifier. 

 

The telescopic architecture consumes less 

static power and also low-noise OTA. In this 

architecture, OTA is designed to be fully 

differential which doubles the effective output 

swing and the amount of current available for 

slewing and also effectively attenuate even-order 

harmonic distortion, substrate noise, supply noise, 

and common mode disturbances. One drawback in 

adopting a fully differential amplifier is the need 

for common-mode feedback. 

 

Comparison of Multi Stage Architectures: 

 
 

       Fig 2: comparison of multi-stage architectures 

 

4. Low Voltage Low Power Structures 
4.1 Input Stage: 

 

          The input stage of an operational amplifier 

has the task of sensing the differential input 

voltage. This process is disturbed by interference 

the signals such as offset, bias, drift, noise and 

common mode cross talk. The modeling of these 

signals has been discussed in different input 

topologies. The level of these additive inference 

signals determined the useful sensitivity of the 

amplifier. The design of the input stage should aim 

at low values of these interference signals, while 

the current consumption should be low, and a large 

portion of rail to rail range should be available for 

common mode signals. 

 

The different input topologies are  

 

1. P-channel and N-channel input stage 

2. CMOS complementary input stage 
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4.2 Output Stage: 

Classification 

number 

Connection of 

upper output 

transistor 

Connection of 

lower output 

transistor 

1 VF VF 

2 VF GA 

3 GA GA 

Table 2: classification of all possible push-pull 

output stages 

 

Output transistors can be generally being 

connected in three different ways: Firstly, in a 

general amplifier (GA) connection (common 

emitter or common source), secondly, in a voltage 

follower (VF) connection (common collector or 

common drain) and thirdly, in a current follower 

(CF) connection (common base or common gate). 

 

5. OP-AMP Specifications and Design  
The key criterion of this project is to 

operate with lower power supply and achieve large 

signal to noise ratio while maintaining less power 

consumption, low settling time, and reasonable 

gain. The table shows the full detailed 

specifications. The operational amplifier drives the 

small capacitive loads also.  

 

Input Stage: 

 To keep the signal-to-noise ratio as large 

as possible particularly in non-inverting op amp 

circuits, the common mode input voltage should be 

kept as wide as possible. This can be accomplished 

by placing N-type and P-type input pairs in 

parallel.                  

By placing two complementary 

differential pairs in parallel, it is possible to obtain 

a rail-to-rail input stage. The NMOS pair is in 

conduction for high input common-mode voltages 

while the PMOS pair is in conduction for low input 

common mode voltages and the both differential 

pairs can operate together for middle values of the 

input common-mode voltage. In this case, the total 

trans-conductance of the input stage is not constant 

It is also possible to obtain a constant 

trans-conductance; for low-input common-mode 

voltages only the PMOS pair is active, where for 

high ones only the NMOS pair is in conduction. 

For middle values, both pairs are “ON,” but each 

with reduced contribution (exactly the half in the 

“crossing point” condition). The constant- 

operation with low supply voltages is achieved by 

designing input transistors with large aspect ratios 

operating in weak inversion 

Since the input transistors are in weak 

inversion, the input transconductance is the same 

for low and high-input common-mode voltages. 

For “middle” values of common-mode input 

voltages, a reduced value of current flows in both 

the input pairs which is exactly half of the value 

compared to low and high common inputs. 

Consequently, the input transconductance is always 

the same. 

          The input stage mainly comprises of the 

CMOS complementary stage which consists of an 

N-differential pair and a P-differential pair to keep 

the signal-to-noise ratio as large as possible. The 

current bias transistors are used to keep the current 

flowing in the differential stage is constant. A 

much more serious drawback though is the 

variation of the input stage transconductance, gm 

with the common-mode input voltage. So that one 

to three mirrors have been used with the transistors 

operating in strong inversion, reducing the 

variation to about 15%, using a 1.8-V minimum 

supply voltage.   

        

6. SIMULATION RESULTS 
Input Stage: 

Name of the 

Transistor 

W/L Ratio’s (µm/ 

µm) 

M 

M1, M2 72/1 1 

M3, M4 181/1 1 

M5 361/1 1 

M6 145/1 1 

M7, M8 542/1 1 

M9, M10 217/1 1 

M11, M12 551/1 1 

M13, M14 734/1 1 

M15, M16 289/1 1 

M17, M18 361/1 1 

Table 3: W/L ratio’s of Input stage transistors 

 Fig 3: Differential Input Stage 
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Fig 4: Transconductance Compensation Stage 

 

 
Fig 5: Input stage of the operational amplifier 

 

 
 

Fig 6: Final Output waveform of Compensated i/p 

stage 

 

 

7. CONCLUSION 
In this paper, the OP-AMP’s input stage 

was compensated which results the output of the 

OP-AMP doesn’t  depends on the 

Transconductance. It is achieved by using the 

complementary differential pair transistors in the 

push pull configuration.  Finally Differential input 

stage and compensation stage was combined to 

produce the OP-AMP which consumes less power, 

less setling time and more gain. 
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