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Abstract:  Operational amplifier  contains basic current mirror and dual input differential amplifier. Basic Current mirror is an 
electronic circuit  which contains two transistors. The operation of the current mirror is  that whenever current is applied to 
drain of one of the transistors with some magnitude same current will produce at the output of another transistor, hence the 
name mirror of the input signal. Operational amplifier contains two legs- inverting leg, non- inverting leg. If  signals are applied 
to inverting and non-inverting legs , operational amplifier used as an amplifier and comparator or adder or subtractor. A two 
stage operational amplifier consists of a differential amplifier at the input stage.While the second stage is a high gain stage 
biased by the output of differential amplifier.  
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I. INTRODUCTION 
The surface knowledge of the operational amplifier is essential to implement any analog circuit as an amplifier.  Differential 
amplifier  play a vital role in operational amplifier , to amplify two differential signals.  The differential amplifier is a basic building 
block of an operational amplifier . The differential amplifier is the first stage, which accurately amplifies the difference between two 
input signals while rejecting any signals that are common to both inputs. This stage is crucial for achieving high precision in signal 
amplification.The current mirror, acting as the second stage, ensures consistent current flow within the amplifier circuit. It helps in 
stabilizing and boosting the gain further, ensuring that the amplifier can handle a wide range of input signals with minimal 
distortion. Isolation, instrumentation, and fully differential amplifier are the factors which effect differential amplifier classification 
.Use of differential amplifier is it draws small power during biasing condition. 
 

II. LITERATURE SURVEY 
1) Sachin K Rajput, B K Hemant  these authors proposed that designing a two-stage high gain low power Op Amp with current 

buffer compensation provides stability, higher gain, low  power consumption but had demerits like increased complexity, size 
and area considerations.  

2) Gaurab Gunjan Pathak, Debajit Das proposed that Design and simulation of a two stage op-amp using DG MOSFET for low 
power and low voltage amplifications using Double-Gate (DG) MOSFETs has low power consumption , low voltage operation 
but is sensitive to process variations , has limited bandwidth. 

3) J.P. Eggermont, B. Gentinne, and D. Flandre  proposed that designing a single-stage op-amp design utilizing a basic current 
mirror and a differential amplifier has merits like high-temperature operation, current mirror usage , single-stage design. 
                                                       

III. AIM, OBJECTIVES AND ADDITIVE CIRCUIT 
A. Aim 
The main aim of the project is to design and analyse high gain dual stage operational amplifier. 

 
B. Objectives 
The objectives of the project are 
1) To design a dual stage operational amplifier.  
2) To show that dual stage operational amplifier provides more gain and more gain bandwidth product than a single stage op amp. 
3) To compare power and enhanced amplification in single stage op amp and dual stage op amp. 
4) To design integrator as an application 
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C. Additive Circuit 
The Additive circuit that we are adding to the project is an Integrator. An inverting amplifier whose output voltage is proportional to 
the negative integral of the input voltage is an Integrator. Output signal magnitude is determined by the length of time a voltage is 
present at its input as the current through the feedback loop charges or discharges the capacitor as the required negative feedback 
occurs through the capacitor. 

 
 

IV. SOFTWARE USED 
Cadence Virtuoso is a prominent Electronic Design Automation (EDA) solutions provider, offering a comprehensive suite of tools 
for analog, mixed signal and integrated circuit (IC) design. It provides a suite of tools and features that enable us to process the 
design from initial schematic capture to final layout and verification. 
The Key features of Cadence Virtuoso are Schematic Capture, Layout Editor, Simulation and Analysis, Design and Rue Checking, 
Physical Verification, Parametric Analysis and Custom Design. 
The main Advantages of Cadence Virtuoso over other platforms are: 
High precision, Comprehensive toolset and Industry Standard. 

 
V. BLOCK DIAGRAMS 

A. General Block Diagram of two-stage op amp 

 
 
Differential Transconductance Stage amplifies the difference between the two input voltages (V1+ and V1-) and converts it in to a 
current.High Gain Stage further amplifies the current from the differential stage and converts it back to a voltage. The gain of this 
stage is also typically high, but it's not as high as the gain of the first stage.Compensation Circuitry helps to stabilize the op-amp and 
prevent it from oscillating.Bias Circuitry provides the DC voltages and currents that are needed to power the op-amp.Output Buffer 
isolates the output of the op-amp from the load . 
 
B. Single Stage op AMP 
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This is a single-stage operational OPAMP amplifier. It has 2PMOS transistors and 4 NMOS transistors. First two NMOS circuit is a  
basic current mirror. A remaining circuit called a differential amplifier. Differential amplifier contains two legs as a two inputs M1 
act as interfered input, if any signal  applied across to that input-output signal by an amplifier. If any signal applied to the second leg 
of the differential amplifier it will produce as comparator output or adder or subtract or output. Hence it will produce differential 
signal strength at output of the differential amplifier.                                                                                                 
 
C. Dual Stage op AMP 

 

 
 
1) First Stage: Differential Amplifier 
M1 and M2 are the input transistors forming the differential pair. The differential pair is responsible for amplifying the difference 
between the input voltages.M3 and M4 are the active load transistors for the differential pair. They act as current sources, providing 
high impedance which allows for high gain in this stage. Iref is the reference current source that sets the tail current for the 
differential pair. It defines the amount of current flowing through the differential pair and hence determines the transconductance of 
M1 and M2. 
 
2) Second Stage: Gain Stage 
M5 is a common-source amplifier transistor. It amplifies the signal further from the first stage .C0 is the compensation capacitor 
used for frequency compensation to ensure stability of the op-amp. It helps to dominate the pole of the frequency response, making 
the system stable. 
 
3) Output Stage 
M6 is the output transistor. It works as a source follower providing a low output impedance which is important for driving the load 
capacitor .C1: represents the load capacitance which the op-amp will drive. It includes any external load capacitance connected to 
the output as well as parasitic capacitance.  
 
4) Biasing and Current Mirrors 
M7 and M8  transistors are part of the biasing network. They ensure that the proper DC biasing conditions are maintained for the 
op-amp. M8 is typically used to provide a current mirror configuration to replicate the current from Iref to M5 ensuring the proper 
current distribution throughout the op-amp 
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VI. SCHEMATIC DESIGN AND SIMULATION RESULTS 
 

 
Fig 1 . Single Stage Op-amp circuit simulation 

 

 
Fig 2 . Symbol for Single Stage Op-amp 

 

 
Fig 3. Gain and Gain-Bandwidth product of Single Stage 
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Fig 4 . Static and Dynamic Power of Single Stage Op-amp 

 

 
Fig 5 . Dual Stage Op-amp circuit simulation 

 

 
Fig 6 . Symbol for Dual Stage Op-amp 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 12 Issue VI June 2024- Available at www.ijraset.com 
     

573 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 
Fig 7. Gain and Gain-Bandwidth product of Dual Stage 

 

 
Fig 8. Static and Dynamic Power of Single Stage Op-amp 

 
VII. EXPERIMENTAL RESULTS 

 
S.no  GAIN(dB) GAIN-BANDWIDTH 

PRODUCT(Mhz) 
POWER(STATIC & 
DYNAMIC) (mW) 

i Single Stage Op-amp 38 22 666.846(Static) 
           
666.227(Dynamic) 
 

ii Dual Stage Op-amp 60 30 369.64(Static) 
          
369.25(Dynamic) 
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VIII. CONCLUSION 
We can see from the experimental results the outputs of single stage ,dual stage and integrator. Gain of dual stage (60 dB) greater 
than single stage (38 dB). Gain bandwidth of dual stage ( 30Mhz) greater than single stage (22 Mhz) . Power of dual stage 
(369.64mW) less than single stage (666.846mW).Overall amplification of the operational amplifier is increased compared to a 
single-stage amplifier. 
 

IX. FUTURE SCOPE 
The future scope of full adders, which are fundamental components in digital electronics, is broad and influenced by several 
emerging technologies and trends in the field of computing and electronics. Here are some key areas where full adders are likely to 
see significant developments and applications:  
1) Advanced Communication Systems  
2) Internet of Things (IoT) 
3) Electric Vehicles (EVs) 
4) Renewable Energy 
5) Quantum Computing and Advanced Research 
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