
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 06, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 279 

Design of Two Stage High Gain Differential Amplifier Using 45 nm 

Technology 

Mr. Kiran B. Admane1 Dr. M. B. Mali2 
1ME Student 2Head of Department 

1Department of VLSI & Embedded Systems Engineering 2Department of Electronics & 

Telecommunication Engineering 
1,2Sinhgad College of Engineering, Pune, India 

Abstract— Operational amplifier is a building block of an 

analog electronic. Now more number of application are using 

in their product. A Two stage differential amplifier Dual input 

and single ended output opamp is designed for high gain, high 

bandwidth, and for high noise immunity. This design have 

DC gain of 40dB, Phase Margin=57.8810, ICMR (+) =0.8v, 

ICMR (-) =0.8v, load capacitance ≤100fF. Vdd =1.1v. These 

specifications designed in the cadence virtuoso in 45nm 

technology. 
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I. INTRODUCTION 

Operational amplifier is mostly known as opamp which is 

mostly used in the application now days. It is used for 

understanding the DC bias circuit to filtering or high speed 

amplification circuit. It can easily perform analog signal 

processing using less number of components. It have large 

range of application which is used in much electronic circuit 

such as sample and hold circuit, A/D converter, switched 

capacitor filter etc. Now a day’s technology is moving 

forward to low power, small size so portable devices can use 

less power and operate for longer time. This is not limited to 

only in the IC but it will also use in the telecommunication. 

The technology is scaling down so that it will operate at high 

frequencies but it has increasing the designer’s problems. Op-

amp is just not used for the DC amplification but it will also 

used for signal conditioning as well as mathematical 

operations such as addition, subtraction, multiplication, 

division, integration, differentiation  and  logarithmic 

operation also. 

 The Opamp now become the essential component in 

the analog electronics such as logic gates become in the 

digital electronics. The recent technology use active filters in 

the wireless communication. This is operated on the radio 

frequency so opamp need to work in that range.  To avoid 

distortion in the signal slew rate must be high. Large 

bandwidth provides high speed operation but it also have to 

provide high signal to noise ratio. Essential requirement in the 

IC technology are high noise immunity, robustness, low cost, 

high noise immunity, flexibility etc. As scaling of the device 

CMOS provides flexibility. Important features of scaling of 

technology are increased frequency response and device 

packaging density. The thought behind this design is to get 

high gain and high Bandwidth with low power supply. For 

this differential amplifier designed. The results show the 

differential gain 40dB, phase margin 57.8810, slew rate 5 

v/μs, and are some important parameters are designed here. 

Section 2 is about block diagram in which differential 

amplifier and common source amplifier are explained. 

Section 3 explains design methodology of opamp in which 

schematic of opamp, characteristics features of an opamp, 

and mathematical formulae used in the design. Section 4 

describes simulation result and waveforms in which how the 

results get obtained. 

II. BLOCK DIAGRAM 

Two stage amplifier consist of differential amplifier consist 

of first stage and common source amplifier at second stage. 

First stage that is differential amplifier gives increases the 

gain and second stage is common source amplifier also 

increases gain. The output of this gives high output voltage 

swing. Voltage swing is nothing but the difference between 

the maximum output voltages to the minimum output voltage. 

 
Fig. 1: Block Diagram of Two Stage Opamp 

 The block diagram of two stage operational 

amplifier is shown in Fig.1. In the block diagram first block 

is the differential amplifier in which it has two inputs that is 

inverting or non-inverting input it can provide single ended 

or differential voltage it will be depend on the circuit 

configuration. Single ended output decrease the output swing 

of the amplifier. 

 In the above circuit the gain provided by first stage 

i.e. differential amplifier stage is not enough so we need extra 

or more gain at the output so we have implemented a common 

source amplifier at the second stage which gives more gain at 

the output stage. Each transistor is in the saturation region in 

which proper operating point is settling because of the biasing 

circuit. 

III. DESIGN METHODOLOGY OF OPAMP 

A. Schematic of OPAMP 

The circuit Diagram below consists of two stages in which 

very high gain bandwidth can be obtained using common 

source amplifier at the output stage.  Fig.2.is circuit diagram 

which consist of differential amplifier stage, common source 

amplifier. 
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Fig. 2: Circuit Diagram of Differential Input Single ended 

Output Opamp for High Gain Bandwidth 

 The first stage of a circuit is known as differential 

amplifier stage is shown in Fig.3. The transistors NM0 and 

NM1 is the differential stage input and PMO and PM1 form 

the current mirror of the differential stage. NM3 is used for 

supply biasing current for the differential amplifier stage. The 

second stage of the differential input high grain output of the 

opamp is known as the gain stage. It consists of PM2 and 

NM5 this is also known as common source stage. In the 

circuit Cc is known as the coupling capacitor which also acts 

as the miller effect, it is in between the two cascade stages for 

to increase the capacitance between the two stages. It acts like 

a feedback in the circuit. To find out the small signal analysis 

of a differential input high grain output of a circuit some 

important parameters are described output impedance, 

voltage gain, input impedance etc. the simulation result of an 

opamp is described. The AC response of an opamp is shown 

below where the gain bandwidth, phase margin and DC gain 

are the response of the above circuit. 

B. Mathematical Formulae 

IRef  / IO => calculated from slew rate 

(
W

L
)3,4  => calculated from ICMR (+) 

(
W

L
)5    => calculated from ICMR (-) 

(
W

L
)1,2  => calculated from Gain-Bandwidth product 

(
W

L
)6 = (

W

L
)5 

S.R.  = 
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=  
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C dt
=  

I
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I3 = 
 μp COX (W/L)(VGS3−|Vtn|)2
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1) To find(
𝑊

𝐿
)3,4 

Considering the left part of the differential amplifier i.e. M1 

and M3 arrangement, There is limit on increasing Vin as M1 

needs to be ensured in saturation. Hence, 

VDS1
>  VGS1

−  Vt1
 

VD  −  VS1
>  VG1

−  VS1
− Vt1

 

VD1
>  VG1

−  Vt1
 

2) To find(
𝑊

𝐿
)1,2 

We need to find the GBW product considering M2 and M4 i.e. 

right part of differential amplifier. We will draw a small 

signal model. 

 Applying KCL at o/p node 

VO
1

SCL

 + 
VO

rO2 || rO4
 + gmVin = 0 

Av = 
− gm(rO2 ||rO4)

1+(SCL (rO2 ||rO4)
 

GBW = gm(rO2 ||rO4) X 
1

(rO2 || rO4)CL
 

Vinmin
= 0.8 V > VGS1

+  VDsat
 

ID1
= 

μn COX

2
 (

W

L
)1 (VGS1

− Vtn
)2 

IV. EXPERIMENTAL RESULTS 

AC analysis of a two stage differential amplifier of a circuit 

is given below. The circuit diagram above is implemented 

and the output response is taken in the cadence virtuoso tool. 

 
Fig. 5: DC Gain of a Differential Input High Gain Output 

Opamp 

Phase Margin is minimum 450 and it will be good at 600. 

Parameters Values 

Power Supply(V) 1.1 

Open loop gain(dB) 40 

Phase margin(deg) 57.881 

Gain Bandwidth 

Product (Ghz) 
5 

ICMR(+)(V) 0.8 

ICMR(-)(V) 0.8 

Power consumption 

(μW) 
< 3mW 

Table 1: Circuit Parameters 

To obtain high bandwidth and gain, the differential input high 

gain opamp is implemented using cmos. This design is 

implemented in the cadence virtuoso in 45 nm technology.  It 

gives the performance parameters with gain 40dB, Phase 

margin 57.8810, Gain Bandwidth product 5 GHz, and are the 

basic characteristics of the opamp. 

V. CONCLUSION 

To obtain high bandwidth and gain, the differential input high 

gain opamp is implemented using cmos. This design is 

implemented in the cadence virtuoso in 45 nm technology.  It 

gives the performance parameters with gain 40dB, Phase 

margin 57.8810, Gain Bandwidth product 5 GHz, and are the 

basic characteristics of the opamp. 
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