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Abstract— This paper presents the design process of two 

stage operational amplifier with 0.18µm CMOS technology. 

In circuit where gain provided by input stage is not 

sufficient enough and additional amplification is necessary 

which is provided by second stage. 1.8 V supply voltage is 

used where the design and simulation has been carried out in 

ADS tool. Simulation result shows that the op-amp achieves 

good performance in gain, phase margin and bandwidth. 
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I. INTRODUCTION 

Operational amplifier (op-amp) is commonly used block of 

many analog and mixed signal systems. It is a high-gain DC 

amplifier that has differential inputs; the output voltage is 

the voltage difference between the two inputs multiplied by 

the gain. Op-amp can be used in audio and video amplifier, 

buffers, filters, line drivers, instrumentation amplifiers, 

oscillators, comparators and many other analog circuits. 

Nowadays, due to the industry trend of applying standard 

process technologies to implement digital and analog 

circuitry on same chip, complementary metal oxide 

semiconductor (CMOS) technology has become dominant 

over bipolar technology. In some application the gain and 

output swing provided by cascade op-amp are not adequate. 

In some cases we need two stage op-amp where the first 

stage providing high gain and the second stage providing 

large swing.[1] 

II. BLOCK DIAGRAM OF TWO STAGE OP-AMP 

 
Fig. 1: Block diagram of two stage op-amp 

The simplified block diagram shown in figure1, differential 

amplifier is first block which has two input i.e. inverting and 

non-inverting voltage. The gain provided by input is not 

sufficient enough and there is additional amplification is 

necessary, which is provided by common source second 

stage, driven by differential gain output. The common 

source second stage increase the DC gain for an given 

voltage supply by an order of magnitude and increase the 

output signal swing. Biasing circuit is used to provide 

proper operating point to each transistor in saturation region. 

Compensation circuit is used to compensate the overall 

circuitry. [1] [2] 

A. Circuit Operations 

 
Fig. 2 Circuit diagram of two stage op-amp 

Figure2 shows the circuit diagram op-amp which consists of 

three parts differential amplifier, second gain stage and 

biasing network. [3] 

B. Differential Gain Stage 

Transistors M1,M2,M3 and M4 cosntitute the first stage of 

op-amp which is diffrential amplifier. The gate of  M1 is 

non inverting input and gate of M2 is inverting input.The 

gain of this stage is the tranconductance of M1 times the 

total output esistanceseen at the drain of M2.The current 

mirror used in in this circuit has three distinct advantages. 

Frist in small amount of cip area the use of active load 

devices creats a large output resistance. Current mirror 

topology performs the diffrential to single ended 

conversionof the input signal.and the load helps with the 

comman mode rejection ratio. By using M3 and  M4  

(current mirror) conversion from diffrential to single ended 

is achieved. M3 and M4 mirror the current from M1and 

subtracted from M2.The diffrential current from M1 and M2 

multiplied bythe output resistance of input stage which gives 

single ended output voltage which is part input to the next 

stage. 

C. Common Source Second Gain Stage 

Current sink inverter is the second stage. To provide 

additional gain second gain stage is used which is of 

transistor M6 and M7. The output receives from drain of M2 

and amplifies it through M6 by common source 

configurations. 

D. Biasing circuit 

By using four transistors biasing of op-amp is achieved. 

Transistors M8 and M9 form a simple current mirror bias 

string that supplies a voltage between the gate and source 

ofM7 and M6. Transistors M6 and M7 sink a certain amount 

of current based on their gate to source voltage which is 

controlled by the bias string. Proper biasing of the other 

transistors in the circuit (M1-M5) is controlled by the node 

voltages present in the circuit itself. 
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III. DESIGN OF TWO STAGE OP-AMP 

The first aspect considered in the design was to meet the 

desired specifications. Based on a clear understanding of the 

specifications, we have chosen the standard CMOS op-amp 

circuit topology in our design. Where specification are 1.8 

voltage supply, 0.18µm technology, slew rate 10 V/µsec, 

CL=10pF, Gain≥60db. 

A. Design Methodology of Op-Amp 

Selection of MOS Transistor is the first and the most 

important step while designing of operational amplifier.As 

slew rate is given we found the current, which is used to 

flow in differential amplifier as we are using 0.18µm 

technology, our device length is fixed at 0.18 micrometre. 

The only parameter on which the Ids depend is “width” of 

the device. Assuming all transistors in saturation region. [4] 

From slew rate and capacitance we can find current 

flowing through transistor. Assuming slew rate is 10v/µsec. 
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By ICMR+  we can find (W/L) for M3 and M4 

considering ICMR+=1.6v and ICMR-=0.6v. 

As M1 and M2 are in saturation region using 

equation Vds>Vgs-Vt, as Vt=0.4v 

The current equation in saturation region is( 2 &3) 
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For calculating (W/L) ratio of M3 &M4 eq. (1&2) 

will used. For M1 & M2 eq.(3,4,5,6) will uesd andfor 

M5,M6 eq.3 will uesd. Where Ids(from current 

mirror)=100µAmp, Vdd=1.8v, Gain bandwidth= 4MHz . 

(W/L)1,2= 4, (W/L)3,4= 28, (W/L)5,6= 5 respectively 

for differential amplifier. 

 
Fig. 3: Block diagram of two stage CMOS Op-Amp 

Here gain provided by first differential amplifier is 

not sufficient enough hence second differential amplifier is 

added to achieve high gain.[4][5] 

IV. SIMULATION RESULT 

A. Transient Analysis 

 
Fig. 4 Transient analysis of two stage op-amp 

 
Fig. 5 Transient simulation of two stage op-amp 

Transient analysis shown that when we are giving input of 

1mV to first differential amplifier it gives output of 45mV 

and after second differential amplifier it gives 1.135v and 

finally after common source stage it gives output of 1v. 

B. AC Analysis 

Fig. 6: AC analysis of two stage op-amp 

 
Fig. 7: AC simulation of two stage op-amp 
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In AC analysis we examine the Gain, Phase Margin 

and Gain band width product. Start frequency=1 Hz, Stop 

frequency= 10GHz.The obtained gain from AC analysis of 

two stage op amp is 114db, whereas 39db is gain of first 

differential amplifier and 70db is of second differential 

amplifier. Gain bandwidth is 57 MHz and phase margin is 

75 degree. 

V. CONCLUSION 

In this work we designed two stage Op-amp where two 

differential amplifier used to increase gain, current mirror 

circuit used as biasing circuit, while R-C network used as 

compensation circuit and simulation shows the result.The 

op-amp has been designed in a 0.18μm CMOS technology. 

An ADS was used for circuit design and simulation and 

0.18μm CMOS technology are used at 1.8V 

supplyvoltage.The result shows that the amplifier designed 

has successfully satisfied all the design specification given 

in advance. 
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