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Abstract— Nowadays, operational amplifiers (op-amps) are widely used in numerous advanced electronic systems. Most of 

op-amps need a high gain, wide bandwidth, and an optimal swing. However, meeting these requirements all at the same time 

has been a challenging problem for analogue circuits designers. For different systems, many various structures have been used, 

and each has improved one of features of the amplifier in some way. In the present study, attempted was made to reach the best 

conditions for gain, bandwidth, and swing through appropriate parametric models. Of course, it is considered that the rest of 

circuit conditions do not undergo undesirable changes and get the best values [1]. 
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I. INTRODUCTION 

Amplifiers with more than one stage are those that provide 

the designer with high swing and high gain; however, one of 

the most important problems of such amplifiers is their low 

speed and lack of stability required for the circuit. The 

method used for parameterization is based on a two-stage, 

high-gain, optimal-swing, and wide-bandwidth amplifier 

design. Such a method is different from former ones in type 

of parameterization, voltage selection, and reliance on 

obtaining measures of integer values. In this paper, three 

new approaches to the integrated circuit operational 

amplifier designs have been discussed under conditions of 

high gain, wide bandwidth, and optimal swing in the CMOS. 

These conditions, of course, can only be realized when the 

parameters' values could be changed in COMS devices, and 

it is achieved when the devices are properly biased in design 

modes. 

 

For the first approach, form of the computations are given in 

terms of equations relevant to this method. By using such 

relations, specifications of the input stage transistors 

(including PMOS transistors that have a common 

architecture) were accurately calculated. However, for the 

second approach, a new architecture is also proposed in the 

stages design by which 0.18 micrometer data has been 

calculated in CMOS technology under conditions of 

desirable feed and the most appropriate threshold voltages. 

The third approach is also obtained homogenously and in 

compliance with an appropriate parameterization. 

Amplifying structure designed in the is of two-stage 

amplifiers, and the compensation method was used to solve 

problems of instability and low speed. Such compensation is 

of a hybrid type and was adopted from [2]. Circuit 

performance in the stimulation results is confirmed by 

HSPICE software. 

From the perspective of analogue systems, an op-amp 

amplifier should have the following structural conditions:  

 

1. The input resistance should be infinite,  

2. The output resistance should be zero,  

3. Open-loop voltage gain should be infinite,  

4. Bandwidth should be infinite,  

5. While voltage difference in the input is zero, the 

output voltage should also be zero, and, 

6. Characteristic curve should not change with 

temperature. 

These are desirable conditions that the design should try to 

enhance.  

 

II. ANALYSIS 

In the present research, gain, bandwidth, and swing were 

specifically studied; meanwhile, some other parameters 

were also considered. For example, it has been attempted to 

have the least power consumption. To have a high gain, 

wide bandwidth, and an optimal swing op-amp, using a two-

stage voltage amplifier is one the best existing structures. 

Cascode method was also used to enhance the gain and 

POMS input was prioritized. For the second stage, in 

compliance with the above-mentioned design which is the 

basis of the parameterization in this paper, a common source 

amplifier was used [2, 3]. Given the previous works in this 

field and review of the existing references, the best 

structural model is shown in Fig 1.  
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Fig 1. Structure of an op-amp in CMOS technology with a 

high gain and wide bandwidth. 

To analyze ac, small signal equivalent circuit could be used 

as shown in Fig 2. 

 

 
 

Fig 2. Small signal model.For the amplifier shown in 

Fig 2, the gain is given through the following relation: 

 

(1)  

 
The parameters in 1 are as follows: 

(2) 

 
(3) 

 
(4) 

 
(5) 

 
 

By adjusting the above parameters, we improved gain value 

for the amplifier. In designing the amplifying circuit, 

frequency response should also be considered; therefore, by 

conducting relevant analyses, the amount and location of the 

pole and circuit zeros can be calculated via: 

 

(6) 

 
(7) 

 
(8) 

 
(9) 

 
(10) 

 
In the above relations, values of Cm and CB are: 

(11) 

 
(12) 

 
By choosing appropriate values for circuit zeros and poles, 

the amount of bandwidth and settling time in the circuit 

could be determined. To reduce the order of voltage 

amplifying circuit, by equalizing the first zero and the second 

pole, one order of the system may be reduced and changed 

into a third order system [4, 5]. 

By using the above relations, voltage amplifier could be 

designed, and the intended parameters may be specified. 

Given that a pole and a zero should neutralize each other, this 

relation is obtained via   

 . By observing such facts and choosing values 

in Table 1 for circuit transistors, we have values for circuit 

transistors. 

Table 1. gm parameter for circuit transistors. 
gm  gm  

25 M4a و   M4b 5.6 M1a و   M1b 

21 M5a و   M5b 0.54 M2a وM2b 

6.1 M6a و   M6b 0.64 M3a و   M3b 

7.7 M8 0.62 M7a و   M7b 
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To design circuit transistors, relevant formulas could be used; 

however, by using Gm-Ic design method, values mentioned 

above could be easily designed with high accuracy. 

Table 2. sizes for transistors. 

 
L(nm) W(µm)  L(nm) W(µm)  

180 60 
M4a و   

M4b 
180, m=2 40 

M1a و   

M1b 

180, m=2 60 
M5a و   

M5b 
180 5 

M2a و

M2b 

360 50 
M6a و   

M6b 
180 30 

M3a و   

M3b 

180 90 M8 360 70 
M7a و   

M7b 

 

VB1=1.1   VB2=1.22   VB3=1   VB4=1.3   

 

It is important to consider transistors' settings at the 

saturation zone. In addition, because of the priority of 

parameterization mechanism in this paper, operating points 

for all transistors are given: 

 

  

 

 
 

To analyze the theory, first we assigned a power value to 

stage FOLDED CASCODE, (for example, 10 MW). Now, it 

could be said that the whole DC current can flow through 

transistors M6a and M6b. As a result, power consumption 

could be calculated via: 

(13)  

 
 
Transistors M6a and M6b are similar, thus their currents are 

equal. Therefore, the current for each is almost 2.8 MA, and 

we considered 1.4 MA as the current for the rest of the 

transistors. Now, differential output swing 2V should be 

taken into account, which results in relation 14:  

(14) 

 
 

 

We consider the effective voltages for POMS transistors 0.25 

V, because their mobility is low; also, transistor M6a has a 

higher effective voltage, since under such conditions its 
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current is larger than 0.18 V. As a result, the effective voltage 

for transistor M2a will be 0.12 V. for the ratio of length to 

width of transistors PMOS and NMOS, we have: 

 

(15) 

 
 

(16) 

 
Consider 

and , then: 

(17) 
 

 
 

(18) 

 

 
 

(19) 

 

 
 

(20) 

 

 
 

(21) 

 

 
 

The design is based on the obtained values and attempt was 

made to have round non-decimal numbers so that better 

results would be yielded. However, it should be noted that 

channel length modulation was not taken into account and 

SPICE provided a more accurate model for stimulation. By 

using SPICE and changing the length and width, the output 

optimal values are given. Variables and parameters measured 

are all based on the existing mathematical models and 

inspired by the best references in the field of analogue 

studies. 

Application of CMFB circuit 

 

For this entirely differential structure, two CMFB circuits 

were used to increase circuit speed [6, 7]. Such circuits apply 

output sample and adjust voltages shown in Fig 1 to obtain 

the best matching. Circuit model for the ideal CMFB is 

shown in Fig 3. 

 

 
Fig 3. Circuit CMFB. 

 

 

III. STIMULATION RESULTS FOR THE 

OPERATIONAL AMPLIFIER (OP-AMP) UNDER 

DESIRABLE CONDITIONS 

To stimulate the circuit (see Fig. 1), HSPICE software and 

0.18 Micrometer library of CMOS were used. Stimulation 

results for ac voltage amplifier are shown in Fig 4. To obtain 

the gain, we considered the input 1 V by using the software 

method; as a result, the output became equal to op-amp gain. 

Value of gain in this amplifier is 72 DB. When the gain is to 

be 0 Db, bandwidth is given in MHz. Thus, bandwidth for 

the designed amplifier is 526 MHz. Phase margin is 75°. 

Given that the result of the gain multiplied by the bandwidth 

is a constant, the increased gain results in bandwidth 

reduction. Therefore, it is important to select parameters 

properly to have all desirable conditions [8, 9]. 

 

 
 

Fig 4. Stimulation results for ac operational amplifier. 

 

SR calculation 
 

To calculate SR, we the differential amplifier of two-step 

voltages (with the highest changes in input) with a range 



 International Journal of Computer Sciences and Engineering               Vol.-2(12), PP(1-5) Dec 2014, E-ISSN: 2347-2693 

                             © 2014, IJCSE All Rights Reserved                                                                                                                5 

from about 20 to 50 MV in the amplifier inputs so that the 

largest changes are given in the differential output. To obtain 

negative SR, we apply the input voltages inversely. Fig 5. 

and Fig 6. show values obtained for positive and negative 

SR: 

 

 
Fig 5. Positive SR values. 

 

 
Fig 6. Negative SR value. 

 

To have an appropriate amount of output voltage swing, the 

two-stage structure should be used. Swing value for the 

circuit output is shown in Fig 7. To obtain the value of the 

swing, first we should put the op-amp in the open-loop state, 

and very low amplitude and frequency should be applied to 

the input. The initial value in which the output is distorted 

indicates maximum swing in the output. In other words, we 

apply sinusoidal signal in the input and we will have it 

amplified in the output. We increase input amplitude to the 

extent that the signal starts to cut off in the output [9]. For the 

amplifier, power consumption is 20 MW. 

 

 

Fig 7. Swing value for circuit output of op-amp in the 

differential state. 

IV. RESULT 

Engineers expect to reach the optimal results at the 

qualitative level of a circuit with respect to different 

parameters. Gain, bandwidth, and swing are three principles 

for designing such circuits, which can ultimately yield 

optimal results. By taking some steps in this regard, practical 

desirable results are certainly obtained .In this paper, we 

parametrically improved an op-amp that has been designed 

by using structures of two-stage amplifiers and relying on 

compensation methods of circuits. For the two-stage 

operational amplifier with differential model based on the 

CASCODE design, we adjusted the parameters to reach an 

appropriate gain, a desirable swing, and a wide bandwidth, 

which are the most important specifications of operational 

amplifiers. In addition, in the process, attempt was made to 

considerably reduce power consumption. 
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