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ABSTRACT  

In this essay, we first review the definition of a rational framework for optimization and its 

methods. The expression of the sample problem, the PSO algorithm and its application n 

electronics is one of the issues discussed here. Therefore, in this essay we will see the 

improvement of the output parameters of an electronic circuit by applying the proposed method. 

Evolution is an appropriate optimization process. Scientists use PSO mechanisms to create 

powerful and effective optimization tools for PSO Algorithm. In this essay, after selecting the 

topology of the circuit by the designer, the values of circuit parameters including the transistor 

size (length and width) of the bias capacitance and resistive circuit resistance of the circuit are 

proposed by the optimization algorithm and the requirements of the problem, including the gain 

values, the circuit power lost circuit, are optimized. The use of PSO and Beehive ABC 

algorithms is a new method for designing these circuits. This simulation is done using MATLAB 

and HSPICE software at the same time. And these two algorithms are compared with other 

methods performed on a circuit and finally, using evolutionary algorithms, the values are 

calculated for the parameters of a circuit to reach important metrics such as gain, bandwidth, 

power consumption, etc.  

Keywords: improved analog circuits, optimization algorithms, HSPICE. 

1. INTRODUCTION  

Electronics integrated circuits have 

introduced analogue and digital System 

together with the introduction of centralized 

systems on a chip. Although the analogue 

part contains a small percentage of the entire 

circuit, it is considered to be a vital part of 

the integrated circuits. The design of 

analogue part’s circuits is more complex 

than digital parts, and in addition to high 

cost and time-consuming design, it requires 

a high level of design expertise. Hence, 

optimal design of analogue integrated 

circuits is called the bottleneck of 

electronics circuit design [1-3].  
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The design of analogue circuits does not just 

include the design of the original design 

topology, but also the size and setting of the 

elements. Therefore, it is a complex and 

challenging process[4, 5]. The method of 

sizing elements is often a slow, frustrating, 

and repetitive process that depends on the 

designer’s knowledge, freshness and 

experience. For this reason, different 

methods have been proposed for the 

automatic design of analogue integrated 

circuits by researchers. The automatic 

design methods of the analogue integrated 

circuits have two important aspects: from 

the perspective of the first aspect, using 

these methods is no longer required in the 

manual, slow, and boring way of the past, 

and can easily be used in the design of large 

scale analogue circuits. Also, high accuracy, 

ease of use, genericity flexibility and design 

time are among the other benefits. But in 

terms of the second aspect, the advancement 

in the use of automatic design methods of 

analogue circuits and the CAD tools in this 

field is far behind digital circuits, and very 

few are commercialized. Therefore, the 

development of new CAD tools to increase 

design efficiency, reduce the time to market 

and control the cost of designing integrated 

circuits analogue and mixed signal is 

essential [6-9].  

New tools for automatic design of integrated 

circuits analogue are comprised of two basic 

components: the synthesis and optimization 

section. In the synthesis section, response or 

responses are introduced as output, but 

usually the answer provided is not the best 

answer possible, with some changes there 

may be better results. Hence, in the 

optimization section, the responses obtained 

from the previous section to each other will 

approach the best possible response[10-12].  

Today, researchers use different 

optimization methods in the tools of 

automatic design of integrated circuits 

analogue. The new approach of researchers 

in recent years is using of innovative 

algorithms, especially collective intelligence 

algorithms. The most prominent feature of 

the collective intelligence algorithms is their 

social behaviors. These algorithms consist of 

members that display simple behaviors, but 

the collective effect of these behaviors is 

such that they result in collective 

intelligence. Collective intelligence 

algorithms team members collaborate to 

achieve the ultimate goal. Of course, this 

method is more effective than when 

members act individually. Recently, 

collective intelligence optimization 

techniques have been increasingly 

welcomed due to their high performance 

functionalities and numerous pristine fields 

in circuit design applications. One of the 

newest collective intelligence algorithms is 

the GSA Gravitation Search Algorithm[13, 

14].  

This algorithm is devoted to the concepts of 

mass and gravity and the simulation of the 

relevant rules. But since the design of the 

analogue is a multi-objective problem, and 

the various indexes of the circuitry , such as 

gain, bandwidth, phase margin, and power 
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consumption, cannot easily be answered, the 

best answer[15-17].  

Hence, there must be compromises between 

the existing solutions that this reconciliation 

is possible with the help of several goal of 

making the optimization algorithm. In this 

essay, a new optimization tool is proposed 

for the automatic design of integrated 

circuits analogue based on the new 

algorithm PSO and ABC. This tool has 

extensive search capabilities within 

predetermined interval for each design 

criterion. The mentioned tool simulates the 

circuit in the beginning by using the 

HSPICE simulator software. Then the 

simulation results are optimized by 

optimization algorithms PSO and ABC, and 

the optimal results of this process with 

continue to be obtained.  

Optimization-based methods for 

synthesizing automatic design use an 

optimization engine instead of a design 

topology. The optimization process is a 

repeatable process that updates every design 

variable.  

This process continues until they reach a 

point of equilibrium. In terms of 

performance evaluation, the evaluation 

engine is usually implemented using 

equations based optimization techniques, 

simulation-based optimization or behavior-

based optimization.  

Equation-based methods use analytic design 

equations to evaluate circuit performance. 

These equations are created manually or 

automatically by symbolic analysis tools. 

Then the problem is formulated as an 

optimization problem and is usually solved 

using the numerical algorithm method[18-

21].  

In general, these categories of methods in 

determining the optimal performance of the 

circuit, are used as an analytical tool in the 

internal loop of the optimization process. 

2. RESEARCH METHODOLOGY  

We analyze two amplifiers with two beehive 

and particle mass algorithms using software 

MATLAB and HISPICE and compare the 

results. The problem of optimizing the 

differential amplifier circuit is solved by 

considering single-objective and multi-

objective methods. The solution method in 

both cases is the definitive method 

Geometric Programming. The characteristics 

that are considered as target functions in this 

optimization are power, UGBW, DC Gain.  

The unit gain bandwidth function (UGBW) 

and (DC Gain) dc are the optimal 

performance of the circuit for the high value 

of these functions. Therefore, minimizing 

target power functions, as well as 

maximizing target bandwidth functions and 

gaining profit, are the main objective of 

optimization.  

In the meantime, the problem has also been 

solved in the multi-purpose situation. In this 

sense, instead of considering only one 

objective function, weighted composition of 

each of the four defined objective functions 
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is considered at the main evaluator function. 

The weight composition considered in this 

essay is a function of the summed functions 

and also the product of functions. 

Obviously, the goal is to minimize the main 

evaluator’s function. It is necessary to 

reverse the function of the bandwidth of the 

unit and dc gain, which is intended to 

maximize them. Therefore, the main 

objective function in the total weighting is 

according to formula (1). Normally, values 

must be set to normal values. The main 

objective function is defined multiplicatively 

be four objective functions defined 

according to formula (2).  

In the partied, due to the fact that the tools 

of the toolbox are ready, there is no 

possibility to change them in general and 

that they are not applicable to all circuits, 

the method is difficult and the speed of 

response to some is very slow. First, using 

our HSPICE coding script, we set out list to 

simulate our circuit and get the amount of 

open circuit gain we get. For this purpose, 

for each node in our net list file, we select a 

number that uses these numbers (common 

nodes have the same number because they 

all have a given voltage and current) to 

determine the voltage and current of each 

cut.  

For example, for MOSFETS, with these 

values we will be able to calculate the 

MOSFET work area and, consequently, the 

amount of gain for each MOSFET. We need 

to combine all of the MOSFETS in the 

saturation bias region here, and because we 

want to use our circuit as the analogue 

circuit.  

The L and W values are in the gain and all 

other characteristics of the transistor. For 

example, they are involved in noise or the 

amount of slew rate or velocity, but 

according to our application, we use this 

channel length to provide some conditions, 

and we must know that we are always able 

to meet multiple demands and can not afford 

all the benefits or properties to hare together.  

For example, in a circuit we want to be 

faster and less noise at the same time. 

Whatever our demands are, the ration of our 

productivity will be reduced to a relatively 

small proportion, that is, when we do some 

optimization, we are surely at the cost of 

losing some of our other demands.  

In fact, in the social and natural 

environment, people and natural creatures 

do not enjoy all the benefits at the same 

time, and they will always lose cost for an 

advantage. It may be optimized in the 

direction of gain in the circuit, but at the 

same time there is an opposite course of 

motion with the slope of the output. But we 

must always make sure that the value of the 

demands that matter most to use is first and 

foremost to handle the process of forming 

the circuit for our important purposes. We 

must say that in this essay, the values of L, 

W and the input current of the source and 

reference voltage, we will be able to easily 

and quickly achieve our coding, using the 

two important applications of MATLAB and 
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HSPICE, and we will be able to when the 

device itself is produced, it’s easy for the 

user to decide on the length and width of the 

channel, and even use the power to draw the 

layout for the design of the integrated 

circuits. Also, we can even use this 

technique for digital circuits, and the speed 

with which digital circuits can be connected, 

which will result in the speed of our output 

segment. 

3. RESULTS AND DISCUSSIONS 

The findings have all come to mean small 

dimensions of the elements, less and 

acceptable time to carry out the analysis 

process and, of course, lower production 

costs. As far as ABC is concerned, in the 

result of the AD8531 sound amplifier to 

Gain we get about twice as much in the PSO 

method. Or in the results obtained from the 

two-stage diffential amplifier circuit, the 

power consumption in the PSO method is 

very valuable and abnormally high with the 

ABC method. Also, by comparing the 

optimization results in this circuits, the past 

analyzes of GA and DE (Barros et al, 2010).  

The superiority of the PSO method in all 

target functions is observed. It is noteworthy 

that the convergence graph (the process of 

PSO algorithm in 80 cycles and the ABC 

algorithm in 20 cycles) represents all of the 

above items. 

 

Table 1: The results of the ABC algorithm and the PSO algorithm  

in the amplifier circuit  AD8531 

 

Variable PSO ABC 

W1=W2  (um) 1.5137 24.9 

W3=W4(um) 2.2706 33 

W5(um) 2.6490 33 

W6(um) 3.0274 16.6 

W7=W10 (um) 1.1353 11.6 

W8(um) 1.8921 16 

W9(um) 2.6490 26 

W11(um) 3.7843 16 

W12(um) 3.0274 17 

W13(um) 4.1627 24.3 
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W14(um) 4.5411 13.66 

W15(um) 5.2980 21.32 

W16(um) 0.3784 20.23 

L1=L2  (um) 2.2706 6.4 

L3=L4(um) 3.4059 8.5 

L5(um) 3.0274 8.5 

L6(um) 5.6764 6.7 

L7=L10(um) 2.2706 17.9 

L8(um) 2.6490 20.1 

L9(um) 3.0274 22.11 

L11(um) 1.8921 18.65 

L12(um) 1.5137 30.3 

L13(um) 5.6764 15.3 

L14(um) 4.9196 12.56 

L15(um) 6.0549 20.12 

L16(um) 0.7569 17.54 

Iref1 4.5411  uA 43  uA 

DC  Gain 25.54  db 14.14  K 

UGBW 694.6 MHz 612.55  MHz 

Power(mW) 20.433 34.35 
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Table 2: The results of Differential amplifier two classes circuit  

by the PSO and ABC algorithms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable PSO ABC 

W1=W2  (um) 16.5000 16.7000 

W3=W4(um) 22.9000 26.1000 

W5(um) 40.5 76.6197 

W6(um) 36.9 208861 

W7=W8  (um) 96.3 45.0244 

L1=L2  (um) 4.5 9.3000 

L3=L4(um) 57.7 72.1000 

L5(um) 16.4 82.9000 

L6(um) 60.3 15.50000 

L7=L8(um) 99.2 49.1070 

Iref1 372.2 uA 43  uA 

Cc(pF) 17 26.3076 

DC  Gain 81.756 54.54 

UGBW 772.33 653.54 

Power(mW) 0.6 1.534 
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Table 3: Comparing results with different methods 

DE GA ABC PSO Constraints Specifications 

85.92 78.436 54.54 81.756 >=8.5 DC  gain  (dB) 

2.7684 6.6431 6.535 7.7233 >=2.5 GBW  (MHz) 

2.1298 2.4344 1.534 6/0  minimized Power(mW) 

11037 10533 9876 4534 - Total  run  time  (s) 

 

 

Figure 1: The ABC algorithm runs in 20 cycles 
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Figure 2: Convergence of the PSO algorithm in 80 repetitions 

 

Figure 3: Sound amplifier circuit AD8531 
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Figure 4: Differential amplifier circuit of two floors 

Table 4: Specifications of the amplifier design 

 

 

 

 

 

 

4. FORMULAS AND MATHEMATICAL 

RELATIONS 

The objective function is defined in the 

following. 

1. 𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒   𝑤1 . (
1

𝐵𝑊𝑛𝑜𝑟𝑚
) + 𝑤2. (

1

𝐺𝑎𝑖𝑛𝑛𝑜𝑟𝑚
) +

𝑤3 . 𝑁𝑜𝑖𝑠𝑒𝑛𝑜𝑟𝑚 + 𝑤4. 𝑝𝑜𝑤𝑒𝑟𝑛𝑜𝑟𝑚 

2. 𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒{(
1

𝐵𝑊
) . (

1

𝐺𝑎𝑖𝑛
) . 𝑁𝑜𝑖𝑠𝑒. 𝑃𝑜𝑤𝑒𝑟} 

 

 

5. DISCUSSION AND CONCLUSION  

This essay presents a framework for 

optimizing circuits. By using evolutionary 

algorithms, the values for the parameters of 

a circuit were calculated to reach important 

metrics such as gain, bandwidth, power 

consumption, and soon. The ABC and PSO 

algorithms were programmed into 

MATLAB software and connected to 

HSPICE software. By extracting the netlists 

from the software, in the MATLAB setting, 

the above algorithms were executed and the 

Required Specification 

90>         Gain(dB) 

>700khz UGBW(MHz) 

<50nv Noise 

1 Vdd(v) 
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appropriate parameters were extracted to 

achieve the desired target function. Due to 

the fact that several criteria (gain and 

bandwidth and power consumption) were 

considered in optimization, the objective 

function was written as a combination of 

metrics expressed as math. As a result, a 

multi-objective problem became a single-

objective problem. The results show that the 

PSO algorithm works much better than the 

ABC algorithm in terms of speed and 

efficiency (reaching the desired goal). At the 

end, the results of the other methods in the 

comparison of GA and DE studies and the 

better performance of PSO were confirmed.  

In order to improve the research, the 

following suggestions are presented blow: 

1. Finding a method for MATLAB 

software link with other software for 

analyzing and optimizing IC design can be a 

new way to optimize circuits.  

2. The use of algorithms and newer and 

faster methods for faster analysis, because 

for circuits with more parameters, such as 30 

transistors. It takes about 4 to 5 hours for 

this. For example, a new method has been 

proposed by an Iranian researcher called the 

stock market algorithm, which is suggested.  

3. One of the challenges of hardware 

programming languages is the optimization 

of digital circuits designed by programmers 

in these languages. Linking these software 

with MATLAB programs to improve these 

circuits is one of the most valuable work that 

is suggested as a continuation of the work. 
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