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Abstract 

Genetic algorithms (GAs) are search and optimization techniques that are used in 

engineering applications like systems optimization equation solving and electronic circuits 

design and synthesis. genetic algorithms are used in the design and synthesis of fixed 

topology electronic circuits. Two types of digital integrated circuits are considered, CMOS 

NAND circuit and CMOS NOR circuit. 

Several gate circuits are designed and synthesized to obtain the best value of (W/ L) s 

for the transistors in the circuits. These aspect ratios minimize the required circuit total 

chip area while still satisfying the logic function of the circuit with minimum deviation 

from the ideal characteristics. The resultant gate structures have less aspect ratio than 

those resulting from the traditional design techniques. 

 

 

 ةــــــــالخلاص

ضم، حسخخذو في كثيز يٍ انخطبيقاث انخىارسييت انجيُيت هي عبارة عٍ حقُياث  بحث وإيجاد الأف

  انهُذسيت يثم عًهياث أيجاد الأفضم، حم انًعادلاث انزياضيت وحصًيى وحزكيب انذوائز الانكخزوَيت. 

اسخخذيج انخىارسييت انجيُيت في حصًيى وحزكيب انذوائز الإنكخزوَيت و حى دراست َىعاٌ يٍ انذوائز 

 .CMOC NOR ةودائز CMOS NANDة الإنكخزوَيت: دائز

نهخزاَشسخىراث في  (W/L)حى حصًيى و حزكيب عذة دوائز بىاباث نهحصىل عهى أفضم قيى نـ 

انذوائز. إٌ َسب الاسخطانت هذِ حقهم يساحت انذائزة انكهيت انًطهىبت عهى انزقاقت بيًُا حبقى ححقق انذانت 

ب انبىاباث انُاحجت حًخهك انًُطقيت انًطهىبت يٍ انذائزة بأقم اَحزاف عٍ انخصائص انًثانيت. إٌ حزاكي

 َسب اسخطانت اقم يٍ حهك انُاحجت يٍ أسانيب انخصًيى انخقهيذيت.
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1. Introduction 

In this paper, the design and synthesis of a class of digital integrated circuit using 

Genetic Algorithms are presented. The design includes the design and realization of CMOS 

NAND and NOR circuits. 

The design involves minimizing certain parameters and satisfies the required specified 

characteristic. The realized circuits are simulated using MATLAB, and compared these results 

with standard design [1]. 

The principle the Genetic Algorithm program should obtain the best values of the four 

aspect ratio (W/L)1 and (W/L)4 . since the best values of the aspect ratio mean minimum chip 

area required for fabrication. 

 

2. Genetic Algorithm in Electronic 

Genetic algorithms are search algorithms based on the mechanics of natural selection 

and natural genetics. In GAs, the search is divided into generations each generation consists 

of a number of individuals and each individual describes the problem parameters that should 

be optimized [2]. The main advantage of GAs over traditional optimization techniques is that 

they are used in situations in which no analytical formulation can be found for the 

mathematical description of the problem [3,4]. 

One of the relatively new and important applications for Genetic Algorithms GAs is the 

design and synthesis of electronic circuits [5]. This application suits GAs very much because 

designing electronic circuits is a problem that involves optimizing a very large number of 

parameters. For example to design a filter or an Op Amp we need to specify the values of tens 

of elements like resistor, capacitors, the parameters of the transistors and diodes in addition to 

determining the way these elements are connected together.  

To reduce the cost of the design, one has to reduce the number of components (in the 

case of discrete elements implementation) and their (in the case of implementing the circuit 

using ICs), and at the same time obtain good performance regarding the frequency and phase 

response for the filter and the gain, bandwidth, slew rate, and other parameters for the Op 

Amp [6], response times, fan in, and fan out in the case of digital circuits.  

Since solving this problem using traditional maximizing and minimizing techniques is 

almost impossible, GAs arises as the best solution. The use of genetic algorithms in 

electronics is very important now as the electronic industry is evolving and almost all circuit 

design becoming automated. 
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The main reason why Genetic Algorithms are very successful in electronics is that most 

electronic system design tasks deal with nonlinear equations that usually not suitable to be 

dealt with using traditional techniques. Taking the transistor for example, each transistor has a 

nonlinear relation between voltage and current and usually this relation is different in regions 

of operation [7].  

For example, the equation is different in the active region from the one in the saturation 

region. The traditional design techniques will not be systematic in these cases and will rely 

mainly on trial and error principle. 

The main issue in GAs in electronic circuit design is that how the chromosome will 

describe the circuit. The design starts by defining the parameters for encoding in the 

chromosomes. These parameters determine the circuit behavior.  

For example a certain design contains four aspect ratio then the chromosome should 

include the values of all the four parameters. The number of bits used for each parameter is 

determined based on the acceptable range for that parameter and the resolution, i.e. the 

increment between two consecutive values. 

 

3. Chromosome representation  
 

In Genetic algorithms (GAs), the search is divided in to generations each generation 

consists of a number of chromosomes and each chromosomes describes the problem 

parameters that should be optimized.  Theses individuals are called chromosomes, a tem 

borrowed from biological genetics [8] .  

The chromosomes describes the problem parameters by a specific mapping designed by 

the programmer. usually the  chromosome encodes the information of these parameters using 

binary encoding (it is most common way of encoding due to simplicity in implementation and 

ability to encode all types of parameters). An example of how the chromosome encodes 

parameters is how in figure below.   

 

1 0 1 1 1 0 0 1 0 0 .............. 1 0 1 

Parameter 1 Parameter 2 Parameter n 

 

Notice that the parameters should not have the same number of bits each.  
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The program structure is explained in the following flow chart.  

 

Initialization of the first generation based on the 

values of the no . of bits per chromosome and the 

total no .of  chromosome per generation 

Computing the fitness for all 
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Selecting chromosomes 
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4. Design and Simulation of Digital Integrated Circuit Based on 

Genetic Algorithm     

Genetic Algorithm is employed here to minimize the chip area required for fabrication. 

A CMOS logic NAND circuit in fig.(1) is taken as an illustrative example. It consist of four 

transistors(2n and 2p). Therefore the Genetic Algorithm program should obtain the best 

values of the four aspect ratio (W/L)1 and (W/L)4 . The minimization of these aspect ratio is 

very important factor for reducing the chip area. The total chip area which is computed as in 

equation (1) below [8].  

 

i

n

i

i LWAreachipTotal 

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        (1)   

 

Where:  Wi and Li are the ith width and length of the transistors respectively and n is the 

total number of transistors in the circuit. Since L is considered unity (the minimum length that 

can be fabricated on the chip), the value of W/L is usually considered the same as W × L  [8] 

and the area is: 
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This area is measured in units of L
2
. For example if L is ,1 m  then the area is measured 

in unit of 2m .  Since the minimization of the total area is given by: 
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where: 

i
L

W
)( is the aspect ratio of the ith transistor.  

And the correct operation as a NAND circuit is the two factors that were used to 

compute the fitness of each chromosome.  

The correct operation is measured using the voltage error factor. This voltage error is the 

sum of error between ideal output and real output for various input values for VA and VB. The 

following equation was used to compute the fitness [8]. 
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areavoltage

fitness
1

error 

1
      (4) 

The fitness computation function will first decode the chromosomes to get the 

parameters to be optimized. Because our goal is minimization of total chip area, these 

parameters are only the set of aspect ratio of the transistors because all other technological 

parameters in the transistors are fixed like ,,,  n …etc.  

The ranges of possible values for (W/L) are taken to be 0.1to100 with a step size of 0.1. 

After decoding the values of ( ii LW / ), these values are normalized so that the minimum is 1. 

The normalization is done by dividing the set of ( ii LW / ) by the minimum aspect ratio.  

The range described above needs 10 bits for each (W/L). So the chromosome length will 

be 10 × n. where n is the number of transistors in the circuit. 

 

Table (1) shows the last generation value of these parameters. 

Table (1) the CMOS logic NAND best values 

 

 
 

From the above table it can be seen that the realized CMOS NAND circuit has minimum 

area and voltage error compared with that obtained by the design found in [1]. 

 The simulated NAND circuit response shown in fig.(2) is obtained using MATLAB 

package.  

 

 

parameter Values of GAs design Values of  Standard design 

(W/L)1 1.0345 2.5 

(W/L)2 1 2.5 

(W/L)3 1.3009 2.5 

(W/L)4 1.348 2.5 

Area 4.6834 10 

Voltage error 3.8716 8.4351 
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Fig. (1) A CMOS NAND Circuit 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2) The NAND Circuit Response to input values of VA and VB. 
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Another example is also investigated a CMOS logic NOR circuit type is designed using 

the same procedure. 

It also consists of four transistors (2n and 2p) as shown in fig.(3). 

 

 

 

 

 

 

 

 

 

Fig. (3) A CMOS NOR Circuit 

 

Table (2) shows the last generation values of these parameters. 

 

Table (2) the CMOS logic NOR best values 

 

 

 

From the above table it can be seen that the realized CMOC NOR circuit has minimum 

area and voltage error compared with that obtained by the design found in [1]. Beside that the 

NOR circuit response is preserved as shown in fig.(4). 

parameter Values of AGs  design Values of  Standard design 

(W/L)1 1 2.5 

(W/L)2 1.0018 2.5 

(W/L)3 1.2921 5 

(W/L)4 1.0412 5 

Area 4.3351 15 

Voltage error 11.5829 13.73 
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Fig. (4) The NOR Circuit Response to input values of VA and VB. 

 

It can be seen from the result obtained from GAs, that minimum chip area can be 

achieved. To prove this, a compression between standard design method and GAs is made. 

Table (3) presents the results obtained using the Genetic Algorithm program and a standard 

design like traditional CMOS gates given in [1]. The comparison states clearly that GAs 

results are much better in achieving compromise between the total area and the voltage error 

for the NAND and NOR circuits than the design found in [1]. 

 

Table (3) Comparison between GAs Design and the Standard Design 
 

 
NAND NOR 

GA design Standard design GA design Standard design 

(W/L)1 1.0345 2.5 1 2.5 

(W/L)2 1 2.5 1.0018 2.5 

(W/L)3 1.3009 2.5 1.2921 5 

(W/L)4 1.348 2.5 1.0412 5 

Area 4.6834 10 4.3351 15 

Voltage error 3.8716 8.4351 11.5829 13.73 
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4. Conclusions 

This paper is concerned with design and realization digital integrated circuits based on 

using genetic algorithm concept. The main objective of the design method for this types is the 

minimization of the chip area required for fabrication. In digital IC the chip area is determined 

by transistors aspect ratio, this is then the function of this minimization procedure.  

Genetic algorithms are realized to minimize the chip area required while sustaining the 

other performances such as frequency characteristic, transfer curve, etc'. To conclude the 

objectives of this work the following points are presented.      

 GAs is in general more suitable to the problem of electronic circuits design and 

synthesis than a traditional technique like Newton-Raphson method that works on 

approximate and trial and error solutions. 
 

 The advantage of GAs over traditional techniques is that it is more suitable for 

complicated structure. i.e. large set of equations with larger number of parameters, 

nonlinearities and nonsystematic equations.  
 

 The  GAs programs should be designed in a very flexible manner especially when the 

program deals with a complicated problem and the execution time is relatively long (in 

ours). Flexibility includes: 

 
 

1. Storing the results after each generation. 

2. Stopping the program and resuming its execution. 

3. Monitoring the program status by observing as much amount of details as 

possible while the program is running. 
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