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1 Abstract 

The demand for high-speed and complex mixed-signal System-on-Chip (SoC) is increasing in 

recent time. The SoC integrates digital circuits and analog circuits on the same chip. The mature 

Computer-Aided-Design (CAD) tools have been established for digital circuits to improve the yield. 

But, the design of Complementary Metal Oxide Semiconductor (CMOS) based analog circuits having 

only tens of transistors needs an expert designer who has the thorough understanding of the device 

technology and models. The manual design of analog circuits is a challenging and time-consuming 

due to the increased complexity of physical models, process variations with downscaling of CMOS 

technology, and also due to the complex relationships between the design goals and the multiple design 

parameters. On the other hand number of analog circuit design engineers are very less. Automation for 

the analog design process is one of the best remedies to cope with the problem, especially time-to-

market considerations.  So, it motivates circuit designers to explore more CAD tools for analog circuits 

in the current years and the area of computer-aided analog circuit design has been the subject of 

dynamic research for several years now.    

In this work, application and performance evaluation of the Cuckoo Search (CS) algorithm for 

the automated design of the CMOS based analog circuits are proposed. It is explored for sizing of well-

known CMOS based analog circuits like current mirror, voltage divider, common source amplifie r, 

cascode amplifier, Voltage Controlled Oscillator (VCO), Differential Amplifier (DA) with current 

mirror load, two-stage op-amp, Miller Operational Transconductance Amplifier (OTA) and folded 

cascode OTA using 0.18 µm and/or 0.35 µm CMOS process technologies. The circuits are also 

designed using Differential Evolution (DE) and Particle Swarm Optimization (PSO) algorithms, to 

compare the performance of the CS algorithm with these commonly used algorithms. To exploit the 

benefits of the CS and PSO algorithms, further, a hybrid CSPSO algorithm by collaborating both 

algorithms is also implemented and explored for optimization of CMOS based analog circuits. Further, 

to test the robustness of the optimizer, the effect of Process, Voltage, and Temperature (PVT) 

variations on circuit performance are also analysed for DA and two-stage op-amp. Algorithms are 

implemented using the C language, interfaced with Ngspice circuit simulator and tested on a core i5™, 

2.4 GHz processor with 4 GB internal RAM using the Ubuntu operating system. The CS and hybrid 

CSPSO algorithms have obtained a higher success rate to optimize almost all tested circuits compared 

to the DE and PSO algorithms. 



4 
 

2 Brief Description on the State-of-the-Art of the Research Topic 

2.1 Motivation 

The design of analog circuits is more important in the electronic system because the world is 

basically analog in nature. The digital systems need analog components for interfacing with the outside 

world and nearly 75 % of System-on-chips (SoCs) contain an analog part [1] . Analog part of the SoC 

covers just roughly 10 % of the chip area. But, the design and validation of this portion take about 90% 

of the time needed to design the whole circuit due to the advancement in Integrated Circuit (IC) 

technology [2]. The downscaling of CMOS technology make the analog circuit design more complex 

and challenging. Further, the analog circuit design problem normally has many satisfactory solutions. 

However, within the very broad design space, there will commonly exist one optimum design that 

minimizes (or maximizes) one of the objectives, given a constraint on the other metrics. So, one can’t 

sure about the absolutely optimized parameters after the circuit is designed. The above-mentioned 

motives lead to the increasing requirements of a methodology that would automate certain portions of 

the analog circuit design flow. An automated design of the analog circuits can save a vast portion of 

the overall design cycle time and also reduces the cost required to design the IC. Nowadays, much 

research is being spent to develop an analog synthesis tool that would shorten the design time of the  

analog circuits. Many research institutions and researchers all around the world have been trying to 

develop and improve such a tool. 

2.2 Literature Review 

The optimization of an analog circuit is a process used to select the circuit design parameters 

value in such a way that the actual circuit performances meet the design specifications. Many 

optimization methods are explored for automated circuit sizing in the past as well as in the recent time. 

Optimization methods are mainly classified as gradient-based optimization also known as classica l 

optimization techniques, convex optimization, and evolutionary optimization also known as 

metaheuristic optimization techniques. The gradient-based optimization techniques are effective for 

small size design problems. These techniques require to compute derivatives and also need a good 

preliminary estimate for the design variables. In the absence of initial guess close to the globally 

optimum solution, these techniques would normally stick at a locally optimal solution for a non-

deterministic polynomial time (NP)-hard problems with large numbers of variables and non-linea r 

objective functions [3]. Examples of these techniques are sequential quadratic programming [4], 

Levenberg-Marquardt [5], steepest descent method [6], and phase I-II-III method of feasible directions 
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[7]. The convex optimization techniques give globally optimal result but need a very good 

understanding of circuit design and physical models to prepare constraints, which would be very tough 

reviewing the current state-of-the-art MOSFET models [8]. Examples of these techniques are the 

interior-point algorithm [9], geometric programming, etc. [10]. The evolutionary optimizat ion 

techniques can be used to solve multimodal optimization problems to explore the solution space more 

robustly [11]. These techniques do not undergo problems related with the gradient-based and convex 

optimization techniques. These techniques do not need familiarity with circuit design and physica l 

models. These techniques also do not need to compute complex mathematical calculation, however 

they give the global optimum solution. The main Evolutionary Algorithms (EAs) such as Simula ted 

Annealing (SA) [12],  Tabu Search (TS) [13][14], Genetic Algorithm (GA) [15], Differential Evolut ion 

(DE) [16], Particle Swarm Optimization (PSO)  [17][18], Harmony Search (HS) [19], Ant Colony 

Optimization (ACO) [20], and Artificial Bee Colony (ABC) [21][22] algorithms have become popular 

in engineering applications and other fields. As per No Free Lunch (NFL) theorem, no single algorit hm 

is best suited to solve all optimization problems [23]. 

A lot of research work has been devoted to EA-based optimization of different topologies of 

fundamental CMOS based analog circuits after proper circuit topology selection step in the analog 

circuit design flow [24][25][26][27][28][29][30][31]. The SA, TS, and GA require more computation 

time when the complexity of the design problem increases. The ACO algorithm takes less time and is 

far more consistent than GA in finding good results in problems of transistor sizing, so it is capable of 

replacing GA [32]. The PSO algorithm has been utilized for optimal sizing of  Differential Amplifie r 

(DA) with a current mirror as load and two-stage operational amplifier (op-amp) and compared with 

the performance of  GA in [33].  The authors concluded that the PSO algorithm satisfies the desired 

specification with a lesser total MOS transistor area. In [11], ultra-low power CMOS Miller 

Operational Transconductance Amplifier (OTA) and a three-stage CMOS Miller op-amp are 

optimized by GA, PSO, and Hierarchical PSO (HPSO) algorithms. The authors concluded that HPSO 

converges better than the others. The PSO algorithm gives better accuracy compared to GA in most of 

the applications.  ABC, DE and PSO algorithms have been explored to optimize CMOS Miller OTA 

in [34]. The authors concluded that DE achieves good performance than PSO, whereas ABC does not 

touch the goals. In [35], ABC, DE, HS, and PSO algorithms were used to optimize nth order filters. 

The authors concluded that HS is the fastest algorithm but has the maximum fault while the other 

algorithms converged superior. In [36], the performance of the HS and DE algorithms are compared, 

the authors also derived the same conclusion. The performance of the Modified PSO (MPSO) 
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algorithm with the standard PSO and ABC algorithms has been compared by optimizing bulk driven 

OTA and two-stage CMOS op-amp and authors concluded that modified PSO gives better results than 

the alternatives [37]. The ABC algorithm is good at exploration but poor at exploitation. Because of 

this deficiency, the ABC algorithm exhibits slower convergence speed in case of unimodal problems 

and traps in local minima while solving complex multimodal optimization problems. The Cuckoo 

Search (CS) algorithm, developed by Yang and Deb, is a population-based stochastic metaheurist ic 

optimization algorithm like ABC, PSO and DE algorithms [38][39]. But this algorithm uses some sort 

of elitism and/or selection similar to that used in harmony search. The CS algorithm requires fewer 

parameters to be adjusted and gives more efficient randomization as compared to PSO and DE 

algorithms. In [40], the performance of CS, DE, PSO and ABC algorithms is analyzed and compared.  

The authors concluded that the CS algorithm gives more precise and robust results than the PSO and 

ABC algorithms. The major applications of the CS algorithm are data clustering, data fusion, 

multilevel image thresholding, flood forecasting, traveling salesman problem, wireless sensor 

networks, flow shop scheduling, ontology matching, speaker recognition, web server composition, 

computer games and many more real work applications as reviewed in [41].  

3 Definition of the Problem 

 The aim of this research work is to develop an efficient framework for the automated sizing of 

an analog circuit. Many EAs such as SA, TS, GA, ACO, DE, PSO, ABC, etc. have been found in the 

literature to optimize the parameters of widely used CMOS based analog circuits. Most of the circuit 

design optimization problems concurrently need different types of variables, objective, and constraint 

functions in their formulation. To guarantee this, search space should be smooth and the optimizat ion 

process should be consistent. As the algorithm related parameters affect the performance of an analog 

circuit, proper selection of these parameters is a very crucial problem for analog circuit design 

automation. The performance of an optimization algorithm varies with optimization problem. The 

problem of the analog circuit design can be considered as a multimodal, multi-objective and multi-

constrained optimization problem. It demands an efficient optimization technique for optimum sizing 

of design parameters for CMOS based analog circuits. The CS algorithm is a recently developed 

evolutionary algorithm in which very few parameters need to be set and has a good ability to find the 

global optimum solution as compared to other popular EAs. As per the literature, the CS algorithm has 

been used for the number of highly non-linear optimization problems with real-world engineer ing 

applications, however, it has not been tested to optimize an analog circuit. The intention of this research 
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is to explore the CS algorithm for the optimization of different CMOS based analog circuits and 

evaluate its performance for this application.  Also, to compare the performance of the CS algorithm 

with respect to other commonly used EAs for validation. Further, to find the worst-case performance 

values for a few circuits considering the important factors for the performance variation of an analog 

circuit.  

4 Objective and Scope of Work 

 The purpose of the present work is to investigate the potential role of the optimizat ion 

algorithms for the design of CMOS based analog circuits.  

 To examine start-of-the-art and innovative multi-objective optimization methods. 

 To implement chosen popular optimization methods. 

 To evaluate their performance using standard benchmark functions and compare their 

performance. 

 To develop an optimizer whose objective is the sizing of the devices in analog circuits 

according to their circuit specification using the optimization methods. 

 To interface developed optimizer with a SPICE model of the circuit design problem and 

cultivate multi-objective and multi-constrained optimization methodology for the automation 

of analog circuit design. 

 To test the synthesis system on several independent CMOS based circuit examples and 

evaluate the performance of each optimization methods. 

 To exploit the benefits of more than one algorithm, develop a hybrid algorithm by 

collaborating two algorithms for optimization of CMOS based analog circuits. 

 To develop a robust optimizer in order to guarantee a high yield design. 

5 Original Contribution by the Thesis 

In this work, the application of evolutionary techniques for the analog circuit optimizat ion 

problem has been demonstrated. The application of the CS algorithm is proposed for the automatic 

sizing of a CMOS based analog circuit. The original contributions of this research work are 

summarized as:  

 The CS algorithm is implemented using the C language and its performance is evaluated using 

typical unimodal and multimodal benchmark functions. The performance of the CS algorithm 
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is also compared with the PSO and DE algorithms.  

 By collaborating the CS algorithm with the PSO algorithm, the hybrid CSPSO algorithm is 

developed and its performance is evaluated for the same benchmark functions. 

 An efficient approach for automatic sizing of a CMOS based analog circuit is developed and 

different CMOS based analog circuits like a voltage divider, current mirror, VCO, common 

source amplifier, DA with current mirror load, two-stage op-amp, Miller OTA and folded 

cascode OTA are optimized for different specifications using DE, PSO, CS and hybrid CSPSO 

algorithms with 0.18 µm and/or 0.35 µm CMOS process technology. The solutions obtained 

using each EA is validated by simulating synthesized circuits functionally in Ng-spice circuit 

simulator. 

 The performance of the CS and CSPSO algorithms for automatic CMOS based analog circuit 

design is evaluated and compared with the DE and PSO algorithms. Robustness for the CS 

and CSPSO algorithms is also checked.  

 As the process, supply voltage and temperature (PVT) are three important factors for the 

performance variation of an analog circuit, PVT analysis is carried out for DA with current 

mirror load circuit and two-stage op-amp circuit during the optimization process to find the 

worst-case performance values across PVT corners. 

6 Methodology of Research, Results/Comparisons 

6.1 Methodology of Research 

 This is qualitative and empirical types of research work. The simulation-based approach is used 

for the performance evolution in this work. During the first phase of the literature review, we referred 

various research papers, journal and other articles on automatic CMOS based analog circuit design. 

We found that many researchers had done work on the optimization of CMOS based analog circuits 

using different EAs like SA, TS, GA, PSO, DE, ABC, ACO, etc. The CS algorithm has been tested 

for different real-world applications in the reported literature, but it has not been explored to optimize 

a CMOS based analog circuit. Further, the CS algorithm requires less number of control parameters 

and has a fine balance of exploration and exploitation as compared to SA, TS, GA, PSO, DE, ACO, 

and ABC. So in this work, the application of the CS algorithm is proposed for automated sizing of 

well-known CMOS based analog circuits. We also found research work on a hybrid algorithm. To use 

the benefits of the CS and PSO algorithms, further the hybrid algorithm CSPSO is implemented and 
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tested to optimize the CMOS based analog circuits. Ngspice-26 circuit simulator is used to simula te 

all circuits. In this work, the focus is set on the performance of different metaheuristic EAs when 

applied to the design of an analog circuit.  Finally, concluding remarks have been prepared and the 

research stuffs are documented. 

6.2 Performance Evaluation of EAs with Standard Benchmark Functions 

Benchmark function is one of the best primary ways to evaluate and compare the performance 

of any optimization algorithms [42][43]. If an algorithm can produce a satisfactory solution with the 

benchmark functions, then the algorithm prove to solve the global problems. There are different types 

of such test functions available in the literature. We have selected commonly used functions to evaluate 

the performance of the CS and hybrid CSPSO algorithms. We have also compared the performance of 

these algorithms with DE and PSO algorithms. The benchmark functions used in this work are listed 

in Table 1 with their dimension, type, search space, and desired fitness value. All these algorithms are 

repeatedly executed on GCC compiler to find the required fitness value of each benchmark function 

for 100 times.  

Table 1. Standard Benchmark Functions  

Function Dimensions (D) Type Search Space Desired Fitness 
Value (f0) 

Ackley 30 Multimodal (-32, 32) 10-6 

Beale 2 Unimodal (-4.5, 4.5) 10-6 

Dropwave 2 Multimodal (-5.12, 5.12) -1 

Easom 2 Unimodal (-100, 100) -1 

Greiwank 30 Multimodal (-600, 600) 10-6 

Rastrigrin 30 Multimodal (-5.12, 5.12) 10-6 

Rosenbrock 30 Unimodal (-30, 30) 10-6 

Schaffer 2 Multimodal (-100, 100) 10-6 

Sphere 30 Unimodal (-100, 100) 10-6 

The performance of all these algorithms is also evaluated based on success rate, simulat ion 

time, the standard deviation of fitness value, the average number of iterations and average function 

evaluations as listed in Table 2. From Table 2, it is observed that the PSO algorithm consumed less 

simulation time for almost all test functions. The CS and CSPSO algorithms require fewer iterations 

to reach target fitness value, give less standard deviation for almost all test functions, and achieve a 

higher success rate compared to DE and PSO algorithms. 
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Table 2. Performance Evaluation of different Algorithms with different Benchmark Functions 

Algorithm Function Standard 

Deviation of 
fitness value 

Average 

Iterations 

Average 

Function 
Evolutions 

Success 

Rate 

Simulation 

Time (s) 

DE 

Ackley 

1.5637 49948 2996992 2 934 

PSO 7.1173 4470 268252 76 148 

CS 0.2056 5232 627943 96 535 

CSPSO 0.0 2807 505453 100 354 

DE 

Beale  

0.0068 29702 1782223 1 42.26 

PSO 0.0 580 17400 99 0.83 

CS 0.0 152 9165 100 0.61 

CSPSO 0.0 83 7524 100 0.39 

DE 

Dropwave 

0.0 29249 1755025 22 45.83 

PSO 0.0 578 17346 100 0.53 

CS 0.0 396 23812 100 1.77 

CSPSO 0.0 351 31635 100 1.77 

DE 

Easom 

0.0035 30000 1800060 0 57.08 

PSO 0.0 1051 31543 100 1.45 

CS 0.0 472 28389 100 2.51 

CSPSO 0.0 308 27775 100 2.06 

DE 

Griewank  

0.3824 20529 1356756 74 547.52 

PSO 6.1816 24057 1443456 24 591.86 

CS 0.0 3802 456373 100 420.20 

CSPSO 0.0007 3290 592303 99 444.92 

DE 

Rastrigrin 

4.2861 50000 3000060 0 769 

PSO 31.12 50000 3000000 0 1375 

CS 3.5036 47798 5735883 18 387 

CSPSO 2.2948 48679 8762334 7 2041 

DE 

Rosenbrock 

4.2861 50000 3000060 0 769 

PSO 31.12 50000 3000000 0 1375 

CS 1.2955 11696 1403602 88 1011 

CSPSO 1.0171 6664 1199617 93 639 

DE 

Schaffer 

0.0 5811 116251 100 4.33 

PSO 0.0 786 23595 100 0.83 

CS 0.0 1240 74484 100 5.73 

CSPSO 0.0 476 42949 100 2.68 

DE 

Sphere 

0.0 15516 931017 100 134 

PSO 2712 2968 178138 92 38 

CS 0.0 2584 310190 100 211 

CSPSO 0.0 736 132648 100 69 

6.3 Automated Circuit Design Methodology 

For CMOS based analog circuits design, some relation between channel width (W) and channel 

length (L) of the MOS transistors should be maintained to obtain desired specifications. The flow 

diagram of the automatic CMOS based analog circuit design is shown in Fig. 1.  
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Figure 1: Flow diagram of Automatic Analog Circuit Design. 

The optimizer uses an EA and a circuit simulator to design a CMOS based analog circuits for 

desired specifications. The EA is used for optimization of design parameters for the circuit and the 

validity of the solution obtained EA is checked by simulating synthesized circuits functionally with 

Ng-spice circuit simulator. The optimizer provides proper synchronization between the optimizer 

developed by the EA and the circuit simulator with the help of software interface. Initially, the desired 

specifications of a particular circuit and different parameters of an optimization algorithm are input to 

the algorithm. For a CMOS based analog circuit, the major performance specifications may be open 

loop DC gain (A
V
), Unity Gain Bandwidth (UGB), Phase Margin (PM), Common Mode Rejection 

Ratio (CMRR), Slew Rate (SR), Power Supply Rejection Ratio (PSRR), DC Power dissipation (Pdiss), 

etc. Then, the different circuit design parameters are arbitrarily generated by the optimiza t ion 

algorithm within their upper and lower range. The main design parameters of the CMOS based analog 

circuit may be W and L of different NMOS and PMOS transistors, bias current, resistor, and capacitor. 

The design parameter values generated by the optimization algorithm are given to the circuit 

simulator. Based on the results generated by the circuit simulator, the fitness function for the particular 

circuit is calculated. The value of the fitness function is calculated using the equation (1).  

Fitness Function = √∑ (
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑑𝑒𝑠𝑖𝑟𝑒𝑑−𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑑𝑒𝑠𝑖𝑟𝑒𝑑
)
𝑗

2
𝑁
𝑗=1  (1) 
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Here, N is the number of desired specifications. The RMS error offers the same weight to all the 

specifications. So, the optimizer tries to gratify all the specifications similarly. For this experiment, the 

minimum value of the fitness function is considered 1e-6. Next step is to check for the termination 

criteria and if they are satisfied, then the optimization process will stop. If it fails to reach the 

termination criteria, a new set of design parameters will be generated by the optimization algorithm. 

The termination criteria are a minimum value of the fitness function or a maximum number of 

repetitions. The maximum number of iterations is considered 100. The main job of the optimizer is to 

decrease the value of the fitness function for the given circuit. The efficiency of this technique is highly 

dependent on the algorithm parameters, the dimension of the solution space and the number of 

variables. In this work, the PSO, DE, CS, and hybrid CSPSO algorithms are tested to optimize the 

CMOS based analog circuit independently. The tests are repeated 10 times for each circuit design 

problem and results have been recorded. The performance of the CS and CSPSO algorithms are 

compared with the DE and PSO algorithms based on success rate, simulation time, the standard 

deviation of the fitness function, the average number of iterations and average function evaluations. 

Two-step approach, as shown in Fig. 2, is used to find the worst case performance with PVT analysis.  

Optimization of a 

Circuit

Termination Criteria

Desired Optimized 

Solution

Yes

Optimization with  

  PVT Corners

No

 

       fe  < 1e-6

 

Figure 2: Two-Step Approach for Circuit Design with PVT Variations 

6.4 Specifications of Different CMOS based Analog Circuits 

 The complexity of the analog circuit design problem is proportional to the number of design 

parameters and the number of desired specifications of a particular circuit. The performance of the DE, 

PSO, CS, and hybrid CSPSO algorithm are initially evaluated with some CMOS based simple circuits 
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such as a voltage divider, VCO, common source amplifier, triple cascode current mirror, and cascode 

amplifier. Desired specifications of all these CMOS based circuits are listed in Table 3.  

Table 3. Desired Specifications of CMOS based Simple Circuits   

CMOS based Circuit Desired Specification 

Voltage divider 

Vbias1 = 0.8 V 

Vbias2 = 1.2 V 

Vbias3 = 1.7 V 

VCO Oscillation Frequency =  400 MHz 

Common Source Amplifier 

A
V  

> 25 dB 

 UGB > 50 MHz 

PM  > 45° 

Triple Cascode Current Mirror 
I
ref

  = 10 µA 

I
out

 = 10 µA 

Cascode Amplifier 

A
V  

> 35 dB 

 UGB > 10 MHz 

Pdiss <  1 mW 

Rising slew rate (RSR) > 10 V/µs 

 Falling  slew rate (FSR) > 10 V/µs 

The circuit diagram of cascode amplifier, which consists 5 MOS transistor, is given in Fig.3. The 

number of desired specifications for this circuit is 5, as listed in Table 3. 

 

Figure 3: Circuit of Cascode Amplifier  

DA, op-amp, and OTA are commonly used in many interface circuits like Analog to Digita l 

Converters (ADC), Digital to Analog Converters (DAC), filters, and comparators. So an optimum 

design of all these fundamental CMOS based analog circuits is the basis of a design background for 

various applications. The performance of the DE, PSO, CS, and hybrid CSPSO algorithm are also 

evaluated with some higher level CMOS based circuits such as DA with current mirror load, two-stage 
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op-amp, miller OTA, and folded cascode OTA. The complexity of all these analog circuits is more 

due to more number of design parameters and more number of desired specifications of a particula r 

circuit. Desired specifications of all these CMOS based circuits are listed in Table 4. 

Table 4. Desired Specifications of CMOS based Moderately Complex Circuits 

Sr. 
No. 

 

 

Desired Specifications 

CMOS based Circuits 

DA Two-stage 

op-amp 

Miller OTA Folded 

Cascode 

OTA 
1 Open loop voltage gain (AV) > 40 dB > 60 dB > 75 dB > 70 dB 

2 Unit gain bandwidth (UGB) > 10 MHz > 10 MHz > 25 kHz > 100 MHz 
3 Phase margin  (PM) > 45° > 45° > 45° > 45° 

4 Power supply rejection ratio 
(PSSR ) (+ve) 

> 40 dB > 70 dB >  60 dB > 65 dB 

5 PSSR (- ve) > 40 dB > 70 dB > 60 dB > 65 dB 

6 Rising slew rate (RSR) > 10 V/µs > 10 V/µs > 10 V/ms > 10 V/µs 
7 Falling  slew rate (FSR) > 10 V/µs > 10 V/µs > 10 V/ms > 10 V/µs 

8 Common mode rejection ratio 
(CMRR) 

> 40 dB > 60 dB >  60 dB > 80 dB 

9 DC power dissipation (Pdiss) < 1 mW < 1 mW < 10 µW < 1 mW 

10 Total MOS transistor area < 1500 µm2 < 300 µm2 < 14500µm2 < 3000 µm2 

6.5 Simulation Results/Comparison 

The performance of the DE, PSO, CS, and hybrid CSPSO algorithms for optimization of 

CMOS based analog circuits such as a voltage divider, common source amplifier, VCO, and triple 

cascode current mirror are listed in Table 5. The convergence graph of CS, CSPSO, DE, and PSO 

algorithms for cascode amplifier is given in Fig 4. 

 
Figure 4: Convergence graph of CS, CSPSO, DE, and PSO algorithms for Cascode Amplifier  



15 
 

Fig. 4 shows that the CS and CSPOS algorithms consumed less number of iterations to reach 

target fitness value as compared to DE and PSO algorithms. From Table 5, we can observe that the 

PSO algorithm requires less simulation time, but the CS and CSPSO algorithms have obtained a higher 

success rate. 

Table 5. Performance of Different Algorithms for CMOS based Simple Circuits  

Algorithm Function 
Standard 

Deviation of 
fitness value 

Average 

Iterations 

Average 

Function 
Evolutions 

Simulation 

Time (s) 

Success 

Rate 

DE 

Voltage 

Divider 

0.077074 100 3030 1633 0 

PSO 0.011413 100 3000 1139 0 

CS 0.006869 100 6030 2396 0 

CSPSO 0.005442 100 9030 3349 0 

DE 

VCO 

0.000023 100 3030 3527 0 

PSO 0.000013 100 2985 3318 1 

CS 0.000020 93.7 5262 5168 1 

CSPSO 0.000002 84.8 7662 7470 4 

DE 
Common 

Source 
Amplifier 

0.0 1 60 232 10 

PSO 0.0 1 30 115 10 

CS 0.0 1 90 330 10 

CSPSO 0.0 1 120 462 10 

DE 

Triple Cascode 
Current Mirror 

0.040031 100 3030 1103 0 

PSO 0.000886 100 3000 1244 0 

CS 0.000007 93 5646 2231 2 

CSPSO 0.000004 98 8877 3163 1 

DE 

Cascode 

Amplifier 

0.0 6.2 216 1442 10 

PSO 0.050999 22.7 681 3968 1 

CS 0.0 6 390 2203 10 

CSPSO 0.0 4.4 426 2424 10 

The performance of DE, PSO, CS, and hybrid CSPSO algorithms for optimization of CMOS 

based moderately complex analog circuits such as DA with current mirror load, two-stage op-amp, 

Miller OTA, and folded cascode OTA are listed in Table 6. The PVT analysis is also carried out for 

DA and two-stage op-amp during the optimization process with DE, PSO, CS, and hybrid CSPSO 

algorithms. The Performance of each algorithm for optimization of DA with current mirror load and 

a two-stage op-amp with PVT variations is also listed in Table 6. From Table 6, we can also observe 

that the PSO algorithm requires less simulation time, but the CS and CSPSO algorithms have obtained 

a higher success rate for almost all optimized circuits. 
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Table 6. Performance of Different Algorithms for CMOS based Moderately Complex Circuits 

Algorithm Circuit 

Standard 

Deviation of 
fitness value 

Average 

Iterations 

Average 

Function 
Evolutions 

Simulation 

Time (s) 

Success 

Rate 

DE 
DA 

(0.35 µm) 
 

0.0 1.6 126 566 10 

PSO 0.0 1 30 131 10 

CS 0.0 1 90 419 10 

CSPSO 0.0 1 120 587 10 

DE 
DA 

(0.18 µm) 
 

0.0 1.2 102 408 10 

PSO 0.000474 10.8 324 1747 8 

CS 0.0 1 90 414 10 

CSPSO 0.0 1 120 592 10 

DE 
DA 

(0.18 µm) 

with PVT 

0.002429 10.8 354 2323 8 

PSO 0.686300 5.9 177 1167 9 

CS 0.004057 6.4 414 2448 9 

CSPSO 0.002904 10.8 1002 3067 9 

DE 

OPAMP 

(0.35 µm) 

0.042857 65 1971 7974 4 

PSO 0.067976 100 3000 14233 0 

CS 0.010647 52 3192 12131 7 

CSPSO 0.026980 80 7311 28732 7 

DE 

OPAMP 
(0.18 µm) 

0.010394 100 3030 54651 0 

PSO 0.018876 100 3000 19165 0 

CS 0.009677 80 4872 35530 5 

CSPSO 0.010092 78 7113 58353 5 

DE 
OPAMP 
(0.18 µm) 
with PVT 

0.263848 8 264 1833 7 

PSO 0.018876 15 429 2583 3 

CS 0.268692 10 600 18113 6 

CSPSO 0.330949 8 759 4424 7 

DE 
Miller 
OTA 

(0.35 µm) 

0.0 38.9 1197 8602 10 

PSO 0.245918 100 3000 8971 0 

CS 0.0 38.7 2352 6838 10 

CSPSO 0.008978 53.8 4872 13092 9 

DE 
 Miller 
OTA 

(0.18 µm) 

0.034967  70 2154 6194 5 

PSO 0.131418   100 3000 9225 0 

CS 0.0 30 1872 4979 10 

CSPSO 0.0 23 2100 6903 10 

DE 

FOTA 
(0.35 µm) 

0.030888   60 1857 7297 8 

PSO 0.233654  56 1692 6284 5 

CS 0.090025  56 3402 13877 9 

CSPSO 0.094056  36 3342 12291 9 

DE 

FOTA 
(0.18 µm) 

0.0 38 1170 4556 10 

PSO 0.218294 69 2067 7686 4 

CS 0.0 38 2328 8903 10 

CSPSO 0.0 17 1569 5690 10 
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7 Achievements with respect to Objectives 

An efficient approach for automatic sizing of a CMOS based analog circuit is developed. The CS 

and hybrid CSPSO algorithms give better performance for almost all tested standard benchmark 

functions as well as for the optimization of analog circuits as compared to the PSO and DE algorithms. 

The robustness of the solutions for DA and two-stage op-amp is achieved by considering user-defined 

worst case corners. The research work is published in peer review international journals and IEEE 

internal conferences. 

8  Conclusion 

In this research work, the DE, PSO, CS algorithms are studied and implemented using the C 

language. The performance of each algorithm is evaluated using different standard unimodal and 

multimodal benchmark functions. The application and effectiveness of the CS algorithm are presented 

to optimize voltage divider, current mirror, VCO, common source amplifier, DA with current mirror 

load, two-stage op-amp, Miller OTA and folded cascaded OTA. The CS has obtained a higher success 

rate for almost all optimized circuits compared to the DE and PSO algorithms. To exploit the benefits 

of the CS and PSO algorithms, the hybrid algorithm CSPSO is proposed, implemented and evaluated. 

The experimental simulation results of standard benchmark function and the optimization of CMOS 

based analog circuits show that the CS and hybrid CSPSO algorithm are more effective compared to 

the PSO and DE algorithms and also outperform both algorithms. PVT variations are also considered 

for the robust design of DA and two-stage op-amp during the optimization process. This automated 

design methodology of the analog circuit is easy and effective compared to manual design 

methodology, even though circuit designer does not have detailed knowledge of a given circuit.  
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