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ABSTRACT

Particle swarm optimization (PSO) is a computational method used for solving different
types of optimization problems. The social behaviors of fish schooling and flocks of birds
mostly influence the PSO. PSO uses a collection of particles to explore the search space
and locate the best possible solution.Each particle updates its position depending upon
experience of itself or from neighboring particles, aiming to find the best solution in terms
of the objective function being optimized.Crazinessbased Particle Swarm Optimization
(CRPSO) is an advanced variation of the standard Particle Swarm Optimization (PSO)
algorithm.CRPSO introduces a “craziness” factor to enhance the diversity of the swarm
and prevent premature convergence to local optima.This paper deals with the design of
a CMOS differential amplifier circuit with a current mirror load using CRPSO algorithm.
The optimized sizes of the transistors are obtained using CRPSO to decrease the overall
transistor area while meeting design limitations. The results achieved using the CRPSO are
validated in the SPICE. The simulation result shows the superiority of CRPSO in the design
of differential amplifier.
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INTRODUCTION

Manual circuit sizing relies on human designers
leveraging their expertise, experience, and intuition to
determine the optimal sizes for transistors and other
components in a VLSI circuit. This approach is suitable
for small to medium-sized designs or situations where
specific expert knowledge is critical. However, manual
sizing can be extremely time-consuming, especially for
large and complex circuits.Automated sizing of VLSI
circuits is a vital part of the design process, aiming
to optimize the dimensions of transistors and other
components to meet performance criteria such as area
and power consumption. This involves finding the optimal
widths and lengths of transistors to achieve desired
performance while adhering to design constraints.
Automated circuit sizing is ideal for large-scale and
complex designs, offering efficiency, consistency, and
global optimization. Although it requires significant

2

setup and computational resources, it can achieve
superior results by systematically exploring the design
space. Automation is particularly essential in analog
circuit design to overcome the challenges inherent in
manual design.

Various approaches have been explored to automate
analog circuit design, as reported in.['2 Different
optimization technique, such as genetic algorithms,4
Particle Swarm Optimization (PSO),5! craziness-based
PSO (CRPSO),”? MDEA optimization,® and the cat swarm
optimization algorithm,® have been utilized for analog
circuit sizing problems. Optimal component values for
low-pass filters have been determined using tabu search
(TS),"9 differential evolution (DE),[' average DE (ADE) ,['Z
and PSO with Aging Leader and Challenger (ALC-PSO).
31 Additionally, Partition Bound PSO (PB-PSO)!'1 and
hybrid PSO!"3I have been applied for the optimal design
of differential amplifiers. The primary contributions
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of this paper include optimizing transistor size and
designing amplifiers with enhanced performance
parameters compared to previously reported techniques.
The optimization technique employed here s
CRPSQ. 16171

PARTICLE SWARM OPTIMIZATION

PSOI'#191 is a traditional optimization method. It involves
a swarm of particles for optimization. Each particle has a
position and velocity. The position and velocity updates
are governed by the following equations:

VD = yuy® L C % rand, (pbest,.(k) - Sl.(k))

' (M
+C, *rand, * (gbest(k) - Si(k))

S(lm) _ Si(k) +V[(k+1) )

1

The detailed description of the above-mentioned
parameters are given in.['31%

CRAZINESS BASED PARTICLE SWARM OPTIMIZATION

Conventional PSO is altered by introducing a
“craziness velocity”. This modified PSO is termed as
CRPSO. The velocity expression can be expressed as
follows:I'617]

y ) = 7y X sign(r3 )x Vl.(") + (l -7, )>< C,xr x {pbest,.(") - SS.") }+

i

(l—rz)xCZx(l—rl)x{gbest(")—s(i")} 3)

where r,, r, and r, are within the interval [0,1], and sign
(r;) is a function defined as:

sign(r,)=—1 where r,<0.5 @)
=1 whee 7,>0.05
The velocity of the particle is crazed by,
Vi(k+l) — I/i(kﬂ) +P(l"4 )Xsign(r4 )Xvicrazinesx (5)

where r, is a random parameter within the interval [0,1];
veredness is a random parameter, P(r,) and sign(r,) are
given in.l"l The flowchart for CRPSO algorithm is given
in Fig. 1. The important CRPSO algorithm Parameters is
presented in Table 1.

TABLE 1: Average power CRPSO algorithm parameters

Parameters CRPSO
Population Size (m) 10
Dimension of the optimization problem (n) 7
Iteration Cycle 100
Ci 2
C2 2
Pcr 0.3
0.0001

crazine:
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Tnitialization: Population of particle vectors, m; dimension of the
optimization problem, n; maximum itcration cycles; target cost error;

fixing values of C1, Ca, Per, vETaZINESS, define limits of design

parameters; generate initial particle vectors randomly within limits;
initialization of the velocities of all the particle vector.

I Calculate Cost Function (CF) for each particle vector
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FIG. : Flowchart of CRPSO algorithm
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FIG. 2: CMOS differential amplifier circuit
with a current mirror load

PROBLEM FORMULATION OF DIFFERENTIAL AMPLIFIER CIRCUIT

The circuit diagram of the CMOS differential amplifier
circuit with current mirror load is shown in Fig. 2. The
important performance parameters for the design of
CMOS differential amplifier are considered as follows:
SR (Slew rate), gain (A), unity gain frequency (UGF),

Viemay (Maximum ICMR), V. .= (minimum ICMR),
power dissipation (P, ), and total transistor area. The

performance parameters are presented in Table 2.
The design variables are as follows: bias current (1,),
width (W) and length (L) of each transistors, and load
capacitance (C,). The design steps ! for the differential
amplifier circuit are given in Table 3. The main objective
of the design is to minimize the total transistor area.
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TABLE 2: Design specifications of differential amplifier

Design parameter Unit Values
Technology nm 180
Av aB >39
PM ° >45
UGF MHz >5
CMRR dB > 50
PSRR daB >35
SR V/us >5
Viciming v >0.4
Cimax) v <15
s uWw < 1000
Total transistor area pm2 < 1500

TABLE3:Design step of CMOS differential amplifier circuit

U Define I, to meet SR.

| Design for [Wl j and [Wz J to satisfy A,
Ll

Ay

| Design for [Wg j and [W‘, j to validate the upper ICMR.
L3

N

IN

Ul Design for [&j and [W6 ] to validate the lower ICMR.
LS

LI Determine I, to satisfy P, .
diss

D5

N

6

The dimensions of particle vectors (X ) are described

diffamp
as
X uny = |Pus € 1. A, SR UGF. VK, K TTA] '
The cost-function (CF) is described as
6
CF=YW,xL,) (6)
i=1

SIMULATION RESULTS

The CMOS differential amplifier is designed with
the help of CRPSO. The optimized value of all design
variable such as I, W, L are obtained by using CRPSO
in MATLAB. The upper and lower bound of these design
variables and the obtained values using CRPSO are
presented in Table 4. SPICE simulation is performed for
the differential amplifier designed in Cadence virtuoso
analog environment using UMC 180 nm technology.

The voltage gain vs frequency plot of the differential
amplifier is depicted in Fig. 3. The gain and cut-off
frequency of the differential amplifier is 45.96 dB and
9.75 MHz, respectively. The phase vs frequency plot
of the differential amplifier is depicted in Fig. 4. The
simulated phase margin of the amplifier is 78.28°.

2

TABLE4: Optimal design parameters obtained from CRPSO

Parameter Lower bound - Obtained value
using CRPSO
Upper bound
w,=Ww, 240 nm - 30 um 907.4 nm
W, =Ww, 240 nm - 30 um 1.78 um
W.=Ww, 240 nm - 30 um 2.8 um
L 3.5 um 3.5 um
A 3.5 ud-30uA 4.8 ud
C, 0.5 pF 0.5 pF
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FIG. 3Gain plot of differential amplifier circuit
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FIG. 4: Phase plot of differential amplifier circuit

The simulated common-mode rejection ratio (CMRR) and
power supply rejection ratio (PSRR) plot of differential
amplifier is shown in Fig. 5 and Fig. 6, respectively. The
PSRR and CMRR of the differential amplifier are 44.75 dB
and 73.76 dB, respectively. From Fig. 7, the computed
value of SR is 7.74 V/uS. The simulated results for
differential amplifier is shown in Table 5 and compared
withU' and. 2?1 The simulated result of the designed
differential amplifier using CRPSO shows better results in
terms of voltage gain, phase margin, CMRR, PSRR, Power
dissipation and total transistor area. The UGF and SR of
the designed differential amplifier is less than the, 421
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FIG. 5: CMRR plot of differential amplifier circuit
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FIG. 6: PSRR plot of differential amplifier circuit

0.8

0.6

Output Voltage (V)

0.4 4

0 [ N [ NG N NG AN

0.0 T T T
0.0 2.0m 4.0m 6.0m 8.0m 10.0m

Time (Sec)

FIG. 7: SR plot of differential amplifier circuit

but it is as per the design specification. The Viciman and
V,C(mm)of the differential amplifier is 0.55 V and 1.4
V respectively. The gain of the designed amplifier is
increased almost by 17% as compared to.?"l. The power
dissipation and total transistor area of the designed
amplifier is reduced by 61% and 85% as compared to.["
The simulated results reported in Table 5 confirms
the efficacy of the CRPSO in the differential amplifier

design.
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TABLE 5: Simulated result of differential amplifier

Design Unit [14] [21] This work
parameter
Technology nm 180 180 180
Av dB 40.59 39.35 45.96
PM ° 47.68 53.5 78.28
UGF MHz 25.23 21.70 9.75
CMRR dB 70 56 73.76
PSRR dB 41.31 41.36 44.75
SR V/pS 22 18 7.74
P,. "\ 45 50 17.28
Total tran- pm2 249 195.85 38.81
sistor area

The simulation of differential amplifier is carried out
against change in process, voltage and temperature
(PVT) variations. The PVT variation results of the
differential amplifier are presented in Table 6-8. The
process variation of the design is done at slow-slow (SS),
fast-fast (FF), typical-typical (TT), slow NMOS-fast PMOS
(SNFP), fast NMOS-slow PMOS (FNSP). The temperature
variation of the design is done at -4°o - 125 o and supply
voltage is varied by maximum 10% from the standard
supply voltage of 1.8 V. From Table 6-8, it is evident
that all the performance parameters satisfy the design
constraint.

TABLE 6: Process corner analysis of differential amplifier

Process

SS SNFP T FNSP FF
Specification Unit

A, dB  46.4 4595 45.9 4592 455
PM ° 7875 7854 782 78.01 77.9
UGF MHz 849 974 975 9.75 111

CMRR dB  73.25 69.71 73.7 7641 73.7
PSRR dB 451 4448 447 4489 443
SR V/US 639 7.98  7.74 748 9.3
P, W 1409 17.81 17.3 1677 21

TABLE 7: Temperature variation analysis of
differential amplifier

Temperature
-40 o 27 o 1250
Specification Unit

A, dB 46.35 45.96 45.16

PM ° 77.6 78.28 79.12

UGF MHz 12 9.75 7.88
CMRR dB 76.39 73.76 67.92
PSRR dB 45.33 44.75 43.58

SR V/uS 8.16 7.74 7.67

P, uW 17.82 17.28 17.04
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TABLES8:Supply voltage variation analysis of
differential amplifier

Supply Voltage

1.62V 1.8V 1.98V
Specification  Unit

Av dB 45.8  45.96 45.84
PM ° 78.5 78.28 78.13
UGF MHz  8.19 9.75 11.22
CMRR dB 79.95 73.76 62.63
PSRR dB 44.7  44.75 44.75
SR V/pS  5.35 7.74 10.32
P pwW - 10.83  17.28 25.57

CONCLUSION

In this study, the CRPSO is used to construct a CMOS
differential amplifier circuit. CRPSO is efficient at
determining the optimal size of all transistors. The
circuit is developed in Cadence to meet the performance
requirements. Compared to earlier literature, CRPSO
produces better results regarding gain, power dissipation,
and area. CRPSO can produce a nearly global optimal
analog circuit design. The CRPSO can be used to design
more complex analog circuits.

Conflict of Interest

The authors of this paper like to state that they have
no conflicts of interest related to this work with other
published works in similar domain as far best of their
knowledge.

Author Contributions

The research work is original in nature and carried out
by Sandeep Kumar Dash and Bishnu Prasad De. Bhargav
Appasani helped in revising the work. Nirmal Kumar Rout
and Avireni Srinivasulusupervised the research.

REFERENCES

[1] M. del Mar Hershenson, S. P. Boyd, and T. H. Lee, “Optimal
design of a CMOS op-amp via geometric programming,”
IEEE Transactions on Computer-Aided Design of Integrated
Circuits and Systems, vol. 20, no. 1, 2001.

[2] M. N. Sabry, H. Omran, and M. Dessouky, “Systematic de-
sign and optimization of operational transconductance
amplifier using gm/ID design methodology,” Microelec-
tronics Journal, vol. 75, 2018.

[3] J. B. Grimbleby, “Automatic analogue circuit synthesis us-

ing genetic algorithms,” IEE Proceedings: Circuits, Devices
and Systems, vol. 147, no. 6, 2000.

[4] W. Kruiskamp and D. Leenaerts, “DARWIN: CMOS opamp
synthesis by means of a genetic algorithm,” in Proceedings
- Design Automation Conference, 1995.

0 I

[5] R.A. VuralandT. Yildirim, “Analog circuit sizing via swarm
intelligence,” AEU - International Journal of Electronics
and Communications, vol. 66, no. 9, 2012.

[6] Senthilkumar, M., and S. Uma. “High Speed 3d DWT VISI
Architecture for Image Processing Using Lifting Based
Wavelet Transform.” International Journal of communica-
tion and computer Technologies 1.2 (2013): 87-91.

[71 S. Ghosh, B.P. De, R. Kar, D.Mandal, A. K. Mal, “Optimal
design of complementary metal-oxide-semiconductorana-
logue circuits: An evolutionary approach,” Computers and
Electrical Engineering, 80 (2019) 106485, 1-19, 2019.

[8] Sandeep K Dash, et al, “Optimal Design of Voltage Ref-
erence Circuit and Ring Oscillator Circuit Using Multi-
objective Differential Evolution Algorithm,” Journal of
Electrical and Computer Engineering, 2023, 7621594, 11
pages, 2023. https://doi.org/10.1155/2023/7621594

[9] R. Das, et al, “Optimal Design of 2.4 GHz ISM Band CMOS
LNA Using the Cat Swarm Optimization Algorithm,” Jour-
nal of Electronic Materials, vol 53, no. 7, 3614-3625,
2024.

[10] A. Kalinli, “Component value selection for active filters
using parallel tabu search algorithm,” AEU - International
Journal of Electronics and Communications, vol. 60, no.
1, 2006.

[11] R. A. Vural, U. Bozkurt, and T. Yildirim, “Analog active
filter component selection with nature inspired meta-
heuristics,” AEU - International Journal of Electronics and
Communications, vol. 67, no. 3, 2013.

[12] B. Durmus, “Optimal components selection for active fil-
ter design with average differential evolution algorithm,”
AEU - International Journal of Electronics and Communi-
cations, vol. 94, 2018.

[13] Shum, Abreu. “System Level Architectures and Optimiza-
tion Of Low Cost, High Dimensional Mimo Antennas For 5G
Technologies.” National Journal of Antennas and Propaga-
tion 6.1 (2024): 58-67.

[14] Pankaj P. Prajapati, Anilkumar J. Kshatriya, Dhavalkumar
N. Patel, Sima K. Gonsai, Hardik B. Tank, Kinjal R. Sheth,
“Comparative analysis of meta heuristics algorithm for
differential amplifier design,” Bulletin of Electrical En-
gineering and Informatics [Online], vol. 12, issue 6, pp.
3395-3401, 2023.

[15] R. Rashid and N. Nambath, “Hybrid particle swarm optimi-
zation algorithm for area minimization in 65 nm technol-
ogy”, Proc. IEEE Int. Symp. Circuits Syst., pp. 1-5, 2021.

[16]B. P. De, R. Kar, D. Mandal and S.P. Ghoshal, “Optimal
analog active filter design using craziness based particle
swarm optimization algorithm,” International Journal of
Numerical Modelling: Electronic Networks, Devices and
Fields, vol. 28, issue 5, pp. 593-609, 2015.

[17]1 D Chowdhury, BP De, KB Maji, S Ghosh, R Kar, D Mandal,
S Bhunia, “Optimization of Subthreshold Parameters for

Journal of VLSI circuits and systems, , ISSN 2582-1458



>

Sandeep K. Dash et al. : Design of a optimized CMOS Differential Amplifier using Craziness-based PSO

Graded Channel Gate Stack Double Gate (GCGSDG) MOS-
FET Using Craziness-Based Particle Swarm Optimization
Algorithm,” Proceedings of the 2nd International Confer-
ence on Communication, Devices and Computing. ICCDC
2019. Lecture Notes in Electrical Engineering, vol 602.
Springer, Singapore. https://doi.org/10.1007/978-981-15-
0829-5_20.

[18]J. Kennedy and R. Eberhart, “Particle swarm optimiza-

tion”, Proceedings of the IEEE International Conference
on Neural Network, vol. 4, pp. 1942-1948, 1995.

[19] R. Eberhart and Y. Shi, “Comparison between genetic al-
gorithm and particle swarm optimization”,Evolutionary
Programming-VIl, pp. 611-616, 1998.

[20] P. Allen, D. Holberg, “CMOS analog circuit design”, 2nd
edition, New York, Oxford University Press, 2002.

[21] Pankaj P. Prajapati, Anilkumar J. Kshatriya, Sureshbhai
L. Bharvad, Abhay B. Upadhyay, “Performance analysis of
CMOS based analog circuit design with PVR variation,” Bul-
letin of Electrical Engineering and Informatics [Online],
vol. 12, issue 1, pp. 141-148, 2023.



