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1 Abstract

In this work, we propose a novel concept of the parasitic-aware automatic CMOS circuit

design. Further, two efficient evolutionary algorithms namely; EABC (Efficient Artificial

Bee Colony) algorithm and MPSO (Modified Particle Swarm Optimization) algorithm are

proposed. In order to overcome the problem of loss of diversity in PSO (Particle Swarm

Optimization) algorithm, MPSO algorithm uses a partial re-initialization technique. In

the EABC algorithm, the issue of the poor exploitation of ABC (Artificial Bee Colony)

algorithm is addressed. The MPSO, PSO, ABC and EABC algorithms are used to carry

out the schematic-level design of the:(1) Two-stage operational amplifier, (2) high-gain

low voltage bulk-driven OTA, and (3) second generation current conveyor. The design

is carried out in the 0.13µm and 0.09µm CMOS technologies. The obtained results re-

veal the effectiveness of the proposed algorithms to design analog CMOS circuits. The

ABC algorithms designed two-stage op-amp in 0.13µm CMOS technology with an error of

1.01% while the EABC algorithm designed opamp with an error of only 0.39%. The ABC

algorithm designed high gain OTA with 0.69% error, while MPSO algorithm designed the

same circuit with 0% error. In order to investigate the effect of the layout parasitic on

the performance on the circuit, the layout of opamp was prepared based on schematic

level optimization. The post-layout simulation indicated that, The performance of circuit

at layout-level was degraded by 6% due to the layout parasitic. In order to overcome

this problem and to achieve parasitic-aware automatic circuit design, the concept of the

schematic-level automatic circuit design is extended to the layout-level by utilizing layout

in the design process. To achieve this, use of the configurable layouts is proposed instead

of the conventional handcrafted layouts. Unlike conventional handcrafted layouts, the

configurable layouts allow the user to change the size of various components of layout and

the distances between them automatically by changing the parameters of the layout. This

feature of the configurable layout makes them flexible and suitable for use in automatic

circuit design framework. The configurable layouts are developed using MAGIC VLSI

Tool. The automatic parasitic-aware design of the: (1) Two stage operational amplifier,

(2) Bulk-driven OTA, (3) Ring oscillator, (4) Voltage controlled oscillator and (5) Inverter

buffer are carried in this work. The proposed concept does not require any human inter-

vention and provides a layout of designed circuit. Further, it has also been demonstrated

that process variations can also be considered in the design cycle. The design of two-stage

op-amp and OTA is carried out taking into account process variations.
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2 Introduction

In recent years, with the increase of complexity, the design of the analog and mixed

signal CMOS integrated circuits in an efficient manner is a critical task. In order to

handle the complexity of integrated circuits, hierarchical blocks oriented design approach

is used widely. For the analog CMOS circuits, such hierarchical blocks are generally

amplifiers, filters, references, mixers, and oscillators. The design of these building blocks

includes sizing of various MOSFETs to achieve target design specifications such as power

consumption, gain, bandwidth, slew rate. Since the performance of such analog circuits

is very sensitive to design parameters, their design requires lots of expertise. The analog

circuit design process is a knowledge intensive trade-off approach [1].

The traditional analog circuit design is carried out in three steps: (1) Topology selection,

(2) Component sizing i.e. schematic-level design, and (3) Layout extraction i.e. layout-

level design [2]. During the schematic-level design, generally, analytical calculations are

followed by the circuit simulations. The BSIM models are used widely in simulation to

describe the behavior of MOSFET. There are more than 150 parameters in level 54 BSIM

model for the consideration of various short-channel effects of the MOSFET. It is very

difficult to consider all these parameters in analytical calculations. Thus, the schematic-

level design largely depends upon simulations. In order to overcome these difficulties and

to achieve time-efficient design, many researchers have successfully applied heuristic and

classical optimization techniques in schematic-level circuit design [3–12].

In the layout-level design phase, based on the schematic-level design, layouts are pre-

pared. Due to the immense complexity, the analog circuit has not been automated like

the digital design [13]. Since the layout adds parasitic components to the circuit, there is

a difference in the simulation of schematic-level design and layout-level design, especially,

in frequency sensitive specifications such as bandwidth and slew rate. The unacceptable

difference in simulation results leads redesigning of the circuit. The efficient approach for

the designing analog CMOS circuit is required to overcome these difficulties. Further, the

concept of the automatic CMOS analog design is only limited to schematic-level and not

yet applied to layout-level to handle layout-parasitics in the design process.

3 Problem definition

The aim of this research work is to develop a time-efficient method for the design of

the high-performance analog CMOS circuits at layout-level. Many researchers have suc-

cessfully applied optimization algorithms to efficiently design CMOS analog circuits such

as comparator, operational amplifier, differential amplifier, inverter, low noise amplifier,

current conveyor, and OTA. However, their design is limited to schematic-level. The

schematic-level design cannot consider the final design because in this design process,
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layout parasitics are not considered and the exact value of the layout parasitics cannot be

estimated. The irregularities in the device dimensions prevent the use of the automatic

placement and routing tools for preparing the layouts of analog circuits, and hence, the

layouts for analog circuits are prepared manually. Sometimes, the small change in such

layouts may require large efforts. Due to such limitations, the traditional design approach

fails to provide a time-efficient design for the analog circuits.

To overcome this problem, the concept of the configurable layouts is proposed. The

configurable layouts allow the user to change various parameters of the layout. This

flexibility of the configurable layout allows the use of the optimization algorithms to carry

out layout-level design where the exact consideration of parasitic is possible. Thus, the

use of the configurable layouts enables the consideration of all kinds of parasitics from

the beginning of the circuit design process and allows parasitic-aware design automation

for the analog CMOS circuits. Further, this work also proposes improved evolutionary

algorithms for the analog CMOS circuit design problem.

4 Objective and scope of work

Objective

• To propose an approach for the time-efficient parasitic-aware layout-level design

automation of the analog CMOS circuits.

• To propose efficient evolutionary optimization algorithms for the analog circuit de-

sign.

Scope of work

• To develop efficient evolutionary optimization techniques.

• To design standard analog CMOS circuit at schematic-level amplifier against various

design specifications using proposed evolutionary algorithms.

• To compare performance of proposed evolutionary techniques with the existing stan-

dard evolutionary algorithms for the analog CMOS circuit deign problem.

• To develop a framework for the parasitic-aware analog CMOS circuit design.

• To demonstrate parasitic-aware design using proposed approach by designing analog

CMOS circuits.
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5 Contribution

The automatic design of the analog CMOS circuits is carried out using classical op-

timization algorithms, geometric programming technique, and evolutionary algorithms.

However, the circuit design is confined to the schematic level only and parasitic effects

are not considered. Further, it is not possible to estimate exact value of the parasitic.

The following is the contribution from this work.

• Two efficient evolutionary algorithms: (1) EABC (Enhanced Artificial Bee Colony)

algorithm, and (2) MPSO (Modified particle swarm optimization) are proposed for

the CMOS circuit design and optimization.

• Three circuits namely: (1) Two-stage operational amplifier, (2) High gain bulk-

driven OTA, and (3) Second generation current conveyor are designed at schematic

level using MPSO, PSO, ABC, and EABC algorithms in 0.13µm and 0.09µm CMOS

technologies.

• The concept of the automatic circuit design is extended from schematic-level to

layout-level by proposing configurable layouts.

• The framework for the configurable layout is developed using MAGIC VLSI Tool

• The automatic parasitic-aware designs of: (1) Two-stage operational amplifier, (2)

Bulk-driven OTA, (3) Ring oscillator, (4) Inverter buffer, and (5) VCO are carried

out using proposed concept

• The process and temperature variations are also considered in the automatic design

of the two-stage operational amplifier.

6 Automatic analog circuit design

The integrated circuit design process flow is shown in Fig. 1. The design process can be

divided into the following three steps: (1) Topology selection, (2) Schematic-level design,

and (3) Layout-level design. Due to the short-channel effects and the non-linearities of the

device, traditional design process fails to provide a solution efficiently. In order to design

high-performance analog circuits time efficiently, researchers have applied classical and

evolutionary algorithms based optimization techniques at schematic-level. The examples

of classical optimization techniques used for the circuit design are linear programming [3],

dynamic programming [4], sequential programming [5], steepest descent method. How-

ever, such classical optimization algorithms suffer from following problems. The quality

of the solution depends on the starting point and in the absence of good starting-point,
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Figure 1: Analog integrated circuit design process flow

the algorithms may provide a locally optimized solution. Further, such algorithms re-

quire accurate objective function [11]. The formulation of the accurate objective function

for the analog circuit design is very difficult. The complexity of the optimization tech-

nique based on the dynamic programming increases exponentially with the size of the

problem [14]. Many researchers have used Geometric programming technique to design

operational amplifier and comparator. The geometric programming requires models to

prepare constrains. When the short-channel effects are not negligible, it is very difficult

to develop such models [11]. The Genetic algorithm (GA), particle swarm optimization

(PSO), artificial bee colony (ABC) algorithm, differential evolution (DE) are some of the

widely used evolutionary algorithms. These algorithms are easy to implement using pro-

gramming techniques. The output of the simulator can be utilized in the optimization

process eliminating the need for circuit-specific cost function. These advantages of the

evolutionary algorithms make them popular for the design of the analog CMOS circuits.

6.1 Automatic analog circuit design at Schematic-level

The design parameters for the analog CMOS circuits are generally width and length of

various MOSFETs. The optimization algorithm determines the values of these parameters

so that desired specifications can be achieved. The conceptual block diagram for the

schematic-level circuit optimizer using ABC algorithm is given in Fig. 2. The search

space generally represents upper and lower bounds for the design parameters. The proper
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Figure 2: Conceptual block diagram for automatic analog circuit design at schematic-level

search-space avoids generation of non-practical solutions. The optimization algorithm

generates a solution from the search space. Based on this solution, the circuit is simulated

against pre-determined test-bench, and simulation results are analyzed to calculate the

error. This error is utilized by the algorithm to generate new solutions. The aim of

the algorithm is to minimize error. This is an iterative process and continue till all

specifications are not satisfied or termination criteria are not met.

To calculate error, we use Root-Mean-Square (RMS) error formula as suggested in [11].

RMS error, fe(%) =

√√√√ 1

N

N∑
i=1

Ei × 100 (1)

Ei =

0 if ith specification is satisfied(
OSi−DSi

DSi

)2
Otherwise

where, N is total number of specifications, DSi is ith desired specification and OSi is ith

obtained specification from simulation. If, the solution candidate generates layout with

DRC error, the solution is discarded and large error is passed to the algorithm for the

concerned solution candidate.

For the circuit design and optimization, we utilized PSO and ABC algorithms and

proposed MPSO (Modified Particle swarm optimization) algorithm and EABC (Enhanced

artificial bee colony) algorithm.

The PSO algorithm is very popular for solving the engineering problems. It simulates

the behavior of birds flocks searching for food [15]. In this algorithm, each particle rep-

resents a solution candidate. Each particle is assumed to move in search space with the

certain velocity. The new velocity of the particle is calculated based on best position ever

visited by the particle and overall best solution found during the journey of the particle

up to the present time. The convergence speed of PSO algorithm is fast, however, it

suffers from saturation problem due to loss of swarm diversity and likely to trap in locally

optimized solution [16]. The MPSO algorithm addresses this problem of the PSO algo-

rithm. In MPSO algorithm, the novel re-initialization scheme is used to avoid saturation
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Figure 3: Circuit of Two-stage Op-amp

of algorithm. This avoids trapping of the algorithm in locally optimized solution.

The performance comparison of ABC, PSO, DE and swarm-inspired evolution algorithm

(PS-EA) algorithms based on their ability to solve benchmark functions reveals that the

performance of the ABC algorithm is superior, and it also requires the fewer number of

control parameters [17] [18]. However, due to poor exploitation ability, ABC algorithm

suffers from the slower convergence speed. The EABC algorithm is based on the ABC

algorithm. The new search strategy used in EABC algorithm improves exploitation ability

of algorithm and improves its convergence speed.

In order to evaluate the performances of the EABC and MPSO algorithms, we designed

following circuits in 0.13µm and 0.09µm CMOS technologies using these algorithms.

• Two stage CMOS Operational-amplifier

• High gain bulk driven OTA

• Second generation current conveyor (CCII)

Further, these circuits are also designed using ABC, PSO, GABC [19] and MABC [20]

algorithms and obtained results are compared. Each circuit is designed 10 times in-

dependently and average results are considered for comparison. The maximum circuit

evaluations during the design process are set to 5000. We use NG-SPICE [21] as circuit

simulator and utilize PTM device models [22]. The experiment is conducted on computer

having following major specifications: Processor - AMD FX-8350; Clock - 4GHz, RAM -

4GB, OS - Ubuntu 12.04-64 bits, Kernal - 3.13.0-95-generic.

6.1.1 Two Stage Operational Amplifier

The two-stage amplifier is widely used in the analog integrated circuits. It is a building

block of many other circuits such as amplifiers, mixer, filter, ADC, and DAC. The cir-

cuit of the two-stage op-amp is shown in Fig. 3 [23]. The design parameters are width

and length of the various transistors, the value of the bias current and value of Miller
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Table 1: Two-stage op-amp: Search space for the design parameters
Parameter Search space (0.13µm) Search space (0.09µm)
W1 to W9 0.5 µm to 10 µm 0.5 µm to 10 µm
L1 to L5 0.2 µm to 1 µm 0.1 µm to 1 µm
I0 1 µA to 10 µA 1 µA to 10 µA
CC 0.001pF to 1pF 0.001pF to 1pF
V DD (Fixed) 1.2V 1.0V

Table 2: Two stage operational amplifier (Schematic-level): Performance comparison of
algorithms based on 10 independent design runs.

Technology ABC GABC MABC PSO EABC MPSO
Average RMS error(%) 0.13µm 1.01 2.02 2.71 3.30 0.39 1.39

0.09µm 0.20 2.71 7.18 0.95 0.05 0.002

Worst RMS error(%)
0.13µm 5.77 6.74 8.84 6.80 1.97 2.11
0.09µm 0.58 5.62 21.2 4.68 0.52 0.02

Average circuit evaluations
0.13µm 4482 3604 5000 5000 3608 4680
0.09µm 4720 5000 5000 4406 3500 2946

Average design time (Minutes)
0.13µm 39.6 31.2 40.7 43.2 36.2 41.1
0.09µm 16.41 17.3 15.9 15.8 12.2 10.8

Number of times zero RMS 0.13µm 3 5 0 0 5 1
error is obtained 0.09µm 3 0 0 2 9 9

capacitor. There are 16 design parameters. The search-space for the design parameters

are described in Table 1. The desired specifications are as follows; Gain ≥ 80dB, Unity

gain bandwidth (UGB) ≥ 100MHz, Phase margin (PM) ≥ 60◦, Power consumption (PC)

≤ 20µW , Rise and fall slew rate (RSR) ≥ 40V/µS, Power supply rejection ratio (PSRR)

≥ 75dB, Common-mode rejection ratio (CMRR) ≥ 80dB. The average of obtained re-

sults over 10 independent runs are shown in Table 2. The obtained results reveal that the

both proposed algorithms EABC and MPSO algorithms perform efficiently than other

considered algorithms. In Fig. 4, the variations in the RMS error with the circuit evalu-

ations are shown. This helps to compare convergence speed of the considered algorithms.

The EABC algorithm design op-amp in 0.13µm technology most efficiently, however, the

MPSO algorithm is performing better for design in 0.09µm technology. In Table 3, sim-

ulation of best designs obtained during 10 independent run in 0.13µm CMOS technology

using EABC algorithm and MPSO algorithm are shown.

6.1.2 High gain bulk driven OTA

The operational transconductance amplifier (OTA) is widely used in analog circuits. It is

a building block of the gm-C filter, data converters, active inductor, and resistors. In this

work, high-gain bulk-driven OTA is designed. In the bulk-driven technique, the input

signal is applied to the bulk terminal of the MOSFET. This helps to overcome limitation
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Figure 4: Two stage op-amp: Variation in RMS error with circuit evaluations

Table 3: Two-stage op-amp (0.13µm CMOS technology): Simulation result of best design
obtained by EABC algorithm and MPSO algorithm

Specifications EABC MPSO
Gain (dB) ≥ 80 80.0 85.7
PM (◦) ≥ 60 72.1 60.8
UGB (MHz) ≥ 100 107.5 143.3
PSRR (dB) ≥ 75 84.1 79.2
CMRR (dB) ≥ 80 82.8 110.0
PC (µW ) ≤ 20 19.6 19.4
RSR (V/µS) ≥ 40 47.2 83.0
FSR (V/µS) ≥ 40 40.1 40.3
Error (%) = 0 0.0 0.0

M4 M3

in2in1

in1in2
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M2A M1A

VDD

M8 M7

o/p

GND
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Ic Ic
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Figure 5: Circuit of High-gain bulk-driven OTA

Table 4: High-gain bulk-driven OTA: Search space for the design parameters
Parameter Search space (0.13µm) Search space (0.09µm)
Width(W ) of each transistor 1 µm to 100 µm 1 µm to 100 µm
Length(L) of each transistor 0.2 µm to 2 µm 0.1 µm to 2 µm
Ib 0.1 µA to 2 µA 0.1 µA to 2 µA
Ic 0.1 µA to 1 µA 0.1 µA to 1 µA
V DD 0.5V 0.5V

10



Synopsis Enrollment No.:119997111010

Table 5: High gain low voltage bulk-driven OTA: Performance comparison of algorithms
based on 10 independent design runs.

Technology ABC GABC MABC PSO EABC MPSO

Average RMS error(%)
0.13µm 0.69 1.18 0.16 0.37 0.51 0.0

0.09µm 0.18 0.85 0.48 0.88 0.04 0.0

Worst RMS error(%)
0.13µm 1.64 3.98 1.42 3.74 1.88 0.0

0.09µm 0.96 4.16 2.46 5.51 0.42 0.0

Average circuit evaluations
0.13µm 4148 4096 1991 2012 3950 1572

0.09µm 3212 4700 3097 2002 2396 932

Average design time (Minutes)
0.13µm 55.8 53.5 28.4 32.8 53.6 27.3

0.09µm 44.5 59.9 38.0 28.8 32.7 13.9

Number of times zero RMS 0.13µm 3 4 8 8 6 10

error is obtained 0.09µm 7 3 6 8 9 10

Table 6: High-gain bulk-driven OTA (0.13µm CMOS technology): Simulation result of
best design obtained by EABC algorithm and MPSO algorithm

Specifications EABC MPSO
Gain (dB) ≥ 80 81.5 81.2
PM (◦) ≥ 60 61.3 64.0
UGB (MHz) ≥ 1.5 2.1 2.0
PC (µW ) ≤ 5 4.2 3.7
RSR (V/mS) ≥ 0.1 0.28 0.18
FSR (V/mSS) ≥ 0.1 0.29 0.18
Error (%) = 0 0.0 0.0

imposed by the threshold voltage. The bulk-driven technique is quite useful for building

low voltage bio-medical circuits. However, transconductance offered by the bulk-driven

technique is significantly less than the gate-driven technique. This results in the low gain.

The circuit of designed bulk-driven OTA is shown in Fig.5. The cross-coupled pair used

imparts negative impedance for degeneration. This results in enhancement of overall

transconductance of the differential pair [24]. The circuit is designed in both 0.13µm

and 0.09µm CMOS technologies using ABC, GABC, MABC, PSO and MPSO algorithms

with following specifications; Gain ≥ 80(dB), Unity gain bandwidth (UGB) ≥ 1.5MHz,

Phase margin (PM) ≥ 60◦, Power consumption (PC) ≤ 5µW , Rise and fall slew rate

(RSR) ≥ 0.1V/µS. The average of the obtained results over 10 independent runs are

shown in Table 5. In Fig. 6 , the variation in the RMS error with the circuit evaluations

is shown. The obtained results reveals that the MPSO algorithm is able to design OTA

most efficiently. In Table 6, simulation of best designs obtained during 10 independent

run in 0.13µm CMOS technology using EABC algorithm and MPSO algorithm are shown.
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Figure 7: Circuit of low-voltage CCII

6.1.3 Low voltage second generation current conveyor (CCII)

The current conveyor circuit was proposed by Sendra [25] and it is a building block

of many current mode signal processing circuits. The current conveyor can be utilized

for voltage to current converter, current to voltage converter, voltage controlled voltage

amplifier, voltage controlled current source, current amplifier, current differentiator and

current integrator. Further, it is a building block of current feedback operational ampli-

fier and active filters [26]. We designed low voltage positive second generation current

conveyor(CCII+) as shown in Fig. 7 [27]. The search-space for the design parameters are

shown in Table 7. The design specifications are as follows; Voltage gain = 1, Current gain

= 1, Voltage bandwidth ≥ 500MHz, Current bandwidth ≥ 500MHz, Impedance of X

terminal, Zx ≤ 50Ω, Impedance of Z terminal, Zz ≥ 100KΩ, Power consumption (PC) ≤

Table 7: Low voltage CCII: Search space for design variables.
Parameter Search space (0.13µm) Search space (0.09µm)
Width(W ) of all transistors 1 µm to 100 µm 1 µm to 100 µm
Length(L) of all transistors 0.2 µm to 2 µm 0.1 µm to 2 µm
Ib 1 µA to 50 µA 1 µA to 50 µA
V DD 0.8V 0.6V
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Table 8: Low voltage CCII: Performance comparison of algorithms based on 10 indepen-
dent design runs.

Technology ABC GABC MABC PSO EABC MPSO

Average RMS error(%)
0.13µm 3.78 9.02 5.64 15.32 2.51 2.15
0.09µm 16.14 20.34 19.51 24.91 16.08 15.95

Worst RMS error(%)
0.13µm 8.86 15.34 6.84 22.46 3.36 3.02
0.09µm 16.79 36.61 22.63 49.44 16.58 15.95

Average circuit evaluations
0.13µm 5000 5000 5000 5000 5000 5000
0.09µm 5000 5000 5000 5000 5000 5000

Average design time (Minutes)
0.13µm 17.3 17.9 17.3 17.3 17.0 17.4
0.09µm 17.4 17.8 17.2 17.4 16.9 17.6

Number of times zero RMS
0.13µm 0 0 0 0 0 0

error is obtained 0.09µm 0 0 0 0 0 0
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Figure 8: Low-voltage CCII: Variation in RMS error with circuit evaluations

200µW . The summary of obtained results over 10 independent runs are shown in Table

8. The variation in the RMS error with the circuit evaluations is shown in Fig. 8. The

obtained results shows the effectiveness of EABC and MPSO algorithm.

6.2 Configurable layouts

The handcrafted layouts for the analog circuits are prepared using the graphical inter-

face. Once, the layout is prepared, the distance between various layout components and

their size become fixed. Making the change in the prepared layout may require moderate

to large efforts. Further, the lifetime of such frozen layout is short as they cannot be

ported in other technologies. The configurable layouts on other hand are prepared using

the standard macros written in the script file. In the configurable layout, the distances

between various layout components, and their dimensions are described using layout pa-

rameters or technology dependent variables. This allows making changes in layouts easy.

By passing appropriate parameters, new layout can be generated without any human ef-
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Figure 10: Conceptual block diagram for parasitic aware automatic analog circuit design

fort. Further, configurable layouts can be easily ported in other technologies very easily.

The configurable layouts are prepared for the MAGIC VLSI Tool [28]. The block diagram

of design environment for the configurable layout is shown in Fig.9. The script file written

in Python programming language [29] is converted into the MAGIC VLSI tool compatible

format, and then, the layout tool is triggered to generate layout.

6.3 Parasitic aware automatic circuit design

In order to achieve parasitic-aware automatic circuit design, extracted layout is used in-

stead of the schematic in the optimization process. The configurable layout tool can

generate layouts with desired parameters, and generated layout can be extracted into

circuit netlist containing all the parasitic components. The conceptual block diagram of

the parasitic-aware automatic circuit design is shown in Fig. 10. The algorithm gener-

ates parameters for the configurable layout, the configurable layout tool generates the

layout and its extracted netlist containing the parasitic component. This extracted lay-
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Figure 11: Parasitic-aware design of Two-stage op-amp: (a) Schematic (b) Variation in
error with layout evaluations

out is simulated against pre-determined test-bench and error is calculated. Based on this

error algorithm generates the new set of parameters. This process continues till termi-

nation criteria are not satisfied. This is an automatic process and does not require any

intervention.

6.3.1 Parasitic aware design of the two-stage op-amp

The parasitic-aware design of the two-stage op-amp is carried out in the 0.13µm CMOS

technology to drive the load of 0.05pF. The design specifications are as follows: Gain ≥
80 dB; phase margin ≥ 60◦; UGB ≥ 100MHz; PSRR ≥ 75dB; CMRR ≥ 80dB; power

consumption ≤ 30µW ; Rise and Fall slew rates ≥ 35V/µS. The design parameters are

the width of various transistors as shown in the schematic (see Fig. 11a), the length of all

transistors and size of the Miller capacitor. To implement capacitor, stacked metal layers

are used. The parasitic-aware (layout-level) design of Two-stage op-amp was carried out

using ABC, EABC, PSO and MPSO algorithms. The variation in the average RMS error

with the circuit evaluations for these algorithms are shown in Fig. 11b. The ABC, EABC,

and MPSO algorithms were able to design op-amp all 10 times without any error i.e. all

the desired specifications are satisfied. However, the convergence speed of the MPSO

algorithm was found faster than other algorithms. In Fig. 12, layout-obtained after the

one of the design runs of MPSO algorithm is shown.

Since, there is alway some process variations during the manufacturing process of the

integrated circuit, all devices have not exactly the same characteristic. In order to achieve

the robust design, it is advisable to consider process variations in the design process.

The parasitic-aware automatic design of two-stage op-amp in 0.13µm technology is also

carried out using ABC algorithm considering 10% variation in the process. Further, we

also consider the temperature variation between 0◦C to 70◦C in the design process. To

consider process and temperature variations, five process corners TT, FF, FS, SF, and
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Figure 12: Layout of two-stage op-amp

Table 9: Two stage op-amp (0.13µm technology) design using ABC algorithm: Simulation
results at different process and temperature corners

Process Temperature Gain UGB PM PSRR CMRR PC RSR FSR
(◦C) (dB) (MHz) (◦) (dB) (dB) (µW ) (V/µS) (V/µS)

≥ 80 ≥ 100 ≥ 60 ≥ 75 ≥ 80 ≤ 30 ≥ 35 ≥ 35

TT
0 81.8 137.8 70.3 80.2 82.4 29.6 40.1 36.4
25 81.2 130.4 67.9 79.2 81.9 29.6 40.1 36.1
70 80.2 116.8 64.8 77.5 81.2 29.6 40.0 35.8

FF
0 81.6 135.3 72.4 80.5 83.9 29.8 40.4 36.6
25 81.1 129.2 70.5 79.5 83.6 29.8 40.3 36.4
70 80.2 117.5 68.0 77.9 83.2 29.8 40.2 36.1

FS
0 81.8 142.6 66.9 78.8 82.1 29.6 40.3 36.6
25 81.2 132.3 63.9 77.6 81.5 29.6 40.2 36.4
70 80.2 117.1 60.3 75.5 80.6 29.6 40.1 36.1

SF
0 81.9 128.9 73.4 81.2 83.3 29.5 40.0 35.8
25 81.3 123.4 71.6 80.3 82.8 29.5 39.9 35.5
70 80.4 112.6 69.3 78.8 82.3 29.5 39.9 35.3

SS
0 82.1 137.5 68.1 79.9 82.1 29.4 39.9 36.0
25 81.5 127.7 65.3 78.8 81.5 29.4 39.9 35.8
70 80.5 113.2 61.9 77.0 80.6 29.4 39.8 35.5

SS are simulated at three temperatures i.e. 0◦C, 25◦C and 70◦C. The Table 9 illustrates

simulation results of designed layout of op-amp using parasitic-aware automatic design

approach at the different process and temperature corners. The obtained results clearly

indicate effectiveness of the proposed approach of parasitic-aware automatic circuit design.

Other than two-stage op-amp, parasitic-aware designs for the bulk-driven OTA, ring-

oscillator, inverter buffer and VCO are carried out in 0.13µm CMOS technology success-

fully. In Fig. 13 and Fig. 14 the layouts of bulk-driven OTA and inverter buffer obtained

after parasitic-aware design process are shown.

7 Realization of the objectives

• Two efficient algorithms, EABC algorithm and ABC algorithm are proposed. The

performances of these algorithms are tested by designing two-stage operational am-

plifier, high-gain bulk-driven OTA and current conveyor in 0.13µm and 0.09µm
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Figure 13: Layout obtained after parasitic-aware design of bulk-driven OTA

Figure 14: Layout obtained after parasitic-aware design of inverter buffer

CMOS technologies at schematic level.

• The concept of the parasitic-aware automatic circuit design is proposed and veri-

fied by designing two-stage operational amplifier, bulk-driven OTA, ring oscillator,

inverter buffer and VCO successfully.

8 Conclusion

Two efficient algorithms, EABC and MPSO algorithms are proposed in this work. The

performances of these algorithms are compared with ABC, PSO, MABC and GABC algo-

rithms by designing two-stage op-amp, high gain bulk-driven OTA and second generation

current conveyor at schematic level in 0.13um, and 0.09um CMOS technology. Both the
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proposed algorithms have designed these circuits more efficiently than other considered

algorithms. The MPSO algorithm has designed OTA satisfying all the specifications and

with zero RMS error. The ABC algorithm has designed OTA with 1.64% error for 0.13µm

technology and 0.96% for the 0.09µm technology. The PSO algorithm has designed OTA

in 0.13µm technology with 3.74% and 5.51% RMS error.

The concept of an automatic circuit design using evolutionary algorithms is extended to

the layout level design by proposing configurable layouts. This enables consideration of all

types of parasitics from the beginning of the circuit design. The parasitic-aware automatic

circuit design of op-amp in 0.13µm CMOS technology is demonstrated considering process

and temperature variation. The layout of the optimized op-amp is generated successfully

without any human intervention. Further, the parasitic-aware design of the bulk-driven

OTA, ring oscillator, voltage controlled oscillator and inverter buffer are carried out using

the proposed approach. The obtained results reveal the effectiveness of the proposed

concept for the layout level design automation.

Publications

1. S. Patel and R. A. Thakker, “Automatic circuit design and optimization using

modified pso algorithm,” Journal of Engineering Science and Technology Review,

vol. 9,no. 1, pp. 89–94, 2016.

Submitted and under review

1. S. Patel and R. A. Thakker, “Parameter Space Exploration for Analog Circuit De-

sign Using Enhanced Bee Colony Algorithm,” Journal of Circuits, Systems, and

Computers, World Scientific Publishing Company

References

[1] P. Mandal and V. Visvanathan, “Cmos op-amp sizing using a geometric program-

ming formulation,” Computer-Aided Design of Integrated Circuits and Systems, IEEE

Transactions on, vol. 20, no. 1, pp. 22–38, 2001.

[2] G. Stehr, H. E. Graeb, and K. J. Antreich, “Analog performance space exploration by

normal-boundary intersection and by fourier–motzkin elimination,” IEEE Transac-

tions on Computer-Aided Design of Integrated Circuits and Systems, vol. 26, no. 10,

pp. 1733–1748, 2007.

[3] M. R. Berkelaar and J. A. Jess, “Gate sizing in mos digital circuits with linear

18



Synopsis Enrollment No.:119997111010

programming,” in Proceedings of the conference on European design automation.

IEEE Computer Society Press, 1990, pp. 217–221.

[4] T. Mak, K.-P. Lam, H. Ng, G. Rachmuth, and C.-S. Poon, “A cmos current-mode

dynamic programming circuit,” Circuits and Systems I: Regular Papers, IEEE Trans-

actions on, vol. 57, no. 12, pp. 3112–3123, 2010.

[5] N. Menezes, R. Baldick, and L. T. Pileggi, “A sequential quadratic programming

approach to concurrent gate and wire sizing,” Computer-Aided Design of Integrated

Circuits and Systems, IEEE Transactions on, vol. 16, no. 8, pp. 867–881, 1997.

[6] A. Purushothaman and C. D. Parikh, “A new delay model and geometric

programming-based design automation for latched comparators,” Circuits, Systems,

and Signal Processing, vol. 34, no. 9, pp. 2749–2764, 2015.

[7] S. P. Boyd, T. H. Lee et al., “Optimal design of a cmos op-amp via geometric

programming,” Computer-Aided Design of Integrated Circuits and Systems, IEEE

Transactions on, vol. 20, no. 1, pp. 1–21, 2001.

[8] G. Nicosia, S. Rinaudo, and E. Sciacca, “An evolutionary algorithm-based ap-

proach to robust analog circuit design using constrained multi-objective optimiza-

tion,” Knowledge-Based Systems, vol. 21, no. 3, pp. 175–183, 2008.

[9] B. P. De, R. Kar, D. Mandal, and S. Ghoshal, “An efficient design of cmos comparator

and folded cascode op-amp circuits using particle swarm optimization with an aging

leader and challengers algorithm,” International Journal of Machine Learning and

Cybernetics, pp. 1–20.

[10] S. Manjula and D. Selvathi, “Optimal design of low power cmos power amplifier

using particle swarm optimization technique,” Wireless Personal Communications,

vol. 82, no. 4, pp. 2275–2289, 2015.

[11] R. A. Thakker, M. S. Baghini, and M. B. Patil, “Automatic design of low-power

low-voltage analog circuits using particle swarm optimization with re-initialization,”

Journal of Low Power Electronics, vol. 5, no. 3, pp. 291–302, 2009.

[12] S. Patel and R. A. Thakker, “Automatic circuit design and optimization using mod-

ified pso algorithm,” Journal of Engineering Science and Technology Review, vol. 9,

no. 1, pp. 89–94, 2016.

[13] T. R. Dastidar, P. Chakrabarti, and P. Ray, “A synthesis system for analog circuits

based on evolutionary search and topological reuse,” IEEE Transactions on evolu-

tionary computation, vol. 9, no. 2, pp. 211–224, 2005.

19



Synopsis Enrollment No.:119997111010

[14] Y. Del Valle, G. K. Venayagamoorthy, S. Mohagheghi, J.-C. Hernandez, and R. G.

Harley, “Particle swarm optimization: basic concepts, variants and applications in

power systems,” Evolutionary Computation, IEEE Transactions on, vol. 12, no. 2,

pp. 171–195, 2008.

[15] J. Kennedy and R. Eberhart, “Particle swarm optimization,” in Neural Networks,

1995. Proceedings., IEEE International Conference on, vol. 4, Nov 1995, pp. 1942–

1948 vol.4.

[16] M. Clerc, Particle Swarm Optimization, ser. ISTE. Wiley, 2010. [Online]. Available:

https://books.google.co.in/books?id=Slee72idZ8EC

[17] D. Karaboga and B. Basturk, “A powerful and efficient algorithm for numerical

function optimization: artificial bee colony (abc) algorithm,” Journal of global opti-

mization, vol. 39, no. 3, pp. 459–471, 2007.

[18] ——, “On the performance of artificial bee colony (abc) algorithm,” Applied soft

computing, vol. 8, no. 1, pp. 687–697, 2008.

[19] G. Zhu and S. Kwong, “Gbest-guided artificial bee colony algorithm for numerical

function optimization,” Applied Mathematics and Computation, vol. 217, no. 7, pp.

3166–3173, 2010.

[20] X. Zhang, X. Zhang, S. Ho, and W. Fu, “A modification of artificial bee colony

algorithm applied to loudspeaker design problem,” Magnetics, IEEE Transactions

on, vol. 50, no. 2, pp. 737–740, 2014.

[21] “Ngspice user manual,” http://ngspice.sourceforge.net/docs/ngspice-manual.pdf, ac-

cessed: 2016-04-17.

[22] “Predictive Technology Models (PTM) for cmos,” http://ptm.asu.edu/, accessed:

2016-04-17.

[23] P. Allen and D. Holberg, CMOS Analog Circuit Design. OUP USA, 2012.

[24] L. H. Ferreira and S. R. Sonkusale, “A 60-db gain ota operating at 0.25-v power

supply in 130-nm digital cmos process,” Circuits and Systems I: Regular Papers,

IEEE Transactions on, vol. 61, no. 6, pp. 1609–1617, 2014.

[25] A. Sedra, G. W. Roberts, and F. Gohh, “The current conveyor: history, progress and

new results,” in IEE proceedings, vol. 137, no. 2 Pt G, 1990, pp. 78–87.

[26] S. B. Salem, M. Fakhfakh, D. S. Masmoudi, M. Loulou, P. Loumeau, and N. Mas-

moudi, “A high performances cmos ccii and high frequency applications,” Analog

Integrated Circuits and Signal Processing, vol. 49, no. 1, pp. 71–78, 2006.

20



Synopsis Enrollment No.:119997111010

[27] G. Ferri and N. C. Guerrini, Low-voltage low-power CMOS current conveyors.

Springer Science & Business Media, 2003.

[28] “Magic VLSI Layout Tool,” http://opencircuitdesign.com/magic/, accessed: 2016-

11-27.

[29] Python programming language. [Online]. Available: https://www.python.org

21


