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Abstract: Problem statement: Day by day more and more products rely on analamiits to improve
the speed and reduce the power consumption(Procdkigten analog circuits to improve the speed and
reduce the power consumption day by day more anc.jnd-or the VLSI implementation analog
circuit design plays an important role. This anabiiguit synthesis might be the most challenging
and time-consumed task, because it does not omyistoof topology and layout synthesis but also
of component sizingApproach: A Particle Swarm Optimization (PSO) technique foe bptimal
design of analog circuits. Analog signal procesginds many applications and widely uses OpAmp
based amplifiers, mixers, comparators. and filtBesults: A two-stage opamp (Miller Operational
Trans-conductance Amplifier (OTA)) is considered fhe synthesis that satisfies certain design
specifications. Performance has been evaluatedth@tSimulation Program with Integrated Circuit
Emphasis (SPICE) circuit simulator until optimatess of the transistors are four@@bnclusion: The
output of the simulation for the two-stage opampveh that the PSO technique is an accurate and
promising approach in determining the device simean analog circuit.
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INTRODUCTION specifications with the optimal value. When an
integrated circuit is fabricated the performances ha
Design of analog circuit has a vital role in the some variations from that of the nominal designisTh
electronic system and the techniques for automdkiag may occur due to several reasons and the two irport
analog circuit design started a decade ago. Beaafuse €rror sources for this are the process variatiousthe
the complexity in analog design, it has not beerMismatch (Hastings, 2006). The processes variations
automated like digital design to a great extentc@i &€ caused by fluctuating process biases during the

synthesis is the process of designing and constguet manufacturing and this will make the process
network to provide a prescribed response to a Bpeci parameters to change. Normally the process parasnete

. . : are assumed to be the similar for all the devigeshe
excitation (Goh and Li, 2001). There are two phases ¢;me wafer, but may vary from wafer to wafer.

the design of analog circuit (Sametal., 2009). First  Mismatch is caused by the local changes on the same
one is to construct the topology of the circuit @edond  chip, because the analog circuits rely on the close
one is to adjust the circuit parameters for a desigmatching of a set of devices and the changes will
specification, known as the circuit sizing. Celtisg is  degrade the performance of the circuit. When the
the way in which designing an opamp by adjusting th process variations and the mismatch affect theognal
transistor width, reference currents and compesrsati Circuit the performance of the circuit may fail ieeet
capacitor. This is a time-consumed process and iff'¢ desired specifications. So the circuit topaegand
different technologies the scaling transistors grout ~ (he Set of design parameters are well identified &re
different results. Thus, analog circuit design endtion less sensitive to such changes.

techniques become essential to obtgin solutiqn§ tha MATERIALSAND METHODS
satisfy the requested performance with the minimum
time effort (Alpaydinet al., 2003). Circuit design flow: Figure 1 shows the circuit

For a given schematic circuit and specifications,design flow for an analog cell. For any design the
the sizes and biasing of all the devices have taken  specifications like power, gain, bandwidth, swiodg,
care in such a manner that the circuit meets the circuit is given initially.
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Cell specifications Related work: Review the prior work on improving the
\|/ design strategy in analog circuits. Wang and LiO@0
proposed a two-layer evolutionary scheme based on
Topology selection Genetic Programming (GP) and Neural Network (NN),

which uses a divide-and-conquer approach to design
o ) low pass filter analog circuit. The new represeéatabf
Circuit schematic the circuit is helpful to generate expectant circui
d/ graphs. The algorithm can perform the circuits with
dynamical size, circuit topology and component galu
in an efficient manner. Fakhfakhet al. (2010)
\\/ proposed Particle Swarm Optimization (PSO) techmiqu
for the optimal design of analog circuits to sohath
mono-objective and multi-objective discrete
optimization problems. The technique is appliedeon

Device sizing

Sized circuit schematic

Layout low noise amplifier with two operations. First
\l maximizing the voltage gain and compute the Pareto
-~ front of a bi-objective problem and second minimgi
Cell layout the parasitic input resistance of a second gewoerati
current conveyor.
Extraction Olteanet al. (2009) proposed a method for analog
circuit design optimization offered by computatibna
\|/ intelligence techniques. The design objectives are
Extracted circuit schematic expressed in a flexible manner using fuzzy setairdle
fuzzy systems are used to model the complex multi-
Fig. 1: Circuit design flow variable and nonlinear circuit performance andntioglel

satisfies high accuracy and low computation comifylex
Torreset al. (2009) presented a comparison of two
rent algorithms, a Univariate Marginal Distriion
Algorithm for Analog Circuits (UMDA-AC) and a

In topology selection the circuit architecture is
chosen and is a critical task. It requires goodd"r.fe
understanding of circuits and specifications. I th

device sizing, choose the device sizes to meet th ) . LN
required specifications. Here the width and lengith Genetic Algorithm for Analog Circuits (GA-AC). Thes

the transistors are desired. In the layout the dsize@/90rithms are compared in performing the synthesis

schematic is converted into a physical topqlogy ar_1d sizing of an analog low pass flltenaw_lng

representation which is ready for manufaogr of circuits is made_by means of a linear represienta

Then physical verification is done for the Designler  technique with a variable length chromosome.

Check (DRC) and the Layout Verses Schematic (LVS) He et al. (2009) proposed a Multi-objective

check. Finally, in the extraction, the parasitikeli Simulated Annealing (MSA) approach to evolve logic

resistances and capacitances are extracted bgythet!  circuits automatically with an extended matrix ediog

The circuits must be sized to fulfill with required method to improve automatic design and performance

various performance specifications to meet designyyajuation of logic circuits in efficiency and céidy

objectives regarding area, power consumption, $0r@s ¢ ohtimization. This can be able to reflect ehemoial

a set of de_S|gn constraints. For Fhe past few Yearyarformance of a circuit and reduce the risk ottiey

advances in optimization techniques and design . .. . .

methodologies based on interactive computing havé cireut with a good developing potential.

been made. The methods so far described sufferst | Tlelo-Cuautleet al. (2010) presented the art of

one of the following problems (Fakhfakhal., 2009).  applying evolutionary algorithms for the syntheaiwd
sizing of analog Integrated Circuits. A survey ebple

» Trapped easily at local minima working in this field and major advances and
+ Artificially convert the multi-objective problem to discoveries are summarized and finally several open
single-objective one research problems are listed to improve the eleitro
+ Do fitness of an already determined feasibledesign automation tools for analog integrated discu

solution by applying evolutionary algorithms.
» Not able to generate all the set of optimal sohgio Kim et al. (2004) presented a technique for

» Depends on the form of the compromise surface improving the accuracy of Geometric Programming
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(GP) based analog circuit design optimization. Bevi 4> Voo

modeling based on convex piecewise-linear function L

fitting is introduced to create accurate active and g :—l‘ |

passive device models. Also, suggested a simple ‘ J—“ !

method to take the modeling error into account b G

optimization, which results in a robust design other _

inherent errors in GP device models. Vi =n M2
Fakhfakhet al. (2009) presented a novel heuristic

for optimizing analog circuit performances and deal

with generating the Pareto front using the topaabi Leet

properties of the feasible solution space. The isgeir D

allows generating optimal values of circuit paraanet N -

Vs

Ce  Re Output

in reduced computation time and memory consumption
and robustness of the algorithm was proved using
specific difficult test problems.

Sotoet al. (2010) presented a group of evolutionary
mechanism for the design of analog circuits, embddd
on a genetic algorithm that performs the synthekisn  Fig. 2: Two-stage opamp
analog filter. The algorithm interacts with SPICB,

evaluate.the. fitngss of evolved ci.rcuiFs._To modsl optimization approach to determine the device aize
analog circuit, a linear representation is intrati@nd 5" .alled Ordinal Optimization (OO)-based Random-
its corresponding reproduction operators that pvese gcaje Differential Evolution (ORDE) algorithm. The
the valid topological analog circuit class closed. evolutionary algorithm uses differential evolutidor
Das and Vemuri (2007) presented a genetiglobal search and a random scale mutation opefator
algorithm based automated circuit synthesis toal fofine tuning to enhance the yield optimization.
passive analog circuits. It describes the procedaore Habal and Graeb (2011) presented a flow for the
developing both the circuit topology and the cormgn automatic synthesis of an analog circuit layoueldas a

values for a passive analog circuit comprising ofLR schematic and a list of circuit design parametdues

and C components from a given set of specificationsThe flow is driven by design, placement and routing
constraints and every possible layout for eachageiwi

The nove_lty of the work pertains _to_ _the cpmponentthe circuit is analyzed. The layout with the optima

value assignment procedure for the initial setigults  goometric features and smallest quantization eisor

and the crossover techniques employed. considered. Finally, the flow is integrated with a
Habal and Graeb (2011) presented a genetigeterministic nonlinear optimization algorithm to

algorithm based automated circuit synthesis frammkwo perform layout-driven circuit sizing.

for passive analog circuits. A procedure is devetbp

for the simultaneous generation of both the topplog Circuit design using PSO approach: Figure 2 shows a

and the component values for analog circuitsSIMPle two-stage opamp circuit. Opamp is a power

comprising of R, L and C elements, from a givenafet consuming building block in analog integrated dircu

. . . and the design of this analog circuit is a chall nd
specifications. In this, the selection procedurecsies i \a consur%ing one. Theg two-stage opa?n%@circuit

prospective parent circuits for mating on the badis nrovides better gain, output swing and is well alit
comparable fitness values and the crossover processr low-voltage applications.
comprises of exchanging well-defined sub-circuits, By the use of CAD tools the analog circuit design
encompassing the whole design space, between the twan be automated to enhance the design process to
chosen parent circuits. reduce the _dgsi_gn time an_d design process complexit
Zhou et al. (2011) presented a fast analog circuit2nd also minimize the design and production cost. F
analysis algorithm for circuits being repeatedly e opamp the d, is assumed as 3.3 V and &
modified and verified in product development. Theassumed as 1 pF. In this study, the opamp is areti

laorith the circuit simulati . to get maximum gain, unity-gain bandwidth, slewerat
algorithm reuses the circuit simulations on sudvess ,pase margin and power consumption. The basic

change in circuit analysis to achieve simulationobjective of the circuit design is to size the léngnd
operation reduction. The proposed algorithm in@eas width of the CMOS transistors and also the values o
the speed of the circuit simulation five to tendBrover the passive devices are adjusted simultaneoustiien
the direct simulations, with accuracy. condition that the topology of the circuit is fixed
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Initialization
of the swarm

|

Fitness
calculation of
each particle

Y .

Evaluate best

Fig. 3: Flowchart of PSO

Best
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Figure 3 shows the flow chart of PSO for the
design of two-stage opamp circuit. PSO is a swarm
intelligence technique and form a subset of
metaheuristics. W and L are the width and lendth o
the transistors. The optimal sizing of the opamp
circuit consists of the following performance
parameter functions:

W1 Ll W3 L3 W5L5 W6 L6 L7 W8 L8 Cc Rc

location A multiple candidate solutions coexist and
| cooperate with each other simultaneously in the
7 metaheuristic PSO approach. Each solution is called
Update particle that flew within the problem search space
velocities and looking for the optimal position to be placed (Tewet
position al., 2009). During each iteration, the particle ctesigs
\|/ position based on its own experience and the expesi
: gained by its neighboring particles. The entiretipkar
Increment Fitness will remember about its best position and is infedhio
iteration calculation of . ]
value each particle the global version of the aIgonthr_n. R
The PSO algorithm starts with the initializatioh o
a swarm of particles in the search space. Eacliclgart
in the search space is represented by its posditidhe
Update the search space and the velocity of the particle. guri
best location each step or iteration all the particles adjustsirth
positions and velocities, which indicates the dimts
needed for the movement of the particles to imptbee
current position. The position changes of the pledi
No Stopping in the search space are based on the social-

psychological aspects of the individuals to emutage
success of other individuals (Yoshidaal., 2000).

In each generation, the velocity of each partisle
calculated and the position of the next fithessctiom
evaluation is updated by the following Eq. 1 and 2.

V=W *Vi+ C *rand (pbest-X)
+ G, * rand (gbest-X) (1)

Because of the enormous global search capabilitpnd:

Evolutionary Algorithms (EAs) are used for the

automatic design optimization by many researchersXu;= X; + Vi (2)

PSO is a population-based searching techniqueratspi

by natural mechanisms. This solves the optimizationVhere:

problems by emulating the flocking behavior of kird Vi

(Zzhang et al., 2008). The representations of feasiblew

solutions are employed by a swarm of particlesrin aV,

efficient way and each particle has its own positmd C;and G

velocity. These two parameters are repeatedly epdat Pbest

by tracing the local best position and the globastb Gbest Best position by the particles neighbor

position found so far. PSO has been used for man¥ui = Updated position

applications (Sushantaet al., 2008) and can X = Old position

considerably reduce the computational time. rand = random numbers between 0 and 1
933
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PSO algorithm: A set of particles ‘N’ of swarm is JTable 1: Sizes of circuit components

. - o I w1 199u L1 0.6u
deﬂ_ngd initially angl e_ach part|cle_ is charactaﬂli_@'_ its W 1954 5 06U
position and velocity in the solution space. Theiflan w3 245u L3 1.3u
: t ; - w4 245u L4 1.3u
a_nd veIpmty of ' particle i=1, 2, ..., N) foran M W5 300U L5 2
dimension is represented as=>x{Xi;, X, X3, - - - ; Xu} W6 360u L6 1.4u
and Vf = {vis, Vi2, Via, - - . . , Wu} respectively. All the e a32u o e
particles update its new position and velocity base  cc 3.2pf Rc 545

its own local best positiorpkest) and the best position

of the entire (global) swarmglest). The following Table 2: Obtained circuit values

X Metrics Obtained Unit
steps are evolved to get the optimum value. Power 6.00 mw
Gﬁlin 81.23 dB
- Initiali iti i P Margi 60.08 D
Step 1: Inlt!allze the posm_on and veI(_)<_:|ty of Iaaf: Sleavj%atgfg'” 28800 V/'fgees
particle. For ‘N’ particles the position vector is swing 2.44 Vv
given by X(t) = {X(t), Xa(t), Xa(), . . .,
Xn()}, where Xi = {X1, X2, %3, - - . , X} and CONCLUSION
the velocity vector is given by V(i) = {\t), . . . -
: This study applies a PSO-based device sizin
VD), VD), . . ., W(0)}, where Vi = {vi, Vi, y app 9

approach to size the transistors in analog circsitsh

Vigs - - - YN}' i as a two-stage opamp circuit. The two-stage opamp
Step 2: Set the iteration process as 1. _ circuit has been validated using the SPICE simulato
Step 3: Based on the positions of each particléuet@  and the circuit configurations are predefined, s the

the objective function. simulator can efficiently optimize the device sizmsing
Step 4: Fitness value of each particle is comparnithl  the proposed optimization technique to meet the

‘pbest’ value. If the ‘pbest’ value is better than required objectives. This study can also be caroied

the previous value, then set the ‘pbest’ value tdy using the other optimization methods. PSO reguir

the current value. only less number of iterations to obtain the optimu
Step 5: Compute the ‘gbest’ of the swarm from tastb Solution. In this study, the parasitic wire capade

of all the particles ‘pbest durm.g the |mplementat|on of Ia_lyout generation @& n
Step 6: Update the velocity and position of each('iﬂo:rse'gered and It can be carried out as future work

. : S ver, analysis can also be carried out on other
particle by the following equations: characteristics, such as noise and distortion hehav

Visr =W * Vi + G * rand ( pbest — ¥ + G* REFERENCES
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Step 7: Increment the iteration and proceed to 8tep
until the stopping criteria is reached.

Step 8: Best solution is the ‘gbest’ value and eatd
the fithess value
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