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ABSTRACT

The goal of this paper is to present a tool fooeatic
sizing of analog basic integrated blocks using is&ias
of non-linear optimization and an external eleetric
simulator. The methodology is based on the minitiona
of a cost function and constraint parameters reldte
circuit electrical characteristics. The methodologgs
implemented in Matlab using two heuristics of novedr
optimization, Simulated Annealing (SA) and Genetic
Algorithms (GA). As electrical simulations we usttk
Smash simulator and the ACM MOSFET model.
design example, this paper shows the applicatiothisf
methodology for the design of an active load défial
amplifier using AMS 0.35um technology.

As

1. INTRODUCTION

The design automation of analog integrated circuits
can be very useful in microelectronics, because it

provides an efficient search for the circuit vakésh

among a set of design constraints, to make it more

efficient as possible. Several works have been dottgs
theme, aiming the development of tools for Analog
Design Automation (ADA) with the goal of automatioh

In this context, we propose an automatic synthesis
procedure for basic analog building blocks which is
capable to size transistors width (W) and lend@th
with efficient time and ordinary computational raszes.

The proposed synthesis procedure provides some
options for the designer about the form of design
automation, allowing the choice between optimizatio
heuristics and external electrical simulators. st
context, we used as optimization heuristic Simuadlate
Annealing (SA) and Genetic Algorithms (GA), and as
external electrical simulator the Smash® Simulator.

This work is organized as follows: section 2 shows
the description of the proposed methodology; sac8o
presents the application of the methodology indésign
of a specific analog block - the differential arfipli -
with circuit description and comparison of finauds;
finally, section 4 shows the conclusion.

2. AMETHOLOGY FOR ANALOG DESIGN
AUTOMATION (ADA)

The proposed methodology has the goal to provide a
tool for circuit level analog design automation (AJ4].
It is based on the automatic sizing of MOSFET sdistar

time-consuming tasks and complex searches in highlyfor analog basic block based on a set of spedificat

non-linear design spaces [1, 2]. However, as fawas
know, there is not a commercial tool capable tdquer

the synthesis of analog circuits with optimum resin a

feasible time.

An important improvement in the analog design
could be the automation of some design stages, asich
system level, circuit level and layout level [3],
maintaining the interaction with the human desigfidre
large number of design variables and the consedaeyd
design space turn this task extremely difficulperform
even for most advanced computational
Therefore, it is mandatory the use of artificigkifigence
with great computational power to solve these wisl.

The automatic sizing is made for a heuristic fonca-
linear optimization using results of electrical siation
provided by an external electrical simulator. Thelt
diagram is shown in the Figure 1. The tool hasnasiti
the specifications of analog integrated circuittl{seand
parameter model, for example), the optimization
heuristics, the external electrical simulator arite t
technology model that will be used.

The optimization heuristic is some meta-heurisfirs
non-linear optimization. The goal of optimization

systems. heuristic is to reduce a cost function for a gieralog

basic block. This function is based on some design
constraints, as power dissipation and silicon afea,

The automatic design optimized-based is divided in €xample. We used in this paper Simulated Annelit
two types — based on equation model or e|ectrica|Genet|C A|gOI‘Itth as Opt|m|zat|0n heuristics.

simulation. In the electrical simulation approadie t

algorithm is based on the result of the electrical

simulation of analog block provided by an external
electrical simulator.
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Figure 1 — Diagram of ADA tool

Simulated Annealing is a meta-heuristic for noredn
optimizations and it is inspired on the analogy af
thermodynamic principle to simulate the cooling af
heated set of atoms. This algorithm receives astiap
initial solution and generate solutions in a randonmm.

A strategy for escaping from local minima is basedhe
probability to accept a worst solution. This proitigbis
dependent of a temperature parameter [5].

In this paper we used thsamin implementation for
Matlab, developed by Shinichi Sakata [6].

Genetic algorithms are also a meta-heuristic for-n
linear optimization and explore the analogy witblbgic
evolution theories. It is a non-deterministic algon and
it works with a variety of solutions (population),
simultaneously. The size of the population is definn
order to maintain an acceptable diversity considean
efficient optimization time. Each possible solutiarf
population is denominated chromosome, which isanch
of characters (gens) that represent the circuiiakbes.
The algorithm creates initial solutions randomlydan
generates new solutions based on the recombinatidn
mutation parameters. So, it is not necessary dialini
solution [7].

We used in this work theGAOT implementation
(Genetic Algorithms Optimization Toolbox) for Malla
developed by Christopher R. Houck et al [8].

In this work we used the ACM model for AMS035

3. DESIGN EXAMPLE — DIFFERENTIAL
AMPLIFIER

As an application for the proposed tool, we
implemented a design example using a CMOS diffeaknt
amplifier as analog basic block. The differentiadpifier
is one of the most versatile circuits in analogigleslt is
compatible with ordinary CMOS integrated-circuit

technology and serves as input stage for op antfjsIfs

basic function is to amplify the difference betwetbe
input voltages. The circuit for a differential arfigk with
active load is basically composed by a load cumantor
(M3 and M4), a source-coupled differential pair (lsldd
M2) and a reference current mirror (M5 and M6),vgho
in fig.2. The main electrical parameters of thewitr are
low-frequency voltage gain (Av0), gain-bandwidth
product (GBW), slew-rate (SR), input common-mode
range (ICMR), dissipated power (Pdiss) and area (A)
among others.

The low-frequency gain is the relationship between
output and input voltages, defined as:

AVO &
Qa2 T Yasa (1)
where @, is the gate transconductance of transistor M1
and gs; and gs4 are the output conductance of M2 and
M4, respectively.

The slew rate (SR) is the maximum output-voltage
rate, either positive or negative, given by:

Iref

S

Here, | is the current source of circuit C1 is the

R =

total output capacitance. This capacitance is estidhas
the sum of the load capacitance CL and drain ctgrams

of M2 and M4. Input common-mode range (ICMR) is the
maximum and minimum input common-mode voltage,
defined as:

ICMR™ = Vpss(sat) *Vgs1 Vs ©)

(4)

In this case, Vg, is the saturation voltage of

+— —
ICMR _VDD VGS3+VTN1

transistor M5,V q,and V44, are gate-source voltages of
M1 and M3, respectivelyV,, and Vg4 are voltage

sources of the circuit antl, is the threshold voltage of

technology. The ACM model includes a reduced set of M1. Thev , and V_source voltages are defined in this

parameters and is continuous in all regions of aijar.
In this case, these characteristics provide arcieffi
search in the design space [9].

As external electrical simulator we used Smash®

Simulator.

example as -1.65V and 1.65V, respectively.
The gain-bandwidth product is given by:

GBW = g_ml
G 5)



The cost function for the circuit, in this case, is Cost function

related to the power dissipation, defined as:
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Figure 3: Evolution of cost function for optimizaiti using SA.

For the genetic algorithm (GA) we made optimizagion
with three different populations: 10, 100 and 21000
individuals. The choice of population size is defin
based on the execution time and on the qualityhef t
solution. Table 3 shows the results for the genetic
algorithms using the same specifications used m th
simulated annealing optimization. Considering power
dissipation (the goal), it is possible to verifiatithe best
results are reached by a population of 1000 indafisi at
the expense of larger optimization time, the Figdre
show the evolution of cost function. Table 4 shadtws
initial and final values of optimization using Géoe
Algorithms. We can notice that with this heuristlee
initial values are not relevant, because all valaes
generated randomly.

Vas
Fig.2 - Schematics of a differential amplifier

The optimization was executed in a computer wittelln
dual core 1.73GHz processor and 2GB of memory. The
optimization using Simulated Annealing (SA) is exiec

and the Figure 3 show the evolution for cost florctand

the Table 1 show the results. The comparison bethiee
initial values and the final values are shown irbl€a2,
where it is possible to see that this heuristiddpendent

of good initial values as input. So, these initialues are
obtained by manual calculation based on the design

Table 3: Specifications achieved using the Gerdtgorithm
with three population sizes.

equations of the circuit. In the Table 1 it is pbks Specification Pop=10 Pop=100 Pop=1000
observe that all values of required specificati@re GBW 3.91MHz 949KHz 5 95MHz
reached.
SR 5.12V/us 5.00 V/us 5.00 V/us
Table 1: Specifications required and designedter t
optimization using Simulated Annealing. Av0 61.18 dB 62.29dB 60dB
Specification Required Designed ICMR- -1.02V -0.94V -0.70V
Av0 55dB 55,07 dB
SR 5 V/us 8,00 Vius ICMR+ 1.07v 0.81Vv 1.03V
ICMR+ 0.7v 1,11V Power 148.33uW 148.80uW 139.46uW
ICMR- -0.7v -0,83V dissipation
GBW IMHZ 7,00 MHz Time 22min 19min 25min
Table 2: Initial and final values for the optimiizat using Generations 2524 2354 2026

Simulated Annealing.

Variable Initial value Final value Table 4: Initial and final values of optimizatiosing GA.
W(M1, M2) 20 pm 45,76 um Variable Initial value Optimized value
W(M3, M4) 30 um 7,87 um W(M1 e M2) random 99.98 um
W(M5, M6) 100 pm 77,03 um W(M3 e M4) random 24.17 pm
L(M1, M2) 10 um 1,52 um \(\é%s eM'Vg) fa”gom 617;;9 um

e random .85 um

L(MS, M4) 15 um 1,55 um L(M3 e M4) random 2.56 um
L(MS, M6) oum 23,39 um L(M5 e M6) random 23.96 pm
Iref 100 pA 50,50 pA Iref random 51.22 UA




Electrical simulator using the ACM model implemehte

soor + Cost function in this methodology guarantee the search in albregof
7*** + * * operation of MOSFET transistors.

. As future work, we intend to develop a framework tfee
4oo*£* Lt *: * automatic synthesis of analog circuits. Also, wen ca
AR TR * explore the use of electrical simulators from adfet
c L vendors, expand the methodology for other anal@icba

© 300 * 4 * . .
g oy %:ﬁfﬂ** . P blocks and create a friendly interface for the hama
2L g W rhee cwew el designer.
5. ACKNOWLEDGMENTS
The grant provided by FAPERGS research agency for
100 supporting this work is gratefully acknowledged.
0 560 113IDDIt . 15:30 ZDIDD 2560 6. REFERENCES
erations
Figure 4: Evolution of cost function for optimizati using GA B
with 1000 individuals. [1] M. Degrauwe, O. Nys, E. Dukstra, J. Rijmenar8s,

Bitz, B. L. A. G. Go®art, E. A. Vittoz, S.Cserveng.
In the Table 5 a comparison between GA and SA isMeixenberger, G. V. der Stappen, and H. J. Oguey,
shown. Analyzing the results we can see that both“IDAC: An interactive design tool for analog CMOS
heuristics arrived near the same goal functionhvet  Circuits”, IEEE Journal of Solid-State Circuits, SC
difference of 3.37 uW. In the optimization timee A 22(6):1106{1116, December 1987
is about 12% faster. The gate area presented simila[2] M. D. M. Hershenson, S. P. Boyd, and T. H. Lee,
values for both methodologies. “Optimal design of a CMOS op-amp via geometric
Programming”, IEEE Trans. on Computer-Aided Design

Table 5: comparison of results between GA and AS of Integrated Circuits and Systems, 20(1):1{21,udan

optimizations. 2001.
Parameter GA SA [3] A. Girardi and S. Bampi, “LIT - An Automatic lyaut
Time 25 minutes 28 minutes Generation Tool for Trapezoidal Association of
W(M1, M2) 99.98 um 45.76 pm Transistors for Basic Analog Building Blocks”, Dgsi
W(M3, M4) 24.17 pm 7.87 um automation and test in Europe, 2003.
W(M5, M6) 67.49 pm 77.03 um [4] Balkir S., Dundar G., Ogrenci, A S., Analog SL
L(M1, M2) 1.85 um 1.52 um Design Automation, CRC Press, Florida, 2000.
L(M3, M4) 2.56 um 1.55 um [5] Vanderplaats, G. N., Numerical Optimization
L(M5, M6) 23.96 um 23.39 um Techlnlque_zs for Engineering Design: with Applicaiso
Iref 51.22 uA 50.50 LA Mcgraw-Hill, New York,_ 1984. _
AVO 59.09 dB 55 07 dB [6] Sakata_\, S. Asamin: a_MatIab gateway_ routine to
SR 5 60 Vins 8 (')9 Viis adaptive simulated annealing (AS_A). available  at:
ICMR+ 1 '03 1 1 1V http://www.econ.ubc.ca/ssakata/public_html/softwdig

: : P. Venkataraman, “Applied Optimization with Matlab
ICMR- -0.70v 083V Programming”, John wiley e sons, New York, 2002.
GBW 5.95 MHz 7,00 MHz [8] Christopher R. Houck, Jeffery A. Joine anithéael
Gate area 1863.89 um? 1883.49 um? Kay, “A Genetic Algorithm for Function
Cost  (Power 169.03 uW 165.66 W Optimization: A Matlab Implementation”, North
dissipation) Carolina  State University, available  at:

http://www.ie.ncsu.edu/mirage/GATooIB.
[91 A. I. A. Cunha, M. C. Schneider, and C. Galup-
4. CONCLUSION Montoro, "An MOS transistor model for analog circui
design. IEEE Journal of Solid-State Circuits,”
The proposed tool for analog design automationasid 33(10):1510{1519, October 1998.
analog building blocks presented good results in a[10] P. E. Allen and D. R. Holberg, CMOS Analog
reasonable computing time. It was possible to s@ t Circuit Design, Oxford University Press, Oxfordcsad
genetic algorithms and simulated annealing achievedgdition. 2002.
similar results, generating solutions that meetdakign ’
specifications.
A good characteristic of Genetic algorithms in tielathe
Simulated Annealing is the fact that it is not reszey to
calculate a feasible initial solution.



