NEXT GENERATION OPTIMIZATION METHODOLOGIES

FOR WIRELESS AND MICROWAVE CIRCUIT DESIGN
J. W. Bandler and Q.J. Zhang

SOS-99-3-V

February 1999

( J.W. Bandler and Q.J. Zhang 1999

No part of this document may be copied, translated, transcribed or entered in any form into any machine without written permission.  Address enquiries in this regard to Dr. J.W. Bandler.  Excerpts may be quoted for scholarly purposes with full acknowledgement of source.  This document may not be lent or circulated without this title page and its original cover.

NEXT GENERATION OPTIMIZATION METHODOLOGIES FOR WIRELESS AND MICROWAVE CIRCUIT DESIGN

J. W. Bandler and Q.J. Zhang


Simulation Optimization Systems Research Laboratory


and Department of Electrical and Computer Engineering


McMaster University, Hamilton, Canada L8S 4K1

bandler@mcmaster.ca

soya.sos.mcmaster.ca


[image: image9.wmf]Monte Carlo loop

optimization loop

redesign loop


Introduction

commercial CAE systems for high-speed, wireless and microwave circuits and systems are no longer regarded as complete without a variety of design automation capabilities

computer-integrated manufacturing, including CAD, CAM, information management and decision support systems will be a reality facing the design engineer in the next century

CAE practices such as active and passive device, circuit and system design are expected to be physically and electromagnetically based, to include electrical, mechanical and thermal effects

future developments in integrated CAE tools will concurrently link geometry, layout, physical, electromagnetic (EM) and process simulations, with performance, yield, cost, system specifications, manufacturability and testability in a manner transparent to the designer

Paper Outline

we review two exciting concepts:

electronic device modeling through Artificial Neural

Network technology

circuit optimization exploiting Space Mapping

in the design parameter space

we elaborate on Knowledge Based Neural Network structures for enhanced modeling

we elaborate on Aggressive Space Mapping for efficient electromagnetic optimization
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Existing Modeling Approaches

original detailed simulations

accurate

but slow

empirical models

limited accuracy and flexibility

but fast

polynomial models

response surface models

limited degree of nonlinearity

but fast

table lookup models

arbitrary nonlinearity

fast

but limited to low-dimensional problems
Neural Network Approach

multilayer perceptrons

theoretically, models any degree of nonlinearity

handles more variables than, e.g., lookup table models

valid across a larger space than polynomial models

is ultra fast
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Structure and Parameters of Multilayer Perceptrons 

Model Building: Learning Mode
perform detailed device/circuit simulations/measurements

to obtain data

use the data to train the neural network

this procedure could be very slow

it can be performed off-line

Neural Network Training                                                     

Model Usage
given a set of input parameters to the neural network it will predict corresponding outputs

this recalling procedure is very fast and is done on-line during optimization

Neural Network Model for Iterative Design

the neural network model is trained off-line only once

the model can then be used many times for different purposes

repeated simulations

optimization

re-optimization



2-Conductor Microstrip Line 

Neural Model for Microstrip Line 

Neural Model for Self Capacitance of Microstrip Line 

Neural Model for Self Capacitance of Microstrip Line 

Physics-Based MESFET 

Neural Model for MESFET


FET I-V Curve Neural Network Model


Knowledge Based Neural Networks (KBNN)

incorporate electrical knowledge into neural networks to

reduce the amount of training data

required for model development

improve the accuracy and reliability

of the neural network model
KBNN Structure


Conclusions (Neural Networks)

a novel neural based modeling technique has been developed

the feasibility and efficiency of neural models have been demonstrated

the proposed KBNN combines engineering empirical knowledge with the learning power of neural networks

with ultra fast recalling speed, neural models will have significant impact on the development of interactive CAD tools

NeuroModeler is the first tool of its kind dedicated to RF and microwave engineering

NeuroModeler is available from Dr. Q.J. Zhang (Carleton University)

Conclusions (Space Mapping Optimization)

ASM has been applied to a number of design examples exploiting full wave EM simulators

Sonnet’s em has been used to optimize various filters, including the design of a high temperature superconducting filter

finite element solvers Ansoft and HP HFSS have been used to design various 3D structures such as waveguide transformers and filters

coarse models exploited coarse grid EM models or circuit-theoretic/analytical models

coarse models, decomposed into subnetworks, have even consisted of a mixture of EM based subnetworks and empirical elements connected through circuit theory

A new ASM algorithm called TRASM (Trust Region Aggressive Space Mapping) automates the selection of fine model points used in a multi-point parameter extraction process
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mstrip2

		4		7.07E-11		7.50E-11		7.93E-11		8.38E-11		8.83E-11

		4.275862		6.85E-11		7.27E-11		7.69E-11		8.12E-11		8.56E-11

		4.551724		6.65E-11		7.05E-11		7.46E-11		7.88E-11		8.30E-11

		4.827586		6.46E-11		6.86E-11		7.25E-11		7.66E-11		8.07E-11

		5.1034484		6.29E-11		6.67E-11		7.06E-11		7.45E-11		7.85E-11

		5.37931		6.14E-11		6.51E-11		6.88E-11		7.26E-11		7.64E-11

		5.6551723		6.00E-11		6.35E-11		6.71E-11		7.08E-11		7.45E-11

		5.9310346		5.87E-11		6.21E-11		6.56E-11		6.91E-11		7.27E-11

		6.206897		5.75E-11		6.09E-11		6.42E-11		6.76E-11		7.10E-11

		6.4827585		5.65E-11		5.97E-11		6.29E-11		6.61E-11		6.94E-11

		6.7586207		5.55E-11		5.86E-11		6.17E-11		6.48E-11		6.79E-11

		7.034483		5.46E-11		5.76E-11		6.05E-11		6.35E-11		6.65E-11

		7.3103447		5.38E-11		5.66E-11		5.95E-11		6.24E-11		6.53E-11

		7.586207		5.31E-11		5.58E-11		5.85E-11		6.13E-11		6.40E-11

		7.862069		5.24E-11		5.50E-11		5.76E-11		6.03E-11		6.29E-11

		8.137931		5.17E-11		5.43E-11		5.68E-11		5.93E-11		6.18E-11

		8.413794		5.12E-11		5.36E-11		5.60E-11		5.84E-11		6.08E-11

		8.689655		5.06E-11		5.29E-11		5.52E-11		5.75E-11		5.98E-11

		8.965517		5.01E-11		5.23E-11		5.45E-11		5.67E-11		5.89E-11

		9.24138		4.96E-11		5.17E-11		5.38E-11		5.59E-11		5.80E-11

		9.5172415		4.92E-11		5.12E-11		5.32E-11		5.52E-11		5.72E-11

		9.793103		4.87E-11		5.07E-11		5.26E-11		5.45E-11		5.64E-11

		10.068966		4.83E-11		5.02E-11		5.20E-11		5.38E-11		5.56E-11

		10.344828		4.79E-11		4.97E-11		5.14E-11		5.32E-11		5.49E-11

		10.620689		4.75E-11		4.92E-11		5.09E-11		5.26E-11		5.42E-11

		10.896552		4.71E-11		4.88E-11		5.04E-11		5.19E-11		5.35E-11

		11.172414		4.68E-11		4.83E-11		4.98E-11		5.14E-11		5.29E-11

		11.448276		4.64E-11		4.79E-11		4.93E-11		5.08E-11		5.22E-11

		11.724138		4.60E-11		4.74E-11		4.88E-11		5.02E-11		5.16E-11

		12		4.57E-11		4.70E-11		4.84E-11		4.97E-11		5.10E-11
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e =  3.75

e =  4.00

e =  4.25

e =  4.50

e = 4.75

Height

Self Capacitance

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		4		4		4		4		4

		5.0833335		5.0833335		5.0833335		5.0833335		5.0833335

		6.1666665		6.1666665		6.1666665		6.1666665		6.1666665

		7.25		7.25		7.25		7.25		7.25

		8.333333		8.333333		8.333333		8.333333		8.333333

		9.416667		9.416667		9.416667		9.416667		9.416667

		10.5		10.5		10.5		10.5		10.5

		11.583333		11.583333		11.583333		11.583333		11.583333

		12.666667		12.666667		12.666667		12.666667		12.666667

		13.75		13.75		13.75		13.75		13.75

		14.833333		14.833333		14.833333		14.833333		14.833333

		15.916667		15.916667		15.916667		15.916667		15.916667

		17		17		17		17		17

		18.083334		18.083334		18.083334		18.083334		18.083334

		19.166666		19.166666		19.166666		19.166666		19.166666

		20.25		20.25		20.25		20.25		20.25

		21.333334		21.333334		21.333334		21.333334		21.333334

		22.416666		22.416666		22.416666		22.416666		22.416666

		23.5		23.5		23.5		23.5		23.5

		24.583334		24.583334		24.583334		24.583334		24.583334

		25.666666		25.666666		25.666666		25.666666		25.666666

		26.75		26.75		26.75		26.75		26.75

		27.833334		27.833334		27.833334		27.833334		27.833334

		28.916666		28.916666		28.916666		28.916666		28.916666

		30		30		30		30		30



W =  4.0

W =  5.5

W =  7.0

W =  8.5

W = 10.0
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Chart5

		0		0		0		0		0

		0.13793103		0.13793103		0.13793103		0.13793103		0.13793103

		0.27586207		0.27586207		0.27586207		0.27586207		0.27586207

		0.41379312		0.41379312		0.41379312		0.41379312		0.41379312

		0.55172414		0.55172414		0.55172414		0.55172414		0.55172414

		0.6896552		0.6896552		0.6896552		0.6896552		0.6896552

		0.82758623		0.82758623		0.82758623		0.82758623		0.82758623

		0.9655172		0.9655172		0.9655172		0.9655172		0.9655172

		1.1034483		1.1034483		1.1034483		1.1034483		1.1034483

		1.2413793		1.2413793		1.2413793		1.2413793		1.2413793

		1.3793104		1.3793104		1.3793104		1.3793104		1.3793104

		1.5172414		1.5172414		1.5172414		1.5172414		1.5172414

		1.6551725		1.6551725		1.6551725		1.6551725		1.6551725

		1.7931035		1.7931035		1.7931035		1.7931035		1.7931035

		1.9310344		1.9310344		1.9310344		1.9310344		1.9310344

		2.0689654		2.0689654		2.0689654		2.0689654		2.0689654

		2.2068965		2.2068965		2.2068965		2.2068965		2.2068965

		2.3448277		2.3448277		2.3448277		2.3448277		2.3448277

		2.4827585		2.4827585		2.4827585		2.4827585		2.4827585

		2.6206896		2.6206896		2.6206896		2.6206896		2.6206896

		2.7586207		2.7586207		2.7586207		2.7586207		2.7586207

		2.8965516		2.8965516		2.8965516		2.8965516		2.8965516

		3.0344827		3.0344827		3.0344827		3.0344827		3.0344827

		3.1724138		3.1724138		3.1724138		3.1724138		3.1724138

		3.310345		3.310345		3.310345		3.310345		3.310345

		3.4482758		3.4482758		3.4482758		3.4482758		3.4482758

		3.586207		3.586207		3.586207		3.586207		3.586207

		3.724138		3.724138		3.724138		3.724138		3.724138

		3.862069		3.862069		3.862069		3.862069		3.862069

		4		4		4		4		4



Vg = -4.0 V

Vg = -3.0 V

Vg = -2.0 V

Vg = -1.0 V

Vg =  0.0 V

Drain Voltage (Volts)

Drain Current (mA)

-26.366734

-15.415171

-11.080819

-10.833797

-9.221225

13.214705

49.620525

92.49885

147.99431

223.0318

27.737335

74.470436

133.43094

213.19778

324.304

32.83321

83.793396

149.161

238.09525

362.55096

34.540024

87.453835

155.59744

247.77438

375.86478

35.10591

89.16264

158.84947

252.2348

380.4303

35.35302

90.27288

161.15158

255.18202

382.40466

35.576645

91.261795

163.2822

257.90973

383.9725

35.87894

92.286095

165.4845

260.81866

385.82843

36.291397

93.38652

167.80795

263.9866

388.12695

36.819393

94.56248

170.23364

267.3791

390.8377

37.45815

95.79887

172.71991

270.92752

393.87878

38.198235

97.07542

175.21901

274.5585

397.16714

39.027256

98.369736

177.68347

278.20615

400.63785

39.93022

99.6582

180.06905

281.81796

404.25076

40.889446

100.91626

182.33693

285.35876

407.99136

41.88442

102.11875

184.45605

288.81345

411.86765

42.891727

103.2407

186.40575

292.1884

415.90445

43.88521

104.258545

188.17882

295.5115

420.13623

44.83637

105.15207

189.78438

298.83002

424.59924

45.71522

105.90694

191.2502

302.20624

429.32465

46.49163

106.51773

192.62367

305.71133

434.33295

47.137215

106.99119

193.97093

309.41824

439.631

47.627903

107.349174

195.37381

313.39462

445.2112

47.94699

107.63066

196.92458

317.6969

451.0528

48.08856

107.892265

198.71922

322.36642

457.1242

48.06081

108.20659

200.85016

327.4276

463.38663

47.8888

108.65843

203.39961

332.88852

469.79715

47.615883

109.33907

206.43442

338.7429

476.31207

47.303246

110.33947

210.00325

344.973

482.8893



mesfet

		0		-40.71233		-26.366734		-15.415171		-11.080819		-10.833797		-9.221225

		0.13793103		-16.88557		13.214705		49.620525		92.49885		147.99431		223.0318

		0.27586207		-8.376275		27.737335		74.470436		133.43094		213.19778		324.304

		0.41379312		-5.505358		32.83321		83.793396		149.161		238.09525		362.55096

		0.55172414		-4.614076		34.540024		87.453835		155.59744		247.77438		375.86478

		0.6896552		-4.350957		35.10591		89.16264		158.84947		252.2348		380.4303

		0.82758623		-4.223863		35.35302		90.27288		161.15158		255.18202		382.40466

		0.9655172		-4.057353		35.576645		91.261795		163.2822		257.90973		383.9725

		1.1034483		-3.792289		35.87894		92.286095		165.4845		260.81866		385.82843

		1.2413793		-3.4123101		36.291397		93.38652		167.80795		263.9866		388.12695

		1.3793104		-2.9169922		36.819393		94.56248		170.23364		267.3791		390.8377

		1.5172414		-2.3121464		37.45815		95.79887		172.71991		270.92752		393.87878

		1.6551725		-1.6064044		38.198235		97.07542		175.21901		274.5585		397.16714

		1.7931035		-0.81011117		39.027256		98.369736		177.68347		278.20615		400.63785

		1.9310344		0.06492426		39.93022		99.6582		180.06905		281.81796		404.25076

		2.0689654		1.0053594		40.889446		100.91626		182.33693		285.35876		407.99136

		2.2068965		1.9961262		41.88442		102.11875		184.45605		288.81345		411.86765

		2.3448277		3.0201972		42.891727		103.2407		186.40575		292.1884		415.90445

		2.4827585		4.0583544		43.88521		104.258545		188.17882		295.5115		420.13623

		2.6206896		5.089001		44.83637		105.15207		189.78438		298.83002		424.59924

		2.7586207		6.08806		45.71522		105.90694		191.2502		302.20624		429.32465

		2.8965516		7.029021		46.49163		106.51773		192.62367		305.71133		434.33295

		3.0344827		7.8832235		47.137215		106.99119		193.97093		309.41824		439.631

		3.1724138		8.620463		47.627903		107.349174		195.37381		313.39462		445.2112

		3.310345		9.210034		47.94699		107.63066		196.92458		317.6969		451.0528

		3.4482758		9.622304		48.08856		107.892265		198.71922		322.36642		457.1242

		3.586207		9.830895		48.06081		108.20659		200.85016		327.4276		463.38663

		3.724138		9.815451		47.8888		108.65843		203.39961		332.88852		469.79715

		3.862069		9.564866		47.615883		109.33907		206.43442		338.7429		476.31207

		4		9.080681		47.303246		110.33947		210.00325		344.973		482.8893
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Vg = -4.0 V
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