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Outline

we present recent advances in automated electromagnetic (EM)
optimization of microwave components and circuits

we review the challenge of EM optimization and present
illustrative examples

examples involve both direct optimization using commercial EM
simulators and Space Mapping optimization

we review a robust new algorithm for EM optimization called
TRASM (Trust Region Aggressive Space Mapping)

the trust region ensures that each iteration results in improved
alignment between the coarse and fine models

recursive multi-point parameter extraction improves the
conditioning of the extraction phase

we exploit Sonnet’s em, MATLAB, OSA90, OSA’s Datapipe,
interpolation and database techniques and Geometry Capture

examples include the EM optimization of microstrip T-junctions
and an HTS filter
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Optimal Microstrip T-junctions

“direct” EM minimax optimization has been reported (Bandler
et al., 1993, 1994, 1997)

we present some new results: a comparison between different
configurations to compensate discontinuity effects in T-
junctions

the comparison is done by applying direct optimization to the
different configurations

the target is to achieve the minimum possible mismatch at the
three ports

the T-junction considered is symmetric and connected to 50 Ω
transmission lines
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Optimal Microstrip T-junctions

(a)
(Gupta et al., 1982)

(b)
(S. Wu et al., 1990)

(c)
(Proposed here)

(d)
(M. Dydyk, 1977)
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Design Specifications

the specifications considered here are

,
3
1,

3
1

2211 ≤≤ SS

in the frequency range 2 to 16 GHz

the width w, the height h and the relative dielectric constant εr

are fixed during optimization

three tools are exploited: Sonnet’s em simulator, the minimax
optimizer in OSA90/hope and Empipe
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Optimization Results

optimal value of r at θ  equal to 30°, 45° and 60°
for the T-junction in (a)

θ optimal value of r
30° 1.556 w
45° 1.355 w
60° 1.158 w

optimal values of the parameters x and y for the
T-junctions in (b), (c) and (d)

T-junction optimal value
of x

optimal value
of y

(b) 0.9250 w 0.583 w
(c) 0.7271 w 0.7917 w
(d) 0.1 w 0.9167 w
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Optimization Results
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Discussion on the T-junctions

the T-junction in (a) with θ equal to 30° gives unsatisfactory
results since 11S  and 22S  are far from the ideal –9.54 dB

the T-junctions in (b), (c) and (d) give satisfactory results with
minor response differences
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Conclusions

advances in computational electromagnetics and optimization
technology allow direct exploitation of CPU intensive EM
simulation techniques in circuit design optimization

Space Mapping is a powerful approach for extremely CPU
intensive simulators, combining the speed of circuit-level
optimization with the accuracy of EM simulations

we reviewed TRASM, a new algorithm for EM optimization

examples include EM optimization of microstrip T-junctions
and an HTS filter

we compared four configurations to compensate discontinuities
in a T-junction

a new configuration has been introduced

the HTS filter is particularly challenging: narrow bandwidth
(about 1.24 %) and high dielectric constant (about 24)



Simulation Optimization Systems Research Laboratory
McMaster University

99-5-9

REFERENCES
[1] J.W. Bandler and Q.J. Zhang ,“Next generation optimization methodologies for wireless and microwave

circuit design,” IEEE MTT-S Int. Topical Symp. On Technologies for Wireless Applications (Vancouver,
BC), Feb. 1999.

[2] HP HFSS Designer, HP EEsof Division, Hewlett-Packard Company, 1400 Fountaingrove Parkway, Santa
Rosa, CA 95403-1799, 1998.

[3] J.W. Bandler, R.M. Biernacki and S.H. Chen, “Automated electromagnetic optimization of microwave
circuits,” Proc. 13th Annual Review of Progress in Applied Computational Electromagnetics (Monterey, CA),
1997, pp. 1358-1365.

[4] J.W. Bandler, R.M. Biernacki, S.H. Chen, P.A. Grobelny and S. Ye, “Yield-driven electromagnetic
optimization via multilevel multidimensional models,” IEEE Trans. Microwave Theory Tech., vol. 41, 1993,
pp. 2269-2278.

[5] J.W. Bandler, R.M. Biernacki, S.H. Chen, D.G. Swanson, Jr., and S. Ye, “Microstrip filter design using direct
EM field simulation,” IEEE Trans. Microwave Theory Tech., vol. 42, 1994, pp. 1353-1359.

[6] Workshop WMFE, Automated Circuit Design using Electromagnetic Simulators.  1995 IEEE MTT-S Int.
Microwave Symposium (Orlando, FL), 1995.

[7] J.W. Bandler, R.M. Biernacki, S.H. Chen, P.A. Grobelny and R.H. Hemmers, “Space mapping technique for
electromagnetic optimization,” IEEE Trans. Microwave Theory Tech., vol. 42, 1994, pp. 2536-2544.

[8] J.W. Bandler, R.M. Biernacki, S.H. Chen, R.H. Hemmers and K. Madsen, “Electromagnetic optimization
exploiting aggressive space mapping,” IEEE Trans. Microwave Theory Tech., vol. 43, 1995, pp. 2874-2882.

[9] M.H. Bakr, J.W. Bandler, R.M. Biernacki, S.H. Chen and K. Madsen, “A trust region aggressive space
mapping algorithm for EM optimization,” IEEE Trans. Microwave Theory Tech., vol. 46, Dec. 1998.

[10] em  , Versions 3.0b, 4.0b and 5.1a, Sonnet Software, Inc., 1020 Seventh North Street, Suite 210, Liverpool,
NY 13088, 1997 and 1998.

[11] MATLAB , Version 5.0, The Math. Works, Inc., 24 Prime Park Way, Natick, MA 01760, 1997.
[12] OSA90/hope  and Empipe , Version 4.0, formerly Optimization Systems Associates Inc., P.O. Box 8083,

Dundas, ON, Canada, L9H 5E7, 1997, now HP EEsof Division, Hewlett-Packard Company, 1400
Fountaingrove Parkway, Santa Rosa, CA 95403-1799.

[13] J.W. Bandler, R.M. Biernacki, S.H. Chen, L.W. Hendrick and D. Omeragi≡, “Electromagnetic optimization of
3D structures,” IEEE Trans. Microwave Theory Tech., vol. 45, 1997, pp. 770-779.

[14] R. Chadha and K.C. Gupta, “Compensation of discontinuities in planar transmission lines,” IEEE Trans.
Microwave Theory Tech., vol. 30, 1982, pp. 2151-2156.

[15] S. Wu, H. Yang and N.G. Alexopoulos, “A rigorous dispersive characterization of microstrip cross and tee
junctions,” IEEE MTT-S Int. Microwave Symp. Dig. (Dallas, TX), 1990, pp. 1151-1154.

[16] M. Dydyk, “Master the T-junction and sharpen your MIC designs,” Microwaves, vol. 16, May 1977, pp.
184-186.

[17] D.G. Swanson, Jr., “RF and wireless component design using electromagnetic simulation,” lecture notes,
Besser Associates Inc., Mountain View, CA 94040, 1998.

[18] C.G. Broyden, “A class of methods for solving nonlinear simultaneous equations,” Math. Comp., vol. 19,
1965, pp. 577-593.

[19] J.J. Moré and D.C. Sorenson, “Computing a trust region step,” SIAM J. Sci. Stat. Comp., vol. 4, 1983, pp.
553-572.

[20] J.W. Bandler, R.M. Biernacki, S.H. Chen, W.J. Gestinger, P.A. Grobelny, C. Moskowitz and S.H. Talisa,
“Electromagnetic design of high-temperature superconducting filters,” Int. J. Microwave and Millimeter-
Wave CAE, vol. 5, 1995, pp. 331-343.


