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Abstract In this paper, signal processing is utilized to reduce the computational time which is one of
weak point of FDTD(finite difference time domain) method  Compared with the direct FDTD,
combination of FDTD and signal processing achieves the same type of accuracy in much shorter time.
The combination method spends 140 minutes to analyze the frequency characteristics of the microstrip
lowpass filter while the direct FDTD consumes about 900 minutes. To verify the obtained results,
microstrip lowpass filter is fabricated on dielectric substrate, and the measured results are compared
with the analyzed results. It is shown that measured results are in good agreement with the theoretical
results,
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Fig. 31. Third-order Chebyshev lowpass filter.
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Fig. 33. Error of the estimated waveform as a
function of order at input port.
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Fig. 34. Error of the estimated waveform as a
function of sampling spaceat input
port( order : 37).
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Fig. 35. The analyzed and the estimated time
domain waveform at input port.
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Fig. 36. Frequency characteristics of lowpass
filter by Prony method.
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Fig. 36. Frequency characteristics of lowpass
filter by autoregressive model.

I3 39914 B ule) o] A5 3H Bdg oj8sio
2§ A Bgoe Ry A Yo A FREE
=A% "ejo) A4S seuielel dutAQ AEE fA
Hog T Azl dAE

£

e

a9 369 38 39904 B vk} 2o| AFste] 5AE
"ejo] A sEuiEg AEY fAEges A
»eje) A sy aEln ARKYY fRHEEES A
A2)(Prony $HE 048 4y, 2E 3AME o8
Adte el 4 sEojEs A dAjdke A% &
ack aElm ARG fraAEwTes At dast A
347 7148 @4 Y fexewe ARE Ade
BE Farda A9 dAsGH.

QukzEel A7 SHAEWE olfstel FHE N
7] YA 320004t ARFESE ARE s dlo) 4£8F
£ AN Az A7HY fEREES AsHE 7EE o
23la] 300004¢ AIZFES AsE o) 285 AN A
7He v)mEhE ¥ 319 29 uis} 2o}

-114 -



%31 g9 d4 A H

AN Y| AR TR | AR VIR AR
FDTD 320004¢ | HP 715/100XC | 900%
FDID 50004¢ ob 14
. nsAe | + zioe0a: | T TII00XC °F 140%

F 3194 BE uie} 2ol 29 319 A9EH UHE
A o NEAe JYe 3 A f3AEEE A
438l A3 b L85 N2 AsAE V-E A
3] e ity A7ty faARRoR ANEES
o) 285 A7H) ¢ 15 %ol sfEehs &S AlzbelTh

4.8 £

2 sidAe zaFa 32E AN £ e FEE
FAAN A ADEY FEAEEel AdEAE 7Y
(Prony W& A8 4 2% 319 Zd)E HE3lo]
Adshe b 285 ARKE ©EAIIE S 4o A
AT 7EE Agshe Wi BE ARYY /e
Wog Albd Ba AsHE o8] Add oY
< Mzl 2XE TIFen, o A o &3l HEA
glo] A EHe FHe g B2 AL Feiuh o9
o] Azt FAARRel Wz PP A3 3
2E siMFoRy S dMshe d £88HE AE 2
A GENFHEAE GFR] ARGY FIEARETE o8
3] HA AZE FhE AR Ane dAjske ARE @
< & YAtk webA ol AuAz i Ay |
XA A Pe] HEohd vIEe A9y #9
ARy oS gy FEE A 5 geneg Ye
g g 54& A AqNE F Ye 21Ty
Agdolee] Aol A FEAEERE 342 T 3
ozt Azt

5

Lfg—mrq

= S|
[1] R.F. Harrington, Field Computation By
Moment Methods, The Macmillan, New York,

1968.

[2] M.N.O.Sadiku, Numerical Techniques in
Electromagnetics, CRC Press, Florida, 1992.

[3] X.Zhang, J.Fang, K. K.Mei, and Y.Ly,
"Calculations of the Dispersive Characteri-

stics of Microstrips by the Time-Domain
Finite Difference Method”, IEEE Trans.
Microwave Theory Tech., vol. MTT-36, no. 2,

pp. 263~266, Feb. 1968.

[41 D. M. Sheen, S. M. Ali, M. D. Abouzahra,
and J. A. Kong, “"Application of the Three-

Dimensional Finite—Difference Time—Domain
Method to the Analysis of Planar Microstrip
Circuits”, IEEE  Trans. Microwave  Theory
Tech.,, wvol. MIT-38, no. 7, pp. 849~85/,
July, 1990.

[5] A, B, A, "Mzlgel FEHxHy
g olgst & WX HEMRY a4
SEREMEs =8Xl, 23 435, pp.1975~1984,
1999.

[6] G. D. Smith, Numerical Solution of Partial
Differential Equations Finite Difference
Method, 3rd Ed., Oxford : Clarendon, 1987.

[71 K. S.Yee, “"Numerical Solution of Initial
Boundary Value Problems involving
Maxwell's FEquations in  Anisotropic  Media”,
IEEE Trans. Antennas Prop., vol. Ap—14, pp.
302~307, 1996.

[8] A. Taflove, Computational Electrodynamics
Finite-Difference Time—-Domain Method,

Artech House, Boston, 1995.

[6] X.Zhang and K.K.Mei, "Time-Domain Finite
Difference Approach to the Calculation of
the Frequency—Dependent Characteristics of
Microstrip Discontinuities”, IEEE Trans.
Microwave Theory Tech., vol. MTT-36, no. 12,
pp. 1775~1787, Dec. 1988.

[10) @8, A, WAA, oM, WMl Hd

Z, "Prony WHE 0|88 AUIY {FexE
W AM 52 74,7 1996 Fo4 ojo|a=x L
Ha} stacis =&%, vol. 15, no. 3, pp. 218~
221, Sep. 1996.

-115—



[11] K Naishadham,  "Application  of  Spectral
Domain Prony's Method to the FDID
Analysis of Planar Microstrip Circuits”,
IEEE Trans. Microwave Theory Tech.,,
vol 42, no.12, pp.2391~2398, Dec. 1994.

[121 J. Chen, C.Wu, T.K Y.Lo, Ke-Li Wu, and
J. Litva, "Using Linear and Nonlinear
Predictors to Improve the Computational
Efficiency of the FD-TD Algorithm”, |EEE
Trans. Microwave Theory Tech., vol.
MTT-42, no. 10, pp. 1992~1997, Oct. 1994.

[13] G. Mur, "Absorbing Boundary Condition for
the Finite-Difference = Approximation of the
Time—-Domain Electromagnetic—Field Equations”,
IEEE Trans. Microwave Theory Tech., vol
MTT-23, no. 4, pp. 377~382, Nov. 1981.

[14] J.Litva, "A Dispersive Boundary Condition
for Microstrip Component Analysis using the
FD-TD Method”, IEEE  Trans. Microwave
Theory Tech., vol. MTT-40, no. 4, pp.774~
777, Apr. 1992,

[15] J.P.Berenger, "A Perfectly Matched Layer
for Absomption of Electromagnetic = Waves”,
Jour. Computational Physics, vol. 114, pp.
185~200, 1994,

[t6] ZidZ, ojoja=n F8t HE2h, 1998.

- 116



