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Abstract

A novel method is proposed in this year
to eliminate the late-time instability for hybnd
Finite Difference/ Finite Element Time Domain
method, although both methods are stable if
employed separately. Finite difference time
domain (FDTD) method assumesa uniform
field distribution in one cell; nevertheless, finite
element method (FEM) spans the field by
linear basis. When updating the electric fields
solved by the two methods at the overlapping
boundary, error will be generated due to the
differences of field distribution. In order to
restrain this error, a novel piecewise constant
basis is applied in place of linear basis to
comply with the uniform field distribution of
FDTD. Tactfully, late time instability can be
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removed by such a marvelous basis. As a result,
not only can this hybrid method be used to
solve most electromagnetic problems with high
accuracy, flexibility, and computing efficiency,
but also its stability can be guaranteed.

Keywords: finite-element method, finite-
difference time-domain method, late time
instability, piecewise constant basis.

B RAH

%A & R B. Wu & T. Itoh & & # 1995
FHBRLBRARESRARAKE
(Hybrid FD,/FETD method)[1] » i A # & 1%
EZHERL BT B MR 130 E¥
WA R L AMRER TR E=ZR TS
TR [2]-[3]-

s kR S e sk A 2 T R B A K K
dRYs A% FDTD ¥k > K1 %R
PAEGTELIHG—RER > ABS
FDTD ¢ 53 - A RIF WA K R U AR
AT AR TFEER A
BRAKFEID)F 3 KRR S EHARHE
%o 2] RIwXKY  THEEECES
B EI B B R H TR bR E W
BEMMESER AR LRk
ARGHBER - BB foit e
(- -AAMBETHNBL Ok d
ZAER B ABREXRERCRATA
B E[4] ~ [5] -

HiR=—dBp Rzl xR AKEH
XER  THAMHBEBEEABRALES:
(Prism Finite Element Method)[3] ~ [5] * &4
BEBEARAEERBKAFRARE
FEAFX  RREKDAELSER
(arbitrarily curved boundary) & &-#6 A& 3k 45
o hRBHARAKE  EAKXERLE

i



REPITHRNGERE - ABASREA L
ERRAZEGPERTRY - /HAF -
# & 3t X 4 # & (computational complexity)
WA BTk ER PR RAHFERA R
EnERAAREATERE -

EmERRALSGHRARETRE R
Akik THERE - LBAR Hiz—8
A B o¥(late time) A A R EH R L(6] -
A-2HQ AT EARHUMARBRERER
TRBMGERN LR IR FATUEH
4280, FDTD[7] #u4b FETD[8]#R R 8 £ ¢ °
fERBRSRETARS B I ELRE
%o AL AR E R[] [2]-(3]
samEEI A ERZHEER - BER
TR AR FERGBAEASE B
HBARLERORBERETH X -

M CHEF ERHR - FRMAEG
B R AR &7 R[] P 3 A
B 34 ik (time average technique) R A8 sk ik
PYAK 9% ) 4o tb— R 3L ARRE M BT
IRk SRR ASRAREN 4
HERUH AT HHAT VL ERCHRE -
BRIk AR &K
P34 N ARIMA G > FERAFRE
HEER T FE EAFRE URFEF L
I BAL AR TREKARLEE -

UEERRRAEERO SIS
o MR THTRTRERS
Sisad o i FDTD 4G tiamis ¥ AR
W AR AR ERERRELR
ML RN ARS FDID L34 946
B ANBRMALETHLERER b
ME— &R ToORMB= AR
st 6% WA T o b R T A

3
E(F.nz2=3 E, (NfF)2
=

- *Lme@mQ
f,e.0= {O, F elsewhere
IR R ER FDTD ¥34 4 ok & 3%
Hions > BB H EAEMBEHEFR R RMA

B2 XMABRMEME T > RIVT oM
BB R P BT BT
RABEAR -

ZSRRHG

4 —m TM Wave ¥ » A —18 & 478K
A RAERKNTTH R PR R[]/
Z o ERBRSHA RANNTEMTF
Er=10(cm) tEAe =4 FHEK
A REFp=cA/ A =05 it BERNK
HPOLAAMR -

EXE L TE TS % & ENOF
NarE MABFREABEF A E25F)
£ MR Ac = Ay =2, 1,05, % 025cm: £
BB SE R oM Bo TEESR LKL
AFRFRRAORER - ENAERSHERY
W BATHERERARAFEAKMEL
BRAXMEHGREKER » WA = dy =
lem 23 R R MEPFT > TK HER
s % & %) 6000 48 8% %] (c*time=3000cm) Bp
CHEEAVMEARREIAL HERE
XMRHAHPERER MAREKATHASTE
4% - 32 20000 MmeF R (LML)
BMARRRRBER R MR IERER KM
R RPN -

weHEARAW

AU PAEHGRAFRERES
RAERAKE HERAXHURAR SBM
X TEHRECAAREAEAMS - TR
Motk BN R AREN
BAHEZHBRGNZ T H BT HR
WA &Mk 2K -

MRARERSHRTRESRARAK
Ko HANRREFBERR  ANER
WRHER L RUETHAFTREARGY
o ko B A MMk e MR T R 6}
ARBEZRAR LR RPN
EofgbELEHBRTHERE-—BAAR
AR ABRARARE - SEARLRRT -
# oy R B TR S R AL BB R
X LEVRE R L L

ARXEMRRL > K REYTEES



FEELRSXVORMFARERE X
MRBGFEFEFERBES LA MK
P MARRETRAEAESEERE - KR 4
REXRAH=Z4PMB Y RHNEAERKS
MBS RARE FEFE RN
AR MAZSMEMREFLREIAR -

&~ R

{1] R. B. Wu and T. ltoh, "Hybridizing FD-TD
analysis with unconditionally stable FEM for
objects of curved boundary," IEEE MTT-S Int.
Microwave Symp. Dig., pp.833-836, May
1995.

[2] R. B. Wu and T. ltoh, "Hybrid finite-difference
time-domain modeling of curved surfaces using
tetrahedral edge eclements," [EEE Trans.
Antennas Propagat., vol.45, pp.1302-1309,
Aug. 1997.

[3} C. T. Hwang, S. G. Mao, R. B. Wy, and C. H.
Chen, "Partially prism-gridded FDTD analysis
for layered structures of transversely curved
boundary,” IEEE Trans. Microwave Theory
Tech., vol.48, pp.339-345, March 2000.

[4] S. Selleri, J. Y. Dauvignac, G. Pelosi, and C.
Pichot, "Comparison between FDTD and
hybrid FDTD-FETD applied to scattering and
antenna problems," Microwave Optical Tech.
Lett., vol.18, pp.247-250, July 1998.

51 S. G. Mao, C. T. Hwang, R. B. Wy, and C. H.
Chen, "Analysis of coplanar waveguide-
to-coplanar stripline transitions ," IEEE Trans.
Microwave Theory Tech., vol.48, pp.339-345,
Jan. 2000.

[6] HEEH » S FBUTHEFZ TR
[E Lagsl s AR RN\ +/N\EhL
H

[71 K. S. Yee, "Numerical solution of initial
boundary value problems in isotropic media,"
IEEE Trans. Antennas Propagat., vol.14, pp.
302-207,May 1966.

{8] J. F. Lee, and A. Cangellaris, "Time~-domain
finite-clement methods, "IEEE Trans. Antennas
Propagat., vol 47, pp.430-441, March 1997.

[9] C. T. Hwang and R. B. Wu, "Treating late time
instability of hybrid finite element/ finite
difference time domain method, "IEEE. Trans.

Antennas Propagat., vol 47, pp.227-232, Feb.
1999.

AR

Basis L1

LI3(Iy=

LU2)y=0
2

B — - A R E A

2 -

Q,

2

E,

Y -
f

I

0.0}

M= —# TMWave AHPHERENTEHYE
S FRAAKNRERS LGN
HAER (~4) THEHAENIN
WK 60cmx 60cm F 3 -



-
o
3

H
- ] 4™
g @
£ CLG-;
$ (9= cAt/Ax =0 5)
4
Z ¢ ] < = o~ Ax=ly=Jem
1 o Ausfiy = lom
£ 52 Ay Born
¥ — pxhy= 250m
°
% ~0.0
c -
~ Y
%2 v L L ¥ A 3 L La x T ¥ ¥
i 190 280 " 300

¢ * time (cm)

v~ PR A R K DO R

EHERN T A58 HHSEN T
B 16.7psec ©

2.0-:
] 54

Ez field with TM wave incident

0.0 4
4 e ouline . element

~0.5 ~ ingar slerment

LT e e o 2o S S s rr L ———
0 1000 2000 3000 4000

¢ » time (cm)

WE - ERARAXESRMALE R
(Hed ) 4 At=16.7 psec) »



