2000

FDTD

subgrid
FEM
subgrid

subgrid

subgrid

W.J.Hoefer

2000
subgrid
[5]

20,000

[11]

T.Weiland

FDTD

FDTD

subgrid

coarse grid
[1]-[24] FDTD

subgrid

T.Weiland

1.S.Kim, W_.J.Hoefer [1] 1991

subgrid

grid

FEM [25]

[24]

subgrid [11]

1,500

1993

Courant 0.45
1997 M. W. Chevalier, R. J. Luebbers, V. P. Cable

coarse grid

1996 P. Monk, E. Suli
Chaillou, J. Wiart, W. Tabbara

[12]

fine grid

P. Monk

T sendo@klab2.elec.kitami-it.ac.jp

165

1999

subgrid

grid
FEM
FDTD

W.J.Hoefer
Courant

FDTD
[26]-[33]

subgrid

S.S.Zivanovic, K.S.Yee, K.K.Mei [2]

1993 [7]

1500

25,000

2,000

P. Thoma, T. Weiland

Maxwell

subgrid
fine grid

K. M. Krishnaiah, C.J.Railton

[10] 1999  S.
60,000



2000

[21] grid
coarse grid fine grid
subgrid FDTD
subgrid
T.Weiland subgrid
T.Weiland subgrid 1 2 3
subgrid
Weiland  subgrid
T. Weiland [11] 1 fine grid coarse grid
1 2 2 fine grid coarse grid Maxwell
E H FDTD
[11] subgrid
3-1 Hbcy(i+%'j’k+%)
3.1 coarse grid fine grid
3 1
grid \\\A 2 2 1
i i [0} O/‘O‘/’_O\O/‘ ‘/’_O\O/‘O
fine grid . QAL AN LA
E ) FDTD E" - P E
H™ 1 time step E" y .ﬂ > >
E coarsegrid %\\ . . . ° .
A Ebfz(llm'n+%) ny(l z.mn
coarse grid
3 grid

coarse grid

wlii*3
EMZ(I,m+2,n+§),(Eq.5) ).Zg
%
0

Hy(l- fimr2n+)

7 o

Byelifi-k+2). (B

A

E,.(,m+Ln+2),(Eqd)

Ey. (I,m,n +%)v (Ea3)

Eol.mn+2).(Ea)  El.m+Ln+3)(Eq2)

3.2 fine grid coarse 3.3 fine grid coarse
grid grid



2000

3.2

Eg lmn+3)=E5 (,mn+3)

é n-3 i nu

Ll éH”%(l-imn+i)-i%Hb°V (+3 ki) tju

iDxe, € N TR ey a)

4 ° & T+szcy i+3,], +5b0
2 Dt { "4 s n+2)- HTE( . 3)}
_%Dyeo Hy2lbm+3,n+3)- H *(Ilm-3,n+3

coarse grid fine grid

En(m+1n+2)=EX*(,m+1n+32)

0 ud
a :%Hbcy (i+30k+3) qu
é Fpapgnmz i 3 pu
iDt A .2 + 5 Hy ('+ 1J'k+_) 0
+32D ngyz(I'%vm"'l'n"'%)'% ’ :; . i yg
iDxeo g P+ gH G (3 r ke )
A ] [
e n-1f. . - U
8 friHm +di+1k+2)pg
. 2Dt {H n'%(I m+2,n+32)- H"'%(I m+ 3 n+3)}
%Dyeo fx ’ 21 2 fx ’ 2 2

3.1

Eq (,mn+21)=EL'(,mn+1)

%Dt { n-3 1 1 -3 (; 1 1}
+ Hy (-2 mn+i)- Hyp (i+4,j.k+1)

1Dt
3 Dye,

Hotmesine ) v Em- 30+ 2)

coarse grid fine grid
Ex(bm+1n+1)=EX'(,m+1,n+1)

é Tig™mi(ie s 1 iy
42Dt éH”%(I-Lm+1n+l)-}2Hbcy (3 5k ) La
$Dxe, &7 T T TR s ke ) U
& (AR 2 LK+ 3)bg
LDt n-L n-1
A i me e ) Hp me i)
2 0
subgrid fine grid

Eo,(,m+2n+1)=EL (,m+2,n+1)

e DUt s me2ine ) MM+ + Lk s 2)

HoiGivsne)-Hyime 2o )

fine grid coarse grid
grid 1 2

fine grid

1 time steps
coarse grid FDTD
grid coarse grid

fine grid
coarse grid

grid 3.3

coarse grid 1 time step

fine grid

fine grid

(1)

(@)

®3)

(4)

(5)

fine grid FDTD
fine grid

coarse grid
fine



2000

3.

3.2

Ebcz (l,],k+%)

— 1 3 3
_EEbfz(lvm' 1vn+?)+§Ebfz(|vm' Ln+

L (,m,n+

+ + 4+ o+ o+

% Ey
1 Eo

% Ey (Lm0 +
%Ebfz(

HEy

fz

Ebcz (|’J1k+%)

+
+

3
Epe (0§ + Lk + 2)

:SLZEMZ(I,m+1,n
+%Em(l,m+1,n
+%Ebfz(l,m+2,n
+2E, (,m+2,n
+LE,(-1,m+
+2E,(-1m+

Ebcz(i’j+1’k+%)

Lim-1,n+2)+ LE, (I.m-1,n+
)+ 2E, (Lmn+3)
)+ £E, (mn+3)
m+1,n+2)+2E,. (I,m+1,n+

m+1,n+2)+LE. (I,m+1,n+

%Ebfz(llm- 1’n+%)+3%Ebfz(|’m_ 1n+
%Ebfz(l’m’n_*—%)_*—%Ebfz(l’m’n_*_%)-*_%

1Ep(m+in+ 1)+ 2E,(bm+1n+

+3)+ 2 Ey
+ %)+ %Ebfz
+3)+ & Euw
+ 1)+ & Euw
2n+ )+ 2
2n+ 4+ %

RN
N N

N[N
~— N

%)+3L2Ebfz(l’m- 1!”"'%)
Ebfz (I’m’n+%)
)+ FEL(im+Ln+s)

Ew, (| - Lm+2,n+5)
E

bfZ(I- 1,m+2,n+%)

=3B (im+in+3)+ ZE, (m+Ln+d)+ FE, (.m+Ln+3)

+31Ep(m+2n+ )+ TE, (m+2n+3)+ FE, (m+2,n+35)

[N

N[~
1,

fine grid coarse grid
Ot fine grid
fine grid 2
FDTD
, 1 time step ,
X E. | i
I
H I
© \< time(t)
O) C O) :
A He /| = f coarse grid
: /I ‘\ :
| 1 \ |
I ! \ I
I ! \ I
X E : /I \\ :
I I
o H I ! \ ll .
' Py 3y V) wig, time(t)

f fine grid

<
|

3.4 fine grid

2

2 time steps

coarse grid

1 2
fine grid
grid
3.4

Set initial values

Calculation of
electric fields E"
E"U E"LH"?

Update E values
E™' 0 E

Call Subgrid

Calculation of
Magnetic fields H""*
H™ 0 H™ E"

Update H values
H™ O W™

(6)

(7)

(8)

(9)

Ew(-1m+2n+1)+2E, (-1m+2n+2)+2E, (-1m+2n+3%)

coarse grid
coarse grid

coarse grid

3.5

— Subgrid

Subgrid Start

Calculation of electric
fields on the boundary

Calculation of
electric fields E[
Ej U EFLHE

Update E, values

EfU Ep

Calculation of
Magnetic fields H [
H{?0 H B}

Update H, values

HI20 HS

Two
updates?

Write back the electric
from the fine-mes|
into the coarse-mesh

Crawan)

fields
h

3.5



2000

4.1 4.7 subgrid
D=1.0 [mm] Dt =1.73467° 10 [9] f =11.3 [GHZ]
T =885 10" [g] T/Dt =51 Courant " 0.9
1" 2710 [cm] 1" 47 10 [cm] 2" 47 10 [cm]
24" 20 [cm)| subgrid
subgrid subgrid

coarse grid 1/2

D=1.0 [mm]
Dt =1.73467" 102 [g]
f =11.3 [GHZ]
T =885 10" [9]
T/Dt =51

Courant 09




2000

4.4

4.1 fine grid coarse grid 0.42%
fine grid coarse grid subgrid
174 fine grid
4.8 4.9 coarse grid 20,000
25,000
3 E
= b
iy iy
s i Vi ""w u
. 'JM\ I }mm, i |WHH ,
L I,’”‘,',{,”n. i mnmnUWuumm’lJU|r "“””"
\ |
1,”,,,, i . I mmummmmmm X
5.1 subgrid
fine grid
subgrid fine grid subgrid fine grid
12016 sec 59648 sec
(30,000 ) | (30,000 ) 0.20 10 MB 18 MB 0.56
6083 sec 57870 sec
arig 4.2 (30,000 ) | (30,000 ) |0-11 7 MB 16 MB | 0.44
subugr 6265 sec | 57870 sec
4.3 (30,000 ) | (30,000 ) 0.11 6 MB 16 MB 0.38
3387 sec 57870 sec
(30,000 ) | (30,000 ) 0.06 5 MB 16 MB 0.31
57 Sec 1441 sec
fine grid 23;030 ) ‘fggg ) 0.04 7 MB 26 MB 0.27
- sec sec
subgrid (00 ) (300 ) |0-09| 138 49 VB | 0.27
1188 sec 10973 sec
0.11 25 MB 102 mMB 0.24
HEWLETT  PACKARD GO ) | (0 ) |
HP-9000 K-CLASS K-570 5-1 subgrid fine grid
PA-RISC8200 (200MHzx 6)
30,000 300
. fine 100,000
grid coarse grid ( ) 100,000
4.2 100,000
4.3 100,000
subgrid 20,000
( ) 25,000
subgrid 20,000
10 25,000
25 20,000
subgrid ( ) 20,000
( 1/2) 20,000
( 1/2 ) 15,000
5.2

5.2




2000

T.Weiland
T.Weiland

fine grid
subgrid

Monk

FDTD

subgrid

coarse grid fine grid
<
fine grid
—_—
(20,000
)
5.1 subgrid
subgrid
subgrid
subgrid
fine grid
subgrid
subgrid
grid
C.J.Railton
subgrid [10]
subgrid
subgrid
subgrid
subgrid FDTD

fine grid
5.1
( )
( )
fine grid
fine grid
0.42%
[19]
subgrid
subgrid

CAD

Weiland



2000

FDTD subgrid

[1] I. S. Kim and W. J. R. Hoefer, “ A local mesh refinement algorithm for the time-domain finite-difference
method using Maxwell’ s curl equations,” IEEE Trans. Microwave Theory Tech., vol.38, pp. 812-815, June
1990.

[2] S. S. Zivanovic, and K. S. Yee, and K. K. Mei, “ A subgridding method for the time-domain finite-difference
method to solve Maxwell’ s equations,” IEEE Trans. Microwave Theory Tech., vol. 39, pp. 471-479, Mar. 1991.
[3] , , , , “ FD-TD o
' 91 , C-74, pp. 355, 1991.
[4] D. T. Prescott, and N. V. Shuley, “ A method for incorporating different sized cells into the
finite-difference time-domain analysis technique,” 1EEE Microwave Guided Wave Lett., vol. 2, pp. 434-436,

Nov. 1992.

[5] , , : : T FD-TD
. " 93 , C-37, pp. 487, 1993.
[6] , “ FD-TD ,? , 1993.
7] , “ FD-TD )|
, 1993.

[8] K. Li, C. F. Lee, S. Y. Poh, R. T. Shin, and J. A. Kong, “ Application of FDTD method to analysis of

electromagnetic radiation from VLSI heatsink configurations,” IEEE Trans. Electromagnetic Comp., Vol. 35,

pp. 204-214 May. 1993.

[9] C. F. Lee, K. Li, R. T. Shin, and J. A. Kong, “ Electromagnetic radiation from a VLSl package and heatsink
configuration,” 1EEE EMC, vol. 35, pp. 204-209, May 1993.

[10] P. Monk, and E. Suli, “ Subgridding FDTD schemes,” ACES J., vol. 11, pp. 37-46, Jan. 1996.

[11] P. Thoma, and T. Weiland, “ A consistant subgridding scheme for the finite difference time domain method,”
International Journal of Numerical Modelling: Electronic Networks, Devices and Fields, Vol. 9, 359-374,
1996.

[12] M. W. Chevalier, R. J. Luebbers, and V. P. Cable, “ FDTD local grid with material traverse,” IEEE Trans.
Antennas Propagat., vol. 45, pp. 411-421, Mar. 1997.

[13] M. Okoniewski, E. Okoniewska, and M. A. Stuchly, “ Three-dimensional subgridding algorithm for FDTD,” IEEE
Trans. Antennas Propagat., vol. 45, pp. 422-429, Mar. 1997.

[14] S. Kapoor, “ Sub-cellular technique for finite-difference time-domain method,” 1EEE Trans. Microwave
Theory Tech., vol. 45, pp. 673-677, May. 1997.

[15] M. J. White, M. F. Iskander, and Z. Huang, “ Development of a multigrid FDTD code for three-dimensional
applications,” IEEE Trans. Antennas Propagat., vol. 45, pp. 1512-1517, Oct. 1997.

[16] ’ ’ ’ 3 )

L , EMT-98-68, 1998.

[17] P. Thoma, and T. Weiland, “ Numerical stability of finite difference time domain methods,” IEEE Trans.
Magnetics, vol. 34, pp. 2740-2743, Sep. 1998.

[18] T. O. Korner, and W. Fichtner, “ Grid interpolation at material boundaries in finite-difference time-domain
methods,” 1EEE Microwave Optical Tech. Lett., vol. 19, pp. 368-370, Dec. 1998.

[19] K. M. Krishnaiah and C. J. Railton, “ A stable subgridding algorithm and its application to eigenvalue
problems,” IEEE Trans. Microwave Theory Tech., vol. 47, pp. 620-628, May 1999.

[20] W. Yu, and R. Mittra, “ A new subgridding method for the finite-difference time-domain (FDTD) algorithm,”
IEEE Microwave Optical Tech. Lett., vol. 21, pp. 330-333, June 1999.

[21] S. Chaillou, J. Wiart, and W. Tabbara, “ A subgridding scheme based on mesh nesting for the FDTD method,”
IEEE Microwave Optical Tech. Lett., vol. 22, pp. 211-213, Aug. 1999.

[22] T. O. Korner, “ 3-D refractive index adaptive gridding for finite-difference time-domain methods,” IEEE
Microwave Optical Tech. Lett., vol. 23, pp. 109-114, Oct. 1999.

[23] J. W. Nehrbass, R. Lee, “ Optimal finite-difference sub-gridding techniques applied to the helmholtz
equation,” 1EEE Trans. Microwave Theory Tech., vol.48, June 2000.

[24] , “ FDTD Subgrid ,? , Sept. 2000.

FEM subgrid

[25] K. S. Yee, and J. S. Chen, “ Conformal hybrid finite difference time domain and finite volume time domain,”
IEEE Trans. Antennas Propagat., vol. 42, pp. 1450-1455, Oct. 1994.

[26] D. J. Riley, and C. D. Turner, “ Interfacing unstructured tetrhedron grids to structured-grid FDTD,” IEEE
Microwave Guided Wave Lett., vol. 5, pp. 284-286, Sep. 1995.

[27] R. Wu, and T. Itoh, “ Hybrid finite-difference time-domain modeling of curved surfaces using tetrahedral
edge elements,” |IEEE Trans. Antennas Propagat., vol. 45, pp. 1302-1309, Aug. 1997.

[28] A. Monorchio, and R. Mittra, “ A hybrid finite-element finite-difference time-domain (FE/FDTD) technique
for solving complex electromagnetic problems,” 1EEE Microwave Guided Wave Lett., vol. 8, pp. 93-95, Feb.
1998.

[29] A. Monorchio, and R. Mittra, “ A novel subgridding scheme based on a combination of the finite-element
and finite-difference time-domain methods,” 1EEE Trans. Antennas Propagat., vol. 46, pp. 1391-1393, Sep.

FIT

1998.
[30] A. Witzig, C. Schuster, P. Regli, and W. Fichtner, “ Global modeling of microwave applications by combining
the FDTD method and a general semiconductor device and circuit simulator,” IEEE Trans. Microwave Theory

Tech., vol. 47, pp. 919-928, June 1999.

[31] S. Selleri, J. Y. Dauvignac, G. Pelosi, and Ch. Pichot, “ Comparison between FDTD and hybrid FDTD-FETD applied
to scattering and antenna problems,” 1EEE Microwave Optical Tech. Lett., vol. 18, pp. 247-250, Jul. 1999.

[32] M. S. Yeung, “ Application of the hybrid FDTD-FETD method to dispersive materials,” 1EEE Microwave Optical
Tech. Lett., vol. 23, pp. 238-242, Nov. 1999.

[33] C. T. Hwang, S. Mao, R. Wu, and C. Chen, “ Partially prism-gridded FDTD analysis for layered strutures of
transversely curved boundary,” 1EEE Trans. Microwave Theory Tech., vol. 48, pp. 339-346, Mar. 2000.



