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Numerical Examination on Effective Permittivity of
Multilayered Periodic Structures by the FDTD Method

Kazumasa MATSUMOTO, Daiki MIZOGUCHI, Mitsuhiro YOKOTA

Abstract

The effective permittivity of the multilayered periodic structure is examined using the reflectance and transmis-
sivity obtained by the FDTD method. By using the reflectance and transmissivity by the FDTD method, the effective
permittivity of the dielectric slab, which has the same reflectance and transmissivity with that of periodic structure, is
obtained by using the transcendental equation. Also, the range of application and the validity of the effective permittiv-
ity are shown. As the numerical examination, the two-layered periodic structure which consists of the circular cylinders
is examined. It is shown that validity of the effective permittivity for the two-layered periodic structure verify.

Keywords: FDTD method, Effective permittivity, Periodic structure

1. BU®IC

fE AR EOBSUFED RNt 5
IS 2 X 2 BRI ORGELITE L, BERESYEAT O 5757
ICB 2 EMMED 1 5 Th Y, ARERDE, -2
> M. FDTD % & OFUEfFGATEZ W THE < D
R HE SN Tn5E L2,

ﬂ%%ki*h NE 2L LN AT RS (A QAP

GV OLE NS . WL &R
~%ﬁ¢%a\%%%ﬁ&&#mw%ﬂ1bbﬁﬁb
bESTHR WD, N % AU A IR T 2 720
JEV AR E & ) RS A A T 2B A T TICE &
Yoz B HEIPREENTNE Y, ZOFEICBWTEH
FUREDSR L & %2 B AT TOFHEREHNFEREL W
Vo TOETNVEHWEZ ENTENE, T3 Rk
A AL S I, TERENE O BELAAT R R O TR 2
EIWCEHBMT A2 EATE 5,

FRTIE, Y OFEEBZIC LT, 2BOFE
RAAE RIS IS B 5 AR5 E= % FDTD £ ~ 9
T W TEIEICHGETT %0 FNIRE IC B 2 BRI
PR % % FDTD & A TRUEMIZ RS . £ DR
WRHSHIB A T 7 £ 721388 A 7 712 81T 5 MR
LEVLL R LHEMFEEERD D, HB AT 7L E
72I3% @A T THMTRO A NFREEE KT 5 2

&0, EBOAERMER OHEERF T 5, BB,

DELEF LFHEROR A
DERET LFREE
O LEHHE IR

E =V AN
Wiz FED

BB EHMREIIER 7 L A VviREe
CEDEIELTWAS,
2. 2Rt FDTD &

ARWFFETIE, @5 1A fmwawzkm%%xé
<7 A 2 VHBRRIZBWT, He. Hyw E. 55O
RO EPRIZH LT Yee DTV T X L %Jﬂu%%
SALEAT ) ERAAESH NS Y,

ElNG, j) = E''G, j)

U Y PO S B T P
i+ =, |- i-—,
e, pax |7 P 2/

I’Ll 1 n—l 1
H+2 . = . L
i g) - (mz)
At _ .
—Eﬁmwﬂ>mm}m
n+i 1, -t 1,
Hv+ (l+§,J)=Hv2(l+§,J)
At
E%OHﬂEWMG)

2T, (i, )) BT OB, n \ZFHA Ty 753K
LTw5

FEAT RIS D AVEE | X BAR IS 2 /R D) 7280 DRI
SR 4ett (ABC) K OTTE IR % fif < 72 O R HIRYEE
R4t (PBC) DSLETH A Yo ARTld, WIBER S
e LT Mur @ 2 RIS GEHY 2 H L Tn b,



46

ol

-
b

3. MB35 755 REE

A TR ny, F&d@@bfﬁﬁﬁ@%wx57
IR ny OBEEFIZELNTB Y, FHEHELZ O
TR @¢«A%ﬁafkﬁttt¢éa A5 THhb
DIEHE R IR TERDEN S,

5
4R, sin’ | =
5)

(1-Rmﬁ-+4RmsnP(g) @

T, S RATTIHELIRBEDD L 2 DD

SWOMMAEEF L, TR, IFEREORHNELY
RLTEBY, #heth
2

5= 4Z?d‘“ —sin%6; (5)

cos6; + — sin? 9

cose—\f — sin 9‘
R, (6)

L b,

FDTD % v T L E RS 126§ 2 R & B
Wk, K @)~6) EHWT, np ICHT 5 HEBARERA
BRI EICED, SRS FEER T 7I0HE
EWR B OERNFHEE () 2 RODLZEDNTE 5,

4. BBRSTIIHUBRHER

%Té A T 7 O FEHRE R E R e & ONFERH RO
REWLZFEE LT, BRABHEFZOFEE Hw-~
N v 7 A EOFTRETFE, KIEMAREZEICL LK
N, BRI 7 LAV e HER ED8d %,
AHFFETIEER 7 L AR E -5 07 D CRHR

BERD D,
AT 7% NRBIZIHR7560 KEHREE, kAT

52605,
;= rjs ¥ Rj1e7 (7)

1+ rj+173j_1e’2i‘51

LFEED, T, RAIE i @D S ORI, 7
B j+ 1B ERTO 7 L AVKEMREEEL, A

> >
— -

5jv MIIPEHREL Ry 12, e, R THRZHN
57,
__nmycosf —ngcosby _ 2n
Ro_rl_nlcos91+nocos90 R An,d]cosel

®)

J=1MBNFTHYEST LX) MRS Ko
TV ZEDTE D, HEHRIE LR TR 72 SUHREL
FORTHILICENVELNS,

Hg 2 7 7086 L FRFKIC, FDTD % W T8
JERIRE S SRS 5 R 2 B fiE ke, X (7). 8) # H
W, n ICB ABBREXE M EI2L ), £
JEV IR % A AL E A T 7l &2 R OERF
BRERDDLZENTE S,

5. HIEEtEARER

1. 2 F& O R AR AR RS &

KEGTOMHRTGIE, K1 ITRT 2 @ OFFEARME
JEIIREE CTdH B o x BTN AT A CHIH: % SRR AE
y BTN A 2a + 8 CHMEAZ 2 BRCET 5 2 L2 &
DR 5o A TIE, FHEOF1EE a = 0.3A, HFH
BWEL e =201, 2BOMEMOZLEB 1L 0.1A
ELTWh, AFEDOWEZE 1 = 1.55um IZ32E L.
AEH 6, =0 DH I A7V AP L LTWb,

51 BEXZJIZ& 3EM

£y

B 2.2 BRI 5 8 2 5 7HiE

B2 132 EAEAMEE g AT 7 TR 256
DREZRL TV, HRIERIFZERE L, T2, §
B2 5 7DIEE dS da+ B T2REFERMTLMED
EEEFELIZLTWAS,

X 3 ITHAEALE A/ 13T 5 SR A2 R L Tw
5o ETERIZ FDTD i % FH W T FE C ROk % 5k



%I RGBT 5 AT

RIS B B feat 47

@ 0.5t

0.7 0.8 09 1
N,
X 3. FDTD TR 72 5=

10—

Ealr
o

.......

07 08 0.9 1
Al d,

Ef.iEX77TﬁMLt%%®ﬁ@%%$(Yﬂ%ﬁ
10

W7z, FFT % 5 AL IS C O SOl 2 R L
AP RAEIR T DO AGHE TR L TRO T 5, F720 X
413HEA T T2 & > TR L 7256 OH A ER
RL T %o FARIFEHII PRI IS L CHIR L
PSR B O A RE AR & b IS BRSAL 77 0.89 13k
TRAMBEELTHD ZEDG05

52 ZEXZJIZ&BEM

M 5EX1 02 R@HEEERMAEELLEZ T 7 THEEL
TLHEOMEZRL TWh, BWRIEEIZZER EINE
L. £A 7 7OE S IIMHEOER 2a IZEEL TWwb,
T2, AT THOESEIEDL B=01A L TW5, X
6I12%BAT T THML G EDEFEERERT,
M3 EBADTT 705 gEITIL L CTHRIE RS
PEGE L TV 5B Z e, IUFRROERFERLE I
Tl A/ 25 0.89 fHE CRAEZ AL TW5D Z E0%%5
"5h o

ManrI 76077 %ILBT AL, HIKRE

f; u; S

—

N

0
5.2 @M BT 2208 R T THEE

10— : T T
=
Wy 5
. 2 i 1
0 0.7 08 09 1
Aid,y
(6. @25 7T THEMLEZEEOERFERE (Y #ilixkk

10)

B A/ o 750.781 DFHE CREHEAR/AMED 2.5 x 1078
IZoTHBH ., WENIIEZOMT THERFERILIZ

Wb EZObNE, LL, HEBAT 712X 5K
PTiE, 150 THY ., —h, ZBAT 712X BELT
F1.02THEZ b, HEBAZ 7I2L5E8E0%
BT 7L BEMDOFHHEE L L EPTETw DL
E2 Do ARMDETNMIZBWT, HBAT 72X 5k
L& LR 25 702 & B PUIEHEREIZIZIZFE CTH
5720, 4BAT TIZLBEMDOFFRVELII S -
TWwWbEE2%,

6. &

AAFTIE, 2 E OIS IS BT 2GR FHER
2DV T OHERIIRE 217 - 720
2EFBERMATEAYEE T HB AT 71213548 A
7 7 CTHEBL 756 OB R HESE 2 JE IR, K
GHEROZAIIIE U CHAF BRI T 5 2 & AR
T&E7, HEBAI 712X 5EMTIE, 1.50 THY, —
Jiv AT TIZEBEMTIE 102 THE I Enb,
HEAT7TI2E5EME ) ZEAT 712X 5080%
AHEE L CEMTETWA I E2RLT,



Bk OR TS

2

okk

i

SEOEE LT, BEEZHERL LB AIIBNT
HE 25 TR%@A S 7 THEMTE AHPHPLHE R &

IZOWTHET A TFETH D,
SEXE
1) A. Ishimaru: “Electromagnetic Wave Propagation,

2)

3)

4)

5)

6)

7)

Radiation, and Scattering”, Prentice Hall, 1991.

K. Yasumoto (Ed.): “Electromagnetic Theory and
Applications for Photonic Crystals”, CRC Press,
2006.

K. K. Karkkainen, A. H. Sihvola, and K. I. Nikosk-
inen, “Effective Permittivity of Mixtures: Numeri-
cal Validation by the FDTD Method”, IEEE Trans.
on Geoscience and Remote Sensing, vol.38, no.3,
pp-1303-1308, 2000.

A. Taflove (Ed.): “Computational Electrodynamics:
The Finite-Difference Time-Domain Method”, Nor-
wood, MA, Artech House, 1995.

FE % CFDTD I & 2 WA KT ¥ 7 T
Moy aw gt 1998.

&A1& | <928 FDTD WIS, AR
fiZ, 2006.

HHOHEM, RE AR LTINS A7 )
HORFHIE, 1994



	工学部紀要2013.pdf



