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"ABSTRACT

This paper presents an analysis of a slot on the broad wall of a rectangular waveguide using the 3D
FDTD method. In order to reduce the reflection loss, Mur's 2nd absorbing boundary condition is used.

To realize the optimum design by FDTD, the effects of time step, excitation aperture size, analysis region
and excitation position in model are derived.

The analysis results are compared with the experimental results and they show a good agreement with
each other.
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Fig. 2. Size of analysis region
I{-1. Time Stepe| Hi35}

Time Stepe] ®¥3l7} YHAF(V0)2] EAjo) of
d G AR Golr ] &AM Fig 2044
A sldgdo] ohsted Time Stepd 3000
Step7tA] F7IA71AA Aol shgich

AL HEYO 400 MHzo A < 1A%
Ax7 285k

Alg#Hol A= Fig 33 Zth

Time Stepo] o 1800 Step ] o o YA
E(V0)e) & ¥habgr) Aol glo) Oof $HB S
B}

aziv, HAMAISE 73] fste wimslen)
T £FHAF(VI) 3000 Step Aol 008 &
H3E2 o7]ME 3000 Stepg 71Fog Fer)

0.5
0.4
0.3
0.2
0.1
oV
-0.1
K3 -0.2
03
0.4
-0.5

AHZKE [V]

0 500 1000 1500

Time Step

2000 2500 3000

Fig. 3. The value of input signal for the
various time step
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Fig. 4. Structure of excitation aperture
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Fig. 9. The value of input signal for the
various excitation aperture positions
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Table. 1. Design parameters of a waveguide

slot antenna &9 : mm]
Parameters Exp l FDTD
Design frequency 3.7 [GHz]
Broad wall width 58.1 58125
of a waveguede (a)
Narrow wall width
of a waveguide (b) 29.1 291
Wall thickness of 16 1.164(x)
a waveguide (t) ’ 1.25(y)
Slot length ( /) 37.78 37.78
Slot offset ( O, ) 20.0 20.0
Slot width ( W, ) 5.0 5.0
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Fig. 10. The value of input and output signal
for the waveguide slot antenna
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Fig. 11. The frequency characteristics of
waveguide slot antenna

—150—



FDTDH & ]84 7y =sgte] Slot gtel} AA

Fig. 10& N EH¥8 JYAE(V0)9) 224
(VD)9 gt& R9FT 101, Time Step 3000
oA 0o % £FsHE AE ¢ 5 Ak olEe

187 WAAZS FIASE e Po| Fa
.

s - FIv.()N

e FLv,()]

AZlM, Fe s are veuy
V() V() 27 port m, noll ejA g
Hstelot.

Fig. 112 FDTD #¥el o8l 78 wijA4
Gu)et FHAFS2) e 48 g8 7B g
v 3 8} g o). [4]

3.7 GHzo} X 4@l 2g S, gt o -12 dB
AEZ ZAEYAG FDTDY & gL o -9
dB2 AElch aejn dgd o Sy gL
o 2 dBZ ZAH AT FDIDo| 98 e oF 4
dB2 ZAE o

HYR S o|2XE 3.7 GHzolH 5w S,
& Sn9] Zzte] REolA < 3 dBs} 2dBe] o3}
7t 2R s

follA wAE o xe FDTDYe A4 M3
7190 AR el BARE 242 FYEAB
=g dEve YA HFE wzald g
ol FolutAY 27 AP yQgcin B
F Aok

49 B2 &8 Zojg 2= #HAF] g
3 &3 dol Wats ¥ung
A EH ol A= Fig. 129 o)

=]

S11) {dB]

{S21) and reflecti

Tr

35 36 37

38 39 4 41
Frequency [GHz]
Hg. 12, The frequency characteristics of waveguide
slot antenna for the varjous slot lengths

&3 ZolZ 38 mmojA 35 mm Zo]w 4

dEAs A YAE ARE A8 5 AAT

vz g
€ =EAME FIFAEAZIGEFEDID)Y S
ol83td TR &3 et Axle) dAE
A9t FOTDYog exde £3& AAs
= HA A Time Step, 4 W 7], sjdg ]
27, AAA fxe) N A o] a7
HAuck dA Fokrl 3.7 GHzY o R&3 7
D& AT PHAZ(VO)S 2HAB(VY) 7E =
&3] 3lEA 8 7lx AL A By olHe
Hato] Ho] 2HS Yolr gttt o] & HHYz
L& o] 43t A4E FDTD ol&x)9t 43 o
sl 7E RS HaPe W A dxNE AL
g+ AYT

FDIDY & ol &3t =uahe] £atg MAY
o FASte Z4E oxte}l Azl @& Lo
g2 FA ot

ADEH

{11 K. S. Yee, "Numerical Solution of Initial
Boundary Value Problems Involving
Maxwell’s Equations in Isotropic Media".
IEEE Trans. Antennas Prop., vol Ap-14,
No. 3, pp. 302~307, May. 1966.

{2] G. Mur, "Absorbing Boundary Conditions
for the Finite-Difference Approximation of
the Tine-Domain  Electromagnetic-Field
Equations". IEEE Trans. Electromagnetic
Compatibility., vol. Ece-23, No. 4, pp. 37
7~382, Nov. 1981.

[3] E. Yamasita and Qian, "FDTD Analysis of
Microwave Planer Circuits and Antennas,”
Realize Inc., 1996.

4] K S Min, "A study of single layer
polarization ~ converters  for  slotted
waveguide array antennas". Department
of Electrical and Electronic Engineering
Tokyo Institute of Technology, Doctoral
Dissertation, June., 1996.

—151—



