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Abstract

This paper describes a design method of the back-feeder for waveguide array antennas
using the Finite Difference Time Domain (FDTD) Method. In this case, the back-feeder is
excited in—phase. In order to minimize the reflection wave in the absorbing boundry plane, the
stabilized Higdon differential equation is derived and the regorous electromagnetic analysis of
back-feeder waveguide model is also conducted. The characteristics of refliction coeffcients by
variations of the design parameters such as the induced wall position, length, thickness,
window position of the back-feeder, and the values of space division and time division of

the proposed model are obtained. Reflection coefficients of the back-feeder with and without
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the induced wall are -46 dB and -2 dB at 4 GHz, respectively. It is confirmed that the

characteristics of the back-feeder with the induced wall are better than without the one.
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Fig. 1. Waveguide back-feeder structure excited by In-phase
APsta Qe 2FE BoAFn dot ol FAERA BALESR Alo]o] HojA Fhe &
(window)o]aL =& F&-& ¥(wall)o]d, Bl AAHM Ae A FEA ot}

FAEGBE) TYTFFE BASTTO] M (broad wall) 2ol9] = wjolth EFozre T

Axspel 38 Ax4se 00 gyl A FA=RBUCIN YAsE BET FA %
o 19gvhet dehhe A7) BEURdRe] Ad TN FuEos 3L Eo, A9
gl o3l BAEAS AW 47} AR BE BAEHFVE Fihe dAuks A 940
2 AYstA Gk olw) FAEswel Fuwel Fe 1 104 AY 14 Fe SHA 2
o BAESES FARE rE71Z a3, ot AWML MzdE HEHe e TEE

3ta 9ot

ri

Il. 0]

2.1. 3X1¥ FDTDY

FDTD(Finite Difference Time Domain) & #3F & A7k 99 sjAyo
Agoz AMgEen, f3 a4y, EUEY T HEAS AgdE
AHSHAl ®tH4l FDTDHE wlad nEgAo gy Ay AAAS
computer?] 45 FFoz HFsu di&F ANl stesiPo M JU AAA sjA o
7Fsatthe Aol A5l

FDTDHAME +4 sda AdAE xdste 99 e Fn dgde vx 9
(celDZ T thZoll A o sl Mo vjEYFA(0=0)S HE&F

i
-
e
\ b
}3
£
fr
po)
i)



EEERES DT RO

oE

o =

vx H (1

R =

ot
0 __loxg @
FDTDW & 712Ho2 HYgdol t sAyolr] did, Mtdqe g4l HFshe 3+
e g ge] e daprl dojuA REE MR F53AE 43T davt g
FDTDH Y A2ste WA A A ARG A7, Fho disl AEssta, Aol dis)
AAS AAS F5HOZ WA T, leap frog YN FO2ZRE A, AAE 4z g,
deido] YWAOZRE FaI o]5S AtAMsFo R ube] Y AEHHE d=

9. Az 2ol @ ¥4 FEA E, e AA B o 42sE e g

Fx+42 y, 2,0 — Flx— 02y, 2,1
oF 2 ) @
ox dx

oF F(x,y,z,t+%)—l"(x,y,z,t—421)

ot~ at @

ol E3E 1219 FAAEE o] &3H, HHIFH v Ao YA H xyzvE

(x, 9, 2, )= (idx,jdy,dz, ndt) 5)
3} go] 9. ¥4 FE FDTD E7)Ho 39
F(x,y,2,)=F"(i,7, k) (6)

2 gk 46)¢ AQ), @l A&t AAL AAZL ERAFFE Akl sl B WA
E¢ AA HE 42 A7), Q2 Jetd § Utk

aE _ En+l_En .
R Il T @
n+l n—l
odH, _H '-H ° ®)
ot t=ndt At

webx Azt i@ AA Ex A% (DR o3 o] yehd & o

En+l_ En n+-%

4t 9

=loyxmn
I

+1

F“=F+%VXH"2 (10)

nt+d
aAZ A4 H' 2e H@% (8)ZHE

— 15N —



FDTD¥ € 8% =3¢ ojgo] telute] FHFAR HAod #3 A7

(1)
o] &

2 =fdMe Faed (619 33 O 4 W AAAY wix)E

g 2A2 9 ol WA
£ 2 del A8t AAE We) FA £FHo2 FIHA UG A (IDF (1S &3

o FHE Yo H(12)225H AAY 4% E, © b3 o] sz

n+—%— aHn-i—%
n+1 __ n At _ x
E;"" =E;+ { ax 3y } (12)

H(12)9) $HANM 22t AARES AEBF ] Qst@ E,o vhe FDTDY ) A Ashe

et 2ol 7@ 4 Ak oY V()& AFFX #Y&H gonz 19 Wk

E™ (i, j, b+ %)=E§(z’,j,k+ %)

t - 1 +5 _ 1

1 1 & ty 1 1
— 4 (H "t i+ k) —H PG = k)

(13)

AA 2 xFBL 2 (1D2RE oea go] 78 4= o}
"y _ Ty JE; JE,
2 _ 2 _ At
Hx Hx u { ay az (14)

149 AN ZAzhe] FALES AEstste ddtd AA9 x48LS ted g o

W FAE(p)E FAEH A7HAE AFIT FAEH 2oEg 10| Hrh

HJr 2(z 7+ % ,k+%)=H 2(z ]+1

L1
2 ktg)
~ LB+ 1, k4 )~ B2 e+ )
— AL (BN i+ % D — BN+, D))

(15)



NR3H - xgol - AT H - It

23}

iy
ne
o
4
30,
£

flo

pe wyoz E , E,, H,, H, 8 734 03 2

o

E::“(i+ B=Ei+ = .7,k

2 ,], 2 9]’

nl
+[ {H 2(i+‘%‘,j+‘l‘,k)—Hz+2(i+'%‘,j'fl,k)}

_ At " 1y_ s -1
(16)
E™(, ]+ k)= E}(4, ]+ )
TIPS SRS NN BN SR TR |
+9; (H, (Gjtg.kto)—H, “(j+5.k 5 )
B SV MEITTS S SR ITRS S W)
(17)
n 'L n—
H i+, k+5) = H, et i+ 0 k)
— (L (EnGi+ Lkt D~ BN+, )
LA SN = DR X CP R )3 BT
| -
H, 2(+2,;+ B)=H, 2(i+%,i+l—,k)
~14 a1+ L p - EG i+ R)
-2 (B (z+—L,;+1,k)—E;'(z’+%,j,k)}] (19)
A(13), (15), (16), 17), (18), 19 T2 P83t Aural oz ol Lat7] 98 e e

Aoz Waso Agach

n+ly s - ny o - At ”+%. . ”+%..
EZ (Z’]9k):Ez(l9]’k)+[A—x{Hy (Z+19]9k)_Hy (l’];k)}

nt L ntl
—GEH G LD~ )] e0)

- 189 -



FDTD¥ & °] &% =it ofglo] dulue] FAUJFAR HAo B3 A7

-1— n
"G = 2(1 j. k) —[ {E”(z B —ENij—1,k)

2” {ES(i,7, R —E}4,j, k—1)}] 1)

arl prl
B, = Ei,i 0 + 140 (2 (it LD —H. 2 (6,5, 1)

i d pid
—LE(H) P g k)~ H, P (G, Y] @)

L1 wil
BN R = B D +ALH Gk D=, LG R

~ A4ty %(+1 k) —H. %(i'k)}] (23)
Ax ]9 ’]’

L n
2(: j, k= 5 (7,7, k) —[ {E"(z j, B —E(i,7,k+1)}

—A—x{Ez(z‘,j, k—E;(i—1,j,k}] (24)

n ‘L n—
H 2 B=H. ka)—[ (B0 — EXG— 1,4, )

4; (EXi,j, k) —E"i,j—1, k)] (25)

FDTDY & Arasi Aoyt telvsi A5 gl EAlo A8 Avodes iHddS 7t
AAQ AAWA Folok gt o] 73AHQ AA FFEAAQ, FFAA dHA ¥L A
< APst= g7t AAHANA jirbete] P o g FEote A Hi ARAN Y LAE v}
oA Hot

F+AAZ1AE D_abe(Differential based absorbing boundary condition)®} M_abc(Material
based absorbing boundary condition)® =7 L}% 4 Atk D_abce 573404 wiALE Q1
il ghe ZAMAQ vEMA A2 RE fFEE ZAoll, M_abce FFZAA /MdMASE 1
o] WA YAt AAE ZAANIIEF e Aot HH}EFTS o8 AAHEFFA



EERREX DR RO

ol s F3tct.

A2 UL AAE B5AZ F Ae ST FFEARAY dyo] gl BAE B
=FdAe A3 vlnE b3k D_abcd § F5< Stabilized Higdon boundary condition
< AH&3AHel.

2.3. Higdon 24X 4|

doje] AAAE Feld W2 RE HFAHe FHA I BIHHmE, AAY YAtz

e BERAAL FEE, doje] A y
2 &%= AAE & 4+ Ud. Higdond A
HAagE 2NN (xZHol g N ALY ssNp
QAMzte N7He] R(f)e UArzhel B I B
2 2Asn aBd dHad Feadzae AT X
$=8 vl 3cHe). : Ciob
2% 28 F4AARC U@ JARE E
48 A0 yigel 4% 02 YAE B Axe E()

7t FS5ZAANA A o RE(H)9] W o) AHIH

o2 AYPste e 9L gol AA Ed 1¥ 2. F5AAIA A JAA
Fig. 2. Incident angle with respect to absor-
3 v By e 7 bing boundary plane

IE 1 JE
dy + v ot
cos 8

=0 (26)

& Ag&zolt). Yee algorithmS A8£3to 2](26)& t=(n+%)dt°l] sl AlZHxFE SR

E_E _, sE?
- @7

dE _
t=(n+4) yal3 cos 0 dy

at

3 ol A @714 yol i@ Are L oy gaizz gew 2o,
7

n+1 _& — n _ﬂ n 1 n 1
E"G-5O)-E'G-%7) o, GE™I)-E"Ti ()
At cos oy

(28)

(28N A kel AAGRS Hagez vehlo] 73Y, j=1 4 W gF S dS F 4
o

1A



FDTDY & o83 =utit olgo] Aelte] FAFHR AAd #& A+

n — n _adt— 4y n N
E"(D= E"@Q+ g (E(@) - ET) (29)

o714 j=NY ¢ o, 1>NY, 2—(NY-1) & 3}4,

nt+1l _ n _ C?At_ nt+1l _ _ n
E""Y(NY)= E"(NY 1)+——"Y-a, +Ay{E (NY —1)— E"(NY)} (30)
7} o] "t}

e, a= COI;H"I‘:}. A714 4297F A FF BAA KA 13+ Higdon F738AE ]

o} 3xg oz AT AL j = NY o o NY—1, (NY-1)—2 & 33

E" (i, 1,k)=(1—d) E"(i,2,k)+§j‘t—;§yﬁ{ E"*1(i,2,k)— E"(i,1,k))

31)

9, d& s Ageln e=—27 el

24. Ml AlO| =9} EfRlAH
FDTD®Wol glold MAtol=e] vl AMebe Bgnd 323 ool g Aol 2
om Ae4% F/1E AT, ARG ARE W) AR 4 AelzE L~ g0 Aololn, A
Hoze 19 2 10709 Mo Aty AAl)ZE h2 sw UYnHor EAZ e Hu
ool Bg Aol N O AL BEEW T Aoz oo

Ao
r<5 (32)

4 Aolz7t AL W B 49} Hol A7) Courant condition - ZFE FA] ¢
< 4 o Courant conditiong °©|8i3l7] Hsix < FDTDAAE F3f Muste HHAA}E 2
2la] 2ot 1 etd=glelA o] Hs 99 ojd ¥ sue] drEg ¢ A T34 5 o
dustd 1 B2t 7 QAT e AS FaAA g AR 5 Q7] gEeln o]
235 Bl) 2® A3 AASY] YA field point location Alol2 H@AnyL 71 weaA A
B § Qe FEg PFS AP RE A BATE dut & W, d471A d=], 2, E
€ 3) A9 =8 wEo] wAd e A HUEE o, S FHIGTL

ol E}UAE AtE Courant conditionO ZHE thg & THEFAI7|AE A FHE V1A
A €t



WA - £Go] - YFA - Yo

ngtS% | (33)

32k FEOA ARt FHe oed 2o

1 1 1
cdt<1/ ‘/ 297 T (an? T (222 30

@, ct AFANANY FEolT,

I £ S4 FEF| =

£ ofdolz o]FojA & Ao BAEHBRE tuoz FUNA HPAA VE duyel
AgeA 4 4 Evee 724 Ade R¥Asszd Adpusle d4oz 438 &
Atk 29 3 NGNS FAE Fdoz AsE Fuse FuU 54N o4
dg BFD ok

o 29 FHwo] Ty 29 BF WYH Tok@ 19 Fuo] Hyo] YEF TP 12
FHoz A BAG En@ 1¢ 4AF e Enwe JRpcolnz HERe FAE
A3 A4 AR olFA AN HEe Su@ 2 WEE F Wgoz s F9%
°g A¥ 1Y 1288 ¢ & Y& ANY Sa@ 2 WEE 1T HY BATso
AEEL GoIFW WA Bab Enigol $4e BE €AY & AT

MALEA S HagaT] sl 29 AUy AN fEAYe FHol AeHd fE4w
2 AUF goln =B WHoERE ¥ A% TEo|TH2 FEAYS ASFoEH
Azl glol BErt FAHD =3 72 A AFL e Aol At 2P AW
. B =RdME FEAYUS AU FATZA dste sua BRI AX p, FEI

o] 9x d, =AY ZHo| | FEAHY F A
&
A wE WA o159 HH dARE 7@ /
o] A A g b t
o FDTDH e} 44 dol 4 Aojzg & o= 1
1117 L
. 7
S ma2 24 ey e E=0 {
. ss@AME2A
y E \\0 HH T mge
PP
X 74
= T2 — R
ety — Sma | ",
.
Af
ad 3. F38 FAFANY 4 2d
Fig. 3. Analysis model of back-feeder with 19 4. 38 FA7 23449 2
in-phase excitation Fig. 4. 2-D model of back-feeder

- 1568 -



FDTDY & ©l &3 Tit# ofgo] Felte] FUFARE HA #d A7

o
e
1]
..{

i
rE
i)
>
N
g
>
i)
[0

2% S Ed =@ AR 4t) - T 4D R T
o WAHAFE e AFYFZEE dASE fFEAY gl AFMY FHRFY WSS

a9 e a9 39 SMRYS 2RUAoE Y Ao, FAR T2 TAY %5 @
AdFolug FDTDHE o188 AAA el Qoix Hiue FHoz FxVL H4FT
[8l. ol t¥% FRA-A)T =@ 19 FURE, 0@ 29 FUEEE Murd] F47
AZAO1S o §3tgom, WALE HAAs87] A8l HigdonH 4 e A gate] AVFoZH, 2
Wshe Astel WAk Qe Aoz s

V. =X 4

41 RENEO] R20| CfEH HAISY

SAFARFA JolA vALE HA2 e HAH deuEE doul7] Ha =gt B 9
2(p), A=Y (), FEAHY Zol(), FEAHAFA(WIE Ztz HEAI 7| HA HIALE
e Tan caHer 4L ZAZte HA s E 28t HHTEE AU

a9 5% d9f Ziele @& wiAMAIG=e] Wstoltt WA AAIF 34 4 GHzolA p=0 mm, w=5
mm, [=9 mm, 4/=34, At=502.2 1A dE 0 mmoNA 14 mm7tA WA A 1 42
FH ¢ F e AAE d=7 mmolA 7 22 RS -46 dBE FASHEA s 3
th o]lE FEAYY AAld g sepelgE A sA

a9 62 =48 Zol 7iwie @& ¥MAIFY #¥S vl ok oW p=0 mm,
w=5 mm, d=7 mm, 4I/=34, At=50°.2 131 & 5 mmolA 13 mm7tA] ¥3AIZ = [9]
9 mmoll A 7Hg W& WAl -46 dBE 7HRS & 4 dAyTh

(d

[¢]

e R T ST e e s

wall position= 8

wall position=5
wall position=0, 11 b

wall position= 7

YVV

Reflection coefficients

) 50 100 150 200 250 300 350 400 450 500
Convergence time

29 5 fEANe A Zhuol BE wAAFe 54

Fig. 5. Characteristics of refliction coeffcients by variation of the induced wall position
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Fig. 6. Characteristics of refliction coeffcients by variation of the induced wall length
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Fig. 11. Characteristics of refliction coeffcients by variation of the space division and the
induced wall thickness

0f n
g sl
S | f %Egall ge B2
8 -10 "/ E
ST A
5 .
% -20 \_
S 25 +
g -30 \
2 -35 | Y
5 b SEME0 A= AL
O -40 ih
% 1 nf‘g 1"( A i
m -45 ?* y\ft‘ ",uhﬂq‘nm,\ A
-50

0 50 10 150 200 250 300 350 400 450 500
Convergence time

a9 12 #EAYS) 5o A WxASe) 54
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