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Abstract

Conductor-backed coplanar waveguide (CBCPW) propagates electromagnetic
waves via dominant modes (coplanar waveguide mode), and excites leaky wave
which propagates toward both Sides despite the value of the frequency. In general,
there are two applications based on this structure: first is to use such property to
design the antenna; the other is to suppress the leaky wave through some methods in
order to decrease the unnecessary couplings and crosstalk.

Implementing the full wave analysis (Spectral Domain Approach) on the
CBCPW structure, we can discover that the leaky wave propagates along a particular
angle relative to the main CPW line, causing the wave to propagate as if in a parallel
plate waveguide (PPW). Therefore, we can etch rectangular slots along the ground
planes with the angle we have acquired. If the length of the slot is significantly longer
than the width and approximately equals to half the guided wavelength, the slots fed
by CBCPW will radiate power efficiently and we can thus obtain a centralized
broadside radiation pattern. We then derive a method to improve the aperture
efficiency of the antenna by analyzing the equivalent circuit of the slot antenna and

also by applying Full Wave Spice (HFSS), and eventually design a highly efficient
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antenna with a high main beam gain perpendicular to the array plane.
The antenna for direct broadcast from satellites (DBS) is operated at 12 GHz and
demands high gain and efficiency, which is also the frequency our antenna operates in,

resulting in a radiation pattern with 30.14dBi and a bandwidth of 4.2GHz.
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X RTAB AR 41 F2US 2w APT AR RIS T A BN R S B4R
IS m@ﬁﬁjﬁﬁl v Btz = AEER A K *{@ﬁ%ﬁﬂ?ié AR Fk o I enT Hk
E IV ACN

— v, sink(l-|2)) .
slot — ' . X
2w sin k/

(4-1)

HAV, S TREE -

m

e BB AR FAENL AL G rBBPOTRET Bt E o 4R

42 Homgm L AL faieX M cnq s w oo
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Bl 42 H34 ) T HA
412 FHEH T HA 1

W3- BIREHOPPW BB ST H7 €5 Bk 4B 4-3 977 o

' | ) 1 v ' 1 | | 1
r._..I.._4-I._.-I.—.—]—.—.'-._.rA—._I._._I._._I_._h
Lo 1 oY, Rl i5E B - LEE. 1. . _._ 1.5

y | | [ [ 1 1 | | | g a
[ P T R Tt R N R ]
] ] I ] ' 1 ] ] ] ] ]
il = [aRee A SCRTRL = R il Rl |

X iEfieId --»H field

Bl 4-3 I & PPW p 38T B s

AT LR A PPW N nT B EE L 0 A G BT B S B R

E
r_ Vo e o e
E=-y—e’"=-ye (4-2a)
a
Foiloem gl (4-2b)
na n

A7 AT e PPW enfgat i B3k - B PPW F B2 - BT RHE
4o 4-4 #4770 Pyt PPW B HEA S 2 BER (1) 2<z 0 (2) z<z<z, >
(1) z,<zom APIXETOMET - BHPG S ¢ F B E (2) 7
PAPHPG SANE BRI AT hz=z 86 (2)S, 4T hz=2

G 0 (3) S, AT AT ERESSG o (4) S, E T2 LS Be (i
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fiE i EPMC - 56385 5 § P RTH -~ 23 BH) -
BE AP KA A5 T A S H P G AL

(E,H,) €& 5id » - TEM ik » £ 3% 7 b chT B4 o

(E),H,)) - A +Z s —Z » 531 TEM = 25 o
S2:back

Ot i 7

¥
S3:up,bottom T

- — } 22
St:front pe S4:lateral
z1

y

1
X
@] 4-4 PPW P # 3 5 & B

d 2 b s 3w A & RIS PR fE > Fgt & Reciprocity Theorem i'ﬁ ) %

,%z; B T )"J “ :
[ (Box Hy“petty)-dS = 0 (43)

(E,,H,) #_(4-2a)~(4-2b) 228 PPW N 5 e @ (E,H) 3 P ide™ Bk

Elt = zCaEate 9 Z 2 Zz Elt = ZBaEate z S Zl
(4-4)
Iilt = ZCa[_{ate_nzﬁ V4 2 ZZ Iilt = _ZBaliateﬂ/”Z’ 4 S Zl

HeY THr& 7K (transverse) > C, % A+Z » w @i i d 4kt > B, 5 L
—7Z > e @i g dedrtg 0 E, ~ H, 5 PPW L R P+ T &35 Z B
%7 PPWATEM - ~TE & TM ficfe /8 & F oo P BR Az <z<z,#73 = *= » F]
A A RIIMIER AL el c BF Y REREE

(1) E, &8, ¢+ 5% >

(2) H, ~H, &8, 3 %

(3) E, 8,0 5% %7 b 3n i



o~ (43)5 [ (ExH,—E,xH,)-dS=0
= [, ., ExH,~E,xH)- dS+j (B xH,~E,xH,)-dS =0
= [ (BxH,)-dS = [ (E,xH, ~ExH,)-dS+[ (E,xH,~ExH,)-dS
=N J, (E,xH,)-dS=1+1, (4-5)
1= [ (B, xH,~E,xH,)-dS
1= (E,xH,~ExH,)-dS
BLe L o d SRR M Bots 6 R FT TEM KRG o 2 P 23435 (B, H,)
G- MAAZ e BATEM A F 5 [ 5 &8, Y40 (E H) B> w5 —Z>
FRE Ry P () A G TR AHLA T A S,

%%A,\ ’ (EI’I_{I) _rf’]fﬁ;l%‘j"w ré, :‘%_—i—z ) t“—i-'p)( E:,'v?% }/a 3:-‘_%’\ kTEM (e_%,z'e—kmwz ) s ;,H_ f?j’év\ i

L SRS RS

I, =2BTEMJ. (ETEMXI;[TEM)'Edg I[ (EIXIjZ)-dE
. = By = - N (4-6)
I,=0 2J‘Sl (Erpy x Hypy, ) - 2dS
F2 v A i—Z3>w 3 TEM A » ¥ 87T 505

I,=0 [ (ExH,)-ds
_ = CTEM — slot
1) =2Cy, J.Sz (Ergy X Hrgy ) - 2dS 2.[? (Ergy x Hoppy ) 2dS

(4-7)

dr %> APT T - BEHG D ~s- TEM A I #34 § FIH 3t m fda
BRI > iy A0 TEM A58 el ik &2 » 8 - (7 5| B, &1 Cppy, 913
TRt 0 PR ERE S o

ERY B S L R BRI TEM @452 v S +Z > 4oB 4-5 0 2 P
D Y F - RAR(CLE) T A kR R e i

~:ggcos¢5+§~sin¢ —fsin¢+g;cos¢

i x= (4-8)
E=-Xsing+Zcos¢g  { =Xcosg+Zsing
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(4-6) ~ (4-T)e oo W43 5 2 B e a0 & 0 fpt AT TR Sy, 3 #H(4-2)58 &+~

Sten :I I (—ye )% (iie_jkz)* -Z dydx zﬂ (4-9)
dda n n

- /
\\ /’5

X
d
na
TEM wave (TEM mode : Z, =7 j

Bl 4-5 3t & PPW 1+ & £ 7 R B

V.cos¢ k, cosk ! —cos(klsin ¢)

B, = fow 4-10
TEM sin ¢( COS¢) ¢ k2 sink./ ( )
P2 (4-7): :
V. cos¢ k cosk ( —cos(k/sin @)
C,, =——2 sin c(kwcos s 4-11
TEM o ( ¢) e Sink ( (4-11)
#_(4-10)~(4-11) ¥ &d | 13‘1?#&?{"’19'3”/&%*5}’1;'”5@ o
BTEM = _CTEM (4-12)

413 E»%T

Bl4-6 5 - BRRt P - PR EFROT AR AP BRIz R R ET
FeR By A2 € G F LA Y o B Bt PTRT RS
V(z) = Ae /" + Be'’*
1(z)= Ae/” - Be'”” =0 (3-132)

V(z)=(4+C)e
(=roen | 2 @130
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Matched E Matched
generator 5 C load

B 4-6 f?;ﬁi%l.%'ﬂj B - IR ERT RE

R EET (4-13): 1(07)=1(0)=1(0")F #

B=-C (4-14)
4o% B 5§ ¥k
s o 28 (4-15)
7, A B

Ho o PPW et s TEM mode & Z =22

d (4-14) AP @y B=-CF aF R GAG = WAL # - e S

(4-12) 2 (4-14) v ™ =ih L TR E Bk S48 » a3t 7 1 B @
T P - e PR A G HIVRETT TR R ORI B TR
TR HE e gt o (4-15) A HIEAE P IRL - Bond B FLOD R R
o BB AP Ay, & By, T REHE
a8 T EREF AN T AR5
B.=B,+F. +PF, (4-16)

mc

APHP PP (4-9) 1S, &

1 . ad .
F,. :EA'A 'STEM :2_A'A

1 ad .
Pref 2BB Stpy = 2 ~—B-B

B, =S (A+ C)(A4CY Sy = S5 (A4C)-(A+CY =S (4= B)- (A BY
n n
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b Az Rw (4-16) 7 ER ISR E G
P, :ﬂ[Az_Bz_(A_B)Z]:ﬂB(A—B) (4-17)
2n n
fokeh s NP ATE Ay, E By, Ta REHHOREE > eEHAPRER
PPt A efles o
4.1.4 H 34PN 8 repiin g ai £
d 4B £t — B dipole RigHd o Sd L HF LS [0

5 B iBRAIEA R - BRI L F R F 5

2
2 2
P = . K : k_02 ’ cosk .l czos(koﬁ cos ) sin® 040 (4-18)
mn,sin” k0 k; k,

2
1--%cos” @

4.1.5 &% i
(4-17)~(4-18) ¥ Z WY FEDHF AT > L85 (4-17) 2 Hp T

BB A (4-18) 5 ot g S REE A F Gz ® > B 505

2
ad v’ ky ;7| cosk,l—cos(k,/cosB) | .
Py =" B-B)= L] e sin’ 040 (4-19)
g To o s 1--2cos’ 0

S

_ 2B
F=—
A—-B
2
47 cos” gsinc’ (kwcos @) | cosk,l —cos(k!sin ¢) 1
=\e adk; K ‘ :
0 1- k—zsin2 @
s _[0” cosk (- kczos(kof cos6) sin® 040
1--%cos’ @
(4-20)

BAPER T &R A I akidnE (4-20)

=

e
4y
3

T RR AR W [6]7 4 B RCRAE -

18



IR PREB:TeAEG AR

B LS R & ES > AP RE 4k L CBCPW X k3t o A gy d

JR BRGS0 B ORBLRT P O R S S O e T R
AR PR LS S R e L F R e

@—5&,}34;!,4.% ﬁ’\ Kf‘fp’fs—%ﬂ&‘*%*’k’ﬂ/?]‘*%"

47 47
G=7Ae:73apz4p (5-1)
e (5-1) t6 > 7 @&
2
,_C,‘a 2221_ (5_2)
v A, 4r

He IGRrAMBHMEE 4 7 AR Ea H o
ARG FF AR NEBE BB T E O o F AR EA R
ARG E od (5-2) AT A AED RN E S X M f

BRET A R IR RF A PR S R e e 2

% o

19



5.2 K3tz

521 %6 A KL R

£ ek

i

E ¥ 015 3 CBCPW § 3 Bk hi 2 a BBk & &> ivd

\H
-\ﬂb

SDA e 4718 3] » S azk 3t S E I e s & CBCPW (S ik = v o
HEVAoF - BPPW iRt R adadrs Rxe 3 fam Ik AP
@ * CBCPW 1% =t & RO4003 ¢ =3.55, ¥ 5 & h=1.524mm , s=

0.8mm , g=2.6mm > & i &% = § e SDA ¥ 45 | 12GHz 0 S/k, 5 1.6311 ~

afk, % 0.0227 o Flp NPT 0 D BB DB E R 9:coslkﬁ:

s

30.0419° -

2 2
s = \’ )ig _/Is
02005—1(%) ’/,, ‘\;___

=7.6721mm

g/ A =13.2686mm
/Ig =15.3270mm |)

z
_ o
0=30.0419" t
Bl 5-1 PPW s iy 3t & & 7= & )
BFAPEZEA B2 wapL (1) Z > CPW mode & 4,=4/8 -
(2) 0= % PPWmode st & A =4 /\Je, » 4o 5-1 57 » 05 chidche s d
e KT e B 5.1 5 m it %k b CBCPW i iRk e . > 4

TR CIE NP ER Y S S
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522 it E T RIB

BTAAPRX - BRI B R &0 N FRAAPT LT
ER- I S FEEEL DRI RN AR SR EE B LR
AN A e LT FE R o 2N Ik Tend fi,fém’f'é,fé‘—;—*f#—’x & axdxL=hx2sxA =
1.524x15.344x13.268 (mm) » # i F 243 & & 0.5mm » #7135 g3t £ & 5

9.6mm - i PRIt e fus 5U ok Rt g eh RAIEFLR] 0 & B 5-2 47T e

o]

L

's(resonant)

~9.6mm[

a=1.524mm

| | 5 3 | |d =15.327mm
4_ ............... L =13.2686mm |-

N
®

0 10 20 30 40 50 60 70 80 90
¢ (deg)
B 5-2 34 % & R RO R R d SUR
Fla NP EE E RTERHRT RS P TR TP TR & ¥ Dlahn
HO PR F R Al L A A AT R R Do & R 2 ke

AR FEE A 5-1 0 fé%‘%-g WP Aofe i gt AR o
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RiZ,| U1 | 12 | /3 | 1/4 | 1/5 | 1/6 | 1/7 | 1/8 | 1/9 | 1/10
¢ 64.3° | 71.2° | 744’ | 76.4° | 77.8° | 78.8° | 79.7° | 80.3° | 80.9" | 81.3°
R/Z,| 1/11 | 1/12 | 1/13 | 1/14 | 1/15 | 1/16 | 1/17 | 1/18 | 1/19 | 1/20
¢ 81.7°| 82" |82.4°|82.6"|82.9°|83.1°|833|835|83.7 | 838
R/Z, | 1721 | 1/22 | 1/23 | 1/24 | 1/25 | 1/26 | 1/27 | 1/28
¢ 84" | 84.1" | 84.2° | 84.4° | 84.5° | 84.6" | 84.7 | 84.%’

F 5-1 g & R YR AR LR
523 HI /KR
BEE R E G IS A PPW SE i & BT R NE TR S 8 BT R
FIpt AP TR R dRen 3N Ao @] 5-3 A7 o I F B BRE R FLanE & K
EDERCEFRES 1 {7 MG ERT ek o @ AP HIERK D ek
TP 402 58 WeR] 54977 c AR TE EBAE Y Y - g E R E
It @ T2 BHGK EEARR - AR LT B IR 3R AR )
EXHRA ST s AR R R p| T e A il
REBEER B (S - BRI SR B4 B R A - TR R i B O

o B RS o

— AW AW AN AW ANV

j i i i

input impedance : 7, = Z’? =1 —

Bl S53 % 0 & ok S48 ~ SR A 3 0% R T B

&&{{& short
@N\\\\

A —/1 or A

S 2 RN S

B 5-4 T4 & ok 4 g T 2 S LR
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BA X SMARE Ak A & £k F CBCPW #74 2 chid ifik 2 25k 913k 3+
Moo B % Z F e SDA NS DIRIR Lk R o AT A P 42 T Ao B 5-1
ErOT e B oo AP R P R S R 4o S5 T o £ RBREA PR M
W e Al B BT R - R 4oBl 540 TR A P v R N T Aok
B 5-5cdhin- i 2+ 8¢ EMirk- BE &= &R L RBY A
- B A, BRI R IF B R ARATR I R Erdo e B 5-6 FrF 0 € BRI G

- B b X £ A5k o

B 5-5 /4> CBCPW % £ Bl 5-6 3 & 15 CBCPW %

AP L0 RBBRA T e RER - R P CBCPW BB e i €
REE S|P BB Z 2 o B e B - R Blde D BR Y —5F
16 BRI > %= ARG 15B - 3% L2205 1 B o NP RE 7|
iRt EAR R o R Y I R A R - RO T BAC R 7 N BRI
PR R A R R /N ot b el Rl 1o £ %i&—i
R R RO AR ERE A PR AFTT R ER T o
BRI 4ok % - 75 16 B IRAHEI A 51 417 0 AP B TR
-7 E EA IR AR 4G 83100 F]pt 3 S PEVEUEL R IR el S 3 N
PRI o

23



53 T RRIBHFEERES

531 % MKIHER

AR DRI AGE ¢ F TREERARE S R ERIRHES o a F
PIAR A {558 & o A pavi i B A G EF IR E MA i S om0 A i Bk
G L e FL AP G oot % chCBCPW £ <} 5 RO4003 45+ &, =3.55,
¥+ & A& h=1524mm , s=0.8mm , g=2.6mm > #7§5 ¥| & 12GHz #a/k, %
0.0227 » ¢ ky=27f/c~251.3272 > e ¥ LR W a~57051 - T FE 57

PEE Y o A B EF A LR R 4 A -
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60 |- i
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e
]
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Lengﬂlﬁnnﬂ

Bl 5-7 "E % RE KRR HEZ 2R
R AMMIKBR B S 0 APHRRY 16 7| I E T BRI
MR AN BB ER T 94.6% o Fl A AR 16 Alanfhat > oIt i
B 2¥(16+15+--4+241)=272 » #7120 F R 25 272 BT o
AP REARIP AL ERI LI ATH I o RATT UL LA B
e B 0 Gof] 5-8 7T o AR A P IR 2 Bl & A fAHK 2 VA A B
RAANTH > NG AI o823 % > @ BRI P anfik ™ ;8 ¢ @ {5

HLEF Ao FIMAL R HE I et o AP RBAPSNIA G TR
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M ORGEE AT K S Y o B 5-9~5-10 5w AR I ek 2 3 o B 59 A A

2T H B R LD i BARR S o Bl 510 LR A2 T H % F g

LS b e B 2 5 @ IR SN IR R A e i 3 pre

foo

DRI ES S

hopy

&
&°

(b)
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TR 59 (@)~ (0)F 1 B A T H v AR e T T A
FRTH G T e FIEE S-10 § BT ARG B T AP T S 5
510 2 e st e =8 547 05%4 B p ehl AT REIOTH S wARF o
e

Bl iR E it d A KBTS AT 144

S

ﬁm

g 0.5%1 02 BT ¢

Fahgied olEfL Fo R BRIy BRI T §RE

b

IJ 5\,

-y

?F R 592 AR S-100 AT U FG A AN I AR S 5 e A
FITehTH AL EF AR - B S - B e AP APEFHT T S
FOp RS e S A AR E R A 0 A LT D g S R
TSP e RO (HFSS) SeShigst % o A i MR 2 3% K RdE

FSTE o 2N ML B] 5-10 (d) ik & 58 RGP O X SUFH K B 4o W] 5411

.
=

Li.

s =0.8mm g=2.6mm
h=1.524mm ¢&,=3.55

ww 84°¢¢ce

256.72 mm

B 5-11 ikt = 7 & B
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B 5-12 oAk < S ~ et

BOFA PR U R R R BB T IR ST B g i

0
S1ren TN T T T
- -
TN . 11.36G~12.29G,~ T
. ~ >/
% -10 F=m————————— \7 T f- ———————————————
e !
7 \ !
S -15 - o~
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3 ¥
e 20 ¥
\
1
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——— -10dB
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-90

B 5-14~ 5-17 » S| ¥t B 5-9 22 @) 5-10 chabed w & 477 & 12GHz pFin
15 5437 o B 5-14 L2 W) 5-15 “7Hcse &) B B o £ £ & xz-plane + e phi &1t
w o Bl 5-16 2 B 5-17 “7H# ) B B 3 £ ¥ xz-plane ! chitheta #& 1t 3 B o ¥f

A2 it 2 e P AT TERPEATHT S e 2 e o

Z Z
0 0
-30 30 230 2500 30
M
00
00
-60 60 -60 0 60
)
15. J
90 wX 0 RN X
Curve Info Curve Info
— dB(GainPhi) — dB(GainPhi)
Setup1 : LastAdaptive Setup1 : LastAdaptive
— dB(GainTheta) — dB{GainTheta)
Setup1 : LastAdaptive Setup 1 : LastAdaptive
-120 120 -120 120
-150 150 150 150
-180 =180
i‘\ — 2 Z i“ ] a 2z
B 5-14 fFi%(a) XZ-plane 5843525 Bl 5151 = (b) XZ-plane 15 5457
z z
0 0
-30 2500 30 30 £5.00 30
20,00
1500
1
-60 60 ! 60
X 90 L 20 X
Curve Info Curve Info
— dB(GainPhi) — dB(GainPhi)
Setup : LastAdaptive Setup1: LastAdaptive
— dB(GainTheta) — dB(GainTheta)
Setup1 : LastAdaptive Setup 1 : LastAdaptive
-120

120

-150 150

-180
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B 5-16 #=(c) XZ-plane §§ &3

B 5-17 Hi=(d) XZ-plane 1§ 5335
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15-10(d)

Max. Gain (dBi) | 19.9203
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Ew (%) 8.18
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23.28

252w il RIE S P enlg M E HeE
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 =23.28 % o F1 5 & SRR A BT S SR A K IERE K BORIERE G ff K
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Curve Info
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— dB(GainTheta)
Setup1 : LastAdaptive
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Setup1 : LastAdaptive

—— dB{GainTheta)
Setup1 : LastAdaptive

120

-180
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wER B AU JY?} I @ 5-26 FA5% MeNZ L HFNTHF v A s £

P RS AR BT SR R R e

A
</

]

s
N

Bl 5-25 = F F 7% ME SR SLT B 5-26 H 7 60°F )= a4
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HRPEFE AR S27F 7T R AR o A A PR B 222 & A3k F
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