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Microstrip Slot Array Antenna Design by
Using Transmission Line Model
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Abstract

A T-shaped microstripline-fed printed slot antenna is analyzed by using the fransmission line
mode] (TLM) in this paper, Microstrip-slotline junction is modeled by employing a transformer and
the transformer turn ratio is derived empirically. The method is extended to the case of 1X2, 1X4
array antennas, Return loss results obtained by using the transmission line model are compared with
measured results and demonstrated the usefulness of the transmission line model. The maximum
bandwidths of a single antenna, 1X2, 1X4 array antennas are 28.5%, 47.8%, and 50.9%, respectively,
for the VSWR < 2. The gain of 1x4 array antenna is 7.97 dBi and the beamwidth is about 27°.

.M 8

W 2000-11-4-12

Fol WX R& AAURE e vho|ARZEY &

FZ A AER PCS & o5 BAF 94%
A AR 27t 43 Z7H o] wet HE) F
T EE A o5E 27k Gt Bes
7 3 AHURE o8 LT 224
7 T Eue) Mde 3 o) W=
T dem oo oidt Axrt ol MPHS Kok
L2 8 =2oys Ago) BE WIz )
7h g B ohet 2735 329 YA}
A4 wlo|ARAEY #fA] e H]dld gy

£ AHUE AHES Wi g Ve AT
Ao AZAEY AHUZE dE] AFEEHEA wlo]
AZLEY QHUE N FE0 Bol A3
Hy gt @A) g2l d#ixd Method of Moments
(MoM), Finite-Difference Time-Domain (FDTD)
method, Finite Element Method (FEM) 59 full
wave AL A& A4S & 5 AAT AN
o] 27 AzlE @ao] Yot wHe] Munson™ o]
At A$A2 XY (TLM)S full wave a4
ol njg) Aateko] Ay A% Aoz RHY 4

olt) 8t w A= ¥H-(School of Electronics Engineering, Ajou University)

S E W OE  991230-128
- FASEAR 20009 38 7Y

610



dE Aol Jow vxA A AAE ATHS
gtei &7)dAld #&aiiE o) gzsE
L2 QHUE W42 Bddy e A4S
Chambers®7} vlo]a22EY MZ 9 &8 HZ9
HEHE ERATAE 5718 3t AL AL A
o™ o] AL Knorr' 7t ERAE WY tum ratio
g 78te] o]t AApY vng 3 ALHE
E‘Q—J F+£8E A5t N1EY FHMEL &
g NIZAZE WA EA7t He 2 BAA
3‘° 207l 98 Yoshimura®7} FAMY X2
ZA oM FEOZ offsetAl7]= B S AL
o o] Axelrod*'= Knorr'"7b 78 tum ratio®
At A4ME RYZ 43
2 =fdME €8 Zo] HE AfdE #e &
AR S A HE ol $2 FFEA
S e T-R% 24834%e d4448 mygs
A4S T-R FATAL 712 FTZ
th27] ® 2o Knorr'"9} Das"®7} 3 tumn ratio
g AEE 7 Ao BEgAM T-2F 272 A
g 4 & tun ratio’} Y45 B =RoME 4
e WO 2 turn ratic E FatAT o] E AL
dto] @l e BT oy} Wi dElUE AEA
2 FdZ §4g sgon 4594 1.81 GHzd
A 9 gEIVGE o v 33 70 E v gy |
X2, 1x4 Wi dEYUE HAAGAT AZste A4
ME RYE AL HV\P-’;‘_J &3 FA4% #E v
Fete AFAE By §84¥L AF3IS O
ol23tx vy ENFHY

mkﬂ

L &% Ui ool aiM H AA|

T-2} 24 E 2= vfojAZAEY €% ¢
1?Jr 2ok 2He dE T-2% v
o|ARAEY FAMLE A7t FAHA FH
A Qe 7""}7—}33 Bge BAAR €28 o
7INA BAEE 28 7RIt
T 2447t 43012 FA7F 1 mme] FR-4 719-&
AHERG o HA WEEA LE 79 Ho), W
£39 F L T-2F 349 71240, wre

REAZ DAL o149 Pl ATLEY &% 9D Fu 4

Stot

Ground plane

Microstrip
feedline

#e 99 vlo|la22AEY

a single microstrip slot antenna
\mth T- shaped feedline,

BAAY & w,t €% TN T-2¢ S44
Z4 Abol9] 7+ 0 2 offset Ho)E zhz e
oA AT F 32 FH5-E AQscd €59

Zol7} 71 & WSz AL, #89 £A o)
% 3 Fo4 A9 BAE g 2g,
L=1Lg— 22 (1)

7'—”—‘1}?—0@2— [ mm] (2)

NN e &R AT FAVE, fru= B
A zus L,= A7139 sg— 7o) 27} e}
Um Aoz ArA A Aol( L,)E AA)
2839 24 ZAo|(L)RY em 27 &9 ol
AL &% AZ7 Bgoz 2dYYS W 9 ¥
2o 47\= JAYEE 2 &3} gRo|gpl

39 2014 T-29F FA4E 2= @y wlo)a
Z2EY ¢F FHUE HEHE BYR 57}8) 8t
o Jeilo mlolazrEy A2 &% A2
AEAS EA2IBZ Yehfo] rlo]aZ2EY
Aol FHT ABsA S8 AR z, &
ulo]AZAEY A2 EA dud2Z 50 Qo]
T, Ze &% A2 EA dudzeln, C,=
nlo)lAZAEY M2 A EdolM LAEE A
AN 2ot FAGNMY U dWHx Z, &
A )HY 78 & A

Zw=iXn+ GX /IR, I] iX.) (3)

A7NA jXmE 1/29] Dolg 2 A wpo]az

611



REVHEEPERLE £ 114 F4H® 2000%F 6A

!
X, = —j—é Z,,,cot( 8, T”) (4)

X2 L,/29) A0lE Ze 2F €F 429
dY dEEAR 4 (5% Zrh

X,=j Zatan( B, —52) ©

4 @) 5NN 8,3 B.& 74 vlolaz
2EY ARG &8 H29 JPEsE vt 4
(BN Z, = vlolAZ2EY A2 &5 AR 9
AEY S st 5718 & dALE 4 (6)F
Zo] 8 & Ytk

Zpo= nt+ Z, (6)

2 (6)Y ne EWAEHS turn ratioZ vle]A
ZLEY AR £F HE Aol ASFHFE Vet
Jdo, B =dMe ASFd g 9%
offset( wo) F €F F(W)S WFE 3o &
(W2 7t 4 mmell A 20 mm7HA] 4 mm 2HF
2 gEUE Alzetd Z47te 48 4P AE et
RV, 1 @ AFAE o|ELE & 3 I3t
TE 98 » IS YA 2 #HE =& U2
curve fitting WHLE 4 (1) FE3A.

n=(0.43+-052 ) (1- ) (1)

.
T
AN

o rir

A (NN ne w, W FFEE & Jet
Y £ gled ol T-E4 349 7t240l( 4y)
Hlo) o3 AZY FFS 4 1)y 48 dudx
of TgEo] U7 WFoltk 18 29 R, T-X%
FAMo] &8 ZAHANA offsetd o offsetol] W
EAA S Yehln gellMs} 722 A¥H Wy
22 R,E 4 (8)F 7] AR

R,= R,(l—Z.Gva,‘) (8)

d714 R, & w,7t 04 de] EAAE g v
e dth &% Z(W)o) 16mm¥ A 43§ HA}
A% R,E 1692 olded. 18 304 w, 47

612

A5 A7 a3d R, FS WSAE UL
Ak w7t FASHA w3 R, 9 ol FAE
= A% JeEin w, 7t AZRH BAAY F
= 9% ¢+ Ao

ol AAF AELNZE Ll S o] &3t FAF
B471 1.81 GHzSl @ el uE AA S 18]
T Zpzte) AApdgd] whE Y dsdie] HsE
AFIYT o] F vy dEUYE HF3 sl
A3 & gd AU HARFE £F Hol(L)
7t 63mm, €% E(W)°] 16 mm, offset(wes) ©1 4.0
mm, 183 T-2F 334 7t2Z|(l) % 3384

SOURCE

Zm Xm

SOURCE Xs SR [iXs

T8 2 T-BY 384E ze 9 rloja22EY
£5 HY 571RE

Fig. 2. Equivalent circuit of a single microstrip slot
antenna with T-shaped feedline.

[+

Turn ratio, n

w,(mm)

&2 Zo) 16mm¥ W ow, S H3e) &3t
Turn ratio®} R,

Fig. 3. Turn ratio and R, with respect to wp
when the width of the slot is 16 mm.

IJ
I
W



AFNE TAE o8& vlo]TZ2EY & WE ¢ElY A

Z(wy ol 747 45 mmst 2 mmeltt.

ZE A Q FATFR Hdd 727} 1R

Z eV AA 278 29 7 Ak A2 4,
2-2 B QeI /4 ER2LEHE A St 2 g eyl FEE

3712 Adgo] BWiHTE st deUzY 244

2-149¢] & AEUE 7182 1X2, 1x4 WiE (d)& A} Atole) Ao wWE FAE S4&

EIVE AT 19 48t 6ol A7 1 F2E A A,/28 GABET.

Yeri ok 19 49 22 4729 3F ol I¢ 58 1x2 Wi¥g AdHUE HAPHE FdE

A& gelvte Aol AN Setst Hlw e F 5713k 3 Rolth FAGANY 4 dAdL: Z,

Al Wako] wiolHE 180° AP At ol =4 (9% 2ol 78 F Y.

€ B 93t ol deve 449 ol

o M

Zc+jthan (Bm : ll)

Ag/2 3 O LA AP olgt e FAT Zn=Znwz 357 tan(B, 1) ©
714 Z, & 2 (10)% 2o) ved & Qew/

: |7 Agd EFXENE QF FQE FEE S

@ AYEA (L), L)% ARANEX(C,)E =%

3 4g Ymaze g

Ze=joly + [ o 1 Znt joLa) (10

Mo/4 transformer [+ hel2

A (100 Z,.v A,/4 ER2ENAL Y
gEh 2oy 4 (11)# 7o) Yyehd & ot

. A
(Z.//2)+iZ, 1an (8, <)
X th= Zt 2
Z+i(Z,1/ 22 tan (B, 5F)
O8 4 T-2¢ F33& e 1x2 Flo|222EH (1D
2% WY e

Fig. 4. Layout of a 1X2 microstrip slot array
antenna with T-shaped feedline,

ANN Z,. BE A% A,/4 EB2EHS B
4 QuRast ARSI 2,9 Z,= A7 9
o ol el 9 APA2E 4 (12)%

Zm /hsz L1

——

,Z/:’VIYY\<
SOURCE =
Judl! |
] hd
Zin Jka/4,2t\ ' I;JL
transformer
s

Na/2,Zm
025 T-BY FA4E ZE 1x2 vlo|a22EY &F g ey $712d
Fig. 5. Equivalent circuit of a 1X2 microstrip slot array antenna with T-shaped feedline,

A1



BETHERRRIGE B 115 B 4% 2000%F 68

Ground plane

Microstrip
feedline

Siot

Dielectiic substrat

Ze 1x4 vloja22EY
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