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ABSTRACT

This thesis proposed a dual-feed switched-beam patch antenna by improving feeding
mechanism of the conventional switched-beam patch antenna. The antenna is less complicated
than the conventional one since a square patch employs an RF switch to switch radiation patterns.
The positions of feeding probes are essential parameters that were analyzed to provide same
radiation patterns as obtained from the conventional antenna. The impedance can be matched by
adjusting the microstrib transmission line feeding system. The 2.4 GHz and 5.2 GHz switched-
beam patches were stacked on a ground plane to provide a dual-band dual-feed switched-beam
patch antenna for dual-band wireless LAN. The antenna was applied for access point to improve
throughput of the system when testing in a real environment. The four dual-feed switched-beam
patches were used as elements of phased array for installing on a mobile unit. The structure of the
array can be reduced by using printed circuit board with high dielectric constant and arranging
positions of each element as a new configuration. The new switched-beam phased array provided
a number of radiation patterns that cover all angles in azimuth plane. It can be used for angle-of-
arrival (AOA) estimation. The AOA was accurately estimated by comparing the received power
of each pattern without complicated mathematical calculation. It can be a candidate antenna for

modern wireless communications.
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Wz H,(x'=1,0<y' <w0<z'<h)=091d B =0ung

X =(#) m=0,1,2,..

(2.4 )

(2.4 9)

2.4¢)

(2.5)

(2.6)

2.7



10

ks
v v w ¢ ot

dndudndnamesiiegaeluInsedivdondanglauiowldivaums

A, = 4, cos(k,x") 4, cos(k,y") 4, cos(k,z")
(2.8)
= A,,,, cos(k,x")cos(k,y") cos(k,z")

4 [~ v @ a % [ 4 J { N
e A, Wumdulsziniluudaz Inuaves mmp omasfivesadu &, & uaz k,

fautu

.
kx=(ﬂ, m=0,1,2, ..
!
nir
ky=(7 , n=0,12 .. m=n=p=#0 2.9
pr
k=221 p=0,12, ..
) eain

A A o o & o a o o a

W9 m, n waz p AoduuaNassmvsrlasuladlunianie x, y uag z nudiau
k4 N ] ] [

Ariuaun31eAY (constraint equation) 7l WunuA R uavARY £, & uas &, vslidnyue

AIAUNTS

2 2 2
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w
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)y = : \/(W[] +(ﬂj +(EJ (2.11)
27 ue ) w h
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18

E =— j%A”mp sin(k,x")cos(k ,y")cos(k,z") (2.12 1)
ouE
. kykz ™ ol r ’

E,=—j A,,, cos(k, x")sin(k,y")cos(k,z") (2.129)

wUE
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. (k2 - kzz) ' ' '

E,=-j~——==4,,,cos(k,x")cos(k,y )cos(k,z') (2.12 1)
wue

k,V r : r L

H, = ——;Amnp cos(k,x")sin(k,y")cos(k,z") (2.129)
kx : r r ’

H, = ZA,MP sin(k,x")cos(k,y")cos(k,z’) (2.129)
H, =0 (2.129)
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naaonigaun e auumiminmeluInssimdounds  eoldaziansamany
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9 3 3 d‘d” 1 d' ] ] 1 L] Y] 9 9) 1 =1
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feguureadladmdraiediuduumdmdaumesnly Taudeuduaunis ldaall
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M. =-nxE (2.14)
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do E, war M, Wuaundihunzaumimanauiay fieguureuila lash i 1y
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YuTasansy FelgeullaNuauiiioNasuIAINEATIAIUANNFIABANUNTNUBIUAALYBY

v 3 1 { ] ] 1 (Y st 9 1 4 ot Q
FarunNUH LU AN DY UULALUANS AU I, seiatesniunlomeyiy
| ' ' @ o ¥ § ° 3 an vy A 9 sy g 9 -4
Aty uLuAughdmai IR auud 18 hdinssuadesunfisudn Indgud
] P23 ) 1 3 & v 1 [} [ S Y o] {’] o
HAE FUIREIFDTNUNINA NF 0 gNVO VYD WHULANA N U ITUATUBULINUAZUANTUTUY

v o o Y v A

nauduiusvesnszuanazrawui ianumumiunszua Wfheuya 3, Aveallase

=3 I A o a :l’ =2 A ' ' < =
umuaﬂmmmzumnﬂuquﬂ ASUUIUNABIRWIZANUH U U UNTEUT LU ANTNYD M; 7



12

' y o 4 4 4 4 o4 w 4 a ¢ ;
'e)gsaumummmﬂwsmmaUnuuazvﬂu%mmmwmammm:umninﬂagﬁmma Tu

3, v ' L
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T
=]

WIITUIANBRNINALROU (image theory) vz I¥AMUMUNNIUNSZUAIIMANANYA
A "W ~ = ! 1 ' = dy '
wniuaeaiidaaasi 1dluaumsi 2.15) Tavfianunmuuiunszuausimaniszeguu

[ 3 d' 3 d' a; ' (% d'
youdanadauves Insedmasuuazeg lugyaine dwaaslugii 2.2 ()

M, =-2nxE, (2.15)

s

TTTTTTTTT /
M, =-2axE,
[ENNERENN]

|
[ /

=

(M

d' Pei ' 9 3 a ' a a
317 2.2 nszuaauyaNoguUATUNIA YDA U0 INMAHUNYY
4 14 Ao %
(1) I uag M NHs2UUNI1A (V) Jg= 0 waz M, NITEUIUNIIA

s a ) a v
(") Ms VIW%'I?QHQ'JUVIQHQIT]W?T::VIBH

NV AU IN A LANE 491100 NUIDINFD AT ALAAZATY VLA TUIMTUINNUANG T
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E =0 (2.16 1)
) e—jkr
E,=-j - (L, +1N,) (2.16 v)
ket
E;=] - (Ly—nNy) (2.16 A1)
H = (2.16 9)
— jkr
H, =J'ke (N¢—£ (2.16 )
4r n
— Jkr L
H, —_jke (N, +=%) (2.16 9)
4 n

: . Y
o Ny, N,, L, uag L, szm11é0n

N, = [[lJ cosOcosg+.J, coshsing - J, sin Bl ds’ (2.17 )
S

N, = ”[—Jx sing +J, cosgle’” ¥ ds’ (2.17 %)
S

L,= ”[Mx cos@cosp+ M, cosdsing— M, sin Ble’ <=V ds’ (2.17 ;1)
S

L= ”[—Mx sing+ M, cosgle” " ds’ (2.179)
S

FoAUNAVTINOYVUIZUI yz 10g 2z Aauaasluglh 2.3(n) vaz 2.3(x) awdiay
[ as Ao @ = a 4
dwmsulnua  TM,, NIMsnszneaunaln  2.1(n) azliesnilsznavves

v g
ﬁu11]hlwﬁ’luaxﬂu'luHNLﬁaﬂﬂQﬁﬂJfni

)
E = —j—l——Am cos(gz x'] =FE, cos(z—”x’) (2.18)
woUE / l

H, =2t sin(zfx' = H, sin(z—ﬁx') (2.19)
7 ! !
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() (V)

1l 2.3 msfmuadumisinaie ldmnmsurndsiunngesila

(M) BHINTEUW yz (V) UHDINTSUI xz

' ' < { a ' o
ANuMULNn Iz mAnauyaiinaa Ay au Ildhuugealaninnunie w
2 a '4 : dyn ' A A
llﬁgﬁﬂ']'lll'CI\i hUUTEUIY yz "INIJnﬂm@5ﬂ§ﬂ1ﬂﬁ§ﬂ%ﬂﬂﬂ1ﬂﬂlﬂ\i‘l§ﬂﬂlﬂﬂ!ﬂ‘Ll n=a, ausn

wou'lddaaums

" (2.20)

. & % s W iy
M, =-2nxE =-2a x& a,=2E; cos(Tx’ a
A yy < ' rg s s e
e 1dpanlsznovueIn UMM UNTEUAINIMAN M, nnuunuentseneuilluaums
P (4 @ : o
i (2.179) 1Ay (2.179) wausn ldesalszno L, wag L AuIznIoInszno vl

' v
aww i luuSnaauulna (far-field region) Mursaninyoutlaunaz ¥o9a 9t

E =0 (2.21 1)
— jkr . s
E,=—j 2khwkE e Sl sin(Y) sin(Z) (2.21%)
4mr o 4
— Jkr : .
= 2khwE e e 0ing sin(Y) sin(Z) (221 1)
4mr Y Z

kwsin @sin ¢ A _ khcos®

Lﬁa Y= Z

¥ v
= % Al -7 A
auu dvesmeoinialy Insaasdieg 1doinmssiunuvesaunInsoslansaey 9
v
Foutlarzagr1snuAI0IZeY 1 AUTIANILAY X gaiudanansanldiiumeeimanaldidy

(array) NHIAIU32NOVIDISIAY (array factor) A TuaNMS
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AF =2 cos[% (kl cos @ cos ¢)] (2.22)

° " a o {
mldauduau Iihswvesaeomausduivilosuluglvesaumsi 223 ) uaz

£ d 0o w
(2.23 v) Fuilusamlszneu E, uaz E; anuaiay

. (kwsin@sinqﬁ) . (khcos@)
sin| ——"—* | |l sin

£ oo wEe™ y 2 2
o= kwsin@sin ¢ khcos@
2 2 (2.3 0)
1
X cos[g (klcosBcos ¢)}

E

. [ kwsinfsing . ( khcos@
khwE, e~ Y- XOE
= j——0cosfsing

¢ e kwsin @sin ¢ khcosf
2 2 (2.23 9)

X cosli% (klcosOcos ¢)il

Tuszuauliih £, =0 uazesiisznou B, szlianiu

Sin(khcos@)

khwE,e ™ 2 1

e —— — (kI 2.24

Ey=—] ~ cosg WhaosO cos[z( cos@)} (2.24)
2

o a 1 1 3 o
dwmsuTnua ™M, musti 2.10) wliesrdszreuanuduauniiuazwimandslu

aunNII

)
E =—j AW/ Ay cos(g£ y') =E, cos(gﬁ y') (2.25)
£ w w .

. (27 ,
H, = _2n Ao sin(i2£ y'J =H, sm(—ir y ) (2.26)
uw w w
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v 1 g & a 9 1 o )
mmwmuuuﬂisummmaﬂ’cmy,amﬂﬂmmmmmmﬂum"l%lﬁmu%mxﬂwnmmn’m l
= - o’g A ayn ' A A
ua:ummqa A UBUISHIY xz “INN!’Jﬂmﬂiﬂdﬂ']ﬂﬂi'ﬂ‘]iﬂﬁﬂ'lﬂ‘u’é]\‘l“lfi’]\‘]!ﬂﬂlflu n=ay 3

B = Yo
annsasu lddsaums

A A R 27 ,\.
M, =-2nxE, =-2a,xE,a, =2E, cos(—y )ax (2.27)
w
wazluaunts (2.27) esddsznow L, uas L, annsom ldnnmsunuaiesnilsznen 2, lu

v v
qUAIN (2.179) uUaz (2.179) nduihwsuluaums (2.16 N) - (2.16 f) uazaz'ld

M y .
auw IihAusesninansesdaiidsuaasluaums

E =0 (2.28 1)
— jkr . ”
f, —— 2khlE e 5 sin(X) sin(Z) (2.28 %)
47 X VA
- jkr \ .
o, 2kh;Eoe 20N sm)((X ) st(Z) (2.289)
v

' klsinfcos¢ T _ khcos6

die X = Z

Ay a ] o w o a An v a R A8 w
Ll'd85%1fWIﬂJ%ﬂﬂlﬂﬂﬁfl\‘i“ﬁﬂﬁlﬂuuﬂ’lfﬂﬂﬁﬂ“LWIiJiZEl%‘H'N w AUNANILAY y uAIlsznoU

uarsduiou laaatl
1 -
AF, =2 COS[E (kwcosGsin ¢)} (2.29)

o 1 a o =t
Mmldanuduaun Wi savomeauruiuasaouw 1a uaums (230 n)

o a d o w
wog (2.30 ¥) dmsvesAlseney E, uaz E; muaay

. (klsin@cos¢) . (khcose)
sin — sin —

m sing klsin@cos¢ khcos@
2 2 (2.30 )

X cosli% (kwcos@sin ¢)}
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155 1.99 192 9.63
156 218 193 9.66
157 2.49 194 9.73
158 2.54 195 9.9
159 2.62 196 9.9
160 3.02 197 10.13
161 3.19 198 10.11
162 3.45 199 10.3
163 3.45
164 373
165 3.96
166 4.08
167 434
168 4.78
169 4.78
170 5.03
171 531
172 5.75
173 6.12
174 6.28
175 6.39
176 6.6
177 6.9
178 7.14
179 7.59
180 7.74
181 7.97
182 8.25
183 8.41
184 8.66

Usm  EC
yu | Sasidau
(24711) (dB)
217 4.6
218 446
219 426
220 4.15
221 4.01
22 3.68
223 3.5
224 3.38
225 3.17
226 2.64
227 2.26
228 1.94
229 143
230 0.82
231 0.34

U3% EG
yu | Sasiaau
(84f1) (dB)
200 8.98
201 8.69
202 7.98
203 7.57
204 7.36
205 7.03
206 6.72
207 6.43
208 6.17
209 5.88
210 5.69
211 5.66
212 5.57
213 548
214 5.41
215 5.49
216 5.25
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s CG
yu | dasdu
(B371) (dB)
232 0.58
233 0.64
234 0.52
235 0.51
236 0.14
237 0.14

1352% GC
yu | dandou Yy dasdIu
(94e0) (dB) (03117) (dB)

238 0.02 275 7.89
239 033 276 8.01
240 0.39 277 8.14
241 0.49 278 8.01
242 0.63 279 7.92
243 0.76 280 7.76
244 1 281 7.87
245 121 282 7.92
246 1.21 283 8.01
247 1.32 284 7.99
248 1.81 285 8.01
249 1.89 286 8.15
250 2.07 287 8.31
251 2.45 288 8.33
252 2.62 289 8.69
253 2.67 290 8.82
254 2.78 291 8.96
255 3.13 292 9.26
256 3.32
257 3.43
258 3.79
259 4.17
260 4.14
261 4.46
262 4.59
263 4.72
264 5.03
265 5.32
266 5.45
267 5.85
268 6.02
269 6.54
270 6.68
271 7.05
272 735
273 7.67
274 7.96

U3 GE
yu | s
(0317) (dB)
293 ' 8.33
294 8.16
295 7.83
296 7.65
297 7.24
298 6.87
299 6.62
300 6.55
301 6.33
302 5.95
303 591
304 5.59
305 549
306 547
307 5.24
308 5.1
309 4.93
310 4.86
311 4.65
312 4.49
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uShm  GA
yu | dasou
(04f17) (dB)
313 431
314 3.96
315 3.61
316 327
317 2.94
318 2.50
319 231
320 2.03
321 1.69
322 1.33
323 121
324 0.84
325 0.77
326 0.84
327 0.56
328 026
329 0.01

U1 AC
yu | dhsrdau
(B311) (dB)

346 7.33
347 7.15
348 722
349 7.18
350 7.25
351 7.43
352 15
353 7.38
354 7.52
355 7.66
356 7.69
357 7.81
358 7.97
359 7.84
I 7.9

2 797

3 9.12

4 9.66
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Use  HD
yu | dasidau
(94e1) (dB)
16 3.91
17 3.57
18 327
19 2.97
20 2.67
21 243
22 2.34
23 2.11
24 1.97
25 1.73
26 1.69
27 1.60
28 1.48
29 1.35
30 1.18
31 1.07
32 0.82
33 0.77
34 0.61
35 0.55
36 0.61
37 0.49
38 0.24
39 0.23
40 0.14
41 0.00

Usm BD
yu | 8asdu yu | 8asidu
(03711) (dB) (GMig)) (dB)
42 0.45 111 1.59
43 0.97 112 1.39
44 1.52 113 125
45 2.08 114 1.02
46 2.72 115 0.88
47 3.23 116 0.74
48 3.65 117 0.65
118 0.35
82 11.95 119 0.2
83 11.32
84 10.82
85 10.6
86 10.07
87 9.8
88 9.6
89 9.2
90 9.16
91 8.72
92 8.48
93 8.17
94 8.1
95 7.73
96 7.04
97 6.85
98 6.46
99 5.97
100 5.53
101 4.93
102 4.49
103 4.17
104 3.68
105 3.45
106 2.94
107 2.64
108 2.46
109 2.02
110 1.88
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u317%4 BH
yu | dasdau yu dnsdu
(04f11) (dB) (89711) (dB)

49 3.98 292 1.38
50 437 293 1.13
51 443 294 1.21
52 4.79 295 13
53 4.98 296 1.3
54 5.07 297 1.22
55 5.19 298 1.36
56 5.54 299 1.55
57 5.73 300 2.02
58 5.86 301 2.01
59 6.09 302 1.95
60 6.2 303 2.1
61 6.57 304 2.14
62 6.78 305 2.16
63 6.9 306 2.08
64 7.07 307 22
65 7.32 308 2.19
66 7.62 309 222
67 1.74 310 2.1
68 8.06 311 1.91
69 8.26 312 2.03
70 8.47 313 1.94
71 8.93 314 1.62
72 9.09 315 1.63
73 9.25 316 13
74 9.7 317 11
75 9.87 318 0.81
76 10.22 319 0.51
71 10.61 320 0.24
78 10.88
79 11.33
80 11.59
81 12.02

DB
yu o | dasiaou yu | gnsiau
(949F11) (dB) (93f07) (dB)
120 0.02 157 5.45
121 0.23 158 0531
122 0.47 159 5.13
123 0.67 160 4.87
124 0.94
125 139
126 1.59
127 1.92
128 223
129 2.69
130 2.9
131 3.27
132 3.7
133 4.05
134 4.51
135 4.86
136 5.28
137 5.6
138 5.88
139 627
140 6.51
141 6.71
142 6.91
143 7.03
144 722
145 7.18
146 727
147 715
148 6.97
149 6.78
150 6.6
151 6.41
152 6.2
153 6.11
154 6.07
155 5.79
156 5.61
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13170 DF
yu | Sasreou
(GA8)] (dB)
161 4.68
162 4.49
163 4.25
164 4.02
165 3.97
166 4
167 3.86
168 3.89
169 3.84
170 3.82
171 . 38
172 3.91
173 4.13
174 4.19
175 4.19
176 4.28
177 4.31
178 4.47
179 4.51
180 428
181 433
182 4.19
183 3.92
184 3.63
185 3.36
186 2.96
187 2.53
188 2.25
189 1.73
190 1.28
191 0.9
192 0.46
193 0.16

Y5 FD
w | e yu | gasdu
(04617) (dB) (94717) (dB)

194 0.42 281 335
195 0.82 282 3.53
196 123 283 3.46
197 1.6
198 2.07
199 2.42
200 2.8
201 331
202 3.57
203 4.05
204 43
205 471
206 5.12
207 53
208 5.5
209 5.53
210 5.48
211 527
261 10.49
262 10.01
263 9.37
264 8.88
265 8.38
266 7.79
267 735
268 6.78
269 6.6
270 5.92
271 5.63
272 5.25
273 49
274 4.67
275 433
276 426
277 4.01
278 3.88
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ysne FH Uso  FB
yu | Sasdou y o | Sasdu Yy | dndIu
(03911) (dB) (2971) (dB) (09¢17) (dB)

212 4.83 249 7.51 284 3.09
213 433 250 7.73 285 2.53
214 3.67 251 7.96 286 2.15
215 3.51 252 7.92 287 1.8
216 3.36 253 8.48 288 134
217 3.15 254 8.77 289 0.99
218 2.76 255 9.08 290 0.73
219 2.67 256 9.19 291 0.21
220 2.85 257 9.49
221 2.71 258 9.82
222 2.56 259 10.22
223 2.53 260 10.5
224 2.64
225 2.71
226 2.74
227 2.79
228 2.88
229 2.98
230 3.28
231 3.55
232 3.78
233 3.96
234 4.06
235 4.13
236 4.43
237 49
238 5.18
239 5.48
240 5.98
241 6.03
242 6.58
243 6.62
244 6.9
245 6.58
246 7.55
247 1.75
248 8.01

U1 HB
o | dnsdu
(9371) (dB)
321 0.17
322 0.53
323 0.95
324 1.31
325 1.74
326 2.05
327 2.5
328 2.83
329 3.27
330 3.73
331 3.97
332 4.27
333 4.61
334 4.82
335 4.96
336 5.08
337 5.14
338 5.26
339 5.35
340 5.51
341 5.72
342 592
343 6.06
344 6.23
345 6.44
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uS1ne HF
yu | Swsreou
(@) | (dB)

346 6.11
347 5.81
348 5.6
349 52
350 5.12
351 4.99
352 4.73
353 4.61
354 427
355 4.06
356 3.71
357 3.65
358 3.49
359 338
1 323

2 3.13

3 3.04

4 3.09
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A Dual-Band Dual-Feed Switched-Beam Patch Antenna for W LAN

Application

Jukkrit TAGAPANL] 19, Pobsook SOOKSUMRARNY, Tanawut TANTISOPHARAKH,
Suwan JANIN', Nonmenibers, and Monai KRAIRIKSH, Menber:

SUMMARY  Due to the demand of deal-tand modern wirless commu-
nicaticns, this paper presantsa dual-band patch antenna for IEEES02.11 a
and g wireless Jocal wennetwerk (WLAN) system, The antenna hos bidi-
rectican] patterns that con be switched by an RF switch teselect the feeding
proba positions. The 24 GHz and 5.2G Hz patches are stacked on a ground
planeand are matched to the RFswitch by open stubs. Amalysis and design
are {llastratad and throughput improvetnent is demonstruted in m indoor
ewiromnamt.

key words: duotband anrenra, dual-feed patch artenna, swichd-beam
patch anterra, WLAN

1. Introduction

In modern wireless communication systems, performance
of the system is seriously degraded by multipath fading and
co<chanpel interference. The multipath fading is caused by
the different path lengths with different amiving angles that
arse from the transmitted signal impinging on objects in
the environment, while the co-channe! interference is expe-
rienced as the undesired signal with co-channel frequency
from the access points or user terminals. To reduce these
problems, the switched-beam antenna is one of the effective
approaches. It provides moderate performance with simple
system. Therefore, many researches were conducted to de-
velop switched-beam antennas. Kuga and Ami proposed a
four-beam switched array antenna by using the 90° hybrid
couplers and switching input terminals of hybrid couplets o
carry out the beam switching [11-[3]. Yaklich, et al. devel-
oped a four-notch switched-beam antenna that has low pro-
file with increased bandwidth [4]. Lan presented a low cost.
low profile micrestrip patch antenna with switched-beam
radiation pattern with high gain and rélatively wide band-
width [S]. Wu, et al [6] utilized MEMS switches for beam
steering of a micrnslrip patch antenna. It provides quasi-
conical beams for mounting on a mobile terminal. Mebta,
et al[7] proposed a single-arm rectangular spiral antenna
with n hybrid switch network. Sixteen possible switching
beams are obtained with uniform gain, Tamaki, et al. [8]
proposed a low-profile switched-beam antenna with single
feeding structure. Two-beam switching characteristics were
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demonstrated by the antenna with two coupling ports nnd

RF switch. A switched-beam paich antenna was designed

based on a higher mode square patch. Beam-switching was

accomplished by tuming on and off PIN diodes embedded

on the patch edges [9]. It can improve diversity gain in wire-

fess communications and was used as elements of a circular-
array to provide a large number of patterns [10]. The 2D~

tenna in [9] utilized eight PIN diodes embedded on each
edge of the antenna resulting in difficult in fabrication and.
expensive. Tagapanij, at al. proposed the attractive nnienna.
that used an RF switch to select the feeding probe instend

of embedded PIN diodes [11]. Nevertheless, the antennasin-
[9] and [1 1] have narrow band characteristics. According to:
modern wireless communications require dual-band, triple-

tand and wide-band operations, the development of anten--
nas to serve the shove requirements is important. Duoal-band
antennas have besn widely developed [1'7]—[14] but they

have fixed antenna patterns.

This paper extends the work in [15] lh:\l pmposed 2
duat-band patch antenna that the radiation pattem can be:
switched. It is a stacked-patch antenna that operates in a
higher mode and has bidirectional patterns. The stacked-
patch is analyzed and appropriately combined to provide
dual-band characteristics. The feeding probe can be selected
by using an RF switch to change the radiation pattern,

The outline of the paper is as follow. A principle of the:
proposed antenna is described in Sect. 2. Then, characteris-
tics of anisolated patch and integrated patches are analyzed
in Sect. 3. The dval-band dual-feed switched-beam patch-
antenna is characterized in Sect.4. The paper is concluded
in Sect. 5.

2. Principle of a Dual-Band Dual-Feed Switched-Beam
Patch Anfenna

A dual-feed switched-beam patch antenna isa square paich
with length of each side is w. The patch height is k with
dielectric constant of the substrate &,. The parch is located
on xv plane and is fed by a probe located dther at (x. 0, 0)
or (0, #7, 0). The pattern can be switched by a single pole
double throw (SPDT) switch located on the botiom side of
the antenna. The antenna width along the x and y axes are
one wavelzngth in dielectric subsirate (24). Therefore, elec-
tric fields E, on the apertures arein phase. The electric field
distribution is either the TMoze or Th o0 mode depending
on the feeing probe position {11].

Copyright € 2008 The Institute of Electronics. Information and Comnminication Engineers
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When two aniennas are designed to operate a two fre-
quencies, i.e, low frequency f and high frequency f;, the
carresponding antenna widths are uy and w,. respectively.
The feeding probe positions on x and i axes of the low and
high frequencies are xg, iy and X, Yy respectively. The
high frequency antennais stacked on the tow frequency one
as shown in Fig. 1(a). The feeding network consisting of a
SPDT RF switch and two dunl-band power combinars are
mounted on the other side of the antenna, beneath a ground
plane, see Fig,1(b). The RF switch is used for switching
the beam directions white the power combiners are nsad for
combining powers from the two antennas,

Comparing with the disc-loaded monopole antenna
[16] which its height is about the width of the disc, the
proposed antenna in this paper is a low profile antenna. Iis
height equals thickness of substrate of the two antennas and
the feeding system. When dielectric constant is of around
4, the patch width is around balf wavelength in free space.
The patch widih is wider than the disc diameter but height
is significantly reduced. Nevertheless, the important feature
of this antenna is its beam switching capability while the
disc-loaded monopole antennaprovides a fixed beam omni-
directional pattern.

3500
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Fig.1 Geometry of adual-band dual-foed switch ad-beam patch antenna.
(a) Perspective view; (1) Bottom view,
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3. Analysis of a Dual-Band Dual-Feed Switched-Beam
Patch Antenna

3.1 Isolated Patch Antenna

The antenna can be fabricated on different substrate with
different dielectriic constant, height s and width w. Thissub-
section shows analysis of an isolated antenna fabricated on
an FR-4 PCB. The &, and loss tarigent are 4.4 and 0.02, re-
spectively. his fixedar 0.8 mm. Analysisofthe antennas, by
using CST eleciromagnetic simulator [17}, that will be op-
erated in the 2.4 GHz band and 5.2 GHz band are illustrated.
The antenna width wy and wy, for the 2.4 and 5.2 GHz bands
are 60mm and 27.6 mm, respectively. Ground plane width
of each isolated patch is equal to the width of each patch.
Characteristics of the antenna operating at 24 GHzband are
shown in Fig.2. Figure 2{a) shows effect of x4 on input
impedance when 8mm £ a7 < 20mm. It is obvious that
Xz equals 20 mm provides the lowest 5y, but frequency is
slightly shifted. When x5, equals 8 mm, it provides the low-
est Sy at 24GHz. H-plane patterns (xy plane) are shown
in Fig. 2{b). It was suggested in [18] that the antenna op-
erating at TMozo or Thzm mode should be fed by a probe
located at around 025 of the patch width frem the center.
The paiterns in Fig. 2(b) with xy; of 8mm (0.13w;) isalmost
acircular shape (with null of ~3dB)due tothe probeis close
to the center and excites the paich in both TMyz and TMae
modes. The suitable pattern is obtained whenxy, is 14 mm
(0.23wy) and has null of =17 d B. On the other hand, the patch
fed at x; of 20 mm (0.33w) ) has sidelabe level of ~5dB due
to field distributions in the non-radiating apertures of the
patch are not symmetrical and result in non-zero magnetic

> W“"‘%\ /‘fﬁ

4
1
J
3
2 i
1
L s —— AeEmn
s il Xem 14 mm
L —— =20

T30 332 23 26 23 LW 247 4l 14 14 2%
Frequency ((H1Z)

)

Fig2 Simulated chamclerislics of the antan na sperating at 2.4GHz. (@)
5 11, () H-plana pattern (xy), (<} E-plana pattemn {33).
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currents. It is obvious that the feeding position does not af-
fect.to the E-plane pattern (zy plane) as shown in Fig. 2(c).
It can be pointed out that the antenna is designed with w;
equals 60 mm, xy; equals 14 mmand gp equals 14 mm.

Figure 3 shows 511 and radiation pattern of the antenna
operating at 5.2 GHz band when w;, equals 27.6mm. Itis
shown inFig. 3(a) that xy, equals 8 mm provides the lowest
511. However, the satisfactory feed is obtained when xg
equals 6mm in Fig. 3(b) while x, has no effect on E-plane
pattern as illustrated io Fig. 3(c). The patterns in Fig. 3(b) do
not have deep null since the patch width is saaller than that
of the one in Fig. 2(b). According to the total pattern is the
summation of the patters of the patch and the feeding probe,
the confribution from the probe has pronounced effect when
the patch is small.

3.2 Integrated Patch Antenna

Siuce patch width and feeding position have significant ef-
fects on radiation pattern and impedance, they must be ap-
propriately designed with simple structare. We decided to
usz openstubsto matchthe antenna at 24 GHzand 5.2 GHz
Figures 4(a), 4(b} and 4{c) show the feeding system andan
equivalent circuit of the antenna. T arder to provide low
cost antenna, an FR-4 substrate with dielectric constant of
4.4 is used. The copper thickness k. which is the thick-
ness of the ground plane is 0.0035 mm. The high frequency
patch operating at 5.2 GHz is mounted cn the low frequency
patch operating at 2.4 GHz. The former and the latter sub-
strate height Ky, and fy are 0.8 and 1.6 mm, respectively. The
carresponding widths are wy, and uy, respectively. The pro-
posed antenna will be installed ona ceiling and radiates bidi-
rectional patterns with nmin beam tilted down to cover the
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Fig.4 Anteom fexling syskem. (3) Botom view, (b) Side view, £)
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space beneath the antenna. In order to cbtain radiation pat-
terns at both frequencies that eover # aquals 43°, » gronnd
plane with width w, is instailed directly beneath the low fre--
quency patch. It is used as a common ground plane of both
the low frequency patch and the feeding system. The sub-
strate height hy, shown in Fig 4(b), is 0.5 mm. The feeding
probe of the low frequency patchis at either xy; o1 yyr while
that of the high frequency one {s at either xp of yp. The
RE switchis connected to the antenna through a microstip
transmission line with double stub and single stub for low
and high frequencies positioned at dy) and ey, respectively,
The stubs provide a simple design with simple fabrication
process, The open stub of length dp; is positioned at the low
frequency feeding probe.

According to the principle in Sect. 2. the antenna
widths for the 2.4 GHz and 5.2 GHz are one wavelength in
diclectric constant of 44, Hence, wy and wy are 55.0 mm
and 27 4mm. respectively. In additicn, 1o obtain paiterns
that cover @ equals 45°, the patches shonitd have ground
plane with width larger than their width [18]. The patch
operating at 5.2GHz has the patch operatingat 2.4 GHz be-
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Fig.§ Radintionpattems at 24 GHz whea un = ﬂ&mm, uy = 52.5, 55,
57.5and 60mm. (@) E-plane (2¥), (b) Hplane(o).
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Fig.ﬁ Radinticapottems o 52 GHz when vy = 274 1m, i = 52.5, 35,
57.5and 60mm. (3) E-plane (). (b) Hplane ().
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Fig.7 Radiation patterns a 24 GHz when wy = 33.0mm, wy, = 27.2,
27.4 and 27.6 mm. {a) B-plana ), (o) H-plane (x5).
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haves ns its ground plane. The ground plane widthw, equals
1.5 wy can provide the satisfactory patterns. Hence, w, is
equal 1o 80 mm. Letus first consider radiation pattern from
this integrated antenna. The E-plane is considered when 8
is varied with fixed ¢ of 90°. The H-plane is considered
when ¢ Is varied with fixed value of 45° for 6. In this in-
vesiigation, xy; and g are ane quarter of wy from origin
while x5 and yyz, are on quarter of w,. Fgures S(a) and
5(b) show E-plane and H-plane paiterns of the antenna op-
erating at 24 GHz. It should be noted that varying wy from
52.5mm to 60mm results in x;;/w; between 027 and 0.23.
1t is close to 0.25 and still excites the TMyx mode. A5y,
is fixed at 27.4 mm, wy is varied from 32.5mm to 60mm.
Figure 6 shows E-plane and H-plane patterns of the antenna
operating at 5.2 GHz with the same condition of the pre-

w302 g AT A P, — o e woin 2T G

Fig.8 Radiation patterns at 52CHz when xy = 55.0mm, wy = 27.2.
27.4 a3 27.6 mm. (a) B-plane (7y). (b} H-plase (xy).

vious one, The ratio of xpfuwy, is fixed while uy is varied.
Note that wy equals 55.0mm has the deepest null in the pat-
tem, Itis due to the contdbution of the patterns of patches
with widths of w; and wy,. The mode in the patch of wy re-
mains being TMgz while the larger the w; the more contri-
bution 1o the high frequency pattern and the total pattern.
By calculating envelope correlation [9], it provides the low-
estvalue at 24 GHz and 5.2 GHz are 0.056 and 0,008, re-
spectively. We fixed w; of 55.0mm and consider effect of
wy, on radiation patterns at 24 GHz and 5.2 GHz in Fig.7
and Fig 8. Impedances and S1 of the antenna were simu-
lated when wy equals 27.2 mm, 274 mm and 27.6mm. At
2.4GHz, the coresponding impedances are 44.3— j243Q,
45.1 - j257Q and 44.9 — j28.5Q, respectively. Sy at
2.4GHz of these impedances are —11.7 dB, —11.5dB and
~10.7dB, respectively. When the frequancy of 5.2 GHz is
considered,, impedances when wy, equals 27 2 mm, 27.4mm
and 27.6 mm are 739 — j22.7€). 697 - j4.3Q and 669 +
§15.5 £, vespectively. The corresponding S';, are —12.6dB,
—15.6dB and —13.5 dB, respectively. The patterns are not
significantly different but wy, equals 27.4 mm provides good
impedance matching.

Let us consider a double stub for matching the low fre-
guency antenna at 24 GHz. dy was vaded from 2.5mm to
3.5mm and 4.5mm. Corresponding impedances of the an-
tenna at 2.4 GHzare 54.5-j27.90,45.1-j25.7 Q and 35.4—
$21.9 Q, respectively. Those at 5.2 GHz are 80.5 - j23.5Q
0.6 - 430 and 41.7 — j12.50. respectively. It was found
that S, of these three lengths of &5 at 24 GHz and 5.2GHz
are—11.6dB, -11.5dB, —10.9dB and —10.6dB, —15.6dB,
—16.5dB, respectively. Hence, dn equals 3.5mm is sult-
ablz. The stub for the high frequency antenna at 5.2 GHz is
fixed at oy equals O mm and has length dy,; of 0.5 mm, the
low frequency stb length is fixed at dj; equals 2.0 mm and
dpis varied from (.5mm to 2.5mm. Figure 9 shows that as
dp is increased. resistance at 24 GHz markedly decreases
while reactance is not changed. On the other hand, resis-
tance at 5.2 GHz slightly decreases with almost unchanged
inreactance. We have changed oy to 2.5 mm and fourd the
similar resulis. It should be noted that dj) has less eftect on
antenna impedance at 24 GHz. With dy equals 2.0mm and
dis equals 2.5 mm, inputimpedance at 2.4 GHzand 5.2GHz
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