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ADVISOR : ASST. PROF. PIYAPORN MEESAWAD, Ph.D., 105 PP.

MEMS SWITCH/UWB/A RECONFIGURABLE ANTENNA/THE SENSING

ANTENNA/A STEPPING MOTOR/COGNITIVE RADIO

Rapidly developing of the wireless communications and the communications
industry makes the wireless communications which is preferable and widely used in
terms of education, health, industry, politics, and so on. The number of users is
increasing rapidly, so the spectrum of frequency is not enough. Therefore, the ultra-
wideband antennas are applied to increase the efficiency of users. The ultra-wideband
frequency range is widely bandwidth to support the increasing of users. However, the
ultra-wideband antenna has the disadvantage as interference signal and usability of
inefficient bandwidth. For this reason, the reconfigurable antenna at ultra-wideband
frequency range is important to raise the efficiency.

This thesis proposes the frequency reconfigurable antenna for cognitive radio
technology applications to allocate frequencies, used to be the maximum effective.
The antenna structure consists of sensing antenna and frequency reconfigurable
antenna. The sensing antenna is used to scan the resonant frequency channel, while the
reconfigurable antenna is used to adjust the proper frequencies. A reconfigurable
antenna consists of five different monopole antennas which are covered frequencies
from 3.1 GHz to 10.6 GHz. The operating frequencies are achieved by using a

rotational motion of the antennas at the resonant frequency. The rotations of antennas



are controlled by using a stepping motor, mounted on the back of the antenna
structure. In addition, the motor's rotational motion is controlled by using MEMS
switch. A frequency reconfigurable antenna offers many advantages such as easy
fabrication, suitability for installation, and coverage spectrum UWB (Ultra

Wideband).
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242 meamalalulwanuuazifils (Drooping Monopole)
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511 223 maTulatdanar hauuudinasgiulaiife (WiMedia) (Zhi Ning Chen, 2007)
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Rotating Shape
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DC bias lines

C. Switched connection

(i impedan - walino) A. Switched connection

(for frequency tuning)
B. Shert to ground
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A/m
28.8
2?7

23.4
19.8
16-2
12.6
8.99
5.39

1.8

(M) 3.1 GHz

A/m
26.
24.

21.
18.
14.
11.
8.21
4.93
1.64

U1 0 = s W

(v) 6.5 GHz

A/m
30.5
28.6

24.8

21
17.1
13.3
9.53
5.72
1.91

L.

(1) 9 GHz

317 3.9 msuvsnuaanszuavesaeomaly TuInauunienan Taeld r=10 mm, h=0.3 mm,

W =42 mm itag L =50 (n) 3 GHz, (v) 6.5 GHz, (f) 9 GHz.
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(M) E-plane (V) H-plane

v
=
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270

(M) E-plane (V) H-plane

37U 3.1 puugdmsurmMaauese1naA 1o r= 10 mm, h=0.3 mm, W = 42 mm uag L =

50 mm NAYD 6.5 GHz
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; Program stepping motor

R_SW

STEP

BIT P3.0 ;Interrupt 0 PIN S0

EQU 030H

;start program

MAIN:

LOOP:

STI:

LOOP3:

TB1:

ORG 0000H
MOV  P1,#00000000B
MOV  STEP,#00000000B

MOV  P1,STEP

JB R_SW,LOOP

AJMP STI1

MOV  R0.#0
MOV DPTR#TBI
MOV  A,R0
MOVC A,@A+DPTR
MOV PILA
LCALL DELAY 0
INC RO
CINE RO#8,LOOP3
SIMP  MAIN

DB 00001001B

DB 00001100B
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DB  00000110B
DB  00000011B
DB  00001001B
DB  00001100B
DB  00000110B

DB  00000011B

DELAY o0: MOV  R7,#09990000H
DELAY 1: MOV  R6,#09990000H
DELAY 2: NOP
NOP
NOP
NOP
NOP
DINZ R6.DELAY 2
DINZ R7,DELAY 1

RET

35 a5

Q

g 1 (% : { o [ 1L
TuunitldnanialassadnveseneemanuulSunlasuanuddmsulszgnaldly
A 9 ] @ J I Y o . .
msdes Faediudanst lauuua asemssiaoawaluilsunsy CST Microwave Studio
1 [ d’ d' o (% 9 Y d‘ 9 1 [
2009 WuNaMeoIMauUlsunlasuauddmivlszgnaldlunmsdeas IFaeiiusans

4 ‘Y A A A [ [ a a (dy Y o
"hﬂllfﬂuﬂu“ll@ﬂ A9 TINITDNUDATIVYY LUASAATYYIUUNINT DA ’JTIEJ"I‘L!'WH‘E‘L!"lﬂu"I

k4 [ [ < ] g’;
eorma Ty Tu Twatinuuaranud Ianuseniu 5 19 39 ldaeorna Ty TuInaniviua
% o 1 (% 4 4 4 a
5 ahnuaseungueusanst lhauuud ileiasandeduazdoidevesaise1nauuy

A J a9

o { { o o J 1 v J
YSunlasuanuddmiulsegnaldlunisdears 1ieed1udaniiladuuua Jdoa Ao
=

=4

o ~ ° Iy A gy A 9 A ' = Y o A $
GI’i1GUEﬂEII,WENW’éJﬁT*rii’]J!,ﬂifJGUNJ‘I/IfNﬂuuliﬁ’w PIUATUINNIT 7 dB UANUNINAINAUATI

@ 9 =

H v Y b4
MAINNNUNIND l,l,ﬁ$ﬂi@ﬂﬂq&lﬂ’ﬂhﬂﬂgﬂﬁﬂ1iﬂ%m 3.1 GHz ﬁ\i 10.6 GHz 9nNIa@INIsn

o I
il ldawanasgiu IEEE 802.15.3a



UN 4

mima@mmﬁamwﬁwa

v o
41  nandn
= @ A A 9 a 4 [ A o @
NNNYBYUAZHANNMI NIV naoAIUMTEDNIUVIA INTIZHANAN B Nd1ATY
o { {o o % : ! o %
wosawomeauuulsuasunnuddmsulszgnd ¥ lumsaears 3arog1udansilaa
S oY 1 Yy v A o & 2 T = P
puua agldanan iudrluuni 3 waz 4 duiuluunilsznandimsadwaigo iy
o ! o o 2 4 ' o s ¢ 3
YSulasuanuadmsudszgnd ldlumsdears 1iaeeiusanst lhauvuaduuuuiu
v v
nniwhmsianagouauanyuza1e q laun S, nuugUmsuandsnu anundedinau
% o w [ @ @ 4 a J
A3IMAY 1AZEAT1V018  (Gain) Taglunmsianaaounuanyuzd AL 91NIAT09ATIZH
[ 1 o a 4 [
1A59%19 (network analyzer) §1 HP8720C gaiialdrmsiniiziinlseuiieunasinnsia

mﬁemmzﬁ’mmwaﬁ’aﬂiﬂmﬂm CST Microwave Studio 2009

42  msdassmeomanuulsunasuanuaaalisunsy CST Microwave

Studio 2009

NHANIT9180902811/51A51 CST Microwave Studio 71 lana1n iudrluuni 4 au
Y] Ay Yo A A
lvuaueseeoinmanuiaodnis dnsanaadldaensei 4.1 vazsdf 4.1 uaasgyl
) A A o ) P A Y} ' o
dweimadigoImeuuliunldsuanuddmiulszgna 19 lumsdeais 15w 1udans
s o ° ' A o ) 4
hauuud Tasmeormaduuuuailenmsiurulsesiu uazissuutloudyana e

9
wimstloudaanauindeidesiia SMA 50 Teviuy



72

45mm

27 mm

'
=)

1 4.1 eomanuuliunlasuanuddmsulszgad 1 ¥ lumseans iawiwsanii e

U

s
HYUR

k4

4.3 MIAI AL IANATOVA YD INA

awemauuulSunlasuanuddmsulszgnd 1§ lumsdeas 1§awdudansi lad

I Y 9 o 9 @ = A o @

BUUAGUUUY 951991001518 IAseaivve s miauuulsunlasuauddiniy
Uszgndldlumseas 1fmeiiusanii hdnuudaunuy Navazdaaanines lagly
T1/5un51 CorelDRAW 9 ngtassagili 4.2 drevuaiuaaslumsieh 4.1 e 114 uns
afwaeormeanuuliolaeunnud Feld1duinluTnsaasiyiia FR4 Tasgili 4.3 udas

] 9 { § A <3
uruengoIMALuVlS U asuanudna aasaudn



73

n-.uvuu-m
DEWUS  v@---@Qm - cmN

tumem DA 00 T e - SQEEWIL xpgaQE
IO , LTS, JROE, BT , SRS, BSOS, JETSeR, SR, P e SO e

Dol BT 2000807

iF‘ T W Paet [

AT Q%4 )

319 4.2 Tisun33 CorelDRAW 9 MnuamsdaLHY PCB

~ a g ~ 9 [ = ~ o v
AITNN 4.1 NTUADIAN ) ﬂi%’ﬂluﬂ’liﬁﬁﬂﬁ’lﬂﬂ'IﬂTﬁlmUﬂi‘lJL‘].]ﬂEJUﬂ’JTNﬂ’Lﬂﬁi‘]J

Uszgndldlumsaeas iaedudans ladnuudduny

WNRes eI IMA vnama i L)
i 1 0.008
i 2 0.009
i 3 0.002
Fil 4 0.0064
il 5 0.008
TY0INANTIVVY 0.038




74

@ A A o @ Iq Y A K 1 @
ﬁ]ﬂf]'lﬂ'lﬁllﬂﬂﬂiﬂl‘l]aﬂuﬂ?]uﬂﬁ’lﬁiﬂﬂi:Qﬂﬂl"]fsluﬂ'ﬁﬁ@ﬁ'ﬁ"lﬁﬁ]ﬂﬂ'luf]ﬁﬂi'l
% I o ' o I 4 { Y
"ljmmumz‘wNmﬂi’auﬂquﬂmaamﬂ’smmuﬂmmﬁ 3.1 GHz 5\1 10.6 GHz ﬂmﬁﬂﬂu

a
AITNN 4.2

A ] A 9 1y = A o [ q
13190 4.2 ‘H'Nﬂ'J’]llﬂclslf\ﬂuqlE]\?ﬁ’]flf]’]ﬂ’]ﬂll‘llllﬂ5‘]JHJﬁEluﬂ'J’]iJﬂﬁ’]WiUﬂﬁzEJﬂﬁﬁlslf‘IUﬂ'ﬁ

A 9 ' o o s
Foms B amedudanii lauuud

MAvaIEIMA mauﬂqudmmmé (GHz)
80 INIARIT 1 3.1-4
8o IMARIT 2 4-50
80 IMARIT 3 5-6.3
B0 IMARIT 4 6.3-8
w0 IR 5 8-10.6

Aatumdililouawmas
AAASIAALUED
g1ga1n6 -
WULASIILAI WA
dreame "
uuuilsuulaauaiua
AasIndaruquitian
giuagaIMet2deu
Aailszanana

51 4.3 eormauulsuasuanuddmSulszgad 15 lumsaeais 13aeausani g

G

5
UUUAAULIDY



75

. o CL . .
103U 43 meemavuulSuldsuanuddmsulszgnaldlunisdedis 15ae

[] 1% I'4 4 ] 1 I 1 o Y ~ g’a

ddans hauuud mikauiu drugalszuranaimhnlumsaiguaigenanivue

v [ o Y A v 9 Y 1 a 4 A [ 9
ﬁ?u‘gﬂﬁ5'351]%‘Ullﬁ\iVl'lﬁu'lﬂcluﬂ'ﬁﬁ\iallﬂll”ﬁﬂlﬂ‘]!ﬂﬂ3310119\1@ mu‘gﬂﬁm%muama@ﬂﬂmh

1 (3 U

o Y A A Y ' 12 = Aa 1
Q"IH‘VITHL!"I‘VI%Jﬂﬁlﬁﬁ]ﬂﬂ"lu%fﬂ"lu ﬁ’Juﬁ"IEJE]"Iﬂ"lﬂll‘]J‘]J‘]Ji‘]JL‘]JﬁEJ‘Hﬂ’JHJﬂlJE]Q 5 A3 a3y

v
= (% 1

o % 2 (& o 1 o
F1991NAATINILANNDN 1 A ﬁguﬂjﬂﬁu‘ﬂﬁlﬁﬂﬂ\‘]llﬂlﬁ@ﬁ"?ﬂﬂgﬁ}'luﬂa\‘]ﬁTU@'lﬂTﬁll‘U‘U

Ysuulasuanudsimihivyuaisermandenldau

5107 4.4 drtfeumeormauuulSunlasuanud

Y

1 v 9 ]
ﬂ?ﬂﬂuﬂlﬂﬂﬁ"lfJﬂWﬂWﬁLl‘]JUﬂiﬂL‘]Jaﬂuﬂ’Nﬂauuﬁ]%ﬁﬂ”lilWilLlWlWl’ENLlﬂQﬁﬁ}"IﬁiJWﬁ

d' Y Y o v W [ v @ o a g o Y o A =
ma“lwwmauwamﬂeuﬁuN’dﬂmmmmmmmuauwummu Tlﬂ‘l’iﬁigﬂlﬂmﬂﬁﬁﬂﬂﬂ]lﬂu

a A ] ! [ {
Yszandnmaunuaainagili 4.4

44 MSIANATOU S, HAZTANIUN MDY

4 A

o [ 1 a d' o @ d' 9 a Ia =1 d Y 9 1
AIUTUATNITINRABDING ﬂumcl%“lumiwi]ﬁmwmmm%@ummu%mmm 9 A1
A

o a £ @ a 4 @ 1 4
dulszansmsazRounay (reflection coefficient) Wiolugwisiimes S, uazoasidrunau

D-

a ' a 4 @
114 (Standing Wave Ratio : SWR) Tum1sW1sanamisiiimes S, nuedansagiounauves

o w

< 1 g 1 v
mae lihdrusn (portl) vesaeo N Fsvuiaues 5, 9199z iin1 1adeua 0 dB 0 auoliud



76

s A

1 [ Y 1 1 J 1 % 4 o
(negative infinity dB) 10AMNIND 0 dB udas luuuadodsauysaianga (F9e33a 298
4 4 Al 1 % Yy A L 1 A [
as3a waz 3290, 1. 1. 1) Tuaulszgndans q arwes s, azeeusu lamiiadinmsenny
= dd'd
-10 dB LE@AINUMSUNATNA
d‘ = dl [ [ d' d'
nngln4s 09 3411 saasnseadavesmeomanuulSunlasunnud
o o 29 Y A Y] ' o o o A P
dwsulszgnaldlumsaems IFmeeuoan havvua Tugilveswisilwes s, 1ngil
o 9 o A A4y Yo y X2 ¥ 4. 5 \
duna ldnmeemeanuulioa/deuanuda ldhmsaieiuiuiia s, 41111 -10 dB Tag
meomauaazduaziiauludiuanudnuanaeny daaadluaisnen 42 Faaeeind

9 4
TI\?WiJﬂﬁ'IﬂJ'I‘iﬂﬁ'N'IHﬂTE]‘UﬂQN(’]f'Nﬂ'J'IIJaGNLm 3.1 GHz 5\1 10.6 GHz

Sy1 (dB)

__ Simulation

-----Measurement

2 4 6 8 10 12

Frequency / GHz

@

= o ' o A Ao A
qﬁl‘ﬂ‘ﬂ 4.5 HANTIANATOUAT S, vosaeomeanuuliuasuanunain 1



Sy1 (dB)

Sy1 (dB)

77

0
______ re——
------------------ Frm e
Simulation
- - Measurement
-40 f : : :
2 4 6 8 10 12
Frequency / GHz
51iit 4.6 vamsTanadeus s, vesdwe MmUY U AsuanuTFaT 2
0

-40

Simulation

- - Measurement

4 6 8 10
Frequency / GHz

(3

31 4.7 wamsdanageua S, mmmﬂmmmmuﬂimﬂaﬂumm'ﬁ M3

12



Sy (dB)

Sy1 (dB)

78

_____Simulation

-----Measurement
v

' 8 10 12

Frequency / GHz

(Z

< o ' T Ao A
gﬂ‘ﬂ 4.8 HANIIIANATOUAT S, vosaeomeauuuliuasuanunain 4

Simulation

-----Measurement

2 4 6
Frequency / GHz

! > ' v A Ao A
qﬁl‘]J‘V] 4.9 HANIIANATOUAT S, vosmwo AU LS IasuanundIn 5

12



79

S-Parameter Magnitude n dB

Sy1 (dB)

Frequency / GHz

H vy
31 4.10 wamsdanaaeun S, vosaa MUl TunlasuanudNnua 5 69

S11 (dB)

_____Simulation

-----Measurement
-40 :

2 4 6 8 10 12

Frequency / GHz

319 4.11 wamsianagoual S, VoI188INIANTIITVAIND

BAI1TIUAAUINI (Standing Wave Ratio : SWR) vosangomauuvulsulasuaiud
neraaaegl 4.12 Da 319 4.18



80

PN SETSVERSOSPRTIES. SRNCTOSORR. | SRECT R IR, SRR
30 - ........................;.........................é. .........................................................................
@ :
= : :
7 3 H
= 20 ferececccceccncacrecenne deeresenasanneananaaaan Geeeensssennnasiaaaan.. Jisssevaveussanisnsbuonse Aevesesantenassnnsrsuses
10 .
' Simulation
N
-----Measurement
o . . . .
4 6 8 10 12
Frequency / G

317 4.12 80518 IUAAUNI (Standing Wave Ratio : SWR) veiage1mauuusunlasunnug

ni

Q_)Q

10 :
Simulation
| -----Measurement
° : . : ‘ -
4 6 8 10 12
Frequency / Gz

(3

4 o ' 4 A o A Ao A
E’]J‘VI 4.13 oanaauAautisvesmeeMaALu Ul uasuanunan 2



10

81

e P

A I I T oo

e =

o e e

__ Simulation

-----Measurement

2 4 3 8 10 12

= o ' A A T Ao A
j“]J‘I/l 4.14 9 auaautisvesdeo ALy Ul unlasuanunan 3

4 6 8 10 12
Frequency / Gz

4 o ' A4 A o A o A
Eﬂ‘VI 4.15 9 EIuAautsvesmeIMALUUUSUasuanuam 4



VSWR

3

30

10

Wi

82

Simulation \

Seerenananans | ' ..........

T

-----Measurement |

Frequency / G

(3

4 v 4 A A v 4 Ao 4
3109 4.16 das1EIUAAUIYEIEEDINALUD T U] ABUANNRAIN 5

Shape 1 |
....................... Siaaonaad NI o ol oo Saonnisonsasssansaasonan Snssonveassasaconasuaone
7 Shape 2 ! :
N } | H
\\
L™, [ Eee Shape 3
e NG
euneRuovsanethPFones ve o gy e s o
N R Shape 4
. ~F—-Shapes O
R — e S
~ : ./' [

o i S e ¥

Frequency / GHz

i1 ' H 9
4.17 namMsianaaeuensIEIUAaUlIvesaeo MUl uasusunavua 501



83

' : : Simulation
40. ....................... ....................... '.A ......................
: : : --- - -Measurement
30 cpreceeeerineeeaeannaaaas ........................ ,. ........................
(v el
% ! : : :
> 20 ........................ ' ......................... EA.................V.V.,..E.....,v.............(....\: ........................
1O fesoviseasinssasssiiani. SRR S fevenesssenenssensaens ......................
0 S —— —_,__':.m——:——_‘_—_? o DR e P | e

317 4.18 80319 IUAAUBIVDIEDINANTIITUADIND

w | o W
4.5 mﬂﬂ‘nﬂtTmJ!m’ugﬂmmwnizmﬂmmﬁm
msianageunuuglmsurndsnu Tasimsnadeuluszezauinszey Ina Ao
' Y
R>2D2/A &4 R A0 52802 HINTZHINAE0IMANAT VLA 180N IAD1994 Iagn1snaaauil
fnualiszeznalianaingud 3.44 GHz 4.5 GHz 5.36 GHz 7.29 GHz uag 10.2 GHz 1u
d'dy o I 1w d' A [} d' d'
pumrualAlAIRIn5190 4.4 1ag D AvvIIAANNENVeIAgoIMALLVLTUAsuaNLD
0w @ } . o P o & af
dmiulszgndldlumsdeais 1imediudaniilaunua dalunilldldarveormanuy
o ~ { o o o 4 ' o I s = ~
Yuldasuaruddmsulszgndldlunmsdeas 3awdmsaas lauuua  Taslinnud
a oA A I a o g 1
UHiAMs0gh 3.1 GHz 09 10.6 GHz wiilumeeimasrsdsimihnduaeeimaniads Tag
A [ ~ ~ o o 9 A d ]
fagemeuuulsunlasuanud tmaaeuiininndluasoinaInsuLaL A 181N
AT
() 1 (% % d‘ d' g}/
nAMsIanadaUNUFUMsuRNAIIuYedIage MUl ulasunnuanaly
[l I~ [ d' = o o ,é 9
seuuaun ez szuuauundmanuaadsgli 4.19 994.25 awdau Faldudaq
I 1 { o . .
WunslSeumeuszrinaman laannssiasadlreTisunsy CST Microwave  Studio

2009 HAZHAINMITIANATOUA1YDINA



84

180 180

1 I
(n) szunuauy i (V) SEUIUFUINLNLUAN
~ 1 @ [ <
30 4.19 vuugUmswinasnuluszunuamu i vagszunuauumimanvesaeoinia
] = Ao A 9y =X o Y
wuulSunasuanudain 1 TasdunuLaaunanMsNaouY taztauilse

LEAINADINNITIANAT DL

1 <3
(n) szanvuauy i (V) SEUIUTUINLNLNAN

~ 1w [l <
g‘lh/l 4.20 LL‘U‘UE‘]JﬂTiLLW‘WﬁQQTHiui%uTUﬁuTlﬂwﬁT AT HIUT VLU ANUDIF1YDINH
@ a Ao A Yy =X ° 9y
wuvdsulasuanuoan 2 Iﬂﬂlﬁu‘ﬂllll,ﬁﬂQLLWﬁ%TﬂﬂTiﬁ]Tﬁ@QLLUU taziduilse

HAAIHANMITIANATDY



85

270)

1 I
(n) szunuauy i (V) sEUIUFUINLULUAN

~ 1 @ ] <
g0 421 vuugUmswindenuluszuuauy i vagszunuauumimanvesaeoinia
[ ~ Ao A 9 =X o Y
uuvdSulasuanuaan 3 TaadunuuaaaunanmINaouy tazdullsy

HEAIHADINNITIANAT DL

1 <3
(n) szanvuauy i (V) SEUIUTUINLNLUAN

A T o L]
qﬁ;'ﬂﬂ 4.22 LL‘]J‘]J?;TJﬂﬁ'lLWWE’I\‘1\‘111111153111‘1]@1111%"!1"]1%{1 LA T UFTUINHULH O NUDIT 18D INHA
@ A Ao A Y X ° Y
LL‘IJ‘]JTJ?UL‘]JE’IEJU?]'NN'EW]'J'VI 4 Iﬂﬁllﬁu‘ﬂ‘uuﬁﬂﬁlmﬁ%Wﬂﬂ1§ﬂ1ﬁ@\1llﬂﬂ taztaulsey

HAAIHANMITIANATDY



86

[l <
(n) 531!']‘].]?(1““117‘]79“'] (CDEATRM G ATRINTSUN G

A [ 1 <]
r?j‘lh/l 4.23 LLU‘]Jj,‘llﬂ']iLLWWﬁQQ1u1u§$u1Uﬁu1M1wﬂ1 HAZTEHIUTUINLUURANUDIF1YDINIA
[ A Ao A Y = 3 9y
uuudsudasuanunain s Iﬂﬂlﬁu'ﬂ‘ﬂllﬁﬂﬂLLWﬁﬁ)"IﬂﬂTiﬁﬂﬁ@ﬂll‘U‘U tazidulse

HAAIHAINMTIANATDY

----- Shapel

.......... Shape 2
__.__Shape3
__..__Shape4

Shape5

() szuvauin i

dl U ) 4
311 4.24 wavnmsdanageunuugmsukndsam luszunuau i vagszun

[l < @ ! ! 2 @
ﬁu’lllLl,llWiaﬂﬂlﬁ]ﬂﬁ’lﬂ@’lﬂ’lﬁllﬂﬂﬂiﬂlﬂaﬂuﬂ'.)’lllaﬁ'.)llﬂﬂﬂllﬂ 581



87

__.__Shape3
__..__Shape4

Shape 5

[l <
(V) sgUIUFUINLNLYAN

= o o
51N 4.24 wamﬂmﬁmmaa‘uLm'ug‘]Jmﬁmeamu“luizumﬁum”h/\l% UagIsuy

U

] < @ i i y o 1
FUMLHANVIE 89 IMALU VYT VI AouA NN T INNIHUA 5 @) (919)

[l <
(n) 531!11Jﬁu11|1ﬂﬂ’] (V) sgUIUFUINLNLYAD

A T o [
qij'lhfl 4.25 LLU‘]quj'l]fﬂillWWﬁ\‘]\‘]THGluiguWUﬁuﬁJthﬂ'l HAZIEUIUFTUINLUNANUDIF 181N
@ A Y =X o 9
ATIVIVANUD IﬂUlﬁuTlﬂllﬁﬂ\ilmﬁ“mﬂﬂ'ﬁ‘ﬂ'm@\ilL'U'U LL@%Lﬁu‘]Jﬁ%!LﬁﬂﬂWﬁﬂ’]ﬂﬂWi

IANAao1



88

[ kY k) ) A = o w o ~
%'lﬂWafnﬁ']ﬂ1’]@ﬁ@ﬂﬂ%llﬂﬂ'JHJﬂ']'l\?ﬁWﬂauﬂﬁx‘]ﬂ'la\‘léllﬂﬂﬁTﬂ@WﬂWﬁ!LUUﬂﬁUlﬂaﬂu

Ao o 79 Y A 9 ' o I s = Yo A
ﬂ’JHJﬂ?ﬂ?ﬁ‘ﬂ‘llﬁ%‘qﬂGIGlslfﬁlufﬂﬁﬁ@ﬁ"lﬁulﬁﬁTt’Jt’ﬂufJaﬂﬁWul'JﬂLLUuﬂ “]NL!.ﬁﬂx‘lul'Jﬂ\‘iﬂ']'J'WQﬂ 4.3

ti' 1 9 o tﬂ' é o o [ ti' ti' o (% 79 ¥
f13519N 4.3 ﬂWﬂ?WﬂJﬂ?WQﬁTﬂﬁuﬂﬁﬂﬂ’laﬂmfJ\‘1ﬁWfJ’éJ'lﬂ']ﬁ!L‘U‘U‘]Jﬁ‘ULﬂﬁﬂuﬂ?WﬂJﬂﬁ’lﬁﬁUﬂﬁzﬁJ‘ﬂﬁi‘F

4 ' o s 4
Tumsaeas Baegmsanitlauuus

e AINIEIRA LRSS (pash)

wuudfunleunnd 19y MITA0INA 1ANAAOL

D e ¢ e

gdans o vl | avuimdn | awwlddh | auuwiman
it 88.4 88.6 80 83
it 74.9 78.9 71 74.5
i3 48.9 49 45 47
it 64.3 65.8 62 65
it 70.1 729 69 70
APOIMANTIVIUANA 84 75.5 80 72

w W

4.6 NaN13IINNAadUBANITVENE (Gain)

o Y] [ YY) o A A o o G Y

dmsumsiasanvesvesdigo AUl unldsuanuddmsulszgnalslunis
d' Y 1 @ 4 s Y o Y [ A A
foms 1¥medusani lauuud laiinmstasasvesvesaisoimauuulsualasunnug
o [y o 4 ] [ 4 4 @ ~ o
dmivilszgnaldlunisdedts liaediusans hauuud uaaasgili 4.26 Tasiivuald

o = A o [ Iq Y A 9 [ o 4 4
dwomauuuliundeunnuddmiulszgnaldlumsdedts aediudansilauuua
I ?.’, [ @ v o 1 ] 1
FunimesInanagaaz a1e01MANIATY B9 1A HUATZIZHINTEHINAIEDINIANIAT
v 9 9

o Aq I 1w = o A Y v
l,l,azﬁ1ﬂ@1ﬂ1ﬁﬂ1ﬂiﬂﬂ1‘]ﬂﬁluﬂﬁﬂﬂﬁ’@’ﬂm1ﬂ’ﬂ 0.15 199 nmmmummﬂauiw UFYDINIHA

MATUNINDY -10 dB



89

. R -

drzarnrduuudsunliauacnui

) 8]
8

-~
draanarduuudfunlfauacnua :
(
A a - "
INT03NTIZH 1IN0 HP 8722D
/‘\ 5\/ QG\\

A @ @ [ A A o [ I 9K
31]‘1/] 4.26 ﬂ']ﬁ'lﬂ“l/lﬂﬁﬂ‘ﬂ@ﬂi']‘llfJ']fJEU'f)QfT']EJE]Tﬂ']ﬁLL‘U‘UTJ31JL‘]JafJuﬂ'J']1]ﬂﬁ']ﬂiﬂﬂﬁgfalﬂﬁﬁlsb'ﬂlu

A ] ' o o o
msaeas 1¥eeguoanst duuua

9y ol X
GlGIfmJﬂ”ﬁmizﬂzﬁumszﬂﬂﬂaﬂuu

syey FarField = £ 4.1

Y @ A
vz ldmauuszes lnasanineh 4.4

< ' o ~
M1T 1N 4.4 f"ﬂﬁ‘hﬂlﬁ%EJ$llﬂﬁ“Ui’JQﬁ”lfJ’f)”lﬂTﬁLL‘U‘U’]Ji‘Ul‘ﬂﬁfJ‘Llf"I’J”IiJE]

T1e01NA auwszes lna
(FarField)(cm.)

A8 INATIT 1 (3.44 GHz) 5.75
APIMAIT 2 (4.50 GHz) 7.46
AMPIMAIT 3 (5.56 GHz) 9.26
AT 4 (7.29 GH2) 12.195
Ae0IMAMIT 5 (102 GHz) 17.24
T801N1ANTINVU (3 GHz) 5




90

¢ 9 Lo = . .. . g &
%Wﬂuuﬁl%ﬁumimiﬁiPH‘LHI’ENWiﬁ (Friis transmission equation) Lﬂuwugwu“luﬂﬁ

AMUINNIADATIVEBVDIA1801MALLVL T asun1ud Tagaunismsaaniuveansan

o 9 [
i lsminy
2
P A
LI R Yy (4.2)
P 4R
4R
G =P -B -G +20Iog(—j (4.3)
dB dB dB dB l
Tagn P, fo masndouldnuaiseinianiads
P Ao masnsuldvesaeaimaniasy

[

Gt ﬁﬁ] AIIVIEVOIH 18D IN AN NG

Gr ﬁﬁ] M31818UIA1801NANIATL

R A0 TLELHTLHINAYDINMAMATUALTDINANATY (0.5 1IAT)

NAN1IIANAFB LA IVS8F 18 1ALV U aeunIuD

NNAUNST (4.2) (IEIWITOMUINNIOATIVeI8VDIA 180 1MALUVLT U dsunuD
9 [ [ d' d'dyd U ]
18 Tagonsversvsaaigormanuulsunlasuanuatiiamunni 7 dB
nnransmuInae laoniversvesaieenauuulsulasun1ug 310133
nagaunfFsuMsuAUNaINNT91a99a28 1151151 CST Microwave Studio 2009 &3uLea4

9 o d'
T4daa1319% 4.5



91

< "o T &
A13190 4.5 A19aI1veIeveddIso 1M ALuUlTudeunnud

80 IMA 9A319818 (dB)
MIVABINA MITANAaeY

80 IMARIT 1 (3.44 GHz) 8.29 8.13
80 IMARIT 2 (4.50 GHz) 10.8 10.1
80 IMARIT 3 (5.56 GHz) 11.17 11

ABOIMARIT 4 (7.29 GHz) 8.0 737
eI 5 (102 GHz) 9.58 8.9
1801N1ANTIIVU (3 GHz) 2.17 2.3

o o d
47  mymavvesyaaniilaemnas
o S (= 4 Tg ' A @
ﬂ']ﬁ‘l’l'l\‘]'luéll’ﬂ\‘]sljﬂﬁlﬁﬂﬂ\‘]il'ﬂmﬂﬁ uuatu 3 @aufe PFAATIVIULLEN G]éﬂﬂﬁgﬂjaWﬁ
@ 3 2 4
wazyavuadilavemes

YANTIVIUUA

]
(9

4 (% I~ 4 % % o d' Y =~
dsznouldeginsainanidumeinsniuuds 5 a2 immihilumsasieiuiagh
A 4 . 4
wasunruInaslugli 4.3
yaiszaana
4 % o {2 a3 o
Usznou ldregilnsaivan cPU dtlszurana luniis 14 1C AT89C4051 1Tluda
gJJ U d'
AVANIVININVAAI TN 4.3
[y ¢ d
gadumnilaemnes
< Qy PR o < [ ~ a a o’dy
agiilsweweinimsmnunyuamailas 7.5 o3 uaasdagli 4.18 lunetinusi
o v ° < (2 P & 3 (A A v
mmnualimsiauvesaalvemesnyuassaalae 3.75 o o lvinisviyu

Y '
imﬁﬂmmus‘hmﬂeﬁuumm



] M A
1 4.27 Tl awemesAimsnyumatlas 7.5 oamn

Rotating Part

92

£ Y
Tasan@dilaweomosaz 14 lidesihanunszuaass 12 Toad matloudananiuqu

3 (& X < 1
adlawemesuuunssady naaalumingn 4.5

. o g (& ¢ . <
A13197 4.6 mynmstleudananuguanlilaemesiuuassdal

Half Step

Phasel

Phase2

Phase3

Phase4

1

1

0

0

2

1

1

0

3

0

o { 7 a g 1 @
msnadeuyalSulasumeninmaiu aldaindlumsaiuaugamaluomes

lumsmuauasnaeo1maldau awaaalun1sei 4.6




93

~ A a o 3 2 7 A
A1 NN 4.7 Gni'lﬂﬂﬁﬂmaﬂﬂﬁﬂﬂ%ﬂ?ﬂﬂuﬁlﬂﬂﬂﬂuﬂlﬁ@311!ﬂ'l'§ﬂ’3ﬂﬂulaﬂﬂﬁ'lﬂﬂ'lﬂ1ﬁ

491
A1801N#l ANy

N 1 199 2 7 3 197 4 199 5
w0 IR 1 ON OFF OFF OFF OFF
w0 IR 2 OFF ON OFF OFF OFF
AeoINAFI 3 OFF OFF ON OFF OFF
e IMARIT 4 OFF OFF OFF ON OFF
MPIMATIT 5 OFF OFF OFF OFF ON

48 ayl

Y v

Tupmilugasnsaing nazmsianagounuanyuzyesaeenauuululasy

A o o 29 Y A v ' o s s A A a A
anuddmsulszgnalglumsfoms ameguoans hanuud inensunlSouiisunai
Tannmastanaaou uazmssaodnaalellsunsy CST Microwave Studio 2009 1112211
Y [ Y = = o ~ 9Y o LY 9 1
doanaoinuuIniooiiosla Fenuansazuesaisoinian laiinisdanaaovlaun

Y
a1'S,, uuugUmsuHnaIYesd1se I luauiuszes Inansluszuuauiu T
1 < o 1 [ a £ Y]

pazsTUIUdUINLNIMANIAZ oA IveIenUNAmdulszanTmsdzRounay uungns
HAWAIIUVRIa g0 M Auy Ul Tudasuauddunuuluaguinszez lna s2udq
dns1ve1eNan laanni1isnanealelisunsy CST Microwave Studio 2009 LAZNANT

@

U AIMTUNAU T IUNLANAINAUTI01992 A URANIIN

[

ISR Y a
’Jﬂﬂﬂﬁ@ﬂnﬂ11ﬂﬁlﬂﬂdﬂ

[

o a 7 o A a Y a
Glﬁljf]ﬁ]'l @ﬂlﬂﬂﬂ@ﬂW?Mﬂiﬁﬁl%ﬁnﬁﬂQNﬁ Glﬁ@ﬂﬁ]l&Wﬁ‘ﬂLﬂ@ﬂ1ﬂﬂ1i’Jﬂﬂﬂﬁ@ﬂﬁluaﬂﬂ/‘lﬂid



a
Unns

a3Ums39e vazveravenus

&' a a J
5.1 ﬁ;iﬂmam’mﬂmwuﬁ
a a 4 o dy Y o a 4 [ [ A
eniiwusaiull ldduauemsinsiziauanyuzuessavo AUl ulaou
;:' o 1 @ o 4 [ td' td' ) 1]
ANVUDIIUATOUAQNEIUD a1 AU Ao imauuuliuldsunnuddiniy
o 4 ' o s s A A o *
Uszgnaldlunmsaears faediudans lanuudiiieiudns1ve18v09d1891019 &9
= A A dy dy A Y a Yy 9 dgl
dgeImavzionsvetsMnugeIu tazaimisonseuaguiunIvusns landeaulu
a o [ g’/ a J a J
FEUIVOFYS  (azimuth) A 145 UVUADUTUNITTATIEHNITITADI YOI 18D INIALYY
] 1 1 o [y o 4 [] 1% 4 o a A I'4 e
YFunldeunnuddmsulszgndldlunsaeas aediusanst hauoua luinertinus i
Y= 9 [ A A o o G Y A
ladnyvue naz Iassadnmeomanuulsunlasunnuddmsulszgna 1§ lunmsdoas
9 ] o 4 4 o 1 A J o [ 7 Y I
15eegvansihduuua vnmsdsuamnnidmesan o dmivlszgndlfiiluaieoinia
o o A 1 9 A 9
Fmsunsevenosnu 15ae (WLAN)
o Y] o ~ A o o G Y A Y
dwsumseenuuuaeomauuuliunlasunnuddimsulszgnaldlunmsdodans 13
1 @ 4 4 a a d’dy dal 9 9 v A 9 '
U ANT ALUUA TuINeUNUTY lwdeeduldesnuuunigianiud ldauiu
Y A PR a a c’dy A 1 A 9 g’: g’:
A99N15N¥19A1UD F 1IN UNUTIUTUADAN 5 F2IAIUD 1FIIUAITUIT 1D N
o o d' 1 a :fd' 4 4
meomala 561 Tasnisdsulasuriaimisiumes iz auie 19 ldaeeinian
9 v ] ~ g’/ o A A o [ 7q 9
muzanlgnuriennudiug aweinauuulivasuanuddmivilszgnalslunis
A Y ] o 4 4 1 = k4 1 = < d 1
doms I¥medrudanit hauuuaaseunqusInuDAIa 3.1 GHz D9 10.6 GHz Fuilusia
{ o [ [ A [ [ o 4
AN dmsuasevrenesnulimediusanii lauuua lagldaonld lUsunsy CST
. ) o
Microwave Studio 2009 Tumseenuuiiaanyiaudlu 1l ldveseeomeauuuiSunlasu
A o [ I Y A 9 ] [ 4 J o @ ~
anuddmsulszgnalylumsaeas 1iaediudansilduuua dmsuswazivealuns
a s 2 Y Yy 9 A < o wa
poNLUY tazATIzNIrua lana1n udr luuni s iumsaslaudnyuzauiaves
@ A A o o <9 Y A Y ' o s P
o mauuuliuldsunnuddmsulszgnd g lumsdods 1iaeausans hauuua
dipthwanldannissianadas 11sunsy CST Microwave Studio 2009 LAZINATIANATDL

= [ = Y A [
yufFeumeunununua lnameany

'
A o

v L2 o : o L 4
auansazauiAvesaeoImauuulsulasuauddmsulszgnd ld lumsdoas

L)

9 ' o P P 9 ~
TFmeasanit lavuuaiu lduaasluaisan 5.1



95

~ @ wa [ A A o @ Jq Y
195190 5.1 ﬂﬂ!aﬂHﬂ!gﬁiJ‘U@]GUEJQﬁ1ﬂ@’]ﬂ1ﬂll‘ﬂﬂﬂ3ﬂlﬂaﬂuﬂ']nJﬂﬁWﬁi‘U‘]JﬁgQﬂﬂsl%iuﬂ'lﬁ

A ] ' o o o
Foms A udans1 nauuue

SR AN NEIAAUATIFE (9a8)
wuudiunleuadlaly | mssrasema INAdoU
L e ¢ e
ddaas g au i | awudmdn | @yl | aunuiman
i 1 88.4 88.6 80 83
i 2 74.9 78.9 71 74.5
i3 48.9 49 45 47
i 4 64.3 65.8 62 65
i 5 70.1 72.9 69 70
AP0 IMANTIVIUANA 84 75.5 80 72

'
A o

] { [ { [ L
F29n0D e saesmanuuliuasunuddmiulsegnaldlums

A ¥ 1 o s S v A
ﬁf]ﬁ'l‘ihliﬁﬁlfﬂuﬂﬁGI‘51Ul')ﬂl!ﬂuﬂﬂﬁuﬁ@ﬁiu@ni’l\iﬂ 5.2

'
A o

- [ A 9 [ = Y] Iq Y
139N 5.2 “If’J\‘lﬂ’J”I3JE]GlGBQWHﬂJﬂQﬁTEJ@TﬂWﬁ!LUTJ‘]JiUL‘]_Iaﬂuﬂ’NNﬂﬁTﬁSUﬂ§$Qﬂ@1%1uﬂﬁ

A ] ' o I’ o
Foms B aedudani1lauuua

;MAUTEINA ﬂsamquﬂ'mmmé (GHz)
e INAIT 1 3.1-4
aMeoINARI 2 4-5.0

oo INATT 5-63

e IMARIT 4 638
AMeIMARIT 5 8.0-10.6




96

o o { { o o L 4
gns1veevesaeo MUl uasuanuddmsulsygna ldlunsdeans1s

1 o s J v A~
fﬂflfﬂu@a@]51Ul?ﬂl!ﬂuﬂﬂﬂllﬁﬂﬂiuﬁ?ﬁ’lﬂ‘ﬂ 53

{ o o { { o [ L 4
AN 5.3 das1venevesdeoImAtuulSunlasuniuddmsulseyna 19 lumsdeas 15

1 [} 4 4
Mg usanI duuua

aavmEeIMe 9M31veN8 (dB)
80 INAGIT 1 (3.44 GHz) 8.29
A8 IMARIT 2 (4.50 GHz) 10.8
A8OIMARIT 3 (5.36 GH2) 11.17
ABONMARIT 4 (7.29 GH2) 8.0
AeOIMARIT 5 (10.2 GHz) 9.58

aweimauuuliunlasuanuddmivlszgnal¥lumsaems 1fawdudanii e

=W)) o/t;l

= =
HUUANTOAAIL
1. gwemaianuaseUAgueudans1 suuua
2. e IMAaS 19918 1 Iaseasa lisudeu

v Y
3. 6189 IMANOATIVEIBN UL

Y
52  tlanwazvaavonus
1nuni 5 aeemanuudiulasunnuddmiulszgndlslunsaears 1§ame
' o I s A 4 A Y o ' ' o
g1uoans1 hauuud iesnniedenaeeimaudidumtsvesaieoima liasanuyatlou

@

=2 A g g (= s o q Yo 1 Y
ayuIU ﬂﬁllﬂ”lillfglmhﬂﬂﬂﬂ”liﬁﬂﬂ’NiJLi’JGU’t’)Qﬁlﬁﬂﬂﬁuﬂlﬁ@iﬁﬁﬂﬂﬁ@nlm‘LNQﬂ@]’EN

53 uwImamsiaanlueinna
[ v A a (dy Y o o =~ A o o
dmfvInertinusi IdinauenisesnuuuiseimeauuulSuldsuanuddimsy
% 4 ' o s % A o
Uszgndldlunisdods iawdiudansilrauuud amwsoiusns 19019 (Gain) vo9
, . CoL . .
meo1mala lagmsuianmsIdnunauanudesnitlugiqaunsdauved s aildaa
o o ¥ o 0o q Yo Yy A =
msgadonasnuadld nazaamsunsnaeavesdyrusuniu hldsaassidaauaiud

oA A a
08190 5L aANTNIN



318N1591999

[ 4 4 4 4 a a 4 A &’

TIFITA WATITA Ly lf'Nﬂ NAUVTYWIU VY. (lITJTJ) ﬂﬁlﬂﬂ1§°ﬂﬂﬁ@\‘lw1—!§11!611?)\1’67151?)“11?[.
0o w A a 4 a o
ANINITIAINTTUAAAT: WMo TuladgIuis

$9358 1AATIA. (2552). IAINTINAWINA. A1V1IFIAINTIV INTANUIAY F11TNIN
a 4 a [ = ~
AAINTTUAIANT NW'I'JWEJ'I@EJL‘VW]IHT'@EJ’Q@HW?

Christodoulou, C.G. (2009). Reconfigurable Antennas in cognitive Radio that can Think for
Themselves. IEEE International Sysposium on Digital Object Identifier. 2009: pp. k-
1-k-3.

Ian F. Akyildiz, Won-Yeol Lee, Mehmet C. Vuran, and Shantidev Mohanty. (2006). NeXt
generation/dynamic spectrum access/cognitive radio wireless network: A survey.
Broadband and Wireless Networking Laboratory, School of Electrical and Computer
Engineering, Georgia Institute of Technology, Atlanta, GA 30332, United States,

Received 2 January 2006: pp. 2127-2159.

Jianxin Liang, Student Member, IEEE, Choo C. Chiau, Student Member, IEEE, Xiaodong
Chen,Member,IEEE, and Clive G. Parini, Member, IEEE. (2005). Study of a Printed
Circular Disc Monopole Antenna for UWB Systems, IEEE Transaction on Antennas

and Propagation. 2005: Vol. 53, pp. 3500-3504.

K. R. Boyle. (2007). Reconfigurable antennas for SDR and cognitive radio. The Second

European Conference on Antennas and Propagation. Nov 2007: pp. 1-6.

Osama Haraz and Abdel - Razik Sebak. (2013). UWB Antennas for Wireless Applications,

Additional information is available at the end of the chapter, 2013: pp. 125-152.

S.M. Naveen, R.M. Vani and P.V. Hunagund. (2012). Compact Wideband Rectangular Monopole
Antenna for Wireless Applications, Wireless Engineering and Technology., 2012: pp.

240-243.



98

T.A. Denidni and M.A. Habib. (2006). Broadband printed CPW - fed circular slot antenna.

Electron. Lett. vol.42, no.3 2006: pp.135 - 136.

Y.S. Li, X.D. Yang, C.Y. Liu, and T. Jiang. (2010). Compact CPW - fed ultrawideband antenna

with band - notched characteristic. Electron. Lett. vol.46, no. 23 2010: pp.1533 - 1534.

Y.S. Li, X.D. Yang, Q. Yang and C.Y. Liu. (2011). Compact coplanar waveguide fed ultra
wideband antenna with a notch band characteristic. AEU-Int. J.Electron. Commun.

vol.65,n0.11  2011: pp.961-966.

Y. Tawk, M. Al-Husseini, S. Hemmady, A.R. Albrecht, G. Balakrishnan, and C.G. Christodoulou,
C.G. (2010). Implementation of a Cognitive radio Front-End Using Optically
Reconfigurable Antennas. Electromagnatics in Advanced Applications(ICEAA). 2010:

pp-294-297.

Yingsong LI, Wen xing LI, Si Li and Tao Jiang. (2012). Miniaturization reconfigurable wide slot
antenna for multi-mode wireless communication applications. Antennas and
Propagation(APCAP), IEEE Asia-Pacific Conference on Antennas and Propagation.

2012: pp. 225-226.

Y. Tawk and C.G. Christodoulou. (2009). A New Reconfigurable Antenna Design for Cognitive
Radio. Antennas and Wireless Propagation Letters, IEEE Transaction on Antennas and

Propagation. 2009: Vol.§, pp. 1378-1381.

Y. Tawk, J. Costantine, K. Avery and C.G. Christodoulou. (2011). Implementation of a Cognitive
Radio Front-End Using Rotatable Controlled Reconfigurable Antenna. Antennas and
Propagation (APCAP). IEEE Transaction on Antennas and Propagation. 2011:

Vol.59,pp. 1773-1778.

Zhi Ning Chen. (2007). UWB Antennas : Design and Application, RF & Optical Department

Institute for Infocomm Research Singapore of organization, 2007: pp. 1-5.



NARNUIN N

a d' Yo aa [ 1 | =]
‘lJ‘VIﬂ?ﬁJTIﬂﬂ]ﬁTﬂﬂ'i‘lJﬂ15ﬂWNW!Nﬂ!EW51H§$ﬁ31QﬂﬂH1



100

A a d' Yo aa d ] L=
i1€]°lff’)‘]J‘Vlﬂ'J131'3‘1“ﬂ1i°n"lﬂi‘iJﬂ1iﬂWNW!Nﬂ!!W§1u§$ﬂ31QﬂﬂH1

P. Tummas, P. Krachodnok and R. Wongsan, A Frequency Reconfigurable Antenna Design for
UWB Applications, International Conference on Electrical Engineering/Electronics,
Computer, Telecommunications and Information Technology., Nakhon Ratchasima,
Thailand, October 14-17, 2014.

P. Tummas, P. Krachodnok and R. Wongsan, (2013). A Frequency Reconfigurable Antenna
Design for UWB Applications, Thailand - Japan mirowave (TIMW2013) King

Mongkut's University of Technology North Bangkok., Thailand, December 2-4, 2013.



101

A Frequency Reconfigurable Antenna Design for
UWB Applications

P.Tummas, P.Krachodnok and R.Wongsan

School : Telecc

S Brnad .
ton Engl ng,

Suranaree University of Technology
Nakhonratchasima, Thailand 30000
E-mail : paisal2524@gmail.com

Abstract—This paper proposes a frequency reconfigurable
antenna system designed for cognitive radio applications. The
antenna structure of a sensing and a frequency
reconfigurable antenna system. The sensing antenna scans the
channel to discover frequency bands while the reconfigurable
section is tuning to communicate within these bands. A
¥ able ists of five different patches and
there frequencies cover from 2.1 GHz to 10.6 GHz The
frequency agility is achieved via a rotational motion of the patch
antennas. The rotation is controlled by a stepping motor
mounted on the back of the antenna structure and the mofor's
rotational motion is controlled by MEMS switch connected to a
microcontroller. A freq Y K figurable offers
many advantages such as casy fabrication, suitability for
installation and coverage spectrum UWB (Ultra Wideband).

Keywords—cognitive radio; reconfigurable antenna; stepping
motor; MEMS switch

L. INTRODUCTION

Nowadays, wireless networks are characterized by a fixed
spectrum assignment policy, the variations in the utilization of
the assigned spectrum range are varied from 15% to 85% [1].
Sometimes spectrum usage is congested but sometimes
spectrum using is sparse, for this rcasons the spectrum usage
doesn't have efficiency. In that way, improvement technique to
amend this problem is proposed by using the cognitive radio, 2
radio can change its transmitter parameters based on
interaction with the environment in which it operates.
Therefore, we should differentiate in such system between a
primary user that owns the spectrum and a secondary user that
want to access the spectrum whenever it is idle.

The UWB (Ultra WideBand) antenna is designed to cover
a band from 3.1 GHz — 10.6 GHz by using a circular slot 2], a
square slot [3], 2a monopole antenna [4,5], and so on. However,
the UWB antennas tend to be very inefficient including large
bandwidth. To improving the frequency band and antenna
characteristics, research about technique control with switch
as antenna design by using MEMS (microelectromechanical
systems) switch selection frequency bands was presented in
many papers. The filter design to delete spectrum and MEMS
switch are used [6.7]. In [8]. it is shown about PIFA (planar
inverted F antenna) design combined with MEMS switch by
clection frequency usage two bands, as fow and high
frequencies. In addition, the control spectrum technique of

antenna with stepping motor is created [9,10]. It is easy to
select the band, however, the antenna system has low gain and
cannot caver the UWRB spectrum.

In this paper, the technique of reconfigurable antenna
design is proposed by using stepping motor to control the
increasing ability sent and receive spectrum of UWB. A
reconfigurable antenna consists of five different patches and
the motor's rotational motion is controlled by MEMS switch.
The proposed antenna system is easy fabrication, suitability
for conformal installation, and coverage spectrum UWB.

1. GEOMETRY OF ANTENNA DESIGN

The antenna structure designed with the dielectric constant
of 4.5, is based on a 70x50x1.6 mm’. The antenna system
consists of a sensing and a reconfigurable antenna as shown in
Fig. 1. both structures are incorporated into the same substrate.
The sensing and reconfigurable structures are fed via a
microstrip line. Both of them have a small rectangular ground
plane in order to allow radiation above and below substrate, so
that they will not affect the radiation from the rounded patch.
It is essential to look at the mutual coupling between two
antenna sections. therefore rounded patch are separated by a
given distance and two antennas are fed [rom the opposite
edges of the substrate. All the physical dimensions of the
structure design are illustrated in Fig. 1,

I, |

70 aun

(@) (b)

Fig. 1: The antenna structure, (a) the sensing and (b) the reconfigurable
antennas.
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A, Sensing Antenna

The sensing antenna is modified egg-shaped printed
monopole antenna. It has a partial ground of dimensions
32 mm x 7 mm. The antenna is fed by using a tapered
microstrip line for better impedance match over the entire
bandwidth of interest as indicated in Fig. 1(a).

B.  Reconfigurable Antenna

The reconfigurabl of five different
shapes and sizes as denoted in Fig. 1(b). They are designed at
different center frequencies of 3.44 GHz, 4.5 GHz 5.36 GHz,
7.29 GHz, and 10.2 GHz. In this work, the patch antennas are
proposed based on the rotational motion technique. The
required frequency tuning is produced by using a rotating part
of the antenna. The advantage of this technique is that no bias
lines are needed for the activation/deactivation of the switches.
In fact bias lines usage add further the complex antenna
structure and affect the electromagnetic performance of the
antenna. Moreover, a circular substrate section holding five
different patches are rotated via a stepping motor. Different
frequencies are achieved by different patches at each rotation
stage.

consist

II.  STEPPING MOTOR CONTROLLER

The stepping motor in the back of the reconfigurable
ion is ¢ i to the controlling by electronic
circuit. The motor used in this work as shown in Fig. 2 rotates
in 7.5 degree per steps, and drive stepping motor uses half
phase or half steps rotates in 3.75 degree per half step as
shown in Table. . The ULN2003 scven open collector
Darlington pairs is used, a 12 V power supply is needed for
the stepping motor and the ULN2003. This rotation will
produce different resonant frequencies. It is making the
itable to c icate at the frequency specified by

the sensing antenna.

Rotating Part_

Fig 2: The stepping motor-used i this work.

TABLE L DRIVE STEPPING MOTOR FOR HALF PHASE

Half Step Phasel Phase2 Phase3 Phased
1 1 0 0
2 i Q 0
3 0 ] 0
4 0 1 0
3 0 0 1 0
6 0 0 1 i
7 0 0 0 1
8 1 0 0 1

IV. SIMULATION RESULTS

All simulations were done by using CST Microwave
Studio. The sensing antenna return loss is illustrated in Fig. 3.
It is seen that the antenna is able to scan the spectrum from 1.7
GHz - 10.6 GHz, making it suitable for channel sensing in
cognitive radio system.

Retum Loss (d€)
& "
i

Feawrc; /G

Fig. 3: The retum loss for sensing antenna

Fig. 4: Radiation pattern for the sensing antenna at f=3.44 GHz,
(a) E-planc and (b) H-plane.
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The radiation pattern of the sensing antenna at 3.44 GHz is
given and plotted in Fig. 4. It has a ncarly omnidirectional
radiation pattern in x-z plane, making the antenna to be

ble for ck 1 i

Fig. 5 describes the return loss of a reconfigurable antenna.
The required frequency tuning are obtained by using a rotating
part of the antenna, it still exhibits a return loss better than -10
dB. Each patch operates at different frequencies band. It is
essential to note that the required wide bandwidth for the
antenna is achieved by using the addition of the rounded shape
just after the microstrip line. This rounded shape has the effect
of the antenna input impedance close to 50 ohm. Table II
summarizes the frequency tuning of reconfigurable antennas
that covered band from 2.1 GHz - 10.6 GHz.

Raturn Loss (dB)

Fig. 5: The return loss for reconfigurable antenna

TABLE IL. FREQUENCY RECONFIGURABLE ATENNA ABILITY

-,.\\ i

sl
REAL

a—

Shape Name Covered Baad (GHz)
Shape 1 23-45
Shape 2 38-50
Shape 3 48-74
Shape 4 63-82
Shape 5 80106

TABLE I ATENNA PEAK GAIN

Shape Name Us Gain (dB) |
Shape 1 (3.44 GHz) 829
Shape 2 (4.50 GHz) ~ .. 108
Shape 3 (5.36 GHz) 2 1117
Shape 4 (7.29 GHz) 8.0
Shape 5 (10.2 Gl1z) 958

The simulated radiation pattern in x-z and y-z planes for
switchable antenna are plotted in Fig. 6. The radiation pattern
is taken at frequency of 3.44 GHz, 4.5 GHz, 5.36 GHz, 7.29
GHz, and 10.2 GHz, the antenna processes an omnidirectional
radiation pattern. The peak antenna gains for five different
patches of the rotating section are summarized in Table [11.

Shape S at f =102 GHz

Fig. 6: Radiation pattem for the reconfigurable antenna .
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V. CONCLUSION

This paper presents the reconfigurable antenna covering a
UWB band frequency, represented by a rotating circular
substrate section carrying five different patches. Each patch
operates at different frequencies band. A reconfigurable
antenna offers many advantages such as easy fabrication and
suitability for installation.
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