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Design of Novel Reconfigurable Patch Antennas for

Quadri-Polarization Diversity

Student: Yi-Fan Wu Advisor: Dr. Fu-Chiarng Chen
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National Chiao Tung University

Abstract

In this thesis, novel reconfigurable'patch antennas for quadri-polarization diversity are
designed and fabricated. To satisfy the requirement of polarization diversity in the integrated
communication systems, we propose theridea of Switching the polarization statuses of
antennas by controlling the bias of pin.diodes inthis thesis. This way, antennas are operated
between dual-linear and dual-circular polarization. The polarization statuses of antennas are
decided by either different resonating structures or different feeding signals. Therefore, by
controlling the bias of pin diodes to change the resonating structures or different feeding
signals, quadric-polarization antennas can be realized easily. Presently few antennas can be
operated both in dual-linear and dual-circular statuses. In this thesis we apply pin diodes in
patch antenna and aperture coupled antenna. By the two design methods mentioned above,

single antenna can be operated between dual-linear polarization and dual-circular polarization.
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(Introduction)
1.1 ¥ Famy i
diT A E A ERENE EPEd g B aa$2 T o i HF & (polarization

diversity) FHies E bk £ AL o B S 2 5 5e? o 4ol R E B R (wireless local
area network) ° ’fﬁ"’%ﬂ?#ﬁ}?ﬁt% KPR A® AR 5B (high multipath) #7838
T oA AR TEE T A 4 % (fading loss) ot &k st (Microwave tagging

systems) [1]7= 1 * Fl4& i ¥ it (circular polarization modulation) e

BN R R e BT D AR ESR AR KRS X MK T R AT R R AR
oM AR X RK G E s I AR AT et A R[2] 0 AL
flrE- R E A BAP IR R B[R ER ARy 0P o RiTE G A&
k41* pin diodes KK it F AP E[4]- [10] > 22 %7 Bt iR * AR
(ko %ﬁd | pin diodes il /B KA hT MERGH > R H- 2@
A HE - A NE s TE IR X R o

AR e BEdbe -7 B KL Ak - T8 > Ed 7 Pl k5t
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‘ﬁﬁﬁﬁ%k%ﬁ,vwﬂiﬂﬂ’ﬂwkwﬁirﬁ WM o F]Pdok B8 AE
AT ARG AR e R L AR MR ek R TG BRI

H 3 AR I ig S -



LR 5048 X A SRS PR R (P R o AR 0 5

REE A G SN e R g £ A A% ¢ E pin diodes & * ik

EE GER R FET NRES T RN - RE TR RS B S

PF: SN %lﬁ]ﬁ};nb MR RN AR 6 o

1.2 p 7 &%

g

v i & § % pin diodes & * *tw & X Mgt o 1% #241 pin diodes &

B AT T R BRI e R E Y R T AR

A2 BRI AR R AR X RPRILI G P

>
~

~

Ji

i

i

i

i

Wb BHEP AGZ OB i

it R RIL > MR B B R - R R R ¢4
MR B R N R T i E A
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# ¢ o 1% 4] pin diodes EERE B T R Ap Henx MK RS HE 0 At

B R T ATAAET ekt R AT & pin diodes ¥i pF
TRERT LR L - 487 patch 2 & 1 Lizdg s Bk v E T FRIE
#1175 & pin diodes 7 FH P> LRAMNZ - FBHUR LA R LR
BEG LR 7 A BBEEDGR L A RE ST R AR
F1* Lirme Beh 90 RAp =2 & A Ap R A& 52 ehE & > e Ui if &
*H S R ART 0 kd SRR gk (T o

wE i IS R A YR X AT U O T R 0 JEd
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(Design Theory of Dual-Polarized Antenna)

2.1 it
PRI ELARNEANAF AR FF R AR 2 T o AR e XTI FTR
BReAR g > R AAESE N PR A U Fheie g U AR AR A bR enid
W AR N R AU AT TR B % 9RAE o #1474 ( polarization diversity )
e kg S enifeh s HY 2 - BT F Ak stamia (capacity ) o & AR AL W
FOUAHE R I > BE TS g (channel ) v AR * R RS ki
FFH R EAREN TR E - o a R FRE S B et R BEF
%’kﬁ@ﬁ?%’éiﬁ“iéﬁﬁ“%®9% WHF2RFTA - TERFE R
B NorF LR BB ER KRG BEEEFA A - BEE 0 MR 2 N

GRS LR SR E RS By

BT A F P TkB Y o d MR RS S S8 s ( reflection )~ HTt
( scattering ):c S enfsf fe - 5 @ MM A 35 6> F Bk 5 (base station)

AR € 24 ¥R % (varying polarization) > 4r¥% @& @& * @ ¥ - &
R RBET B PR B A A S o7 3 5N (portable ) Ejxid 2 g EpE
FlIRENF TGS Rt g § FREZBRIZEDTN > 2 FEER
W EF o it 4 (polarization diversity) ¥ “t- lﬁ»%%‘u%’&ﬁt’* KRB A

/% (high multipath) 438t B T » M AR T 74 24 H% B (fading loss)
PUE R ERC R o Jhd RIS AT Lk ALE 3§ oAy (capacity ) E k sudle

R g A& ( receiver sensitivity ) e



2.2 i g PR

Hrdgua o FEGRESDTE LR RRIZ R - BRELEE  HBRE L
w & (instantaneous electric field vector) ST R f& b 2 - AT H» £ &
MR RE R He § RELTg WA AR, ARl 2.1 0 W E U R o TR iR R

o

=g

(R
".\ \“h‘\ s \ | T }\
P H | N, ,",\\ N / _:v:; )
\_\.. \‘-. \ , J,rj
. NS 1~
“\_\ _/.l
(a) MIE& i (b) & - (c) P s

B 2-1~ 7 b fo (o il Bpefd Bo BRER T 86 cnl 4

2.2.1 Rt

FRSe RO T VR, AT Perg g R s - AP L TRER
¥R & G AR (Linear polarized) > 4r®l 2.1 (a) #fm c ¥ §* - BT & %
TEARMPE T F A RA G T A E e 3 kT 4& 1 (horizontal ly polarized)
PR EA R e E e BERF S e L T3 kd g (horizontally): F 2 %7
B EE L L8 & (vertically polarized) /¥ > 2 aj@/)iﬁ‘ BEIL G
A Y EROTEAIT AR A BT L LPMRMER > F s B L
MR AR PR > AR A Y PTERA T L - AR > Bl 2.1 (a)

AT o

2.2.2 ¥Rl&i

FEEP A B AP AE T 2R 4 (inphase) PFo & X T He £ § i
PR R R LR - R O BRI R R 0 4o 2.1 (D) U
AEBENT R E e BB E R SRS RS 0 - BN A Rk ¢



ZEZE? S B RARAMIE e EOPRGIE AP A AT E o v (axial ratio)

Wik B AFF A R R KA TR AT

major axis length
minor axis length

IR = , R =20log|R|dB

#ht (axial ratio) ¥ ¥ 2% kAT T RA BN RE - Hldog it 5 1 BF - 7
NEERLEY OTEFLFR S FE R LR AMRA P TV @i Y g

R SUpLAR 1L A58 o

2.2.3 Fligit

FEFPABE ARG ARRIRG A P FAp L 90 A AP PF o L PEIR R TS
it - fitx "N ERLS e T AR EFFRF oy &8 22l
(Left-Hand Circular Polarization > LHCP). 2 + + R4 (Right-Hand Circular
Polarization » RHCP) - fﬁuﬁh’?-—"z AT TR REASERES » e Rl 0 £ T
o B R BRI R iR R A 0 T R R TR R RS E
Fl4g i (RHCP) - & 2 » F i Apde Bl n o 0 8w & 0 B pF 3 1 hfnuis &
VE PR AL g o P pE T R M R R eI K R 5 = £ Fl4& (LHCP) -

BEAET o T e AT H e ERER I O 0 TERKTH S TN

E=E,e®a+Ey e’ *ela,

= E,, cos(wt —kz)a,+ E,, cos(wt —kz +¢)a,

E(z =0) = E,, cos(wt) a, + E,, cos(wt + #)a,

FEAF?ABLAe R AR XA L 90 RAp 0 T E =E,, I ¥ B



E(z = 0) = E, cos(wt) a, + E, cos(wt +90)a,

= E, cos(wt)a, — E, sin(wt)a,

SLES R R) S & I PATCIR L BRIy
it > F 2 Eg=—00"pF » T Hv BT chiph L LA

2.3 it X K

& BB # Paﬁv%é}%{j@é:—f?,l‘zi PR3N ARTF AL TR AR KRR A TR
iR E R FEN LD G TR blr AT PENE RIAMIRD > FEE R
ERLPR® o T E R d T E A RRA AR E el B i T g
PR T EAL > Fp X SUBBR BT DK GE R E - R o BRI X Mamkt ot p bR
FIEAR - & FH (polarization diversity) HAFT A1+ - H4p 3 & 2 enfm it ki
F oo A A kALY 0 do@m AR F s R (wireless local area network) 0 &t #Fde
)j*?r}t’*f KPR s & 5 EC (highmaltipath) dcst ekt ™ > 5L ez st 4 4 h
% (fading loss)

2.3.1 & * &K

B AV NEEREE D ‘ixli]*u{% % MR (dipole) > % TR BRI NG
HECHRTHE S T AfrBEBRAMEL RGOS 2k o F AN AT AL EHKBBIE
T AR ‘F‘f F_% X RPFA; 0 Hl4rH &2 2 (monopole )~ ¥ #ciF ¥ = 4 (log-periodic
dipole antenna )~ ~ & % s 7] (Yagi-Uda arrays) % » ¥ s it T - §F &
ficd * A (microstrip antenna ) > 4o¢H L5 4835 ~ 1A ~ sk (annular) & 4 = &
Aepied XA T RS B RR R iR FE T EIB AR AR - RS AR
AN

REDORPEETRBEE € 7ol - ARt RERF XRRRT IR R
i pF > “,f TR A RS R b (co-polarization) R € G ¥ - BiRt A4 A 2

( cross-polarization ) o R & f& it X M b & F 4 8 7 Tl 23 £ B it

7



(co-polarization) fr< * #&i* (cross-polarization) &t & o I B iR %
MEFARM e IR AN E S B4 - A R A T £ R e R
vt B ) 5 15-30dB -

2.3.2 Fl& * &% 3

PR %SGR MR G § R R NS SR 8 MRt S R
oo B A AR 2 AT LA ARG A D kS PR A5 5 b deid
5% s (spiral antenna ~ helix antenna) o fgad = & § K 5 MM {56 -
A iy HERURAR ~ i U AR T S R A 5 Bl
#2488 & % (branchline coupler ) 4& » - RS SN N Tl
- m AR
2.3.2.1 & » Fli:is = &

- A& A4FEit g7 580 N E AR FREEES B 5
A H (orthogonal patch modes) » #4% His 58 & 4p F¢ (eaual amplitude)® * % 2
90 & 4p = £ (90°out of phase) o WI2<2% 7 b & 487/ cnffE4F » FlH& 1 A = AUk
* N F K e K FeE (power divider circuit) o & A Bl AR~
e RARR D Ap =L 90R » BRI TR iR A2 o bldo * X 748 & B (branchline
coupler )R F# & A Bl A8 » B > d 30U L A S THERE PN B L PR R T

P T SRR AR RIS P L ARy R

. 1
: 1
| 1
| 1
. 1
! AL :
T - ®-{i-- 00~ -==" "
| ]
| ]
) I
1 AL90° y ALV
i 9 .A/_'90
| 1
1 1
| 1
Ty A S Lo AT 1 s
(a)= AHcF = & (b) R+ % &

Bl 2-2 - B4~ FlE HcF % Supcs > 3



2.3.2.2 B4 »Fliit 1 &
F48 1 45 5175 - ;gg; YoBl 2-2 9T AR B B R AR E S TR IR
Aoprz 90 Ravdp L kE K2 b T ] R MG A H - g g
B IR R PIFHR T 455

— w3 0 L EH - A cht et s B X RGBS S 4E © (linear
polarization) » & 7 it A2 Fl& ™ fH 57, 0 T F R A AR I RA R e 2 F

B

@aﬁéiaﬁ%ﬁﬁ@mgm@ﬁﬂﬁﬁo%ﬂi%wﬂﬁ%ﬁ%%ﬁ%»aﬁ’*

[EN

S f BT AL Ao 274 ST 8 s R AR AR i £ 4 90 R AHER 0 % LR A
A EFF A SF o AWEB RSN L LE FERRTEN A2 F

”

4

Lo bt s EEIF R R R 0 @17 SdB MR A o

\\-\ mode 1
AN
e 2 B 2
mode 2 .\ mode 2
A
(a)#&7) (B ity (c) =5

0.707 +--

amplitude

phase (degree)

Frequency

B 2-4~ HGr e 2 W5 1 3 HOHE R b 27 4p AR R T



2.3.2.3 P& X WA §

Rl it % a8 Rl g*’iﬁﬁam&ba%wﬂ B REFRRE TR 2-5
SfF SR o SRR E O R TER G LR P AR P B L d] T
ERS RSO EEY A I Bl o Jpd 32— i B+ G (correction factor)[11]
KT B FIHE® * SR F -

G, (dB) = 2010g,,[0.5(1 +1074%'%)]
B pt (AR)7 d Bl 2-5 B3 W o ¥ b B R Dk~ X MM F 2 Gy (dBil) £ 7 »
HE P nl 230 T AHFZ LA NE > @it 2 &% L H# (referenced to an
linear isotropic antenna)  R|#7 % & P&t = ¥ U G, [11] %k & 7+ -
G (dBic) =G, + G, +3
HE P hci 7 XMW FLES »FA - 2 R4 % (referenced to an

circular isotropic antenna) °

180

270

B 2-5 ~ &1 % &g s3]
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¥ F it AT
(A Novel Reconfigurable Patch Antenna for Quadri-

Polarization Diversity)

TERATREI S 5 0 & Fm (polarization diversity) s is * 4p §
Bt B¢ 4% 24 pindiode e B kR MG R ESFT T o AiTE ER AT D

#Fit o K £ Fdlpindiode chip /B kR TR IREISARE > T AR ALY B
B il RE DA e iR iR i [4]-[8] o 2 £ 41 3241 pin diode ik & k

B anEREEE[9] 2 [10] 0 PR FF R (frequency diversity) 7B e

FIp® 50k AR F AT RIpin diode RiE 4R 1 4Ry 0 fe A0
Bt Rk B AR R U T R E (dual linear
polarization) ™ % A&t (dual-circular=polarization) - % & f % & 4|l
Ao s KR AR R B R R TR R SR LT R (T AR AR 1 0L 2
BERAES o RB R A7 R 9T E 2 AR RS AL B LR
Poo AF PN F A AR e X ARK I o KN B A% pin diodes B F A HCH X Mo
241 pin diodes /B kP8 = ML JRGHE LR SRR DL RICE © BT BB
PE ek X AR (TN MM R (dual linear polarization): & 2z » BT f

RRPF > e ® SRR (T BRIP4 Y (dual circular polarization) e

11



3.1 ik

§OTITE R EHGER N R RS PR B R MR R H
it ofe B d AR FOR FARRARF ARG ATRE R R B EEREY
B %R b R Y AR S ERPAECHE AT B b D R
ek Tt o @] 3-1 T A R F R EE R Y R WLAN P S [ 2]k o i )
AR LA T PR E A R R E IR R R e

Antenna 1 Antenra?

= i
D10l 0

L)

|
N L |
S0 ohm microstripine feed :

=
@31~ﬂ*%aﬁ&ﬁﬂﬁ}a%ﬁ*ﬁ@

"-r

L %
=

g e T Y

A NS
Ay '.-\.,.:_:__-l

B - EAPIT E PR SR T U E IR R R he B 3-2 A B H A E
PR AR R[] U S BART T e~ UEL 0 B H AR e g
Zfs s VUL H - XA B - AP E R eandgsieil > IR FRap e

¥
N

psquare radiating patch

A

port2

ground plane

port I

Bl 3-2~ % H- % R 45 2 % SR
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AiTE E et X ME P o pin diodes wrBrAL B Lt [4]-[10] o o 3N
pindiodes 4 » Rt 2 MARKFH Y > TMAFFHEIFRM A RFRFL S L D
o %ﬁd | pin diodes Pk /B » ABFHenX MGHE T § 22% > TR RO T S 7
e e ATEF S RIMS I A BT LB AR N AR 0 KA S
A fe o B 3-3 5 - B patch * % [4] 2 41 * pindiodes k& F| & #Fp(circular
polarization diveristy) o =414k » B4 e0E S i /B ¥ 12424 pin diode 1 fv pin
diode 2 sP¥ ik » X MRt R ET N IT3 2 F FlHEt & £ FligT o

-~
5 capacitor
-
,,,,,,, } ¥
WX, YD)
| | N
— Lg : . D2
] i ~
A — {pslot
DC ling
v
X
L1 W

B13-3~ 41* pindiodes#if P& 2 = 5L H

fi* 241 pin diodes i B 7 11 s X SUPtR IR - kT RIS R E 2 T
£ kg X AR F I pin diodes REFIHE - M T F A= A7 Rk
Eoe IR+ RS 22 AP B 3-4 ] * H - & patch = & [5] %
EF =B i i > #4) pin diodes ik /® > % pin diode 1 fv pin diode 3
¥i > * pin diode 2 frpin diode 4 # FE ek LT > T AT L 2 LR {5 > H
FIEREey - 9 HG » 4R I o BIZ§ pindiode 2 - pindiode 4 #:d >
* pindiode 1 frpindiode 3 # ¥ ek 5 7> X MW 5 L £ FlH& 1 {5 4+ % pindiodes
T HU ALY AP L AR ET 0 XSRS A OEE T S A A hE R
L3 (T o
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[; Diode 1 Dicde 2 i]

50 ohm microstrip line

Quarter-wave length

B Diode 4 Dicde 3 éj

Bl 3-4 ~ §I* pin diodes = fifk ik i 2 XSG B

Feo BEEE ARG A T 0 A R AR § R LR R
S JF R AR £ AT AN SR T R R B R AL T T R R 1
2REANR T R e AR S TR LA MT S A RPN T RS EFE 2 R
Mgt 2w 4R e X AR o

3.2 AKX RIE

Bl 3-5 & #Tik3r2 X MFE R B * SR H 4R 1.0T0CGHz 2 & ¢ 3 - B8 &
spatch * &t ~w &2 - AR g ie'® - L i748 & F (branch-1line coupler ) > & %f
pindiode ™ % & ¥ %4 & > & #¥-pindiodes 4 » 2B B & A REF S /A %ﬁ“
v | pin diodes PE /i /R o AT IR BT E AT ECE cERE 0 R T
7 I AR (T o

Quarter wave
transformer

port 3 port 4

B35 rfEit % T L
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3.2.1 = & 2 — & [ drif %

EARDE AR WAL L 2a T X AL DFT > AP G TE I g R
R, 45 10003 2000 » & 521" BoF 400 % SUL5 14~ BIACE S cnf e
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