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Abstract

In this thesis, we propose a novel design ' method for multi-band antenna. We utilize the
concept of A/2 open-loop resonater used in.microwave filter frequently, and combine this
concept with the resonant antenna. This nevel antenna adopts two different resonant
types operating two different frequencies. One is the conventional inverted-L monopole
for higher operating band, and the other is A/2 open-loop resonator for lower operating
band. As these two different resonant types coupling each other, this antenna only need
one feed network to produce dual-band purpose. This antenna is fabricated on PCB board
and total size is 13x10mm?. In this thesis, we also establish the equivalent circuit model
for this dual-band antenna to verify how important the coupling strength affects this
antenna. From experiment, the resultant bandwidth is suitable for 802.11a/b/g WLAN
applications. The radiation pattern is close to omni-directional, and the largest average
gain can achieve around 0dBi for each measured frequency.

Furthermore, we also verify the performance of this dual-band antenna is not affected
seriously by the variation of FR4 manufacture parameter. Finally, we also utilize this
novel dual-band antenna to design diversity antenna. In this diversity antenna, we use
some simple barrier object occupying little size to decrease the coupling effect between

two antennas.
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¥ 25 (Introduction)

1.1 21/4a%FF 2 &

dONITE AR A RAE AP RRL P B S P  R AR RR
PO RAEG 2 NAPHp A LFEY B HAFET F 2R EFRAFLLER
«“'FS*.Q BREpaiiE > Ra § ARPREOGELALSE - X HE s 5
oo BIRPEM R RTEZRE D A AT AR RRGEOTFER - @
THE KRG ERFEEREE(WLAN)SN IR > 7 8% K7 B3 RE B ERGED
A S T SR i I FE G RART SRR TR Y K

VRIS O RIRB U K FERAE D pd X P REOBAER 2 {57 F

T BenFOR @S F AL ESVRRATOMB L Y LT R AT
B R+ 31427 § ¢ (IEEE)~» #5 0 @ 85 2 0 8 (WLAN) AR B e TR 4
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Fob s F AT R A A SRR T g X ST A SRR T 2 e i A
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¢ CHTEHE A AT BTG TR RS R R AN
i R B R S AR T B iR R R AT LR AL A T
R4 FAFengf (AT EL SGHz i % 287 X er 34 HIPERLAN2 # % > @
7 K49 802.11a ke * o Blac R EE Al M(7] - B U < M8] & F 7

R AR[9]~ 1R BT AR AI01R -
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B Gkl SR RhR R I ApRE RS KT %R E
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(Theory of Inverted-L antenna and open-loop resonator)

Aihe PR D 3T X RER T IRA SR S I B A ek 3R
WAl R T E A EI R T Rk A R IRIBF A B 5 Bi5E L
A XM R B T G B & A (hairpin)jg ik B P o A2 - k£ B
R FILAFEH I A BEEBHRBGEDAAREAL THEPRY LA

Wl ed s o

2.1 1§ L 3] = MR (inverted-L antenna)[1]

% & % A (dipole) #_— % W& s TAR 4 1# PP R T R A o AR
PofrRRnRARS > KRBRRTWEE 0 FRAUET F BB IR R
2L B e R o Hipsra Al -k A B A% > Hoplane 2 > # &
(omni-direction) » #7172} X AR {iF S/AE AR R ER Y o 4o 2.1 L AL B

TRADT A FILEIFEHF c BTN AF NG

1@):g§m,ﬁ{i—p0 ) |4si- (2-1)
4 4
Iy maximum value of current

B : phase constant in free space
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d N HEBITREL L BRI AN LINTET FL TR R k=
MEFERERIEARE R LR A -k @ WH RS RN
HRET G BRSO 0 T AR SO~ R 2R R R R Ao

o H ik X ﬁm@l »FEFLE G
7VA,dipnle 1

7 _ VA,monopale _ 2 _ 7
A,monopole — - — A £ Adipole

A,monopole IA,dipole (2_ 1 0)
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1
mono Eljdipole 1 R 36 SQ
r,mono 1 N - 1 5 _5 r,dipole .
E‘ A,mono E‘IA,dipole

(2-11)
X AL g iRt b o s 3ot L7 HE3 M

LA EBEBIRS- T E IR E BRI RDTIOE -G ﬁiﬁ,&d’ﬁ

Higx ehd o FIL iR fendp et 5 Lk £ B4R Meha
Dmonopole = 2Ddipole (2-12)
LB EE S D LS B A R R Ak L L
- ’ﬁj fLoppREpi e gt XA E BT - X V”ﬁ PR SR &
Eo g R w2 S (s T LT e - g B R R D
S a ) LOE R SEEE o REER A AT R L R

HHEAER Sehr it o B 23 5 @ L A HGEXMER B X SR E R LitLyV4 o

| L2 |

(a) (b)

B 2.3 LAl =& (a)i] L 4] % SFHR b)) S§ 5 E2 R

Bl 23(@) % LA HE & RFT ARG 4ol 2.3(0)- EBEX R - & @ﬁ%]“ﬁl ’
be (S PR foT 2 [T % A - F1% Lot eng 2 H pe 7 Ji(image current) ™

AF G T ARSE i T LA H R R B EAF Ly T n htp i
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ALy ik R XSGR T RIS E & nfde ;s F1D | LAlR s g A
SRS SRR AR L R A B TR R R B e e
Mo MR IR > dol F A EAE R R[] 5] LA X R g
B[] 8 o5t ki @ g (P B ens 8215 T 6 LA H 87 50

N E R G iR R D L TR T G R enD e

22 = k2o - & BRI PR TR (M2 open-loop resonator)[13]

B 8 4 Y (microwave resonator) iR T ES Y F O F BRIt o B ipik

B RFTE-FVAN XA E . E g FiESY B8 2 (lump element) B T3
FIpEEF DML 0 Flm & %ﬁ d & % 3¢~ i (distributed element) %k %] iF
Bk e i o JKE ¢ NP aego I 2 BRAE DMcE Rpe 7 e kg 50
(termination) » ¥ & 4 % f aniiRiE o 3 4 B * 0 B B (open) & ¥ &F (short)
23F 5T o % 2% 48 & (crossicoupling)£f1% & A (hairpin)ijg A B¢ o ¥ 1% =
BARFREN L MAE O FERLS BRORAE

[14] > 4ol 2.4 - & @R EFIRFR I B FADERZ > T E 5 EJM I D
FHOF NG ARSI VA ERRIREBE - B R
SR - R AR TN AR 250 Fla A L BT RTINS
FoRA FAMFARERE G- A2 - FE TR IR EREKDY SRR AR
Flp A AR RE B SRS s Az - REPOTINATRAE S
- Bk d R IR[13]B) 2.4 ¢ gt B[14]5F BREGFREOGER T Q5 ¢ S
iz Az - h R MBS B BHRERSF e a BiE FlE R 158 B
o EERFEAEERASFRGERDBEL TR NEG PR 3 E

BHOFERA T M ERAEFE S ol o T i R e AR
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FI R BEHPERSRBRERIA

(Dual-band antenna with open-loop resonator)

AR ELE AT A Y TR R MR R 2 2 R E
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AR S G SEUSSE & e SRS R T S S L o U - A EE b
BEANTEER - Flirhy? T RIAHY {52 - L ERLhiE* o FR4
AEEMATH * > & FR4 e chilfe 807 R70AJE 0 #7495 FR4 2

i AT S0 4R T X MNP B -

3.1 B ELEIETRE R A

AR - R oo PH O Ahdhied PR RIS BAAL
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=
A
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=

fopE T fem EAE NP 0o AR P i end 5% FR4 4 > FR4 5 H i & ¢h

BE S T

i & ¥ # (Dielectric constant g;) : 4.7
4f 44 *» (Loss tangent tand) - 0.02
WA & > T ¥ 4k (copper) » 5.88x10

A5 R 1 0.8mm

A2 ¢ A X R E A & WLAN 802.11a/b/g 4F B el 4 58 e e+
e R T ERF P R 7 FRA o A — AR F B (ground) s+
L 46.7x88.8mm” > AT A T ek 3¢ % R R B X sen (ground) B A
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LAHE&X R H 3% iTAafs gk 5SGHz - B 3.1 54 74 5GHz § L 4 ¥ &

SRR ot X RS Fm )50 50Q A s ] LA H AR R Mt R

LG o AR EANEF TR Y RN B R A P nE LA R
FHilt &F K3a? SHEF 5 525GHz 2 e & B L=Li+L, 4 5 $ (F

T R S RPN E S Y SO R A R CE PSR

LT e T Lip B RS K o

e
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i
e
=
F_k
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Ll

Inverted-L antenna
<z S — P ground

Microstrip 502 feedli

=
(¢]

B 3.1 5GHz 5L 2 H &= s

<L<= , AMaZ# "¢k (3-1)

Fla T RFHEEERTERE Y T AT R E LR e
BRiEZ > G-DirELAEERIAAER- Bihifs B F 2 L §RET
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P w2 - R o Gtk SRR L=11.5mm o AEF 43R R

BETLF Y e a2 - ke
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permittivity variation

return loss (dB)

frequency (GHz)
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0.6mm % i ] 0.9mm) » ¥t BEAE X ARF S AL R DR H B o AR 324 ¢ 7
B RS B e b POk R B G - BEEEARIRAS > e BT e
MBS A B R A 802.11a/b/g hF oo Hrrd g X AR 18 L e B
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ERREUTA a5 M R RGRRE R AP §5 T Kt
PRAE B ITEARY &S A USRS T g g A 7
ERET L ML Bt ) o B 320 L GRS BH S AT BB
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$HE ST B -

shift variation

5
0
5

o

o

< -0

o —

0

o -15

=

[ —

% =20

| -

-25 ———I— — wi?hnutshiﬂ ——'_1 f__'__'__

S +02mm ]
| == = =:+0Bmm | '-I’| | |

T | | f—rfr—r—r—
) I T Y Y Y 1

2.0 245 3.0 3.5 4.0 45 5.0 5.5 6.0 6.5 7.0

frequency (GHz)

B1325 HoMerTHEDBHIAF HEEP LR

gt AR L AEEI RO el FE FRY 2SR EGRER

1% <t 0 R MBEIREAEE L A XA BB e T RS C) ITHEE

40



Rlige T rid W325 ¢ A E 3260 ch® o £ i) BB

A

8 & E &
Ao MRS R B F FREGRER S P B S e T A Mk PR R

e R A A ABAHRS o § A D RLOE R 0.6mm 7 F
47 (2.45GHz) & A% 4 (5~6GHz) ch JRAF B ARB 7 02 13 & A AT & chd JR A

Fo— MR R 2 g A S B 0 TS R AT E

Sh

$ET 5L 0.6mmo 2 BT R SAEHE AN § Gk % e o T BT X AU

$i23 )

W

g LEREE -

@

e

34 2R H

4ol 3.26 ARl 3.6 ARG i FRTHFTHIRREDS LTS
Lies=13mm ~ Wee=7mm ~ Liyone=7275mm ~ Hyone=4.225mm > H & S+4F < g &2 7
EE R o] 3.27 o R ¢ a4 g IO 10dB R 373 220MHz 0 @ g 47 10dB
AEEF IGHz =% » p a3 E %i&BHMW\WANm%%»megg
Whed 320 @ FHARTEG HASHEF83X10mm - FEEFERY PR
FEARBRIBF Rpoe 2% P& A7 B RFERROGELRT 2
PR AT LR R PE LT W B R AT EFR B 328 £
B 3.02)° - G Bs 4 r DT HIARY > FEUTER PSS 0B
329 MAFHE R BEIL F B 3.27 < > e iR ISOMHz = + g 5 > @ B H4F uf
% { 428 IGHz » #r1u 2 K44 8 802.11a/b/g WLAN i # (4o 3-3) o

®3.30 2/ 3.32 &7 F & 48 & 7 H(H] 3.26) > & %] & 2.45GHz ~ 5.25GHz
Fe5.8GHz T & B & BT 6 i 5433 & T o e < 3 Z foT 393 §F E4c i 3-4
#7781 3.30 ¥ g A & 2.45GHz & & B T 6 33 (total pattern) FRa% 1T 2 v 12
(omni-directional)’ @ % 8] 3.31~ 1] 3.32 % 5.25GHz = 5.8GHz % > xz-plane~yz-plane

4 B 3T > % {4 (omni-directional) e » #7rd pt X AIRGE S Y Am SRR o
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erd
(a)
Y 1
L—»X

Z .................. E_ph

—_—— E-thet
E-total
XZ-pl

(b) (©)
B 330 - o488~ FEGHREE &2 5 2.45GHz 15 #3-3] (a)x-y plane

(b)x-z plane (c)y-z plane
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(@)
Y 1
L—»X
Z .................. E_ph
—_—— E-thet
E-total

B1331 - 5488 4ur BEaiRm E 163 8 5.25GHz 45 547 (a)x-y plane

(b)x-z plane (c)y-z plane
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Y 1
L—»X
Z .................. E_ph
—_—— E-thet
E-total
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180
(b) (©)
B 332 k- 4884 B4Rk E B3 R 58GHz 15 #43-4] (a)x-y plane

(b)x-z plane (c)y-z plane
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%34 F R oniBier BREGIREE RS AR LSS5 b+ i £ (peak

gain)f--T ¥23 ¥ (average gain)

2.45GHz 5.25GHz 5.8GHz
Peak Average Peak Average Peak Average
gain gain gain gain gain gain
x-y plane | 1.43dBi | -2.32dBi | 5.14dBi | -1.59dBi | 4.16dBi | -1.49dBi
x-z plane | -1.32dBi | -3.02dB1 | 3.87dBi | -0.4dBi 4.3dBi 0.18dB1
y-z plane 1.44dBi | -0.71dBi | 5.24dBi | -0.29dBi | 4.96dBi | -0.6dBi

A v DB X MR TS LG TG 3 E F 3 % s (planar inverted F

antenna) » £ F LB R R EAF S w T IE o A F ATRBAE S > T 7 TR

* w33 (x-y plane)E-theta 4~ £ & @ g i%e), > 4 & F3| =< ] £d E-phi » &

Fpe Tl xy F o g SRl B AR R TR AT A

5 B 330 ¢ 245GHz g T g AR #4504 T i x-y plane SR E
B 9 5-10dB @ © o kot B FAe TN o g 3.75dBi 4 &

J}ZF"—-% ’g\i [LES ,,b;}f&I% Jﬁii&k‘]‘ @ R ’”b;}ﬁlﬁ mm/f*prhl m-a-[chx =

w8 G 0 4700 3 245GHz BF x-y T 6 0 E-phi 3-31:% 7 4 o

> Srik Rt EEAE X S0

K
)
*’I“‘
W
| =
—=
N
hd
?
5

KA 34 ¥ Ak
o HE L A e AR e B RS o} 0K £ 57 313 0dBi =+

2 % SGHz FEd* # ¥ } 2 7| 5dBi -
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Yri Afixsm
(Diversity Antenna)

4.1 %A 8 3 $is(Diversity Technique) s 4

s B S Hk(diversity technique) B 2 angh @ % A A 2 % AP o A AR

ok ST o EUGE S Nt > MELE R N PR (F F )Y 0 T EE T

~

Proldod M~ B AR R o FRE A F S TR T T B R P s B
MELGEH S F A S8 P R T e - F B S (line of sight)@ @ » Pt i
5 & B /T % 7% (multi-path fading) - 7 & & 1 * &M & f;i;gig?lgm B 5 EREE

FHMAET - R T o a  RAL G S A P Bk o (EIUBLIR B ] P 4o 4

AT om A RNV 08 K SRR RE T s AT 5
AR BTN S R
A B 58 ke (diversity technique) 4@ _@ix =4 @i B A G A F TR

(information) 572l 55 » Fedzzde ¥ TR B R P B - B S ke Bl o et
BLE Ut E F AR R R A R AT AR & R L UBLR R
I FEend| T > AR & & € 3 4p0b 2 (independent) 5 » ,i&{;fuﬁ BB F

B 2F P ORE KPR e et Ao B A Y - BRRLFL R
B RS eE St it Renf) > R ESRE G R p BB RS F AR TSN &
ﬁ#&-»]@;ﬁw PR VL ARG S B IR B H e - T ha BN
i E % RAE S (domain)~» 1 & 7 4 5 = 4

(D)pF A & B 3% -time diversity : @341 % 5 B pr A Hf (time slot) @ i% 4p Ip e
WAL FBREREH ARSI A > PR TN, 7 AP e
FADF AT L e KB s B2 E e Ay SRR BE ke

LR 0 F| P R 27 5 (bandwidth efficiency) € 4
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(2)#F & & B 3% -frequency diversity : @Ezg4]*  BAF S GE Pl i 4
FEAEF ARSI 0 A Ao A R R R B T AR S R
I gt AT A LB A BNl o T gt R € SRR R B X e D
WEL > F] 4 F s S (bandwidth efficiency)» € "% i o

(3)% R & & 7% -space diversity ~ antenna diversity @ 4t > ;£ Z_ A wmsBic g 49
R RMP LSRGy RER - @G NIRRT b o IR
WALR HA D | RS § R R T Z A R B e 3
BREHNIRPEFAEF T ARSI ERFAHE T > BRA
ML AR KB @;@Jfé_;' E AR E P > F AR5 A GikEL o

A B 3% A (antenna diversity)F & 1 & HiRBE D % - B AW G & IO

MY ERICERE A Y - BA AR T P s R B Tl T O Ao 2R

A
3
-
=

(SNR) ° Flptf* A H N 2 B E v T b @i s 5 v Al iceg @
F]- 27 2 A (reliability) » &% BEET SR E T oo AA BT AT K
STRAELT LA 7 R a7 aE fi(select) 2 E % € (combine) > 12 E 17 B iF R
W(SNR) > 2 A2l A IR S 804 > @ bt 2 e |7 2P &
B7 i GE A e EL 0 @ ELHL St F 5 4p b 2 (independent) o

- AR ARG = fAIEE[LS]

(1)% ¥ (spatial) A & 1 0 5 & X A% 2 B Rl B v > 9F 00 X SRkt e
PEH A A TERIIIRD P PRSI 3 € 74873 o

(2)#& it (polarization)~ £ it @ I * X M7 fp kit * v KfEjak p 7 FE
B FILE S R AR AR G e PR o TR L fES FN R
BRI RSP OFERT U S AL g T AT o

(3)¥ Al (pattern) & & i @ FI* X M7 Fe e B3 KRk p A R ET G
BLo Tt e S L XM g S PR DA BT Blde S Rdg e R A
ELAMEH T AR TR LA BN AR HAS E RS B

- P RS AOEYS F AR L e § T A
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42 F B A B 3% % R (Spatial Diversity)

Az Y PR RA ) YR G 13x10mm’ . B - SRR DR R
H5 46 Tmm o ATl R R0 R I ARRF A AN IRLFBET A
05 R A S 2 F A ot X R 5 SP3-A]T T 2 % (4 (omni-direction) > ¥ 7 & 45
o g > AT R A & B B (pattern) A B 1 5 @ ¥ LI X A P R_ER

THAF L XM ARIRPF > T (7 x-y plane ST A A B BB AR £
ﬂF’rs X3 ooy oo Flpts A SRS F L o ARy TSR R
FRABN IR ARA A Vs FP E %A LIM TRTRFLIIApME
(mutual coupling) » 3 4948 &% 7 & B FR A X Meh™ fe vk > 2§ X Mg
FA 5 R

Bl 4.1 e Antennal €_4 % =3 ¢ “r&EeniEIF X 2 > Antenna2 §_F £4F 8]
Antennal T $Ffec ¥ + i @ portl/2 e B AEF (5 T B2 3 B (switch) B

AR e AT B BLE portl/2 S BHUS2) K ik wH T tafg s hai

Antennal Antenna?2

L,

Portl Port2

B4l ZzEAENTH
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B 42 5 B 4.1 0S $8cH > 2 HH B2 porl f- port2 "SJ}%—"J 50Q p 7 iE
Plen$ % o AR ESIDEMEARE S =% 7 FF Antennal £ 7 % > &%

#f 2.4GHz~2.5GHz ™ 2 3 #f 5GHz~6GHz #& 7% 485 <>-10dB » & &_#& Mg £

kil

#7 £ port] o port2 1% 1% A H(S21) 7%~ X-8dB > 475 X R AL T tpim A
% B (%% 0 MR %k (isolation) X £ 5 A B MR E R T 5 G B MA-15dB o
AU BB IR AT R (R4 o
L BT P oportl fr port2 € 4 F|- B2 4k B(switch) b 0 B &k SLA| ¥
F 20 Antennal ki S T %Fj *7 3 B entr 3 > )L PF Antenna ¢
port2 ¢ & B E.(open)siuik is 0 & 2 FiE# Antennal v B portl » € 5 R o F]pt
Al 417 a8 & X kg sk (isolation) # 4F PF 3 ELjE_Antennal §§ &1
4 > Antenna2 § #4c | Antennal #7454 UEE » R{SABL g~ P Ly Tl K
MG T ERE o MELE F & B gd Antenna2 5512 0 A L S fE T2 oL
X & A Antennal {zTi& k > &rthﬁ‘* 3 ¥ e g R 3-Antennal Bk B4 o 2R
mAASETRHEREORKRERgEFAR DR TR 2R L fr LA » &
hE B g ATICE s ot %i%%“&%ﬁﬂi_‘éfjﬁlg i o B 4.3 5§ port2 B ELpE
L, 4 % % lem ~ 2cm fr 3cm P¥ > Antennal ik SPIE 2% & B 7 UF IR &
B 42 ¢ 1AL (UL SR (2.4-2.5GH7)> &R 4.3 ¢ F ST 4§ B A )
por2 e, £ R A A F A g o 2T ERY P )J-*g"’%}: > R R
REhpd Bad (i ad 3 o T RIS XMEF T Ap4gE g
B » i Antennal f- Antenna2 f & kP hF SFL G XS T HE AFERY
1T AP B RTERGRD T IR IRS0Q M RNE BB E
BRATRFALMERR ] Pl x A XMFeppap EFTF G LR
FER A S AR OREY - TR g R R R IR R RS R RF G
BE A S ERE NIRRT S FRACE 44 ¢ > AA X MY 4 b8 (ground)
g N Ar R A PRI LA LA T RMF I8 L o ARl 447 Fled BR

Aerg BrEer Foa tERAEBFEFFTLMEORRIIREE AL F 2
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cte B0 T % Hiono 4 tapper e3c% > Bl 4.5 5 F1% EM Sc i cnis % o 7 1
45 7 5 N A b MO B RO ehk JRAEEL port] frport2 (0% i fR gt Mot

-13dB > 2 & 4E-10dB G B4 IRES S KR ken® ko L BB, S SR

5 (S21 531 ) 0 STl 2 A - ol port MR L, (P E B g LR
Antennal & S3f 4205 0 ShAeBl 4.6 5488 4.6 ¢ ¥ 5 1 6 MO 2 B

Antennal £k &4 4513 g =

D " & R

N

___________

res

(=]
=
R e L LR LRy

Ly  Improve isolation Ly
y v
Portl Port2

44 I fpims s BFab i mEy

55



T T T
5.0 545 B.0 B.5

T T
3.4 4.0

3.0

25

@rzs'iis

7.0

45

20

frequency{GHz)

S11(return loss)
S21(isolation)

Bl 44 ¢ 5 Ao B3R SE SR T

Bl 4.5

1o
3cm

Zcm L

ports
port?
portZ

|

|
Lo
0

_

(gp)sso| uinjal

3.0 348 4.0 4.5 5.0 a.h 6.0 6.5 7.0

258

20

frequency(GHz)

%

85

W46 W44 e 3 pim s 403 8F SHE

56



Bl 47 2B 445355 2 REREF RERE S FER - FH TR 8%
RAERA L 41 HR e P e S R R 48 ZFHESR S FIE =+ 5
§ xS o) - A S oA &R senig s S HE G ST
AR RR R RG] B 49 IR 4110 EAEF D TG BB F e

T o F IR hod 4-2 o

511,521 (dB)

frequency (GHz)

—— return loss 311 (simulation by IE3D)
——— isolation 521 (simulation by [E3D)
— — — return loss (measurement)

— — — - izolation (measurement)

B47 ZRERAENISMS 2ERESE

F4-1 ZEABNTREIEME ML S LR RRAFR

£ 3247 & (GHz) 2.33GHz~2.66GHz 4.9GHz~6GHz
R 330MHz 1GHz
8% R (S21) <-15dB <-15dB
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XY-plane
90

270
(a)
Y I_ . _|
ZI S E-phi
—_—— E-theta
E-total

180
(b) (©)
B 49 245GHz 7 @~ % 3% % &5 &34 (a)x-yplane (b)x-zplane (c)y-z

plane
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(a)
T I ]
ZI X | e E-ph
o E-thet
E-total
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Bl 4.10 525GHz 7 B &~ & 3% X |ig 53 3] (a)x-yplane (b)x-z plane (c)y-z

plane
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XY-plane
90

S E-phi
—_—— E-theta
E-total

270

(b) (c)
B 4.11 5.775GHz 7 &~ ;% = &g &334 (a)x-y plane (b)x-z plane (c)y-z

plane
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%42 * w48 L~ B

gain)fr-T 123 ¥ (average gain)

LI IR TR H AR R AL S 8 513 B+ ) £ (peak

2.45GHz 5.25GHz 5.775GHz
Peak Average Peak Average Peak Average
gain gain gain gain gain gain
x-y plane 2.6dB1 | -5.01dBi | 3.91dB1 | -2.62dBi | 3.12dBi | -1.7dBi
x-z plane | 0.83dBi | -4.25dBi | 2.74dBi | -0.61dBi | -1.03dBi | -3.72dBi
y-z plane 1.77dBi | -1.9dBi | 5.62dBi | 1.41dBi | 2.28dBi | -0.7dBi1

JE B 4.8 T B] 4.10 e 54357 ]g]"j}, *—FC];I
SR g

e A X A R e

¥ X 3 el g FIEEIRAEY > 2 F SRy R R AT
U&%yigiﬁﬁﬁWWO&zﬁb%*%ﬁ%H%J?&%i%ﬁiiﬁm

T RGEE e et b P F

ﬁlqﬁmg#g"],, ”%
| — Bhe i 2.45GHz i & f@qmp26dB1s—1h£g$§x«:—,~-l9dB1,m

el A I

+ 5.25GHz

e 5.775GHz - a5 & #::1‘5‘OdB1° %]412 pkﬁ‘\%ﬁ?%_‘éﬁﬁ + 8

B4.12 ~ 27 ey
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%3# (Conclusion)

il

AT HT SR R W N FTAE I 2] RIS TG N h
AEEF D L2 - R EBRRGRRORL B ET S A RAEY o A
R A A WA R TEAFRYS o orri g WITHE A
AL P B R TEEE S FRFDNERAE AT R L S0Q S
$RBL e AR Y PR TF ALY E 10x13mm s LA BAT UEED
BT R DG AR R TR R A2 - R B RGIRERSEE R Y E
LAE= Rk R 7 g Te o

A PP ARE S GE L R RIS DA P E D
e BOA] S0 % SUR I A o6 o 0 ¥R R HCA] 2 R < 1" EM S iR
R RARIT B 6 R R F R AR Y - RS R T RERE R
BRHLARPEHELE G A B e A RE S FBLES BEIRBIP
PETRRT A BAREL A A B RGRS RISIET G R I AR o TR L B
EFRHAF G oIk e o Ak ARt B R MK 3 & WLAN 802.11a/b/g e
Bt PoEEBRY A FHAERGIAR L ILY o4 T NE L R AT E SR

WA EEREE 5 AT F;"K" * Ak I s A v 2.45GHz ~
5.25GHz ~ # 2 5.8GHz F¥#83F it 2w 42 > 0 L3555 £ 414845 0dBi - @ %
TR BT S A ¢4 WiE1 2 FAEM IR AP * B EH
HAc X REW a3 2R M3 AT IfpME o FHITFL B2 &M
BARMEAFE A I3Mm 2L o F LA R ERFARENA L AT RE I T G nfl
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