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Abstract

In this thesis, three compact antenna systems are proposed. In the first
system, two antennas are located in-the front side of PC card, and it is suitable
for time diversity and pattern diversity application. It operates at 2.4GHz band
and has wide bandwidth, omni-directional radiation pattern. One of the two
antennas was designed to have Sigma shape and another was in W shape. And
the interference between antennas is below the required -10dB. The second
system is mainly composed by three square-loop ring antennas. Two of these
antennas radiate to left and right side of the PC card, and the third antenna
radiates forward to compensate the insufficient radiation. Each of these antennas
covers the frequency bands of 2.4, 4.9, 5.2, 5.8GHz. In addition, the radiation
pattern of these antennas is complementary in all directions to realize pattern
diversity. But the highest interference between these antennas is about -8.5dB.
The last antenna system is composed by four multi-band antennas to form a

compact MIMO antenna system. We will propose several frameworks to design
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compact MIMO antenna system and compare their advantages and
disadvantages. Then we will take some experimental examples to introduce these
frameworks. The interferential effect among antennas is the researching key
point. It causes not only signal process at baseband difficult but also destructive
interference to radiation pattern. The interferential effect is discussed in the

measured results.
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MG ENTI AP L P E 0 TIRP L ERT I 2PE LH- B W
Ak o dAfrdl3 B A T T Sk

W2.22 % B Ao £ it 505 S 4 (Return loss) fef; 3.7 3 £ W] > g fo £
Ry dRiT 0 BRIGTE X1 S R 420MHz ~ % AL 2 B
642MHz > ¥ tdk (F4F % 2.4GHz P5 < U iz 3£ 7 45 £ 5 -13dB > £ 51-10dB
B4, M2 M I FTETLAL A M2 LA R RHE 2B 7ol
roiEe B RE £ R BT R A2 BURET i AT AT
SULAHTAR 0 ok 3R] AR R RS R S -

d pifoE[1]4v > Hix=X 4_;;1%’1 :Rf_‘f}ljx,ﬁ/’ﬁ T - IPNE ot SN
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§F BRI g L ) i £ D= mﬁ”#é LS
f@y ‘J‘ i%m%“ﬁjff’m%?/u "ré’
L8 00 G EFRE ERPIGRIN 21 §F RIGHT IR e gL

HE 0 OV R SRS & 0 ho ] 220 SRR 0 R A1 foR M2 M e gt

-SRI £ DA U SR Al A LR R A N i S M
TR EF EBIOR BT IIERELERAE P LT IRN2EE £/ DT

feR R e Sl NEIE M ETHE R I, c AR gt F AP EFL
FABLEARE S BTN ATUT LE T R g R o X R 2 Fk e
MrEF LT AT A B Rl A REHF (RT 2wt R
£ R R Ar R SRS LR b L RS S R B A XY T 5
FeYZ & 5 cfg 54 5-3] € e — 32 0 B 223 frB] 2.2.4 5 &R hig S0 53] 0 45 5
FA & BT 5 £ RT3 Fo(average gain) fri# @3 £ (peak gain) AIL >t

% 2-1-

(a) XY-plane

B 2.2.3 % % 1 (sigma 3j) ** 2.44GHz & Bl 537 (a) XY T & (b) YZ
Twm (¢)XZTw
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(a) XY-plane

4,

Total
E-Phi
........... E-Theta

(b) YZ-plane

B 224 %2 (W35) * 2.44GHz £ Bleif #31) (a) XY T & (b) YZ T &

(¢c) XZ T w

% 2-1

Sigma Aj4r W 25 % & % 5ol 8T 5 §F 543573 en-T 153 £ o B3 5

XY T 5 YZ T 5 XZ T 5
41 EEEE. EAE - LEE
-2.05dBi -2.00dBi -0.78dBi
¥ EH F10.09dBi | % & B F % @ H ¥ 1 1.32dBi
-0.45dBi
X402 Ty H ¥ SE AN
-1.14dBi -2.52dBi -1.04dBi

% EH ¥ 13.13dBi

W % 5 ¥ £0.78dBi

% @8 F 1 1.23dBi
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23 Z AR PEE BT AR ERRR T DR Y

Bt 5 e 5 (MIMO) % 805 A - % S enis 3 5 4 3 it
E_k’iﬁ,,%mlp Ju/%@ﬂ"-,ﬁ IS ﬁ; PRk T s Fu LR P “Jilmelp ;ul%‘u; "% 4 3]-10dB

A 3 T - AR A AT B o 230 T 0 AT i R
e R R

T iR PP R ARG R TR c AP APRE Y S L X AR AR
T

B LT WOt A oG fg g U T R H B 2R e

vk B AT PR EFE > LAEED R £-10dB> @ 2B XA

G FEBRA AR2 o3 L WA EIEE Ymi -8.68dB - + F &

Boenik 4 50 g ¥ 2 A (chipantenna) g MRFEFHFT R FFFLT

AL PR A3 L @A B R GER S d § — o 24GHZ
2= A2 R EHL 342040 T 3Mmms AR IFRBEAGL S A E
e E A o M3 R ERERIEEND @ T A fot M3 B

PARRSEHE T IR GE TRV IR) ) AR D XRIFH

SGHz # B 4 & Fd eas 4 1E‘_f—r§*_§,§r]’
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< [=48mm >

{__r, <— antenna? | path2

h=28mm ............ ‘_pathl
P ED antennal

~
antenna3 antennal @ """ ~~- pathl
— path2
i‘d—7’i w4

F23.0 2 SEHR

PR kSR i wl=1.55mm’> w2=8.5mm’> w3=12mm > w4=11mm >
w5=3.5mm > w6=3mm > w7=2mm > w8 =3mm ’ sl =6mm > s2=23.5mm - s3
=6mm °> d1=7.8mm > d2=7mm > d3=1.5mm > d4=5.63mm > d5=7.3mm °» d6=
10mm > d7=10.3mm > d8=6.3mm > d9=2.6mm > d10=7.9mm > d11=7mm > d12
=1.6mm > d13=5.73mm -

§ b - S TR R AP T X AUR S T R AUk D el BT
b RATR A dER B b TN JTEr g R Ad A O T o T AT
AR ER(E 231 “7H77 ) & 45 6 RS ML IS 2( 8 2.3.1
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AR ) R Rfe R KA FEIARDEFE AR AL EENEIAPEL
T RE TR 0 TR R R ARk B RR P ERE R & 24GHz
BB AL R T T P Bk o F] S X AL # * e A5 G 4.8CM
X2.8CM » #T IG5 X MG A de RS B SEL T R B R TR AL
frd b RPN EN 5 10T e L AE B (T o

A Y £ AFRAF I FIM o # % i BB F_0.8mm o FR4 47 ek A
Blch G 2 00 5 At A o B RG] Ansoft HFSS Hoft i
1T B 2.3.2 A fr & R0 R SR AL ik B o £ S 45 (Return loss ) 10dB

#EF ok (T4E 5 2.4GHz ¥ 4% 18 350MHz » SGHz <74 %426 IGHz 4 & & £ o

(dB)

-30 | /9—Simulated S11 ——Measured S11 \ /
—A—Simulated S22 ----Measured S22 \/
—S—Simulated S33 ——Measured S33

15 2 25 3 35 4 45 5 5.5 6 6.5
Frequency (GHz)

Bl 232 B &= % &% SRRl ens 54345 B

15



(dB)

(dB)

———-Simulated S12 ----Measured S12

15 2 2.5 3 35 4 45 5 55 6 6.5

Frequency (GHz)
(a)
0
-5
—A—Simulated S23 ——Measured S23

35 4 45 5 55 6
Frequency (GHz)

(b)

15 2 2.5 3

16
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—S—Simulated S13 ——Measured S13
-10

-15

(dB)

-20

-25

15 2 25 3 35 4 45 5 55 6 6.5
Frequency (GHz)

()

Bl 2.3.3 f&f@.:_ S ,?fuﬁtﬁfrﬁj@]ﬁvfg }UL%_&&%%‘] (a) = 4 1 ‘){“-":R-%ﬁl D)
B fe R RING 53 B E (b) M2 feX B3 Ml fr R RIHE R B E () =
MR A3 oo R Rl 4R

d BRleBcp Y o R Rdk (FAEE 24GHZ > R R 2403 AP en BT 4
2i3]-868dB H v XM I fe2 XM 1fr3 Feniz 3T 458 % 2-10dB 117 >
SGHz #f&ienig & & % %-10dB 127 » i 8 75 & SGHz #f 6 > TR &4 A
P BEL AR Y 162mm o A AIEAE AR 0 X M IGERARENRAE Y 12 B
Lk o T MR LT R AR Rk B o

T 5B 2.3.4 PIE 2.3.15 Z BRI S 0 T BRI R RhiE R EE - 2
A ELEE 0 ¥ ha LR 50 B anf S o d BRI A R R
Faoo g HY - A AMGHSAFT R HEFIIE 0 €7 ¥ b L XA
W @A L FAmRy 0 R 23421236 560 281 SHXY o YZ L5
S A AR L F LB TR2IB IR HER XY PYZ e &
& gﬁqﬂggsﬁjﬁﬁgi I ] i&i@“% RIfrx 2w 2B G573 Lo d HvHpE
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g S H-A BB T Ao B T AT G o fp BT AR BT G R R enT b0 £

folt B3 X BT 4 22 )4 24 0

(a) XY-plane
0

<+— antenna2

..v‘ 315
F X q
antenna3 v antennal o /

Total

= = = E-Phi
........... E-Theta

(b) YZ-plane
0

B 234 =& 173 244GHz & Blendg 54373 (a) XY Lo (b) YZ T & (c)
XZ T w
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B 2.3.5 =& 23 244GHz &3 endg s43-7) (a) XY Tw (b) YZ T & (c)
XZ T w

B 2.3.6 =% 373 244GHz & Blendg s+3-73] (a) XY Lo (b) YZ T & (c)
XZ T w
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B 237 =& 1* 49GHz & Blends 5357 (a) XY Lo (b) YZ T e (c) XZ

B 23.8 =23 49GHz & #lchfgsts-7 (a) XY Ta (b) YZT & (c) XZ

20



% 4 3% 49GHz & Rlepig #4853 (@) XY T 6 (b) YZ T & (c) XZ

® 2.3.9

T4 13 52GHz £ plenfg 543-73] (a) XY o (b) YZ T (c)

B 2.3.10

XZ T w

21



B 2.3.11 =& 23 52GHz & B sdgsds3) (a) XY T (b) YZ T w (c¢)
XZ T w

B 2.3.12 = 3> 52GHz £ Bledg 4373 (a) XY T (b) YZ T & (c)
XZ T w

22



(a) XY-plane
0

B 2.3.13 =4 1> 5.8GHz £#ledg s3] (a) XY Tw (b) YZ T & (c)
XZ T w

(a) XY-plane
0

B 2.3.14 = 2> 58GHz £ B|edg 4373 (a) XY Tw (b) YZ T & (c)
XZ T w
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Bl 2.3.15
XZ T w

antenna3

<+— antenna2

antennal

% 4 3 % 5.8GHz 3 bt (a) XY @ (b) YZ T (c)

(a) XY-plane
0

22 Z AP EETR LARDE T HF AT Io S {oE B F X
A1

2. 44GHz 4. 9GHz
XYT & -2. 31dB1 4. 19dBi -1. 45dBi 5. 33dB1
YZT & -1. 86dB1 0. 75dB1i -2. 71dB1 -0. 13dB1
XZ2T & —0. 4dB1 3. 45dB1 0dB1 5. 32dBi

5. 25GHz 5. 80GHz

T30 ¥ % 3 F T 3o ¥ % B E
XYT & -1. 4dBi 5. 95dBi1 -2. 16dB1 5. 2dBi
YZT & -1. 87dB1 2. 89dB1 -1. 06dB1 2. 84dB1
X2Z & 0. 37dBi 5. 92dBi -1. 5dBi 2. 59dBi
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% 2-3

It

AR H 4R X R

KRR R E Sl E = e L N

7

BLX

S

2

2. 44GHz 4. 9Gliz

=t # EHE T IR & # EHE
XYT & -1. 91dB1 2. 68dB1 -1. 54dB1 1. 99dB1
YT & -3. 14dB1 -0. 53dB1 -0. 4dBi 2. 6dBi1
X2% & -0. 37dB1 1. 72dBi -2.18dB1 2. 44dBi

5. 25GHz 5. 80GHz

T 3o & EEHE TIoH & EEHE
XYT & -1.57dB1 2.12dB1 -1. 59dB1 2. 04dB1
YZ* & -0. 07dB1 2. 44dBi -1. 6dBi 1. 46dBi
X2T & -2. 16dB1 2: 53dBi 0. 14dBi 4. 26dB1

%24 Z 2 AIRKEART AR WAL T A T o S o ERF X
3

2. 44GHz 4. 9Gliz

=t # B HE TR & E EHE
XYT & -1. 59dBi 3. 56dB1 -2. 92dB1 3. bdBi
YZ* & -3. 01dB1 -0. 11dB1 -1. 39dBi 0. 92dBi
X2% & -1. 09dB1i 2. 28dBi -1. 45dBi 6. 11dBi1

5. 25GHz 5. 80GHz

T 3o & EEHE TIoH & EEHE
XYT & -2.46dB1 3. 45dB1 -2.67dB1 3. 09dB1
YT & -0. 09dB1 4. 37dBi -1. 39dB1 1. 27dBi
X2T & -1. 68dB1 4. 91dB1 -1. 84dBi1 4. 31dB1

25




$ZF wARERMERE T

AR B A SBEF RS N MIMO &R ks d b - el
FEA UK IR RIHAME L v oY 8 L 3 MR
FaF > U RrkEinaxt yeaas L xmplv @ % 5 F (inverted-F
antenna) * % - H 4& =% % (monopole antenna ) ~ & 5 % 4 (chip antenna ) ~ T &
% F 4] (planar inverted-F antenna) = &% JE4f > & Jb k tido < R %Efi*uﬂ”—\% A

G5 enhi A % 0 i 8 LW R T]G SASE 0l AL B K F R R A

SR LA N F etk B R EHBAM 2 R M HE g
RIS WS NI AN ey =R SR N

31w BAE ) AR AR E AR Rl A 2 §

ol ARAEEE e SRS MR o A8 Bl 311 S
T T B T ARG L2340 B A IR T R4 B
311 (a) 3w & e r chE o 2 B iBE e AT L EL {Lg?fg,
St o HBE AR IR AAIfrARATOLETFEE §ET]Y
7B A M2 e M3 BB B F R EFHRIT-65dB P Bl R ELS
Mgt 311 (b) A3M1Ifrx R4 pbr 3 NLd TR2frx A

PR OREEE X A2 (et M3 A 2AGHZ AT EL D HLF R £ T 00 K F]-10dB
PTE R AR fet M2 EFET R BRSHS TR AR
R B RTRA DRI AR eI A2 AR M4 F G E
FHEETEEINHSIB 30D (¢) A2 M3 2 N fri ] B R4

— Mk 30 RIIA5 R > L EHDBEIEIM2 eI MIM N D A ug A
2F o PR R F R AMF DL IR TN 6D B E DTG F S
ARHOT RS TP SR P AR e R22F 2 A3 fox
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MA2 FRHEFELE€ETN-65dB = 7 &4~ iB* chg et > A& fr=
M2~ AMIFrA M4 TR2feX M3 AL Py LR Bt M T [LenF
3.1 (d) Ar = 8 feZi 4 (b) ApF - P EHEPRERS > T RELFEY &

T AL PR BT RS e R et TURE w0 AT — R R
R g AL éi’ff%i**&éi/é‘iﬁ%?ﬁﬁi'l"%fsiﬂlfr%fsiﬂﬁjf‘ué’ﬁ%’ﬁ#«%ﬁ =
TR AT FR LR R AR R B AU fo X A4 Y B RH e mAPLY
5 B R 5P| 28mmo g B X 5 eha ff o ST e B RS A Y 030
(e) 47 4 (a) frZ i (b) hifdk gL o 24 ATk T chifak BEEFIE T 4

3-1°32- Hvdrin? 0 vd PSR P —a fpar S L el
Bk BE T G 2 E o F R R RRIET L KT AL E B et B ARG

DFFEMNY - LAMAHERFADH TR A

3 2 3 2
i\ V12 2k e e 3], L2
aly ‘ ‘ e 5 )
P S
(a) (b) (c)

3[v vl2 3 2

— G /} Vt_

i |>——‘ "{L _1 i 7 1

| T

(d) (€)

F§]311 e AR AR REE L MIMO % 2 % Sk 3t % ﬁé%}(a)m%%@’ﬁéﬁt
f#(b)%ﬁi*@fﬂ)\ EHE (c) TAR2Z AMIfrAM] 2 A4 %308
J45&§"€ﬂ)\ ‘f#‘ (d) %ﬁ&%i‘—@_fﬂ)\ /ﬂ}#‘ (e) ”"gé‘n}\ /’E?‘
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BT k3286 - - AR

R SR R

B e g Bl 5%

§ w32 8033 §Fmbit 0 AR A RTFIRARATR 0 AU AP R RIRI MRS

HWH 2 F AP LE AR

(PCBH##F : & =44 > losstangent=0.02) > # 1 5 & % 0.8mm -

AR ED AT MR DEHY S

FR4

#3-1 %4 (a) FEHE () BB R
%4 (a) (b) (c)
F Al TR2IPIAMIF | A2 A3 M
(13 BRI frx | »ELE o
MMV 2Ty "F i
R
Rz Bl £k AMIfrrR2F | TR frRR2
4 Bt éﬁ%f?ﬁ“{“% i BB, 0 T2 e M3~
FT R o TMIfrR AR
A L s
i%n’ﬁf#—’ mﬁ%—’\ o
#03-2 %4 (dVEL % (o) Higa g Rk
ni (d) (e)
r po & (a) = (b) %
ey 1 AMIfram4r | FL (a) fv (b) #

& A =

2t

32 Féw M EREREt ey

321 @ % v oA~ (2 fﬁ(a))ﬁmﬂMO%ﬂ&,m

e g A B3 AT MY MR SN PR

T EHEFILEEE R e DI RS o BN

28

WFmR o % -

B2 fpen

B2ATMEP > F



- B AALD L HEI S > B 320 58 XA AR HER o o
5 48mmx24mm > ik hm A ] 0 AR T frRi R4 AFS VR E R R X
M2fr2RIZTHAHR AR frARNAAEF - FEMT58 TAHIRNLE
WA B IED T n BT A E R R gk > B 3.22 (a)
W e B Rl enF ST F 0 F13.22 (b) oW1 322 (¢) 5 fic B irlehi g7
BEF T LR AREFHMERNE-TAB BEFEEF LA S M2 G
PR EH T INBRE T RRBRR I X M3 T TR frR A2 iR

23T P PR ASGHz e LT et > T A5 % el B 4 |72 0% K3 ang

Foo
|
48mm 2
3., <
antenna3 X antenna2 1
Y Y —
24mm | I
antenna4 antennal

R 321 % 4 (a) v HiaX & SR

Return loss

—A— Measured S11 Simulated S11

—— Measured S22 —— Simulated S22

15 2 25 3 35 4 45 5 55 6 6.5
Frequency (GHz)

(a)
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0

— Measured S12 —H— Simulated S12

S5 Measured S13 —}— Simulated S13

—— Measured S14 —X— Simulated S14
-10
-15
g
-25
-30
-35
-40

15 2 25 3 35 4 45 5 55 6 6.5
Frequency (GHz)
(b)
0
—— Measured S23 —H— Simulated S23
-5
-10
-15
S 20 /
-25
-30
-35
-40
15 2 25 3 35 4 4.5 5 55 6 6.5
Frequency (GHz)
(c)

B 3.2.2 Hgfc B BlanF S AR EER (Q)F MR, (b) BT HEE
M1 (0) GR*EEM2

B 3.23 71328 3 2Rz s3> ¥ g P XA M2 {r X M3 & 24GHz

FPHE MO AL TAEAL T H e R REHTA (&
T aw s i SGHz (B R XY T 6 4o XZ T G 4 S35 en3 4F sk 4 48 o
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% 3-3 34 3-4 5 Biplensg- Al #cd

Total gain
— — — — Gain phi
.................... Gain theta

B32.3 % & 1% 2.44GHz & #lnfg 5 84] (a) XY T3 (b) YZ T & (c) XZ
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Total gain
— — — — Gain phi
.................... Gain theta

B 3.2.4 = 4 2 2.44GHz & Bl 5357 (a) XY T o (b) YZ T e (c) XZ

’ X XY-p!ane
: I g
)

Total gain

— — — — Gain phi
.................... Gain theta
YZ-plane

A

el

7o

B 3.2.5 x4 1 % 5GHz £ Blerdg #4354 (a) XY T (b) YZT 5 (c) XZ T
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XY-plane

[E A
Total gain

— — — — Gain phi
.................... Gain theta
YZ-plane

Total gain
— — — — @ain phi
.................... Gain theta
YZ-plane

B1327 =& 1 58GHz £ Rlafg s3] (a) XY & (b) YZE 5 (c) XZ
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0

Total gain
— — — — Gain phi
.................... Gain theta

B 3.2.8 =4 2% 5.8GHz £ #leris s34 (a) XY T & (b) YZ L& (c) XZ

233 %4 (a) A hs (1) et & G gsd 33 cnT so5 § o 3 §

!
2.44GHz 5GHz 5.8GHz
XY T m R A T 3on F T o F
-2. 36dB1 -4, 05dBi -1. 82dBi
g EHE HEHE #EHE
4. 15dBi 2. 24dBi 1. 75dBi
YZ T 5 Lian & ToH 5 Ton F o
-2.719dBi -1. 12dBi -3. b6dBi
A E AR E W EHE
0. 68dBi 2. 84dBi -0. 28dBi
X7 T m Lya & ToH F Ton F o
-0. 95dBi -2. 52dBi 0. 23dBi
A E AR E W EHE
3. 33dBi 1. 49dBi 4. 12dBi
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344 (a) A& A (1) T o fgadd] T o8 F {od B3 5

* 2
2.44GHz 5GHz 5.8GHz
XY T m R A T yon F o T o F
-4, 72dBi -2.57dBi -5. 19dBi
g EHE #EHE #EHE
0. 109dB1 1. 46dB1 -0. 28dBi
YZ T 5 Lian F TH F Ton F o
-4. 24dBi -4. 49dBi -2.94dBi
A E AR E W EHE
-1. 47dBi -0. 54dBi -0. 66dB1
X7 T m Lyan & ToH F Ton F o
-4. 21dBi -1. 04dBi -3. 08dBi
A E AR E W EHE
-2. 81dBi 1. 54dBi -0. 37dBi

BT REAZR* 2L 2VH R I N{ILE R AME S VL IRE X RO
GE o 4oB 3290 G ff 5 48mmx25mm 0 A A2 e M3 L - HLAEER R
me - HPRF TR B LA EARSR LR § F SGHz 47 £ onig 5t 0 B

£ 4Rk § F 2.4GHz 4 g 54 W 3:2.10 (a) 5 £ iplenF S43F4< B > B 3.2.10
(b) fe(c) A ERIDEHFFEER  FUFIN AR 2fe2MI DT EEF
2-52dB A M I fr3 M2 M3 fex M4 AW FE-8.7dB - o F 3.2.9 A i
ZINARA2TRITL TR O RBRTIRIESNE G REETFEOFIE AT
R G RS T AP £ chi AT 0 B 3.2.11 $] 3.2.18 5 B iplcdg 54525 0 i

AR R 300G 8 F S KR AL o & 3-5 314 3-8 5 & RIeS-3 By -
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antenna3 L £ F I antenna2
25mm —‘ .
[____ |

antenna4 %anten nal
|

Y
1329 @% ¥4 (a) 24> R R IARr2 L EHRIAME S L RF M
B

Return loss

0
-5
-10
-15
-20

— Measured S11

o5 —H— Measured S22

—<&— Measured S33

20 —>¢— Measured S44

15 2 25 3 35 4 45 5 55 6 6.5
Frequency (GHz)

(@)
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—— Measured S12

S Measured S13
—— Measured S14

(dB)

| )1
o
o

L

15 2 2.5 3 35 4 4.5 5 5.5 6 6.5

Frequency (GHz)
()
0
—F— Measured S23
- A —+— Measured S24
10 / —xX— Measured S34
y“ 7
-15
— &J
2 |
-25 ' \
\\
-30 ‘.\
M
-40 I
15 2 25 3 35 4 45 5 55 6 65
Frequency (GHz)
()

B13.2.00 243U R I Rfr2 L HmI A4m e > AL RE IR 5 AR R o(a)
FoufapAcm (b) RHFHEIMI (c) RHEFFLR2
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==

— — — — Gain phi
Gain theta
YZ-plane

315

[
270 Y

\

Total gain

—
(S

270 ) ‘ o
Weaa
N

:Ij{(r F XY-plane 45
= = e

Tota_ll gai_n \ \ @'9/ //

I GRIRENE =
YZ-plane XZ-plane

B 3.2.12 = R 2% 24GHz & Bl #4334 (a) XY Lo (b) YZT 5 (c) XZ
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\ XY-plane
1T 1 P:

slllm /o

Total gain

— — — — Gain phi
.................... Gain theta
YZ-plane

>

Total gain
— — — — Gain phi

.................... Gain theta_
YZ-plane

B 3.2.14 = 4> 24GHz £ #5353 (a) XY L5 (b) YZ L5 (¢) XZ
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g

Total gain
— — — — Gain phi
.................... Gain theta

T

Bl

|
—

315
[ R
270 (ol

Total gain
— — — — Gain phi
.................... Gain theta

Y

F3.2.16 % 422 5.0GHz £ s it 3-1] (a) XY F6 (b) YZ+5 () XZ
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Total gain
— — — — Gain phi

.................... Gain theta
YZ-plane

B 3.2.17 % &3 5.2GHz B3Rl g 8a) (a) XY 5 (b) YZ L& (c) XZ

T 5
_ - XY-plane
1 13 g
._\\ > 315 7 "5
~ |-
0
LT W
Y ‘ %‘«' 54 5
YA -~ v

Total gain

— — — — Gain phi
.................... Gain theta
YZ-plane

Fl3.2.18 % 4420 5.20GHz £ s s3] (a) XY F6 (b) YZ+ 5 () XZ
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% 3-5

Tl

EH (a) TAL A (2) Bd T ff W3AlenT 105§ ok B F

2.44GHz

5.2GHz

XY T m

T yo8 ¥ ¢ 2. 26dBi
% w5 % © 3. 65dBi

T o ¥ ¢ -2, 63dBi
% ®H % : 4. 12dBi

YZ T w

T 35§ § 1 -3, 38dBi
W &5 & ¢ -0, 14dBi

T o8 & ¢ -1, 53dBi
% 3 ¥ 1 1.63dBi

XZ T

= yo4 ¥ ¢ 0. T5dBi
% 55 % ¢ 3.52dBi

T oy 5 1 0. 48dBi
% EH % ¢ 4. 97dBi
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