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Abstract

This thesis presents MIMO (Multiple-Input Multiple-Output)
antennas designed for Ultra Wide-Band. The antenna system includes a
Vivaldi antenna and a rectangular aperture antenna.

Polarization diversity and pattern diversity are employed in this
design. Antenna bandwidth covers from 3.1GHz to 10.6GHz. Antenna
gain is larger than 2dB.

In order to avoid the interference with wireless local area network
(WLAN) of IEEE 802.a in the 5150-5825 MHz band, several frequency
notch designs are included. The simulated and measured data are
included with comparison. Some important parameters are simulated to
verify MIMO performance. Correlation.of the two antennas is below 0.1
and the diversity gain is greater-than4dB.

Index Terms: Vivaldi antenna, apérture antenna, band notch,
MIMO, UWB
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i

BEAK 6 EAEE B ﬂﬁﬁ"{kﬁ%mm% L TES FpbeE o d

FRETOSER AR B R T R AR i 5§

B4R @ TR G SR e PR { § A g
Pl B o & W45 (error rate)#% % © # % R Shannon(Claude

Shannon)# 417 % Ze¢hShannon 2 £ X F Y g1 11 %l o

Y

&/ % Shannon =3¢ z_ @ » R e 4 (SAR -

signal-to-noise ratio) o ¢ {#g ME T £ frfein 2 B ant g
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(SNR),, =10l0g,, SignalPower

NoisePower
B R A % o B Bawans 2 (SNR <) 0 Bl Flsean

P 80 APt ™ o Shannon B A8 TR R A AR HHEE

% (maximum channel capacity)

g ~.C=Blog,(1+SNR) (2.6)

Shannon %

¥

Cidp 7 8 5 % 59 @X e~ 8P (bits per second) °

@ B AAEiE g %> B & [Hz0 Shannon 3 & 238 & £ end_ T2 4
EE R TS

R HECE R EL AT S P

*37}

Shannon 2 ;% B3k #7F ezl ?K'{white noise * * % J& fk impulse

noise ~ attenuation v delay distortion % H & gzt Kk o
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IR ORRHAE R AR

Curve:
7=0.5*H+exp(W*y)

3 Wi

b R MR AR a«fﬁé Lo FRA 5B 5 lnm- & » i

i

FAE A L 9mme R 5 port2 (s YABRHFF &6 F L (B 2=
o) o Rs i port2 4 » 2ol w A2~ Flehw F L (B¢ Fi2k) © R

5 port2 4 » T F R4 ehe A2 - Fld F L E (3 Fliek) -

Gy 60mm W, 16mm
G, 40mm L 6mm
M, 20mm W, 27mm
M, 9.4mm L, 17mm
H 0.5mm Ro 4.5mm
Sy 3mm R 4.5mm
W(opening rate) |0.12 R, 2.5mm
Rs3 0.7mm

AT A b SR S
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3.2 XMMEE BP
A P EEF RS MY & E Ultra-wideband

(UWB) 3. 1GHz~10. 6GHz = & » I i%iF pattern-diversity fr

polarization-diversity » @& 4t 1 (454 p > & L X AR enjp 3 B
P ) YL R

1. 2 UWB HE % p » i @ = s ¢n [S11]E 5] ~10dB 2

9. & UNB &g # ) » ¢ 8% 3= ch |S22]: 5] ~10dB 2

3. & UWB cHHE P+ 16 95 £ = s e |S12] ~ [S21] & ~20dB 14
%ﬁﬁi@%ﬁiy%ﬁ?ﬁ R H_E R 50 B HoE

;o FEd {Kl}{"féiéﬁﬁ-i* \i% /E-Ei,w Imm > 4Ap¥ A 3 ¥ #1c4.4

I e A

FR4 175 B iT I o ’sﬂﬂ\i“'—‘ fok 60mm x 40mm X lmm > F & B

B M- d portl AEr o F LR RAROFTAT R MRS

d port2 4 » > B X MOTHARI o L - AR Mg it > p F)

Br et i B &7 E T polarization-diversity #icdk > @

2l

HE3pehcoupling B Fld ] » ¥eh» d 32—y L 2 MHE

Niud

bght S o L ORIEEES S AR B AL TR X T LR

=i

pattern-diversity sz %k o
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3.3

%

2

oo B R %

—O—Simulation
—a—Measurement

0-
-5
10 fuiininlinN MA;
m -15-
Z
—
—
9N 204
_25 -
-30
. , i , , : : .
2 4 6 8 10 12
Frequency(GHz)
W 3. 2SI R S fke fo £
o
i IE.L
| <=
1| —o—Simulation
07 —m—Measurement
-5
104 Aﬁ
m -15
Z
N
[oV}
9N 204
-25
-30
T T T T T T
4 6 8 10 12
Frequency(GHz)

B 3.3 S22 % ¥ F ¥ e HHI-E R
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—O—Simulation
159 —a—Measurement

-20 -

-25 4

-30 4

-35 4

|S22|(dB)

40 -

-45

-50 T T T T T T T r T ; I
2 4 6 8 10 12

Frequency(GHz)

R34 SIZ5 R s R
W/
| 'E

RENIE Y S S & . {%s-%arg Pl % o & UWB 45 p >

*FK REPBLEN R ARt p o

3.4 TRIITRILE HP

22

AATEIY R - A MR o TR LS XA AR
r el B ed s (Microstrip line)## B # s (slotline)#n
A DS
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11’9'1,%[3]?‘_1’_& FRINDEEREIGFEH e R A D4
Boi o s B o W H o T GRS E 0 AR g
Brat e Up e R E T a8 AR B S - B % ke
L iy ﬁ%]‘ﬁéfﬁ_ o

EEFFEHOAT R A A RBREERROTRE
B A PEEG > R ERERALBRRAY BE £ rFRH
A O S fjﬁ’ﬁ'»j? LFTRDLITRE THENE
#peni7 ik * M (traveling wave antenna) °

AR A %-F#ﬁ,‘ﬁm%:#” = A7 50

& S Q|§i’HI i:+ exp(W -y) (3. 1)

AR (LR 3. 1) 0 5 brin Bl VLR 4 B, SR e R o A

SHW T 2% KPR IB o o] o Wi SHA 4740 3.5

—0—W=0.11
-@- W=0.12
—4—W=0.13

-10

-15 -

|S11|(dB)

-20 4

-25 -

-30

Frequency(GHz)

BM3OFAFAEr W 2dkrir
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dRFF g g Wd Rk 0.123 < 5 0.13 pF - MO

i

E‘ﬁ]‘f’_fr‘bqhﬁag i.&;’. ’ fg%i{?g%;}_ ; F—LZ‘fPﬁ’J 7“5* 011 ’ E“J'%'H:FT%&;

AR R AL o o Bed B W=0,12 - B P EF & a3zt

9

o

E Field[¥/m]

1. 8006 +EEY
. . 3758e+0A3
, 7oBE e +BE3

1250 +B03
. SR e +AA3
. 8750e+8@3 | _|
. 25R0e +AR3
625024003 | =
. BIEEE ¢ +EE
. 3750 +B0S
. 75E0 e +BES
1250 +B03
. SR e +AA3
. 6750 +RAR3
. 25R0e +AR3
. 25ER e +BEZ []
. BB & +EEE | I

L I T o R O T O O i ¢ O s R e I s B T

Bl 3.6 % X % % &g TGHz reng 4 %
FTAFIRAEMFBOTHEL T RHRAL 5 o § 3.6 4

P f_ e TGHz PF > s portl shd L % X & #7352 chg Fw £ §)

Ape T MG - BAehB AN > THAFERRL 2 B
BTREFFARDOBEC x> THPORRER ] T2t TA &
BrzBRkrRT ¥R RIHEHREA e AR - By e

A

7 (traveling wave) « i2fe % 1 & % &w Highfic £ 502

-~,
M=
4¢

LIERI B R A Bl Ehy P v i (peak gain) °
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(2) == BHAMAL ITHIT
Rig < @Ed 2 RS i mitifpie 7 A2 V0 Lia §
Ultra-wideband (P E#E 7% & 4 &7 7 i 2 M1 (T
FOUREE S AR S Bk ko g v e Ao £ B9/ (gain pattern)
SRR o T A B4 T 10GHz = BERERA R

1. 4GHz & I=$icfs -

E Field[¥/m]

1. S0E8 e +AA5
. 1. 4863 e+8E835
1.3125e+803

, 2188e+863
1, 1250E+0E83
1,851 3e+083
9, 575@e+0E2
8, 4375e+0E2
7., SEEE e +0E 2
6, 56256 +0@2
5. 5258e+@82 jZaE]
Y4, GE75e+AE2
3, 7S@RE+AE2
, B125e+EE2
1, 5750e+0E2
9, 375@e+AE1
6. PEGE & +EEE

Ll ¥

Bl 3.7 B = sses >t AGHz pFren -0 F
d B v gy e AGHz £ dRapFlE 0 DA & A F AR N
Aoty d e Rw R DT H o BB L F A L ATt
TR F A G RIFTE, £ IRICA - FA T BT G AL B IR
kA P 0 f5 (fundamental mode) o ¥ M MG T FH A * 0 7 = &L

2

by > e e R (dipole antenna) - ¥R T - & 3.5

i

By
A Rp o F B € F o b AGHz pE g o X RehE-plane (XY
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plane) & - B 8 F A3 4] » @ A X s H-plane (XZ plane) R &_
~ BEG AT R R (o R R R g BT - 4R 0 T

LT = By RS AU R T e £ R e

2. TGHz h+ ¥= #-f

E Field[¥/m]

1. SRR e +EE S

. . YAE3E+EE3
3125e+0@3
21G8e+0@3
1256 +BE3
A315e+E8 3
3750e+082
4375e+E02
. AR E +302
. EE25e+@02
. E2GAE+EA2 |
. BE7Se+@02
. 75ABE+E02
, f125e+@02
. 875Be+ER2
. 375Be+@E1
8., BENEE +HEE

Py

=

[T I = e R T N

1 _3|,d%':iiigﬁﬁ:'ii;;;;:

—%;‘{ij\{ -f(ﬂ—“?*f];}'l&lﬂmo LSV _ﬁmi%—"‘]xﬁq\d y m’*’i%;\e
» 5 E-plane(XY plane) ™ 2% &~ % 8 F 3] cha)k -

-

TE z et RE e AR BT (cross—polarization)
ELEE RN R ﬁ *ES B ERIA TR et bz
G oodpe WP 5 A & H-plane(XZ plane) !t & - ¥ & 37 €
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ez BB (LD - LF L FEI DT FT R o kR
LF BRehiec

3. 10GHz = & Hofi -

E Field[¥/m]

1. SBBRe+0E3
.  4BAESe+EAS
. 3125e+803

. 2188e+883
 1258e+883
L B313e+883
. 3758e+0E 2
L 4375e+882
 SEEEe+EE 2
. SE625e+882
,BZ258e+0E2
. B875e+082
, FoEBe+0E 2
L 8125e+882
. G758e+0E 2
. 3758e+881
B, BEEEE+BEE

=rd

[y

[T VIR TV N I TS I BT B e

I -_wfl-"n'

@39wm%dﬁ&%MMh%m§%»#

2 10GHz P HA F WA 7 L FFy S w R HA R A

BFATHCE S s S o LU RGBS e R A

=
<l

o
¥
o=

a1 % E-plane (XZ plane) s34 » v g
Rodot EARAM S HHET R A X P o

EF oz T B AT hifmde ToHz S g4 i 4 £
BBz >e o TIPEARE ] R AR TR R
(cross-polarization) i< & H-plane } 4ot — B £ & i ik 48

o etz > w3 A4 7 28(null) o
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NS

RO

£

SR E_Boport2 & » &% ekt ol F AT
o B oz - FAREE N 2 L T T ARG e r e A

2 - F %% R& 3mm~ 4. 5mm ~ 6mm 50 K333

—O— WIthout RO

- @+ RO=3mm
07 4 R0=4.5mm
—--A--- RO=6mm
-5
-10
o
S 15+
~
N
\
-20 -
-25 4
-30 T T T — — - T — T T T
2 4 6 8 10 12
Frequency(GHz)

B 3. 10 B 4§ % 8 Ry Sodes 47
d BT g dl e Ao Bl b A2 - Bl 0 HEART e

H2LF PR e o WL ARG Ar IR 0 K3 Ro=4. bmm 7 04 -3

I}

+d 9GHz 48+ 3] 10. 6GHz © 2R @ gt w &2 - [led F X5 7
= & (4o Ro=6mm %) > F B € 1@ 4GHz {r 6. bGHz sdriE 4422 %

A TR ek
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S8 R 8 % port2 4 » Euis B A2 - A 4o r v
Prenp E 50 &R AR RN e FFR[EFTL AT e 0 B

SEAT (T R B A 5 e T

—Oo— Without R3
0- @ R3=0.7mm

—4R3=1.3mm
54
-10
o
T -154
~
N
2}
-20 4
-25
_.\'. .'I.\
i n=Jda | 2 A
i = I-';: | [ ‘
-30 , | = g L & e : . |
2 4 | | g v Wi 10 12
[ Frequerﬁléy(GHZ)
.. | J

Bl 3. 11 B H = 58 Rs S8 47
g RIF O IR ARG e o] FlenfEiR 0 2R 5 Reih
A2~ ][Rl AL BAEe e T e RIFHER L L o
E3 A R=0. Tmm ch= o] > 7 00 BAEE P4 BAE T & R 10. 6GHz -
o] fls * FREX 0 4oBlHTT 0§ Re=1. Smm epE i o

€ 17 Mg K JRBhe > TR L o AoRl P A M & AGHZ el AR 3R
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3.5 FA| &R

Fls UNB #rid F erodg 4 28 > 0™ 5 4~7~10GHz p% > o = -
portl (== #& 1 load) % % % = port2( = - £ load)#r
@R A % > & § R Rl eher g R -

1. A 4GHz (portl)#r& p| 3] 357 B :

—a— GainPhi(simulation)

—w— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

104 300/

-20 -
-30 - 270 90

-20 -

09 a0 X R e M 120

B 3.12 % 3% X&AGHz > XZ & 6 9353 @]

—=a— GainPhi(simulation)

—w— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

40 300

-20 -

-30 4 270 90

-20 -

W04 a0 o T

10~

180

B 3.13 #F3%XRAGHz > YZ T 6 37 B
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—a— GainPhi(simulation)

—v— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

40 300

-20 4

-30 -4 270 90

109 240 )\ e 120

10-
180

B 3.14 % X %% &AGHZ > XY T 6 351 B

2. 72 TGHz (portl)#t& R3] =357 @ -
—a— GainPhi(simulation)

—v— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

0

10 300

-20
-30 - 270 90

-20 -

109 20 » i 120

180

B3.15 % 3% X&RTGHz > XZ & & 9353 @]

—a— GainPhi(simulation)

—w— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

40 300

-20 -

-30 4 270

240

B 3.16 % X %X TGHz > YZ T & eh3-3) B
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—=a— GainPhi(simulation)

—w— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

10 300

-20
-30 4 270
-20

104 240

180

B 317 % X% *MTGHz > XY T & 353 B

3. 7 10GHz (portl)#r& R3] B -

—=— GainPhi(simulation)

—w— GainTheta(simulation)
—0o— GainPhi(measurement)
GainTheta(measurement)

300

_20 —
-30 - 270 90

-20 -

207 240 b SR 120

180

B 3.18 % &% %5 10GHz » XZ < & 357 B

—a— GainPhi(simulation)

—v— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

10 300

-20 4
-30 4 270 90

-20 -

109 540 v 120

10-

180

B 3.19 % 3% x5 10GHz > YZ < & 357 B

32



—=a— GainPhi(simulation)

—v— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

40| 300

-20 |
-30 4 270
-20 4

109 240

B3.20 % X % % 10GHz » XY % & 353 B

4.  {t AGHz (port2)#+& p| 3|33 @) -

—a— GainPhi(simulation)

—v— GainTheta(simulation)
—0— GainPhi(measurement)
GainTheta(measurement)

300

-304 270 90
-20 -

109 540 =08 W 120

180

B 3.21 B A AGHz - XZ T 6 ch3- B

—=— GainPhi(simulation)

—v— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

40l 300

_20 -
-30 4270 90

-20 -

107 g0 120

180

B 3.22 B A AGHz - YZ T 6 ch3- B
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—=— GainPhi(simulation)

—w— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

20 300/

204
-30 4 270 90

-20 1

104 L0 e oM 120

10~
180

B 3.23 B & AGHZ - XY T 6 3 B

5. % TGHz (port2)#t& R3] 537 @ : I
—=— GainPhi(simulation)
0 —w— GainTheta(simulation)

—o— GainPhi(measurement)

GainTheta(measurement)

10 +

104 300 L AN AT

-20 4
-30 4 270 90

-20

-10 240 . e 120

10 -
180

B 3.24 B TGHz - XZ T 6 ch3-2 B

—a— GainPhi(simulation)

—w— GainTheta(simulation)
—0o— GainPhi(measurement)
GainTheta(measurement)

10 300

-204
-30 4 270 90

-20 1

107 240 R e MR 120

10-

180

B 3.25 B TGHz - YZ T 6 ch3- B
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—a— GainPhi(simulation)

—w— GainTheta(simulation)
330 30 —0— GainPhi(measurement)
GainTheta(measurement)

210 150
180

B 3.26 B =< & TGHz - XY T 6 3 B

6. 7 10GHz (port2)#r& p|F] 357 B :

—a— GainPhi(simulation)

—v— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

300

-20 |
-30 - 270
-20 |

207 240 W el S 120

180

B 3.27 B * & 10GHz » XZ T & 9353 B

—=— GainPhi(simulation)

—v— GainTheta(simulation)
—o— GainPhi(measurement)
GainTheta(measurement)

40| 300

204
-30 4 270 90

-20

109 90

180

B 3.28 B *&I10GHz » YZ T & 9353 ]
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—=— GainPhi(simulation)
—w— GainTheta(simulation)
—o— GainPhi(measure)
GainTheta(measure)

300
-30 - 270

90

180

B 3.29 B % 10GHz » XY T & 9353 B

d BT g R R R R - R A A LA

*=

FT] L F T A H

o

&G%ﬁwﬁaﬁfi:{%;,

A2 }I%c‘ s F /ﬁ‘»iﬁﬁ Fsél)i.;(len\./elope correlation, p,) X%
HARXRALEZE? dph R o 2 X 2Bl d4p bR AX
Mo AR AT ol F L B R %
Eme REAFHY - AT ML I FEF s RS BT

S AR o AT R F L AR MR A e A E RdF Ady Mep

o ARARNER P LR E S 2 S (RS S 1]
1. % S S8 il 3tAp M R
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1Ciy(N) [

(L 1N) = (3.2)
SR § (RO
N *
2 Ci,j(N):ZSi,nSn,j (3.3)
n=1

A L S = 211 R

0.008 —— simulation
—a— measurement

0.007 _
EI.DEIB—-
EI.DEIS_-
0.004 -

0.003 S

correlation

0.002
0.001

0.000

T T T T T T T T T T
2 B 3 g 10 12

Frequency(GHz)

B13.30 14 S St B NINO = 4L chofp B A (£ o bite)
B ez & RAHHRES NS ST E g M R 0 A 2 AR
B PRIEE DS R AR o d BIY B H AR
L AR ek AR S R R B ke ehp, @3 A 0,002 14T
(3. 1GHz~10. 6GHz ek 25454 1 ) > AnBE R 2L 1K > 4 TP S 2 T &4
Sl G AR R RIS o
2. * AL kA

%%_}%ﬂlﬁqfﬂ%{}%@é = /\”ﬁ ¥ - B ’4}3\“3’]'—:5-":?‘5:&'{#5&?& °



Flader 0 s B B aigAe s B S fliex { A M. B [12]
ZER [,;Je@_r_a y BT AR E g AR M R N e T

B A X ST BAR B R oy,

7 2r

[ [{XPR-E,,(6,4)-E;,(0.)-P,(6,4) + E,(0.9) - E},(6,)- P,(0,4)}sin dllg
Prp =°
\/0_12 '622

BHe o2& % nBAL IR E 2t E 5N

(3.4)

oy :]i T{XPR'Em(g,@'E;(@,qﬁ)-P9(0,¢)+ E¢n(9,¢)'E;(9,¢)'P¢(9,¢)}Sinﬁd6d¢ (3.5)

E.(0,9).E, (9¢)Z\_'Tm7\k‘3: 2RO e > DT FH

J;IJ s @ P9(9,¢),P¢(9,¢) AV MY %ﬁlx{é_:glf‘-_—-@ = E—j—;ﬁ& _‘_’%& '-—Iﬁr A fja E}»,jﬁ'{ °om
=2 ||

| A :
XPR & 4 ¢h @ = st 3 59 i £ fFrRTEA N2 Fant & 23t

~ % XPR = i
IDH
p }%@5%% m*ﬁ&*f’ MR P’ T - '@‘ ‘ff’#ﬁ (sl mﬁ;ﬁtm o g

H_f B3 X SR 5 3 4p b2 ehGauss sourcer B F i i 5 Rayleigh

fading environment ™ > frz @ L AR M R p, § F 4o T I

e A P | (3.6)
TN E2 AT I AEEAPM RS E kT i AP R -
A ﬁ;t;b%\”rlﬂ 7] eh %L_:\;: EO T A ;—'R—‘_;_L_’;g: ﬁjﬂﬂqﬁ,ﬁrﬂ: :
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0.090

—x— simulation
0.0%0 —s— measurement

0.070

0.060

0.050

0.040

correlation

0.030

0.020

0.010

0.000

T T T T T T T T T T T
2 ‘ 6 8 10 12

Frequency(GHz)

Bl 3.31 = &A1 5 MIMO = &t crdp b & (2 B foBicst)

P,(0.6)=P,0) WS (3.7)

(L .f{:\"
P,(6.4)= P, 0); PKP)?"J N (3.8)

|
|
35
{6 [(7r/2 m ]}

P,(0)=A, - ep[ % 1.(0<6<7) (3.9)

P,(6) = A, -exp[—{e_[(”;?; m, 1} 1.,(0<0<7) (3.10)

P,(#) = P,(¢) =1/(27),(0 < § < 27) (3.11)
XPR AB A¢ mv mH O, O,
1 0.25 0.25 107 107 157 157
180 180 180 180

2 >4 (3.1)~(3.10)#73 %8
AP omm, LB E s o0, AN S EDREL > H B

% M (indoor) ﬁf@&&%ﬁ@ﬁﬁllﬁiﬁ" v gk 2 IR B A o
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3.7 » B3 % Diversity gain

AERE AT HRRET I BARAPFRECER LR R
* H - B smpF o H ekt (SNR: Signal to Noise Ratio)#riz 2 e
=] e ’I‘L@E’%[lz]“ PR BH E g A G

ERELr P R BH o A BREERELEE
Rayleigh channel » # # 3 % % & # S #ic(cumulative

distribution function (cdf) 4=

_r
P(r<r)=0-€") & (3.12)

AT & & s SNR/FEISR) » &y At g3 P R e B 59 SR 12 -

3
_’:";-

i

%

P(r<) P % & g4 SN {19 3|78 % L (7. : threshold)
o - ;

AENBRSRL L FFGE- B REapFiE > 240 BEKE G
By sz 2 SNRT B ofpk o Pt 4 * H -
RMBEPE > B 5 AN E (o threshold)ﬁ?ﬁﬁfﬁ’i}&

e % 7 > waur T4 g

7
_ r\N
P(r<y)y=@Q-¢eT") (3.13)
d g T A o F R AR S BAMRAL  NARS iz o AT
BADA BHFRASL oA AATABHEOREE P AL B
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RS > BAeP(r <) =1% (% 99% 0 LR o f v dRid #

Npxmo>fer* E- 2apr > BFESNRH 4o | > Lo B

M
o

{5 o fe gr[12]9 RARP b

10° ; -
— 1 Branch
—_ 2 Branches : : .
G0t T 3Branches | g S
g = 4 Branches
o 5 Branches
, = & Branches
10 Diversity
. Gain

Pr (Signal < ab

-40 -30 20 10 0 10
10 log(y/T). dB

B 3.32 & f 3 &7 & [12]

d B 33075 d o BEP(y<y,)=1%=107pF » B @7 SNR =+

—ml

Dok * QBAMA LB R MA AP R H - X M

o w5 A 10dBfe 13dB s B E > A g ¥ Ne~ ] — E 3

ARREFSOONG BT RLIRP - BER LM

I 35% 53 F (MEG: mean effective gain) » v & - B X ML AT
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Y P TR (P, el BBl g 2

o T % i ¥ (MEG)T 11 % ke

P
R, +P, )t 5 » & 3£
(R, +Py) )I}{PV

H

- B EEEE L A S L S R @ o ¥ F17 (Gain

muamﬁ’ﬂibﬁﬁﬁﬁ§4+og¢%UMﬁ"mMMﬁ?

T % XPR 1 _
MEG:! l{“ o Co(0.9) Py(0.9)+ T -G, (60.4)-P, (6,¢)}sin gl (3.14)
#Y 0G,(0.4).G,(0.4) Edp 0 fc o~ £ it £ 3 & B7)(power
gain pattern) » @ P,(0,4).P,(0,9) % X R Ofr o * » 5 B R
Ao\fja\ﬁ’rgt °
B pk[4]® o ﬁ%i 5?; _:3; zi‘g C(MEG) » 2+ 5 & e &

# & (EDG: Effective Dlver31ty Galn)mé FdeT ol (5N e 4 #ic

N=2)

P(y <x)=

1
- {zl[l—exp(—f)]—@[l—exp(—%)]} (3.15)

— 1

HP g, A, 8 e

1
A= Ero[Gel +G,, +\/(Gel +Gez)2 — 4G, G, (1 - o) (3.16)

1
/12 - EFO[Gel + Gez _\/(Gel + Gez)2 _4GelGe2 (1_'0612)] (3.17)
B2 ANG,,G, A R AT 1 A rE 2 4 X MehT 10 o

# MEG)ehig » @ I, £IL 8 chig 4 » 14 % M (ideal isotropic antenna)
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2. 4GHz(measurement)
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4. TGHz(measurement )
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6. 10GHz(measurement)
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3.8 F'EE 3 F M4 B3, (Realized peak gain spectrum)
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4.1 2 RK32 AP

FrERY pFE o LT (Ultra-wide band) g % /& 3 7 -
B H O E A AT R o N G2 e 4o Tt A
* 7 AF 7 Fe¥r(band-rejection) s o k& “,ﬁ% A

FBOHOE P OB R w1reless local area network (WLAN)
% IEEE 802. a et 2P ##*F 2 4/5 2/5.8 GHz = ®#gE > 2
5Gliz £ (5150 - 5828 Mﬂz%f;pands TeR AT AT § L4

K o AP rD. AGHa SR s S d - 1B 5GHZ~6GHZ crE

F_&

FegT > Kk fr ok 12 5 4e WLAN 2 8L3 Ap T 4 o
;‘iwgk[e] P IR R gt B (filter)d 3 & i

oo Mg e B ] R SUEPREAE o ST TRIR Y b o 2T AT IR B ]
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BERIEREY SHE S > 2l [EETenp o
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4.2 = M

4,/
F:}i:_‘[a‘

= IF”L{ FI

(1) 4t )x port] e 0

£ B ® tanotch

(2) #r > port2 islot wB H# 3% notch (3) #-portl g

RE AP L

/J\ ';'_; R4 o

He Bt 4 portl eh& BRE R > E2 X % port2 B # % & -
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E; 0.3mm E, 0.7mm
omega 43 deg Dy 12.7mm
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4.3 S B e BlE %

—O—Simulation

0+ —a—Measurement
-10 u e—e=Cm
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—O—Simulation
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% g (open) » — #@# (short)
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4.5 S$¥As A5
(1) %+ %8 Dy & {7 Sodic 47
Dy @b & £ G 1 8R4 Bepdc B > ) & ARG R eufr kX
BEHE - H P 2 F 0 V- BSdciDze m Dz ALY R AR AL
TG - B Dy Ap RECDERE HB R
(Dz)= 0. 5*Hl+exp(WkDy) (4.6)
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2. 5. 5GHz
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