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Composite Sector Beam and Switched-Beam

Single-Conductor Leaky-Wave Antenna Arrays

Student: Ren-You Wang Advisor: Dr. Yu-De Lin

Department of Communication Engineering

National Chiao Tung University

Abstract

Ordinary leaky wave antenna has the advantages of broadband, high gain, and
high directivity. Also, most of .them have ithe function of frequency scanning.
However, since single conductor leaky: wave antenna is without actual ground, the
radiation pattern is fixed in the end-fire direction. Thus, by making use of this
characteristic, we arrange a fan-shaped antenna array, which results in sector
radiation pattern while preserving the strengths of broadband, high gain, and
end-fire radiation pattern. Finally, we present an efficient method to synthesize
radiation patterns based on the antenna array theory. By changing the radius and
spacing angle of fan-shaped antenna array appropriately, we can mold and obtain
the desired half-power beamwidth of this antenna.

Generally, the beam of beam-switched smart antenna does not change with
frequency, which fits the nature of the mainbeam of single conductor leaky wave
antenna. Therefore, we design two sets of smart antenna. Both are formed with
four identical single conductor leaky wave fan-shaped antenna arrays placed in
four different directions. The half-power beamwidth of the first and the second

antenna array are 23°and 50° respectively. After adding a pair of SP4T switch,

il



which we designed, we are able to switch the main beam of each array, which will
allow the first and the second antenna arrays to cover a range of angle of 92° and
200° respectively. Related statistics, stimulation and the values of measurement

will be presented.
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= °
BULOIBP S TREBRENTE A TSR 0 L0 BT 0 At

- BT A RPHASE ST

j rRindg ety I & R~ - Rippler] &
FA|Z PR oK AR G Ad PP RAP T FAL T AR CRFRE S
iy

VRS E LSRR E - AR T A U g R EE s SR E s A
r B S Ae T L L S SR R FHYT R R R

iR g
Lz & B 5k & X - Ripple | e & 37 o
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33 SR FELEF(FA & 2B

WA R A S A L A B 3-1 5 R AR oK 22
NBRXSR > MppREEa(MA R ZED)EFE yihd £ 2 & Ry SR

Y
o - &

- ~ . ~ FN . -{1 FI
1, =Xasiny, + yacosy, _

. 7

H .

. > X
_ Tz .
r, =Xxasiny + yacosy, S S

'FE FN—I

radius = a(i)

B3-5: %2557 3B

MY BREGE v & u=xsinfcosg++ psinfcosgd+zcosb

R4+t xy-plane & = 337 {19 Eq.(1)4c T

N -
b7 (§)% Do@p (e ———— Ea()
n=1

o, = amplitude\phase weights

P = the n™ "rotated" element factor on the xy-plane
n y p

Ik

LY
oy
«{\

P () = the n" "rotated" element factor on the yz-plane
N = element number

roou=asind(y, +¢)

P2 41 * Eq.(2) % yz-plane
N -
b (6) = Z w P (0)e"* """ —— Eq.2)

R SRS zmi;q;xz. ¥ ]A\ ;; Element Factor ' %2 Array Factor 4p 3 > %7
Y ;‘ﬂl‘iil K‘} E‘!:,@ ) ¥ 2 m—% }f%"’ ﬁ}*,‘h-}%‘m—\ J %f\ 13 ﬁ &X/{ & MTLE =
AR A Ao A FIEERR g\!’«mb PR ot th o d A an e 2 A M B R

PHEApTAGEr > Tl o, =

o

s%
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34 H- BRI KL RLS) SRIEHETE X2
doav frit > B - R KSR X R endg 5] hend-fire® v > 2 H L
Fd & % & A (Half-power beamwidth) ¥)vé = 5 30° > 4 % 7 2k > F]ub 24 i 4o {)

FRAEAIETH LS FRAL T LR > IB3-69TT

-\

W

1 element 4 element

BI3-6(z): #HEH#F ARG &R 2 5L 57F 3 E
B3-7(%): = ~% 5A0H — A B EL X SL 5T R R

iR TR P e AR R R R 2 S AT A A
Rippled | eoc % » fe 2 % 3 < < AR X X 12 D BRI R PE - 97 S
PR EE  FltF A1 525 & SRR T AR R s 2
2 Sk g S5

Bolk > B3-75r ~ 2 50 - HAEF RSELIALTEE 0
210mm 3 7% > & & FE104 e B <% > @ B3-85 H xy-planes-3] & = % 3
B> 745 F 522 8L T A 243" gl - 2 F o Lt AR

-

& FE T H > e EE 0 #7123k % Perfect Conductor(PEC): B #5 2 » £ ™ 7 B iR
% ] 5 4 xy-planeds 553 BY(9) ~ BT(@) ~ BY(@) « B7(#) £ - b
B 5 A B & 2P GEq.(1)38 1 xy-plane3-4] > ¥ 3txy-planeshd B
¥ A AR SL|RBRE B 4217 bV (@) o B @ 4k Ryz-planed-3l

E"AH LR S A AT yz—planeig, 53 *FﬁaEq.(z)#ﬁ. 8 .
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1. YT RY@)

2._’9

+
Y ® R @)

PEC?

I
:IJ' —pMc === == - :raa«;: X
y." @

3.1\,

+
Y& ()

. }’A =
ﬂEq.ﬂ]

total. ¥ ® 57 (¢)

LR
L
I
r
I
I it |
d &
L I
e ————————* gl X
T\

'r|‘

fq

total B

B13-8: = ~% 578 — A RS EAL X R A3 ]Ag\,ﬁg?@
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35 sAEHELE S EHERL VR

AR RS E R 2 R H - A RS IER X RS TR
SR A P A & o2 0F D e SRR 3 v o USRE AT E S I A e
BEE o B13-9 ~ BI3-1154~8 1623 ch5n )8 - ERA R MABRL I SL5)

HAZHF L iE L 5 5 210mm -~ 200mm ~ 200mm > @t~ F FApEE & B 355 10° »

B3-11: = <2 53 % A7)
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B3-125® ~% 535% 508 5] 1 IGHze i &R 2 & 237 8B 5 B3-135 2 =
# 57, % M5 A 12GHzZ AR £ 2 3T B BI3-145 ~ A E %R s
7| & 1 IGHze ik 2 & S 34 3 B 5 BI3-155 ~ 2% %353 sL 7] 4. 12GHzeh
Bodtr & 23 R BI3-165 - = ~ % 595 % 5L 7| & 11GHze g 22 & =

B R S W3-175 - 2 A% 53585 b 12GHZe RS & % 370 B -

11GHz

....... simulation

prograr

B3-12: = ~ % %25% ‘sﬂ“i5 ;__lilGHzm%s-%g”*’ £ 2 37 5 §(a)E-Plane

(b)H Plane

12GHz

....... simulation

— program

BI3-13: = ~ % 535X L 5] A 12GHz 5827 & = 357 v #2 B (a)E-Plane

(b)H-Plane
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11GHz

______ simulation

— program

BI3-14: ~ 22 5352 R0 7] A 11GHze 3% 22 & & 3-7) +* # [B](a)E-Plane

(b)H-Plane

12GHz |
...... simulation -‘ \
program ! b
(a)

I3-15: ~ %% 577 % UL 57| & 12GHzeHoR 2 & % 3-2) v #F(a)E-Plane

(b)H-Plane

11GHz

______ simulation

program

B3-16: + = <% % 55| & 11GHze e #8 2 & 2 37 Kl (a)E-Plane
(b)H-Plane
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12GHz

------ simulation | % * ¢

—— program

B3-17: L+ = &% 575 % 8085 2 12GHze# & & 2 %3] # §)(a)E-Plane

(b)H-Plane

BT

2L

i

T 506 S0k enfg S S R AT § N ke et 2 8
Bk A g Bl o dipBh A R AN EIER] o dept - koo F AP H - EHY
%ﬁ%%%@@$%w%ﬁ@ﬂfﬁgagéﬁﬁﬁak%%4%i%%%ﬁ—
%W$%ﬁ%ﬂ%ﬁ®ﬂ’u*&m&ﬁﬁmaﬁwﬁ{ BREE LT R

LA NS Pwﬂr'—ﬁ %'%g%%zﬁﬁ%#—éﬂk—i" ]L‘%\/z’bi“’mp’%?g-—b_

BERBFE BEFARLIE "%‘_,_m_— 74 # \i % & A (Half-power beamwidth)

2 % ik #H(Side lobe) BT H K Z ek R TR FRHRF 1
¥ -
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Srd Toigd $E - B RBERT AL
7|

4.1 FEAR LG A

- HHFEAIR DT RwT (THFEAIRIL - BRFT e
2RI SR SRR Ve A F T I R e Sl ok VISR of R ¢4
SRR T RS o A PR CRERE R R ER
fAR T BT R o ATEA X R 2R AR S 1 PR A BT RIS
&~%iﬁ%%@wm’@“i@ﬁﬁmﬁﬁiﬁﬁﬁb$1F1wm%?ﬂ#
Bifigle BN ABRIKBEF > VA FALREI A A # I RBRFERNST

AT LR R TV SRR ORI R B S e 2 0 PR g A T R TR
Bt TR S

bt H - HRA RS IRARRE 3 Flaendfire™ w2 Ak g FIMF H

%gﬂ BB E - FRIRAMBAIRII SR 7 AL oBl4-15

1UH - SRR R X AU R A FARE B2 0 L R i )

2\ /3

1: - 4
RF input

B4-1: w198 — Ja0i8 R X MM 34 M2 32 LHER B
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42 T RAFTALE2mmZ2Z ¥ - I KBBELIR

5 AP -E - EREA RN R X B RSE R B L A -
FAlAR oy wd WAEARNIIERIPE - EWARBBEATRET P AR G
7.75GHz ~ 13GHz #7 5 + F » 53> 5047 B B cntl (7 4 F¥ 7]t 2 3% L 5GHz
~ 6GHz# 7 WLANSHEE b B IERE * (L 3§ « 0 A P B e o™ % A
BW=32mm > % &E& & L=140mm > {1 5 & h=0.508mm > = =4 5 % AL -

L ;%f]?ﬂ, %*ﬁﬁ’fiW 60mm ’%%,ifﬁmgﬁL =53mm o

TAME R TR E R AR T E AT D B R IR R O
FRB o B4-25F BB SRR EE TR LB 0 BI4-35 2 iTiE
98 IR HEAE e R B2 RIART R B o B14-4 5 02 2T 15 ehid R HOR s R B

SHHHEH > ¢ 77 3GHz ~ 8GHZZ BEfiS)) ~ Sy ~ Sy eh 0 7 12 B F S 4
Sugh te-15dBr T o @ ¥ kA fE g DUEREOE ] di £ 858785 0 B F b T R

Hed A ts RAF AR R T B A 252 0.7dB > @ A3t i o1k 3 eh5GHz ~ 6GHz

2 B 549 £0.12dB > * &+ 9 %-3.5dB ~ -3.8dBz F > A U U P
¥ar o R4-55 15 pe B 18 s R HER os T RGBS Ap L R r'bﬁsa] R
WA K ZAPA180° d BT 5 A f AR L AE180°% 5 8° 0 ¥ her e
5GHz ~ 6GHz2. B & 5 48 £5.7° > & te & B Z R A R T =

AP AR 2180° 5 2 A Fe E o
B14-6 5 12 :2if (5 Pl — FREF KR IR L X AURARE) > B4-7 5 8 i (8 ol
- ERA RSB X RF SRR ED T M REDE - LA R RIARL X RS
#E ¥ j$4.4GHz3]6.4GHz » 47 % 5 2GHz > d & 2R it 4p =% Hedisih ) en® SUF 512
w1 5 2.87GHz¥|7.45GHz > » 4 % 5 4.58GHz > 4 75 P! BE g 7 PR 5 1L
TRBFERRTFLE RSSO ONAF RS G X g A
7Y

BB g ERT I AR
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Inverter ™ 1:
3 Port2
Port3
H)
Microstrip line | Balanced i | Microstrip line

Microstrip line

Bl4-2: 13 :4 B2 AR T 7 BB

B14-3: 1% 7ci 15 Pl ik O 08 T B2 RIALA 2 )
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-5- e ——— ——
-1_[).
m
S 5.
% \- ‘,af- .\
-E \ /7 '\ T TN
204 ' . Vé . .
v \ -
254y e
I‘ " ———— S
-30 4 | , —_——— 5
i/ s,
'35 T T T I
3 4 5 6 7
frequency (GHz2)
W4-4: % 50 (6 e BRI T B2 S S MR
'_i'.| b, : i
200
e e o et et ¢ 5 ¢ 5 e
100 4
5 07
L
z
o
ol
S100 A
[=2
I [ T
Phase DiffiPort2, Port3)
—_—— 180deg
300 | == ===~ -180deg
3 4 5 6 7 8

frequency (GHz)

B14-5: 1 #1615 ey B L s T B8 2 85 4 S AR £ £ WORE
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4.4GHz~6.4GHz
0 e e —"— —— — ——— —

L

[}
=

40mm

=15 4

magnitude (dE)

=20 4

-25 4

Return Loss

Lf=53mrr — -10dE Line
-30

3 4 5 G 7 8
frequency (GHz)
y W =B0mm

BI4-6(2): 3 #o il b el — HERRAR 1 Bt = 4L )

BI4-7(%): 1 veif 5 B pn R < SUF ST AL ORI

i e fs end — EAE RIS IR X SUHCE i ST 40T A1 > B14-8(a) ~ (b)
() ~ bl 2 Berigis - HEHA K BEAXMASGHz ~ 5.4GHz ~ 5.8GHz ¥
E-plane(xy-plane) g &+ 31 Ht B > & = 3 ¥ & % 6.1dBi ~ 7.55dBi¥2 8.05dBi >
@ # & ] SLL * % Side-Lobe Level » 6,, 5 £ # F & & & & % (Half-power
beamwidth) + Fl4-8(d) ] A B % 1% #cifB 14 e B — WAL R R % 4 4 SGHz -
5.4GHz ~ 5.8GHzP*H-plane(yz-plane) i 5 54 ik Bl - 7 £ = 5 918 - H4 3
AR R e ATk 0 B 5 feend-fire S e 0 B I LA E AR A

AR APFERH o
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w/ ] \o
/ \

0-

<l
/ TS @ Lot X
a\z_;w/

_/Ggu

[ Gain: 8.05dBi | SLL -4.09dB | 6,530’ | (d) —— 5.8GHz

(c)

B 4-8: 1% ciB {4 PH — HAEF 8 A% X 5 (a)5SGHz (b)5.4GHz (¢)5.8GHz p#
E-plane s13-%| 44 B (d)5GHz ~ 5.4GHz ~ 5.8GHz p¥ H-plane 133 $-4% ]
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4.3 SHEEH M

43.1 SHEREM A 5

BHAE BB (Switch) > B3F 5 k3Lt 39% Rk > v E- AL HHd 7
B Rl 2ine o SPERM TR A PIN - 42 @ 4
(GaAs ,Gallium arsenide ) #zid ¥ & %8 % 82 (MMIC ,microwave monolithic
integrate circuits) > # ¥ PIN Z {&f8 844 B B - L 2 MH F  F@EF ~frg 7
PR AMCGEIFT Y ] F O TEFER LR oA Y K
Bk B BAEA > B 49 LhHme P ot w ndg v ow P

('single-pole four -throw,SP4T ) -

SP4T

|
i

@ (b)
B 4-9. H7 » ﬁ&éfﬂﬁw BE(@) % 52 B 22 (b) = 5[]

= ¢ HHE R B2 * HEXAWAVE ¥ A 5. HWS451 7 IC » 4B 4-10 > 5 -
Fh b kg SPAT *7 3 % (GaAs SP4T switch ) » 4 (74 & % F&_DC & 6GHz » RFC
% SPATUSLE ~ 28 > RF1~ RF2 ~ RF3 ~ RF4 5 S04 1125 > VCI ~ VC2 ~ VC3 »
VCA Bl E R R L BEET AR 0 C, 5 SpF 2 3BT G
(by-pass capacitors) > C, & 8pF 2. & i [2% & % (DC blocking capacitors) °

vC2 V(3

uﬁﬁji}%w
IH o i
] T It

VC1 RFC VC4

B 4-10: HWS451 & it g5 5 it 45 SPAT *7 3 B % R T B B



Bl 4-11 5 - SR B B 2 ©
2t SPAT i B B 2 3

< AL A

Feo0 ¥ iR PRt

AR

X5 3x3mm s & 4-1 E

_)‘
c2

FI B o

2.00£0.15
(0.118+£0.006)
12 :1:
1K .. gl
, Y ICATOR 3:: B Ej
3 -
Unit:m m(mch) o g 0.18-0.30
:". g EG.CC':'—C 012)
B 4-11: HWS451 & i &g SPAT *7 & B ¢k A 4% @)
VCl | VC2 | VC3 | VC4 RF_C—-RFI__RFC—R_F2 RFC—-RF3 | RFC—RF4
Insertion | . . | . .
1 0 0 0 Isolation | Isolation | Isolation
Loss| -
~ . | Insertion . .
0 1 0 0 Isolation : Isolation Isolation
Loss
. ' . Insertion .
0 0 1 0 Isolation | Isolation Isolation
Loss
) ) ) Insertion
0 0 0 1 Isolation | Isolation Isolation Loss

“17=+3V to +5V

“0”=0V to +0.2V

% 4-1:
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432 SEBME TR ERLES

F 1% SPAT SR A » Z A5 % 2 4 5 Rogers RO4003 » 3 /i & ¥k
(Substrate dielectric constant) = 3.55> & & & 0.508mm > /i F 4 4£ & & 7 (Substrate
loss tangent) = 0.0027 » £ * CBCPW(Conductor Backed Coplanar Waveguide) it 7
Bih o B4-12 5 RRF R P T AR BT ARCHIRE TR (blas) T #24

B

N BA S o ¢ B S HWSAS] 2 Bt 45 S PAT ST B > 40 B plehnl & 5
F 5435 42 (Return Loss) ~ 4 ~ 3542 (Insertion Loss) £ fg &t & (Isolation) o /R
P ded 41 07T 0 F AT R A AN SIS E A F R 2B o E
FAE USRS M o A~ AR 0T B S IR SUSLE B R R R R
ARAAR Y ARG FOIPI AR TR - e R e LT AT -
ERE SR i

B 4-12: SPAT 44 B M (T W

SRR RS % o IR 4-13 #7F > 2 ¢ (a)# 7 2ifdE VCI=1 ~ VC2=0 »
VC3=0 ~ VC4=0 % RFC = RF1 i ™ chF St 42 ~ 4 ~ EAE SRR - Rt dg
35 (b) ~ (¢) ~ ()% 7 & RFC = RF2 ~ RFC = RF3 ~ RFC = RF4 R ¢ehk
SEEAS S A AR SRR o B 4-14 BT w0 B AR A (SGHz -
6GHz)2 B s i » 445 > ] 4-15 5 74k RF1 65 13 &0 = B8 JL s cnIp it
LSRN R R R R
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10 10
g g
@ @
S0 S0
£ 2
= o
g g
30 30
Sy
——— S5
—————— -10dB Line
-40 ' v T -40 v v g
2 4 6 8 2 4 6 8
frequency (GHz) frequency (GHz)
(a) (b)
0 0 —
- R
10 - 10 \
g g
-1} @
S0 220
£ £
g g
30 30
——— o
------ 1048 Line
-40 T T T - -40 v E
2 4 8 8 2 4 [ 8
frequency (GHz) frequency (GHz)

(c)

0.0

T

(d)

il

S RF4 7 87 S 4 #cH)

=05 1

=
o
.

magnitude (dB)
»

-2.0 4
RFC = BF1
254 —— —  RFC = AFQ
———— RF( =2 BF3
—_— RFC = RF4
=30 ' T T T
50 52 54 56 58 ]
frequency (GHz)

W 4-14: SPAT SAp B B & W] *7 & 3 rﬁg?]:'%!; Ao~ 42 R B
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A
— I ,'.-"'-"\-
%ﬂ' . "I:‘:_\.ﬁ
E \
"3-20 = '_-I.'I'- T v = IIII
E'l U\_ﬂ‘:‘:—""‘—h—"_ﬁﬂ l'\""
rd

£ .

=30

-40

%]
.
1]
o

frequency (GHz)

ﬁ¢w:SMT%W%M”ﬁRﬂﬁﬂﬂiﬁﬂﬁW$ﬁiﬂ@

d iR AT é1’%Wwﬁhﬁﬁﬁ*%’ﬁﬁ%ﬁ%@M*TC?ﬁﬁ
497 % DC ~ 6GHz ™ 5 t-10dB 1251 ¢ 2| 8.5GHz-6GHz 2 ' #2 t-15dB 12
?iﬁi?ﬁ?*ﬁ”“ﬁﬁbﬁd@¢MWM~u TR ST R
/\:}E#— 2% SGHz ~ 6GHz 2 I, 1538 ~-1.85dB + 47 $12 R R T4 4 ¢ %
475 7 04dB - 14 1 ¢4 o B e VB F 7 & 5 AU AR L &

B G5 ] BB R ST R o dfs 0 B 4-15 5 SPAT SHAEE M 7 3 RF1 pF
H

CZ RN PIRAR ) BT OLE B 2 R R T il B i 4R e e
DC~6GHz = #54-20dB 12 » 2 R T AL & crliedfdp L850 7 8 & 8 g2
GETESWIEES TR
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4.4 2 xR AT AR L2332 I MR
441 = 2% 57 L5 L 47

K425 HH - R RN RR T R FARE R 53000 F
BA A RA W RI A S o B MR BT o E D A 0 BB A
B 49X e £ 4 467 £F SLL(Side-Lobe Level) £ 5E% 53+ » ik f 4 e 2
FHMEPET S A A L BT FP AP D AE 5% AL 4o
4-165 = ~ % 578 - FHA KRB IBA X SLIFALE > 5~ F 2 22 198mmAp

FE16°#3c » # F A fgecd * M £ 01 2 SLL »

16°

Radius=198mm

B 4-16: = ~% %755 - H8F 8 R A = AL 5| AR R

4.4.2 & »>» 7 B %f#_‘,i

5 B4-160 » 3> # XA RRBRED £, 2 Z4p B4-175 - ~
ZHFLRBRRLE  F BHRORF IR LA ES50Q 0 d 2R3
Then N T e B MR L 28QeNA R 0 BI4-18 5 — A - S A fie B RIAL ) o

B4-195 - » = # 52 e B2 SEEHHE > 7 1§ 1S 359 4-15dB1 T >

5GHz ~ 6GHz #-20dB ™ » @ Sy % Sz~ §) -3.2dB ~ -3.4dB = + > §]4-20 %
232 B i A LIESA0STIIR o d PR AT e e AT

g~ B E %:“31,?] REE-- A VAN N 1 N



Port2 Port3

Port1

B 4-17: = &~ = # 5 & fe B AR R B 4-18: — & = ## F & fe B RIARE

magnitude (dB)

—..= Sy

Frequency (GHz)

Bl 4-19: — &= # F A B2 S S EH i F

0.2

0.0 4

=01 4

-0.2 4

phase (deg)

=0.3

0.4 4

-0.5 4

~— Phase Diff (Port2, Port3)

3 4 5 é i:' 8
frequency (GHz)
Bl 4-20: 32 21383 2 FF ehdp = £ W E)
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443 - ~F SR MELANE L4

ik

2

Bod &z AF AL A~ B e E o B2 TRT L BICE
4214777 > Bl4-22 5 B F SHIF AR 0 4 % 5 4.7GHz ~6.5GHz = @ p* = ~ x &
'L i S AeT A7 0 Bl4-23(a) ~ (b) ~ (o) & A B 2 & X ML A & 5GHz
5.4GHz ¥ 5.8GHzP* E-plane(xy-plane) ¥ 4# 1§ 54357 - $ % 3 £ & 5 9.45dBi ~
9.93dBi#2 10.72dBi » Bl4-23(d)4 %] % = ~ % &L 5] 4 5GHz ~ 5.4GHz ~ 5.8GHzF*
H-plane(yz-plane) it i 54 5-4] » 7 5 1= ~ X ML 7| 4oaV P A0F 0 X S

FOBUE FIvs 4 2 NPT S RS e SLL S M 4Tk e § o

136mm

=
+
it

|

(‘5\
e
Al
- s
Wy
ig |
e |
T
W
i
=3
R
=
s
=

o

T, SEpAyEU IR T SR, Y S

15 -

magnitude (dB)

-20 4

- S11
---- -10dB Line

-25

3 4 5 -] 7 g
Frequency (GHz)

B 4-22: = =% X ML A2 K SR 4L B )
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Gain: 10.72dBi | SLL: -8.850B | g,.: 20’ |

(c)

B14-23: = =% %45 % 54 5)(a)SGHz(b)5.4GHz (c)5.8GHz F¥ E-plane s3-3] H45t.

B (d)SGHz ~ 5.4GHz ~ 5.8GHz % H-plane :13-3) 5% ]
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444 XH# FPH A HER 232 R AT T2 £

A A - P E AR S G AR AL EL A L L s A
AP A F 5 LA e S 23R 5] 0 doR4-24 0 o 0
S AFBMAELAZ AR PP F R E AR Y 200260 0 FlU R IR

FRH TR AR AR F Y

£ R 52300 @ B4-250] 5 0 %
$23°x4=92°c13 L § 7 3 4 )

G RIN  A RR UR ¢

_ 590mm _
B 4-24: w > =3Pk A2 o _7_17% S5 % L 7| AR B

9

Beam-Switched
B 4-25 » > = k32 T 3R
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Bl4-26 2 L F R &R 5 23°2 L K73 2 W7 HIALE -

(b)

Bl4-260 L3 Sl A5 &R 5 23°2 3 74 2 AF R IFRFI@D 5 (b)F &
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B 4-27 5 R 10 L3R F SRS T o R AR AR £ % 0 IR 28 476GHZ ~
6.46GHz 35 t-10dB 12 ™ + #F % 4 1.7GHz » 7 W] 4-28 Rl & £ iRl22 f0ht 2 7 S4af
L@ 0 d e B aE BT#E’%;&_& F 4 T R B ] B2 b ?'Jé :'1%”5
AR B HE F300F S AR 0L o

T 4.76GHz~6.46GHz
T [ T ————
)
[ty _20 -
L1 ¥]
=
“E
& 301
1]
£ I
-40 1 Return Loss of port1 g
— — —  Refturn Loss of port2 I;
sod |77~ Return Loss of port3 |
B - - = Return Loss of port4
—————- -{0dBLine
_m T T L] T
0 2 4 & 8
_ _ fiequengy (GHz)
W 427 4 s F Sy 68 7w
- i 7 Al 4
-\
Simulation:4.7GHz~6.5GHz
0 Measurement:4.76GHz~6.46GHz
% 10 -
1]
=
2
&
g 21
E
30 1 Return Loss of port1
_—— simulation
— - -1NB Lnﬂ
'm T T T T
o 2 4 B 8

frequency (GHz)

B 4-28: 1 € P12 HHe2 & ST 4200 R
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I

B 420 G 1 rpe > B LR T LH > 7 5 MRIERIT DR 2 &
-20dB 12T o i 5 (e -40dB 01T 0 B i B~ PRI E - HE 0 49 1R AT 60-20dB
M B Ap-40dB T 0 g T o @ R 4-30 3R SPIE R B PR L 2 F SR
Food SWEDERM AL LG AN BBy KB AT RF O &R ST
g RE I EPE R o

0
=)
=
—_———— 8
_zu_ 41

magnitude (dB)

freque ncy' {GHz}

@] 4-29: ﬁi%”ﬁﬁwﬁ~W$§T&@

4.6GHz~7.4GHz

magnitude (dB)
8 3

g

Retumn Loss of switching to port1
Return Loss of switching to port2
40 4| — — — — Retun Loss of switching to port3
O Retumn Loss of switching to port4
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