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ABSTRACT

ABSTRACT

The research on reconfigurable antennas is a hot point in the antenna field.
Researches on reconfigurable antennas based on microstrip patch antenna have been
done, and several schemes of pattern reconfigurable and frequency-pattern
reconfigurable antennas are presented in this dissertation. This work provides good
basis for the future research work.

In Chapter 1, the advances in the study of the reconfigurable antenna presented in
the end of the 1990s are introduced systemically. In order to increase wireless integrated
information systems’ capabilities, expand their functionality and widen their bandwidths,
the concept of reconfigurable antenna is presented. The technology background of the
research on the reconfigurable antenna is micro-electro-mechanical system (MEMS)
technology. At present, this work is still at the beginning. There is much unknown
domain in this field needed to be explored, so it is a challenge to do researches on the
reconfigurable antenna.

In Chapter 2, the basic theory of the antenna radiation is introduced at first. Then,
the theories about the microstrip antenna are introduced, such as the mechanism of the
microstrip antenna radiation, the advantages and disadvantages of the microstrip
antenna, and two methods based on transmission line model and cavity model, which
are used to analyze the microstrip antenna.

In Chapter 3, the frequency and pattern characteristics of three two-element
microstrip Yagi antennas are analyzed. A slot unit is introduced to the two-element
microstrip Yagi antenna and changed the characteristics of the antenna. At first, the
mechanism of the Yagi-Uda antenna and the Yagi microstrip antenna is introduced.
Then, the mutual between the driven and the parasitic element is analyzed in detail, and
the even-odd-mode method is presented to explain the pattern characteristics of the
two-element Yagi microstrip antenna. At last, a slot unit is etched on the parasitic
element. By changing the size and location of the slot, the frequency and pattern
characteristics of the two-element Yagi patch antenna are changed. The influence of the
dimensions and locations of the slot on the Yagi antenna is analyzed in detail.

In Chapter 4, several schemes of pattern reconfigurable Yagi patch antenna are
presented by introducing slot units. The frequency and pattern characteristics are
analyzed in detail with the slot units are etched on the parasitic elements of the
five-element Yagi patch antenna, and methods to reduce the side-lobe level, increase the
beam tilt angle and widen the frequency bandwidth are presented. Based on the analysis,
three single-port 1-dimension 5-element pattern reconfigurable Yagi patch antennas are
designed. By switching the states of the parasitic elements, the radiation beams can scan
in the E-plane in the upper space. Based on the single-port pattern reconfigurable Yagi
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ABSTRACT

patch antenna, a dual-port pattern reconfigurable 2-dimension Yagi patch antenna is
designed. When the antenna is fed by two ports individually, the linearly polarized
beams can scan in the E-plane in the upper space. When the antenna is fed by two ports
simultaneously with 90 degree phase difference, the circularly polarized beams can scan
all the 360 degree azimuth range nearly in the full upper space. Based on the analysis of
Chapter 3, a pattern reconfigurable three-clement Yagi patch antenna is presented,
which can scan in the E-plane in the upper space and the driven and parasitic elements
have the same size. All these antennas operate around 10GHz, and they have more than
one state to accomplish pattern scan, and some of the states have multi-frequency
characteristics.

In Chapter 5, a scheme of frequency-pattern reconfigurable Yagi patch antenna is
presented, based on the pattern reconfigurable Yagi patch antenna in Chapter 4. By
etching cuts on the driven patch and adjusting the states of the switches installed in the
cuts, the operating frequency of the antenna can be changed. According to the
relationship between the length of the cuts and the antenna’s resonant frequency, the
method on how to decide an appropriate length of the cut is analyzed to obtain good
frequency and pattern characteristics. When the antenna works at a lower frequency, the
radiation pattern can scan in the E-plane in the upper space with two antenna states.
When the antenna works at a higher frequency, the radiation pattern can scan in the
E-plane in the upper space with three antenna states.

~ In chapter 6, Hilbert curve is introduced to the microstrip patch antenna, and three
single-port pattern reconfigurable Hilbert patch antennas and one dual-port
frequency-pattern reconfigurable Hilbert patch antenna are presented. Among these, two
single-port pattern reconfigurable Hilbert patch antennas can accomplish linearly
polarized beam scan, and one single-port pattern reconfigurable Hilbert patch antenna
can accomplish circularly polarized beam scan. The dual-port reconfigurable Hilbert
patch antenna can accomplish frequency and pattern reconfigurable simultaneously.
When the antenna is fed by one port, by switching the antenna states, reconfigurable
pattern can be obtained. When the antenna is fed by another port, by switching the
antenna states, frequency reconfigurability can be obtained.

In Chapter 7, the research work of this dissertation is summarized and potential
research directions for reconfigurable antenna are predicted.

Key words: Reconfigurable antenna, Microstrip antenna, Microstrip Yagi antenna,
Fractal antenna, Hilbert microstrip patch antenna.
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FE. EREMNENINT, ERBREFUENLEHER, TRFASMERE,
EXHLIRHR LB 4 LRGBS AN AT LM ERS 6, BhBis
Fisk BT E R IR &S H P,

KR HIBRE S T EEBIMEREUEITE, Bl EEE L EiS
ESFREBHIUIURET SR . BB EERE Y. AT aEEs
A, atEREERRE. MH, BEREKERMRERE, 2—NEITED
ZNRARRITE R, L 40 ALK, THENBARKRBME T HEHER
RHER, HEAERRAREHITMRITRETREANIAR. TURES
PARBETERANEETEIER, ARG AT ERIT.

MEMREENREH —FHFNEL, REREMIARASN B iiEs e
o FEEENARKBHOESER, BIBUHRENERDR, DRMH
REHPAFTTE: ERMRECNTEEREI,

2.2 AEESTHIERIER

FREESE AT Bt R IR AR T R, YRR AT LASRAG 5 R Y L
Y. AR AN, —BERREKEHE, BhHEREHS. Wi
REPERE—ARPRERNITE, BREARN R RERREEMN AR
BHMLF, BA—StEMEREBLAO,MO,. R, MEERBASEINM G
AUE#ERHNH M. —BRY, SRBBAREEREUY, BEOENRR
HRBATE. B 21 pRRTEMNZEMXR. ELE 1, E. M. J
MIXRRMS KR, BB 2MM . JTMA. FIERERRNXE, E. HMA. F
FIXBRRHORR. —BERT, JF 2 PR ELIRE 1 FHRSER.
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it 2, ﬂ% A;gz, w4

Bl 2-1 & FR iRt B AR AT R A v

2.2.1 BRI MREN A THITIE M MRERLF

KEAL A B HLERAR B8 I T AR RO SN R B AL 4352 FEM
KE&:

VA+k*A=—uf (2-1)
WL -
- | -
E,=—jod-j—V(Ve4) (2-2)
WUE
~ 1 -
H,=—Vx4 (2-3)
7]

R A TE, W FGRIRRE AL A RS Eaf) A4Sk

REMRE—FEEKE, BESFRENBLTES, BEEM g™ 5%
Flo TR EATBRVIE M =N SIAREBE F . KRB0 F B EmTE
VIF+k*F = —eM (2-4)
T ER B R M P A B R 3 TT LA e 3
1

E,=——VxF (2-5)
&
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BFRERF BB

A, =-joF - j——V(VeF) (2-6)
wpe
iﬁﬂﬁﬂﬂ%ﬁ@%@%ﬁﬁjﬂmﬁﬁﬂﬁiﬁﬁﬂ%,Miﬁﬁﬂ%
B, ENFURHEETES MBREM, BREREMAMFE, BE4aekE B
. MIFERE, A RECR BT LEN N TSR
1: TR T FBRE M
2: a. REEAEFRETHREMNA, ENZEKXERR

i [flr ex)

F=t 125 —av 2-8)

FEERSHERQ-DMR-HKE, FRP L =0’us, RENBESEW

M“aﬁ%ﬁﬁ%o
c. BRQ-)M2-3)KAMEa, HRQ-5MQ-6)k HrfnEr -
d. k2%
oo o] 3 loo =
E=FEa+Er=—jod-j—V[Ved)-—VxF (2-9a)
wue &
Wt E=BasBr =——VxHi-LVxF (2-9b)
jog £
M H=HitHe = Vxd-joF-j— v({veF) (2-10a)
H wue
B H=Hi+Hr=Lvxi- _1 Vx Er (2-10b)
H o

2.2.2 iminiEET

HRRTRERESNTHRIREME, RERNTEXQ-DERBIRR T H#
A
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o —
Ad—

falt

g ML
VR T

AN

£ o H AT
=4 o o

HJ e b=y

A=a,4,(r,0,0)+a,4,(r.0,0)+8,4,(r.0,0) @2-11)
%ﬁ%ﬁﬁl/r"(n =1,2,3---)H4J}féit: Hroolf, BEU/ PR, 7

A2 [3,4.(0.6)+3,4,0.6)+ 3,4, (9,¢)]f:i (2-12)

K rWENBL T oM, BRE-12DRAKX @-2FX2-3), HBE1/ " HIEH
M, BHZGEMANNREIMe &, WEXIGTTLLFEE N

E =
E, = ~jod, BIE, =—jod (E, =0) (2-13)
E, =—jod,
[
H =0
) E¢ — &r = '.a) a -
{Hy=j—4,=-——"* BlH,=—"xE,=—j—a x4 (H, =0) (2-14)
n 7 n ]
@ E
Hy=-j—4,= —£
L n n
XRRIRE S EREE, RAMURTER S BIRR M P RiE
H,=0
H, =—joF, BA, =-joF (H, =0) (2-152)
H, = -joF,
E=0
E,=—jonF, =nH, BIE, =-na, x H, =—jona, xF (E, =0) (2-15b)

REBAEESHEMT B8, AERALANRTFUUER, TiFHHEY
MBGSHEELIERS, FHEAT TEM#, PEX—XRRFETZEREW X BRI
REZEREFREZEBNAR, REBRNGHSABNGKX. BiHESENE
SmiglX. —BENES TG X BFERNAENEREDH2D* /4, KFDRRE
OR2BARST, AXNTiERES K,
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H TR FE L FAe

2.3 WA REREAXIE D

WA RN BRBEE AR Y (G A. Deschamps) 7F 1953 SE#R 9. HE,
EMER_TER, WEREF-SZENTR. 83 1972 F, BTFHEEREA
KR BRI EBAERERERN BT FR, £ (R, E. Munson) FIZEE/R (J. Q.
Howel) FHAEMRMT E—MITAMNMBRE, Mz EF LGS REERFT
FEOMEARAT ™, MHEREREES, REFKRNITE. YBEARE
(MPA). HFHFATIERE (MTA). 4 BE RS M P45 R,

2.3.1 HEREHINREREH

FIFMREMBREAL, MHRENEERSANKE, 85, TER,
ELMEISUTRITE, SIETEER, RAM: BANEAT DL @ 5B R
BRA R IR TS .

WHERENEERARFHEE, BRE, TXRLR, HERERE, HFE
T tERER B RS

E#%i%ﬁ%¢.ﬁ%i%%ﬁﬁﬁﬁﬁﬁ?%ﬁﬁ,Eﬁ?ﬁfﬁ%@
AR, ®2-171H T HHEREHBHRA.

R2-1 HHERENETENE

245 7%
o F&, BE SN, WEK BRAA
Ee F%, 31, BN

TE s, HEAW, BEEE BT
A B, EE SW

REER BHILERE, BHLAR

it T EYEE, NBEE

2. 3.1 M RERIIESHIE

U R A TR R AT 15 SAETU O WG A RSk AR . 1 222 BT,
WA R~A WXL, FRERBEEN D, hoo, Ao B BT MEK. B TEE
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—E WHERENERER

Bow K LB — BB R, LA (wil) ©Rn 2T, SRR EERE.
TR L=he/2, Ay AT BB, TRB I (will) dH 2 dERAE.

&

N
\.ﬁ‘

4

F o1

| -

K

(a) (b)
B 2-2 MR RERESILE

SR SRR R R A A IR RE S (AR EERER B
[ B AR

E =E cos(my/L) (2-16)

REHB A SRR AR M. SR ESM, 4%
YRR T E TR AOSBAT RS M. SRR E R E N

—

M,=-hxE : (2-17)

A, E=3E, £ x FAKBRMEE, 7 RERER GEHORZ) WiNERY
AR RE. XEEYHAN T RNEER 22 FABSEH. TR, BHLw il
MR RFEN, SOUBSHREM AR 8 FAEMAN, 28kE, A5
RELT AR AERATIRAD, HRAs A RE. e L DRI h R
WO EIER, BNEHE Gz ) ERORESEATEY: TR& L E
IR X B R3FRME, EFEEE (o FE) E&4, ENH0H0EEA
. ZEHEFEL, SLERNESTL2ZAKN, BE54HL w BLIERHE
tb, #RFEA43E.

R RE BN EEINFA W AR, XFHLRYEN . KB
A H E7 R E (ERALD W 23 iR, BTERENEE, REXER LEs
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BFRRREFLFART

BB . X EEFRME, EMRAUNEMUEFRTIIABANESRR. BT
h<< A, BIWWERMETRH M IME, B EEEALZE,

3

(=) )
B 2-3 RERAIHERLE I FETT R

2.3.2 M REWNSHF*X

RESFITEREBR KERLEERET HRZILAI B, KEBHEESE,
HMAHE T B, R AR SRR o REMERE IR RH
=%, BREHAMNEBER ALK RERNEHER (TLM—Transmission Line
Model) 2it, FERATHEEMER. EEREFANRTEER (CM—-Cavity
Model) Eit, AIHTEMMNINEF, BEX LRTFREEET N TFEKAER.
BTt E R E IR 45 B (IEM——Integral Equation Method), BI4i¥

(FW—Full Wave) #Hit. NEE L#, ROFTBRETRTEMEN. TREE
MM RE, AMBEZTERIMBEEAINRE. AELBE LS, 55
BRIEMHEREN SR —ERERENE: E-MNERURBIET -4
WERBRRE: F=MERAHET 2, MHAZ=ZE0TL, AIHEHRE
R, B, X=MERNANMEFEFEERAE, RFHEHERT L5010
SRTE E TR T REERN R, I T & & A (GFA——Green’s Function
Spproach); T HSTKEELT B, FET ZHMMEE (MNA—Multiport Network
Approach), F5%.

2.3.2.1 tERIET

S REMBERHEMESGFE T ENANBERENEAHEER. ¥
HEHRTRE 1974 FEY, BEXHEAEMAG Demeryd)FAMT KE. %%
UMM G A B O i SRIA (w YR B R K M e R 48 - 1 9A [B(L 14)
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BE MHRENESER

BT, B FEHFBRRL%E4E. Bk, MR AR R 9FEE L
PP 4 FATEERASC w B h), TE 2-4 Fis.
—. BRI R A mIIEST
HAVEDHRE w IR — RTINS RAES . & 2-4 & y=0 4bpo4s
MR, H ES3EmBRA
v

M, =~AxZE, = §x £E, = —3E, = ‘ff (2-18)
KA, Vo RERKSBEE. BRI ENERAA
Fol (i 4 (2-19)
4 r
‘Z
SUP— B -
Ms-\\\‘l |
v : L
| : S ' -
T NiE
Pl \\* l
/. __\ |
RN TR

&l 2-4 FEFEHHIG A RERME ST

JTX S PRO,0R BLL O ARRMRRE, 0 M z B, o M x HIER),
L4

F=-z

1 e_jk"R fi2 &e-jko(xsinmzcos&)dxdz (2-20)
47 R M2 Thh

XE AR EAHERAN ERRESY. HE

Foes E,,,fl o-hf sin(k,Asin 8 cos ) sin(L k,wcos )
ZR k,hsin @ cos @ k,cosé

(2-21)
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TR RE B

Fa AHBRAIR G BERA
F =RF,+0F,+$F, (2-22)
Fpislemeis s
E=-VxF (2-23)
TR, RRE R , k)
E~-jk,(0F, - §F,) (2-24)

FARER-21). (2-24), B—FKITHRRERNEH HH

El = qajkoﬁ:sa = "'qajkon sin ¢

VL #,r Sin(k sisin 6 cos @) sin(3 k,wcos &) s

=pj— nég 2-25
7 7R ¢ kyhsin@cosg cos@ ' (2-23)
ARG T
p={[" 1[E[ R%sin 0d6Od 226
r _f[’x;zalgoﬂ s ¢ (2-26)

EXAERRPIR A — B RS Gs, BEFRENIIRS FARNES TE.

P=2¥iG, @27)

FMA(2-25). (2-26), FEEI A<, B

6= — (2-28)
W 120n2 fsinz (5 k,weos@)tan’ 6d6
S EXBt=cosd ¥, #ITHSEHB
G, = = —[xSi(x)+cosx~2+ S“; g (2-29)
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X F,
) x Sin o
x=kw,  Si(x)=[ —=du

FRiBAT TSN, TTRIRERNERINEE —EAA5HT. BHIEMY5IRE,
g AT R EE T AL SRR IR

B, =Y, tan( BA]) (2-30)
X, I =VZ ZRUHFEMEESS. RERBENC,, W

oC, =Y, tan(fAl) ~ ¥, Al

R g=\e 2214 =Je.olc, &

5

Je Al
C, =Y~ 2-31
o7 (2-31)

—. BB RER ST
Lt THOR LT ER I RS, THEHMEE L IR ATFITEENES, Xk
BHEBBTERENBNG. y=L LERNSMBERY
M, =-px3(-E,)=—3E, = —f% (2-32)

5 y=0 &HFHBRF H. —FKNEBRGHERQ-25R—FEFES:

jlkuLsinﬂsinnp

E=E,(1+e/n0ey_ F o2 2cos(% k,Lsin @sin @)

B

2V, . jko(R—-;-Lsmesin‘p)

E = El (1 + ejknLSinﬂsin(p) — és‘]
ZR

1 (2-33)
, Sin(ky/1sin & cos p) Sm(i owc0s6)

- sin@ cos(—l— k,L sin &sin @)
ky,hsinfcos @ cosd 2
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BFRBAFETFARX

2RI Lh<<l, REFARYE GRA—L) TRFH

sin(~1— k,wcos8) 1
F(6,¢p) =—2 sin @ cos(=k, L sin &sin @) (2-34)
cosd 2

2.3.2.2 pRiER

BAL(Y. T. Lo) Z7E 1979 SERH T R RS, SR TEMER
R (h<< 2RI, TR SR BT EERE RN, FTXh
REIERSTE (BB YMRERETE). KBS hE BT E S SRk
A, REmABRITREAZRRELARAEERKE.

TR DA TERITEEENELNRTREROE 0L UHNHER
Zitt. FH, X—HEAFEAIEHFEREH LIEREE T EANRANYEERE,
XENRERBRNHHFRENFSHFRITENAH. TERANMERTERYR,
WERTHERURE R ERHF DA SIRARMET BTS2 RS HER
Wifr. BEEMHERENFREEE IS TEEEMNTA - EENRRFR

[74-75]

SEAERFTAMEULCESBENEERET . RAREFECLE, RE
EREMARM, FXRAPMDEURE, EREELRBESRFHE: F£—, KR&EL
K3z iR o> VB E R S A E LRER0RES A, EHRAREKARE: 5=,
RIEA RBREERKRESING, ERARKKISER. 5 EE SRS
1, BRTEMRERZANHENLIMNEGE, BHZFHNSEENREEREIR
PR HOERIREERR T A I B AR ERE . ERvmk, —RE LA RE
RS B TR E: MAMTERS R EEE, LR EMEMARN,
HETEEHRE.

HEKRBEN:

EFEHARMNE 2-5 iR, Hh << Ay, WA SEHAR Z K357 fE T E: (1D
MHRFENE, WHREH MH S8, BXEN z B T™ 23; (2) A5
THE z 2HEN; ) NARZREREZERSR, DAZLEVIRESZAE, ¥
FENATTHAME. K ESHHREER R, HWHEWANUAFELERN,
B R STEGE S E SR, BIRSE av b NERAFAZMEERENR T,
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S, /Y
. R ST . O . S ey
e -

- ;--MI- of .
# ‘e - . &
I/ sed < &
’f ’I ’4 ﬁ"-’

” L’ ___-LI ) ’

h & SR

. A R R e O e

B 2-5 JEFRMER R T R

FRAZHL TIRBEAZRHFTHE (HEETF” 28X, TH):
foﬁ:jw£E+j

) (2-35)

RECEBIBIRRE z MM RES , HENEAIRE, &7z 851,
FkVeJ=—jop=0, MNTGH VeE=0. TLIEH

V2E+KE = jou,J (2-36)
H
k = 0. e = ky\Je,(1- jtan 8) (2-37)
tand BN RREEAIET. BT J=4/,E=2E,, RC36)UIFEHE:
(VI +E*)E, = jouyd, (2-38)
BHE)E ETHERTRKBH A,
__J %
a’ﬂo‘ Ay (2-39)
J OE,
H =-—L-—:
O, OX

A] R R TE BRI BCVA SR AR 12(2-38). BB TTERIEMRE T H & AL
BN, AL A SRR KA TR B B A2 18 1
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BFRE R EE 2R
VP + k2w, =0 (2-40)
v, FEHEEAE RO R &GN Oy, /0n=0, 538 E n BREBERRXE. W

MR S, — TR 4 AR g, BRIk, . AR RFEH RAAE
R, SRR, TOEEMNN RS RE, BREH M.

2.4 NG

AEFEMNAT BHBENNEARER, REHEBFAMANE T HEREREN
MEBRFREERENFFEN T E. MITRERAMFL%. THRInRELE
AR, MRS ENBEEMERE ORTIRHFLS. TERRNEE
HHFERIALE, RTEREBAANRESE, THARKIENEN. FEHA
BRI PR AT EMRE REIT T T BRI RER,
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E=ZE MHENKRREHIDH

3.1 5|

NAAR—FH (Yagi-Uda) REZR—FHLMNMATARMIRLRE, TUERE
BORMFEHETT AR, FRKTBOREE, BT REMAPE, MM/ kith AR
SRR REKIT NARRLHITIRE, 55 FR M MIST i 55 g0,
FEBRITSHHE NARRGHIT —RMEOTR, FEOF T8 RIS R
EREU TR RSB AR B, B A0 KRR &R —L
. BEEFEMN ERMIESH, RMEFEMNS LR RRESL, M
BERFEMRERMR, RFENF LRGN, HTER R S A
R, fERET | B =R B R LS.

3.2 NARKZRYIRST RIE

3.2.1 ZiRIRT, RETEE, 5lme

MIERLERL, EZTRTHETS, YHEMEFHN—ER, &3O
EA U A—MRERFEBREREE, B U0, 1, H#RF “27 NERELHE
T “1” RIBBNMTA, MIRT “2”7 AFEEFELEETF. Ui

{U1 =1.Z,+1,7Z,

(3-1)
0=1,2, + ImZZZZ

Ehtitﬂﬁﬂj Im[\ Im&%ﬁtt Imz/Im[s EI]

= Z,U, 1, = Z,U, —; _I_ﬂ£=_.ﬁ=mgfﬁ (3-2)
ZuZzz - le ZuZzz _Zu Iml 2
N ZJCFER R T A
f(@) =14 me/Pridesa) (3-3)

A, d APMIRTZERERS, o WL EHmENTA. A (3-2) FF
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B PR Rl L 2R

LEH, SEFRTFHEERSRT “2” KM EMEH, e SZZ B ik EZ e m A
MALE B, ATIHREBARBL ME. Bk (3-2) 7

2 2
22 22

p= 7r+arctaniY—”——arctan£{£ (3-5)
12 22

—RAELHE d IRELERTHEIRALE B. BELERRT AT
ZRERRY, —EAELERTREREA SR (FmERe), 57— 2iX

THEREFREE 2L, EXHATE %, BIEAED, NEG-4)FfRE-5)HT
H

2 2
m= R, + X}, (3-6)
Rzzz +(X22 —in)z
B = 7 +arctan X2 — arotan 22 Xan (3-7)
12 22

£ R T77 7 B 0T 1 RAE AR 718 | RIR IR T RO 7 0 L, AR
TERTF AGIME, REFEEERTHEARBREENESRE ST HERKR
F—M. k2, HR&ETAE{ERELRERFERERMETHT R L, W
TERTFHEAREGENENERRNBIE—#, WRETERTIRHE. #
WP, AILAERERTRAT M, Wul LMETERTRT B R4 4%,

ERERRET, BERBARE LRINERSE B. % 2L AT ERKERH,
BREMEI AP, H Xpn>0,arctan(X/Ryp)>0, 750, B EH |[Xi2/Rizl<{X22/Raal» W
B AT O~n Z I8, BIEIREYRT b8 AR AT T 8RR 7, SLE BdRER T2 R i
BHER: Rz, 3 2L hTRERKEN, BEAEANERN, §
X22<0,arctan(X20/Ro0)<0, R 38, B ATE n~2xn 2 (8], BILIERT Loy RiBeRE T
BRERT, KB EERTFRESI MENEA. BT A UXE B HdKRXK,
TUEHRF BN RN, B AMRHOERBRDN. 4 d Kb, HIdaa
HIEFELER), BHE m=1, p=n, - xHEHEEHBE. —BKRE, d
MR HAE, MAES| MR, d=02~0.)A %{EHRET2E, d=(0.15~0.23)%.
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B=E B AAREHNMT

LMEFHRTHI—MRES WS, TES WHERSSE, B LMERRE
— G HBH mES, WMREMTRERE. RKREHERELRER T
R

3.2.2 \NKX&

JAR—FE(Yagi-Uda)y K&k, BRRANRK(Yag)RER, NFRATIMRE, B8
BRE, RAAZEEFHES Ud)F/UKH. YagyE —+iHE - +FEREHEK, &
FENETAERESREMEN. Tk, BUREETEEREFH. eia—
EREHRTRTF (XFAEERT), —IREERT (BETEREL HETA5IEER
F (HETERERK) AR, RFRTHSIRRETESGRRTHAN. BREERT
IR SEERERIUHESS, HERFIOATHERF.

SIS ARENTE—RERM, —MEBNESEE, A—FTEERES]
M REAEARBPERLAIE. BN AZNHIERR S AREE RIREMAR ALY
SRS AEBOTELME, MARSRTERIHESRT LRI M, BFEME
BTt IRTEARTREASHEFTRN, XF—4 N TH5]H
KRek, TS NTRTEFREIITE, 24 NITAE4, fERiE N TR
A6, BABEEERM, HEERSIUER—BERE: B3 AREEIRET
BREAER, REOBEREHERSNSREREIER, RTHERESKSI
MRLR UFERTPERE. HEMEER, WREEER TR HEENMT
BHRFRPOBEE, E-BEEH, BTREZEFRKEN, BEL~EEN. B
REMTENEA TIRTHEAIZHENL, TEIMERRTTRETHER.
KEAMEEE., XFFABRTERRFIEEREHRENBR T, BRE&R T
[MRLEHNRITHEFOE.

AENAWFTEHAT SR, BRERFTEELI TR ABUTRENT T
W, BEFRTIIRREH T EREHTER SR,

3.3 WHNAKRKXLERIEF T

FEBRTNAREZRER L, John Huang Zi% it T —HHE N\ AREC. X
MR N \ARERE-RATEES L, ARZE—-AMEEEA. —MREGAF
NAAGIEM A, XEMAHBRIETEM . WE 2-1 . RFAEMABRTYA
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H TR R SR

ATEMENNRERERO LS, REGABKTEEGSA, mrlEs
BATHREMRA. BEEMUBEES, FEEREINMFBERFELL L,
TR A EE @A 78S, WA r BERRD, FHEESESEaMs A
FHIGERRD, Bk, FEMAENERMZLEN, HEZAKNESEEST
BATHREANEE, BRSER SEEINA RORMERL 035 &8 HhSE
B, TS| R A BRI R B BEY 0.3 % B B Al . Eik, FBRF
NARRLAREL, WoH/RMEF — SR FEMREL 0 BEAMREN 5%
PRERME, BAREKE. WREAMAATMEEHEKE AT 15, BARTS
KT 035 M BEEEEK, EASERRIAIIMEA PLEEHERBREEL.
ZTAE, MRERNEELRE (KT 5, MHSRAN, ATHREWEA L2
BIHIEIEE, SEMRMA U FIRERIESK, X, BERFENN Lrgs
BN, THESKHLARRERIThEE.

MET !

@ (b)

21 @/ UK A REGHIRRE: (0)/VKRS R 50 R % 1 BT

W AAREFIAEEEERFE. Bk, HWHA\RREEEHFBRLH
BB A . EERE A B E A H @431, FTL82) E HE&M H @4
Wik AARL. EEREGHRR, ATREFEMNH KB A HA%HE SRS
Y, PAEREEFEMS ENREER, ARERAFREINR. -, M8
NAREMERREE, ERIFHERMASE, FARBEOERHEEERE
24000 90 MM, TIREA RS . XREN ZWRAFRLS FE, WEE BN
HEMEHFHELAR. $=, BN ETL HENBETER, E BRESNHA
BEHEFEMAKEWIERE K, Eik E E 8 S0 EMEE FEM A 18am
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B=F W/ URRERHAH

MG ARG, DHERBEREEMA %L, FRBIAIRFMHILE. BE—
MEFRR, W/ ARRELEEBHHTEAREEERNWRE. XREAFEMHT]
ARG, SERMEARMRSAR, P=ET “WEERMERT” 0L,
WRR M1 B EE B CRERAE, MXEERRERER A ISR
B, Eih, RTURERZENTESY . OFEZENR, EFRNMEH,
Wi AARREH T METRSHEERX.

ARGWERZ TR, SAMFEFIAR, RENTT A REEE KKK
L, XERFAME/ AARENRETZEINRBSBFAEMNF £, Tsnm
FAEMAERRMG A SET, FEREFIXEEAENA RIS/, FHit,
BT EE R IERE AT . R, BmEF LA SIRENR. B,
Wi AARLEE RFE N RHR, HA51AE.

3.4 oLl N\ AR RERISRR YIRS B B F 1

3. 4.1 ZRHHE/INKKER=MEH

AT AW NAARREZRNGPE, MERTRERL, HEMTZTHE \AKE,
R RN FERA . RIS UTZMERRT O B—,
FEMA TN/ BB, FEWASEBEA RTHER; $B=,
FEMA T HEBI AR, Il 32 Fir. BREABRSTA L, FEMAK
Rta L1, MR ZEEREN g, MRESNERER h.

BET TET  mER = BT BET 2 B

15— HE— BwE=
B 32 e AR REN=FERE

BT RITAM SR RAN S EBERAEMMTE, OX-TAEEREH
KB RE, BINERDINERFAAEM, BUHHTRNESEREES HYE
=, ETHEREHR. TMRETEREEORE, BEENRAHIERH
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BT AR AFEELAMTIRY

BN, BB EENEMEHHITITE, HRINERMVTEER. METH
EAFENRBTERYE, BTHEEGE, tEHER, FER T ZREH.
BATHT SR B B 4 X E R HFSS (High Frequency Simulation System) 1,
HFSS & Ansoft 2+ F A R —EEFHVBRBHERS, cBETHMETE, AU
FARREG EM=ERE R, K&, BRESORMBEESE. BRIINGTES
KR, HFSS MHMHFREMTETHEERNXBIRERYESEIETT. El,
FAVEF A HFSS M REFHATHEMT, FHHZ UL ERBITERIT 4.

HFSS {3t 84 R ER, 4 TAEER M REN BN, ZMiEnEHEH
WRIE, HP—MERAERAEBISE, M- NRAFENE, LAWY
REEHTER. BR, SEMRBNE ST —BH. RTEAHIES %R
FEREE, TRTBRAMEA QR RARRIE. THMEN RN, MixR
EMERSE, EhTREALFRMR W, AL TR R, B
BRI R TR R R AT, BBk, RASEETHAMERA. B KR
FIGr B, BRI B S SRR MR B 5R A5 TT SUR B LR I st B, (S|
KF —10dB, TR —MEREGIERIFEE —BRAREAE —10dB LT . FRUARERE
H R NG B R A HE T

ATRLARET, E=MEENRERT FEEFHNRTARUSN, RE2H
sEHR. BAEEHN Imm, HAXAEEES 3, BEWEAFEORTH 8om, MA
[BAEERE K 0.8mm. ER—. =. ZHFEMF RT4H14 7. 8. Smm. NHHE
Fr#1RS  50%20 mm?, & BRI R 24 60x30 mm?, &K LA BER KR
TR, RS ERMRFRE. WEZMBERET, REBUMI A KIERMAEHAE
10GHz HifE. B, RS RTET BRI RS R& S oo AR KR
SFNX=MIERHAT T XL, 5ER S %A 3-3 Fix.

HEPTUEH, R=MEEHERMERS, B — I AFRIEMA RE
WS, EEAEEFRMEREE. BEFREN_THEREN =—MHBEEKNIER
WMEF|FFE 3-1.

BATEHRNARRE, HLERTTD (B F4LTIESH2R, HBRITK (K)
MFETERGSE THERET “HILEMERERMTRERMERE” X—
.

EHHRBEMNEZERCERRRRENTHE, MTLED, ZHERATE
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LR LR L

ARLEN I

BHE - HFESA, AR EREEMERLAT, BRAERMEL,

FEHESIMER.

B 3-3 Sl REURZ T AR RE=MERR S 25

S parameter (dB)

3 10
Frequency (GHz)

y
i

T
12

ARG

R 3-1 WA RE LA R Z ol ARG B =M 5 T iR

Rk f; (GHz) f, (GHz)
WA oR 10

BE— 9.68 10.9
[ A 9.35 9.98
HE= 8.5 9.8

WHANMERINET, BREKNIERAEA { TEREHERAEA . REN
=B EEZAMERMELNK E W5 REWE 3-4 fim. MRBNIAEERE
HEREE, NRERMERARLEHTRE, BN, EX=EMERT, &
M ERERLS EFACHIRSR . JTEMREE {HEER, FrERE -5,
BRAFEMR TR, BEFESFEIRNER: MAITEMEE f Mz, 7
AEESAERAERE, DNTER-MZ, SEFEGRREBESREE X, B,
FEMAASIAEM: MY TEE=S, WEALBEFEWFKEBETREELX,
B, FEMAERINER. Hik, SRERETAEERIGF KERNE TR,
REFAES AT LMES RS, XUFHNCFORSEFER. BdEmE—F
HIATBATR=EER, RERXHAFE. BARN—BRARSEZEBREREERL L
TERNER QR 7 (MBS, ST EREEAENERS, BINRAEEEE

B HITT R AR
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(c) Case-3
B 3-4 ZIn AR RE=FER T AR ER S 4L4H0 E BN R E

MFNAARRLR, AT ST HRING A MEIRREMHER, A28 B8 2EE
HIETRIREE, R REAE IE R TR SRR BB A 8 RN, %
REARTRANFEM AR, BEIEA OERARE, BaLRETIEERR
FHETRMER CRIRRIERIR), Xif, F4EMAES NS, BRE—RFE
0, MEATESIRE: TASRARARTHFEMAR, SR 1R RER,
STARERUIE A RS RER CREOERIR), Hhe, FEMAERSE,
R B, RIA RS,

3. 4.2 WS F R RSB E SIS

3. 4. 2.1 EBEE O W RS54

Atz HBERERYE? RITFER ISR — R mU3EE. MR
KIS ] LB R IFBAE RLC BIREEE, WHE 3-5@FiF. LRBWHRE,
HEYEANT, BRMAHRMHE, STEARRETIERAEN, AR (B,
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105 TR T UWRAER, BHhE (B . SRR REEEFEN S
B, EAIZEEAERE, MALEERAEN0EEARR, WE 3-50)5R.
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Rdriv en

(2) &
B 3-5 @A T RIS BE . (O) T AR RS R0uE.

BN EROCERTEE,  RIUMHH R LN 2 (8] M AR AT AT 5 2 R A
RS B IT 2 (B M B, TORES) T2 BAREESE Y, MAERIIERW
B ARG A RE, FEMA SRS MERERE (MHA P L2 REEERY
2704 MBS MEA% 2 BBEERES 0.05 MEKER), BHEIIZ Mt h
pRecEEZBENRMEEN, FENTEARK. DHEF— MR TR
R, WHA—ADMER A TIRERRAN, LRFLERS ISR A Rk
&, EMRIREROM A A BN, WEEFHANE, FERAA S, WE
BEAUA B .

AWFEBER, BREFEMRFEN, REN S SHFEHHENE 3-6
Pizs. mEaT, WA RERIERIRE 10GHz BHE. MBI REL TR
IR, FRAAMPUAREYE, BRNE: LYTHERRRETIERAEN, W
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BN MR BRREER, §EF - THReMELNmL. 4
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PEMELIBIMERRAKEE, ®E, BEMHERTHRIZHHE D TR
fi, WERHFEATTER N BE, WHHHRRMNLRTEAM, MBS,
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ABXIRRSA, BELETER IME, NANHEONIIRFAERE. B
R, AR LB A A2 AN, RITAT L, 5058 % TE TR
&, WHHE TR G ATIRSAR; T AR LR 0 E R 2 BT,
WML TAETRECRE, BMWTLT RS0 BRI,

(TN (77T

B 3-7 REMTRNEBER, FEshgsm

MFIORHEE A NAARRE, SR EHTRAZEN, NREAEET
ETUREN ERPRE, WA TFREGATRN G, WA TSN AHEE,;
WA EIE RGUABER, NS EETHETUEESZMRE, WA TH
BN EI TR AR, W R R F R R

MERR— FEMADTERMGR, FENA SRR fu. B TR
HIBEIRIAE fone. HPMEARBHEN, FEMA LHEETLETESEE.
ATIERE ffowe I, BRI L TRBRE, KWAER D4 HEE, HF
foar>fariver W f<fpara, BFAEMA K BIEFUN AN, RBEHEM A B EEHE,
Bt B A MFEN BT REEROER, —H0BE TR LEE,
PG A TR R AR RS, FEik, BlsH 2 A8 0TS h s,
4, EEREFHN, RFHEKFLEREMER R, TEESBNBERER 180°
MZA. HTHFEMF BB URTRERS, BAENERESL, BG4
MEH TRAMBANALH B EE 180°MM3k, Fik, FAEMA FHRBHH
i T B BRI AR B se e R
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BEOER, BIIEERERE, BEER THRDABNRI A, WA BEHY
HEEE, FEWRNEFIE]RO4ERRRY, SIEFEMGA L%, BIZMKFESEMBAER, TE
HAEHAAER.

FIHT R PER. BB RES:. Z AWl kRERE, F
A METRME S, (7 . STEMRSTREMISHFMAE 6, ZTEIETL
FRAERS, WA THRGEMATIHRSA: A TIERESE TEENERER
F L, ZuBFTET BN EMRE, A THEZEL BRI A. H
U, ZRATY AT LA £ A0 £, X PN 5 BURRCA BRI foqq FBEETRINE fiyeno

& 3-8 B HFSS i AR EIR —o# AR REEX=MEHLT, &F. BE
WIRMELH RS TE. ANETRIERHER, ZTEETEERREN, X
LN LR RIGIELATN RS, i LEERERRMER, HEE S
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3.4.2. 2 HEMTMBIRR S A o) EiFtE
T =Tl RETHETE. BETXNRENH m B,

R CATE e — A PIHEAT ], WRETIET BRI T™M, B, [5E— &4
WA/ TRBIE R, BRI A BB RTE AR, MHEMANERIEEE. B
e, BT ARSI (BN foaad) AWRIE A IO IRIAE, TR TS GRA fven)
RFEN A RRE . B TR i, BURA T TSRS, BT
BHAEDMEREERE M, FEWA THORGATBENMERNBERES . &
ETHIHMAEN#HEAALENEHEESE A FRER, MIATESE
(yor &) RN, BMAU%tBgRESEREN. FEBF THEESHS
BRI R T I RGIEL AT AR, FREREE THFIME NI Ml hyE
HEARTAMKR, KFABFEMER, TH, RN ZIIEEKERS, FE
BMArFrElE, RERMNEESBTAMER, KFEQEFAMR. Eik, F4
WA TR, S TR TR TFB LN EKBEL

BHETHEMA LR STLHBEH3, Bit, FAEWA L Em
MEABIRRADKABMEE, ENHTEREHTRERAE, BRI LIEME
BRRAHAT 434

AR M T R R TT R BB SR A B AT 4. ARIE S A R,
T M o R BOAE S 7T AR U e 7 R F P A S B PP O T 7 0 0 ) — T R I 3k
ST TE Z TOAHH G F e R4 5 =T LR 54 TG 5 0 00 ) = A B B e (U RO 3
T4, WA 3-9 FiR.
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HF R0

{77 A B AU T35 1 (R A PR AR AT O A0 77 1) B 1 7 A Tk 7 ) O R A R A
WK R LA 77 AR, FEBRESIREM. STEREATA G, &
Sl LR BIBAEM RS ANEN, ST/EMEARSBREMEN, FEBRT
58S T RS2 AILEREXNR, FEMR LR RGAAREEIZ 180°,
B, FEMHSEEA EREELE R RAE, FEMA PRSI S B
WAPMNRERRE. EMEEFNTREESTREENETAE, EFHER
MPeE. {BRAREERER, NAREREEACKA RS AR

R\REREOERSEEEER, WA REKNBHTURERGERT R,
B AR TR R BT R P BT RO SR S . X FR "R R R rARST, MIRTBAA
EREHEHTIR, ElA SEMBEAN = MEFROBRREN kL. X=
AMENLENG D RIFRAE-1. 2. 3.

F Mi, My Il M3 RARFZ=AEF EHER . MRERLERE TLIRT

A
M, =-2axE,

Hy, AZERSNEREAIRE, ERETRTIRBYE, BT 2 RyEBTH
R A NREERAER. Bk, XENERRA2HIRTHS

M, =2§x3E, =-32E, (3-8)
M, = 2%x JE,, = -52E,, (3-9)
M, = 2 xiE, =32E,, (3-10)

HFH-1 fi4E-3 MANEL T MR, FREEH M I M; I EFAAR. B
M; 4RI R BN A
1 P

F=— M,
4 r

dv | G-

MTRGNE R, BRER
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B=F WENARKHSW

Euh -j,r Sin(kyAsin@ cos @) sin(d k,a, cos @)

F=-z-1
er kyhsinécos @ k,cos@

(3-12)

R, REFRQEIMBEENRRE, 07 o HFRM 2 81F xoz TP 11K
BE. WA W BARESHERE, a BE-1 HKE, SSTHEROEE L. &
AR, HRBAERBITIIRTA

F,=-F,sinf (3-13)

R, R My BB HIE X i R LR A

E, =~V xF = gk F, =~k F, sin
E.h _ IR sin(ky/sin @ cos @) sin(4 k,a, cos) . sin
ﬂR k,hsin @ cos g cosd

(3-14)

= gy " e

KBl AT LIS B Mo A0 M B0 RIG, RE SRR M, B5HH8
BARR. B Moy Mz 5 M, ZIRIFHAZZES 10 B2 R8s, W

EZJ’g —ﬂq,R Sm(z OgsuleSln Q)) Sln(z k az COSQ) gej(ﬁz+knbz sin & sint @} (3 15)

E,
PR R Tk,gsinfsing cosé

-E. h o iR sin(k,/sin@ cos @) sin(3 k,a, cos@)

gej(ﬂ3+kobj sin & sin @) (3 16)
R kohsinfcos @ cosé

E,=¢g—*

Hrft, g RAMA Z FIBEERS, BRRE-2 MRE, T a1 a 2B A
B3 MKE, HWAMEART AR, o STFRBALKOESE. #2, 83
FIHE-1 ORI AIBE B 2 B by M1 by TR B A0 B3 AM I RE-2, #8-3 SR GBI 548
-1 FRERBIMEAZE .

WA, K= R EMLE X B H

E=E, +E, +E,
VLI E.h _ R i 6'[sin 7, sinn, m, siny, sinn, 0% sm ¥, sinn, e/ 3-17)
JZ'R ¥; cosé ¥, cosé ¥, cosé
Hrp

n = —;-koa,. cos,(i=123)
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R Pl e VAR

71 = kyhsinfcosgp
1 o
¥y =5 .2 sindsing

a, =B, + kb sindsing,(i =2,3)

Elyg
m, =—=—
E_h
- E.h
m, =
E_h

Rk, w7y mETRR A

siny, sin siny, sin sin ¥, sin
P 30Ny, 2222 20T cosa, +m3——~-}:-1-—icosc;ur3)2

8,p) =sing
/6.9) L ¥, cosé ? ¥, cosd ¥, cos@

1
siny, sin sin y, sin

+(m, sing, sing, 7‘2 sine, + m, Zh ’2 sine; )2 )2
¥, €OS 7, cos

EME (6=90°) MM HE (9=0°) HHFHEH

fi()= [(S‘;‘," Lt m, S“;" 2cosa, +m, S“;}’ Loosa,)’
1 i b (3-19)

siny, . siny, . 5
+(m, Y sina, +m, ! sina,)*)?
Y h

sin ¥, sin sin sin ¥, sin
Yy sinzny S L m 7, cos B, +m, ~m L1 smy; 773

7, cosf  ° cosf yl cosf

sin7, .
7762 sin B, + m,

Sr (@) =snb{(——

0s £;)*

(3-20)
siny, sin ry3

+(m,

1 sin B;)° ]2

BRI MATLAB R E TREFY), MERFETER, URHRE-17), (¢-19)
F(3-20), ATLABBILLTE L. MR B=0"[Fit =01, BI=AMRRAELIHEE, N
BRESTEE H o=0° 4K HEK 6=90° I &, ENMEHELSF FrH. HELHFE
FAENF LR e i LR R FERANOAAMES, SRR M, 1 M; 55
W M AR, BRDARAIRER, B Bo<0° FIEY Bs<0°, IXHERLE 4 M B Bailist
BN R 7 SRR, TR B=0" R B3=180°", BIREEVE M. M, F)#H, B M;
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MEN R, BETRERASBRLHTRT. My 1 M, &R0 E,
M M; BREMNGROMNEZSEE, REFERERMEE. W8 =08
Bs>180°, HAYR My 71 M, FIAH, 1B Ms /5T M 3R 180°, WM IA 240G A B v
HERAKENEE. MR B=0"H B:<180°, B Mo H0 M, I, 1B My BT M,
L 180°, MR B A B RO RES R . XEEE moe=my=1, {25
r £ My, My 30 M; BRI R RS IR IR R Y.

MNTWH—, FEMADMTEBEA, B forfuven<foverfarae 23R ffogq
B, WORIWE R AT ITRRAS, B A TR TR, 027 40 A RO Rh s A i e
SERA BRI, A OBMURE, REBRAEENS RS, AR
TES B2 . BEE TAESR AT, &£ LGRS B RETHE AN, HHRE ffirer
B, FFAEN AT ERRS, EFENAIHRER, 15450 RS A
RIS A BRI AT, SE0F L s RABRIE S IR 180°, MU4RS1 77 B
AETHE. FEMAFREEHESR, NRRAFEGANERERBETL, ¥
FER, FEWFES MR,

MFEEEZ, A RTHE, EAREHEESIADBEE, ERF A
BHETRIMB L T I8, FEMAMERAERE, B faTarvenr<Eover=foarae {BIXF
TERARBRIE, B Ffoag B foven BT, BRI S ANZF RS B 204295 T35
RE. WA LR RIZREEANY, MR e, Bl R R4
i, HBEAS. HTHFEMAORGHELHERE, WERRRETERLE,
FEMAETIHS. AR, FENK LAMEE RSN, SR
P ffeven Y, BFEMF LRG0 180°, BHTFMEEETFEFRE,
EBRRAFTER S, FEWHES RBRER.

WIEH=, BRFLEMA P EBREERTE, B farTuwa<fover=Liivens
SLIRME f=foos B, FEMA LT ERRE. FA BB R, EFEBS
LRGREE, FRARRAFENA, FEWAET R, B TR,
A EN A R HIHARNL IR R, L5 B BB IR (B £,
N, FEMA LHRSHERET 1800, MAEE 1807, EMFIEA BIFmE, &
EREA SRR Z R SRR R B K S B UE SRS A B, FAER
F1ER &%,

SEUL=MER, TUBRRER: NToamEAKRE, FEFMEE
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’iﬁ@! EEFE{EE E‘J%ﬁﬁﬁﬁﬁﬁﬁﬁﬁ fodd, ﬁ%%i?ﬁﬁ$W%ﬁﬁﬁ$ feveno
‘ :l:z‘ f=fodd HT-L %Eﬂﬁﬁi{gﬁ%[ W’IVFHEJ; é f=feven ET.I-) ')_'Jjﬁ‘ﬁﬂ"%ﬁ: %: feven=fpara!
MZFEM BT HER, B foen=Firiven &AM A RRAEH.

3.5 HHEM R EZ2IihE 8 v X3 = il /A AR BRI 20

3.5.1 HEHEFTMEIIREM F KM IERIZNT

MEREHTHEHE. BRER. K35, HT5FeREHE. BHHIE.
BT E5HMEROBAERFRR, —EEREHIAKRELZ —, EEHERFERET
BE&EZERVL EER, MERETNHTBHEFSNFHR, EEBE™
BRI HRERL, AMMNEERENE SN RUENTERER. BWAES
T ERRAM R R, T A ] — B R R AR PR R &
TR R AR,

2 3-9 FimBIERE EHETER, REM T RBERNGE — M RENL
05— FRERAA S AT, RERTULEHA—A LC % BB (LE 3-5), KX
K ITAEFLHRER R

1

fo:Zm/L_C—

(3-21)

HE_c Vwem

B 3-9 i R RANET

TR R R R EE T RRRZ T 0 MR REGE, HMRT
| DA A BB — AN AR, T R E SR R ET R, 1 3-10 Fi7s . #R3E Wheeler
B2 3 5 % & (Equivalent Volume Concept), FH/E L AT AR A«
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L = ox (I—JZ (322)

4 \w
IAMBHEOEYRE, W AMENEREE. NTHERSE, BFTERSR
RTRA R TUARMBENRR TR TREEHE, LERNELAE
WEEREE EEARCER EMUBIE. MBI M B ES BT BRR
RERRLC BB, ERGERIAE TR, MRS41HR H th TR R4 10 T i
RN, L OERERG2)MEM ERUBT 12, FHEHONSEANHT
B R B A A PR B B B AR 9 B . SCER[15] 5
FDTD ¥R T MM B RE THEEERE T, BE T RRAshI7 0K
R REE IR AR [ 3-11 S T — 50 OIS 4 b K 4] O
BT REEMBRT ORROFMHAER. RENEHSER T NS
Lsh, RESHEE 3-9 IaREHRA, VBORER 0dmm, KENI, ik
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C BRBTHMHREN EmBERK, REBRARRBRERSLR, EREWA
Flz =0 AL EMBHEN R RERE = 0 AW HEMEMBERRAE, FHEE
REROz= 0 BERBERZEH M, HICREHFEK.

EMETEE T RIS HREMR L IEFRIAZR T 7T DUA B YR B B B R
B RMERE. BWMHREERTEN, WHARABRGE DT RES, BEH
WREEEEW, RETEFLIMEAR.

c

=T

(3-23)

RPLAFRKE. SEMAF LEE TRERN T EZ—1E8E, FXRWAREHN
RN R TIN, RS REETRS, XA A RKE LFEm, AN
M TR RRK. Bk, e TEFENEARERE, Bl mBiEanR
BENMIRERT. B 3-12 FETEMEN R TRRRisiEHeE, ANEFE
MEATLLRIR, BRRIINAUKELRARZIMEMEBREEEEM, AN F
BRI TRANE B R

3-12 FE THHFRE TR ERASIIT M SAEN R A B2 A8

3.5.2 BRI ZFEMH/\ R RLE RS HERIF G

3.5.2.1 DGS (Defected ground structure) ZE¥IXHRIE BB BR ST B4 1ERYR2 D

DGS &, FBBEEEY (EBG) St FHEREH (PBGY 2L, 2—H
g, Dl NA TSR, AT F2REP, B% EBG (& PBG)
ZHE—FMHERAKKNEY, EESNRTNET GBI R RMEMREGE,
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DGS 5544, R\ 1870, R UBISHISEMEHRE, Hik, DCS E#
RESKILE R EAIR . RIS, TR RSN AR EE, b
CABRIE R SR T R 538 . 7ERLIL AR, Byt 8. BHRLHREM
B, DGS S 2R, B E BRI B g, Bmm ik mEEeE.
R RAERE. SRR PR LS,

DGS £WEHERMAEMFENEEMIR L. D. Ahn %%+ T—F DGS &
H, EHWAEER S EOERAR, ZIMEMEE T 70MR E, BYERN
BWRBIRT, USRS AR A B RE, NMEREFER AR, hilp
HE BRSO,

BESRHMEEHZE, MHERLART, EMAMNSBEEEREET.
PTEL, EF BB EESBEE b, XitE e m B B S
A TREMFRN AR L2MER, ReBRIX—mEs, TRiE
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PEEUH ) TIAsy . WIRS . LR T | BT TR, e fIET
Ptk RIS REZET R =KL S-ele-antennas-0, -1 -2 HAT Tk, &
TR NNNN #9757 [ B EBA R AREAR, RS T EER AR TR E,
Aeg AN & 1 07 ) B .
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Tt b b =R P ara

H 3 MHEREBEIIERHEEARESE, WENTR. fIMFHERERIE
KEHngE, RaTelEFEREEMPHRE—IIFX.

BT RAT A R AT EM M AT R RE, HARFEAESZHFXR, &
EENRES, BARALEARERMFRIRES, RERAFERTHRAE,
TEEE R MR RF R,

e EHEEO, XRATENRENSMEFRE 3 MFREKBREER.
PR, X EFRE Z|Sn|<-10dB B4 FLT 2 9.81~10.05GHz, R 2.42%. X
ZHuRATE R FOR 9.93GHz 4K E m 7 REWE 4-16 FioR, A0 EBREE
48 F T A -67°~+62°HITE F, Bl F/hT-6.5dB, 2T XKk B /D T-35dB.
MERRMNAS, THRHRESESNEEERSN. FrERERERS, &R
A .

Directivity Patterns (dB})
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B, Lirtk, REEZTMPRET, TXRASEEAE-35dB BT .

4.2.6 WEMHATEMATRHE/N\AKRE

HFXUEMB A BT N \ARE—HZFREQNLHEBHREFFLR
T, ERRKEBHITHTREERPHEREE. BRMRENHER, RTEEH
REAGHERERAT S, ERBEZMREWAIERRE. AEXEHE,
FEFATRERSRRENERS TS, MERTEERRKARESHIERS L
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. MELIUX—ER, 7 LUB MR TR,

TRAE 4.2.4 PXIVEMB I THE NAR KB TIETR 9, BATHES L
THIRT#AT T %, BN A LM Slotedge FIR~, FIRTHEINNG A 251
18 Slot-center BR~F, BFE, —HEW LIS R, 5—FHER LUK 5581
RAHER, BEIIEMEARENEBET.

BFEMA R RAAEE, AERTHEL SRR STR, REF
JIREHALIHER, NELMH LR LA MR g/, B8
—BEXIUEME T EM A THE NARRE—HT ToGE, B8 TENETE
MAETHMENARARE =, HEHME 4-17 Fx.

y
ERibiR
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20 770 2
) TR TR, T T AT X z
7 RN AL
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7 % % " |ma
LAY o

BFEMA
h

4-17 SRR EM BT A\ R RS HR R A

XU ONE AT B4 T TO0oH A AR R & AU N T B M T Tt A A R 2 —
HIMGT R s RERST R AN ER L4, WHERET O Le19mm. —F
HIRFZ AT TFRBMEA LB MEANTRSE, TR0 GRS TS A 5
PR MEAAEE, RERH M RTSH MRS SWE 4-18 Fim.

HEZFMOT, LR, TESENANESERRN. T
Wi R ERHORE, $RZ4 Slot-center, EEMENS KRR HER, S RMI Slot-center
HIRST, {EREHEFMIR, BIMME. NS A DL Slot-edge KIR~F, fi=
FRENAAHERER. OTENEETEN RS EYWRL, FUsS
38 BB EREITE T XM R T, O RAITERMIFXERTY 0.4%0.4mm?,
AT E AR SR AN w=0.4mm. LT BB T, ZEW0E - Para-1 7 Para2
L #9#E Slot-center: a=2 mm, b=1 mm, ¢=3.6 mm, d=6.4 mm. Z {Nli§ 2 18 Slot-edge:
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d=5.2 mm (PR IR ALBAN A S TR AR IRD ) o A5 U5 A 1948 Slot-center: a=2.4 mm,
b=1 mm, ¢=3.6 mm, d=6.4 mm. &R F #13E Slot-edge: a=1 mm,b=0.6 mm, ¢=3.2
mm, d=5.2 mm. {388 KA &8 7 REERIFF 3 LABEAT B IAE, A Ansoft i HFSS
AT T RERIHE.
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Fx
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1r [IEE
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Kl 4-18 (a) REMBH: () FERAIERIFR: () NS (O FEMAORS.

BRI LT ZEE 3 Mk, BARKR TS EFEESmE
418 Fim. METTXVEME T EMEE \ARRE—HER, SIMFEBAREE=
FRRaEs: K& N7, BMEMFRAS, MARER: RE “D”, B A%ME
Slot-edge FIFXUTF, EAIM Slot-center -4, WEAES| SR, kA “R”, 05
H A ERAORE Slot-center R XM, HLEAIH Slot-edge H 4, TEEIERSTER, Tk
FHR=ZMREWE 4-18(d) R,

BRLENFEGAPARRSHTHE, TUBRBANTHEER. BRIR
AFERAMRERBRREM THEER. & TEERNEEBESRLERR
RALTT F B R E B ATRRIITE 4-5 +,

REGERMEER T, RAOTATLE, REH “D” W EMH HES] %S,
R&A “R” WFEMFAERMSE, TREN “N” BFEHHAES MmE,
REHLSIRERL “D” EF—&, BB /N\ARSZHER, B sIRmRm—4
e 8125 AT 18 BT I 75 1) A . 3 Mode-2. Mode-3. Mode-6 F1 Mode-7 £f £
BTHEAGIME. —ANRFBEER. EHARKFEHEEERN, Mode-6 F1 Mode-7
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AFRBRFE AR

HIZ[E/EA A Mode-2 A Mode-3, B RER, AMEHRAAR, BHRKRE
BASEM, ZMFEN 1024GHz 8F, 3N Mode-6 FT Mode-7 K £ K HF7E E HH
B 576 H H-64°~-20.5°H1 21°~63°, W] LASEILIUK R IT#. Mode-4 F! Mode-5 HH
M R4T4%, 5 Mode-2 1 Mode-3 #HEL, MEEEMEY, BEERNRBHEERT
B, HAREREERK. S EFERFEAN “D” 5 “N” o, FREEXHEER
Bigm by, BEEWRAAZN. ARFEFEMTEA “R” i, FHMERREE L
RBRIFILE, HAmEEREE, FREREEEK.

R 45 WHEMETEMT T /\ARE ZHEBET AR

FAEM | ERSE | BAWESE | #RAERE | ARk
B FRE | (GHz) (GHz) REREC ) | RED
Mode-1 NNNN 9.62 9.38-10.25 -44.5~31 6.623
Mode-2 | DDRN 9.94 9.43-10.15 -63~-17 10.37
Mode-3 | NRDD 9.82 9.32-10.02 14.5~60 10.20
Mode-4 DDRR 9.94 9.43-10.16 -61.5~-14 10.19
Mode-5 RRDD 9.82 9.33-10.02 11~57 10.15
Mode-6 | NDRN 10.18 9.41-10.40 -64~-19 10.54
Mode-7 | NRDN 9.58 9.35-10.24 -5~50 7.401
Mode-8 | DDDD 9.35 9.17-9.60 -36~32.5 6.972

HAMF— T Modes-1, -2 F1-3 1S 2%, WHE 4-19@)FF, X=R#ER,
HIAFES0H A 9.43~10.02GHz, HRAN 6.07%. ZEHH LR 9.7GHz 447 E
HAFAEME 4-19b)FiR. X Mode-1 5 “NNNN”, BEFH 2L 05 S iIT
*HAE, FFREENEER, B Mode-2 HMFAEMARSS “DDRN”, BN
A5lEeE, AURAREE, TRERELZM. H Mode-3 #FLEMWAREN
“NRDD”, R Mode-2 IEFHR, FREWRAN. 7 9.7GHz &, =FiRE
WESEE H E BT A-63°~60°HTEE, RENBIMIEREE, #/NF-15dB. MK
M 9.43GHz L7+ %] 10.02GHz i, ERFHE A FE LB A, BIRSZH B
X, FREERBRSEHIEM, R5EHRN.

M HE A BIRETIRRA, REREAT, RERFEENDEER.
THEHHEE— MK 1. 6 M7 HWAE, BIIK S ZHME 4-20 fin. X=MHERY
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M rEF3 /N F-10dB.

FREA L 20 30 6 M7 ASER, THEREERENTSABISATEE
RIBR, i, 7 9.43~10GHz WIS EBER 1. 2. 3RX=FPH &SRB R
L EREL, TUBEERNEMTERE, TE 10~1024GHz MIEEA, 1)
RABNK 1, 6 M7 X=EMEE, XK, RENTHESERE—SMINT.

4.2. 1 ECEMBTEMATNE AKX

4.2. 7.1 MBARR~TEM BT A\ KRS

REEZFHT, BORTITR, GLBWRENAERY RS, &
LRSI 2 B TS, AP ERMEREE. TEISIREE £, fER
ERINE fovene HMRRTHETE foaa MHER, T HENFI E, (52000
RiR—, FEMFTIESIEE: TARE T foa HHER, FHENESAE,
PEIHIREM . B foven=Tuive (BRI USRS, MBI b s 338,
FEMAIERI S F foe oo FEWA BRI, WFERS FahgE
B, FEMAMES . LM R TR/, SRR foo BRI R £,
AR fosd=farves B Fforne~ariveo B, FEABF AR A 631158, SHMA R <80
KBSs foga 1 foven BHIMR, fover~firver 2 FfireFirmveo B, FFABEFAET: o S8
wre MEMBEE—WFEMH LOERTRA, B—UA EER T8k, 0
RS —WFER AT RS, WA ERS 8. X8, WAl LlEr e
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RI\AZRGILT I, U~ 20 G g0t T e v B B iy
A BTEARATRISERIM ARG E 2 %4, AT R O B AN R
LHIWEK, WBRAVE LI TR A BP0 B Pos3 &b, HEHFFER
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BT RHER¥F LR

HpR: — AR, 4 DEY. RGN TR GPHANMER ISP 2E—FF
X FVIFRAPRE, THEMA AT EMRE: RE N7, BRI L4000
&, BERNEEM: RE “B”, M PITFREWH, BXEEER: RE “s”, &
2P ECHIITRETT, MR MERZMEFXAE, BB/ MERIER.

TRANEBAFEMARARERE S EMEH BT ERHE A AX
LM TAEER. RE “NNNN”, R 4 MEFESABLETRE “N”, FSEBA B
FFEEIAE/ER, ST RE S-ele-antenna-0; IR “SSBB”, AMIEANFAEMA
W&H “S7, 1E5I R, EMANFEMAREN “B”, RSB, WNFRE
5-ele-antenna-3; R7F& “BBSS”, ZMBENFEWMAREN “B”, EREE, A0
PN TFAME RSN “S”, 1E5Im2E, XN TFRLE S-ele-antenna-4. LFr_Eix—
AR ARRE, BEIFREHRY, FEMANRETUEALNEAS,
R 4-6 MH—LEFEM T/ERRMEIERSE (Sn<-10dB). AHEEN EHERKY
F7 1 o

MERFERTELEY, EREFREMTEER, SIESREREEEBIN
FEEEH, FEHERBIERNNFE, MHENAGREIFERNEBER.
SEME AT EMBH \ARREZHU, REHN “S” MFEMHAES AR, RE
A “B” BMFAEMFAERSSE, RED ‘N7 OFEGARERES SR, EX
FIRERAZEL “S” 5. 4 MFEMAKREN “N” & “S” i, FABIZER
Kigm £, BEHTHRESERELMES, BREMGH MBI RERER, &
PRSI A 2. B R Mode-13(INNSS)IF, AMETFH A “S” I B g iis 4
MEI5IFER, BEERERRAIELY. SFHMWEHAHR “R” &, FHFER
ETERAE RFILE, B RmEERER, FREREEEK. B4 5 mst—
AFIESMG RIERAER, ERNMRESHAREBITERNBEREBAE. Hh,
B =/ME Mode-1 (NNNN), Mode-2(SSBN)#1 Mode-3(NBSS)4H & #4235k, LI
FRAFBMNBHTEE LS =1 # KX Mode-1 (NNNN). Mode-4(SSBB) 1
Mode-3(BBSS)HA SERBENAREEEE, MEHHELERRN, FakRK
HEX.
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BNE 7R ET B/ AR M5Bt

EX ¥

1

F 46 BEMMBETEARTMENARSOEE TAER

R | TP s | ey | kR
fd & * | m s | wwmmg D
(GHz)
Mode-1 NNNN 9.65 9.39-10.12 -44.5-~32.5 6.473
Mode-2 SSBN 293 9.57-10.10 -66~-19 10.21
Mode-3 NBSS 98 9.51-10.06 12~58.5 10.05
Mode-4 SSBB 9.95 9.59-10.16 -64~-14 9.586
Mode-5 BBSS 9.8 9.53-10.05 5.5~56.5 9,629
Mode-6 NSBN 10.08 9.54-10.32 -65.5~-19.5 10.17
Mode-7 NBSN 9.78 9.5-10.18 7~57 8.529
Mode-8 SSSS 9.53 9.3-9.85 -42.5~21.5 7.337
Mode-9 NNBB 9.85 9.61-10.22 -57~0 7.792
Mode-10 BBNN 9.85 9.7-9.99 -5~52.5 7.439
Mode-11 NNBN 9.83 9.58-10.19 -60~-9.5 8.310
Mode-12 NBNN 9.8 9.62-10.01 6.5~55.5 7.819
Mode-13 NNSS 9.57 9.31-10.14 -34.5~37 6.690
Mode-14 SSNN 0.6 9.34-10.17 -47~14 7.682

4.2.8 LIGER

fRYE HFSS (FRMZR, RATH 42.7 WHE SEMB R LT T RN 21
Wik, EXRIRES, REFLFHITL, TREFSR MG RERFLNE
W, HFFRAEGH, SBMHFE, TAXEFN, MENMEA 8, Ei, *
SH—FREBEA—MER, THERERES, RIMT TS MER, S 7lab
FRFRA “NNNN”. “SSBN” 1 “NBSS”, [ 4-26 i Ak A SSBN HIR &R

ﬂ_c
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B AR AW A 9.15-945GHz, WAL R EE RHSUFBHMRA T RE,
B RBEHE D,

[ 2 ¢}
54 -5
=10 =10
& [y
2 s D .15
v 204 & 20
-25{ —=— NNNN 251 e NNNN
—e—NBSS —+— NBESS
301 ——358BN 30{ —— 55BN
7 [ 9 10 11 12 7 8 4 10 11 12
Frequency {(GHz} Frequency (GHz)
(a) simulation (b) measurement
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