TEIARE LRLFT

A four-beam E-planeshorn antenna’ desig in__r porating a wire-based

FyA Ry (Hung-Wan Liu)

o+

i

pEFR R @ # L (Dr. Ruey-Bing Hwang)

P R K 4 L o~ E -



ZAIH e AL E X AR

A four-beam E-plane horn antenna design incorporating a wire-based

metamaterial

Py FlEy Student: Hung-Wan Liu

iR W B L Advisor: Dr. Ruey-Bing Hwang

Y i T F S
T AR kR AT

A4

A'Thesis
Submitted to Department of Communication Engineering
College of Electrical and Computer Engineering
National Chiao Tung University
In Partial Fulfillment of the Requirements
For the Degree of
Master of Science
In
Communication Engineering

June 2009

Hsinchu, Taiwan, Republic of China

PR R4 L o~ E =



ZAIHHEZe AR E T T

SRR IEy g E R B L

B~ TR1e8 s

# &

EAwmT Y o AP - B AL AR AR v AR EEY
BAR ORI G B LA X SRR R A A e A 1 H B 2 A SR
FEEB DR HRETEEY £ A dEG B ondT i R EARIT Y 0 s AR
AL e B0 - L RREGEE RE N I S phA el o AT B iR eh
RECE R IR Ll - sl - SRR B > APRITT - B
R kAR, 3 Hk N BT s B ow oo £ L g B s
E-plane 5 & % & ¢ > & Hi% s wp digjkhdoanfy #4357 o ERELA R
B I frAp b o ¥R RO TR R F R R R H K s Tl g s8] A
187 17 9.20dBi chfg 543 ¥ 0 2 2 200MHZ ' THE B o o T SR L F SR RS i
PR L R A R R R R RIER ST T A R

BReil U  S e R B



A four-beam E-plane horn antenna design incorporating a

wire-based metamaterial

Student: Hung-Wan Liu Adpvisor: Dr. Ruey-Bing Hwang

Department of Communication Engineering

National Chiao Tung University

Abstract

In this thesis, we reportedsa four-beam E-plane horn antenna incorporating a
wire-based metamaterial. Such a metamaterial is made up of metallic cylinders
organized in a two-dimensional square lattice.- After properly designing the lattice
constant and unit cell pattern; we synthésized a medium having the effective refractive
index smaller than unity. Therefore, once waves within the metamaterial were excited,
the refractive wave tends to be ‘perpendicular to that of the interface between
metamaterial and uniform medium. Based on this concept, a 4-way power divider was
design to equally distribute the input power into four different directions. We then
guide each of the power into individual E-plane flared opening to radiate a directional
beam pattern in each sector. In addition to the theoretical calculation regarding the
dispersion- and phase- relation of the two-dimensionally periodic medium, we
fabricated this antenna and measured its radiation characteristics including the return
loss and far-field pattern. The excellent agreement between the measured and
simulated results was obtained. Due to the properties of robust, low-loss, and low-cost,
this antenna may have promising application in a point-to-multiple-point radio link

system.
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g2 % B (Effective Permeability) u[ 1-4][20-217 °

ARSI B AT 0 R B B R 353 (Homogeneous) sk §; i 4

I ER L e L Y

-}
—

Bl g e B % o B G % RO S HACR 31 STF > 4Lk B H I S
72 {8 %48 (Perfect Electric Conductor) » % Blen /i B2 24 o} > {fv7 > 22 EE
WA iEe s 2ot 512 8 E 1 (Perfect Magnetic Conductor): B % £ > @
w3 818 2 Pk 335 (Waveguide Port) » I B3k Aigfk gk @Y 0 B o A— BB

- ik (Propagation Mode) °
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il

(8 > Wave port

Bl 3-1 H & ikt s W

3.2 1% SHkE Stk
foo - )Y i S S R R 32 - ek e 4 1

NI AR B % R Sd S 2R 0 R L Z, -

Bl 3-2 5 &% e T L B

* Z%\fl’?,@/ﬁé_ﬁ EBB)?CEP\ #Eff_gi%r’/”ﬁ‘gl’éf ‘F%frﬁ-&fﬁ‘ﬁi"

z = exp(— jonJued) = exp{— j(%) y,g,d} (3.2.1)

|

Z-7Z,

“Z+7Z, |
" +1
gr

(3.2.2)

=
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Pl b R 0 B DUBLR 2 | YR G gL Fl(signal flow graph) o 4

Bl 3-3 #7o7 -

v, A (1+#0')z B (1-I) v,

m

—».—.
I -1"z -1z

— ) @
Va (1-T) A’

F3-3 BLRE § R SR W

F 7B B AP 4F g2 Bl(Mason’s rule)ds 11 R B g £ S i
1. Sy ¢
()& /= (path) -
B 1(P): T (3.2.3)
B im 2(P2) ¢ (14 D)z (<T2) (1 — I (3:2.4)
(2)— F# & (first order loop) :
14 - BEIR(ZL()) : (-T2)(-Tz)  * " (32.5)
BTl Az - FER(ZLA)Y) - (-T2)(-Tz2)  (3.2.6)
Bl 2 A2 - FER(ZLA)™P) ¢ &
(3) = F# 7k (second order loop) : &

Wi Sl AET B S
_BA-3L()" +32L(2)" =)+ BA-SL()? +ZL(2)? )

. (3.2.7)
1-2L(D)+2L(2)—---

P

&1:IXL—oka—I2»+ml+rﬁz%—FZ}(P—F)2111—22) (3.2.8)

1-(-T'z)(-T'z) 1-T*z
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LA

C(14+D)z-(1-T) _z(1-T?)
1= (-Tz)(-Tz) 1-T°2°

(3.2.9)

Eoxdrbtthdien 2 AT A S o Sy s E N RE o 4

— (1_S121 + Szzl)

3.2.10
25,, (3210
TR
2
2 [0S =S )

NaA=8,)" -5y,

¢ = X +iN1-X? =n =i{lm[ln(e"”k"d)]+2m7r—i-Re[ln(ei”k‘1d)]} (3.2.12)

o

m &_B > branch index =% #c

LBcE RfRonifey > BATSE R ¢ AL ) S wfE s L AP TR
TR EF LR AR Ec il AT R ERE L fEREE > LR R
R A KIET o Bt > AR A o AR Sk E A BT (Passive Medium) 0 @ AL &
i B Jp R AT 7 e gt
Re(Z)>0 » Im(n)>0 (3.2.13)

R ?b > D.R. Smith fv P Markos 3 A » % A 1 442 8 £ ve B & g 8 o

, . 2mr ,
7 WFawT 7 2 o BLE(3.2.12)58F ¢ 4 o Blem iEH g%fgi

o

FEFPEELT S-Sl §H L IEY J N B Flom it

EREL AL AP FERG H e Hrehkdy o ATm i )J'*u?*»
FAE o 7@ 2R &2 F ALy W ERREC] R Fliom ¥ E e
%A AR e ATFR R {ﬁ*’%lfﬁﬁg¥¢“°ﬁﬁ’ﬁ%éﬁ

PR NEER- BEARSF BORE Y S BEE S A

ﬂ\i—

Sy A e om (FA RS enfE o R RE LR o
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3.3 17 478 UCH P FLB hH e B B R

S Syl ¥ A BRA LR HRIET > L Aol > R &G ik
GREAE A o AT A B AN AU f b R At A S St
+(32.8)% (3.2.9)40 % WAB B o fk 7475 Tk Bl [P R34 (3.3.1)
ink,d Sy

el =20 (33
1-8,T G3.1)

XA - BT FES I NN EHE LA SE* (3.2.13)% Re(Z)>0
(EH T L A F NG HE ] O FIR A IHBEIRFATFT > RFEF

ink,d

Bear hp o T EFA B3 DHEHE - e

B LA e B fS i
WAL PR FLE S S A w83 (3.3.1) 0 Ren¥ it it ik o

B s

BB ET LR L AT g EF 3212 N 1 f BEH Tk F b

&

N

Gl R A R i 1R PR B A K pdirad e B EFRE S pE S S 4] 0 F R
Vol BROSFATL Y -l ¢ 4EE L BN TUREE A e 20 0

7

- RN T RIEFRE A - i il o

Effective imipedance

Frequency (GHz)
Bl 3-4 % >k FE LR
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Effective refractive index
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12

Effective permeability
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B 3-8 & »z @ 3 ¥ #<(Propagation Constant) ]

20

I I I I I I I I I I
| n\, | | | | | | —
| o | | | | | | |
I ,.4I - e e B e I
| ol o w | | | | | | | \, -
| | | | | | | l
” % nnu | | | | | | &
| = | | | | | | |
| o ®© | | | | | | \ |
| « 1 | | | | | | | |
B _ T R R R R RS St (R S
| | | | | | | |
| — | | | | | | ’ |
| | | | | | | g
| | | | | | | | | ’,"
I
e b= b= i I A e
| JE~ <
| m =
|
=}
” ©) 5)
I ~— Q
o 3 o
| [ o=
| () <
| B 20
| lop <
| (D] (%)
| = o)
| ©-. T
! 2l
|
|
”
! <
I
|
|
|
”
I
(aV]
” ” I ”
” ” | ”
o o o
[eV] -




¥ Marcuvitz B# s 478 35

BRSO MFERY TREM AR S BHEHL T L R KE
BRZ R B0 S SN R B AT A MR F LA 1 HR i

AR 0O HE S > PR BRSSP LIRS > TG P A IRz B 376 %
jL

Fenchp BREY A2 RIZIERE > @B P amg] o 7 Tdept > B Rl
e

Befg? A PEFRTETWE B3 Fleare A B LRI NS 4
4 A MHz 03| 8+ MHz % i > B2 SR o 4 7 RAVP S Sl @ i $
LRGeS R AR RE £ A PR R T B - AR ES T 2

EE R S0 AL R L 3 A

4.1 Marcuvitz & » ¢ B Ea 0

BRI AT B i BARRARA L e & G S cnliciE o {7+ e
£ LU L ER R AR R B R 2 3 KTl
B AT R AT B s ik EBRR T S E r i Bk
e P X AE e phsah ~ o R (Coaxial Fed)ipesd o § R A4 1 HpLY
B e ST H KPP A 2 Gtk REE e ik &7 0 1% Marcuvitz
D KPR TR B BRRSRE T F R0 24 1 HR R

4.1.1 Marcuvitz # > T B 21

i

Marcuvitz e FehgHE 5 - AFH PR G L Ehi > F - £ hfahd s+
FlA R~ > 8 K2 o e R B B3 o 2 £ BT 70 4o

4-1 5557 0 »BHE T Z R T 0 > Brens N2 j‘%%ﬁ BB 4-2 P [22] o
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B 4-1 & Bt RlAL )

B 4-2(a) ¥FIFIA5E o 4R ]

AR 8]

£ A8 G R

] 4-2(b)



4.1.2 Marcuvitz <7 B2 2

Marcuvitz &3 1) ke E >0 7 B 2 — ik Y ,T%Jf? A =R R A SR
d A e B s a iz B At AP Marcuvitz 2 E T ok ehE xR
B deB] 43977 0 AR AEHE T BESGEE  doB 44 977 o R R
£ > g 2D chix P gdpp & d 1D ik SRl & o 1ot 1 Aesr
H.72 3 (Building Block Approach)if= i » — & 35 1D ¥ Bt 5 = A #HF 5
(Building Block) » 7%/ 2D ik S cn@ i itged 1D 9 B if5d @y

F:(Cascade)m =[23] -

B 4-3 Marcuvitz'— #5F ¥ 5 »2 7 i B

7 (W
I=(

Bl 4-4 - A1z %57 LR
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&Zacosﬁ _z 1 _L @.1.1)

V4 A o )
’ :Z;o \/m2+2’:a Smg_(aczsé’)z I

a

~
~

S “Cose{ln = +0.601(3—200529)(%)2} ’ %<<1 (4.1.2)

Z, A 2rr,

X, _acosd 2z,

— 4.13
Z T b’ (4.13)
a=\ ;d ) @414

2r,=d (4.1.5)

2r =~dd" (4.1.6)
F1A58 5 1% i+ ¢
2r,=d (4.1.7)

2r=d  (4.18)

B G EE

n=Sn& @)

(4.1.10)

2 =

ﬁfi (?)

Hoe SR f 2 f1 & FF] S A2

dﬂ d! 1 d” 1
f(—)—?E( V—a"F@) 2 E@)-a'F(a) (4.1.11)
d” d, dﬂ d! dl!
f(—) —{ 7 ln(47ze—)} ’ ?<<1 (4.1.12)
fy=2 1 (4.1.13)

d” 2 E(@)-a’F(a)

" d" d 47[ d" d!
f( -) ~ \/,{ 1(?—)} —<x1 (4.1.14)
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d" _E(@)-a’F(a)

. (4.1.15)
d  E(@)-a"F(a)

a'=\1-a’ » e=2.718

E, %2 F; % % - #g#F4# ~ (First kind of elliptic integral)£? % = #g #¥[F14% » (Second
kind of elliptic integral) :

Fmy=[[a-)1- mtz)]_; dt = joz (-msin’6)?d0  (4.1.16)

E(m) =j01(1—t2)‘;(1—mt2);dt =IOZ(1—msin2 0¢do (@4.1.17)

4.2 Marcuvitz & »c § B % % 2 8y
AR TR oD § U MATLAB #2480 7 8 4 1

HHL e E s trlic o B 5% 4Bl 4-5 3 4-9%

Effective-impedance

Frequency (GHz)

B] 4-5 % > [E B
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Effective refractive index
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Effective permeability
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2

gt o A B LIS RO e R P F L R didy

B2 4-1-
% 4-1
FREB R 2 A Ap Ol Ak
Eigenmode Effective constitutive Marcuvitz
Analysis retrieving method Equivalent Circuit
Cutoff Frequency 6.90GHz 6.95GHz 7.16GHz

i)

A OTREAFTFEEZ R PAIEE > T RBEAIHERRY &K

3

(attenuation constant) % $7 &4 % Hce~ o] 0 R 2| ¥TX ek (FAE S o LB 4-9 7.16
GHz 3 ¢* A 3 sl endl ok 4f Foo g #F 5 M8 7016 GHz pF > R Bl &2 b £ 1
L @yE 5 7.16 GHz 1] 10.8 GHz 5 4 7 (Pass-Band Region) » 10.8 GHz #] 13.9
GHz % 4574 (Stop-Band Region) e * fe3f & &g 5 & > & B 4-6 chid % - E# 47
BABARITI 0 FE S v A Ak KB R ape%: o & 0 L@ * Marcuvitz £
PR B AT AR E Beande R g VIR T B ] 0 4o B 4-10 0 2 ARS4p

%péé‘, °

Frequency (GHz)

——

= = g¢igenmode
e Marcuvitz

0 0.1 0.2 0.3 0.4 0.5

Bd/2n
Bl 4-10 @ 4§ % #ct Bl
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$IF A1 HEZe AR LI R

AAREY RTBFRZRE BRI AT L HEE B R

23

-3‘1%

Bt o 0 B TREEHA TR MT S5 R & Poynting vector 7 f3 T B
At A TP R BiRent B oo R LD R o B R AR e S

Mo E B R L AT IR g RS R R Rk o

5.1 % s oy
AT Y o APERF T - B ARz L ABLE MK L R
EWARANTEHF LY B FHPAOF LB Ea Lo BhR e X
Rped v Bips= v o AW Sdrphz ty dho = 2 P g b R AR E {5 5
4] (Radiation Pattern)p e 5 3% o & wida=& = @30 v £ > %0 8 02 @ 2eh
E-plane 5L & % & > % 3 58 % S g » (2 (Directivity)[24-27] -
B Sueng ikl Bl Salfiaadleg 1 - BT A TRk
BEN NEER [ PERF et THIT AR E IR T EFREKLY BR
Lomm egpfr W > & T (748 & FHIBRgE T >t 4 1 H# Y 19 & Birend &

vt

’; 9mm,g]5_l’#’fﬁ%vfbh%\froA_‘]_—:H‘;}J_C’ 7x”vrav£y'%ra.m$ *TIEJ%ZA:\

Wi

o

NeZ NoBE Yy 5 6°m x> By oy PIERD LSS a b £ R

i

vt

5 15mme FliahX 8 1.18mm > Bl 5-1 % #5r &7 o 4 1 L pedpT =

e

FEBGAEREZ30mMm * B e kg TERFEBERDERIIF R 1
AElE 50mm 2 20 mm e pt X ARE_E e shARAR ~ o R ITEE 0 FihT FiE

CMA1IHHEY B RELZSmm EEY [ E T oo
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Bl 5-1 2 SGHER () > FARE -~ (b)SHERIo B2 (o)X &7 MR
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% 5-1

% SR

Parameter e / t i r a b h

Value (mm) 30 50 20 8 1.18 15 15 9

5214 S $FE:HAER L E

BlS5-2 5 Ak~ TMS 28me E RS e ERIIFLR Y 5 7GHz
F]8GHz  H 2% 4p% v» & o Adf ¥ 7.46 GHz P » § % 7 ¥ £ p| 7| #9 Return Loss
5-24dB > gt R Y SHE S o B 5-2 ¢ 4o b R B SUE T R I R ol
¥p o T @RI F E LRI % o JUEREBIE v aAEE 7.35 GHz ) 7.55
GHz 2. [ » % M ehF St BB K 20-10 dB > 5 #5 % 40 i 47 £ (Radiation

bandwidth) -

0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

S, (dB)

—&—— simulation |

measurement |

SN e
7 7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 8

Frequency (GHz)
Bl 5-2 2 &S Sl s £pl% %
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53 X MFHMEERIE S

R Mg E SR *m{"‘ & :%f;c‘ S EUANT I 2 LI B A

=~

# 1324 » § = (Phasor Retarded Potential) » £ o & € = £ F F 2 25 -

o

=P

FEA AR AT TR A G0 TR A Kk R A T BLE X A

(Horn Antenna) &3t & = 38 » kT iuA 47 A dh > X R enfg 8457 o
TREAENAIHPEE > W T EFEEBRBER T 2255 DR

E=EY » 3> v4B 5547 2 23 25385.1)~(5.2) > % ! E-plane {r

H-plane g &+3-3 B » 4@ 5-3 ~ 5-4 #771[28] °

~_sin[(BL,/2)sin6 ]
F, (0)=cos@ (,BLX/Z)sinH (5:1)
F0)— sin| (L, /Z)Sin 0] =
(,BLy /2)s1nt9

180

270 270

®] 5-3 E-plane 37| @] ] 5-4 H-plane 37| B
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r 3

B 5-5 £ 543w &

REFINTEHE AR ASBEC AL DT T 20 5 A Bk 2

\.J

4o TE 1o #0464 i % # 4 Heplane 25353 » £ % 2 X(5.3)[21] » & & 41 H 15 5435
) o b ] 5-4 2 B 5-6 > T T AT BEgRIE S FU] L ST A B

R R 8 r S

cos [(ﬂLx /2)sin 49]

2 2
- (ﬂLx/Z)sinﬁ:l
T

F,(0)=cosd (5.3)

270

Bl 5-6 TE o #i- it H-plane 3#-7| ]
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Bolg o7 kg S WHh- BT e it wig g His i R
LA AA S B e adibt o A - KoLl A MY > FI R RRAE
Bt §- 2ok

hhh o EERER AR A IR L e B 6 G
Ul E s IR S A U A SR P Sl

B 5-8 2 Bl 59 2 Mg 53| » 4w 2 X RNXY Ti 2 X-ZTa &
Bleig 5 ¢ £.7.4GHz 3] 7.7 GHz » & B e0fia47 & 5 2n/1400 /& A o gt

B+ 1/ 'JF:l A 2 H A XY T o & Z X-Z T 5 &0 cross-polarization ¥ & | 3
co-polarization > #7121 f % I 4 3! co-polarization % cross-polarization B p¥ > ifuf

it B2 o1 ! co-polarization 7= | o #4T F| cross-polarization % i& -] ** co-polarization

SRR G0 T LGRS R mgﬁﬂ'u-lhiaf—mﬁgﬁ) i2fl o dof] 57 4w o ¢ 4

r-}_'_'_.-‘
ﬁ%iﬂjfpfﬁag?};?%q{fiﬁg q‘_ Eﬁ_ﬂ-ﬁ?ﬁl‘:@"-.rﬁ.p Flp A4 HE - mi
E‘:.L e L IE?]- ;'l.". '_

TR S e BB S R s Aﬁg}%kﬁ%ﬂ-‘*ﬁ#w%@w R A A @

Blcia g 0 FlM A w@olargw & {,b{.;-polarlzatlon 15 &1 &

A
3 2

E Figld[¥/m]

5. 3163e 01 | *
5. 819104001
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1. 969424021
1. 4inzes001 | 4 B8
1.0155e+001 A
7.2927¢+000 | /I
5.2369¢4000
3. 7608e+000 | A 1]
2. 7005 +000
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7.4 GHz X-Y plane 7.5 GHz X-Y plane

E_,Measurement E., Measurement

E,, Simulation E,, Simulation

M
Ecmss

—F=— E,,, Simulation

50— Ecoss Measurement
—— E,,,, Simulation
180 180

7.6 GHz X-Y plane 7.7 GHz X-Y plane

E., Measurement
E,, Simulation

M
T80 Ecposs Measurement B

—— E,,,, Simulation —F=— E,,, Simulation
180 180
7.8 GHz X-Y plane 7.9 GHz X-Y plane
=0 o= 10

90 270

90

120

E_,Measurement E., Measurement

E,, Simulation E,, Simulation

M
50— Ecposs Measurement B

—— E,,,, Simulation —F=— E,,, Simulation
180 180

B 5-8 7.4 GHz ] 7.7 GHz X-Y T & % s 5457
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7.5 GHz X-Z plane

6=0

270

E_, Measurement E_, Measurement

E,, Simulation E,, Simulation

210 T Eeross Measurement 210 T50— Ecss Measurement

—-=— E,_,, Simulation —-+=— E,,,, Simulation
180 180
7.6 GHz X-Z plane 7.7 GHz X-Z plane
0= o0 2 R I | I "] ¥ . ) 0= o0

270 9054 =570 90
O 5 o
N —
o .1
"
. Ew'Meésuremem E,, Measurement
5 E,, Simulation E,, Simulation

50— Ecross Measurement
—+=— E,,,, Simulation

50— Ecross Measurement
—-=— E,_,,, Simulation

180 180
7.8 GHz X-Z plane 7.9 GHz X-Z plane
0= o0 =0

270

120

E_,Measurement E_,Measurement

E,, Simulation E,, Simulation

50— Ecross Measurement
—+=— E,_,,, Simulation

50— Ecross Measurement

—-=— E,_,,, Simulation
180 180

Bl 5-9 7.4 GHz ¥] 7.7 GHz X-Z T 6 ¢h= {5 b3
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Bl 5-10 22 P 3] s~ §5 53 F (Gainge) &4 5 (T8 0 & 7.6 GHz p# » 2t %
AHe Box S F o oB 5-10 977 > 4o P 22 A P ELnd ARG RIS SE

Se d A RS SR 5 SRR -

10 | | | | |

TTT[TTTT 1T
\
/

Gain (dB)

= === "Gainy; pne Measurement
—o— Gainy, ppaSimulation

o L1 | _TNERY Bei=i-of RO RIS, | LT [ | | | |
7.4 7.5 7.6 7.7 7.8

/
A o A 1
| -]

Frequency (GHz)

Bl5-10 = A ZaBa= 3 £ 27 47 5 (F [

o 40 B8 F B TR (T RO TR B B BE T IT Y B & AR

SRR AT 0 ST R SR S B RS S B Pl PeE .

% 5-2

Frequency (GHz) 7.4 7.5 7.6 7.7 7.8 7.9

Gain (dB) 6.92 7.61 9.20 7.83 6.07 5.44
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3dB Beamwidth X-Y plane

% 5-3

Frequency (GHz) 7.4 7.5 7.6 7.7 7.8 7.9
Simulation (degree) 37.36 | 33.76 | 30.02 | 2691 | 25.60 | 25.31
Measurement (degree) | 31.88 | 28.80 | 27.78 | 26.22 | 25.20 | 23.66
% 5-4
3dB Beamwidth X-Z plane
Frequency (GHz) 7.4 7.5 7.6 7.7 7.8 7.9
Simulation (degree) 45. 1 4228 13561 31.24 | 29.68 | 29.74
Measurement (degree) |. 48.34— 3138+ “27.78 1| .30.34 | 22.12 16.98
% 5-5
Sidelobe Level X-Y plane
Frequency (GHz) 7.4 7.5 7.6 7.7 7.8 7.9
Simulation (dB) -17.06 | -21.52 | -25.05 | -21.84 | -17.79 | -14.57
Measurement (dB) -15.14 | -17.39 | -21.60 | -21.12 | -16.11 | -12.23
# 5-6
Sidelobe Level X-Z plane
Frequency (GHz) 7.4 7.5 7.6 7.7 7.8 7.9
Simulation (dB) -12.79 | -12.81 | -12.76 | -12.14 | -11.45 | -11.01
Measurement (dB) -11.86 | -11.48 | -12.37 | -11.55 | -9.16 -8.82
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% 5-7

{5 &+ 3-7)| 1% #ic(Radiation Pattern Parameters)+* #z %

Frequency (GHz) 7.4 7.5 7.6 7.7 7.8 7.9
A H AL P
4.84 5.22 5.55 5.78 5.84 5.69
Main beam (dB) ¢ = 34"
A H AP
2.58 3.33 4.00 4.60 5.15 5.60
Sidelobe (dB) ¢=0"
A H AL P
-2.26 -1.89 -1.55 -1.18 -0.69 -0.09
Sidelobe level (dB)
S
-15.14 | -17.39"} 21.60 | -21.12 | -16.11 | -12.23
Sidelobe level (dB)
g% & 14414 Sidelobe
41288 | -15.501.-20.05 [,-19.94 | -1542 | -12.14
level 0% v (dB)
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souree metamaterial
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LT PR R
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Application GPS
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Simulation
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(mm)
¥ 5-12

ERPREOEH R 1

Frequency 1.23GHz | 24GHz | 35GHz | 5.8GHz | 2.4 GHz
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Simulation
63 35.5 26 18.5 35.5
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