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A Leaky-Wave Antenna Based on the Minkowski Fractal Composite
Right/Left-Handed Structure

WU Guocheng' , WANG Guangming' , ZHOU Chao' ,JI Chengzhao®
(1. School of Air and Missile Defense, Air Force Engineering University, Xi’an 710051, China;
2. The Equipment Verifying Institute for Ground-to-Air Missile, Sanyuan 713800, China)

Abstract: The Minkowski fractal theory was applied to the unit cell of composite right/left-handed transmission
line, and the bandwidth of the designed unit cell is broadened from 2. 78-3. 30 GHz to 2. 02-4. 53 GHz. By analyzing
the dispersive characteristic of the unit cell, a balanced property is confirmed, and the dispersion diagram is given at
the same time, and a leaky-wave antenna was designed based on the proposed unit cell. The leaky-wave antenna can
implement backward radiation and forward radiation respectively due to the left-handed and right-handed of the
CRLH unit structure, and in balanced cases, the gap between left-handed and right-handed regions can be sup-
pressed, so the traveling wave along the structure occurs and the antenna implements transverse radiation at the bal-
anced point with the group velocity is not zero. Both the simulation and measured results show that the designed
leak-wave antenna can operate at 2. 35-3. 20 GHz, the bandwidth is 30. 6%, and the antenna can offer continuous
radiation from the backward direction to the forward direction, overcoming the shortage of the discontinuity of the
traditional leaky-wave antenna.

Key words: composite right/left-handed transmission lines (CRLH-TL); microstrip leaky-wave antenna;

minkowski fractal ; continuous radiation

0 = 7= A2 BT SR AT » T JE I 4 M A W 7 A U T R Y
ﬁ&i%%ﬁ&i%%—ﬁsgﬁﬁ%&%%& @x%#%@rﬂﬁ%s E’Pﬁ(ﬁﬁ‘ﬁrﬂﬁﬁﬂ‘ﬁlXﬁ

BN A RS R, T RE R K BEALA FAMALMINT R R

BABREOERAMARESHA ERZATA  REOTTERERENE. YREELGFARRHE

T E BRI BN T REHBEXRAB AR TUEHLTPERE, W T P40 5 HHE 5B 3

BRI ETRY . WESHWTANSRESE  PLEPEARBER N 0, H T HMAER, 7548

WA REENTR. AEAYOREEHRE RS, LTATRBRNTEEENEM, LT
W8 B 39 :2012-11-21

ESWH:ERXRERHEESHEHME (60971118)
EEH A - RERA8, B . WHEHA ML E . ETBENEEEGEEFHARLNMANHA . E-mail. wgc805735557@163. com

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

764 E & 5 F % 2013 4
FHRE R ] P A B I R A
, L
RBESEA TEHERB R LEHEHNEERE i) 7= (b) m=1 _HE,T::EFU_

TR RET= 4 G 15 B AT 18] 19 3% L2 5B 5T

ENRHEE S EATRTGEHTEEERER:

D FIAEESBoTHREIR G SMT Th) .

2) PR HS BT REZR AR B A A
BRI SR,

3D FAETERTAEHWRERMEHERE
FF O ¥R (CSRR) 459y

B 1975 £ H ¥ & B. B. Mandelbrot & H
O —BEUK, A TEERRZENEREEX
. EEETIHEEAT.BERMERRNEERG
TEARE . HPFSETEREMNENXRHEFMEE
LR P A @S P B ST A - T 13 S R B
TE ST REn BRI FERAERY.
RETEBEMRR - BERATPTEELH—F
BaBEnBTESADT T ERELTHEHNE
. BMENRREEZHERWEFHE NS
SCI P L RFR . M4k, 43T 30 8 3k B I 3 53
REFEREMMRITRR T BB EE (RCS) 4 8,
FWMEMRAE, RREE.

ARXTER AT E# E B Minkowski 430
B T XS ITE B LG FARMR AT,
HEHFTM 2. 78~3.30 GHz B® 3 2. 02~
4.53 GHz. /3t it B4 T ZH B U4 w6 Bl
KOIWARNPEEW. EHEM EHET -
ETRHATEMPBFRERE. 84 HFSS #
TR MIT =4, WA 45 R R TR0 e 3
RETHIE#FEHR 2. 35~3. 20 GHz, X # 5 K
30,6%. B R 2. 44 GHz,2. 66 GHz 1 3. 00
GHe A 8I1EI T B 1 3 F /AT R 5T R T 1%
Gl R AN EENES .

1 Minkowski &% d £

Minkowski TR HELENT .

B—EBREREL 1 MES Minkowsk 4
EhEE A e R E 1) (B F a=0, HF = HHr
B H 3 L REERERE R — Bk
BRa 3  EALIHNUIAREGS AHNARE.
He o AT 1L 0<la<<l) . 3rE 1(h)ATR:H
# 5 REEHTGRBEMRE.NE 1R, B
FHBREE BT . WATE I HEH Minkowski 4
i

B 1 Minkowski 4378 il £&

2 BAEEFRTEMHN

B2AXXPEGLEATFRATEHE, Hd !
RETEW R KB, w AR R . d AENHATT
SHRKE, s RERMA MR E, w HEREWERF
FEERK R, w. 1 B Minkowski 272 M A&
BE.dy AME I T EE BRI 5 B, d, O MU TE I 3R
HEWAERFONER. d, AMEARERNBK.
HAFRARE 0. 65 mm, HIXFEHHHN 9.6,

W d

&
(hy B2

{e) IEE

H2z HuEgmE

R 1IANZATHEHIERSH ., /4 HFSS &
BT R, B 3 2 XHRI8 I 45 H Fl A SO S5 1
SEEMGEER. ME KR 1TEFL, XIS
A — M 2. 78~3. 30 GHz W& , H X3 5 AL
N1 1 WA BITEME — M 2. 02~
4.53 GHzE B , M XA BEIAE 76. 500, M LL TR
RGO RS T TR .

k1 BREMWEEK
d/mm d; /mm d, /mm ds/mm
9.6 0.6 0.5 6

//mm s/mm w/mm wy /mm wy /mm
2.7 2.8 0. 64 0.5 0.6

0
-10
)| N
—30f78,

WL /iy
|
&

_jn L

—@JU 1 =+

T 3 4 5 &
H=/GHz
(a) CEK[8]F B EHISEE

& e e
10} _;"\ ;

T \1
s0f

g
_.-_1_1}_.'.':.:: “n -1
L
ol ]

~T0f
M 21 4 5 &
MiFCHz
by FEE I sEH

B3 BLAgMEiESR

[T AALE

PDF SCf-ffiH "pdfFactory Pro™ i FH AL www. fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

REB% & T Minkowski 478 CRLH Z519 B U I X & 765

E5H
BERR A
|Blw)d| = Re[arccos<1_Sll ‘gg—'_sﬂ Stz )] ‘
D
A d RHATEHBKE.

BiE SSH AKX (DRITEZRLTEHME
BEMES . ERNE AR, hEEY . ZEMR
TG, T S R R A 2. 66 GHaz, RSB A
2.35~32, 20 GHz, MW %0 30.6%,

+3 ERE
=

Bl /GLzZ
[ A R TR Y

&

2 04 06 08 10
Sl

B4 BLEHEEEHRR

3 WMERERET AT

B 5 oy RS iR R £ 19
PTMEEEAFEREBRXRKMA. #A HFSS
TREBEFMRER S 4 H KA REZHTHEN .
B s AREHFEMPEN SSH. hETEFLNR
HASHTERERUMSRET. ARWHE, AW
AT 10 dB. MHATH R 30. 6540

by B
B> WRXALHE

{a) IE@E

10 35 40 45
HEGHz
{a] SBR{AE

RES TN

LI ]

%—13
n._-—.—lﬁ
" 20 -

_24 mHEEH

_IS L N

20 235 30 35 40 45

HFIGHz
(b SERAWEH

Be6 S&S¥EEMMMEE

B 7 AWMBREARBRN T HE . &2
B, 2. 40 GHz it , H TATAFHE . WK X
LRI M AR 320°, N G W 9E 5t A A N
2.66 GHzit, REBET ALAR 0, A B 58 55 7
3.20 GHzit, i T4 T A F B REBA A AR
30°, AT A A . Wik R4 Br A, A ORI
BRI R R B B LB T MG [ B AT 13 S8 4
R T ERREREBH AR EERRS .

K ga/dn

K ga/dn

A

A A )
(c) 323,00 GHe

BT i rEanEasrmy

1 HERE

F U Minkowski 27 il 22 i BT S0k
B HMESELTREE A TS HHFRMN
2.78~3.30 GHz B H 2. 02~4. 53 GHz, &I
siESHNeaH s EAEEw A TEER.E
M ERY BT —sicF R R NI T =3
FEITHE, WS REN. LR ERRTEFEN
2.35~3.20 GHz, AT F N 30. 6% HRXEHE
2.44 GHz.2. 65 GHz #1 3. 00 GHz 48455 . ¥t
MBI MBS AR T NI RS EEEN.
RTHERBHEREENANEERNES.

(F#% 770 7D

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

