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ficial material, NRAM) #2511 % F1Al 26 % 26 1 1
i, 33 dB MY A PR T AR R T AR
W E AL 1318 GHz; SCHA [13]) RN LHES
& (artificial magnetic conductor, AMC) #&& 1 il
TR ER I 28 SCHR [14, 16]) R ATZE R $E 3R 1 (fre-
quency selective surface, FSS) {E AT I8 4, H
e T OE RGN a5, Wl A R R Vivaldi K
A i S5 77 T AERATUBE I 2 J oy H A A5 g e 1 )
H % R 24 (split-ring resonator, SRR) #f 5
(R HLRE R ME 51 2 T 2R3 T k. SCHR [17) )
F SRR 970 3 Z R S 3 T Vivaldi R 2k N 50
RA P B, B R T R B B
HR [18) I FH SRR ) H.Ah 45 #4 CSRR 5 N TG T4k
Gh, TR T — R N SR UM A U R N T
P, SEIL T v RCS W4e; SCRR [19] FIH & R 20
SRR 454, it 17— Fh 3 HAR B AT 428 () XL
AR R AARE, oy BELARR 1 S 75 5 1 B AR

* FERERBIEEES (HES:61271100, 61471389), BRIU EARBIAIERIT T HIBIE (i S:2012IM8003) HEBHATIRAT.

T iB{E1EE. E-mail: gjgj9694@163.com
© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

234101-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.234101
http://wulixb.iphy.ac.cn

) I8 % 4 Acta Phys. Sin.

Vol. 64, No. 23 (2015) 234101

SCHR 20 % SRR 5 & BB LML &, Wit T TIETE
X 28 % B P 37 28 P G U B3 B A RL. AR, kT
T SRR 45 14 £ 4 1 i S R & 14 & 77 T80 1) 82 A IE A
Z ..

ASCHET SRR S5 W RE R B R AF il 7
&4 Vivaldi K 28148l 4 1 7 gk SRR 2514,
AR S5 10 77 T AR R IR T RE (0 5] ) 28, B2 T
— 7 a5 C A X P B S 2 SRR-Vivaldi B K
2R, FELRIUE R LR R s 5 AN T4 A 280 =
TRERIM . BN RS R R, 4 SRR-
Vivaldi KEETE C i B 26 P24 &1 75.44%, zoy TH]
Hl woz T - Ty 28 Y5 58 P # 4i ook 20° BA b5 78 X
B 25 T4 1 24.46%, woy TH 2 T3 il ok % i 3k
KA A oz TH - Ty 28 % IR B8 B K 24 4 9§ 25°
PA b RIS, 1225 4 B R ROAS | vt 87 5 (5T
TR T IR A5, Dy 5 R L3 w3 & 005 7

Ly

CUWNHREENNNWOWR R
DT O N = U100 b D10 o &
[ 10 00 O ST T 10 00 i
SHNEOOINONREOOIN
BORONOORWRDNO

(a)

] PR At 10T R

2 SRR % #9115 447
2.1 SRR #TaEfngit

16 B TG 45 K B RE S TR T OR 40 11 R A 1tk
B+ 4> O K SRR IR 8% 21 N A T AR SCRT %
THH Vivaldi KZH, SRR HIG I 1 (a) FTR,
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WHON 22 KW CIR A PR, BARZS R
WK 1R,
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Table 1. Cell size of SRR.

Ly /mm Ly /mm Wi /mm Wa/mm S/mm

2 1.6 1 0.6 0.4

R L
|
| S
Cy Cy
[ [

1 (ML) SRR HIE4H  (a) SRR HIGHE (b) SRR REAHA; (c) SRR #6248
Fig. 1. (color online) Unit structure of SRR: (a) Cell design of the SRR, (b) electric field distribution of

SRR; (c) the equivalent circuit of the SRR.
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BEALAS. TR T USRI 1 (c) FTom M 25 v i A
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mm, NAMAFIFF 5 E WA S = 0.4 mm.

2 (a) FT7R 77 7% SRR 42 HUE 3, 76 TEM 3%
SRR E I 2 (b) FTos. 7E8.5 GHz LR
BB S11 < —10 dB, 1E8.5—13.6 GHz A yu [ iy
—2.6dB < S1; < —10dB, 7£ 13.6 GHz bA_EA B
FRCBEAT, FL 0 A a2 B4, HEAEAZE 16.8 GHz
Qb H B0 A /N i ZR

E y

/ (a)
H

(b)

SZ4/dB

1I0 1I2 1I4 1I6 1I8 20
$iZ8 /GHz

2 SRR ZMmEERE (a) SRREMWE T TEM 5

5 (b) fRAsE 2

Fig. 2. Radiation performance of the SRR structure:

(a) SRR structure in TEM waveguide; (b) curves of

1 1 1
2 4 6 8

transmission characteristics.
3 SRR-Vivaldi X &% it 5 247
3.1 Vivaldi REIER 57
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FEARUE R G A B4R S R AT 32, FR 2R

REF/NALAL.

e 1RGN M 3 98 5 H, Wsr, ML Lo Ja,
FENL AR AR, ARSI 3 (a) P21, 1)
APy (9, yo) W RLAIAERRE. FIARYE 230

y==x(c1 el 4 o) (1)

FIHES AR SR R B B RIA K, BBl Mey
AHEE LT AR T H:

_ Y2
I TR T 2)
dxo dx1
€ — €
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e5w2 — eéxl

oo S ONTRE R BT AR 2R T R R R R B
B, — RS < 1.

L4
U
§

B3 Vivaldi RELHE  (a) IEHE; (b) HHE
Fig. 3. Vivaldi antenna structure: (a) Front elevation;
(b) back elevation.
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Table 2. Cell size after parameters optimization.

b/mm d/mm H/mm  Wg,/mm dgp/mm  Lo/mm ec/mm Wee1/mm W /mm
25 25 28.9 1 5 13.5 4.8 2.5 2
Wii/mm  Wig/mm  Ry/mm a/(°) Li/mm  Lo/mm W;/mm Wa/mm S/mm
0.5 1.2 4.1 100° 2 1.6 1 0.6 0.4

P 4~ BT ¥ 1) SRR-Vivaldi 3 7 K 28 45 14,
MU HLUH BOR 2.2 B TR B FR4. epoxy,
KL H IO N 25 mm x 25 mm x 1 mm (0.33\ x
0.33\ x 0.013)\) (A~ 4 GHz AbXF A B, 45
BB WA RS = 0.23. %KL BRI
2 iR,

Wiz

S e, = 2.2
JEJE 1 mmk RN
TEITHIEATR

4 SRR-Vivaldi Kk
Fig. 4. SRR -Vivaldi antenna: (a) 3D graph; (b) front

elevation.

(a) =4EK; (b) EEME

FIH A IR o i B B AF Ansoft HFSS14 i3 1T
15 B, RISy B2k an B 5 Bt s, 78 C R X3 B
SRR-Vivaldi K%k i 22 50 265505, BRI AL 5
U, 1T 7€ 13.6—19.8 GHz 7 N SRR 45 14 = B
HH BEL TR, D] b v A R s A 52 B, 7 AR R K.
Jit LA SRR-Vivaldi K27 A i 56 A BT 46 .

R 78 M 26t & 6 Fr s, 7E4% 48 Vivaldi K
2 WA W 2 T 5 04 SRR 45 44 B 8 $2 i R 28 1
A, FR R IR R 28 X 22 i T nEk SRR
SERIJG, 15 RS D42 07 M 2 5] M 28 1EH, K
LG e 5 5| B4R 59 07, i i 7 B AR AE 045 2
ARG 58, SRR-Vivaldi K fE4—13.6 GHz S

U Y 25 AR R AE 6 dBi LB, M ET R LA Vivaldi
R, 1A RCTAESUH T P 3 a3 3 A $ i 7EX
T B 25 TS 19 0 24.46%, HHT1E 13.6—19.8 GHz
DA b 4302 5 [l SRR &5 44 2 B th BEL 7y 65 12, B8] Utk
SRR-Vivaldi K3 & S~ B2 BUFE 3 7 ; SRR-
Vivaldi KZE7E 4—8 GHz A A 18 25 48 7E 8 dBi LA
b, MR UG Vivaldi K 263 25V 2532 = 4.3 dB,
X 5 HITH AT BT SRR A& e v th 4 75 4—8.5 GHz
AR P TR 40 FE AR AR XS B, B SRR 4544 5 17

PR i, W02 4 R R BE B 4R e 3 7 170

-5

—10

—15

as]
o
>
@ 20
—=— SRR-VivaldikZk
—r —o— RS
_30 1 1 1 1 1 1 1 1 1
4 5 6 7 8 9 10 11 12 13 14
MR /GHz
K5 REM S11 sk
Fig. 5. S11 curves of antenna.
14
— R R L,
12 —e— SRR-Vivaldi K4

5

o

~

=1

3

&}

2 1 1 1 1 1 1 1 1 1

12 13

10 .
SR /GHz

8 9 11 14

(IR PR ol

Fig. 6. Gain curves of the end-fire direction.
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0 M’(
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o el
B B
= = —10 &
© —a— SRR-VivaldikKZk © —a— SRR-VivaldikK4k
-15+ o AR -15+ o AR L
7 GHz 7 GHz
—20 . . . : : —20 : : : : :
—90 —60 —30 0 30 60 90 0 30 60 90 120 150 180
©/(°) 0/()

Gain/dB

Gain/dB

Gain/dB

an)]
o
o] ~
< =]
b =
—12} ¢ ‘ o ‘
& —a— SRR-VivaldiR4k e b —a— SRR-VivaldiR4k
_ 16 —o JRIA R _16 —o— JRIA R
9 GHz 9 GHz
—20 . . . . . 90 . . . . .
—90 —60 —30 0 30 60 90 0 30 60 90 120 150 180
/() 0/(°)
0
n W
m 3
T —10
g L
3
i O —15 i
O —a— SRR-VivaldiR4k P —a— SRR-VivaldikZk
—20 —o— IR R 2 —920 —o— JRUIRR 2
11 GHz 11 GHz
_95 . . . . . _95 . . . . .
—90 —60 —30 0 30 60 90 30 60 90 120 150 180
/() 0/(°)
0

—10

—15

Gain/dB

—20
3 —a— SRR-Vivaldik#: —a— SRR-Vivaldik4:
pras o AT —25 o AT
AR 13 GHz AR 13 GHz
30 . . . . . 30 . . . . .
—90 —-60 -30 0 30 60 90 0 30 60 90 120 150 180
0/ (°) 0/(°)
(a) (b)

BT RN RS ITIA

(a) zoy M7 IAE; (b) zoz MiJ7IAIE

Fig. 7. Simulated radiation pattern of antenna: (a) zoy-plane patterns; (b) zoz-plane patterns.
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R YRR 5 7 m B B 7R, e b g R
WmR 3R, HEMERLEHM, SRR-Vivaldi K 28
woy, oz [ /7 A I R 50 BT 2 4%, #7284 SRR-
Vivaldi KEFE C B woy T T o 58 B 47
HRAE 20° LA _E\ woz [ - T 22 38 R 58 FE 4 3k 30° LA
b, FEX BB woy T Y- D 2R 9% R B8 FE B AR A AR
o zoz T Dy 22 o 56 B R 29409 25° LA B R2R
77 ) B M 5 i S R BT, U AR SR T

1) SRR-Vivaldi KZ&REME A BE R LT M,
SR R AT B A5 R B o B

Wi 8 Frar, 43 #1381 % SRR-Vivaldi K 285 J&i
UERBAEA R S AL T H 3% 70 A, o] LU tH SRR~
Vivaldi K 28 F 3% R 2 32 B2 45 wp 1 A8 48 46 1 7
SRR &5t 2 I R 1 51 R e E R ZRufi it 7 48
FEMEREAR B T A Rk st IE AR A SRR 45 4 RE R
()51 1 A A F AT DASR Ry R 2R )3 25

#3 N SRR S AT 5 R &b R
Table 3. Radiation properties of antenna with and without adding SRR structure.

a7y 2% AR RE 5 GHz 7 GHz 9 GHz 11 GHz 13 GHz

a5 /dBi 3.7 5.9 4. 3 6.88 5.88

JRAA R . zoy TH 85.3 74.2 94 59.7 48.8
WRTEE/°

xoz TH 180 134.8 160.3 129.2 132.3

3% /dBi 8.4 10.7 6.05 7.61 8.43

SRR-Vivaldi K&k . zoy [fi 56.2 57.6 80.8 58.1 45.0
BORTERE/°

zoz i 153.5 72.2 138.7 104.3 79.5

8  In# SRR &5HIT 5 Rk L7 /) A1 LU
Fig. 8. Electric field distribution comparison of antenna with and without adding SRR structure: (a) The

original antenna; (b) SRR-Vivaldi antenna.

(a) BUEKE; (b) SRR-Vivaldi Kk

(a)

(b)

()

Ko R&SUE  (a) IEEL (b) FHIEL (o) SlFRE

Fig. 9. Photograph of fabricated antenna: (a) Front elevation; (b) back elevation; (c) testing environment.
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—-90 —-60 —30 0 30 60 90 0 30 60 90 120 150 180
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—50 L 1 1 1 L i
-90 —-60 —30 0 30 60 90 0 30 60 90 120 150 180
©/() 0/(°)
0  ————— 0 N—
P o il 14 PPy o
U ; I
—10 | —— ViE-FARAE —10 e E-THE
e et e (AL
8 20 e A AR
E .
<
[}

S
e PR
e AR,

: a _oof SR AR
0 o SRR o %0
, e i v
—40 e DA AR —401
e SR
- 2 - - : - : —50 s s s s s 3
—-90 —-60 —30 0 30 60 90 0 30 60 90 120 150 180
/() 0/(°)

0 .
~10 A e AR N,
- e (R Y
T -20 —— PR =
E e S-S AR B R T 5
=) ¥ WYY
© 80 o -30 e -
, e AL
—40 —40 — PR3 AR A
e S-S AR
—50 ARl S : s s —50 s s s s s
—90 —60 —30 0 30 60 90 0 30 60 90 120 150 180
©/() 0/(%)
(a) (b)

10 BN SRR-Vivaldi REERH B (a) zoy T /510 El; (b) oz i K
Fig. 10. Simulated and measured radiation pattern of SRR-Vivaldi antenna: (a) zoy-plane patterns; (b)
zroz-plane patterns.
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3.3 S IR

e AR S B AR 1 SRR-Vivaldi K28 R 7
TsE, REHR A WE 9 FioR. FF7E bR e s =
HH Agilent N5230C 5% & W 25 43 i I 1 R 28
Sy HTZR A7 1] 4.

SRR-Vivaldi K £k 75 T/ 5 47 W 1 zoy TH Al
woz T B AN S — 45 5 75 ) B, a0 P 10 B s,
AT LAE H, 7R & AN 5 A 52 5 15 45 R A W)
&, [ B BRI A AR AR 43 &, BRAIE T BT
FIEEME. S 505 B4 R 2 AR RU/INIR 22, 1X
2 BRI RS PR R 2

SRR-Vivaldi KX £k fj 3 A1 52l Sy i 28 40
K11 AT w, o] LLE HAE4—13.6 GHz S 0 Fl
Si1 < —10 dB, SR R 2 A &

—a— 5]

—o—flifL ﬁ
—~10

—15 F

—20 F

S11/dB

—925 F

_35 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I
4 5 6 7 8 9 10 11 12 13 14

B /GHz

Bl 11 SRR-Vivaldi RERI AN Sqq #2k
Fig. 11. Simulated and measured S11 curves of SRR-

Vivaldi antenna.

4 % #®

AR O EIRA S Vivaldi K455, 17
T P g R R4 2 R T vk @ Rk e A%
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Abstract

Vivaldi antennas have wide applications in practice due to the ultra-wide band properties; however, their gain and
directivity are relatively low. In this paper, a new method is presented to improve the gain and directivity of Vivaldi
antennas in a broad band using split-ring resonator (SRR). Based on the peculiar electromagnetic properties of SRR, a
novel high-gain SRR-Vivaldi end-fire antenna in C and X bands is designed and fabricated. The size of the antenna is
only 0.33X\ x 0.33\ x 0.013), a significant miniaturization. Equivalent analysis method has been adopted to study the
resonance characteristic of an SRR structure. By adding the SRR structures the singular metamaterials in the front
of the Vivaldi antenna have an exponential taper slot, and the SRR structures can play a role as a director which has
the ability to enhance the antenna’s directivity so that the surface currents will focus on the end-fire direction. The
SRR structures have been analyzed, designed, and fabricated, which can be embedded into the original Vivaldi antenna
smoothly and compactly. As a result, the gain of the SRR-Vivaldi antenna are enhanced effectively, while the size and
bandwidth of the original antenna can be kept, with the reflection coeffcient less than —10 dB from 4 to 13.6 GHz after
using SRR. The novel Vivaldi antenna based on the SRR has good features of high gain, high directivity, low return loss
and low cross-polarization. Compared to the original Vivaldi antenna, the simulation and measured results demonstrate
that the gain of the novel SRR-Vivaldi antenna in C band has been increased by an average value of 75.44% and the
half-power beam width has been decreased by 20 degrees in zoy and zoz planes. Meanwhile, the gain has been increased
by an average value of 24.46% in X band and the half-power beam width has been decreased by 25 degrees in zoz
plane. Testing result of the fabricated antenna demonstrates the reliability of the design. A good agreement between
simulations and measurements is obtained. The design owns the merits of low cost, simple design and ease in fabrication
and conformation, thus provides a new idea for end-fire antenna gain and directivity improvement. The new antenna

has great potentials in applications.

Keywords: end-fire antenna, Vivaldi antenna, high gain, split-ring resonator
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