Chinese Physical Society
M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

—FpE T HZ 712 Fabry-Perot IE R Iz 451 B9 35 75 = 18 £ R FRABAR F 1 HF R 2%
Kk BHE 2% FE%E AAF
Design of a broadband and high-gain shared-aperture fabry-perot resonator magneto-electric microstrip

antenna
Zhang Chen Cao Xiang-Yu Gao Jun Li Si-dia Zheng Yue-Jun

5| F1% 2. Citation: Acta Physica Sinica, 65, 134205 (2016) DOI: 10.7498/aps.65.134205
TEZ: %132 View online:  http://dx.doi.org/10.7498/aps.65.134205
AP 4R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/113

A RERR ARy LA S E
Articles you may be interested in

BB 7 B AR RO G 7 b A HA A i) 52
Effects of location and polarization of a dipole source on the excitation of a photonic crystal H1 cavity
PP 22 H%.2016, 65(13): 134206  http://dx.doi.org/10.7498/aps.65.134206

THERHOL TR
Two-dimensional function photonic crystal
Y% 4:.2016, 65(13): 134207  http://dx.doi.org/10.7498/aps.65.134207

F6 T ER R BRI TR v - REBNE

A powerful method to analyze of photonic crystals: mixed variational method
PP 22,2016, 65(12): 124206  http://dx.doi.org/10.7498/aps.65.124206

)2 R WAL — YRR B T ' 1 A AR B S S A S R A B I B

Reflection phase characteristics and their applications based on one-dimensional coupled-cavity photonic
crystals with gradually changed thickness ofsurface layer

YH 24,2016, 65(7): 074201  http://dx.doi.org/10.7498/aps.65.074201

S TR TR 4B G T ik Cherenkov 48 SRS 7T
Simulation of cherenkov radiation oscillation in a plasma-filled metallic photonic crystal
Yy 242 2016, 65(7): 074208  http://dx.doi.org/10.7498/aps.65.074208


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.134205
http://dx.doi.org/10.7498/aps.65.134205
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I13
http://wulixb.iphy.ac.cn/CN/abstract/abstract67621.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67621.shtml
http://dx.doi.org/10.7498/aps.65.134206
http://wulixb.iphy.ac.cn/CN/abstract/abstract67622.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67622.shtml
http://dx.doi.org/10.7498/aps.65.134207
http://wulixb.iphy.ac.cn/CN/abstract/abstract67506.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67506.shtml
http://dx.doi.org/10.7498/aps.65.124206
http://wulixb.iphy.ac.cn/CN/abstract/abstract67007.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67007.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67007.shtml
http://dx.doi.org/10.7498/aps.65.074201
http://wulixb.iphy.ac.cn/CN/abstract/abstract67033.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67033.shtml
http://dx.doi.org/10.7498/aps.65.074208

32 % R  Acta Phys. Sin. Vol. 65, No. 13 (2016) 134205

—MHETHZFL12 Fabry-Perot 1§k iz 45 HY
P =i A R AR R IR R4
%E YHI BE A& AAF

(RF TRASERS SH5, % 710077)

(201641 A 25 HUEHI; 2016 4F 4 A 16 HIZH & eH )

Wit 7 — R TAEF X BB 3 T35 2 7L4% Fabry-Perot (F-P) W3R [l 45 1) 1) 5 45 w5 18 25 5 B A A 1 et
Rk, HEAH T ZMRFER SFHOUZ SR L B R M (FSS) e, @it L E LA AL T MR E . FIAH
=P FSS HITHIAALAMERE M, G0 E T B E RIS . SR A R R, M R E 2
J&, T AR T RERAE 7.8— 12.3 GHz N S11 < —10 dB, AHX A 5EIA S 44.7%, i B X KB, R
7.9—12.1 GHz WIH R, &R T 7 dB. B TESH F-P ERIESWEERLE, Wit T3t

EAARM F-P S IRASE IR 5 R AR W S R R 2 2 0, AR R AL T Y e R O T R TR

1 P AT 52

K §#ia): Fabry-Perot ¥R E, JLEAUE, a7, BRI TR LR

PACS: 42.70.Qs, 41.20.Jb, 42.25.Bs

T e 1 A R 2 A TR AT L e R AN S
S5 TCBEE SR A BRI E MR U &5
P v R LM 2 B 7R EE 7 WA, EVE R0 R 424G
SERTEAT DR DL RO R EGHEAT AR, (E R 2R
RER LR R 2% N T RAS v« I 8] AR K 45 L oA
2RV S B . DRI, R DR KR R AR T A i 1 2t
FrPERIATIR S, Bevk N R S5 AT B R 4G, 2
AT 7 T A R fr e i (2],

HEAL RS R 2R M AN T RS, € Bf
FRARMRL BT A H 2% 0 BRs L JmaE ok, B
BFULIC A5 5 1 O RE R VR, SIS T2 E AT T2 R
FEO-UL g — R B R R R A B
TORE L7 E AT M AR R I R 4G, L
I, 25 R 4% 1R IE) #4) % Fabry-Perot (F-P)
IR, R L S R LR A I 9 — IR B I S A

DOI: 10.7498/aps.65.134205

J5 33 S 7 2 ) L S T 3 B 1) H U (R A
hn, NI 7 RERIE . F-P Wl IRE Sy F
N TG 2E AR, 1956 4, Trentini 12 3 Yk B
A HB 3 SRR A 1) 2 T 7 6 R N A B 5 R A
Ui B TJ7 RS T R ai i) fe . RS, F-P i
PRREAF FE AT 208, F-P ISR R dest—Fb
eI o E YRR R, I HL AR Ak G v Y
REEE I RSP KRE—RH6k A HEATN L
VR B8 HARRT B4, JEAR TSR H]. AR,
9 AMR 2 22 5 #E 30 F-P g 4R R 2y 98 7 T
i T AR 2 ok (0221 Sk [23] S H T AR A
GBI 8 2 ) 7 R 7 ORI 2 e 9. 3C
R [24) B TE 7 — Tl B SR AR AL Al 2 R 208 TE
HIER 53 AR TH (partially reflective surface, PRS),
Hf HAE R E E A IME T RE BT 1
LT iy [ 45 74 (electromagnetic band gap, EBG)
IR, XM A B0 E T R IGa , A
R0 589 12.6%, 3 dBHE a5 TR I E] 7 15.7%. 3

* [E R E RIS (HES: 61271100, 61471389, 61501494) B,

T iB{E1EE. E-mail: gjgj9694@163.com
© 2016 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

134205-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.134205
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 13 (2016) 134205

Mk [25] R FH RUZ A2 L B R T (frequency selective
surface, FSS) 45 H1E N REINTE Z, TEIRFFR LY
i 4 v B RN, A 0 e P e A2 28%. DL hax e
Vvt LR AT DR P R A ORI )2 v 1Y 2 R 4 )T
AL T HT BT

ARLEAE T — PR T L= LR A B F-P i R
i 5 K TR 0 A e B A A PR AR B Y R, F-P
WIR K 2 B = A [F RS XUZ FSS BT 1)
B, @I =LA A, DR AN R FSS H# T [H]
IR AL M, B R T R R, e 1o
B T FLANSEI g SR A3 B, d i N A M 2 e
MEVEZ, BN XEBRREIWEHE THEN

.

2 BRpAME LRI

W1 TR, F-P IR R 22l i s BAT i
B RE B R A TR TR Rk B T7, REUR
SRR S IR KR R R R )R, S
BB E R I BB AL AT B, A T
P R EHE S M RCR.

e ESI]

—_— W AR R

K1 F-Pi#RERERER

Fig. 1. The structure of F-P antenna.
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Fig. 2. Properties of the superstrate unit cell: (a) Re-

flection phases of two layers; (b) unit cell of superstrate

structure; (c) equivalent circuit.
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Fig. 3. Reflection phase and reflection amplitude of

the superstrate.
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Fig. 4. (color online) The structure of the antenna:
(a) 3D modeler; (b) radiation patch.
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Table 1. Dimensions of the magneto-electric dipole antenna.
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Fig. 5. (color online) Reflection phase and reflection amplitude of the superstrate.
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Fig. 6. Three different sizes unit cells.
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Fig. 7. (color online) The structure of the superstrate and antenna: (a) Superstrate structure; (b) simulated

model of the antenna.
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Fig. 8. (color online) Simulated (a) S11 and (b) gain with and without superstrate.
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Fig. 9. (color online) Comparisons of simulated radiation patterns: (a) E plane; (b) H plane.
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Fig. 10. (color online) E field distributions of the F-P antenna: (a) zoz plane; (b) yoz plane.
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F2 AR EE RS SR [24, 25, 27) X E
Table 2. Comparison between this work and antennas
in Ref. [24, 25, 27].
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= 4 Z L

/% /dBi  #&Jt/dB
AL 7.8—12.3 44.7 12.2 7
ICHR [24] 11.1—13 15.6 16.2
ICHR [25) 8.6—11.4 28 13.8 7.8
XHk 27 11.3—12.8 13.2 22.7 5.5

4 T 55N

Xof T4 B R G HEAT T SE N L, Gl 11 fr
7~. FFIA Agilent N5230C 4% 2 % 2% 73 B A6 R
2 1A QA SRR PR R AT T N, 45 R B 12
R MRS AR B, R4 00 TAE A 36 [l 2 7.9—
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Fig. 11. (color online) Antenna and measured envi-

ronment.
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Fig. 12. (color online) Simulated and measured S11.
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Fig. 13. (color online) Comparisons of simulated and

measured radiation patterns: (a) E plane; (b) H plane.
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Abstract

The demands for highly directive antennas are becoming more stringent, especially in microwave regions. Traditional
ways to enhance the antenna gain such as reflectors, dielectric lenses, waveguide horns and microstrip antenna arrays
suffer design complexity, high cost and power loss in the feeding network, so it is urgent to find a simple way to solve
the problem. Fabry-Perot (F-P) antenna has a high directivity and low sidewall, owing to the resonance of the cavity
in a cophasal and tapered field distribution along the lateral direction. However, the disadvantage of F-P antenna is
obvious for the inherently narrow gain bandwidth which inhibits their many applications. In this paper, a broadband
and high-gain shared-aperture F-P resonator magneto-electric (ME) microstrip antenna working at X band is designed
and fabricated. In order to design a wideband metamaterial superstrate unit, the structure with two different frequency
selective surface (FSS) layers is presented: the metal pattern at the top of the unit is a square patch and has a high
reflection coefficient in the high frequency band, and at the bottom the metal pattern is a cross patch, it has a high
reflection coefficient in the low frequency band, therefore, the whole unit should resonate in a broadband frequency range.
Theoretical analysis and simulation result indicate that the unit has a linearly increasing phase response and a high
reflection coefficient across a broadband range and it has the potential to construct a wideband F-P resonator antenna.
In the proposed antenna, a novel wideband ME microstrip antenna is used as the feeding source. For the antenna covers
the whole X band, the bandwidth of the F-P resonator superstrate should be further expanded. Simulated calculation
results indicate that different sizes of two-layer FSSs have different reflection phases but the same coefficient, therefore a
shared-aperture structure with three different sizes of FSSs is obtained. The arrangement utilizes the phase compensation
property along different F'SSs, and broadens the gain enhancement bandwidth effectively. When the superstrate is set to
be approximately 15.5 mm above the ground plane of the ME antenna, the antenna possesses an impedance bandwidth
of 44.7% for the reflection coefficient (S11) below —10 dB from 7.8 GHz to 12.3 GHz, covering the whole X band. From
7.9 GHz to 12.1 GHz, the antenna has an obvious gain enhancement, with a peak of 7 dB. Numerical and experimental
results indicate that compared with the traditional F-P resonator structure, the shared-aperture metamaterial superstrate
can effectively broaden the antenna gain enhancement bandwidth, and it has great application values for designing new

broadband metamaterial superstrate high-gain antennas.

Keywords: Fabry-Perot resonator, shared-aperture, broadband, magneto-electric antenna
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