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Wideband Resonant Cavity Antenna with Partially Reflective
Surface for X-band

LIU Ying, SU Ping, GUO Pei-pei, LI Ming-liang, LIU Yong-jie
(Shanghai Radio Equipment Research Institute, Shanghai 201109, China)

Abstract: Aiming at the narrowband problem of traditional resonant cavity antenna
(RCA), a novel wideband resonant cavity antenna with compact partially reflective surface
(PRS) for X-band is presented. PRS is a dielectric slab with double-deck periodic array
structure, which can provide relatively higher gain performance with compact structure. In
addition, the reflection coefficient phase gradient of PRS is positive in wider band. The feed
antenna is a wideband aperture-coupled patch antenna, which is composed of square patch
antenna, ground plane with rectangular slot and Y-shaped feed network. The simulation
results show that the relative bandwidth of RCA is 22. 3% and the gain is between 12. 78 dBi
and 14. 00 dBi in X-band.

Key words: wideband; high gain; resonant cavity antenna; partially reflective surface

Wi B 2020-06-27
EEE N X 994, B i+, TR, 322 N F il ik i S KRR 15T . E-mail: Uestc_YingLiu@outlook.com



36 0% 5 3 £ %41 %
BT b R A S R AR, 4 R
0 5IF T 5 1 T T8 22 1096 B — A 388 4% I A5 L B

Wi 5 T 438 15 AR T R i 6 S e 1
i K2R I 5 SRRk A 1) G IR AR A 3R A R A
Wi RPN . AR SR R 2 4 25 1k BE nT LLGE
SO R S A LG NS G NS Y IR
G507 LI AR AR i T A AR R R,
PR IE R 28 (Resonant Cavity Antenna, RCA)SIE K
— o ) K 2, R H 2 A R Ast AL B R R A AR
2R TR T EE N TIZ R,

TERGE L 4F B, i 45 BR (Electromagnetic
Band Gap, EBG) 454 76 il il ¥ 1% I 1% 5% 77 1 /9
NG T 238 0 1z R, Heh— A~ 3B N
FH 2 5 4G 15 09 3 A B30 B 1 Ok B R £k, ot 2
EBG 4R IE K& . 51 EBG iR JIE K.
M EBG 45 # 1 8 3 43 ) 9% 3% 11 ( Partially
Reflective Surface,PRS), PRS Jji & T I 3
T — P B 0y b0y, 5 T 2 AR s AU
T PR R B R 2 [ A 5 L, R 2R B
Hi PRS LGB PEDRE . XD EBG 4R I R 28
J&— P LA 2 A ISR R R PR IR R
LG 250 8 7 T — A =R — R SR RS R
LA R PEATRR, SR & 2% 1 157 i I
SO KAV R 1 MERE s 02 38 i it v R 4T
S THI FR B2 1) BT 25 1 0 2 T 4 ) A Oy 6 b T T R
0 R G T o HE R TS IR I R R A e R
fi FHHL A 1E 5 5 28 BOM A6 16 3 A 38 4 o S 3% T
R LIRS N B R B 2. Bk
=R B 7 IR B T IR R 2
S B A R O Ho B BT AR R S B S B TR IR
A T e AR RN

EEXHE 58 EBG 18 4k 1 K 26 1% 25 3l Bk o, BE T
R =R B T — O ALY S I IR
K., HSCHERL 10 ] BT 82 1 1) PRS, A STl i
T PRS HAT T 522 19 45 44 RRAE L I BB % 32 it
AR B R A s e e . L KR A PRS 55
LR AW B R 2R (B R Z) 45 & L B8 A AL
P& 15 T S IR I R 3 £

1 iERE RIS

TR R 2k 5t I R 2 b - T T

5.5 0 L 2 o £ 6 S 40
RS A 2 I 5 4 4 40 T2 0 o T
LS5 BL F D  E 5  R0 25

R I R 0 T AR5 7 61 8 254 95
WEVE S 92 PRS 9 FL R P . o T
HHE AL

(D
A e MOBHE s b ISR S B PRS 545
i Z B RS 5 o, il @, 43510 PRS 4% b
AT 1 2 55 2R BOAR A
24 Hb T 1 8 B AR B R 1R (Perfect Electric
Conductor, PEC) B}, ¢, ==, X (1) A[ L 5 H

on = N D N=0.1.2.0+ (2)
.

BSOS f 5 @, BUE I, /] RLARAIE
RIS S A BRFEANAE . PRS BE RS 58 L AE 95 40
WNAR f 5 R REOEAL o, BOE ., Rl
—F 5L RCA AT RUAE— A48 T 1 450 232 30 [l o s 2
PR,

IR R M R D lBIE R
PRS (75 M R E e 3R

D:DFccd+Dl’R5 (3)
Horp
1
DpRszlolog]i‘o 4)

KM Dyes BBIE KL T7 M REG Dirs N
PRS 5 P R H o A PRS M9 S5 2 500
i 2O AT A, PRS 19 52 R AR FE o MK Dops
B DOl K
RCA 1 I A& RS 5 A 2
A =10""°2% /n? (5)
.4 RCA ) TAEM K,

2 U R R
2.1 o RStRmERT

XTI AR B R 2T, PRS B9 B G HE
B, ARSCETEIEIY PRS BAT B AN B2 10 45 1 5



2 V>
A

%3 b

X B e B3R o B R B 84 5 A 9 R R 37

ik, JF H B TE S 22 BOM AL 6 B2 BE 6 1 90 4 Bt
VA& T T R R 4 L v ) 3 4

% i Rogers RT/duriod 5880 /£ & PRS Y41
JTHE A PRS Fh XS I 8504 S 300 0 40 235 Ay 1 A Jo
WAL B A AR d =0. 781 mm, W& 1 iR,
PRS F3RM i 75 I BROR 46 8 i 05 E 4 8 W
SEA L B T AR B 5 R R 4 TR R 2 5 AL AR
& B W a5 2 A

(a) b2 A WIS

Bl 1 PRS B30 450 R 2 1K

PRS B HLITE5 M a2 fros. Ho, 1, =

2 mm,l, =4.7 mm,/; =1.5 mm,/, =3 mm,

(b) TRk RS

[s=4 mm,l;=1 mm,P=5 mm,

[ |

X X
(a) LI ITEE (b) TRIMHETCH

Bl 2 PRS ¥ongif s 2R

FIH HESS L # 7 B3, 45 6 N30 Bt 4%
% BT HEAT 05 B, 45 B PRS 19 9 R B0
175 WRE B B W 2 A Al i R 1l 3 s, 7E (9~
11) GHz B FIN . PRS i 2 5 R 8B A 1IE B
BEARAL, O BRI R B BE KT 0,59, &I
PRS BEMSTE (9~ 11) GHz 45 B3l B 9 42 5
3 25

2.2 RREXZi&IT

X T e 3 £ B B I IR R T 15
PR R R T 28 06 F B2, A0 HA B 98 1 T AR A
FERNBL R MG 25 . A T R A TR R K L Y
AREER R v DR RS M R A R R
e 4 R, HEKSEHMZ%:0, =65 mm,

7 SI 9I 1I0 1‘1 1I2 13
$i% /GHz
(a) AHAL

PRIE S
o o o o o o
o & N 9 » ®»
S & o o S G
T T T T T T

B 9 10 11 12
$%/GHz

(b) WRE

Bl 3 PRS 5 R Ky B A5 R

lO
(a) EME
} Viria
d,” :*&

d h

YRR
(b) MIHLE

B4 R KR

[, =12.8 mm, [, = 10 mm, h, = 2.7 mm,



38 1

% 5

51 4z %41 %

dy=0.781 mm,d, =0.381 mm, b,=0.7 mm,
l; = 13.5, b,

bZZO. 6 mm, lg

= 0.7 mm, g = 12.1 mm,

= 2.4 mm, b; = 1.12 mm,
l,y=23.6 mm, b,=20 mm,/,, =25.6 mm,

PR BIR R 2 o M P T B A SRR R X b
T5 (0 4 Ja W HEAT AR G I L BB 2SR T Y B
& B A A R T BT VE BC B9 IR L BERS I R 2 A
BETE B BE N AJAT B B BT DE L

BT B IR R LR S R A STy a5 R an
5 iR, S11<<—10 dB 9 VT fit 4 % (9. 16 ~
11. 22) GHz, #HXFF 5 20. 200 .

St Z%S11/dB

1
8 9 10 11 12
4% /GHz

5 BHERL RS R

W R K 4 1) A 43 T 1) L L R A AT 6 BT

IR H @ 0 5 R R R G 3 % & R T
HT AVIREATY T8 A9 AR B . BRI R 7E 9. 0,9.5,10. 0,
10.5,11. 0 GHz 4 Bt ) ¥) % £ K3 45 40 5l Ry
8.49,8.85,8.87,8.76,8.33 dBi, Al LIFE H,i%
Tt R R 2R A B T8 1Y T AR B N HLAA B i B 25

18 R Bx R &% 1t

Sir RCA H1 PRS 5 15 i K 2 4 ml, an &1 7
Fii7R . PRS RO I K 48 09 45 49 R~F WL I 2 A0
Kl 4,

MDA DAG S A HEUEAE K AL
VAT ho] DL ek AR K £ Y BH BT DT R TE . TR
RCA By H A8 RSE, AT UATH K (2) ~ 20 (5) 47 4l
B R R, h A 15.5 mm, PRS %
13X 13 HICTCHMIS5H .

Yo RCA S R B0 LA R A 8 firs
AIIZ RCA Re#E7E X i Bt 3C ) S11<<— 10 dB,
VEHCHF 96 (8. 92 ~11.16) GHz, MIX}F45 58 22. 3%
M B4 b

Fity RCA FR I J5 1) B B85 R an &l 9 FioR .
RCA # 9.0,9.5,10.0,10.5,11. 0 GHz 43 B i) &%
KB 25 4 Wk 12078, 13.33, 13.53, 14.00,
13.89 dBi., 5Kl 6 XfLb, mTLLF i, L PRS /£ N
T2 IR R 2 25 15 3 B 2 4R

2.3

2 A, bf

- -10K _me ok —
8 -l o, ) g
@ 20F \fo T e 5 JC(,; g& ps
= 30t s =

ol VAN PN i ’
*1150 *lbO *5‘0 6 5b 100 150 -150 -100 =50 0 50 100 150 -150 -100 -50 0 50 100 150
0/(°) 0/(°) 0I(°)
(a) 9.0 GHz (b) 9.5GHz (c¢) 10.0 GHz
10 10
of ok .
_-lot =10} ' quﬁmﬂ* i
[+3) L— $=90° 3
B fh.g=00° 1 2 —
@ 20f -0 :: - | B e,
= . -, o
301 S =30t
40 s —40 Y
50 M \ / "-‘ S50RS NN L VLN
-150 =100 -50 0 50 IOO 150 -150 -100 -50 0 50 100 150
01(°) 01(°)
(d) 10.5 GHz (e) 11.0 GHz
&6 il K 24 5 O In) &1



w3 %)

.. X KB MBS R I £ @G T

IR R 39

(a) RCA
[
P T h
E—————
%g IR I

(b) RCAMIFLE

S5t #%4S11/dB
o

_IO_
_12_
_14_
,16k
8 9 10 T 12
4% /GHz
E 8 Fiil RCA LS &%

7 i RCA #4544
2 XA $=0° - X g=0°
10 ——}LWM) go" —%*& E¢ 90°
: &W o L
0 koo 2 XARALL$90° \\ 5

14 2% /dBi

-40 ¥ : : i E
(- N ¥ . | N I A N N N N N N H N L E L N N
-150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150

0/(°) 0/(°) 01(°)
(a) 9.0 GHz (b) 9.5 GHz (¢) 10.0 GHz
o X =0°
| — F Ak, 6=90°

- L0 7
|- 22X B G700

100 150

50100 50 0 350
0/(°)
() 105 GHz

K9 o

AP T — PR SE A RCAL i BA IE R

SFRBORLLEE BE 1 PRS sl 042485 I f X
(R REO A, o PRS HA Bk 0 A4S

4, BEAE TE S8 Ml N B8 A i 3 45 . 7 L4
W ISR I RS TE X I B 22. 30611
AERFHT 6, & (12.78 ~14.00) dBi ¥4 25 &9 1 fig
EER

150 -100 =50 050 100 150

o1%)
(e) 11.0 GHz

i RCA % 35 J7 ) 4]

&% ik

[1] MENGF ], LIU Y, SHARMA S K. A dual-
polarized broadband resonant cavity antennal CJ//
2018 12th International Symposium on Antennas,
Propagation and EM Theory, Hangzhou. [ S.1.]:
ISAPE, 2018: 1-2.

[2] MAHAJAN M, JYOTI R, SOOD K, et al. A

method of generating simultaneous contoured and

pencil beams from single shaped reflector antenna

[J]. IEEE Transactions on Antennas and Propa-

gation, 2013, 61(10): 5297-5301.



40 # o3 5 3 % 41 %
[3] DEGUCHI H, TSUJI M, SHIGESAWA H. wideband, low-profile EBG resonator antennas[ ] ].
Compact low-cross-polarization horn antennas with IEEE Transactions on Antennas and Propagation,
serpentine-shaped taper[ ] ]. IEEE Transactions on 2012, 60(2): 743-750.
Antennas and Propagation, 2004, 52(10): 2510- [ 8] WEILY A R, ESSELLE K P, BIRD T S, et al.
2516. Dual resonator 1-D EBG antenna with slot array
[ 4] Z=fEdk, Hsr4]. 24 GHz fH G R 26 5 1 0 & feed for improved radiation bandwidth [J]. IET
S5¥FT]. ka4, 2010(S2) : 211-214. Microwaves, Antennas and Propagation. 2007, 1
(51 B BRloHT B P B ARG 391 T 38 4R i K 2 52 (D . (1): 198-203.
VO PY Rl TR R 2%, 2011, [9] WU Z H., ZHANG W X. Broadband printed
[6] MENG F J, SHARMA S K. A dual-band compound air-fed array antennas [ J ]. IEEE
high-gain resonant cavity antenna with a single Antennas and Wireless Propagation Letters, 2010,
layer superstrate [ J ]. IEEE Transactions on 9. 187-190.
Antennas and Propagation, 2015, 63 (5): 2320- [10] WANG N Z, LIU Q, WU C Y, et al. Wideband
2325. Fabry-Perot  resonator  antenna  with  two
[7] GEY, ESSELLE K P, BIRD T S. The use of complementary FSS layers[ J]. IEEE Transactions
simple thin partially reflective surfaces with on Antennas and Propagation, 2014, 62(5): 2463-
positive reflection phase gradients to design 2471.
(E#&% 29 70
P BT [D]. m At BRI AR KA, 2018,
[ 8] BANDIERA F, FARINA A. ORLANDO D. et al.
[1] FE/NE, ., o8, % S2mpNE TN Tk Detection algorithms to discriminate between radar
St i) ], B Bk, 2008, 30(4) s 21-25. targets and ECM signals[J]. IEEE Transactions on
[2] #I8, T, B4, F2ahpirs F ok ER Signal Processing, 2010, 58(12): 5984-5993.
BEAME]]. ET AFML, 2012, 31(2): 1-4. [9] LISZ, WANG G H, WU W, et al. Detection and
[3] PEE, £, 2 mmie FExa BT Hmym tracking technique for radar network in the pres-
WSS, M AME . 2017, 44(2), 84-88. ence of distributed jamming [J]. Systems Engin-
[47] skMgF, LA 5 F DRFM [ ] 8RR Ff 1900 5% eering and Electronics, 2012, 34(4); 782-788.
BFRALI]. RS T8RS0 FHoAR, 2015, 37 [10] W3, ABE, Hiltse. —Fhde T HOR B i 5 50
(1. 795801, e T 0 2B 5 ST 7LD, B ik R
[51 XUWI3. 2& T 558 3 DREM @34 T 9 0 i 2014, 43(2): 1922,
[J]. B TR, 2013, 26(3): 20-22. [11] #%. Y4 DRFM &L T IHLE 5 b BEAR B 5 31
[67 Xl T4 xR, % 3T 505 ur i RE Eﬁiﬂﬁ* 2012, 52(6)+ 918-921.
(01 BCOR BE T A2 8% & TR LD 5 T4, 2008, L1201 WRSCHS, ZRBEAE, SRR, S BOR AL AT 4R

L7]

29(4); 405-410.
WRT-. B G IR il 9 Ak 2R 8 RIS B S

E%ﬂ&ﬁ%‘ﬁﬁffﬁ 1 T EE
(2): 47-50,69.

Xy AR, 2014, 29



