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Fig. 1. Structure of the wide-beam antenna: (a) 3-D view; (b) top view.
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Table 1. Parameters of the wide-beam antenna.
RESH L W H Il L2 I3 I[4 L[5 L6 L7 L8 WL W2 W3 W4+ W5 We Wr
ZHH /mm 5 9 35 06 32 22 2 15 05 32 15 5 1.5 15 28 6 2 1

K2 Bt
Fig. 2. The design process.

014101-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 1 (2021) 014101

FL G B Ansys HFSS X 2 5 K4k ik 4T
5B, TR R SR & 3 45 T HAE 10 GHz T
RS R . I 3 g, 2 5 K0 E i
] & 3-dB P A S AR 82.3°, ARG E A BEAY I
FEBE 100°, ANHE R T A A RS R
BTSRRI R e R, 76 A A+ ]
InEk T RO R . R 3 WA g R
W) 35K, H B 3-dB % 58 B i 82.3°
i 9% % 115.8°, H Ifi 3-dB I o 52 )& 1 119.8°4h 58

% 185.2°.
Bl 4251 T 35 KRZHIC 10 GHz &b —4> 4

)H—{kI¥35 /dBi
&

—@— 25 RLHIM J7li] [
—m— 25 KRR 1 &
—&— 35 RKLHI 1) ]
—m— 35 KK 71 &
12 1 1 1 1 1

—180 —120 —60 0 60 120 180

/(%)

3 10 GHz 4k 3-dB i 5 98 B 4 R AR
Fig. 3. The broadening effect of 3-dB beam-width at
10 GHz.
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Fig. 4. The distribution of electric current at 10 GHz: (a) 0°%; (b) 90°; (c) 180°%; (d) 270°.

P 2T R AT L. E I 4 TN, BT 4
J Ak 3t L2 T H 3 45 R0 A 4 i FL e T R O
D5 T R TE], MR B SR M, A SERS 3% i
T AR M, T M. RE0VAT T4 08 1
RUAT SRR AHT. JTSCHR [12) X L3R AR
LIS, “RET VAT T HUBE R AR 2P as Al
Feplim e nS A S AN E = ¢ EN PN
LRAEARAD A X SR 4w 58, AT J8 T KRRy i

5 25 T B S D R R R BRLIT I B ) L
H & 5 0115, B R HITIE 7.3—12.6 GHz 4
Wt /N 2, FEXT R 98 53.26%. 181 6 A T
W SE IR R LR AT HE 7—12 GHz W48 5175 1)
B, % 2 45 T RESRITAEZAUH 0 BN Y 3-dB
WAL, A 2 S, REEHITH B iy 3-
dB PR GEEETE 9—12 GHz #KT 107°, H [ /7 )
& 3-dB P R S EEE 9 GHz ¥R T 178°. Z855E
W kb K 3-dB U SRR E, $E R Z ROt
JETEHE e A R AR M X TR LR T B
R.BRT, WAIRTEIS, RELHICHHEE T, %3
Y5 T S5 R R R T8 Ja R 3 25 B0

Ho T4 A R 2 H LA LA SRR
PRI RE L - R IEAT T X EE (£ 4), h& 47T
19, ASCHT TR FRL AR A T R R A TE T
T 0 SRR L ety R R A T R

(a) 0° (b) 90°; (a) 180°; (b) 270°

014101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 1 (2021)

014101

BEB L

1.0

7 8 9 10 11 12 13
ﬁ%/GHZ
K5 RELHITIEWIL
Fig. 5. VSWR of the antenna.
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Table 2.  3-dB beam-width of the antenna.

W% /GHz Efi3-dB# RS /(°)  HIA3-dBE IR 5L/ (°)
7 97 180.4
8 101.1 178.2
9 107 178.4
10 115.8 185.2
11 135.5 220.9
12 180.6 360
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Fig. 6. Radiation patterns of the antenna.
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Table 3. Comparison between Ant.2 and Ant.3.
WH/CHz B REMWE/dBT A UKL - /dBi
9 5.91 4.19
10 5.98 3.91
11 5.84 3.59
12 5.43 2.87
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Table 4.  Comparison between the reported and proposed magneto-electric dipole antenna.
SCEk AHNBEBURE /%  TAEMI /GHz  H945/dBi HITE/A BB/ (°) HIRBRGERE /(%)
[16] 34.6 3.1—4.4 — 0.21 174 112
- 215 (5.5 GHz) 186 (5.5 GHz)
[17] 81.1 3.3—78 3.65 £ 1.65  0.27 106 (7.5 GHz) 83 (7.5 GHz)
[24] 41 2.42—3.7 6.3 0.45 75 120
) s 129.1 (3.4 GHz) 100.4 (3.4 GHz)
[25] 63 27653 ° 0-15 151.6 (4.9 GHz) 94.2 (4.9 GHz)
91 (3.5 GHz) 83 (3.5 GHz)
[26] 22.6 3.25—4.08 6.9 +£0.3 0.27 168 (4.9 GHz) 162 (4.9 GHz)
19.6 4.29—5.22 5.4+ 0.7 0.23 83 (3.5 GHz) 90 (3.5 GHz)
74 (4.9 GHz) 133 (4.9 GHz)
A3 53.26 7.3—12.6 3.53 £0.66 0.116 >97 >178.2
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Fig. 7. The phased arrays: (a) E-plane array; (b) H-plane 1'09 10 11 12 13
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Fig. 8. The prototypes of the arrays: (a) E-plane array; (b)

H-plane array.

Fig. 9. The active VSWRs of the unit at the center of two
arrays: (a) E-plane array; (b) H-plane array.
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Fig. 10. The scanning patterns of the E-plane array: (a) 9 GHz; (b) 10 GHz; (c) 11 GHz; (d) 12 GHz.
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Fig. 11. The scanning patterns of the H-plane array: (a) 9 GHz; (b) 10 GHz; (c) 11 GHz; (d) 12 GHz.
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Table 5. Comparison between the reported and proposed X-band phased arrays.
Sk AHXIBETH S /% ARSI /GHz R /A Ef AR /(%) HEFEREH/(°)
[27] 40 8—12 0.31 + 60 (8—10 GHz)+ 50 (12 GHz) + 60 (8—10 GHz)+ 50 (12 GHz)
[28] 40 8—12 1.22 + 45 + 45
[29] 18.18 10.5—12.6 0.84 + 60 + 60
[30] 40 8—12 0.8 + 45 + 60
[31] 30 — — + 60 + 60
AL 28.5 9—12 0.116 + 70 + 90
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Abstract

Microstrip phased array has aroused interest of many researchers because of its beam agility. However, a
big problem for typical microstrip array is that its main beam can only scan from about —50° to 50°, with a gain
loss of 4-5 dB. Meanwhile, the relatively narrow operating bandwidth of microstrip antenna is also a problem in
application. These flaws have dramatically limited its applications and spawned many studies on phased array
with wide-angle scanning capability. Several methods have been proposed to broaden the scanning coverage of
phased array, such as utilizing pattern-reconfigurable antenna as an element of array, taking wide-beam
antenna as the element of array, and adopt metasurface as the top cladding of array. However, most of existing
researches mainly focus on achieving wide-angle scanning performance within a relatively narrow bandwidth. A
phased array that possesses wide-angle scanning capability at both main planes within a relatively wide
bandwidth is highly desirable. In this paper, a wide-beam magnetoelectric (ME) dipole antenna is proposed. It
consists of an ME dipole antenna in the form of microstrip patch and a pair of magnetic dipoles. Metallic
through holes integrated with patches and ground are utilized to form magnetic currents. Extra magnetic
dipoles are added to broaden the 3-dB beam-width. The simulated results reveal that the 3-dB beam-width of
the proposed antenna is greater than 107° in the E-plane (9 GHz—-12 GHz) and 178° in the H-plane (7 GHz—
12 GHz) respectively. The impedance bandwidth of the proposed antenna is 53.26% from 7.3 GHz to 12.6 GHz
(VWSR < 2). Based on the proposed antenna element, two linear phased arrays are fabricated and measured.
To test the wide-angle scanning capability of the arrays, each antenna element is simply fed with alternating
currents with identical amplitude and linearly increasing phases. The measured results reveal that the wide-
angle scanning capability of H-plane array and E-plane array can be obtained from 9 GHz to 12 GHz. The
scanning beam of the H-plane array can cover the range from -90° to 90°. The scanning beam of the E-plane
array can cover the range from —70° to 70°. The impedance bandwidth of the central antenna is 27.03% for the
H-plane array from 9.6 GHz to 12.6 GHz (active VWSR < 2.5) and 36.36% for the E-plane array from 9 GHz
to 13 GHz (active VWSR < 2) respectively. Hence, the proposed method can be used as a reference for
designing a wide-beam antenna and wide-angle scanning phased array and the designed phased arrays can be

applied to X-band radar systems.
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