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Fig. 1. Unit Cell of the TCDA: (a) Front view of the unit cell (the ground of the red parts is etched); (b) back view of the unit cell.
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Fig. 2. Reflection coefficients of the balun with and without

the etched ground of the red feeding parts.
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Fig. 3. Active VSWRs of the unit cell at 45° scanning in the
H plane in infinite array simulation with and without fre-

quency selective surfaces.
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Fig. 5. Radiation efficiency of the proposed antenna array
at broadside, 65° scanning in the E plane, 45° scanning in

the H plane and 60° scanning in the D plane.

223 REREALARIEEIL

MIE 6 7T LUE Y JoFR KR M50 4 5 . BT
65°. H i 45°F1 D [ 60°4 4R, 78 1.7 5.4 GHz
RO B N, R ER B TTAT R B I He ¥4 /N T 2, DA%
MG HA S S fA PR RE, [RIBOREE R Ar i BT
Ui

3 LR RO AT L

SR TR AL E 256 A~ BT 16 x 16 K
LB 7(a) Wi, 5 mm J5 R VR S R £k B
AR, Mtk bk 2] 16 SREERRH T 1% HUE 16 $h
Rogers 6110 BB AR, Mtk P9~ A B 17
AL, T R R AE M S 48 b R RF

204101-4


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 2 3R Acta Phys. Sin. Vol. 70, No. 20 (2021) 204101

REHTTATIREER b

—a— it

—eo— EJH65°
—a— DIHI60°
—v— HIAi45°
1.7 3.0 4.5 5.4

$iZe / GHz

Fo6  JEBRKFESFER ST, BT 65°, H I 45°F D I 60°4
T, Rk AT IRGE P 1L

Fig. 6. Active VSWRs of the unit cell in infinite array simu-
lation at broadside, 65° scanning in the E plane, 45° scan-

ning in the H plane and 60° scanning in the D plane.
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Fig. 7. Antenna array fabrication and measurement: (a) Fabricated prototype of 16 x 16 antenna array; (b) measurement setup and

environment.
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Fig. 10. Normalized radiation patterns at 0° and 45° scanning in the H plane: (a) 3 GHz; (b) 5 GHz.
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FR1 ALAHIRVARS AR, AN ) SR o IR R B 8 5 30 L

Table 1.  Comparisons of radiated power of antenna arrays in literatures on the same conversion size radiation aperture.
S5k A/ GH TR g X g FHSAE ATEBEUELE IR SRADKCE  SROSTIAR/W
(16] 0.75—3.85 GHz (5.1:1) 0.36 x 0.36 E-70° H-60° <3 771 95% 732
(17] 0.68—5.00 GHz (7.35:1) 0.45 x 0.45 E-45° H-45° <3 493 70% 345
(18] 0.80—4.38 GHz (5.5:1) 0.35 x 0.35 E-70° H-55° <3 816 87% 710
(19] 3.13—11.63 GHz (3.7:1) 0.36 x 0.36 E-75° H-60° <3 771 84% 647
(20] 6.5—14.5 GHz (2.23:1) 0.45 x 0.45 E-50° H-50° <2 493 95% 468
(21] 7.8—13.5 GHz (1.7:1) 0.45 x 0.39 E-70° H-70° <2 569 90% 512
At 1.7—5.4 GHz (3.2:1) 0.144 x 0.144 E-65° H-45° <2 4822 84% 4050
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Fig. 12. Comparisons between measured and simulated results

at broadside radiation.
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A tightly coupled dipole array used for radiation power
improvement on finite radiation aperture”
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Abstract

Radiation power of an electromagnetic wave plays a decisive role in its transmission distance. Traditionally,
the radiation power can be improved by expanding the radiation aperture size of the antenna array or
increasing input power of the unit cell. However, the radiation aperture size is always restricted by assembly
space. The input power improvement of the unit cell is always limited by the signal source. It is difficult to
improve radiation power on a finite radiation aperture. However, the radiation power on a finite radiation
aperture is related closely to the number of antenna elements and the radiation efficiency of the antenna array.
It is useful to arrange more elements and improve radiation efficiency of the antenna array to improve the
radiation power on a finite radiation aperture. Wideband wide-angle scanning phased array is able to make full
use of a finite radiation aperture. The wide-angle scanning properties make it possible for the radiated power to
cover a wide area. In this paper, a compact wideband wide-angle scanning tightly coupled dipole array (TCDA)
is proposed. A high permittivity substrate and compact wideband balun are used for miniaturizing the antenna
array. The period of the unit cell is only 0.144 )\, X 0.144 )\, (Apigy is the wavelength at the highest operation
frequency in free space). Parameters of the balun are optimized to improve impedance matching between the
balun and the antenna array. Two bilateral frequency selective surfaces (FSSs) are used to replace traditional
dielectric superstrate to improve the impedance matching between the antenna array and free space. A low-loss
dielectric substrate is used to reduce dielectric loss of the antenna array. In these ways, the radiation efficiency
is greatly improved. The simulation results show that the proposed antenna array operates at 1.7-5.4 GHz
(3.2:1) while scanning up to 65° in the E plane, 45° in the H plane and 60° in the D plane with following a
rigorous impedance matching criterion (active VSWR, < 2). A 16 x 16 prototype array is fabricated and
measured. Good agreement is achieved between the simulation results and the measurement results. Compared
with the designs in the literature, the proposed antenna array has an excellent performance in radiation power
on a finite radiation aperture.

Keywords: radiated power, radiation aperture, phased array antennas, wideband wide-angle scanning
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