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Abstract: Phased array systems with wideband and wide-beam scanning capabilities have become critical equipment
in the fields of electronic warfare and broadband communication. This study designs and implements a wideband and wide-
beam phased array system, aiming to meet the design requirements for wideband beam broadening in complex environ-
ments while achieving system miniaturization and lightweight construction. The system adopts a 6 X 14 array configuration,
utilizing miniaturized log-periodic dipole antennas as the basic radiating elements. By bending the dipole arms to extend the
current path and combining this with dielectric substrate perforation techniques, the physical dimensions of the antenna ele-
ments and the overall system weight are effectively reduced. Additionally, the use of a carbon fiber ground plane further de-
creases the system weight. The core innovation of this paper lies in constructing a phased array system capable of simultane-
ously achieving wideband and wide-beam performance. By integrating attenuators, phase shifters, and true time delay lines
within the array, combined with beamforming algorithms, stable wide beams and precise wide-angle scanning are achieved

under instantaneous wide bandwidth conditions. This design simultaneously overcomes the impact of excessive mutual cou-
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pling between elements on active standing wave ratio, which is a challenge in tightly coupled array solutions, thereby ensur-
ing radiation stability across the wide frequency band. The multi-channel T/R modules adopt a “tile-type” structure to en-
hance integration density. The true time delay lines compensate for phase differences introduced by phase shifters at differ-
ent frequencies, working together with the phase shifters to form a wideband beam steering network. This effectively avoids
the problems of beam squint and signal dispersion that occur in traditional phased arrays during wideband and wide-angle
scanning due to the frequency sensitivity of phase shifters. System-level test results demonstrate that the phased array sys-
tem operates stably across the full 0.8~2 GHz band. Within every 500 MHz instantaneous bandwidth, it achieves beam scan-
ning capabilities of £20° in the elevation plane and +40° in the azimuth plane. Concurrently, the azimuth beamwidth is no
less than 10°, and the elevation beamwidth is no less than 20°, exhibiting stable wide-beam performance across the broad
frequency range. Regarding radiation performance, with an element input power of less than 10 W, the system’s effective
isotropic radiated power exceeds 41 dBW, and the overall system weight is significantly reduced compared to traditional de-
signs. The consistency between simulated and measured results validates the design’s effectiveness. The measured stable
beam pointing and controllable sidelobe levels confirm the system’s engineering practicality in complex electromagnetic en-
vironments. Furthermore, the system maintains good radiation efficiency and stable gain characteristics across the wide fre-
quency band, further verifying its reliability and adaptability in practical applications. The wideband and wide-beam phased
array system developed in this study demonstrates significant advantages in beam coverage range, scanning stability within
instantaneous bandwidth, and system lightweighting. It provides an effective solution for the engineering application of

wideband arrays domestically, and this design approach holds promise for application in communication and detection sys-
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tems operating at higher frequency bands.
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Figure 1 Block diagram of a wideband, wide-beam phased array system

AR5 RS R v, S5 5 S I 3 A 15t L D 4%
1 Ar 4L 21 Doy 4 o0 L & 84 S R ST AL
BRSNS B 540 BT R U A RS A
L B A BT IR EE A A . KIS L RS a 2%
TR 2% UK 5 #E A 45 T8 47 46 3 BT, AE 2 ) A
AN TRVHG [0 B I R I 4 B e B MU it A Ak B R T
B8 A, PR B A R ST A E IR A 4 2R . S5 ]
1 SR AToR R NS N N s S R el S S
FUFHAE B T 5 1) TAEHL T .

Gk R & L S NE2 A RTINS I - in
P AT i 45 48, 4% T BE PR G 22 [R) A A K 4R 22 e SR [
FE NGRS BLYGE 8 A S KRR TR
D7 o BB KL M) T A B AN S D, T L 4
R, [P XA R T L2 R A A R

WnE 2 s .

2 XHEEARLEmIZIT
2.1 XHREMXEBITERIZIT

R T T 0k SRR i T 255 e AR TR A2 A B A
IR B KR Z , RECIR A T 3B R 2
o fH T G0 2 ) 0K 48 B o0 7 22 T 1 o
AP A RS, AR 2 /N Al b B % 36 550 91 R 4 e
TE L B 5 A B 22 6] 28 oy K e AN A BRI S, 52 TR AT TR
GEP Ty A AR A AE R o I H IR R A S 3 S )
B ) 25 4, LS I e KRR B Y /N A A5 4T IS IR
TR RN 3 s o RIS O T 08 B R 2 A
A7 P AR AR E , AR 25 AN BT T 20 MR T R
LB 19 BT A R AR AR AT R L B S SR AT i



676 H, ¥

¥R 2026 4F

ReE RERES AVt

TRET 4 L HEZE ()

e FEra IR LA 4h5e

P2 BT ST AR M R AL R ek ]

Figure 2 Exploded view of the overall structure of the wideband, wide-beam phased array antenna

74.7%

|
i‘ q

100%
B3 RN R G R EA

Figure 3 Schematic of the dipole arms before and after miniaturization
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Figure 4 Schematic of the log-periodic antenna element and its VSWR
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Table 1 Beamwidths in the orthogonal planes at different frequencies
under uniform amplitude and in—phase excitation
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Figure 9 Schematic of the transmit RF unit
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Figure 10 Block diagram of the beam control unit
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Figure 13 Heat dissipation paths of the RF unit and the overall system
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Table 4 Measured EIRP and power consumption of the array aperture

iR EIRPEOSRE) |
. R IR E) EIRP/
WRIGHz | B975/dBi | Ml i RS

o YW dBW

e/ ME/W
0.8 15.2 4.97 4178 414
1.0 16.2 3.84 322.8 413
12 17.4 3.05 255.8 415
1.4 18.2 2.53 2123 415
1.6 18.9 2.04 171.7 413
1.8 20.3 1.41 118.8 41.1
2.0 21.1 1.28 107.8 41.4
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Table 5 Comparison of the proposed design with other reported works
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