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Design of Miniaturized 360° Analog Phase Shifter for Multi-Functional
Transmit-Array Antenna

&=

fol
ol

2

AIn

nks
SOl ET - A

0

Myeongha Hwang - Gyoungdeuk Kim - In-Gon Lee* - Sangkil Kim

%278 360° WAL obEl

12 5 2% WALy 914 A ol7] 8 AStst, 7 17 2el7]9)

P
<
Lo,
(033
rn",
o
=
N
ro
o
o
S
(=3
X
=
~
N
(=]

Abstract

This study compares the designs of one-stage and two-stage reflection-type phase shifters for miniaturized S-band multi-functional
transmit-array antennas. Both phase shifters have areas smaller than 0.2 A¢x0.4 A,, which is less than half of the conventional unit
cell size of 0.5A A¢x0.5 A, and both phase shifters have a phase shifting range of more than 360°. The one-stage phase shifter requires
a miniaturized hybrid coupler, 1/4 wavelength transmission line, and additional elements to implement a wide phase shifting range;
hence, the phase shifter has a non-uniform insertion loss distribution and a peak insertion loss of 4.3 dB. The two-stage phase shifter
outperformed the one-stage phase shifter; it had a relatively uniform insertion loss distribution of 2.5 dB because of its simple circuit
structure.
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Fig. 3. Equivalent circuit model of a varactor diode.
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Fig. 5. The values of phase shifting and insertion loss accor-
ding to DC bias voltage of 1-stage reflection-type
phase shifter.
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Table 2. Performance comparison of 1-stage and 2-stage reflection-type phase shifters.

iy | M) | P siting mnge | U] o sluge lon
Ref. [12] n/a 4.440.2 0~407° 4 n/a
Ref. [13] 0.35%0.65 1.44£0.9 0~220° 2 n/a
Ref. [14] n/a 1.340.3 0~147° 2 n/a
One-stage phase shifter 0.2x0.52 2.8+1.5 0~370° 4 10 mV/deg
Two-stage phase shifter 0.26x0.39 240.5 0~370° 4 10 mV/deg
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