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Phase Shifters for Phased Array Antennas

Takatoshi Kato, Yuichi Tanaka, Hiroyuki Ueda,
Hiroshi Noge, Kunitoshi Nishikawa, Kazuo Sato
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Abstract

Two types of 3-bit phase shifters for phased array
antennas are developed. One is a switched line type with
PIN diodes and the other is a reflection type with GaAs
FET's.

The PIN diode phase shifter is developed to achieve a
low loss by optimum design of the RF and bias circuits. As
a result, the insertion loss is 1.3dB maximum and the phase
error is less than 15 degrees. These characteristics are good
enough to make high gain phased array antennas.

The FET phase shifter has advantages, such as simple

bias circuit and low power consumption because the FET is

switched by only the DC voltage at a gate isolated from the
RF line. So we have developed a low loss switching FET,
and designed a reflection type phase shifter which consists
of a interdigitated coupler and the phase shift circuit with
the developed FET. As a result, the insertion loss is 1.9dB
maximum and the size is 50mmx 60mm. The phase shifter
has simple configuration suitable for simple and thin phased

array antennas.
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Table 1 Requirement for phase shifters.

Type 1 Type 2
( PIN diode ) (FET)
Purpose low loss simple structure

Frequency 1540 — 1660MHz
Construction 3-bit digital
Insertion loss 1.5dB max
Phase error 15° max
Size 70cm? max 30cm? max
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Table 2 Insertion loss of phase shifters.

Phase shifter type Insertion loss
Switched line 0.3-0.5dB
Loaded line 0.5-0.7dB
Reflection 0.3-0.8dB

( Frequency : 1540 — 1660MHz )
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Fig.1  Configuration of switched line phase shifter.
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Fig.3

Photograph of 3bit phase shifter ( Type 1)
with PIN diode switches.
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Fig.4 Performance of 3bit phase shifter ( Type 1 ).
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Fig.5 Schematic cross-section of developed FET.
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Table 3 Device parameters and on-state
resistance of FET.

Previous This work
Cap layer 500A 1500A
Lyss 130mA 300mA
Gate length lpym 0.5um
On-state resistance 5.6Q 160

Gate width : W, = lmm
Electrode spacing between source and drain : Ly =4z m
Carrier density of cap layer : n+ = 3.0X10"m?
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Fig.7  Schematic of developed MESFET chip.
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Fig.10 Relationship between stub length and
phase shift.

Table 4 Characteristics of insertion loss in phase shifters ( Type 2 ) with and without stub.

Phase Insertion loss
shift on—state off—state difference between on-state
(deg.) (dB) (dB) and off-state (dB)
with stub 45° 0.51 0.40 0.11
90° 0.49 0.46 0.03
180° 0.86 0.59 0.27
without stub — 0.90 0.46 0.44

( Frequency : 1600MHz )
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Fig.11 Photograph of 3bit phase shifter ( Type 2 )
with GaAs FET switches.
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Fig.12 Performance of 3bit phase shifter
(Type 2).
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