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Abstract

In this thesis, a semi-scannable beam controller which can be used for a
four—element microstrip array antenna having constrained parallel feed network
1s designed and fabricated using digital logic circuits. In order to verify the
performance of the beam controller, the simulation results and the measured
results are compared.

The beam controller consists of four four-bit phase shifters, a signal
conversion part, a signal comparison part and a switching control part. The
direction of the maximum field strength is detected by comparing the input
signal strength with varying the switching state to control the phase shifters.
The phase shifters are composed of two loaded line phase shifters and two
branchline hybrid coupled phase shifters connected in series. The loaded line
phase shifters carry out 22.5°%and 45°phase shift, and the branchline hybrid
coupled phase shifters carry out 90°and 180°phase shift. And the phase shift
changes 22.5°per bit from 0°to 360°. The input signal to the beam controller
i1s a transformed to the intermediate frequency, and the beam controller is
designed to be able to discriminate the voltage difference according to the
induced voltage at the antenna terminals. The transformed signal magnitudes
are compared with each other at the signal comparison part. The comparison
results are transferred to the switching control part, and the phase shifters are
controlled by those results. So the beam direction of an antenna is decided by
the phase shifters.

The manufactured phase shifter has the phase error of 16.13% in maximum
and the insertion loss of -5.702 ~ -4.303 dB. The performance of the beam
controller is not affected by the above results significantly. It takes only 70ms

to set the phase shifter in order to find the direction of maximum field



strength. So the proposed beam controller always find the maximum direction
of field it will be able to contribute to enhancing the receiving performance of

an antenna in fixed communication.
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Fig. 2. Equivalent and example circuits of

Transmission type phase shifter
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(b) shunt-diode switched line phase shifter

Fig. 3. Switched line phase shifter
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(b) switchable series susceptances
Fig. 4. Loaded line phase shifter
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4. MU= 2[AF0[7]9] Layout

Fig. 13. Layout of designed Phase Shifter
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Fig. 16. Schematic and output waveform of signal conversion part
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Fig. 17. Schematic of signal comparison part
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Table 1. Phase shift according to the controlled switching output

No. | PS1 | PS2 | PS3 | PS4 2934 Ao &9

1 0 0 0 0 [ 0000|0000 | 0000 | 0000
2 0 0 0 22.5 | 0000 | 0000 | 0000 | 0001
3 0 0 0 45 10000 | 0000 | 0000 | 0010
4 0 0 0 67.5 | 0000 | 0000 | 0000 | 0011
5 0 0 0 90 | 0000 | 0000 | 0000 | 0100

65536 | 337.5 | 337.5 | 337.5 | 3375 | 1111|1111 [1111| 1111

#«PS(Phase Shifter : $]%o]7])

I RE 297 FRE F 29F ARoAE JdE 293 4uE 9% 3

o712 FHAZIA "k Az T4 LuYFE Fig. 200 E¥=2 YEigl
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Fig. 20. Operation Algorithm of Beam Control Circuit
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-0.36 ~ -0.34 dB, ol = A -044 dB = vEbrh 2o 180°hit 94

Hol7ldl = Ads£do] oo =52 -068 dB, thole= Al -064 ~

[e)
735 EEA

o] 7lell A= A4 o]

A =EA

Table 2. Simulated and Measured Data of 4-bit Phase Shifter

Phase(*) Insertion Loss(dB) Phase Shift(®) Phase Error(%)
ase Measured | Simulated | Measured | Simulated Measured
0 -5.665 -1.164
22.5 -5.702 -0.881 18.872 22.173 16.13%
45 -6.234 -1.373 50.379 46.907 11.96%
67.5 -5.625 -1.052 67.004 69.633 0.74%
90 -5.323 -1.371 101.135 90.996 12.38%
1125 -4.886 -1.133 118.891 113.88 5.68%
135 -5.558 -1.115 147.281 135.53 9.10%
1575 -5.271 -0.901 167.593 156.93 6.41%
180 -5.486 -1.03 190.642 180.01 5.91%
202.5 -5.246 -0.747 209.537 202.35 3.48%
225 -4.735 -1.162 236.003 226.02 4.89%
2475 -5.185 -0.865 258.329 248.72 4.38%
270 -4.735 -1.124 290.81 270.19 7.711%
292.5 -4.303 -0.882 309.914 292.9 5.95%
315 -5.385 -0.941 337.396 314.59 7.11%
3375 -4.62 -0.7 357.938 337.04 6.06%
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