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A Low-Cost Passive Pulse Phase Detector and Its Application

in Phase Measurement of Radiation Fields
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Abstract: In view of the high cost caused by the use of high-speed oscilloscopes in the phase
measurement of high-power microwave radiation fields, this paper proposes a low-cost passive
pulse phase detector with a simple structure for phase measurement of the radiation field. The
phase detector consists of an I/Q mixer module and two low-pass filter blocks of the same type,
and the 1/Q mixer module contains a 0° power divider, a 90° power divider and two multipliers.
After passing through the I/Q mixer, the two signals to be measured enter two low-pass filters
respectively; after the high-frequency signals are filtered out with the low-pass filter, the

corresponding pulse signal is output; then the amplitude of the pulse signal is measured; finally
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the amplitude ratio is subject to inverse tangent calculation to obtain the phase difference between
the measured signals. Since the mixer module and low-pass filter module used are common
domestic microwave components, the cost is much lower than that of the high-speed oscilloscope.
In the case of changed phase of the measured signal at the radio frequency terminal, the phase
difference of the two measured signals was tested with the phase detector. The results show that
the phase difference measured by the phase detector and the actual phase difference of the two
measured signals are in a linear relationship with the slope close to 1; the dynamic ranges of the
local oscillator and the radio frequency terminal of the phase detector are not smaller than 5 dB
and 27 dB, respectively. The phase detector is used to measure the phase distribution of the
radiation field and the position of the phase center of a standard 20 dB pyramid horn. The results
show that when the azimuth angle is smaller than 20 degrees, the test results of the phase
distribution of the radiation field and the position of the phase center are consistent with the
simulation results, with the error of less than 10%. Therefore, the phase detector is fully
suitable for phase measurement of high-power microwave radiation field under the premise of
electromagnetic shielding.

Keywords: phase detector; phase measurement; radiation field measurement; high power micro-

wave; microwave device
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Fig. 3 Phase discriminator performance test circuit
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Table 1 Measurement of RF terminal dynamic range when

Gong =11.25°
A;/dB on/ () G/ () (o — )/ ()
0 0 —42. 80 —42. 80
2 0. 45 —42.93 —43. 38
4 2.95 —39. 49 —42. 44
6 3. 48 —37.70 —41.18
8 9. 30 —31. 98 —11. 28
10 9. 80 —31. 88 —11. 68
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Table 2 Measurement of RF terminal dynamic range

Pyxq Aj/dB 90812/<°> gb‘jxq/(o) (gDqu*QDAj )/(o)
0 74.85 —36. 10 —110. 95
4 75.04 —32. 29 —107. 34
22.5
8 82.59 —28. 80 —111. 40
12 85.03 —29.28 —114. 32
0 125. 06 8. 34 —116.71
4 125. 19 11. 07 —114.11
67.5
8 132. 44 14. 71 —117.73
12 136. 52 12. 70 —123.81
0 174. 49 69.43 —105. 06
175. 43 69. 82 —105. 61
112.5
8 —176.78 74. 36 251. 15
12 —174.04 72.49 246. 54
0 —138.90 —61.25 77.64
4 —135.02 —60.04 74.97
157.5
8 —128.01 —51.18 76.83
12 —126.51 —50.04 76.47
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Fig. 7 The pulse waveform output by the phase discriminator
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Table 3 The measured phase distribution is compared with

simulation

6/ W2/ N 6/ W/ N
0 0 16 8. 97
17.42 18 3. 06

4 8.76 20 7. 40
6 2.13 22 10. 15

8 4. 14 24 10. 11
10 2. 96 26 9. 38
12 0.92 28 7.54
14 3.62 30 3.93
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Table 4 Calculation result of phase center position

i D.;/mm 6./ R,/mm
1 57 1. 60 2 041. 66
2 114 3. 65 1 787.99
3 171 5. 85 1 669. 82
4 229 7.65 1 705.79
5 287 9.65 1 688.75
6 346 11. 75 1 664. 32
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