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Analysis of Degradation of Phase Noise by Vibration of Frequency Synthesizer

for Compact Radar Using High Resolution Waveform
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Abstract

High-resolution compact radar in high-speed aerial vehicles can be exposed to vibration, and vibration can degrade the phase noise
of crystal oscillators and other RF circuits. In this study, a laboratory experiment was conducted similar to the actual operating
environment using a coherent frequency synthesizer, superheterodyne receiver realized by commercial RF circuits, an optical delay line
with a maximum 20 km range delay, and a vibrator. After applying vibration to the frequency synthesizer, the phase noise was measured

at each node of the receiver using a signal source analyzer. Consequently, it was confirmed that the effect of the phase noise suppression

function depends on the range delay. The suppression function not only degrades the phase noise by frequency multiplication, but also
degrades it by vibration. On the other hand, it has been shown theoretically and experimentally that the lower limit can be suppressed
by the suppression function is determined by the higher level of the phase noise generated from the oscillator to the intermediate

frequency signal or thermal noise. Finally, a transceiver architecture that has the advantage of suppressing phase noise is proposed for

compact radar using high-resolution waveforms.
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Fig. 2. Experiment setup for vibration of phase noise.
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B 1239 947E (dBeHz)(R s A)
Table 1. Phase noise of each signal (dBc/Hz)(vibration).

Offset

. 100 Hz | 1kHz | 10 kHz | 100 kHz
Signal

—121.6 | —1379 | —1536 | —1620
(—924) | (—1343) | (—153.3) | (—162.8)

—84.7 —100.3 | —1186 | —129.1

Crystal oscillator

FLO2 (—62.0) | (—972) | (—118.9) | (—129.3)

IF1 —85.3 —99.3 —114.3 —115.7

(—63.8) | (—914) | (—1154) | (—117.6)

- —10L1 | —1072 | —1124 | —1136

(—955) | (—92.7) | (—114.1) | (—115.8)
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