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Fiber-Optic Four-Channel Dual-Balanced Heterodyne Phase Detection
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Abstract This study proposes a fiber-optic four-channel dual-balanced heterodyne phase detection method based on
optical heterodyne detection principle to realize high-sensitivity heterodyne phase detection. A fiber-optic four-
channel dual-balanced heterodyne detection optical path is experimentally established, and a quarter-wave plate is
used as a phase detection sample to verify the detection performance. Further, the influence of the signal modulation
frequency on the phase measurement result in heterodyne detection is analyzed. Results reveal that the phase
information cannot be effectively detected by too high or too low modulation frequency due to the limitation of the
response bandwidth of the photodetector. Fiber splitting ratio in double-balanced heterodyne interference and the
effect of the effective receiving aperture of the coupling lens on phase detection are analyzed based on the optimal
signal modulation frequency of 500.5-1550.5 kHz and the actual measured phase root-mean-square of 89.1° with a
standard deviation of 0.3°. When the fiber splitting ratio is approximately 11, a more accurate detection result with
a higher signal-to-noise ratio is obtained. The actual influence of the effective receiving aperture on the sensitivity of
the received signal is verified by varying the emission angle of the coupling lens.
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Fig. 1 Schematic of fiber-optic four-channel dual-balanced heterodyne phase detection
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Table 1 Phase detection accuracy at different frequencies

Frequency /kHz RMS /(°)  Standard deviation /()
40.5 88.9 0.5
100.5 89.0 0.5
500.5 89.1 0.3
700.5 89.1 0.3
1550.5 89.1 0.3

3.2 KT HFREEITA G N A G
TESEH 26 PF T 225 L 47 23 R 1Y T SR 9 ik

0904005-3



@ (b)
"/\\ /r\\
\ |
| / \
T
‘{,\,\ ;‘ \'\ //\‘ 1 ‘/‘\\ /
N S O R
| f '
VA i \ /
Vi ¥
\ f ( |
/ \ /
Voo

B3 TR AR B 28005 5 18 . (2) 900.5 Hz; (b) 100.5 kHz; (¢) 2.05 MHz
Fig. 3 Difference frequency signal diagrams at different frequencies. (a) 900.5 Hz; (b) 100.5 KHz; (¢) 2.05 MHz

90.0

895
~89.0+
2 885"

2

£ 880+
875t

87.0

Al 4

0 500 1000 1500
Frequency /kHz

R T 38040 4502 1 A3 4

SR SR E, O R RO 1 TS B . AR AR S
B SEBR AT TOLER S SR L (e) 203 595,20
80.,40:60 HYTENL, & 2 AR EZEAE A S . I
K 6 F7s , TE A — PR H R T A ] A 20 R L kA7
R IS A5 B B b o 22 B AT LS . O E
WL AT e T, 4G PR B2 O T At 20 HLE R A9 A
DORTRE . DRI AR S PRE T v, SR AR 25 B9 70 L AT
AT I A A 5 ARG B 3R I
# 2 700.5 kHz FOAS[A] 205 T Y AH A2 A6 T0KS B2

Table 2 Phase detection accuracy at different fiber

Fig. 4 Phase values at different modulation frequencies
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