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Abstract A frequency mixing method with photon counting level weak local oscillator (LO) and echo signal is put
forward to decrease the shot-noise from the strong LO. The receiver is multi-pixel photon counter (MPPC), the
central frequency of the mixing signal is 1 MHz, and the optical path differences are 30, 45, 60 m respectively. The
experimental analysis shows that power spectral density (PSD) of every data segment has a great number of noise no
matter what the distances is. Accordingly, the method of PSD averaging is used to extract the signal from the deep
noise, then, matched filtering method is also introduced to enhance the signal-to-noise ratio (SNR). The PSD
averaging and matched filtering method are adopted for the frequency mixing signal at the distances of 45 m and 60 m
from the signal receiving system, as a result the SNRs are improved by 5. 90 and 2. 73 times compared with the
original PSD signal, and the higher the initial SNR is. the more prominent the improvement of SNR is.
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Table 1 Single frequency laser parameters

Wavelength /nm 532+1

Linewidth /MHz <1
Coherence length /m >50
Output power /mW 100
Beam diameter 0.7 mm at 1/¢*, at 50 mm from aperture
1.0 mrad at 1/¢*, full angle, in far field
TEM,, , M*<1.1

+ 1% p-p. over 8 hours and + 3 C
<0.2% rms, 10 Hz~2 MHz

>100:1, vertical +3°

<5 prad/ C

Beam divergence
Beam quality
Power stability
Optical noise
Polarization ratio

Pointing stability
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AOM shift
frequency: 79 MHz

AOM shift
frequency:
80 MHz

single frequency
laser: 532 nm

MPPC: multi-pixel photon counter
AOM: acoustic optics modulator
BS: beam spillter
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Fig. 1 Sketch map of photon counting coherent detection with MPPC detector
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Fig. 2 (a) Chip circuit and (b) physical map of MPPC photon counting detector
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