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Fig. 1. Bit error rate vs light intensity at pulse repe-
tition frequency of 10 MHz.
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Fig. 2. (color online) Bit error rate vs pulse repetition

frequency at different light intensity.
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Fig. 3. A typical output pulse of SNSPD.
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Table 1. Settings for different light intensity.

5 HEF MR /MHz HATIE /W k54 /dB % /s JtF ¥ /pulse
1 10 13 60 0.101436 x 10° 0.0101436
2 10 13 50 1.01436 x 106 0.101436
3 10 13 40 10.1436 x 106 1.01436
4 10 13 30 101.436 x 106 10.1436
5 10 13 20 1014.36 x 106 101.436
6 10 13 10 10143.6 x 106 1014.36
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Fig. 4. Output signals of SNSPD.
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Fig. 5. Experimental result of bit error rate with light
intensity at pulse repetition frequency of 10 MHz.

4.2 T A D % R oR B S SRR
OETA

T ORI FC kb F AR X R 2R A . 2
G L R S VASioh = 2 N R A N TR S S E
WAL BT RIS HeA2 Ak, T BB ik i B R 1
BEARR, di /I SRS IN R) SN, 23 45 I S JE o, A 2 )
RAEHEFEFEAR, W Ticbr gL, (HSLia i BEAT R

PSR TTEAAL. B 6 fron sk g R, 517K
SRS PR G, (A mBR . Ik R
A R I, AT AF AR R AT 2 e T ) FL A SR Y ) R,
RBRE5E 5 SLREURMT G, HIE R T RER 5%
LN Ll =R T S ) i R S B PR
FILFIRZM <17 iR A A BE R L 061, 10 51 ABSh
R S M P o R OR R i <07 A iR AL R R, i 3R45
S 45 SRR 0 JUAE; RIS, ke ot s O 9H 't
FEAE, e fim <17 B iR iR, 110 56 ) f 2%
S a4 R

100 F T T T T T T T T
107! Fo— _ 4
10—2F —a— ;=100

RIGR P
S =
X b
=
I

10-5 Lt 1 1 1 1
108 104 10° 106 107

ik B S /Ha

Kl6  (MTUR ) ANEDG RN b A A ik o 2 B 0 ih 2k
Fig. 6. (color online) Experimental signal of bit error
rate with pulse repetition frequency at different light

intensity.
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Abstract

The high-speed deep space communication is one of the key technologies for deep space exploration. Laser com-
munication system equipped with sensitivity of single photon will improve existing deep space communication speed.
However, laser communication at single photon level needs to consider not only the effect of transmission environment,
but also the performance of used single photon detector and the photon number distribution. As a new single photon
detector, superconducting nanowire single photon detector (SNSPD) outperforms the traditional semiconducting SPDs
at near infrared wavelengths, and has high detection efficiency, low dark count rate, low timing jitter, high counting
rate, etc. The SNSPD can be used for detecting single photons efficiently, rapidly and accurately. In this paper, we
introduce the system detection efficiency and dark count rate of SNSPD based on the photoelectric detecting model
without considering the effect of atmospheric turbulence, establish the mathematical model of bit error, and put forward
the formula of system bit error rate. What should be emphasized is that the bit error rate is an important parameter
for measuring the performance of laser communication system. Error is partly from background thermal radiation and
circuit electromagnetic interference; in addition, error appears when photons reach the surface of device without being
absorbed to successfully produce resistance area or photons are absorbed but there occurs no response. As a result, the
calculation of bit error rate includes the whole process of photoelectric conversion. In order to analyze how to affect
the size of system bit error rate, first we simulate two factors of the formula, i.e., light intensity and laser pulse repe-
tition frequency. The results show that the light intensity has the greatest influence on error bit rate. With the light
intensity increasing from 0.01 to 1000 photon/pulse, the error bit rate significantly decreases from 10™" to 1077 level.
The influence of laser pulse repetition frequency is restricted by the light intensity, which declines with the increase of
pulse repetition frequency. Then we measure the error bit rate experimentally, which validates the simulation model.
However, when increasing light intensity or speed, experimental bit error rate is about 10~* times higher than simulation
result. The reason may be that the insufficiency of actual communication modulation extinction ratio of optical signal
to the background noise through optical fiber increases the dark count rate. The above model and experimental results
could be the foundation of high-speed deep space laser communication such as moon-earth and Mars-earth based on
SNSPD.
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