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Abstract: High-resolution time synchronization is the crucial technology of quantum key distribution experiment from
ground to satellite. A new scheme of time synchronization was presented. In this scheme, a synchronous pulse which has
the same wavelength with the quantum signal was adopted and single photo detector was used to detect the synchronous
pulse. High-resolution time measurement module was used to measure the instance of synchronous pulse and signal pulse.
This scheme overcomes the problem that the the synchronization laser requires much more resources of satellite and the iso-
lation between the synchronization pulse and quantum single pulse. This system was successfully applied to the 16 km
quantum key distribution in free space channel. Synchronous resolution of the system is 1. 023 ns and bit rate of the raw key
for the quantum key distribution is 8.27 kHz.
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Fig.1 Diagram of the quantum key distribution from ground
to satellite
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Fig. 2 Diagram of the quantum key error rate vs. all dark
counting under different time synchronization resolution
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Fig.3 Time synchronization scheme of quantum key distribution
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Fig.5 Diagram of the 16km quantum key distribution in free
space channel
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Fig. 6 Diagram of the time synchronous resolution

B ] 2 R g, FATTAE 16 km B 128
(] {5 18 S D) S8 T I A SR T T4
— 4R SRR AR (5 IR AR 100 MHz, {5 1845}
FEZ) 40 B, SCB IR [] 113,06 s, 3K 454 1909782 447
o, g0k O L R A B IR B
934577 IR T5% 3.56% .

4 HFit

S5 T — R AT T R R R S Y R
KRR A k. RS &5 5 DR /)
R[] 25 ok oA 38 £ 0T (57 B SE 7 81, R 3
B PR T 28 e A B TR S 475 4 ( TDC) 447 s [
AU T LA R 2B b 2 R gk A R TR
B AR 22 A 0 IR DL R ) [ 2 S5 5
Z Al e Rl A, 2R B8 R TS F T 16 km [ 28
[) 2 B o e SE G, B T 1,023 ns (14 B[R] [
KGR, T BB KRR RS %k 8. 27 kHz,
TR A 3.56% , AlE T 1% 7 RAEA K 2 b i 1%
BA Y J S Y AT AT

REFERENCES

[ 1]Bennett C H,Brassard G. Quantum cryptography ; public key
distri-bution and coin tossing[ C] . In Proceeding of the
IEEE International Conference on Computer, Systems and
Signal Processing. 1984,175 —179.

[2]Wootters W K, and Zurek W H, A single quantum cannot
be cloned[ J]. Nature,1982,299.802 —803.

[3]PENG C Z, ZHANG J, YANG D, et al. Experimental long-
distance decoy-state quantum key distribution dased on po-
larization encoding [ J ]. Phys. Rev. Lett. , 2007, 98
010505.

[ 4]Schmitt-Manderbach T, Weier H, Furst M, et al. Experi-
mental demonstration of free-space decoy-state quantum key
distribution over 144km [ J]. Phys. Rev. Leit. ,2007 ,98
(1):010504.

[5]Rosenberg D J, Harrington W, Rice P R, et al. Long-dis-
tance decoy-state quantum key distribution in optical fiber
[J]. Phys. Rev. Lett.2007,98(1) ,010503.

[6]WU Gang, ,LI Chun-Lai, LIU Yin-Nian,et al. Study on high
resolution time interval measurement module in pulsed laser
ranging system[ J|. J. Infrared Millim. Waves( %W, 2%
K, XUERAE, 5. KOG IR 28 6 v oK 12 A ) 1) e i)
HERIPIE. A FZERKEFR) ,2007,26(3) ;213 -
216.

[7]ZHU Lei,Huang Geng-Hua, OUYANG Jun-Hua,et al. Stud-
y on time interval measurement system in photon counting
inaging lidar[ J]. J. Infrared Millim Waves( %% , 55 BAE
WRFRfR AR , 55 ST BORAR WO 7 1k i Ti) fi] (% ) 4 52 458
WITE. b EEKIKFR) ,2008,27(6) :461 —464.

[8]Song J, An Q, Liu S B. A high-resolution time-to-digital
converter implemented in field-programmable-gate-arrays
[J]. IEEE Transactions on Nuclear Science,2006,53(1):
236 —241.





