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Fig. 1. Testing of the PMF under a disturbance, the red
line represents the change in the polarization state on the
Poincare sphere: (a) Polarization state change with com-
ponents on both the fast axis and the slow axis of the PMF
under a disturbance; (b) polarization state change when
light transmits only along the PMF slow axis under a dis-

turbance.

B, a2 s, X RHER 0 A A AL 3% il
PRI AR 5, Y75 B UE R A B St w1 e ik o
TR H

i) = 5 (12D +11)) W
Herdr | H) F{V) 43 5 3R 6 F 7K RN B Am PR
S, Bk 2 fmdik s A% (polarization beam split-
ter, PBS) 70~ IE S I ImARZS, x|V h

180302-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 18 (2021) 180302

T LG i FERRETE LT, |V) 4 PMF 1%
FEEs PM B, HmdiRSAS kAR, 20t PM A,
BN

1) =¥ [V), (2)
Hor o FR PM X V) A il an (2) =Xt
7R, PM A o A 23 ke V) 0 & b, T
B DA PBS 4350 19 19 43 12 Jik o i AR 1 i A
AL HAFAE AT AN 22, PRI 2 W40 ik ok &
F, A %) O R KA F PV Tt fin A A S R

noTe

PC CIR

B_CID_@_ PBS

P2 RE AR ] 91 20 7 52

Fig. 2. Phase modulation polarization coding scheme.
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Fig. 3. PMU structure diagram.
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Fig. 4. Application of two-way differential modulation mode to PMU, the red arrow in the figure indicates the direction of crosstalk.

LD, laser diode; ISO, isolator; PC, polarization controller; CIR, optical circulator; PBS, polarization beam splitter; BS, beam split-

ter; PM, phase modulation; ODL, optical delay lines; FM, Faraday mirror; OPM, optical power meter; PG, electrical pulse generat-

or; RFA, radio-frequency amplifier; FI, filter; ATT, attenuator; QC, quantum channel; SPD, single photon detector.
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Fig. 5. Measured QBERs of the four polarization states (|D) ,
|AY, |L), |R)) for two hours under the two-way differen-
tial modulation mode applied to PMU: (a) QBERs in an
undisturbed environment; (b) QBERs under a 200 Hz vi-

bration environment.
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Abstract

A free-space quantum key distribution (QKD) system based on mobile equipment can provide an effective
method to construct a real-time full-coverage multi-node network. However, the existing free-space QKD
systems based on mobile devices encounter the challenge regarding the lack of stability caused by equipment
disturbance. The robustness of the QKD polarization encoder against mobile device disturbance will be
significant. Owing to the inevitable disturbance in practical applications, even the polarization-maintaining fiber
(PMF) cannot maintain its polarization-maintaining characteristics well, which in turn affects the stability of
some systems based on PMF. Therefore, in order to ensure that stable coding can be achieved under
disturbances, we propose a two-way differential modulation mode, in which stable coding can still be achieved
even under disturbances. At the same time, in order to verify the actual anti-disturbance characteristics of the
mode, the polarization-modulated unit (PMU) with a two-way differential modulation mode is used in this
study to generate four long-term stable polarization states subjected to the disturbances with a frequency of 200 Hz.
At the same time, the PMU has a higher insertion loss, which makes the influence of crosstalk on the system
more obvious. We also discuss two ways i.e. the time domain and frequency domain, to reduce the crosstalk
which is caused by the imperfection of the device. The experiment is performed at a repetition frequency of
250 MHz, and a commercial avalanche single-photon detector is used to detect the system’s quantum bit error
rate (QBER). Under the condition of no disturbance, the average QBER is 0.39% in 2 h. Then a vibration of
approximately 200 Hz is used to simulate the practical disturbances, the average QBER is 0.36% in 2 h, and the
fluctuation range of the QBER is only within 0.2%. We propose the first feasible encoding scheme in disturbed
environments to ensure the long-term stability of the encoded polarization states, which is expected to be used

in the multi-node expansion of the quantum network.
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