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Fig. 1. Experimental setup of real-time locking the 1550 nm
single-photon linear polarization state (red dashed lines for
the light signal, black solid lines for the electrical signal),
where Iso represents isolator; Att represents attenuator;
AM represents amplitude modulator; PR represents polariz-
ation rotator; ILP represents in-line polarizer; SPD represents
single-photon detector; FG represents function generator;

LIA represents lock-in amplifier; Amp represents amplifier.

4 HERFaH

Ly 5 30 2 R W 2 1 ' 28 2ok A i 8% IS 1Y
a5 B R8N p = picos®e, Hib Py R d A2k
PRRIETREE, o 25 A 2 IR I PR 7 1] 5 4 fhg
weotih T M 2 EI A fa. B 2 LR R A2k
it A 28538 3 [m) b A A 20 10 3 515 5, B S5 5 1Y
DS BT A W o i A\ 28 A e 285 o8 5°F () g 6 v 4 1)
STy [, 37 SHE 5 e KR B — 2P RR e 4k
AW AR 7 0] 55 1) e i 2% 'G5 el 9 2 £ R
+m/4 rad, B HAF 5 0V AR S S B e
WG R

BB A% F T B E AR 33 A o B 4
T e N IR ) BAET k  RE FARA S, UE
R UE T 5 LA R A5 5, AT i B0 14k
(47 M8 L. S rh R IR R R 2 18 B ) 45k

1 ms, JEIEERAIER A 24 dB, XN B E P 5N
78.1 Hz. SAH AR X i 5 I8 i 19 B - fok oo i
TIAREEREIN 5, i th AR 22055 ] 3 PR, iR 22
SRR 20, IR2E(E SR SRR LT
LIRS R a0 ey ), IREHEE
SAE AT WA DR ) A S, RS R e R A
A I T T 7 AR 258 o, S B F R AR IR 7
1] 55 [m] A A 7 ' 3 7 1) 1 € £ 7E-1.57—0 rad
B, 82505 5 R BE W IE, Y B AR IR 7 1)
5 TR b A A i D' 5 1) 14 9 FAAE 0—1.57 rad B,
REMSIRE AT, WILIZIR2ZEES T T8
BASY 28 i 4 2 B (W) RS: Ol 25 1 OB O ). iR 22
5T PRS2 6 T B 2R IR S T ) AH
X5 T [R) A e D' 3 5 ) A e AR £ /4 rad, TE
TR 2[5 5 R 3 IR AT Sl M DX e, 4 e 9 25 A
SR (55 06 B R PEXT N O R 1.267 rad/V,
DR 15 22 15 5 R Bt ] LA FH T R AE i 25 1 T 7%
L.

0.5
12}
h]
g 0.4
2 03}
~
[
T 02t
h
£ ooaf
<
O -
—-1.8 —-1.2 —-0.6 0 0.6 1.2 1.8
Angle/rad
K2 BEHES
Fig. 2. Transmission signal.
0.8
0.4+f
>
~
[
o
Z ok 1.267 rad/V
a
g
<
—0.4
—0.8 L L L
—2 -1 0 1 2
Angle/rad

K3 REFES
Fig. 3. Error signal.
BT A 285 R B E AN E A0 R 5 2R
B4 Fis. B 4(a) 7T LUE B 8 B fn 4l

234201-3


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
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. 74, No. 23 (2025) 234201
0.09 300000
(a) —— Loop off (b)
0.06 | — Loop on 250000
% 0.03} 200000 |
= g
£ 0t £ 150000 |
& © 0.082 rad
£ —0.03¢ 100000
—0.06 | 50000 F
—0.09 Lo . . . . 0
0 500 1000 1500 2000 —0.15 —0.10 —0.05 0 0.05 0.10 0.15
Time/s Polarization/rad
500000 10-3
(c) (d)
400000 F
=]
S
3 .
+ 300000 F = N\
o =
8 0.0011 rad 3 -
. ra
© 200000 | E \\
< g .
100000 1074 ¢ \\ -
0 , , , , : . . , ,
-6 -4 -2 0 2 4 6 103 102 10! 100 10!
Polarization/(10~2 rad) Time/s

4
F5 WG 25 (c) RSt L ) B 48 9 22 43 M7 45 3 (d)

(a) BG4k 25 R BIUE FIBIE B S5 2R (b) BT Ik R BUE IR 2205 5 RO GETT A5 2R BOL T i R S PUE iR 22

Fig. 4. (a) Measurement results of unlocked and locked single-photon polarization states; (b) statistics results of error signal for

unlocked single-photon polarization state; statistics results of error signal for locked single-photon polarization state (c¢) and corres-

ponding analysis results of Allan deviation (d).
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Abstract

The key security of quantum key distribution (QKD) is guaranteed by the basic principle of quantum
mechanics, which makes it possible to combine information theory security communication with one-time
encryption. The key is usually encoded on the polarization dimension or phase dimension of a single-photon. It
is considered that the birefringence effect of single-mode fiber leads to a random variation of polarization state,
which would induce the bit error rate. So it is of great significance to keep the single-photon linear polarization
state stable for both polarization encoding QKD system and phase encoding QKD system. By using the single-
photon polarization modulation technology, the single-photon linear polarization state periodically varies with
the external modulation signal. The flicker noise is suppressed effectively, and the signal-to-noise ratio (SNR) of
single-photon counting is increased as indicated by the phase-sensitive detection with a lock-in amplifier (LIA).
The error signal is generated by demodulating the modulated single photons and it is used to lock an arbitrary
1550 nm single-photon linear polarization state to the optical axis of in-line polarizer (ILP). The modulation
frequency reaches up to 5 kHz, which can eliminate the influence of low frequency flicker noise. The LIA
demodulates the single-photon pulses by using 78.1 Hz filter bandwidth, with a time constant of 1 ms and a
filter slope of 24 dB. The SNR of error signal is 20. The zero-crossing point of error signal represents the single
photon’s linear polarization state aligned to the optical axis of ILP. The linear slope around the zero-crossing
point for the polarization state angle versus the error signal amplitude is 1.267 rad/V. When the negative
feedback loop does not work, the polarization drift of single-photon pulses is 0.082 rad due to the random
environmental noise. However, by using the single-photon polarization modulation technology, the polarization
drift of stable single-photon pulses is limited to 0.0011 rad within 2000 s through the precise control with a
polarization rotator, and the corresponding Allan deviation reaches the minimal value of 6.7x10° at an
integration time of 128 ms. The advantages for the single-photon polarization modulation technology are as
follows: i) the linear polarization state drift is compensated in real-time at the single-photon level; ii) single
frequency polarization modulation can be extended to multiple frequency polarization modulation in order to
achieve simultaneous locking of multiple linear polarization states of single-photon pulses; iii) these 1550 nm
single-photon pulses with the 0.0011 rad linear polarization state stability can be directly used as the single-
photon source in either polarization encoding or phase encoding QKD system.

Keywords: polarization locking, single-photon polarization modulation, linear polarization state
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