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Fig. 1. Schematic diagram of time-domain filtering for entangled two-photon correlation measurement with gated mode single-

photon detector.
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Fig. 3. Experimental setup diagram of the generation of frequency anti-correlated entangled light sources in the telecommunication

band and their two-photon joint distribution measurement after dispersive propagation: (al), (a2) The generation process of en-

tangled sources from type-I and type-II SPDC pumped by 780 nm quasi-monochromatic laser; (b) photon transmission through

sperate single-mode fiber SMF1 and SMF2; (cl), (c2) coincidence measurement system based on the Superconducting nanowire
single-photon detectors (SNSPD) and InGaAs/InP single-photon detectors (SPD4).

4 EBAERG M

R T SR AE B R 0 14 ot )
(AT G B 1] 58 BE I BRAIVE L, 43 3SR F A s s
KT Y SNSPD FII THA AT #) SPD4, X525 =
11 25 SPDC j= A= R4 38 g DGR 2 28 50+ IR 280
AU 5SS I AOET ARG 43 AT T o
S AR ME 4 s, HopE 4(a)— 4(d) Fos
BRI 25329 1, 3, 5 1 10 km B SMF (5]
JEsila, MR B ROE PR A mas s, Har
s FoR i & SPD4 MRS 45 H, 52 %F
N, B (e Sk H R B SNSPD A5 A 45 & &5
B HE 4(a) FE 4(b) nTLUEE], 7EAE SMF 250
1 F1 3 km I, SPD4 5 SNSPD il 15 ] i £ &
A IR 22 AN K (AFE R SMF 2528 5 km B
(€l 4(c)), SPD4 5 SNSPD | & 15 £ i) X% F4F
A A FWHM 43514 320.02 5 467.40 ps; 438
SMF £y & 10 km B} (& 4(d)), SPD4 5 SNSPD
AR R BOEFAF6- i 8] FWHM 43514 428.78
5 877.76 ps. T APD HOE TS 19I5 Ik s
PE B FEEEE SMF 274 10 km B4 ik rh 7 7e
JR BT i 4544 ; 8 Al LA i, SPD4 1]
s ik o v BE A R AR, 240U R i) S E 43 A B
JE A RN 4 B (9 45 5 437 5 B IR I /N 2 R
By S T

5 T 7 A 43 51>k FE SNSPD il SPD4 il
B H RO F 45 A B 8] 985 (3 dB) B PR SMF
FIASfE s 5. & 5(a) A 5(b) 45l %d i 128 F 5%
A T 28 = A (RO FIRZ I R [RHC B SMF
JEEE SR, Foha 6o S5 3R FH SNSPD 45 14 %L
HFAFAIE FWHM, K 730 GFAREDER FWHM
B SMF < JE 8 i 5 800 iR 8. A IGREFis,
M ROEF AFFE B ) FWHM A 56.02 ps, X5
SNSPD myff[E$F2). 280 5E 2 RKoR IS LA X0
FOCHKRT ) FWHM Bl % SMF K B2 i i 22 1L i
2, Horbit AT SNSPD B[] RE Sl il s i . AR 4
WA, 58 T2 FHAN T 28 F = X0k
TR 3 dB HiiE 58 B 43 0 7.17 Fi 2.46 nm. H
oI 28 T R = A RO F IR Y 3 dB S v
PGSR G Z AT A R B ARG

SR SPD4 2 T4 B - 480 1 0 o 3] g AL
T4 I E] 58 (3 dB) B SMF K i A4 28 k4%
RanlE 5(a) FE 5(b) s AL CT T, AINGEF
i, FFAIHE] FWHM 2924 155 ps, Xf R SPD4 (¥
e R, R E L ST A SPD4 I E£L3), 754
2 PRI I A P B T X R A XU TR A
i) FWHM BfifF SMF o HiUR 8 ) #e i 2. 8 i
L8 T DL 2], Y 30O F = B B ) 56 356 43 A
FWHM KF 250 ps B}, W& 2] 4555040 56 BT
GRS /N TSP W CHR SE T AT A I A R
AN B 2 RO B[] SCIBE 43 A FWHM. [ 38 K i

074202-5


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

W8

# ¥  Acta Phys. Sin.

Vol. 70, No. 7 (2021) 074202

1.2

—— 1 km SMF in both paths (SPD4)
—— 1 km SMF in both paths (SNSPD)

1.0+
0.8 F
0.6
0.4+
0.2+

0 Ha)

Normalized coincidence counts

715 710 705 0 05 1.0 1.5
Dealy time/ns

1.2

—— 5 km SMF in both paths (SPD4)
—— 5 km SMF in both paths (SNSPD)

0.8
0.6
0.4

0.2 F

Normalized coincidence counts

71 5 71 0 70 5 0
Dealy tlme/ns

[l 4 2T 1138 SPDC S M 4Dt 73, &
(c) 5 km; (d) 10 km

AR SMF (AR T2 J5, #EAT4

1.2

—— 3 km SMF in both paths (SPD4)

1.0 —— 3 km SMF in both paths (SNSPD)

0.8
0.6 |
0.4+f

0.2

Normalized coincidence counts

0(b)

-1.5 —-1.0 -0.5 0 0.5 1.0 1.5
Dealy time/ns

1.2

—— 10 km SMF in both paths (SPD4)
—— 10 km SMF in both paths (SNSPD)

0.8
0.6 [
0.4+

0.2

Normalized coincidence counts

(=)

r(d)

—-1.5 -1.0 —-0.5 0 0.5 1.0 1.5
Dealy time/ns

A 00 1 45 (a) 1 km; (b) 3 km;

Fig. 4. The coincidence measurement results of the entangled photon pair from type-II SPDC process when the photon is dispersed

by SMF with different lengths: (a) 1 km; (b) 3 km; (c)
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Abstract

Semiconductor single-photon avalanche detectors (SPADs) have played an important role in practical
quantum communication technology due to their advantages of small size, low cost and easy operation. Among
them, InGaAs/InP SPADs have been widely used in fiber-optic quantum key distribution systems due to their
response wavelength range in a near-infrared optical communication band. In order to avoid the influence of
dark count and afterpulsing on single photon detection, the gated quenching technologies are widely applied to
the InGaAs/InP SPADs. Typically, the duration of gate pulse is set to be as short as a few nanoseconds or even
less. As the detection of the arrival of single photons depends on the coincidence between the arrival time of
gate pulse and the arrival time of photon, the gate pulse duration of the InGaAs/InP SPADs inevitably affects
the effective detection of the single photons. Without the influence of dispersion, the temporal width of the
transmitted photons is usually on the order of picoseconds or even less, which is much shorter than the gate
width of the InGaAs/InP SPAD. Therefore, the gate width normally has no influence on the temporal
measurement of the detected photons. However, in quantum systems involving large dispersion, such as the
long-distance fiber-optic quantum communication system, the temporal width of the transmitted photons is
significantly broadened by the experienced dispersion so that it may approach to or even exceed the gate width
of the single-photon detector. As a result, the effect of the gate width on the recording of the arrival time of the
dispersed photons should be taken into account. In this paper, the influence of the gate width coupled to the
InGaAs/InP single photon detectors on the measurement of the two-photon coincidence time width is studied
both theoretically and experimentally. The theoretical analysis and experimental results are in good agreement
with each other, showing that the finally measured coincidence time width of the two-photon state after
dispersion is not more than half of the effective gate pulses width. The maximum observable coincidence time
width based on the gated single photon detector is fundamentally limited by the gate width, which restricts its
applications in quantum information processing based on the two-photon temporal correlation measurement.
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