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Fig. 1. (a) Cross-sectional schematic of the SNSPD with a
Si compensation layer and a sinusoidal grating structure,
the twin layer nanowire structure was prepared on a DBR;
(b) simulated optical absorption as a function of the
wavelength of the SNSPD with the twin-layer nanowires,
solid lines denote the SNSPD only with a Si compensation
layer, and dashed lines denote the SNSPD with bare

nanowires.
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Fig. 2. Simulated optical absorption as a function of the
wavelength of the polarization-insensitive SNSPD with the

sinusoidal-shaped grating.
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&l 3(a) 1 3(b) 233l Ry F A G B 4 e
W% (scanning electron microscope, SEM) Il
JoR T 22405 KRS B BEICR SEM. &1, MUA 3(D)

AT HIZA KL %) 5 B AN R 4397028 65 nm 1 150 nm.
&l 3(c) a3 4 45 4 1Y) 3% 6 - R BLUBR (tra-
nsmission electron microscope, TEM) &, HHijT
TR STk RS EE S 231 nm, Si#ME 2 1Y 5 BE
S} 187 nm. [& 3(d) A 3(e) Mg BE R K I BUZ 44
KLk K OE IO TEM B, A T R AR 1Y
Sy, MBS T ORUE F 2R A0ORE R &, 7F
K FH SOR B5F ZI i il 28 AR R, XoF 3k 220 F4) R B
137 N 3(d) FIE 3(e) WTLLE B, 9K
8] B 2 (6] IR BE 24 A 6.5 nm, 3% 20 R ol
FEMEE B 22 nm. OGRS HINGE A
DUR Si AMEJZBIAEE— DR R A, FEOEME
TR A 25X B B8 TE 520 4548, S0 et s a4 1
FHEA —E 152,

3 BHMR KGR AT

N T X A R A TR RESRAE, FE T 4
Pi7RE) SNSPD AR SE. B ekl & 4F 89 SNSPD

3 (a) SNSPD Y6 i SEM [ (b) 5 B K A WUZE 44 Kk 4 SEM & ; (c) SNSPD # #% 1 TEM [Bl, Si # i i JZ 5 29 % 231 nm;
(d) w5 BEOR 9 BUZ ZAK 28 TEM i ZIVREEZY 6.5 nmy; (e) & BRI 1E SZIE ot TEM &, UM B 7 22 nm

Fig. 3. (a) SEM image of the active area of the SNSPD; (b) magnified SEM image of the the twin-layer nanowires; (c) TEM image
of the cross-section of the SNSPD with a 231 nm-thick Si film; (d) magnified TEM image of the twin-layer nanowires with an over-

etched depth of 6.5 nm; (e) magnified TEM image of the sinusoidal grating with a height of 22 nm.
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Fig. 4. Schematic of the measurement system used to characterize the SNSPD.
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(b) fii 3% A U SNSPD 1E 1605 nm AL 4R 24 3 i i 8 Ay U2t A28 FL 1y il 2%

Fig. 5. (a) Spectral responses of SDE for the polarization-insensitive SNSPD, the inset shows a comparison of the spectral responses

of PER for the polarization-insensitive SNSPD and the SNSPD with bare nanowires; (b) system detection efficiency curves as a

function of the bias current at 1605 nm for the polarization-insensitive SNSPD.
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il TSR =2 R PR H #5152 SDE,,,, M
SDE,i,, RIAT 38 515345 2% 1) PER.

FE 1465—1630 nm 4 P94 il #5117 SN'S-
PD M HR I8 F i 4 U AT T 3RAE. & 5(a)
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Abstract

Superconducting nanowire single photon detector (SNSPD) has been widely used in many fields such as
quantum communication due to its extremely high detection efficiency, low dark count rate, high count rate,
and low timing jitter. Compared with conventional single-photon detectors with planar structure, SNSPD is
typically made a periodical meandering structure consisting of parallel straight nanowires. However, owing to its
unique linear structure, the detection efficiency of SNSPD is dependent on the polarization state of incident
light, thus limiting SNSPD’s applications in unconventional fiber links or other incoherent light detection. In
this paper, a polarization-insensitive SNSPD with high detection efficiency is proposed based on the traditional
meandering nanowire structure. A thin silicon film with a high refractive index is introduced as a cladding layer
of nanowires to reduce the dielectric mismatch between the nanowire and its surroundings, thereby improving
the optical absorption efficiency of nanowires to the transverse-magnetic (TM) polarized incident light. The
cladding layer is designed as a sinusoidal-shaped grating structure to minimize the difference in optical
absorption efficiency between the transverse electric (TE) polarized incident light and the TM polarized
incident light in a wide wavelength range. In addition, the twin-layer nanowire structure and the dielectric
mirror are used to improve the optical absorption efficiency of the device. Our simulation results show that with
the optimal parameters, the optical absorption efficiency of nanowires to both of the TE polarized incident light
and TM polarized incident light has a maximum of over 90% at 1550 nm, and the corresponding polarization
extinction ratio is less than 1.22. The fabricated device possesses a maximum detection efficiency of 87% at
1605 nm and a polarization extinction ratio of 1.06. The measured detection efficiency exceeds 50% with a
polarization extinction ratio less than 1.2 in a wavelength range from 1505 nm to 1630 nm. This work provides

a reference for high-efficiency polarization-insensitive SNSPD in the future.
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