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Fig. 1. Thickness dependence of normal to superconducting transition for amorphous WGe (a), WSi (b), MoGe (c) films in absence

of magnetic field; (d) the critical temperatures as functions of the film thickness for WGe, WSi and MoGe.
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Fig. 2. Temperature dependence of sheet resistance at different magnetic fields: (a) 4 nm WGe; (b) 4 nm WSi; (¢) 4 nm MoGe;

(d) 100 nm WGe; (e) 100 nm WSi; (f) 100 nm MoGe.
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Fig. 3. Critical magnetic field of WGe (a), WSi (b), MoGe (c) films (points) of different thickness as a function of temperature.

Through linear fitting of these temperature dependence, the absolute zero critical magnetic field B.,(0) are extracted.
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Fig. 4. (a) The GL coherence length at absolute zero temperature £(0) as a function of film thickness; (b) thickness dependence of

the diffusion constant of the electrons in the normal-conducting state; (c) the magnetic penetration depth A\(0) as a function of film

thickness.
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Table 1. Superconducting physical property parameters of the WGe film with different thicknesses.
BE d/nm Ry /2 T./K £(0)/nm De/(cm?s™) A(0)/meV A(0)/nm
4 471.25 3.84 10.55 0.76 0.58 734
5 371.80 4.00 10.13 0.74 0.61 714
WGe 10 185.30 4.55 9.54 0.71 0.69 668
50 37.09 4.85 8.17 0.53 0.74 647
100 18.49 4.92 7.95 0.50 0.75 642
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o RRIELE WSt BB S PP S5
Table 2. Superconducting physical property parameters of the WSi film with different thicknesses.

BE d/nm R,/ T./K £(0)/nm D,/(cm?s ) A(0)/meV A(0)/nm
4 444.65 3.90 10.79 0.81 0.59 707
5 354.90 4.12 10.48 0.80 0.63 687
6 298.85 4.26 10.22 0.77 0.65 680
8 221.84 4.44 9.80 0.73 0.67 662
WSi 10 176.25 4.61 9.51 0.70 0.70 648
20 88.31 4.81 9.19 0.68 0.73 635
30 57.95 4.87 8.83 0.62 0.74 626
50 35.47 4.91 8.48 0.57 0.75 630
100 17.65 4.94 8.27 0.55 0.75 626

%3 R MoGe MERHENIE SHHES AL
Table 3. Superconducting physical property parameters of the MoGe film with different thicknesses.

R di d/nm R/ T,/K £(0)/nm De/(cm*s™) A(0)/meV A(0)/nm
4 378.75 5.31 8.14 0.62 0.81 560
5 298.30 5.96 7.66 0.60 0.91 524
8 186.59 6.37 7.42 0.60 0.97 507
MoGe 10 148.76 6.61 7.25 0.59 1.00 497
20 74.15 7.03 6.73 0.53 1.07 481
30 49.12 7.14 6.54 0.50 1.09 476
100 14.52 7.28 6.18 0.46 1.11 468

‘ TER S RORZ T, IR RS — B /N TR 2R
4 % b LR 55, WGe BORL IR IR E- S HERT 442

ARG T 3 FhE A FAE WGe,
WSi Fl MoGe 7EA [F] J5 2 35 Fl (4—100 nm) N Y
TP, B, R TR AR 430
DU T 4—100 nm J& WGe, WSi 1 MoGe
AR T I U E R R G i gy T
PR, ARG SR T, AT €(0).
IEWERTYHGRE D, #EZFEERE N0) LAE
FHEPR A(0). MFFREE IR KN, WGe 5471 2 H
T SNSPD #iff il ) WSi 7E 2~ S PES 5 - A
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557 —FhAE AR MoGe A, WGe F11 WSi ¥J5%
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IR G 28 B R . W 2 S5 R, A
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Abstract

Amorphous superconducting thin film materials have the advantages of high superconducting uniformity
and good optical response sensitivity, which make them ideal materials for fabricating large-area and mid-
infrared superconducting nanowire single-photon detectors (SNSPD). In this paper, three series of different
amorphous superconducting films are deposited on Si wafers by room-temperature magnetron co-sputtering. For
these films, the dependence of their physical properties, i.e. critical temperature T,, Ginzburg-Landau coherence
length £(0), normal-state electron diffusion coefficient D,, magnetic penetration depth A(0), and superconducting
energy gap A(0), on film thickness is systematically investigated. Compared with amorphous tungsten silicide
(WSi) and molybdenum germanide (MoGe) superconducting thin films, WGe alloys and WSi have similar
superconducting properties, including critical temperature and coherence length, slightly lower normal-state
electron diffusion coefficient and higher magnetic penetration depth. Compared with MoGe, both WGe and WSi
alloys exhibit larger normal-state electron diffusion coefficient and higher magnetic penetration depths. By
studying the superconducting properties of three different amorphous thin films, this research provides new
material choices and experimental evidence for developing and optimizing the performance of large-area, high-

sensitivity superconducting nanowire single-photon detectors.

Keywords: superconducting nanowire single photon detector, amorphous superconducting thin film materials,

tungsten germanide, superconducting physical properties
PACS: 74.78.—w, 74.81.Bd, 74.62.En, 74.25.F— DOI: 10.7498/aps.74.20250795
CSTR: 32037.14.aps.74.20250795

* Project supported by the Science and Technology Innovation 2030-Innovation Program for Quantum Science and
Technology (Grant No. 2023ZD0300100).

1 Corresponding author. E-mail: zhangxf@mail.sim.ac.cn

187402-9


http://doi.org/10.7498/aps.74.20250795
https://cstr.cn/32037.14.aps.74.20250795
mailto:zhangxf@mail.sim.ac.cn
mailto:zhangxf@mail.sim.ac.cn
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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

TH 178 R 4K 2R BO6 T IR USR5 o1l BB 2 i 3 A R R M T 52

s REE LLE

Physical properties of novel amorphous superconducting thin film materials for superconducting nanowire single—
photon detectors

XU Luo  ZHANG Xiaofu  YOU Lixing

5] Fi{i5 &, Citation: Acta Physica Sinica, 74, 187402 (2025) DOI: 10.7498/aps.74.20250795

CSTR: 32037.14.aps.74.20250795

TELERH L View online: https:/doi.org/10.7498/aps.74.20250795

BN 2 View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

R TERE - AR B T RIS
High comprehensive performance superconducting nanowire single photon detector

WIFRZEAR. 2023, 72(11): 118501  https://doi.org/10.7498/aps.72.20230326

PR D IR AU S 2R HOL T &%
High—efficiency polarization—insensitive superconducting nanowire single photon detector

WIEEAEAR. 2021, 70(18): 188501  https://doi.org/10.7498/aps.70.20210486

I 2553 38 it B AR G BRI
Superconducting nanowire single photon detector under AC—bias with self-differential readout

WIBEAEA. 2022, 71(15): 158501  https://doi.org/10.7498/aps.71.20220373

R TR AR 51 BRI SR B S il
Design and fabrication of single photon detector with ulira—large area superconducting nanowire array

WAL 2022, 71(24): 248501 https://doi.org/10.7498/aps.71.20221569

SRR BRI mw AL T 2t

Research progress of photon response mechanism of superconducting nanowire single photon detector

PIBR2FAf. 2021, 70(19): 198501  htips://doi.org/10.7498/aps.70.20210652

ST B OGO AR EE SO T IR DN A8 EAURE 5 122 1 r i
Cryogenic DC—coupled readout electronics for high—speed superconducting nanowire single—photon detectors based on a commercial

operational amplifier

YrHE2E 4. 2024, 73(13): 138501  https://doi.org/10.7498/aps.73.20240398


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250795
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230326
https://doi.org/10.7498/aps.72.20230326
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210486
https://doi.org/10.7498/aps.70.20210486
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220373
https://doi.org/10.7498/aps.71.20220373
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221569
https://doi.org/10.7498/aps.71.20221569
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210652
https://doi.org/10.7498/aps.70.20210652
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240398
https://doi.org/10.7498/aps.73.20240398

	1 引　言
	2 实　验
	2.1 非晶超导薄膜材料沉积
	2.2 电输运测量

	3 结果与讨论
	3.1 正常态-超导态相变与超导临界温度Tc
	3.2 超导物理学参数

	4 结　论
	参考文献

