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Fig. 1. Device and measurement configuration: (a) False-color scanning electron microscopic image of the Al/NiTe,/Al Josephson

junction; (b) schematic of the electrical transport measurement circuit.
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Fig. 2. Cooling curve and the IV characteristic curve of the device: (a) The differential resistance dV /dI versus temperature T

curve of the device; (b) the differential resistance dV'/dI versus direct bias current I4. curve of the device; (¢) the I-V character-

istic curve of the device obtained after integration.
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Fig. 3. Macroscopic quantum diffraction patterns of the device: (a) The differential resistance dV'/dI versus the perpendicular mag-
netic field B, and the bias current I, in a small magnetic field range; (b) the dV/dI versus B, and I in a large magnetic
field range; (c) the upper panel shows the Josephson critical supercurrent I. as a function of B, extracted from panel (a) and fit-

ted with a Fraunhofer diffraction function; the lower panel displays the Josephson diode efficiency n as a function of B ; (d) the
I, extracted from panel (b) as a function of B. , fitted with a Fraunhofer diffraction function.
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Fig. 4. The Shapiro step patterns of the device under microwave irradiation at a temperature of Ty, = 47 mK: (a), (b) The differ-

ential resistance dV'/dI versus the microwave power P and the bias current Ig at microwave frequency f = 0.62 GHz, 1.95 GHz,

respectively; (c), (d) the voltage V' versus the Iy at different microwave powers P of the device obtained by integrating from

panels (a), (b).
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Abstract

Topological semimetals are a class of quantum materials characterized by band crossings near the Fermi
level, which give rise to massless quasiparticles exhibiting linear energy-momentum dispersion. Based on the
degeneracy and dimensionality of these crossings, they are classified into Dirac semimetals (fourfold degenerate

points), Weyl semimetals (twofold degenerate points with chirality), and nodal-line semimetals (closed loops).
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Among them, type-II Dirac semimetals, such as NiTe,, feature strongly tilted Dirac cones that break Lorentz
invariance, leading to anisotropic transport properties and exotic surface states. These unique electronic
properties make topological semimetals promising candidates for exploring exotic superconducting phenomena
when coupled with a superconductor.

When a topological semimetal is placed in intimate contact with a superconductor, the superconducting
proximity effect comes into play. This effect occurs when a non-superconducting material acquires
superconducting properties over a characteristic length scale. Specifically, Cooper pairs from the superconductor
diffuse into the adjacent semimetal, inducing a finite superconducting order parameter and enabling
supercurrent to flow through the otherwise non-superconducting region. Leveraging this proximity effect, we
fabricate Al/NiTe,/Al Josephson junctions using the type-II Dirac semimetal NiTe, and systematically
investigate their superconducting transport properties at millikelvin temperatures.

The fabrication of high-quality devices relies on advanced micro/nano-fabrication techniques. In particular,
electron-beam lithography combined with high-precision alignment is employed to define the junction regions
with precisely controllable spacing on mechanically exfoliated NiTe, flakes. Subsequently, Al electrodes with a
thickness of 80 nm are deposited on both sides of the junction regions using electron-beam evaporation, forming
SNS Josephson junctions. To ensure clean and high-quality interfaces, an in-situ argon ion milling step is
performed prior to Al deposition to remove surface oxides and contaminants, thereby promoting efficient
superconducting proximity coupling between the Al electrodes and the NiTe, flakes.

At millikelvin temperatures, a clear Josephson supercurrent is observed, as evidenced by the direct current
(DC) Josephson effect. The measured current-voltage characteristics exhibit well-defined zero-resistance
supercurrent branches. When an external perpendicular magnetic field is applied, the critical supercurrent
evolves into a Fraunhofer-like diffraction pattern, indicating excellent spatial coherence of the supercurrent
across the junction. Notably, the positive and negative branches of the critical supercurrent display asymmetric
evolution with the magnetic field, suggesting the emergence of a Josephson diode effect. The origin of this diode
effect requires further investigation and may be related to the topological surface states of NiTe,.

Under microwave irradiation, well-defined Shapiro steps are resolved in the current-voltage characteristics.
The voltage steps occur at V, =nhf/(2¢), confirming the alternating current (AC) Josephson effect and
demonstrating robust phase coherence under non-equilibrium conditions. The persistence of these Shapiro steps
over a range of microwave powers further attests to the high quality of the Al/NiTe, interfaces.

Collectively, these results establish the Al/NiTe,/Al Josephson junction as an ideal platform for exploring
superconducting transport phenomena in topological materials. Specifically, this device provides a promising
avenue for verifying the existence of supercurrents carried by topological surface states and higher-order hinge
states. Through carefully designed junction geometries and phase-sensitive transport measurements, it may
become possible to distinguish bulk contributions from boundary contributions to the Josephson supercurrent.
Furthermore, this platform enables detailed investigations into whether the current-phase relationship deviates
from the conventional sinusoidal form expected for ordinary SNS junctions, as any such deviation could arise
from the nontrivial band topology. Thus, beyond the observations reported in this work, the Al/NiTe,/Al
Josephson junction may serve as a versatile testbed for addressing key unresolved questions regarding
topological superconductivity, including the role of boundary states and the nature of the current-phase
relation, potentially offering implications for future applications in topological quantum computing and

superconducting electronics.
Keywords: topological semimetal, Josephson junction, Josephson effect, Josephson diode

DOI: 10.7498 /aps.75.20260553 CSTR: 32037.14.aps.75.20260553

180701-7


http://doi.org/10.7498/aps.75.20260553
https://cstr.cn/32037.14.aps.75.20260553
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

BTNiTe ABRBLICERIZTIR
A XIBAR BWBAE B LY
Low—temperature transport study of NiTe,—based Josephson junctions

TANG Bin  LIUMingli  LYU Zhaozheng LULi QU Fanming

5] Fi{5 &, Citation: Acta Physica Sinica, 75, 180701 (2026) DOI: 10.7498/aps.75.20260553
CSTR: 32037.14.aps.75.20260553

TELR T2 View online: https://doi.org/10.7498/aps.75.20260553

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

AT REBOGEBR  HAN S

Articles you may be interested in

b i — A S B4 1 20 AR UL
Josephson effect in topological semimetal—-superconductor heterojunctions

YrE2E 4. 2023, 72(8): 087401  https://doi.org/10.7498/aps.72.20230397

AR B A B 2SR AR BN
Josephson effect in twisted cuprates

YrH2E 4. 2023, 72(23): 237402  https://doi.org/10.7498/aps.72.20231815

FRIE SR HLA AR R AR ARG S AT B 7B

Numerical analysis of dynamical behavior in Josephson junctions with non—sinusoidal current—phase relations

YIBR2F 4. 2025, 74(18): 187401  hitps://doi.org/10.7498/aps.74.20250723

JE T AR LR ARE AL O SRR K 8 T2

Preparation of Al,O, tunnel barrier layer in atome-level controlled Josephson junction

YrH2E 4. 2022, 71(21): 218102  https://doi.org/10.7498/aps.71.20220820

o5 U S A R ARAE TR BN TG X e L TR AR vE R 7T R

High—temperature superconducting Josephson junction technology and its potential application to quantum voltage standards in liquid

nitrogen temperature range

WIFIE4. 2025, 74(9): 090304  https://doi.org/10.7498/aps.74.20241262

SET IR MEGARIK R LR ARG B e SR I SR A1 BT B B B
Anomalous critical supercurrent and half-integer Shapiro steps based on Josephson junction of topological insulator nanowires

PFEEEAR. 2023, 72(3): 037401 https:/doi.org/10.7498/aps.72.20222072


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260553
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230397
https://doi.org/10.7498/aps.72.20230397
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20231815
https://doi.org/10.7498/aps.72.20231815
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250723
https://doi.org/10.7498/aps.74.20250723
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220820
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220820
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220820
https://doi.org/10.7498/aps.71.20220820
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20241262
https://doi.org/10.7498/aps.74.20241262
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222072
https://doi.org/10.7498/aps.72.20222072

	1 引　言
	2 实　验
	2.1 器件制备与初步表征
	2.2 低温电输运测量

	3 结果与讨论
	3.1 直流约瑟夫森效应
	3.2 宏观量子衍射现象
	3.3 夏皮罗台阶

	4 结　论
	参考文献

