
Chinese Journal of Physics 83 (2023) 287–291

Available online 22 March 2023
0577-9073/© 2023 The Physical Society of the Republic of China (Taiwan). Published by Elsevier B.V. All rights reserved.

Weak antilocalization and localization in Cd3As2 thin film 

Tatyana B. Nikulicheva a,*, Vasilii S. Zakhvalinskii a, Evgeny A. Pilyuk a, 
Oleg N. Ivanov a,b, Alexander A. Morocho a,c, Vitaly B. Nikulichev b, 
Maksim N. Yapryntsev a 

a Belgorod National Research University, Belgorod, 308015 Russia 
b Belgorod State Technological University named after V.G. Shukhov, Belgorod, 308012, Russia 
c Higher Polytechnic School of Chimborazo, Riobamba, 060155, Ecuador   

A R T I C L E  I N F O   

Keywords: 
Weak antilocalization 
Weak localization 
Dirac materials 
Cd3As2 

A B S T R A C T   

In this work we present the results of magnetoresistance (MR) examination for a Cd3As2 thin film 
(with thickness of ~ 80 nm) deposited on sapphire substrate. Within the temperature 2–10 K 
range, the effect of weak antilocalization (WAL) was observed. From the study of magnetore-
sistance, WAL appears due to surface states and is well described by Hikami-Larkin-Nagaoki 
model. The calculated value of the phase coherence length Lφ changes as a function of temper-
ature T according to the power law Lφ ~ T− 0.43, which indicates the presence of 2D topological 
surface states.   

1. Introduction 

Dirac materials, such as graphene and topological insulators (TIs), are attracting attention due to the possibility of their use in next 
– generation electronic devices [1–3]. Topological insulators are a new quantum state of matter in which two-dimensional (2D) surface 
and one-dimensional (1D) edge states can coexist, resulting in an insulating bulk and conducting surface states [4]. Cd3As2 is a typical 
3D Dirac semimetal material, and Weyl semimetal state can be obtained by breaking the symmetry or reducing the dimensions in 
Cd3As2 [5]. Cd3As2 has attracted intensive research interest since the study of the mechanism of electron transport in bulk crystals 
revealed the presence of new phenomena such as high mobility, giant magnetoresistance, nontrivial quantum oscillations, and splitting 
of Landau levels under the action of a magnetic field [6–9]. In addition, superconductivity is observed on the surface of Cd3As2 crystals 
[10], and negative magnetoresistance presented in Cd3As2 nanowires confirms the existence of chirality in Weyl fermions [11]. The 2D 
topological surface state is an important feature of 3D Dirac semimetal, which was observed on the (112) and (001) planes, respec-
tively [12,13]. The WAL effect was also observed in Cd3As2 thin films [14]. 

In this work, we report analyze features in the magnetoresistance and weak anti-localization (WAL) originating from the amor-
phous Cd3As2 thin films. 

2. Crystal structure 

Cd3As2 thin films (~80 nm) were obtained on a α-Al2O3 (001) substrate by magnetron sputtering at a pressure of 8 × 10–3 mbar. 
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Fig. 1. Diffraction pattern of a Cd3As2 thin film sample deposited on sapphire substrate. The Raman spectrum is shown in inset.  

Fig. 2. Normalized magnetoresistance as a function of magnetic field B at temperatures T = 2, 4, 10, 20, 50, 77, 100, 200 and 300 K. Schematic 
diagram of electrical transport measurements and MR curves at 2, 4, and 10 K and low magnetic field are shown in insets respectively. 
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The deposition rate at an applied power of 10 W and a target–substrate distance was about 1 nm/min. The substrate temperature 
during deposition was 20 ◦C. A target was used as the cathode, which was a polycrystalline disk 40 mm in diameter and 3 mm thick. 
The synthesis of Cd3As2 for the target was carried out by direct fusion of Cd and As in vacuum. The quality control of the obtained 
Cd3As2 films using X-ray methods on a Rigaku SmartLab (Rigaku corp., Japan) diffractometer and Raman spectroscopy on a LabRam 
HR Evolution (HORIBA JOBIN YVON S.A.S., France) was carried out. The Cd3As2 films were characterized by a diffraction pattern 
typical of amorphous materials, with broad “halo” peaks (Fig. 1). 

Fig. 1 shows a X-ray scattering curve of Cd3As2 films. There are diffuse peaks characterized by a diffraction pattern typical of 
amorphous and nanocrystal materials [15,16]. The presence of the Cd3As2 phase in the obtained films is confirmed by Raman spec-
troscopy obtained using a LabRam HR Evolution, L = 532 nm. The spectrum shown in the inset in Fig. 1 has two pronounced peaks (at 
194 and 249 cm–1) characteristic of Cd3As2 films [17]. 

Magnetoresistance was measured in a standard four-probe configuration by a Mini Cryogen Free Measurements System (Cryogenic 
Ltd., UK). 

3. Results and discussion 

Fig. 2 shows the magnetic field (magnetic field B perpendicular to the electric field E) dependence of the normalized magneto-
resistance (MR) taken at different temperatures. 

Magnetoresistance is defined as MR = [ρ(B) – ρ(0)]/ρ(0)] × 100%, where ρ(B) and ρ(0) are the resistivities in the presence of 
magnetic field B and zero magnetic field, respectively. In a magnetic field of 5 T, the MR value changes from 4% at 300 K to 95% at 4 K. 
The MR peak observed in the low magnetic field region (Fig. 2) at T = 2, 4, and 10 K can be originated from weak antilocalization 
(WAL) effect. The presence of WAL is characteristic of Cd3As2 compounds due to the presence of strong spin-orbit interaction [18]. 
WAL effect is typical for 2D surface states bulk single crystals and thin films [14,19,20] is a signature of topological surface states. 

The inset in Fig. 2 shows that the MR curves at 2, 4, and 10 K consist of two components: 1) negative MR, forming a smooth valley at 
± 0.4 T for 2 K (± 0.75 T for 4 and 10 K), and 2) a MR positive peak at ± 0.12 T. On the other hand, only a smooth segment of MR 
appears at a higher temperature of 20 K. The positive MR peak corresponds to WAL due to a surface sate transition. Negative MR can be 
interpreted as the result of weak localization (WL) due to the small thickness of the film. Furthermore, the bulk state inside the film is 
quantized into 2D layers, thus one can expect a WL transition by passing through these quantized layers [21]. 

To study the WAL effect, the change in conductivity when a magnetic field is applied can be described by the Hikami - Larkin - 
Nagaoka (HLN) equation [14,22]: 

Δσ(B) = α e2

2π2ℏ

[

ln
(

Bϕ

B

)

− Ψ
(

0.5+
Bϕ

B

)]

+ cB2, (1)  

where Δσ(B) = σ(B) − σ(0) is the magnetic conductivity, σ = L /[W ⋅ R(B)] is the electrical conductivity, L and W are the length and 
width of the sample, respectively, R(B) is the resistance in an applied magnetic field B⊥E, Ψ(x) is the digamma function,Bϕ = ℏ /(4eL2

ϕ)

Fig. 3. Change of magnetic conductivity Δσ in the presence of an applied magnetic field with fitting (dark gray solid curves) to the Eq. (1).  
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is the characteristic field, and Lφ is the phase coherence length. 
Fig. 3 shows the change of magnetoconductivity Δσ(B) = σ(B) − σ(0) in an applied magnetic field (from –5 to 5 T). 
The steepness of the peaks observed at zero magnetic field in Fig. 2 at T = 2, 4, and 10 K depends on the value of the phase 

coherence length Lφ, which is a characteristic parameter for quantum interference effects. The Lφ value decreases from 573 nm to 119 
nm with the increase of temperature from 2 K to 77 K (Fig. 4). The prefactor α ≈ – 0.50 is practically independent of temperature in the 
range of T = 2 – 10 K, as shown in the inset to Fig. 4. The dimension of the 2D system is also confirmed by the temperature dependence 
of Lφ. Theoretically, for electron-electron scattering, the phase coherence length is proportional to temperature following the relations 
Lφ ~ T–1/3, Lφ ~ T–1/2, and Lφ ~ T–3/4 for 1D, 2D and 3D systems, respectively [23]. Fig. 4 shows an approximate curve that changes 
according to the power-law temperature dependence Lφ ~ T–0.43 (solid curve), which is very close to the expected function T–0.5 for thin 
films. 

At temperatures above 10 K, the α value decreases. A possible explanation for the temperature behavior of α can be interpreted as a 
relationship between surface and bulk states or between different surface states [24]. Thus, if there is a relationship between different 
conducting channels due to scattering of carriers from one conducting channel to another (preserving the phase coherence), they can 
contribute to the conductivity as a single phase-coherent channel. 

4. Conclusion 

In summary, we have measured the magnetoresistance of the Cd3As2 film with thickness of ~80 nm under applied magnetic field 
B⊥E. The negative MR at 2–10 K in weak magnetic field is observed. It can be interpreted as the result of WL due to the small thickness 
of the Cd3As2 film. The positive MR at the temperature higher of 20 K corresponds to WAL due to a surface sate transition. The phase 
coherence length changes as a function of temperature T according to the power law Lφ ~ T–0.43 which is very close to the expected 
function T–0.5 for thin films. It indicates the presence of 2D topological surface states. 

Data availability statement 

The data that supports the findings of this study are available within the article. 
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Fig. 4. Temperature dependence of ln(Lφ) (from T = 2 to 77 K). The solid red line shows the change in Lφ according to ln(Lφ) ~ –0.43⋅ln(T). The 
inset shows the temperature dependence of the prefactor α from Eq. (1) in the temperature of T = 2 – 77 K. 
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