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Abstract. WSi thin films have the advantages for creating SNSPDs with a large active area or 

array of detectors on a single substrate due to the amorphous structure. The superconducting 

properties of ultrathin WSi films substantially depends on their structure and thickness as the 

NbN films. Scientific groups investigating WSi films mainly focused only on changes of their 

thickness and the ratio of the components on the substrate at room temperature. This paper 

presents experiments to determine the effect of the bias potential on the substrate, the 

temperature of the substrate, and the peak power of pulsed magnetron sputtering, which is the 

equivalent of ionization, a tungsten target, on the surface resistance and superconducting 

properties of the WSi ultrathin films. The negative effect of the substrate temperature and the 

positive effect of the bias potential and the ionization coefficient (peak current) allow one to 

choose the best WSi films formation mode for SNSPD: substrate temperature 297 K, bias 

potential −60 V, and peak current 3.5 A.  

1. Introduction 

Superconducting single photon nanowire detector (SNSPD) was developed in 2001 [1]. Such detectors 

are used as a single photon counter for secure quantum keys’ distribution in quantum 

cryptography [2], in optical space communications [3], for CMOS microcircuit testing [4], visualizing 

the depth of a subject with high resolution over long distances [5], creating a short-wave infrared 

single-photon camera [6] etc. To introduce radiation into the meander, a single-mode optical fiber is 

used, the core thickness of which varies from 9 to 11 μm, so the active region of the meander was 

initially from 10 to 11 μm, while now it has increased to 14-16 μm to reduce radiation losses [7-11]. If 

there is an airspace between the photon source and the detector, then it is more efficient to use 

multimode optical fiber, for example, for use in singlet oxygen luminescence dosimetry (SOLD) [12]. 

The core diameter of a multimode optical fiber starts at 50 μm, which requires the use of detectors 

with an active region of about 35 μm in diameter and focusing lenses [13], or detectors with an active 

region of about 50 μm [14]. Using a matrix of detectors will increase the image parameters of cameras 

based on single-photon detectors [15]. The demonstrated possibilities of integrating the detector into 

photonic [16] and plasmonic [17] schemes require the creation of a detectors’ array on one substrate 

with high output parameters [18]. 
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Initially, the detector sensitive element, the meander, was formed on the basis of ultrathin 

polycrystalline NbN films [19]. Due to the structure and properties of such films are extremely 

sensitive to the substrate material and the formation conditions, as a result up to now it has not been 

possible to reproducibly form NbN films on relatively large areas of the substrate. Detectors based on 

amorphous films, such as WSi [20], MoSi [21], and MoGe [22], are more promising due to their 

significantly less dependent on the substrate material and its surface structure, as well as less critical to 

defects in the film itself [23]. Detectors based on amorphous WSi films show high quantum efficiency 

up to 93% at a telecommunication wavelength of 1550 nm [24]. In addition, due to the smaller band 

gap and structural homogeneity, detectors based on WSi films with an amorphous structure can 

effectively register mid-infrared photons with a standard nanowire width of about 100 nm [20], while 

for detecting mid-infrared photons by means of detectors based on NbN films it is required to decrease 

the width of the nanowire up to 30 nm, which complicates the manufacturing process [25]. 

The parameters of the ready-made detector depend on the properties of the ultrathin film of the 

sensitive element, which in turn depend on its structure. WSi films transfer to the superconducting 

state at a temperature of about 5 K, the amorphous structure and silicon content of 25% [26]. In this 

case, the scientific groups during the development of the technology for the formation of WSi films 

vary the ratio of the components and the film thickness, depositing onto the substrate at room 

temperature [20, 27-30]. It was noted that WSi films have a lower critical current on MgO substrates 

in comparison with SiOx and Si, while the temperature of the transition to the superconducting state on 

these substrates coincides [30]. An analysis of X-ray diffraction (XRD) showed a non-intense and 

wide peak of the WSi2 (110) and W5Si3 (202) gratings. Measurements of the film resistance upon 

application of a magnetic field indicate the anisotropic properties of thin WSi films that are not 

characteristic of the amorphous structure, which may indicate the presence of a preferred orientation in 

WSi films [30]. For NbN films, studies were carried out on the effect of the bias potential on the 

substrate [31], the temperature of the substrate in the region of 825°C [32] and room temperature [33], 

ion stimulation [34] on the structure and superconducting properties, while the data of the deposited 

material energy effect on the structure and properties of WSi films are absent. In this paper, we present 

the results of a study of the magnetron sputtering process technological regimes influence on the 

superconducting properties of the WSi films. 

2. Experiment description 

According to the zone model of the film structure for an unbalanced magnetron system, the film 

structure from zone 1, which is characterized by cone-shaped crystallites separated by voids, transfers 

to zone 2 (close-packed columnar grains) and 3 (recrystallized grains) with an increase in the substrate 

temperature, the bias potential on the substrate, and the flux of ions incident on the substrate with 

respect to the flux of condensing atoms on the substrate (Figure 1) [35]. A study of the influence of all 

three factors was implemented at the VUP-11M vacuum system at BMSTU, upgraded for WSi films 

forming process from two magnetron sputtering sources [36]. In our experiment, the substrate 

temperatures Ts are 297, 447, and 597 K, and the bias potential Ubias is 0, −30, −60 V. During the 

formation of WSi films, silicon is sputtered in the high-frequency mode; therefore, it is possible to 

control only the ionization of W sputtered in the pulsed mode. The degree of W ionization correlates 

with the peak current in the pulse Ipeak, the values of which are 0.5, 2.0, and 3.5 A, based on previous 

studies [37]. 
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Figure 1. A zone model of the 

film structure for an unbalanced 

magnetron system [35]. 

Influence evaluation of each factor separately and their interaction was carried out according to the 

full factorial experiment method (Figure 2). To estimate the influence of each factor individually, three 

additional experiments are carried out at points with a middle value of the varied factors. The 

experiments are carried out at a working pressure of 2.1·10
-3

 mbar, an Ar flow of 2.6 l/h, a deposition 

time of 15 s, a concentration of W of 76%, a specific weight of the film of 8.966·10
-5

 kg/m
2
, which, 

according to estimates, corresponds to a thickness of 6 nm. 

 

Figure 2. Full factorial 

experiment scheme. 

It should be noted that at film thicknesses less than 10 nm, the thickness value significantly affects 

their surface resistance and superconducting properties [30]. Due to the influence of the studied factors 

on the structure, and, consequently, on the density of the formed films, which will change the 

thickness of the films at the same deposition rate, it was proposed to form films with the same specific 

weight, which is controlled by the piezoelectric microweighting method according to the previously 

developed technique [38]. 



Vacuum Science and Equipment. 26 conference with international participants

IOP Conf. Series: Materials Science and Engineering 781 (2020) 012013

IOP Publishing

doi:10.1088/1757-899X/781/1/012013

4

The surface resistance Rs was measured for the obtained WSi films by the four-probe method, and 

the superconducting properties when the sample was lowered into the pumped-out insert in the 

cryostat were as follows: critical temperature Tc, transition width ΔTc, and residual-resistance ratio 

RRR. 

3. Results and discussion 

The surface resistance Rs of the WSi films increases with increasing substrate temperature Ts and the 

bias potential Ubias. Peak current Ipeak does not affect surface resistance (Figure 3). 

 

Figure 3. The dependence of surface resistance on the transition temperature of the film, the size 

is the width of the transition. 

The transition temperature Tc decreases with increasing substrate temperature Ts and the bias potential 

Ubias, and increases with increasing peak current Ipeak. 

Variable factors do not affect the residual-resistance ratio RRR (table 1). The dependence of the 

width of the transition to the superconducting state dTc on varied factors was also not detected 

(Figure 3). 

Table 1. Surface resistance and superconducting properties of samples. 

Sample No Factors Rs (Ohm/□) Tc (K) dTc (K) RRR 

1 – 387 3.45 0.12 0.95 

2 U 426 3.29 0.07 0.96 

3 I 392 3.73 0.17 0.94 

4 U I 478 3.37 0.12 0.96 

5 T 447 3.10 0.20 0.96 

6 U T 587 2.78 0.20 0.96 

7 I T 513 3.06 0.24 0.95 

8 U I T 545 3.06 0.13 0.96 

9 U/2 370 3.71 0.15 0.96 

10 I /2 393 3.90 0.26 0.95 

11 T/2 546 3.05 0.38 0.95 

As a result, an increase in the temperature of the substrate increases the surface resistance of the film 

and decreases the critical temperature, which may be associated with the formation of undesirable 

bonds between particles of the deposited material and elements of the residual atmosphere or substrate 

material. 
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An increase in the bias potential increases the surface resistance without changing the 

superconducting properties of the film, which can improve the detector signal-to-noise ratio. 

An increase in the peak current during W sputtering increases the critical temperature without 

changing the surface resistance, and can lead to an increase in the critical current density, which can 

have a positive effect on the detector parameters: signal-to-noise ratio and pulse generation efficiency. 

The residual-resistance ratio RRR of the WSi films, unlike NbN, varies from 0.94 to 0.96, which 

does not allow us to consider this parameter as a tool to improve the output characteristics of the 

detector. 

4. Conclusions 

The formation of the WSi films at a substrate temperature of 297 K, a bias potential of −60 V, and a 

peak current of W 3.5 A complexly increases the surface resistance of the films Rs and the critical 

transition temperature to the superconducting state Tc, which can positively affect the improvement of 

the detector signal-to-noise ratio, and contribute to the improvement of the impulse generation of the 

films. However, to fully estimate the influence of factors on the detector parameters, it is necessary to 

study the influence of factors on the critical current density and the detector output parameters. 
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