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Recently, amorphous superconducting materials are gaining popularity for superconducting nanowire 

single-photon detector (SNSPD) fabrication. Although polycrystalline NbN and NbTiN have hitherto 

been the most widely used for this, amorphous superconductors offer various advantages. They do 

not have strict substrate requirements (allowing easier integration into devices) and also have lower 

superconducting gap energies, which gives higher detection efficiency. Amorphous MoSix is 

especially promising, where Mo:Si ≈ 3:1.  A 5 nm thick amorphous MoSix film was deposited on a 

silicon substrate (with 1-2 nm native SiO2) using a load-locked UHV sputter system at 293 K. Tc of 

the film is around 5.5 K. This is greatly enhanced in comparison to A15-structure crystalline Mo3Si 

(where bulk Tc = 1.45 K [1]). 

 

Figure 1 shows a high angle annular dark field (HAADF) scanning transmission electron microscope 

(STEM) image of a FIB cross section of the layer structure: gold was evaporated onto the film to 

protect it from damage during preparation. Electron energy loss spectroscopy spectrum imaging 

(EELS-SI) was performed using a JEOL ARM200F operated at 200 kV equipped with a probe 

aberration corrector and a Gatan GIF Quantum ER spectrometer.  The probe convergence semiangle 

was 29 mrad and the spectrometer acceptance semiangle was 36 mrad, and all datasets were acquired 

in DualEELS mode, with an energy range for the high loss including the Si-K and Mo-L2,3 edges.  

The EELS-SI datasets were quantified using the Elemental Quantification plugin for Digital 

Micrograph, which is a model-based EELS fitting routine accounts for multiple scattering when 

working with DualEELS datasets; Hartree-Slater cross sections were used for quantification.  The 

results of the quantification are shown in Figure 1, both as Mo percentage map, and a graph of Mo 

and Si percentages in a line trace from the substrate into the film.  It is clearly seen that the Mo 

content in the film peaks at the centre at about 80%, before a little excess Si is found at the surface. 

   

Fluctuation Electron Microscopy uses the variance of a large number of nanodiffraction patterns 

from a glass to calculate short and medium range order [2].  In the present case, these were collected 

using a Medipix-3 camera attached to our JEOL ARM200F at the 35mm camera port. The 

illumination of the microscope was adjusted by turning the objective lens off and working in 

aberration-corrected Lorentz mode [3] to produce small probe convergence angles to increase 

angular resolution in the patterns. In the scans recorded, thousands of diffraction patterns were 

acquired from the layer at about 1 nm step size, as well as diffraction patterns from the areas above 

(gold) and below (silicon), which were used for calibration.  A typical silicon pattern (close to 

<110>) and a typical speckly pattern from the MoSix glass are shown in Figure 2.  The variance of 

all patterns from the central portion of the layer was calculated as a function of q (= 4 sin/) using 

the method of Hart et al. [4].  A small peak occurs at a q value of around 1.8 Å, while larger peaks 

are visible at ~2.85 Å and ~4.6 Å., Viewing the locations of polycrystalline diffraction peaks for both 

crystalline Mo and Mo3Si, it can be seen that the observed variance plots are much closer to those for 

show broad peaks around the expected locations of diffraction peaks for crystalline Mo3Si. 



It can therefore be concluded that the amorphous film has a short- or medium-range order similar to 

that in the crystalline A15 Mo3Si structure [5]. The composition of the film is closer to 80:20 than 

75:25, which is typical of A15 structures [6,7] and could be due to either a significant vacancy 

population on the corner B sites, or alternatively A atoms on some of the B sites [7].  Clearly the fact 

that the local order is rather close, at least in short range ordering, to A15 will explain why the film 

displays superconducting properties. The interesting outstanding question is why amorphous films 

have better superconducting properties than those previously reported for bulk crystalline Mo3Si [1].  
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Figure 1. EELS quantification of the film (left) HAADF survey image, with the scan box indicated, 

(top right) Mo % map calculated using the Gatan Elemental Quantification tool, (lower right) 

averaged elemental % profile from bottom to top (substrate across film) for a width of 5 pixels. 

 
Figure 2. Fluctuation microscopy of the film: Example diffraction patterns from: a) the single crystal 

Si substrate b) one pixel in the MoSix film c) variance plot from two MoSix datasets, each of several 

thousand diffraction patterns, there is a slight difference in calibration between the two.  Lines are 

superimposed to show where diffraction peaks would arise for polycrystalline Mo and Mo3Si. 


