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Abstract – In the paper results of use the plasma 

cathode electron gun for the quartz electron-beam 

evaporation are presented. Prepared silicon diox-

ide films were researched by an atomic-force mi-

croscopy method. Growth rate of oxide achieved 

39 nm/s at power of electron beam about 750 W. 

The deposited films have high optical transmission. 
 

1. Introduction 

In addition to the traditional technologies of integrated 

schemes, the films of silicon dioxide have found ap-

plication as a part of thermal control coating for space 

vehicles. Such coating possesses low absorption of a 

sunlight with the maximum intensity in optical and 

near infrared ranges of a spectrum [1] and it should 

effective radiate in far infrared range. 

 The film of SiO2 deposited on a highly reflecting 

metal surface has such properties [2]. With increase in 

a thickness of film SiO2, the sunlight absorption prac-

tically does not vary and is about 10–15% [3]. 

At the same time, thermal emissivity increases 

steadily with increasing thickness of the dielectric 

surface film. 

The thickness of the transparent oxide layer should 

be an order of 5–10 micron for achievement of desir-

able characteristics of a thermal control coating. The 

magnetron sputtering method is not economically fa-

vorable to deposition of a film with such thickness. 

  The time, which is necessary for deposition of  

a film with required thickness, is very great. The 

method of electron-beam evaporation is the most suit-

able one for this purpose. 

The advantage of this method is caused by the fact 

that energy is delivered directly to a surface of an 

evaporated material. This allows: 

– high surface density of energy that allows realiz-

ing high speeds of evaporation; 

– simple adjustment of power and energy distribu-

tion that allows regulating rather easily a thickness 

and deposition uniformity of coatings. 

In this paper, the results of deposition of silicon 

dioxide films with necessary characteristics are pre-

sented. The films are prepared by the method of elec-

tron-beam evaporation of quartz glass. The electron 

beam was formed by the plasma cathode gun [4]. 

2. Plasma cathode electron gun 

Emission of particles in the plasma cathode guns is 

realized from stationary gas-discharge plasma. Plasma 

is generated in electrode system (Fig. 1), containing 
“cold” electrodes: the hollow cathode 2, the anode 3 

and an additional electrode 5. The hollow cathode and 

an additional electrode are equipotential. 

 

Fig. 1. Experimental setup: 1 – gas flow channel; 2 – hollow 

cathode; 3 – anode; 4 – permanent magnet; 5 – additional 

electrode; 6 – accelerating electrode; 7 – vacuum chamber;  

8 – focusing system; 9 – beam deflection system; 10 – elec-

tron beam; 11, 15 – substrate; 12 – screen; 13 – sample for 

evaporation; 14 – coordinate table; DU – discharge unit; 

  HVU – high-voltage unit; BCU – beam control unit 

Powering of the discharge is realized by means of 
a discharge unit (DU). 

Permanent magnet 4 with an magnetic induction 

about 800 Ga creates the inhomogeneous radial con-

centration distribution of plasma with maximum on an 

axis of the discharge chamber and promotes stable 

existence of the discharge at pressures about 3–10 Pa. 
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The pressure drop between the discharge chamber 

and an acceleration gap is provided by the small sizes 

of the channel on an additional electrode axis, pump-

ing-out system and a constancy of a gas flow through 

the channel 1 in the hollow cathode. 

Emission of particles occurs through the channel 

on an additional electrode axis under electric field. To 

accelerate electrons, electric field between an addi-

tional and accelerating 6 electrode is created by the 

high-voltage unit (HVU). Electrons leaving plasma 

are formed in a beam 10 and focused by a magnetic 

lens 8. The focusing electron beam was scanned and 

positioned by means of beam deflection system 9 on 

sample for evaporation 13. Powering of focusing and 

deflecting system for scanning the electron beam at 

the surface of the evaporated sample was provided by 

beam control unit (BCU). 

3. Experimental technique 

The electron-beam evaporation of quartz was used for 

preparation of silicon dioxide films. In [5] it was 

shown that such method allows depositing the films 

with structure close to SiO2 one. Sample for evapora-

tion was a quartz glass with the size of about 

20×20 mm and thickness of about 4 mm. 

The experiments were conducted at pressure in  

the vacuum chamber 7 of about 10–3 Pa at beam power 

of about 600–750 Wt. The accelerating voltage was 

20–25 kV. 

The electron beam was scanned on a surface of 

quartz glass with frequency of about 300 Hz (Fig. 2) to 

provide its uniform and effective heating and melting. 

  The SiO2 films were prepared on the substrates at 

room temperature, and on the substrates heated up to 

200–250 °C. The heating of substrates was realized by 

means of scanning electron beam. Input power to the 

substrate was increased from 40 to 150 W during the 

heating time. The temperature was measured by a 

thermocouple sensor. 

 

 

 

Fig. 2. Fused quartz sample for evaporation; a – sample; 

  b – beam scan pattern 

The substrate 11 was located in a holder situated at 

the angle of 45° to the plane of a coordinate table 14 

and was protected by the screen 12 during the first 

stage of the electron-beam evaporation of the sample 

13. As soon as the liquid melt pool was formed on the 

evaporated sample, and a white luminescence was 

observed, the coordinate table was moved the sub-

strate to the film deposition area 15. The film deposi-

tion time was about 20 s and the distance between the 

evaporated sample and the substrate was about 18 cm. 

  The films thickness was measured by a microinter-

ferometer MII-4. The optical properties of the depos-

ited coatings were investigated in the visible range 

using a USB 2000–VIS–NIR spectrometer. The film 

surface morphology and the root-mean-square (RMS) 

value of the sample roughness were determined by 

means of the atomic-force microscope Solver P47. 
 

4. Result of experiments 

The growth rate of the films in the power range 600–

750 W was 33.5–39 nm/s. Fig. 3 shows the optical 

transmittance versus the wavelength for the SiO2 

films. The transparency of the film deposited at sub-

strate temperature 200 °С is shown by black line. The 

line of grey color corresponds to a transparency of the 

films deposited on the substrates at room temperature. 

The thickness of the films is 650 nm. All films have 

high optical transmittance. 
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Fig. 3. Optical transmittance of the SiO2 films (d = 650 nm). 

Tsub = 200 °С (black line); Tsub = room temperature (gray 

  line) 

Figure 4 shows the surface morphologies of the 

SiO2 films deposited at various substrate temperatures. 

  The root mean square (RMS) roughness of the 

films deposited at room temperature is 1.63 nm. When 

the substrate temperature is 200 °С the film RMS 

roughness decreased to 0.32 nm. 

This dependence is due to an improved surface dif-

fusion for higher substrate temperature and thus an 

improved crystallinity of the films. The films depos-

ited at a high temperature possessed good adhesion to 

the substrate. 
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Fig. 4. AFM morphologies of the SiO2 films deposited  

at various substrate temperatures: a – room temperature; 

  b – 200 °С 

5. Conclusion 

The SiO2 films were deposited on glass substrate using 

the plasma cathode electron gun.  

The growth rate of the films reached 39 nm/s at 

750 W beam power.  

The films prepared at the substrate temperature 

200 °С have a RMS roughness of 0.32 nm.  

The films have high transparence in the visible  

region. 
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