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Abstract— Magnetron sputtered tungsten and tungsten 

diboride nanofilms are proposed to be used in microelectronic 

devices. Methods of deposition for nanofilms on oxidized silicon 

followed by etching is among the techniques to be applied for 

production. However, physical-chemical interactions between 

various films need to be taken into account. Therefore, a 

complete surface and in-depth characterization of synthesized 

films is necessary. Tungsten and tungsten diboride nanofilms 

are deposited by magnetron sputtering technique, followed by 

plasma chemical and chemical etching. Characterization of the 

structures is separated in several main steps including surface 

morphology, analysis of element composition as well as 

characterization of thermal properties, including estimation of 

presence of thermally active emission centers and thermally 

induced chemical conversions. 

Keywords— tungsten, tungsten diboride, nanofilms, thermal 

treatment, thermally stimulated exoelectron emission 

I. INTRODUCTION  

Tungsten (W) is widely used in various fields of 
application, such as micro- and nanoelectronics [1], in 
contacts, interconnections [2] as well as for fabrication of 
protective coatings for turbine blades in aeronautical engines 
[3] for plasma facing components in nuclear reactors [4]. 
Various deposition techniques, such as electron beam, arc 
deposition, pulsed laser deposition, molecular beam epitaxy, 
high-pressure torsion [5], plasma sputtering [6] can be used 
for production of W thin films with targeted crystalline 
structure, physical and chemical properties. High power 
impulse magnetron sputtering can be applied for fabrication 
of hard W coatings, up to 32.2 GPa. [7], while magnetron 
sputtering with low pressure and elevated temperature allows 
to produce low-resistivity polycrystalline W films [8]. 
Magnetron sputtering at gas pressure above 5 mTorr and 
power less than 40 watts results in forming β-W phase, 
because of the reduced energy from the deposited atoms [9]. 
Varying substrate bias, magnetron power and deposition 
pressure it is possible to achieve promotion of either α-W or 

β-W phase deposition [10]. Challenging part for W deposition 
is, that formation of either α- or β- phase is influenced also by 
the substrate type [11]. By adding additional variable to the 
deposition process, such as introducing presence of other 
elements, like boron (B), films with elevated hardness can be 
achieved [12]. The number of multiple variables causes a 
necessity for characterization of structure, element 
distribution and thermal properties of magnetron sputtered 
thin films for application in microelectronics. 

In this research thermostability in a range of +20 °C to 
+600 °C of the W and tungsten-boron (WxBy) nanofilms 
produced by magnetron sputtering technique was analysed. 
For this exoemission and thermogravimetry measurements 
that indicate presence of heat induced phase transitions were 
employed. 

II. EXPERIMENTAL 

Magnetron sputtered thin W and WxBy thin films were 
deposited on oxidized Si substrates. Deposited films were 
characterized by means of infrared spectrometry, scanning 
electron microscopy (SEM), energy dispersion X-ray 
spectrometry (EDX) and diffractometry as well as 
exoemission spectrometry. 

A. Samples and preparation 

W and WxBy films with thickness of 150 nm were 
fabricated by a magnetron sputtering technique. The 
fabrication was performed by a joint stock company “ALFA 
RPAR”. Si (111) wafers with diameter of 76 mm were used 
for fabrication of films. Prior magnetron sputtering, Si 
substrates were cleaned by using Caro's acid. Si was heated up 
to 1130 °C in inert atmosphere and at this temperature was 
thermally grown a SiO2 layer. On the dioxide W and WxBy 
nanofilms were deposited and procedure followed by plasma 
etching. After deposition, the thickness of the films was 
monitored with means of profilometry. Scheme of created 
structures is shown in Fig.1. The etched and covered surfaces 
were analysed by means of spectrometric methods.  
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Fig. 1. Scheme of fabricated structures 

B. Methods and instrumentation 

Deposited films were characterized by Fourier transform 
infrared (FTIR) spectrometer Bruker Vertex 70v, equipped 
with attenuated total reflection module (ATR), spectral range 
400-4000 cm-1, resolution ±2 cm-1, in vacuum 2.95 hPa, 20 
recoded spectra per measurement, at least 3 measurements per 
sample, giving at least 60 spectra per sample. For both types 
of the films a modification by thermal oxidation applied and 
subsequently FTIR spectra measured. Thermal oxidation 
modification in details described in [13]. 

Surface morphology was characterized by SEM; element 
content – by EDX. The samples were adhered to aluminium 
stubs using conductive carbon adhesive tape. Afterwards, the 
morphology and elemental distribution of samples were 
evaluated by a high-resolution field emission SEM apparatus 
Thermo Scientific™ Helios™ 5 UX. During the 
measurements, the working distance was set to 4 mm. The 
SEM images were collected at 2 kV electron acceleration 
voltage and 25 pA current by detecting secondary electrons 
using a through-the-lens detector (TLD) and an ion conversion 
and electron (ICE) detector, while the energy-dispersive X-ray 
spectroscopy (EDS) was performed at an acceleration voltage 
of 15 kV. 

Photo-thermo stimulated exoelectron emission (PTSEE) 
spectra of the samples were measured in a vacuum of 10-5 
Torr using a spectrometer designed in the laboratory of Riga 
Technical University. During measurements, the samples 
were heated from room temperature to 580 °C at a rate of 
10 °C/min. The emitted electrons were detected using an 
SEM-6M secondary electron multiplier (VTC Baspik, Russia) 
connected to a Robotron 20046 radiometer and a Hamamatsu 
Photonics M8784 counting board [14, 15]. 

In parallel, thermal treatment was performed by a 
thermogravimetry device SEIKO EXSTAR 6300, in Al2O3 
crucibles 5 mm diameter, located on horizontal balance beam 
system, equipped with Pt/PtRh thermocouple ensuring mass 
and temperature registration during heating.  

III. RESULTS AND DISCUSSION 

An intercomparison between synthesized 150 nm W and 
WxBy films performed, comparing surface morphology, 
chemical bonds as well as exoemission spectra results together 
with mass change processes. As well as modification method 
by thermal oxidation was applied for both types of films. 

A. Microstructure analysis 

Microscopy images of W and WxBy films show that the 
surface of both types of the films is homogeneous. SEM 
images of edge structures of W and WxBy are in Fig.2 and 3.  
In the EDX analysis the beam penetration depth is more than 
150 nm, therefore the element composition information is for 
deposited film together with the SiO2. An example of WxBy 
film is in Fig.4. The element content analysis on non-modified 
WxBy film gives the W and B ratio of around 2.3, leading to 
overall composition of the thin film as WB2. 

 

Fig.2 SEM image of W coating on Si-SiO2 

 

Fig.3. SEM image of WxBy film on Si-SiO2 

 

Fig.4. Energy dispersion X-ray spectrum of WxBy film. 

For analysis of chemical bonds by the FTIR-ATR a 
modification method by thermal oxidation was applied, and 
the modified films further analysed by FTIR. In the spectra of 
non-modified films, in the etched surfaces Si-O bonds are 
determined. An example of FTIR spectra of etched are is in 
Fig.4. By oxidizing W and WxBy films, W-oxygen (O) 
bonds- W=O and W-O - occur. The polar W-O and W=O can 
be detected by FTIR and presence of synthesized bonds is 
used as indicator to determine homogeneity of the film [15]. 
FTIR spectra of etched areas and thin films prior oxidation are 
in Fig.5. It can be seen that polar bonds of SiO2 are clearly 
visible in the spectra. A peak at 430-480 cm-1 could be 
attributed to Si-O bending vibrations, broad signals are in a 
region 1015-1135 cm-1 are from Si-O-Si as well as from Si-O 
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[16]. The sputtered films give practically no spectrum, 
showing that films are homogeneous and completely covering 
SiO2. 

 

Fig.5. Infrared spectra of thin films and etched areas 

Additionally, W and O ratio is determined by EDX and 
gives result that W is oxidized to the ratio of WO2.9, leading to 
conclusion, that likely mixture of WO2 and WO3 oxides are 
formed. In order to monitor thermal modification, for selected 
films thermogravimetry results were registered. Thermal 
exposure to air gives mass increase already above 200 °C, that 
might be related with sorption of water, CO2 on the surface 
followed by complex oxidation process involving presence of 
water vapour, O2 and CO2. Thermogravimetry curves of W 
and WB2 thin films are in Fig.6. 

 

Fig.6. Thermogravimetry curves of W and W2 films 

By exposing the films at the maximal temperature, no 
additional significant mass or FTIR spectra changes were 
observed. FTIR spectra of W and WB2 films exposed to 
600 °C for 1, 3 and 6 hours are in Fig.7 and 8 respectively.  

 

Fig.7. Infrared spectra of WB2 films - non-modified and 
treated at 600 °C for 1, 3 and 6 hours. 

 

Fig.8. Infrared spectra of W films - non-modified and 
exposed at 600 °C for 1, 3 and 6 hours. 

Comparing thermal behaviour of W and WB2 films, it can 
be concluded, that mass gain within the temperature range up 
to 600 °C shows to mass increase up to 0.6 % from initial 
mass. For the W films the mass increase reaches around 0.2 % 
and is related with reaction of films with oxygen. Data can be 
seen in Fig.9. 

 

 

Fig.9. Exoemission and thermogravimetry curves for W 
and WB2 films. 

TG % measurements demonstrated that both WB2 and W 
films have heat induced extremums (minimums) at the 
temperature range 400-500 °C. These mass changes in oxygen 
containing environment (air) corelate well with thermally 
induced exomemission events. The alongside measurements 
of the PTSEE also demonstrated maximums at the same 
temperature range. Moreover, the temperatures of the PTSEE 
maximums and minimums of TG % for W and WB2 films 
accordingly are alike. The presence of the PTSEE maximums 
indicates that the phase transitions [17, 18] took place – for W 
films around 410 °C and WB2 films around 485 °C, resulting 
in 70-80 °C difference, that can be seen Fig.9.  The WB2 films 
delivered higher electron emission current against W ones, 
that favour of WB2 as the more effective emitter of the 
electrons. Such behaviour may be caused due presence of B 
heteroatoms and their dislocation in the lattice. 

IV. CONCLUSIONS 

Therefore, one may conclude that heat induces phase 
transitions both in 150 nm magnetron sputtered W and WB2 
films. However, presence of B in films causes increase of the 
phase transition temperature for around 70-80 °C in 
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comparison with pure tungsten films. Phase transitions 
influence the ability to emit electrons from the films. In fact, 
the electron emission current at the repeated heating was less 
compared with the native specimens.  
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