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Abstract

The study of rare-earth elements compounds’ mechanical properties is an essential task
because even though their electro-physical properties have been studied quite thoroughly data
on their mechanical properties are not available. The purpose of this work is to study the
relative mechanical strength of gadolinium diantimonide, terbium monoantimonide, and
thulium monotelluride thin films.

Relative mechanical strength (RMS) of thin films of gadolinium diantimonide GdSb,
terbium monoantimonide TbSb, and thulium monotelluride TmTe prepared by the method of
vacuum-thermal evaporation from two independent sources of components has been studied at
different substrates — quartz, single-crystalline silicon, glass-ceramic sitall, and sapphire coated
tapes. During the study, a particular load is applied to the surface and counted the number of
passes for complete abrasion. For comparison, all studied films’ initial thickness was the same on
all substrates: 1.2 ym. And the load on the films was same: 300 g. The grinding surface was a
suede layer with a thickness of ~ 0.8 mm, on which diamond paste was applied.

RMS was studied immediately after removing the film from the vacuum camera and
completing the procedure for measuring its thickness using an interference microscope. We
studied 5 — 6 films of each cast. Table 1 shows the average values of the measurement results.

Table 1. Relative mechanical strength of GdSbz, TbSb, and TmTe tapes.

Number of passes required
or complete grinding
Substrate material

Film composition

Quartz | Silicon | Sitall | Sapphire
GdSb2 13-15|32-35|41-42 | 51-54
TbSb 20-21|40-42 | 47-49 | 62-65
TmTe 25-27|47-50|58-61| 77-79

As we can see from the Table 1 and Figures 1 and 2, the RMP of the film strictly depends
on both: the composition of the film and the substrates material. In particular, the RMS of films
applied on the different substrates of the same composition is increased by the following
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sequence of substrate materials: quartz, single-crystalline silicon, sitall, sapphire. The lowest
RMS has films grown on quartz substrates, the highest — on sapphire substrates. Average values
are obtained for films on single-crystalline silicon and sitall substrates, respectively.
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Figure 1. Dependence of RMS of films
of same composition on substrate material.
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Figure 2. Dependence of RMS of films grown
on substrates of same composition on their
composition: 0 — TbSb, x — TmTe, and ® — GdSba.

Data show that TbSb films have the highest RMS for all substrate materials, and GdSb2
films have the lowest values for all substrate materials, while TmTe films have an intermediate
value. The films on sapphire substrate have the highest RMS values followed by films on the
silicon substrate and then — sitall. The lowest RMS has films prepared on quartz substrates.

Table 2 shows the values of obtained and studied films and substrates thermal expansion
coefficients (TEC). We can see that quartz has the lowest TEC among the materials used as a
substrate, which is almost 130 times less than that of sapphire and 80 and 50 times less than the
TEC of sitall and silicon, respectively. In terms of film materials, gadolinium diatimonide has
the highest TEC followed by thulium telluride and finally terbium antimonide.

If we compare our experimentally obtained data with each other, we can assume that the
material’s RMS is influenced by the difference between the TEC of the substrate from the
grown films TEC. The greater the difference, the lower the RMS. This may be related to the
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well-known fact that cooling the film from the deposition temperature to room temperature
causes more mechanical stresses in the film than the greater the difference between the TEC of
the substrate and the TEC of the film material.

These mechanical stresses cause various distortions of the film’s crystalline lattice: point,
circular, volumetric defects, which ultimately reduce the RMS.

Table 2. Thermal expansion coefficient of thin films and their substrates.

Film / sul?s.trate CTE, 10/ K Temperature References
composition range, K

GdSb: 12.8 300 - 890 [1]
TbSb 11.8 300 — 890 [2]
TmTe 10.9 300 - 980 [1]
Quartz 0.055 320 - 600 [3]
Silicon 2.54 300 — 1050 [3]
Sitall 4.1 298 — 573 [3]
Sapphire 8.1 298 - 573 (3]

Studies have shown that a similar picture is observed for films obtained by single-source
evaporation. The difference in RMS of films obtained by discrete evaporation is about 8 — 10 %
higher than that for films obtained by evaporation of components from two independent
sources.

It is known that materials suffer from so-called aging. Aging is the process of changing
the properties of a material over time. The aging process of antimonides and tellurides of rare
earth elements, especially, thin films has not been studied. One of the objectives of this work
was to study the RMS’s dependence for the TbSb film obtained by us on the film’s storage time
under ambient conditions.

It is known that rare earth antimonides suffer specific changes after an inevitable delay
in the atmospheric air. In particular, they change color. Additional maxima appear on the X-ray
diffraction pattern corresponding to oxides and compounds of different compositions.
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Figure 3. Dependence of RMS of TbSb film grown
on sapphire substrate on delay time on air.
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To determine how the ambient air retention time affects the RMS of the film, the RMS
of the TbSb film grown on the sitall substrate was measured as a function of the ambient air
retention time. Six TbSb films of the same thickness, 1.3 um, were deposited on sitall substrate
by the method of vacuum thermal evaporation of components from two independent sources.
Next, the RMS was measured for the prepared films under a load of 350 g at the end of the
applied completing grinding process and then periodically after keeping the films under
ambient conditions for a certain period. In particular, the second measurement was carried out
after the film surface has significantly changed its color (delay time was ~ 1000 h, i.e. 1.5
month). The other four films were measured at approximately 1.5 month intervals. The
measurement results are shown in Figure 3.

As can be seen from the Figure 3, RMS decreases almost proportionally to the increase in
heat retention. Retention of the film on the air for about fourteen months reduces the
mechanical strength by almost 20 times.

As the analysis of scientific reference data [4 — 6] show, many factors can cause the aging.
The films’ aging process depends on the film material’s chemical stability. And the aging rate, in
turn, depends on the rate of change of various chemical and physical properties of the film. The
leading cause of aging is oxygen in the atmospheric air enhanced by light, heat, and water vapor.
Aging can also be caused by the recrystallization of the film material, decrease and
disappearance of adhesion between the substrates and the film material, a decrease in the film
surface smoothness, etc. A detailed determination of the causes of RMS rigidity requires
additional complex studies.
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