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In this work, for the first time, thin films were obtained by depositing InSb+ ions on various 
surfaces (sapphire, glass, silicon) using LMAIS (Liquid Metal Alloy Ion Source). The non-unifor-
mity of the thin film thickness was associated with the radial distribution of the ion beam cur-
rent. The radial distribution was measured at different values ​​of the total beam current (30µA, 
50µA) and the current density value at each point was calculated according to the beam current 
values ​​recorded on the moving substrate. To minimize the effect of the radial distribution, it was 
decided to rotate the substrate during ion emission. At the same time, the sample was heated to 
a certain temperature on the rotating substrate. As a result, the noticeable difference in thick-
ness between the center and the edges disappeared in the obtained samples. To create a special 
structure in the samples (ceramic substrate), thin InSb layers of the required dimensions were 
obtained using dielectric masks. The formation of a thin InSb layer was confirmed by the tem-
perature dependence of the resistance of samples deposited on a ceramic substrate, as well as 
by the Raman spectrum of samples deposited on sapphire. Obtaining uniform InSb thin layers 
allows us to expand the scope of their application. SEM images of the resulting samples showed 
that the noticeable thickness difference between the center and the edges was eliminated. Ra-
man spectra, X-ray diffraction patterns and the temperature dependence of the electrical resis-
tance of the obtained layers confirm the formation of the InSb phase.

Keywords: Liquid Metal Alloy Ion Source (LMAIS) ; emitter; ion beam; ion source, InSb; 
radial distribution. 

Виготовлення однорідних тонких плівок InSb методом РМСІД. Ельчин М. 
Акбаров, Фуад Е. Мамедов, Ільгар І. Гурбанов, Шихамір О. Емінов, Сабір А. Алієв, Алім 
Ж. Халілов.

У цій роботі вперше були отримані тонкі плівки шляхом осадження іонів InSb+ на різні 
поверхні (сапфір, скло, кремній) за допомогою РМСІД (Рідкі Металеві Сплави як Іонне 
Джерело). Нерівномірність товщини тонкої плівки в зразках була пов’язана з радіальним 
розподілом струму іонного пучка. Радіальний розподіл вимірювали при різних значеннях 
сумарного струму пучка (30 мкА, 50 мкА) і розраховували значення густини струму в 
кожній точці за значеннями струму пучка, зареєстрованими на рухомій підкладці. Для 
того, щоб мінімізувати вплив радіального розподілу, було вирішено обертати підкладку 
під час емісії іонів. При цьому зразок нагрівали до певної температури на підкладці, що 
оберталася. В результаті в отриманих зразках спостерігалося зникнення помітної різниці 
товщини в центрі і по краях. У зразках, що потребували спеціальної структури (керамічна 
підкладка), тонкі шари InSb необхідних розмірів отримували за допомогою діелектричних 
масок. Виміряно температурну залежність електричного опору зразків, нанесених на 
керамічну підкладку, спектри комбінаційного розсіювання світла зразків, нанесених 
на сапфір; отримані результати підтверджують формування чистого тонкого шару InSb. 
Отримання однорідних тонких шарів InSb дозволяє розширити область застосування. 
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1. Introduction
 Nowadays the deposition of thin layers of 

various elements and compounds on surfaces is 
a relevant area of ​​research. Science and tech-
nology know various methods for this purpose. 
Examples include magnetron sputtering, ther-
mal evaporation, electron beam evaporation 
and others. The use of ion sources makes it 
possible to obtain and deposit charged particles 
of most substances on various surfaces, which 
has many advantages over other methods. For 
example, the ion source requires less working 
substance than others, allows for control over 
the speed of emitted charged particles, separa-
tion of particles by charge and mass, etc. [1-5]. 
All this creates additional opportunities for 
obtaining thin layers of any desired quality.  
However, the uneven distribution of the beam 
current density in ion sources, which reaches 
its maximum value at the center and decreases 
with distance from the center, naturally leads 
to the formation of areas of different thickness 
on the surface of the deposited thin layers [6]. 
Therefore, it becomes necessary to measure the 
radial distribution of the beam current density. 
Measuring the radial distribution provides the 
best opportunity to determine the appropriate 
sample size and find the optimum location in 
the radiation field when depositing thin films 
on various substrates using an ion source. In 
this way, it is possible to ensure to some ex-
tent that the layer thickness on the surface of 
the samples taken is uniform, but this does not 
guarantee homogeneity over the entire surface. 
To eliminate the inhomogeneity in the samples, 
it was found useful to obtain thin layers by ro-
tating the substrate at a certain distance in the 
emission zone.

InSb was used as a working material in the 
investigated ion source. It is a widely studied 
semiconductor compound. The reason for this 
is the simplicity of synthesis and purification, 
as well as the fact that its electron mobility is 
the highest at room temperature. The small 
bandgap width allows InSb to be used as a de-
tector in the far infrared range. At the same 
time, this compound is used in the production 
of photovoltaic cells, thermoelectric generators, 
as a Hall effect sensor, in devices measuring 
the change of resistance in a magnetic field, etc.  

The preparation of thin layers and various 
surface structures by ion deposition of  InSb - 
based compounds in an ion source allows for a 
wider range of applications.

2.  Experimental
  The experiment was carried out in a vacu-

um unit of A700Q Leybold-Heraeus type. A nee-
dle impregnated with the working substance is 
placed in a graphite container. The ion source 
is heated to the melting point of the working 
substance by thermionic electrons emitted 
from a red-hot cathode [7]. Ion emission from 
the source at a voltage of 5-6 kV between the 
needle and the extractor (the needle-extractor 
distance is approximately 0.5 mm).  For the ini-
tial investigation of the radial distribution of 
the ion beam current, a MS-2000 piezoelectric 
table was placed in a vacuum chamber, and the 
table control system was installed outside the 
chamber. A connection is established between 
the control panel and the table, and between 
the control panel and the computer. All wires 
and the table are shielded to exclude the influ-
ence of high voltage on the table control sys-
tem. At the same time, a special collector with 
a diameter of 5 mm was made and installed on 
the piezometer to record the group current. 

The total beam current was measured in 
the extractor circuit, and the beam current at 
various points along the radius was measured 
in the collector circuit [8, 9]. When measuring 
the beam current in the collector circuit, the 
collector was moved using a piezo-table from a 
control panel located outside the chamber. The 
experiment was repeated at different values of 
the beam current and the radial distribution in 
the collector circuit was measured [10]. 

When measuring the radial distribution, it 
was observed that the beam current decreases 
from the center to the edges. For this reason, it 
was decided to develop a rotating base to pre-
pare uniform thin layers [11]. A special mecha-
nism was designed to rotate the substrate dur-
ing the emission of charged particles to the sur-
face in the vacuum chamber (Figure 2). Thus, 
5 rotating contacts were designed to heat the 
substrate, measure its temperature and ensure 
its connection to the ground. The rotation is 
controlled by an electric motor connected to the 
chamber through a gearbox and can be adjust-

Зображення СЕМ отриманих зразків показали, що помітна різниця в товщині між центром 
і краями була усунена. Раман-спектри та рентгенодифракційні (XRD) картини отриманих 
шарів були систематично охарактеризовані, а температурну залежність електричного опору 
було досліджено, що надає свідчення про можливе формування фази InSb.
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ed to any speed. The rotating contacts are con-
nected to the output contacts through graphite 
brushes secured by a special spring. Two con-
tacts were used to supply voltage to the furnace 
located on the rotating mechanism, 2 contacts 
for the thermocouple and 1 contact for the base 
positioning.

To study the effect of heating the substrate 
during emission on the quality of the resulting 
layers, a special heater was made under labora-
tory conditions and placed in a vacuum cham-
ber. A temperature sensor was attached to the 
substrate to measure the substrate tempera-
ture. Thus, heating of the rotating platform to 
the required temperature during the ion emis-
sion process was ensured.

3. Results and discussion
1. The radial distribution was measured at 2 

different values of beam current (30 μA, 50 μA). 
In all cases, the point in the collector circuit 
where the beam current has the highest value 
was first determined and taken as the cen-
ter of the ion beam. The piezo-table was then 
moved, and the magnitude of the beam current 
was measured at a distance of approximately 1 
mm from each other.  The value of current den-
sity at each point was calculated according to 
the recorded beam current values. As a result,  
Figure 3 shows plots of the radial distribution 
of current density at each value of the beam 
current [10]. 

2. Measuring the radius of the beam also al-
lows you to calculate the angle of emission.

Fig. 1.  Ion source in the vacuum chamber and 
the collector circuit located on the piezometer: 
1  –  cathode, 2 – container, 3 – working sub-
stance, 4 – needle, 5 – extractor, 6 – ion beam, 
7 – collector Fig. 2. Mechanism providing substrate rotation 

in the ion emission zone

Fig. 3. Radial beam current distribution in the InSb ion source: a) Ibeam=30 µA, U=6.2kV;  b) 
Ibeam=50µA, U=6.5kV
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Here l  is the distance between the collector 
and the source, r  is the radius of the current 
beam, 𝛼 is the angle of emission. The calculated 
angle of emission corresponds to the data from 
scientific literature[11]. This once again proves 
that during the measurements we have precise-
ly determined the center of the current beam. 

As can be seen from Figure 3, the non-uni-
form distribution of the beam current along the 
radius makes it difficult to obtain homogeneous 
thin layers.  For this reason, when applying thin 
layers on different surfaces, the tables were ro-
tated using the mechanism shown in Figure 2.

3. InSb thin layers were deposited on silicon, 
glass, and sapphire  substrates (Figure 4) us-
ing the LMAIS method [12]. Before the experi-
ment, the substrates were cleaned in a chemi-
cal solution and placed in a vacuum chamber 
[13]. During the experiments, the magnitude 
of the accelerating voltage was ~ 6 kV and the 
emission current was ~ 40÷50 μA. It was no-
ticed that the quality of the obtained layers was 

higher when the substrates were rotated and 
heated to a certain temperature.

During the experiments, the deposition of 
InSb thin layers on the sapphire substrate was 
possible only after cleaning the substrate in a 
chemical solution. Note that when obtaining 
the sample shown in Figure 4 c, emission was 
performed after heating the substrate.

4. To measure the magnetic and electrical 
properties of the samples, a thin layer was first 
deposited on a ceramic substrate using an InSb 
ion source (Figure 5 a) [14]. At first glance, 

Figure 4. a) InSb thin layer deposited on Si substrate; b) InSb thin layer deposited on glass; c) InSb thin 
layer deposited on sapphire 

Fig. 5. a) InSb thin layer deposited on a ceramic substrate; b) InSb thin layer deposited on the contacts; c) 
graph of temperature dependence of electrical resistance of InSb thin film

Fig. 6. Raman spectrum of an InSb thin film
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unlike the samples deposited on a stationary 
substrate, no traces of nanoparticles of vary-
ing thickness were found in the center of the 
samples.The homogeneity of the samples was 
observed both by microscopic examination and 
parameter measurements.

After the sample was prepared, it was placed 
in a cryostat and cooled to the temperature of 
liquid nitrogen.  The temperature dependence 
of the sample electrical resistance during cool-
ing was measured. 

Figure 5 c shows a decrease in electrical re-
sistance with increasing temperature, indicat-
ing the semiconducting properties of the film.

5. A Raman spectrum of light scattering 
of an InSb thin film deposited on sapphire is 
shown in Figure 6.

The Raman spectrum of our InSb thin film 
shows three main peaks at approximately 120, 
145 and 179 cm–1. These peaks correspond to 
specific vibrational modes of the investigated 
material [15, 16]. The most pronounced peak is 
observed at 145 cm–1, showing a strong Raman 
signal at this shift indicating a dominant vibra-

tional mode. The spectrum has a gradually de-
creasing baseline behind the 145 cm–1 peak, in-
dicating a decrease in scattering intensity. This 
may be due to a combination of background noise 
and material properties. The peak at around 
179 cm–1 corresponds to the longitudinal optical 
(LO) phonon mode of lattice vibrations in InSb, 
which is a characteristic Raman active phonon 
mode in InSb. The presence and position of this 
peak are consistent with other studies reporting 
a LO mode around 184 cm–1, thus confirming 
the formation of InSb thin film.

XRD Analysis
On Figure 7a, the results of X-ray diffrac-

tion (XRD) analysis of the InSb thin layer at 
room temperature are presented. Under these 
conditions, the diffraction peaks corresponding 
to the crystalline structure of InSb are either 
very weak or not observed, which may indicate 
the amorphous state or very low crystallinity of 
the deposited layer.

After thermal treatment of the substrate 
and heating to a certain temperature (Fig. 7b), 

Fig. 7. a) X-ray diffraction (XRD) pattern of the InSb thin film at room temperature; b) X-ray diffraction 
(XRD) pattern of the InSb thin film after thermal treatment of the substrate.

Fig. 8. a) SEM image of the sample deposited on a stationary silicon (Si) substrate;  b)   InSb thin film 
deposited on a silicon (Si) substrate using a rotating substrate holder
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distinct diffraction peaks characteristic of the 
crystalline phase of InSb begin to appear in the 
XRD pattern. This indicates the activation of 
crystallization processes and structural order-
ing of the material.

The XRD pattern of the InSb thin film 
shown in Fig. 7 b reveals the presence of two 
crystalline phases. The predominant phase has 
a cubic zinc blende structure (PDF #06-0208), 
characterized by diffraction peaks correspond-
ing to the (111), (220), (311), and (400) crystal-
lographic planes. In addition, weak diffraction 
peaks observed at 2θ ≈ 28.6° and 40.1° corre-
sponding to the (104) and (110) planes, respec-
tively, can be attributed to elemental antimony 
(PDF #05-0562). This indicates the presence of 
a small fraction of unreacted Sb in the film.

7. The surface morphology of InSb thin films 
deposited on stationary and rotating silicon 
substrates was investigated by SEM. For the 
film deposited on the stationary substrate, a 
decrease in the film thickness from the center 
to the periphery was observed, i.e., non-unifor-
mity: in the central region the thickness is 118 
nm, whereas it decreases toward the periphery 
of the sample to 68.5 nm, indicating a gradient 
thickness distribution over the surface. In con-
trast, the thickness of the thin film deposited 
on the rotating substrate was approximately 
the same (315 nm) at both the center and the 
edge. During both experiments, the substrate 
temperature and the ion beam current were the 
same, while the deposition time was different.

4. Conclusion
The radial distribution of InSb ions obtained 

by the LMAIS method at different values of 
beam current (30 μA, 50 μA) was measured 
and a decrease in the current den-
sity from the centre to the edges was ob-
served. The current beam angle calculated on 
the basis of experimental measurements turned 
out to be equal to α ≈87°, which agrees with the 
data of the scientific literature and proves that 
we accurately found the centre of the current 
beam during the measurements. To overcome 
the uneven distribution of ion current along the 
radius, the base is rotated to obtain uniform 
thin layers. Using this method, thin InSb layers 
were deposited on silicon, glass, sapphire, and 
ceramic. Using contacts additionally applied 
thermally to a sample deposited on a ceramic 
substrate, the temperature dependence of elec-
trical resistance was measured, and a decrease 
in resistance with increasing temperature was 

found. The Raman spectrum of the InSb thin 
layer deposited on sapphire was recorded, and 
the peaks in the spectrum characteristic of this 
thin layer were identified. X-ray diffraction 
analysis demonstrated consistency with the 
crystallographic structure of InSb.
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