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Abstract. In this work, manganese atoms were diffused into a silicon sample using an
external constant electric field, and the electrophysical parameters of the samples were studied
using the Van der Paw method. In addition, the surface morphology and element composition of
the samples were analyzed using a scanning electron microscope. From the results, it was found
that Mn atoms were significantly diffused in the samples placed on the side of the negative pole of
the constant external electric field compared to the samples placed on the side of the positive pole.
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INTRODUCTION

In the rapidly developing field of electronics, obtaining new materials whose fundamental
parameters differ from traditional semiconductor materials is of scientific and practical
importance. The development of the electronic industry in the Republic of Uzbekistan is
impossible without the development of the electronics industry, the updating of production bases
in existing enterprises and the introduction of modern technologies. Therefore, in order to
rationally use the devices and equipment in the enterprises of the electronics industry, it is
necessary to constantly update them to modern ones and improve them in accordance with the
market requirements. Many technological steps are performed in the production of devices and
devices based on semiconductor materials. Currently, obtaining new materials by the
electrodiffusion method and studying their electrophysical parameters are promising directions in
electronics, especially nanoelectronics [1-3].

It is of great scientific and practical importance to reveal the mechanism of inclusion and
distribution of atoms of semiconducting materials under the influence of an electric field. It is
known from the literature that in the process of high-temperature diffusion, incoming atoms move
chaotically and are mainly in the form of positive ions. Diffusion parameters of known input atoms,
for example; the diffusion coefficient depends on the solubility of the input atoms and their
location in the crystal lattice, diffusion temperature and time [4-6]. Introduction of impurity atoms
into ceramnium under the influence of an electric field and knowing their size distribution allows
obtaining very important scientific information. In an electric field with a sufficiently high current
density (J=25+40 A/cm?), the diffusion process accelerates significantly, and the diffusion
temperature of the atoms decreases by T=150+200°C compared to the diffusion temperature in the
gas phase.

Based on the enhancement of the migration of positively charged ions under the influence
of an electric field, it was found that it is possible to increase the solubility of the input atoms by
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1.5+2 degrees even at low temperatures compared to the gas phase diffusion [7-12] temperature
[13]. This state, which is almost impossible to realize under normal diffusion conditions, allows
to significantly increase the solubility of the input atoms, which create a deep energy level under
the influence of an external electric field, and the number of electrically active atoms in the initial
sample. By controlling the current flowing through the sample, it will be possible to control the
distribution of the concentration of atoms on the surface and volume of the sample. Under the
influence of an external electric field, the input atoms enter the silicon volume and allow the input
atoms to change their position in the crystal lattice. That is, the placement of the incoming atoms
in the nodes or internodes of the silicon crystal lattice can be controlled using an electric field. The
diffusion method under the influence of an electric field causes interaction of input atoms with
atoms of the starting material silicon to different charge states. Large amounts of dopant atoms, in
turn, lead to the formation of nanoclusters of dopant atoms in silicon.
MATERIALS AND METHODS

For the experiment, a silicon sample with specific electrical resistance p~5 Q-cm,
concentration of charge carriers (cavities) ny~5-10'> cm™, grown by the Chokhral method, was
selected. The surface of the samples was chemically treated [14], and a thin layer was formed by
spraying Mn atoms on the surface of the samples. After that, 2 samples were taken, and by touching
the surfaces on which a thin layer of Mn was formed, an electric current was passed through the
samples with a current density equal to 40 A/cm? using a constant current source. In this case, the
sample placed on the positive pole of the source was designated as sample A4, and the sample
placed on the negative pole of the source was conditionally designated as sample B. The diffusion
process was carried out for 30 minutes in a vacuum chamber with air suction.

After diffusion, the sample surface topology and X-ray energy dispersive microanalysis
results were obtained using a JSM-IT 200 (SEM) scanning electron microscope, and the
electrophysical parameters of the samples were determined using an Ecopia HMS 3000 device.

RESULTS AND DISCUSSION

Figure 1 shows the surface topology of sample 4 (1a) and the results of X-ray energy
dispersive microanalysis (1b) using a JSM-IT 200 scanning electron microscope. Figure 2 shows
the topology of the B sample surface (2a) and the results of X-ray energy dispersive microanalysis
(2b) obtained using a JSM-IT 200 scanning electron microscope. From the results of the
experiment, manganese atoms diffused by the electric field were detected in significantly larger
quantities on the surface of the sample placed on the negative pole of the source than on the surface

of the sample placed on the positive pole of the source.
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Figure 1. Analysis of the sample (4 sample) placed on the positive pole of the source;
a — surface topology of silicon with manganese atoms;
b - X-ray energy dispersive microanalysis results.
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Figure 2. Analysis of the sample placed at the negative pole of the source (B sample);
a — surface topology of silicon with manganese atoms;
b - X-ray energy dispersive microanalysis results.

Figure 3 shows the relative electrical resistance of samples A (line 2) and B (line 1) as a

function of depth. As can be seen from the graphs in Fig. 3, it was found that manganese atoms
diffused in a small amount to the sample located on the positive pole of the source, but on the
contrary, it was found that there was a large amount of diffusion to the sample located on the side
of the negative pole. It can be explained that from the analysis of the literature (Diss.
Bakhadrkhanov), when manganese (Mn) atoms diffuse into silicon (Si) at low temperature, the
nodes can be in 3 different states, the 1st state is uncharged (neutral) Mn, the 2nd state is free of
one electron. A doubly positively charged atom (positive ion) is Mn+, due to the loss of its 3-two
electrons, a doubly positively charged atom (double positive ion) is in Mn++ states. We know that
positive ions move towards the negative pole of the source, so the manganese (Mn+, Mn++) atoms
with positive ions moved towards the negative pole of the source, and a large amount of manganese
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atoms diffused into the sample located on the negative pole side of the source. These manganese
atoms compensate for the Boron atoms in the sample and reduce the concentration of charge

carriers in the sample, thus increasing the resistivity of the sample (Figure 3).
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Figure 3. Depth dependence of specific electrical resistance of samples 4 and B:
1-the sample with the constant current source placed on the side of the negative pole (sample B);
2nd sample with the DC source on the positive side (sample 4).
SUMMARY

The results of the study showed that manganese allows the maximum penetration of silicon
atoms under the influence of the electric field. It also proves that electrodiffusion is a new way to
control the distribution of input atoms on the size of silicon, their solubility, and the concentration
of charge carriers. Using the electrodiffusion method, it is possible to significantly increase the
concentration of electroactive atoms in the silicon crystal lattice. Such a situation indicates that
transition elements in the table of chemical elements have greater possibilities compared to other
methods of diffusion into semiconductor material.

REFERENCES

1. M.K. baxaneipxanoB /luccepranuonHas paboTa Ha COMCKAHHE YYEHOH CTENEeHH TOKTopa
¢u3uko-mMaTemarnueckux Hayk. Jlenunrpan. 1982. ¢ 479.

2. H.®. 3uxpwminaes, F.A. Kymmues, b.A. A6aypaxmaHoB, VX. Kyp6onosa, K.V. Baxo6os.
“GeySizy OupuKMaiapy MaBKyJ KpEeMHUN MaTepuaiy OJMIIHUHT UCTUKOOJUIapu’// xypHan
JAH PVY3, 2022. Ne5. ¢ 21-26.

3. AT. 3axapoB, lO.b. Kakypun, H.A. ®@wmnenko. MoaenupoBaHnue MpoLECCOB
MacconepeHoca B HEOJHOPOJHBIX TBEPAbIX TeJlaXx C YydeTroM ajiekTporudpdysuun //
EcrectBennnie Hayku. 2009. Ne 2. C. 35-37.

4. A.T. Bapexon. Onextpomuddy3us 30HIUPYIOMUX HOHOB K TOBEPXHOCTH YACTHUIL
ounoxosmonioB // Hayanoe npubopoctpoenue. 2017. T. 27, Ne 4. C. 24-33.

5. K.B. lllanumoBa. ®u3uka noiaynpoBoHUKOB. MockBa sHeproaromusaat 1985.

6. b.W. bonrakc. uddy3us u Toueunsie nedexTsl B moynpoBoauukax. «Haykay, JIeauHrpas
—1972.

110



SCIENCE AND INNOVATION
INTERNATIONAL SCIENTIFIC JOURNAL VOLUME 2 ISSUE 8 AUGUST 2023
UIF-2022: 8.2 | ISSN: 2181-3337 | SCIENTISTS.UZ

10.

11.

12.

13.

14.

Isakov, B., Hamrokulov, S., Abdurakhmonov, S. and Abdurakhmonov, H., 2023. DOPED
SILICON WITH GALLIUM AND ANTIMUM IMPURITY ATOMS. Science and
innovation, 2(AS5), pp.255-261. https://doi.org/10.5281/zenodo.7979273

baxanpipxanoB, M.K., Kenxaes, 3.T., Typekees, X.C., UcakoB, b.0. and Ycmonos, A.A.,
2021. Terrepupylomme CBOWCTBA HHKENS B KPEMHHUEBBIX (oToanementax. KypHan
Texuuueckor puzuku, 91(11), pp.1685-1688. DOI: 10.21883/JTF.2021.11.51529.99-21
Isakov, B.O., Rakhmonov, B.R. and Subkhonberdiev, S.N., 2022. Influence of Impurity
Atoms of Gallium and Antimony on the Concentration of Optically Active Oxygen in the
Silicon Lattice. https://journals.researchparks.org/index.php/IJOT/article/view/3146/3066
AbnypaxmanoB b. A., HMcamoB C. b., Kymmer I A. ABTOMATU3NPOBAHHAS
YCTAHOBKA OITPEAEJIEHUA TTAPAMETPOB ITOJIYITPOBOAHMKOB METOJIOM
BAH JEP ITAY //TTPUBOPHI Ne. 2. — C. 14-18.

Kushiev G. ELECTROPHYSICAL PROPERTIES OF BINARY SILICON-GERMANIUM
COMPOUNDS IN SILICON //Science and innovation. — 2023. — T. 2. — No. A6. — C. 326-
330.

Zikrillaev, N. F., Koveshnikov, S. V., Isamov, S. B., Abdurahmonov, B. A., & Kushiev, G.
A. (2022). SPECTRAL DEPENDENCE OF THE PHOTOCONDUCTIVITY OF Ge x Sil—x
TYPE GRADED-GAP STRUCTURES OBTAINED BY DIFFUSION TECHNOLOGY.
Semiconductors, 56(1), 29-31.

M.K. baxaneipxanoB, X.M. Nnues, ['.X. Masnounos, K.C. Arwmnos, C.b. Hcamos, C.A.
TaumsmH. KpeMHMI ¢ MarHUTHBIMM HAHOKJIACTEPAMHM aTOMOB MapraHlia — HOBBIA KJIacc
(dboToMarauTHEIX MaTepuanoB. JKypHan Texuuueckoit puszuku, 2019, tom 89, Beim. 3. DOL:
10.21883/JTF.2019.03.47179.184-18

Hamrokulov, S., Kushiev, G., Isakov, B. and Umarkhodjaeva, Z., 2023. DIGITAL
MICROSCOPE ANALYSIS OF CHEMICALLY CLEANED SILICON SURFACE. Science
and innovation, 2(AS), pp.138-142. https://doi.org/10.5281/zenodo.7952162

111



