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X-RAY ANALYSIS OF SIC EPITAXIAL FILMS GROWN
BY METHOD OF ATOM REPLACEMENT
ON LOW DISLOCATION SILICON SUBSTRATE

Abstract. In this work, SiC films were synthesized by method of atoms replacement in the silicon lattice of on
the surface of low dislocation silicon substrates M-5168 brand. By methods of X-ray diffraction, ellipsometry and
profilometry, the surface roughness, phase composition, thickness and quality of SiC films synthesized through the
substitution of atoms in high-resistance monocrystalline (111) oriented n-type silicon wafers in a mixture of gases
CO and SiH,, were studied. It is shown that the films contain the both nanocrystalline and single crystalline 3C-SiC
layers with B-SiC crystallites of high degree of perfection. Dimensions of silicon carbide nanocrystals in the
transition region "film-substrate" constitute values of 3 — 5 nm. Dimensions of large crystals of silicon carbide or
monolayers reached values within 35 — 365 microns with a thickness of SiC films ~ 95 — 110 nm and the quantity of
Si vacancies about 5 — 6.5 %. The results can be used in nano- and microelectronics and in the production of solar
cells.

Keywords: thin films, silicon carbide, structure, crystallization, X-ray diffraction.

Introduction

Silicon carbide is a wide gap semiconductor which has a high thermal conductivity, hardness and
high values of intensity breakdown of electric field. It is one of the most promising materials for use in the
electronics industry. The physical and electrical properties of SiC led to great interest in electronic devices
and sensors on the basis of silicon carbide for use in high temperature and radiation [1-4]. Amorphous and
crystalline SiC films are also used in photovoltaic [5,6].

In recent years, it was theoretically developed and experimentally implemented a new method of
growing thin low defective SiC films on Si [7-9]. The method is based on the replacement of matrix part
of silicon atoms to carbon atoms with formation of silicon carbide molecules: 2Si + CO = SiC + SiO. SiC
films were synthesized in special equipment described in [9]. SiC films investigated in [8,9] were grown
on standard silicon substrates p- and n-type conductivity. In [8] it was shown that the higher quality of the
original substrate Si, the higher the quality of the grown SiC layer structure. In this regard, in this study
there was investigated the formation of SiC films on the surface of low defective M-5168 grade silicon
substrates.

Experiment

For this purpose, a series of films was prepared (# 1), grown at 1250 ° C and at pressure of CO gas at
264 Pa low dislocation silicon surface. The growth time of these films was 15 min. Another series of II
films was synthesized for 7 minutes at a temperature of 1330 ° C and at gas pressure of 395 Pa CO [10].

The substrates were silicon wafers of high quality n-type (111) with a resistivity of 1987 - 3165
ohm-cm, 1300 microns in thickness and 20 mm in diameter. By bilateral grinding and polishing there been
removed 100 mm on each side of the silicon wafer. Further II Series samples were subjected to chemical
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etching in acid mixture in a ratio of HF:HNO3 = 1:10 to 870 micron, and then in an alkaline KOH
solution. Samples of I series were subjected only in the alkaline etching solution KOH.

The roughness of the films was investigated with the help of the profilometer NewView 6000
(company Zygo). Phase composition and structure of the films were studied by a highly sensitive
photographic X-ray diffraction using narrow collimated (0,05x1.5 mm?) monochromatic (CuKa) X-rays
directed at an angle 5° to the sample surface [11, 12]. The intensity of X-ray reflections was measured
every 0,1° on MD-100 microdensitometer. In order to determine the physical parameters of the films we
used ellipsometer M-2000D J.A. Woollam, which allows reading the ellipsometric spectra in the range of
0,7-6,5¢V.

Results

As research shows, the roughness on the profilometer NewView 6000 (company Zygo), at
considerable area of silicon 701 x 526 mm (Fig. 1 a), in the treatment of the mixture of I series sample
acids leads to an increase in the average surface roughness R, of the silicon surface in the 88.5/3 7 =24
times and an average surface roughness of synthesized silicon carbide films on I series sample estimated
to 21.168 / 5.684 = 3.72 times. Thus, chemical treatment in a mixture of HF acid: HNO; removes the deep
scratches (Figure 1 b), but leads to increase the average surface roughness R, (figure 1).

+40.00

Figure 1 — The surface profile and roughness of the SiC films of II series sample (a)
and II series sample (b) at areas 350%263 microns

Figure 2 a, b clearly shows the X-ray debayegrams for the samples of SiC series I and II contain
almost all of the known B-modification of silicon carbide (3C-SiC).

With Jones method [13] of the x-ray line broadening (Fig.2 c¢) by the Scherrer formula (1) [14] we
determined average size of B-SiC nanocrystals in different planes:

RA

- 1
¢ [-cosf’ )

where € — average crystallite size (nm); R = 2,86 cm — camera radius (cm); A = 0,1540 nm — wavelength
of CuK,-ray (nm); 6 — Bragg angle; p — line broadening. The value of the x-ray line broadening f is

determined from meaning 8 =./g,4, [15], Bs=B-b [14], B, =+ B> —b* [16], where B — half-width

of the X-ray line adjusted for doublet line CuK,, b — instrumental half-width component of line.
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Nano crystallite size SiC for sample I comprised values of 4,5 nm in planes (111), 3,1 nm in planes
(220) and 3,0 nm in planes (311).

As it was shown in [9], SiC layer consists of SiC film layer covering triangular and shrink pores. At
larger value of super saturation, the critical radius of nucleus pore has a size of a few nanometers, the
critical pore radius shrinkage is of the order of atomic dimensions. This means that SiC embryo is
surrounded by vacancy clusters that can merge into thin cracks surrounding the seed embryo. [9] Thus,
measurement data on the nanocrystals of silicon carbide indicate that SiC nucleation sizes in the transition
region "film-substrate" constitute value of 3-5 nm.

- S A8 &5 & &
L AN -y S e [a\] (a2)
— A o ¥ T I 0
N’ N’ N’ -’ N’ S’ N’ e’
QO O UL U LOL L O
o o . o o = o o - © -
N N 70! mml 7] mlw cnl ml

Q.

3
3

-
C) 1'-" o —— — |
[y = L B B == T o B O
1.1 L] = F R B R i o B o
. — e cleml 1 TF oen = o R
F=l === === ===
1.0 — oy Lo DS
b ]| o = P e L R L. IL B
L] @2 AR e WATaUe U2
=09 Al bbby
& SRR
- 0.8 1 1 1 'f 1
. 1 I |} |}
Loy Py Y
- [ n
0.7 | '
0.6 -
0-'\ TR N AR N AN AN RN NN NN AR TR NN TN TN

25 45 65 85 105 125 145
208, grade

Figure 2 — X-ray powder patterns of thin film of silicon carbide I (a) and II (b)
and the intensity of the X-ray reflections /(20) (c), synthesized by substitution of atoms

Some lines of nanocrystalline phase B-SiC show single reflex overlay resulting from a large crystal
reflection of silicon carbide formed in the area of X-ray beam insertion into narrow collimated surface.
The method of Clark and Zimmer, based on the measurement of the size of spots and described in [15] is
used, according to this method, changes in reflex sizes from 0.20 to 1.20 mm corresponds to a linear
change from 0.010 to 0.085 mm grain size. With this method we determined size of B-SiC large crystals.
For a sample of I series, sizes of large crystals or monolayers of silicon carbide totaled value of 13035
mm in the plane (111), 70x60 mm in the plane (200), 85x70 mm in the plane (311) and 60x85 mm in the
plane ( 420). In contrast, for the sample of II series, we observed reflex, comparable in size to the reflex of
the Si substrate and the beam size. This reflex, which lies on a line B-SiC (333) corresponds to a crystal
365%x220 mm and indicates the presence of the layer of B-SiC monocrystalline. Thickness of SiC films
synthesized by substitution of atoms not normally exceed 100-150 nm [9].
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Fig. 3 a, b shows elliptical plots, in other words dependence of &, real and imaginary &, parts of
samples [ and II series of the SiC film. Elliptical plots show that there are differences in structure of the
SiC films of samples I and II series. According ellipsometric spectra of SiC layer thickness is
approximately on a sample of series I - 95 nm, on a sample of series Il - 110 nm. Calculations using
ellipsometric model [17] have shown that series of samples I contain only 5% Si vacancies, in the samples
of II series - about 6.5%.

21 12 Variable Angle Spectroscopic Ellipsometric (VASE) Data
<e1> (59.00, 67.00, 75.00°) ‘ 21 12
18 9 <e1> (69.00, 67.00, 75.00°)
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Figure 3 — Dependence of ¢, real and e,imaginary parts of dielectric permeability
of films SiC / Si (111) from the photon energy for the samples of Series I (a) and II (b)

Conclusion

With the help of the method of substitution of atoms in the silicon lattice we synthesized two series of
SiC samples on the surface of the low defective silicon substrate of n-type (111) orientation (mark M-
5168) grown in a mixture of gases CO and SiH4. A series of samples (Ne I), was synthesized at a
temperature of 1250°C and at gas pressure of CO 264 Pa on the narrow dislocation silicon surface. The
growth time of these samples was 15 min. Another series of samples (Ne II) was synthesized for 7 minutes
at a temperature of 1330°C and at gas pressure of CO 395 Pa.

With the help of the method of profilometry it was found that treatment of HF acid in a mixture:
HNO3 = 1: 10 silicon substrate results in the removal of deep scratches, polishing their surfaces. On the
other hand, the chemical treatment causes etch pits and the increase in roughness in the whole surface.

With the help of the method photographically XRD it was showed that the synthesized film
comprises a single crystal, nanocrystalline layers and p-modification of silicon carbide (3C-SiC).
Dimensions of nanocrystals of silicon carbide in the transition region "film-substrate" constitute values of
3-5 nm. The dimensions of large crystals of silicon carbide or monolayers reached values within 35-130
microns up to 365 microns.

Calculations performed using ellipsometric model [17] showed that samples of I series only contain
5% of Si vacancies and in series of II samples - about 6.5%. According to ellipsometric spectra, the
thickness of SiC layer on the sample of I series is 95 nm, on a sample of series Il is 110 nm.
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! Kasakcran-bpuran TexHUKaIbIK YHUBepcHTETi, Anmatel, Kazakcran
2PFA Mammunarany Mocenenep nactutyThl, Cankr-IlerepGypr, Peceit

AKAYBI A3 KPEMHHUI1 MATPUIIAJIAPBIHIAFBI ATOMJAPIBIH OPHBIH BACY 9JICIMEH AJIBIHFAH
SMUTAKCHAJIBI SiC KABBIPINAKTAPBIH PEHTTEH/IK TAJIJAY

AnHOTammsi. Akayel a3 M-5168 mapkanbl KpeMHHUH MaTpULIAIApBIHBIH O€TiHe, KPEMHUHIIH KPUCTAJABIK TOPBIHIAFBI
aToMIapIblH OpHBIH Oacy omici apkputbl SiC KaObIpmiakrapsl cuHTe3nenni. PeHtrenaik mudpakims, npopHIOMETpHs >KoHE
syumricometpust anicrepi apkpuiel, CO sxone SiH4 ra3 KocnanapbIHBIH aTMOC(EPaChIHA XKOFAPBIOMIBI MOHOKPHUCTANBI N-THUIITI
Si(111) wmarpuuana cunresgenred SiC KaObIpIIAKTapbIHBIH (ha3ajblK KypaMbl, KaJbIHABIFBI JKOHE Ccamachl 3epTTEeNiHII.
CuHreszienreH KaObIpUIakTap KypaMblHIa, JKeTiny aspexeci jxorapbl B-SiC KpuCTaUIUTTepiHE HE MOHOKPHUCTAIABI JKOHE
HaHokpuctanael 3C-SiC kabarrap Oap exeHmiri kepceringi. «KaObIpimak-marpuna» oTIeNi aMakTaFrbl KpeMHHUH KapOwzi
HaHOKPUCTAJIAPBIHBIH onmemaepi 3 — 5 aM kypaiiasl. SiC KaObIpiiak KaabHABIFE ~ 95 — 110 HM >k0He Si BakaHCHS MOJIILEpi ~
5 — 6,5 % OornraH xarnaiina, KpeMHHI KapOUIiHIH ipi KpUCTAIIAPBIHBIH HEMECe MOHOKA0ATTapEIHBIH enmieMaepi 35 — 365 MM
Kypaiapl. JKYMBICTBIH HOTIIKENIEp] HAHO- KOHE MUKPOAJIEKTPOHHUKA/A, KYH JIEMCHTTEPIH OHIIpY/Ae NaijaTaHbuUTybl MYMKIH.

Tyiiin ce3mep: xyka KaObIpIIaKTap, KpeMHHUN KapOHIi, KYpbUIbIM, KPUCTAIIAHy, PEHTTeHIIK TU(PaKIsI.

YK 537.311:322
J.U. BakpanoBa 1 C.A. Kykymkun 2 LK. BeiicemGeros ', A.B. Ocunos %,
K.X. Hycynos ! H.B. Beiicenxanos ', B.K. Kerxaaues ', B.JK. Ceiitos !

1Ka3aXCTaHCK()-BpI/ITaHCI<1/1171 TEeXHUYECKUH yHuBepcureT, Anmarsl, Kazaxcran
2I/IHCTI/ITyT npobiem mammHoBeaeHus PAH, Cankr-IletepOypr, Poccus

PEHTTEHOBCKH AHAJIA3 SITMTAKCHAJBHBIX IVIEHOK SiC, BRIPAIIIEHHBIX METOJIOM
3AMEHIEHUSA ATOMOB HA NOJJIOKKAX HU3KOJAE®EKTHOI'O KPEMHUS

AnHoTanus. B paboTe Ha MOBEpXHOCTH HU3KOAC()EKTHBIX MOMIOKEK KpeMHHUS Mapku M-5168 cuntesnpoBans! mieHKH SiC
METOJIOM 3aMEIIeHNUs] aTOMOB B PeIIeTKe KpeMHHUs. MeTogaMi PeHTI€HOBCKOH TU(PAKIH, IUTUIICOMETPUH U IIPOGHIOMETPHN
HCCIIENOBAHBl IIEPOXOBATOCTh ITOBEPXHOCTH, (PAa30BEIH COCTaB, TOJIIMHA M KadecTBO IUICHOK SiC, CHHTE3NMPOBAHHBIX B
BBICOKOOMHOM MOHOKPHCTaJUIMYECKOM KpeMHHH n-tuma opuenrtamuu (111) B cmecm razoB CO u SiH4. Ilokaszano, uto
CHHTE3MPOBaHHBIE IUICHKU COJIepKaT B cebe MOHOKPUCTAIINYECKHI 1 HaHOKpHucTaumdeckue ciion 3C-SiC ¢ kpucraumramu B-
SiC BbICOKOIl cTeneHn coBepuIeHCTBA. Pa3Mepbl HAaHOKPHCTAUIOB KapOuja KpeMHUs B IEPEXOAHOM OOJACTH «IUICHKa-
MOAJI0XKKA» COCTABIAIOT BEMMYMHBI 3 — 5 HM. Pasmepbl KpyMHBIX KPHUCTAIIOB MM MOHOCIOEB KapOHga KPEMHHsS COCTaBUIN
BEIIMYUHBI B npezienax 35-365 MkM npu ToimuHe mieHok SiC ~ 95 — 110 HM 1 KosmdecTBe BakaHcHit Si~ 5 — 6,5 %. Pesynbrathl
MOTYT OBITh UCTIONB30BAHBI B HAHO- U MUKPOSJIEKTPOHUKE, B IPOU3BO/ICTBE COIHEYHBIX HIIEMEHTOB.

KiioueBble cj10Ba: TOHKHE IUICHKH, KapOH KPEMHHUS, CTPYKTypa, KPUCTAIUTN3ALHS, PEHTTCHOBCKAs TU(PPaKIIHS.

— 68 ——



ISSN 2224-5227 Ne 6. 2016

CONTENTS

Chemistry

Shadin N.A., Anderson J. A., Zakarina N. A., Volkova L.D. Zeolite containing (HY+HZSM-5) catalyst on pillared
Al-montmorillonite for cracking of weighted vacuum @as O1l..........o.iuiuiieieii e 5

Social sciences

Kurmanov N., Satbayeva A., Rakhimbekova A., Makhatova A. Human development index: place of Kazakhstan in the

MOAEIT WOTTA. ..o e e e 14
Panzabekova A.Zh., Tyurabayev G.K. The system of payment and stimulation of labor at real sector enterprises

OF KAZaKNSTAN .....ooniei e e e 20
Tyurabayev G.K., Nesipbekov Ye. N. Work with personnel pool as a constituent of educational organizations development

PIOCESS eevietieuietieiteite et sttt sb e eb e ebteb e e st et e e e bt e bt bt e bt eb e eh e eh b et ea s e ettt se e e h e s bt e bt e bt e st et et et e e bt e bt eh e e bt e b s e Rt ea e et et e ehe et ebeeh e e bt bt et et e st et e b e eheebeenes 27

Physics

Ramazanov T.S., Kodanova S.K., Issanova M.K., Tikhonov A., Kaikanov M. Transport properties of inertial

CONFINEMENT FUSION PLASIIIAS. ...ttt ettt ettt et b et b et et e st e st b e e e st b et es et emeebenses e benees e seseebeneeseaseneaseneesennane 34

Myrkalykov B.S., Tulekbaeva A.K., Shingisov A.U., Ospanov A.B., Simov Zh.I. The development of organization

StANdards 0N SHEEP MK .....c.iiuiiiiiieeee ettt b e s bbbt st et et e s e bt s bt bt bt e bt et et et e b e e b e bt e bt eneeas 43
Magzieva K.T., Zhapayev R.K., Yussupov A.G., Beglov R.B. Kazakhstan dandelion taraxacum Kok-Saghyz — an

alternative source of natural rubber (Taraxacum Kok-Saghyz L.E. ROAIN).......ccccceriririeiieieieieieieeeeee e 53

Bakranova D.1., Kukushkin S.A., Beisembetov LK., Osipov A.V., Nussupov K.Kh., Beisenkhanov N.B., Kenzhaliev B.K.,
Seitov B.Zh. X-Ray analysis of sic epitaxial films grown by method of atom replacement on low dislocation silicon

SUDSITALE. ...ttt st h et et h e st e h e s R e s et R e s Rt e e s st e e et Rt e e st se et et ne st a et er e e st ae e enens 64
Batryshev D.G., Ramazanov T.S., Dosbolayev M.K., Gabdullin M.T., Yerlanuly Ye. Synthesis of carbon nanotubes

by plasma enhanced chemical deposition method in radio-frequency capacitive discharge...........cocoeeveeieiienenenenenenenenee. 69
Burkitbayev M.M., Islamov R.A., Kustova T.S., Kon G.A., Sabitov A.N., Ilin A.I. The study of acute toxicity of nanosulfur.. 76
Demyanova A.S., Danilov A.N., Burtebayev N., Janseitov D.M., Kerimkulov Zh., Alimov D.K., Mukhamejanov Y.S.

Exotic states of *C nuclei With abnormal TAAE ...............co..ovverreeereeeeseeeeeeeeeeeeeeeeeese e eee oo eeeeseseseseees 83
Zhussipbek G. Egalitarian liberalism of john rawls and building of just and human-centric societies in post-soviet area.... 86
Genbach A.A., Jamankulova N.O. Characteristics of the single steam bubble in cells of capillary-porous structure.............. 92
Sarsengeldin M.M., Slyamkhan M.M., Bizhigitova N.T. Analytical solution of heat equation with moving boundary

not tangent to axis bY Neat POLYNOIMIALS. .....cc.eeuieuiiiiiiiiiet ettt b e e bbbt b e eb b et et et et et e e saesbe b sbeessaeaes 100

— 107 =——



Hoxnaovr Hayuonanwvroii akademuu nayk Pecnybauxu Kazaxcman

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the work described has not been published previously (except in the form of an abstract
or as part of a published lecture or academic thesis or as an electronic preprint, see
http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where the
work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in English
or in any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the originality detection service Cross Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmieHus cTaThy s MyONMKAIMK B )KypHajle CMOTPETh Ha caiTe:

www:nauka-nanrk.kz

ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)

http://www.reports-science.kz/index.php/ru/

Penaxropsl M. C. Axmemosa, /]. C. Anenos, T.A. Anenoues
Bepcrka Ha kommnbrotepe A.M. Kyiveunbaesoui

IMoamucano B mevats 09.12.2016.
®dopmat 60x881/8. bymara odcetnas. [leuars — puzorpad.
5,5 m.a1. Tupax 2000. 3aka3s 6.

Hayuonanenas axademus nayx PK
050010, Anmamut, ya. Llesuenxo, 28, m. 272-13-18, 272-13-19



