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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.
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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
clectronics 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 (# I), 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 11
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 I 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 (0,0591.5 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 arca of silicon 701 Y 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
t0 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).

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 ¢) by the Scherrer formula (1) [14] we
determined average size of B-SiC nanocrystals in different planes:

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

determined from meaning g =./8.8, [15]. By =B-b [14]. B, =V B> b [16], where B — half-width
of the X-ray line adjusted for doublet line CuK,, » — instrumental half-width component of line.
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Figure 1 — The surface profile and roughness of the SiC films of II series sample (a)
and II series sample (b) at areas 35049263 microns

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).
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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.
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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 /(26) (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 lincar
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 130435
mm in the plane (111), 70460 mm in the plane (200), 85470 mm in the plane (311) and 60485 mm in the
plane ( 420). In contrast, for the sample of 11 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
3654220 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].

Fig. 3 a, b shows e¢lliptical plots, in other words dependence of &; real and imaginary &, parts of
samples I 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
7 —
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approximately on a sample of series I - 95 nm, on a sample of series II - 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%.
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Figure 3 — Dependence of ¢, real and g,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 1), 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 c¢llipsometric spectra, the
thickness of SiC layer on the sample of I series is 95 nm, on a sample of series [T 1s 110 nm.
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AKAVYBI A3 KPEMHUI MATPUIIAJIA PBIHIAFBI ATOM/IAPJIBIH OPHBIH
BACY OJIICIMEH AJIBIHFAH SIIUTAKCHAJIIBI SiC KABBIPIIAKTAPBIH PEHTTEH/IK TAJIJTAY

Annotarmus. Axaybl a3 M-5168 mapkanbl KpeMHUIT MaTpUIaTapbHbH OeTiHe, KPeMHUIIH KPUCTAIIBIK TOPBIHAAFEI
aToMIappH OpHBIH Gacy omici apkputhl SiC KaGwIpriakTapsl cHHTe3en 1. PeHTrenmik mudpakims, mpodrioMeTpusl KoHe
AIUTHIICOMETPHS d1icTepi apkbutbl, CO skore SiH4 ra3 KocmanaphHBIH aTMoc(epachHIa JKOFaphIOM/IHI MOHOKPHUCTAIIBI N-THIITL
Si(111) matpuriana cuHtesnenreH SiC KaGBIPIIaKTapbIHbIH (a3alblk KypaMbl, KATBIHABEH XKaHe carachl 3eprreminml. CuHTes-
JIeTreH KaOhIpImaKTap KypaMbIHIa, JKeTUTy Japeskeci skoraphl P-SiC KpuCTaTMTTEpiHe M€ MOHOKPHUCTAIIBI YKOHE HAHOKPHC-
Tanpl 3C-SiC xabatTap Gap exeHairi kep-ceTini. « KaGpIpIiak-MaTprIay oTIeNi alfMakTarbl KpeMHHH KapOu/Ii HaHOKpUCTaTIa-
PHIHBIH emeMaepi 3 — 5 HM Kypaiiipl. SiC KaGhIpIak, KaTbIHABIFE ~ 95-110 HM »kone Si BakaHcus Memmepl ~ 5-0.5 % Gomran
JKar faiiia, KpeMHH KapOUIIHIH ipl KPUCTATIaphIHBIH HeMece MOHOKaGaTTapbIHBIH enrmeMaepl 35-365 MM Kypaiapt. JKyMmbic-
TBHIH HOTWDKETEPl HAHO- JKSHE MUKPOSIEKTPOHUKA/A, KYH SIIEMEHTTEePIH eH/Ipy e MaiialaHbuTy bl MyMKIH.

Tyiiin cesmep: kyKa KaSbIpIIaKTap, KpeMHI KapOu/ii, KYPbUIHIM, KPUCTAIIaHY, PEHTTEH K AP PaKITHSL.
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PEHTTEHOBCKUI AHAJIA3 SIINTAKCHAJILHBIX INIEHOK SiC, BBIPAIITEHHBIX METOIOM
SAMEIINEHUA ATOMOB HA ITOJAJIOKKAX HU3KOAEPEKTHOI'O KPEMHU A

AnnoTtarus. B paGoTe Ha TIOBepXHOCTH HI3KOIePEKTHBIX TIOI0KEK KpeMHMST Mapku M-5168 cuHTesnpoBaHb! mieHku SiC
METO/IOM 3aMETTeHUSI aTOMOB B pelieTke KpeMHusl. MeTolaMi peHTT€HOBCKOH JU(paKiiuy, SIUTUIICOMETPUU U IPOQUIOMETPUI
HCCIIE/IOBAHBI ITIEPOXOBATOCTh ITOBEPXHOCTH, (a30BBII cOCTaB, TONIMHA W KauecTBO IUIEHOK SiC, CHHTE3HPOBaHHBIX B
BBICOKOOMHOM MOHOKPUCTAITMYECKOM KpeMHuM n-tria opueHTarmm (111) B cmecu razoB CO wm SiH4. Ilokaszano, drto
CHHTE3UPOBaHHbIE INICHKH COJIepkaT B ce0e MOHOKPUCTAILI-TUUECKUI U HaHOKpUcTamnueckue cion 3C-SiC ¢ KpuctammraMu
B-SiC BBICOKOH cTelleHH coBepIieHcTBa. PazMeppl HAHOKPHUCTAIUIOB KapOuja KpeMHMSI B IIepexojHONH 0o0lacTH «IUIeHKa-
TI0JVTOKKa» COCTAaBIBIOT BEMMUMHBL 3—5 HM. PasMepbl KPYITHBIX KPUCTAIOB MM MOHOCIOEB KapOuja KPeMHHSI COCTABHIN
BENMYUHEI B TIpeienax 35-365 MxwM mpu tommmuHe ieHok SiC ~ 95 — 110 HM 1 KomvecTBe BakaHceHi Si ~ 5-6,5 %. Pesynprate
MOTYT OBITh HCIIOIb30BaHbl B HAHO- U MUKPORJIEKTPOHUKE, B IIPOU3BO/ICTBE COTHEUHBIX 3JIEMEHTOB.

KitoueBble cioBa: TOHKHE IVIEHKY, KapOU/I KPEMHHUS, CTPYKTYPa, KPUCTAIUIH3AIMS, PEHTT€HOBCKas! U PaKITHSL.




