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Using spectrophotometry and electron microscopy, the properties of disordered SiC
films have been studied. A nontrivial character of spectral absorption has been revealed
depending on the structural and polytype constitution of the films. SiC polytypes forming
the film and the band gap widths have been determined. It has been shown that in this
case, it is possible to obtain the information on the optical band-to-band transition
modification depending on the film structure property and phase composition as well as on
the influence of various phases and SiC film crystallinity extent on the band gap width.

C mcmosbpb30BaHMEM METOLOB CIEKTPOMOTOMETPHUM U 9JIE€KTPOHHON MUKPOCKOIINM H3yYEeHbI
CBOMCTBA HEYIIOPSJAOYEHHLIX IIEHOK Kapbuga KpeMuHusa. OOHAPYKeH HeTPUBUAJLHBINA Xapak-
Tep CIeKTpa IOrJOIIeHNs, SABUCAIIUNA OT CTPYKTYPHI U IIOJUTHUIIHOTO COCTaBa IIJIEHOK.
OmpeesieHbl MOJMUTAIIBI KapOuga KPeMHUS, BXOJSIINEro B COCTAB IJIEHKH U BEJIWYUHBI OIITH-
YeCKOM MIMPHUHBI 3aIPeniéHHON 30HbI. [[oKa3aHo, YTO MOPU 9TOM MOMKHO IOJYYUTL MH(MOPMA-
A0 O BUAOW3MEHEHHM OITHYECKHX MEXK30HHBIX IIePeXO0J0B B 3aBHCHMOCTH OT M3MEHEeHUS
CTPYKTYPBI 1 ()a30BOr0 COCTABA ILIEHOK M O BINSHUN PASIUYHBIX (a3 U CTEIeHU KPHUCTAJ-
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auuHOoCTH ILIEHOK SiC HAa mMMpPHHY 3aIpeniéHHON 30HEL.

Thin silicon carbide films demonstrate
some properties that make these materials
rather promising for application in fields of
optics and electrooptics. The modern ion-
plasma technology of SiC film fabrication
provides deposition of thin silicon carbide
films (either in crystalline or amorphous
state) onto dielectric substrates [1]. Amor-
phous films are peculiar in possessing the
density-of-state “tails” with the explicit
form being defined by value of deviation
from ideal periodicity; and edges of mobil-
ity zones which separate localized states
from non-localized ones. The above films
are a main experimental material for work-
ing up the manufacturing technology of
polycrystal and single-crystal SiC films [2].
To study such films, complex measurements
of their micro-structure, phase (i.e.,
polytype) composition and optical charac-
teristics are necessary. The goal of this
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work is to study the most informative char-
acteristics such as spectral dependences of
absorption and reflection of silicon carbide
films in connection with their microstrue-
ture and polytype composition.

Subjected to these studies were two se-
ries of silicon carbide films of about
100 nm thickness prepared by direct ion
deposition onto KCl| substrates being at
room temperature for the first series (I) and
heated up to T = 500°C for the second one
(IT). Influence of sapphire substrate tem-
perature (as well as energies of ions being
deposited) on structure and properties of
thin films have been investigated in detail
before [3]. The microstructure and phase
composition of silicon carbide films were
studied using transmission electron micros-
copy (a PEM-U electron microscope, 80 kV
acceleration voltage, with subsequent
photometric scanning of blackened photo-
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Fig. 1. Photometric curves of electron diffraction for the films of Series I (a) and II (b). Insets:
electron microscopic images of the films from Series I and II and diffraction micropatterns from

these films.

film) and plotting the dependence of photo-
film blackening intensity on the scanning
step length along diffraction ring diameter.
To evaluate the diameters of diffraction
rings, the blackening of photometric curves
was approximated by a set of Gaussians.
The above method was consisted in search
for resultant approximation curves that
would agree with experimental curve at a
minimal error. In fact, the optimal approxi-
mation was attained using 9 to 12 Gaus-
sians. In that cases, the r.m.s. deviation of
calculated results vs experimental ones
made up 2-1073. The use of approximation
techniques made it possible to determine the
diameters of halo rings and to evaluate the
degrees blurring and intensity of diffraction
reflections from the height and semi-width
of Gaussians. This addition by-product of
the above-mentioned method is especially
useful at investigation of disordered and
amorphous films in cases when boundaries
of halo are significantly blurred off (i.e.,
diffused). The optical properties of depos-
ited SiC-films were studied by measuring
the reflection and transmission spectra in
190-1100 nm spectral range, using a Per-
kin Elmer "LAMBDA-35" spectrophotome-
ter with a diffusion light reflection adapter.
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The Series I thin films are non-uniform
ones, that is, simultaneously with proper
irregularities (which resemble boundaries of
grains) clearly seen on background of amor-
phous matrix, there also exists a crystalline
morphology of rather regular rhomb-shaped
formations, about 30 nm in size. Fig. la
presents an electron diffraction pattern
taken from a disordered portion of an ex-
perimental film. The image shows a diffu-
sion-blurred halo with practically even in-
tensity that makes it impossible to distin-
guish between the profiles of diffraction
rings. Application of approximation meth-
odology used in this experiment made it
possible to discern the profiles of diffrac-
tion rings and thus to determine coordi-
nates of diffraction maxima for various
groups of SiC polytypes. Fig. 1b shows the
results of a similar experimental processing
of photometric curves for Series II thin
films containing about 800 to 1000 nm
sized crystalline inclusions. Results of ap-
proximation methodology in use are also
represented in Table.

As to the disordered areas of Series I
thin films, the most typical are reflections
with gravity center dj;~3.135 A which cor-
respond to silicon phase [4]. The remaining
atomic interplanar spaces correspond to
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Table 1. Structural parameters and polytupes of experimental samples

Sample dpn
Film of Series I 1.132/1.218| 1.309 1.54 1.692 1.92 2.17 2.511 | 2.135
the polytype 6H 6H 3C 3C, 4H, 15R 15R Si 3C 3C, 6H Si
Film of Series II [1.139(1.177|1.310 1,54 1.609 1.84 2.36 2.51 3.14
the polytype 4H 4H 3C 3C, 4H, 15R 4H 4H 6H 6H Si
cubic, rhombohedral, and hexagonal 600
polytypes of silicon carbide (3C-SiC, 4H-SiC,
6H-SIC, and 15R-SiC, respectively) with 500+
disordered structures [5]. 2
It is to note that as to Series II thin O 400}
films, the above-mentioned electron diffrac- =
tion pattern provides a more clear distine- 5300-
tion of diffraction rings. Judging from the N
Figure showing the approximation curves, Z200F
some changes can be noted for locations and x=3
semi-widths of peaks, which all is an evi- 100 P
dence of dj;;. value variation. These re- Vo
) ) ol 178Vt " Tousey ) ) )
sults demonstrate that the series II films g

contain polycrystalline areas with experi-
mentally obtained dp; values being in
agreement with the same parameter for sili-
con carbide of hexagonal 4H-SiC structure
and 6H-SiC inclusions.

Fig. 2 represents the spectral depend-
ences (ahv)l/2 on the photon energy for two
types of thin films. Here, o is the absorp-
tion coefficient, its measurement procedure
is described in [6]. The Figure clearly shows
that spectral curves of absorption differ no-
tably from each other. Thus, values of E
for optical gap (determined from the funec-
tion (ahv)/2 plot) made up 1.78 eV and
2.45 eV for Series I and Series II thin
films, correspondingly.

Moreover, there are further differences
in exponential sections of curves. The Ur-
bach energy Ef; (which is known as a meas-
ure for disorder) evaluated from the spectra
made up 0.9 eV and 0.5 eV for Series I and
Series IT samples, respectively. Thus, values
of E, and Ey demonstrate an ordering of
structure, being in a good correlation with
results of electron microscopy examina-
tions. It has been shown that with increas-
ing substrate temperature, the crystal-
lization processes become intensified,
whereby composition of polytype phases
tends to shift towards area of hexagonal
polytypes. The optical gap E, values for Se-
ries IT samples tend to increase, making up
approximately a mean arithmetic value be-
tween those values of optical forbidden
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Fig. 2. Spectral dependences of (ahv)l/2 value
on photon energy.

bands for polytypes silicon carbide 3C, 4H,
6H, 15R and Si.

Thus, it has been shown that utilization
of independent analysis methods of spectro-
photometry techniques and electron micros-
copy makes it possible to get detailed char-
acteristics of silicon carbide films in vari-
ous phase and structural states. As a result,
the information becomes available on trans-
formation of optical interband transitions,
depending on changes in the film structures
and phase compositions, influence of differ-
ent phases on band gap width, and crystal-
linity degree of SiC films.
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CTpyKkTypHi Ta ONTHYHI XapaKTepPUCTHKH
HEBIOPAIKOBAHUX ILIIBOK KapoOily KpeMHiio

O.B.JIonin

3 BUKOPHCTAHHSAM METOHiB crekTpodoromerpii i esekTponHOoli Mikpockomii mocaimskeHo
BJIACTMBOCTI HEBIIOPSAKOBAHMX ILIIBOK KapOigy KpemHiio. BusBieHo HerpuBiajbHUI xXapak-
Tep CIeKTpa MHOIJIMHAHHS, 3aJeKHHUIN Bil CTPYKTYpH i mOJiTHMHHOrO cKJaaxmy MIiBoK. BuaHa-
YyeHO MoJiTunm Kapbizy KpemuHiio, [0 BXOZATHL A0 CKJALy ILIIBKM, i 3HAYEHHS ONTUYHOI
mupuHU 3a0opoHeHoi 3ouu. ITokaszaHo, [0 HPU BOMY MOXKHA OTPHUMATH iH(MOPMAIiI0 IIPO
BUIO3MIHY ONTHYHHMX MIiK30HHMUX IIePEeXO[iB 3ajie;KHO Bix sminum crpykTypu i ¢asosoro
CKJAaLy IUIIBOK, NMpo BILIMBU pisHux ¢as Tta mipum kKpucrajgiumocti mriBok SiC ma mumpuny
3a00pOHEHO1 30HU.
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