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Titanium carbide films have shown an extensive development during the last decades as coating mate-
rials. Titanium carbide shows excellent mechanical and chemical properties like a high melting point, hard-
ness and great chemical and thermal stability. Titanium carbide films were deposited on glass and mono-
crystalline silicon substrates by direct current (DC) magnetron ion-plasma sputtering process from graph-
ite/titanium combined target. Titanium carbide films with various C/T1i ratios can be deposited by DC mag-
netron sputtering using titanium sheets on the graphite target erosion area as a solid carbon source. The
dependence of substrate temperature (150, 250, 350, and 450 °C) on the formation of titanium carbide
phase was studied by X-ray diffraction analysis and Raman spectroscopy. The samples were studied by two
different Raman spectrometers: AFM-Raman instrument Solver Spectrum (NT-MDT) with 473 nm laser and
NTegra Spectra (NT-MDT) with 473 nm and 633 nm laser. The stoichiometry of deposited films was deter-

mined by energy-dispersive X-ray spectroscopy analysis.
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1. INTRODUCTION

The use of titanium carbide as coating materials has
shown an extensive development during the last dec-
ades [1]. Titanium carbide (TiC) presents excellent me-
chanical and chemical properties like a high melting
point, hardness and great chemical and thermal stabil-
ity [2-8]. TiC coatings produced by PVD methods have
high hardness and wear resistance [9]. Deposition of
titanium carbide films can be achieved by co-sputtering
of carbon and titanium targets from mixed carbon and
titanium plasma streams [10]. There is a report about
deposition of TiC using reactive plasma sputtering sys-
tem with titanium substrate and argon-acetylene gas
mixtures [11]. Titanium carbide films with various C/Ti
ratios can be deposited by DC magnetron sputtering
using carbon sheets on the Ti target erosion area as a
solid carbon source [12]. In this work, we report the
deposition of TiC films by DC magnetron sputtering
method with combined graphite/titanium target at dif-
ferent substrate temperatures.

2. EXPERIMENTAL

Titanium carbide films were deposited in magnetron
sputtering system with DC power source. The target
was pure graphite substrate 99.99 % with forty-
millimeter diameter and the pure titanium round foil
99.999 % (40 mm diameter), which was cut into eight
sectors and placed above the graphite target as a pie
pieces. The graphite-titanium erosion area ratio was
50 %/50 %. The magnetron was continuously cooled by
water flow. Special substrate holder with heating ele-
ments could increase the substrate temperature up to
450 °C. The substrate and target distance was 120 mm.
Titanium carbide film was deposited on glass and n-
type monocrystalline silicon <100> substrate surfaces
(with 1 cm? area). Experiments were conducted in vacu-
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um system VUP-5. After loading the samples in the
working chamber, vacuum was produced up to 10~ Pa.
Pure argon gas (99.999 %) was used as a working gas.
Argon gas was introduced into the working chamber at
constant flow. The working plasma discharge power was
90 W (600 V, 150 mA). The working pressure was ~ 1 Pa.

With 90 W power, we conducted experiment for one
hour (60 min) without heating the substrate holder. All
the subsequent experiments last the same time. Due to
the plasma discharge influence, the sample was heated
up to 150 °C at the end of the experiment. We did the
same experiments with substrate holder temperatures:
~ 200 °C, ~ 315 °C and ~ 425 °C (which rose up to ap-
proximately 250 °C, 350 °C and 450 °C, respectively,
due to the plasma discharge influence). Deposited films
were analyzed by XRD, Raman spectroscopy and EDS
analysis. XRD analysis was performed on DRON-7
X-ray diffractometer with CuK-alpha radiation with
1.5404 A wavelength and 0.1-degree scanning steps.
Raman spectra were obtained by AFM-Raman instru-
ment Solver Spectrum (NT-MDT) and NTegra Spectra
(NT-MDT). Energy dispersive X-ray spectroscopy anal-
ysis was performed on scanning electron microscope
(FEI, Quanta 3D 200i).

3. RESULTS AND DISCUSSION

XRD patterns of titanium carbide films deposited on
the surface of glass at temperature range from 150 °C to
450 °C are shown in Fig. 1a. XRD pattern shows a broad
peak from 10 to 40 degrees, which belongs to glass sub-
strate. There is a distinct peak at ~ 42.2 degrees, which
is due to X-ray reflections from TiC (200) plane. Also,
there is a very weak peak from TiC (220) plane at
~ 61 degrees. The results of X-ray diffraction from TiC
film grown on the surface of monocrystalline silicon are
shown in Fig. 1b. In this XRD pattern, one can observe
the Si (111) peak at ~ 28.4 degrees and one more TiC
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peak from (111) plane at ~ 36 degrees, which could not
be seen from samples grown on the glass surface, be-
cause of the broad and intensive signal from glass.

One can see that the intensity of TiC peaks increases
with increasing substrate temperature. The increase of
atomic mobility during the deposition may lead to the
relaxation of the film structure to the lower energy state
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with the formation of (111) texture [13]. In our case, the
increase of atomic mobility is caused by the increase of
the substrate temperature. XRD results distinctly repre-
sent that increasing substrate temperature promotes the
formation of TiC phase. According to the XRD data, we
also can see that monocrystalline silicon is a more pref-
erable substrate for deposition of TiC films.
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Fig. 1 — XRD pattern of TiC thin films: (a) TiC films deposited on glass surface; (b) TiC films deposited on silicon surface
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Fig. 2 — Results of Raman spectroscopy (Solver Spectrum), 473 nm laser: (a) TiC film deposited on glass surface; (b) TiC film
deposited on silicon surface. Results of Raman spectroscopy (NTegra Spectra) of TiC film on monocrystalline silicon surface: (c)

473 nm laser; (d) 633 nm laser
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Fig. 2a represents the Raman spectra of titanium
carbide films on glass substrate registered by AFM-
Raman instrument Solver Spectrum (NT-MDT) using
473 nm laser of 35 mW power. There are two regions
observed in the Raman spectra of our films, from 100 to
800 cm™! and from 1200 to 1600 cm™!. The first region
corresponds to titanium carbide and the second region
occurs due to amorphous carbon phase. Raman spectra
of titanium carbide films deposited on monocrystalline
silicon wafer surface are shown in Fig. 2b. There is no
peak corresponding to amorphous carbon phase on
silicon substrate. Thus, we can conclude that the for-
mation of titanium carbide phase depends on the crys-
talline structure of the substrate.

Titanium carbide films on silicon substrate were
rescanned with another Raman spectrometer NTegra
Spectra (NT-MDT) in order to confirm the results of the
previous analysis with blue (473 nm) and red (633 nm)
lasers. The results of the analysis with different lasers are
shown in Fig. 2c and Fig. 2d, respectively. There are no
significant differences occurred during the scanning with
blue laser. While with red laser, we observe a good signal
to noise ratio and splitting the broad peak from ~ 100 to
~ 400 cm™ into two peaks with maxima at 263 cm™ and
325 cm™ for the samples obtained at 350-450 °C tempera-
ture range. The low-frequency peaks at 263 cm™ and
325 cm™! are associated with acoustical phonons of titani-
um carbide and/or nitride phase and the peak at
~ 665 cm™ is due to titanium-carbon vibrations [14]. In-
creasing substrate temperature causes the rise of a peak
at ~665 cm™ and the decrease of the peak intensity in
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range from ~ 100 to ~ 400 cm™1. The width, frequency and
intensity of the Raman peaks strongly depend on defects,
chemical composition, short-range order, crystalline struc-
ture and internal stresses in material. It is known that
scattering in acoustic range (LA and TA modes) is deter-
mined by the vibrations of the Ti ions (typically 150-
350 cm™1), while peaks in the optical range (400-650 cm™)
are generally attributed to the lightweight C ions (LO and
TO modes) [15].

The Gaussian decomposition of Raman peaks is rep-
resented in Fig. 3 and vibrational modes with correspond-
ing peak positions are shown in Table 1. I. Dreiling et al.
found out that the acoustical phonons shift to higher
frequencies due to changes in the lattice constant when
carbon content in TixCyN: compound increases [16]. We
observe the same tendency in our experiment, which was
confirmed by the results of Raman spectroscopy repre-
sented in Table 1 and energy-dispersive X-ray spectros-
copy (EDS) shown in Fig. 4. EDS analysis confirms that
the stoichiometry of titanium carbide films synthesized at
450 °C is coincide with TiC. At lower tem-peratures, the
percentage of titanium atoms is almost twice higher than
that of carbon atoms. We presume that the small amount
of carbon atoms at low temperatures is due to resputter-
ing phenomena of lightweighted carbon atoms when hit
by titanium atoms which have four-time bigger mass.
During the increase of substrate temperature, the titani-
um and carbon atoms, which are deposited on substrate,
can form chemical bond (covalent bond) so that the car-
bon atoms are not intensively re-sputtered from the sur-
face of the film.
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Fig. 3 — Gaussian decomposition of Raman spectra of TiC films on Si substrate obtained with excitation by 633 nm laser
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Fig. 4 — EDS analysis of TiC film on silicon substrate at different substrate temperatures
Table 1 — Peak positions after Gaussian decomposition
Substrate temperature (°C) TA (cm™) LA (cm™) TO (em™) LO (cm™)
150 215 318 456 655
250 204 313 458 665
350 245 331 454 662
450 253 333 461 664

4. CONCLUSIONS

In this work, we studied the effect of synthesis condi-
tions on the formation of titanium carbide phase on glass
and monocrystalline silicon surfaces by DC magnetron
ion-plasma sputtering of combined graphite/titanium
target. The X-ray diffraction analysis and Raman spec-
troscopy showed that the structure of titanium carbide
films depend on the substrate temperature. By the re-
sults of X-ray diffraction, we can conclude that the more
preferable conditions for the formation of titanium car-
bide phase are the monocrystalline substrate surface
and high temperatures. Gaussian decomposition of Ra-
man spectra revealed the changes in vibrational modes
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TIpoTsarom ocTaHHIX TECATHUIIITE, IUTIBKU KapOioy TUTAHY BHKOPUCTOBYIOTBCS SIK MATePiaJIu JJIS IIOKPUT-
TiB. Kap0in Turany mposiBiise 4yIoBI MEeXaHIYHI TAa XiMIYHI BJIACTHBOCTI, TaKl K BHCOKA TeMIIepaTypa Iuia-
BJICHHSI, TBEPICTh 1 rapHa XiMIYHA Ta TepMiduHa cTaOLIbHicTh. ImiBKM KapObigy THTaHy HAHOCHJINCA HA
CKJISHI TA MOHOKPHCTAJIIYHI KPEMHIEB] IIIKJIaIKH METOIOM 10HHO-ILJIA3MOBOT0 MAarHETPOHHOI'O PO3MUICHHS
TpHU TIOCTIMHOMY cTpyMi 3 00'eqHanol mimreHl rpadit/turan. [LaiBku kapbigy TUTaHy 3 PISHUMH CITIBBITHO-
menHamu C/Ti MoxyTh OyTr HaHECEeHI METO0OM MATHETPOHHOIO PO3IMJIEHHS IPH MOCTIAHOMY CTPyMi 3 BU-
KOPUCTAHHSAM TUTAHOBUX JIUCTIB B 00J1acTi epo3ii rpadiToBoi MileHi Sk IKepesia TBePAoro ByrJIelo. 3ae-
sKHICTh TemmepaTypu maraanku (150, 250, 350, Ta 450 °C) Big yrBOopeHHs hasu kapOioy TUTAHY BUBUAIIACT
METOJIOM PEHTTEeHOCTPYKTYPHOTO aHAJI3y Ta PAMAHIBCBKOI CIIEKTPOCKOIII. 3pasKu JOCIIPKYBAJIMCS JBOMA
pizauMu pamaniBcbknMu criekrpomerpamu: AFM-Raman instrument Solver Spectrum (NT-MDT) 3 473 um
nazepom 1 NTegra Spectra (NT-MDT) 3 473 am i 633 um nasepamu. CrexioMeTpiss ocaIskeHUX ILIIBOK BHU-
3HAYAJIACS 34 JIOTIOMOT0I0 €HEePrOIUCIIEPCIHHOTO PEHTTeHIBCHKOTO CIIEKTPOCKOIIIYHOTO aHAITI3Y.

Kinrouori ciiora: Maraerponse posnuinenus:, Kap6in turany, Touki mwiisku, PamaHiBCbKa CIIEKTPOCKOTIISA.
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