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Spectroellipsometric investigations of optical properties of TIiAISIN based thin films
have been performed. The dispersive dependences of the film optical conductivity ¢ have
been obtained in the 1-5 eV spectral range. The observed intense absorption in the near
ultraviolet range and some low intensity peculiarities in the near infrared one against a
background of intraband absorption in the ¢ curves are related to the interband electron
transitions. The character differences in ¢ curves for various coatings could be explained
by different chemical composition and the deposition techniques.

IIpoBefleHBl CIIEKTPOJIIIUTICOMETPUYECKIE WCCIeOBAHUA ONTUYECKUX CBOWCTB TOHKUX
nienok uHa ocHoBe TIAISIN. IToryyeHsl AucHepCHOHHBIE 3aBUCUMOCTH ONTHUYECKOM MPOBOIU-
MOCTU O TIOKPBITHH B CIIEKTPAJbHOM HHTepBasie 1—5 9B. HTeHCUBHOE TOTJIONEHNE B OJIIK-
Hell yabTpadroseToBol CIeKTPaSbHOU O0JACTH M MAJTOWHTEHCUBHBIE OCOGEHHOCTU B OJMIK-
Hell uH@pakpacHoil obsacTu Ha (PoHE BHYTPUBOHHOTO TOTJIOII[EHUA, KOTOPHIe HalII0LA0TCs
HA KPUBLIX O, CBASAHBLI ¢ MEKJIY30HHLIMU IepexofaMu 9j1eKTpPoHoB. OTiuums B Xapakrepe
KPUBBIX O [JIs PA3JUYHBIX MOKPLITUH MOXKHO O0BACHUTH PABIMYHBIMU XUMUYECKUMYU COCTA-
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BaMH, a TaKXe criocobaMy MX HANBLICHUA.

Since many years, the TiN family of ma-
terials has been used as hard, wear-resis-
tant coatings for cutting and drilling tools
working in hard conditions to enhance the
tool service time [1-3]. Many efforts have
been undertaken to improve the high tem-
perature oxidation resistance and hardness
of TiN coatings by optimising the PVD depo-
sition parameters. The addition of ternary
elements, particularly aluminium, enhances
the oxidation resistance and the hardness
[4]. Moreover, Al favors the grain refine-
ment [5], although the Ti;_,Al,N coatings
retain the TIiN crystallographic structure.
Lee et al. showed that the single-phase TiN
structure was maintained for a composition
ratio up to x = Al/(Al + Ti) = 0.8, however,
the hardness and adhesion of the films de-
crease as the Al content goes beyond the
values of x = 0.12 [6].

The effect of Al and Si addition on physi-
cal and mechanical properties of TIN was
investigated comprehensively by Vaz et al.
[7]. Both elements enhance the oxidation
resistance and the adhesion behaviour of
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the films. Additionally, Si in TiSiN nano-
composites improves considerably their
hardness [8]. Unfortunately, the optical
properties of such materials are not studied
enough. Here, we present the investigations
of optical conductivity of TiSIiN based thin
films.

Studied were TiAIN and TIAISIN films of
about 2 um thickness deposited on WC-Co
substrates using arc plasma PVD technique
[9], single-layer (SL) Ti-rich and Al-rich thin
films, gradient nanocomposite (GNC), and
multilayer (ML) materials from PLATIT®
AG (Grenchen, Switzerland). In GNC coat-
ing, Al content decreases continuously along
the sample cross section from the surface to
the substrate, while Ti-rich zone being
closer to the substrate. The chemical compo-
sition of the thin films was analysed by
Rutherford backscattering spectroscopy
(RBS) and particle-induced X-ray emission
(PIXE) using a 2 MeV proton beam and a
2 MeV He* beam, respectively (CAFI, LeLo-
cle, Switzerland). The optical characteristics
of coatings have been measured at fixed
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Table 1. Chemical composition, thickness,
and hardness as measured by NanoIndenter
XP® system

# Chemical composition | t, um | H, GPa
1 Tig,Aly4SiiNg, (SL) 0.88 38.6
2 Ti 4AlgSi,Ng, (SL) 1.58 34.5
3 TiyoAly,Si)Ng, (GNC) 2.05 29.4
4 TiygAly5SisN,g (ML) 2.15 33.5

light incidence angle ¢ = 72° in spectral
range hv =1 to 5 eV wusing spectroellip-
sometric Beattie method. The light intensity
passed through system of polarizer-speci-
men-analyzer was measured at three fixed
azimuths of the analyzer ¥, =0, 45, 90°
and fixed azimuth of the polarizer ¥p = 45°
to define the ellipsometric parameters A
(phase shift between the orthogonal compo-
nents of the polarization vector) and ¥ (azi-
muth of the restored linear polarization).
The determination accuracy of ellipsometric
parameters was not worse than 38 to 5 %.
Basing on those parameters, the effective
refraction n and absorption %k indices, and
the optical conductivity o(hv) = nkv were
determined (v is the light frequency). The
model of semi-infinite medium was used to
calculate n and k, since the investigated
thin films are non-transparent in visible,
near infrared (IR), and ultra-violet (UV)
spectral ranges.

The overall chemical composition of the
investigated thin films is summarized in
Table.

The following remarks concerning the
analysis can be made:

1. It is very difficult to determine the
ratio between Al and Si using RBS. The
total concentration of Al and Si is more ac-
curate than the individual values.

2. The uncertainty in the Ti concentra-
tion is about 1 at. %, the uncertainty in
the Al + Si concentration, is about 2 at. %,
that in the N concentration, about 3 at. %.

The X-ray diffraction examination [10]
shows broad diffraction peaks typical of
nanocrystalline structure. In the Al-rich SL
TIAIN sample (#2), the typical phases are
fce-AIN and a small amount of fee-TiN. In-
creasing in Ti content (samples ##1, 3, and
4) results in formation of fee-Ti3AIN accom-
panied by disappearance of the AIN phase.
The integral intensity of the Ti;AIN peaks
increases and their widths decrease with in-
creasing Ti-content, which corresponds to
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Fig. Optical conductivity spectra of TiAISIN based
thin films: TigyAl,SiiNgq (1), TijsAlgSiyNs, (2),
TinpAlyySioNgy (3), TingAlysSisNyg (4).

increased crystalline volume fraction and
decreased average crystallite size. The
formed phases are in accordance with Haegg
rules [11].

The dispersive dependences of the coat-
ing optical conductivity o in the experimen-
tal spectral range are shown in Fig. 1. The
main features of all presented o(E) curves
(E is the photon energy) are the presence of
a minimum in visible range at £ = 2-2.5 eV
and an essential absorption in the near UV
range. Some low intensity peculiarities are
also observed in the near IR range against a
background of intraband absorption which
are related to the interband electron transi-
tion. The 6 values for sample # 2 are as low
as a half of the others in this range. It is to
note that o(E) behavior is almost the same
for samples # 1 and # 3. So, the subsurface
layer with gradient distribution of Ti and Al
does not change its optical properties. The
character of o(E) curve for sample # 4 dif-
fers from those of ## 1, 3. In particular,
the minimum in o(E) dependence is shifted
towards higher photon energies. As the
depth of light penetration into the subsur-
face layer (the skin-layer thickness is dg ~
20 nm) decreases with the shortening of
wavelength, it becomes comparable to the
thickness of similar layers for TIN and
T|3A|N (dTIN ~5—6 nm, dT|3AIN ~8-10 nm,
respectively). So, one can conclude that the
origin of such shift is in the different
chemical composition.

Let the features of 6(E) curves be consid-
ered in more detail. The model of interband
absorption in single-electron approach is de-
veloped on the base of direct and indirect
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transitions. The model of indirect transi-
tions, namely, the Berglung-Spicer model
[12] is used to describe the frequency dis-
persion of dielectric permeability in disor-
dered metal medium. In this approach, the
contribution of electron transitions from
filled i band to free j band to optical con-

ductivity is defined by state density
thereof:
Ep+ho (1)
1 3 4 4
0 fw) = -~ [ WN(E - no)N(E)aE,
Ep

where E’ is the electron binding energy;
W;:;, the transition matrix element (transi-
tion probability) from the initial i stage to
the final j one.

According to the X-ray diffraction data
[10], TiN, AIN, TisAIN phases are present in
the investigated thin films. Theoretical con-
siderations of binding structure and energy
spectrum of the electron state density show
that in TiN, the allowed electron transitions
are (I35 — T'19) between hybridized
3d(2p) — 3d(2p) states at E =1.3 eV [13].
However, for TIN compound, the intraband
absorption mechanism in the near IR range
becomes dominant over the mechanism of
quantum interband electron transitions. In
particular, in [14], the optical conductivity
decreases monotonously in the range of 1 to
2 eV with energy of probe photons and no
peculiarities at £E = 1.3 eV are observed.

Aluminum nitride is an unalloyed wide
band semiconductor (E,~6 eV). So, the in-
terband absorption in the IR range is always
absent and the first low-energy maximum in
o(E) spectrum is observed at E = 2.8 eV [15]
and is generated due to involving of the
electronic states connected to the nitride
vacancies into the quantum absorption. The
mentioned feature is also observed for all
samples at E = 2.8-3.2 eV. So, it is possible
that the peculiarities of o(E) experimental
curves in the near IR range could be related
to the interband electron transitions in
TizAIN which is formed in the subsurface
layer.

At the same time, the decreasing of in-
traband absorption for the sample # 2 in
near IR range could be caused by the fol-
lowing. First, the mentioned thin film could
exhibit a higher disordering extent which
results in an increased scattering intensity
of charge carriers, so, a decreased contribu-
tion of intraband transitions into optical
conductivity. Second, the increase of AIN
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phase volume fraction and decrease TIiN
phase one takes place and, as it was men-
tioned above, the intraband absorption in
IR range is always absent in AIN.

To conclude, optical conductivity of sin-
gle layer, multilayer, and gradient nano-
composite TIAISIN thin films have been stud-
ied. The dispersive dependences of optical
conductivity o of the coatings have been
obtained in spectral range 1-5 eV. The ob-
served substantial absorption in the near
ultra-violet range and some low intensity
peculiarities in the near infra-red range
against a background of intraband absorp-
tion in the o curves are related to the inter-
band electron transitions. The differences
in character of o curves for various coat-
ings could be explained by different chemi-
cal composition and deposition techniques.
More detailed studies are required to under-
stand completely all observed peculiarities
in the optical conductivity spectrum.
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OnTuuHi BJdacTUBOCTI TOHKHX ImaiBok HA ocHOBi TIAISIN

O.1.Haxoneuna, Jl.B.Ilonepenko, 1.B.IOpzenesuu

ITpoBemeHo chneKTpoeNiNICOMETPUYHI MOCHiMMKEHHS ONTUYHUX BJIACTUBOCTEN TOHKUX
nuisox Ha ocuosi TIAISIN. Orpumamo gucnepciiini sanemmocTti omTwuHOi mTpOBigHOCTI ©
TMOKPUTTIB y creKTpanbHOMy iHTepBasi 1-5 eB. InTencuBHe MOTMMHAHHA Yy OJIMKHITT yabTPAa-
dioneroBiit cmexkTpasbHilt obsacTi Ta MasoiHTeHCHWBHI ocobamBocTi y OamkHIN iHQpaue-
pBOHIiH o6jacti Ha (QoHI BHYTPINIHLOBOHHOTO TMOTJIMHAHHA, AKi CIIOCTepiraroThed HA KPUBUX O,
HoB’A3aHl 3 MIMBOHHMMH IiepexogaMy eneKTpoHis. Biaminuocti y xaparrepl KpuBux © mid
Pi3HMX IIOKPUTTIB MOMKHA MOACHUTK PISHMMHM XIMiUHMMH CKJaJaMIK, a4 TAKOX coocobamMm ix
HAIUJIEHHA.
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