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Many researchers in the field of Physical Vapor
Deposition (PVD), Chemical Vapor Deposition
(CVD) and Plasma Enhanced CVD (PECVD) set as
their goal the pursuit of high hardness, believing that
this will provide the ultimate level of wear resistance
of coatings [1,2]. The view [1] is also that coatings
need to have the ability to absorb deformation, i.e.
they have to combine an adequate degree of
“elasticity’ with adequate hardness to fulfill the needs
of the tribological contact conditions. In this work we
show that wear resistance and high hardness cannot
correlate in amorphous hydrogenated silicon carbide
(a-SiC:H). Although a-SiC:H films show low
hardness, their tribological properties make them
suitable as wear-resistant coatings (WRC).

On the other hand, a-SiC:H films prepared under
definite conditions can serve as active layers in
semiconductor devices [3]. In this work we shortly
characterize PECVD a-SiC:H films as wear-resistant
coatings and semiconductor layers suitable for
semiconductor applications.

The films were produced on silicon crystalline
wafers by r.f. (40.68 MHz) PECVD by using
methyltrichlorosilane (MTCS) as a main precursor.
The substrate temperature ranged from 200 to 600 °C,
applied bias and H,:MTCS+H, ratio were —200 V and
5, respectively. Total pressure was up to 1 Torr. The
thin coatings (0.2-0.5 um) were deposited during 60-
90 min.

The morphology of the surface and fracture of the
coatings was observed by SEM, as shown in Fig. 1. It
is seen that both the film surface and fracture are
homogenous. The coating cross-section points to good
adhesion.

Chemical composition was determined by
secondary ion mass spectroscopy (SIMS). Fig. 2
shows the typical SIMS sputter depth profiles for a-
SiC:H films. Since the SIMS elemental distributions
cannot be presented in the absolute scale, we
evaluated the C/Si ratio taking into account the etalon
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B-SiC sample. The C/Si ratio varies around 0.6-0.67
depending on deposition parameters. These findings
are consistent with the results of the Auger
measurements, which show that a-SiC:H films
contain about 60-65 at % of Si, up to 25, 8 and 0.8
at % of C, O and Cl, respectively. The anomalous
behaviour of the elemental distribution was
expected to be observed at the coating surface and
coating-substrate region. In other regions, the
elements are distributed more or less uniformly.

L —

Fig.1 SEM images of a-SiC:H films. The lengths
correspond to 100 um (upper panel) and 10 um
(lower panel)
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Fig. 2 Typical SIMS sputter depth profiles. The
substrate-coating interface is reached after
sputtering during 7 min. Si2 is double ionized
silicon ions.

The presence of different complexes in the films
can be revealed from the infrared absorption spectra
measurements. The results of such measurements
are presented in Fig. 3. We single out the range of



wavenumbers of 400-1200 cm™. In this branch Si-C
(650-750 cm™), Si-C, Si-CH; (780-800 cm™), SiCH,,
Si-O, CH, (900-110 cm™) oscillations are
concentrated [3]. The availability of the CH;
fragments indicated the presence of micro-voids,
which promotes a high film oxidation. What oxygen
is present in our coatings, it follows from the dip
around 1000 cm™' caused by together with the Si-CH,,
CH,, vibrations also by the Si-O modes [3].
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Fig. 3 Infrared transmission spectra of the coatings
deposited at 200 (a), 250 (b) and 300 °C (c)

We have carried out nanoindentation tests of the
obtained films. Before testing, two sets of the a-SiC:H
samples (M1 and M2, prepared at 200 and 300 °C,
respectively) were annealed in a vacuum at 450 °C
and 600 °C during 60 minutes. The results of the
nanoindentations are summarized in Fig. 4. One can
see that the films obtained under high temperature
conditions have higher hardness (H) and elastic
modulus (E) than the coatings prepared at low
temperatures. From the nanoindentation at 1 mN it
follows that the coatings show on average H and E up
to 10 GPa and 118 GPa, respectively, which is higher
the analogous characteristics obtained in Ref. [4] (4-6
GPa and 60-80 GPa, respectively).

The thickness and wear coefficient of the coatings
were determined by the ball-cratering method
(calowear test), using a suspension of 0.1 um
diamond. The diamond particles have the developed
surface with the pin-like structure. To determine the
wear coefficient (k), the appropriate procedure of
measurements was developed. It is based on
measuring the crater diameters on the clean and
covered substrates. The wear coefficients of silicon
crystalline substrates and a-SiC:H coatings on these
substrates vary on average around 7.5x10™* m%N and
1.0-1.8 x10™"° m?*N, respectively, depending on
deposition conditions. In particular, k decreases as the
substrate and annealing temperature rise. It follows
that the wear resistance of a-SiC:H coatings 1.5-4
times higher than silicon crystalline wafers.
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Measured nanoindentation hardness and Young’s
modulus of the coatings show values low than those
of crystalline silicon substrates (H ~ 13.4 GPa and E
~ 168 GPa). However, the wear resistance of the
films is unexpected high as compared to silicon
wafers. So, the PECVD silicon-rich a-SiC:H films
exhibiting the excellent wear resistance as well as
good adhesion can be recommended as perspective
WRC.
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Fig. 4 Nanohardness of the M1 and M2 samples as a
function of annealing temperature

The a-SiC:H films obtained at 250-300 °C and
chamber pressures of 0.1-0.3 Torr on silicon
crystalline wafers exhibit a dark conductivity of 10™
—~ 10" S/em (un-doped) and 10° — 10® S/cm
(nitrogen or boron doped). The optical band gap
changes in the region of 1.9-2.3 eV. The samples
have different sizes, which change from 2x2 cm to
10x10 cm. The thickness and conductivity of a-
SiC:H films appreciably change only near the
sample edges. So, the a-SiC:H samples are
comparatively homogeneous in the most part of
their area and have appropriate dark conductivity,
which makes them suitable as the active layers in
hybrid large-scale solar cells.
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MHorue wuccienoBaTend B 00JacTH (PU3NYESCKUX
MeToi0B ocaxneHus (PVD), xumuvecknx MeToioB
ocaxxaenuss (CVD) u mina3MOyCHICHHBIX METOOB
razodazoBoro ocaxaenus (PECVD) mpecnemyror
LeJIb OTYYUTh KaK MOKHO BBIIIIE TBEPIOCTh, KOTOPAsI
IOJDKHA ~ 00ECHeYuTh  MAaKCHMAaNbHBIA  YPOBEHB
HM3HOCOCTOMKOCTH TOKphiTHi [1,2]. B 0030pe [1]
TaKXKe YTBEPXKIACTCS, UYTO MOKPHITHS OJDKHEI TIPOTH-
BOCTOSTH JiehopMaIvii, TO €CTh COYeTaTh YIPYTrOCTh
Y TBEPAOCTh. B 3TOM paboTe MbI MOKa3bIBAEM, YTO H3-
HOCOCTOMKOCTB W BBICOKAsI TBEPJOCTh HE COUCTAIOTCS
B ClIly4ae TOKPBITHH #3 aMOp(hHOrO THIPOTCHU-
3upoBaHHOro KapoOuma kpemuus (a-SiC:H). Xots
IUIGHKM TOKa3bIBAIOT HU3KYIO TBEPAOCTh, X TpUOO-
JIOTOYECKHE CBOWMCTBAa TO3BOJSIIOT PEKOMEHIOBATH
IUICHKA B Ka4eCTBE W3HOCOCTOWKUX MOKPBITHH (
WRO).

C npyroii ctopossl, mieHku a-SiC:H, mpurortos-
JICHHBIC B ONPENEICHHBIX yCIOBHUSAX, MOTYT CIIy>KUTh
KaK aKTHBHBIC CIIOM B  IOJYIIPOBOJHUKOBBIX
npubopax [3]. B nganHOW paboTre MBI KpaTKO
oxapakrepuszyem PECVD a-SiC:H mienkn kak WRC
U TIOJIYIIPOBOJHUKOBEIE CIIOU.

[Inenkn OBLTH MPUTOTOBIECHBI HA IMOIJIOXKKAX M3
MOHOKpHUCTAIITHYECKOro KpeMHuss metogom PECVD
(r.f£=40.68 MHz) mnpu WCNOJBL30BaHUU METHUJI-
tpuxiopcunada (MTCS). TemmepaTtypa MOIOXKH
u3Mensnack ot 200 10 600 °C, IpHUIOKEHHbIH MOTeH-
[Uajl CMEUICHHS Ha TMOJJOXKE W COOTHOIICHHUE
Ho:MTCS+H, 66t —200 V 1 5, COOTBETCTBEHHO.
Oobmiee naBmenwe cocraBimsmio a0 1 Torr. Tonkne
nmokpeiTus  (0.2-0.5 wm) ocaxnanucek B TeueHue 60-
90 muH.

Mopdomorus MOBEPXHOCTH W H3JIOM TTOKPBITHIH
UCCIICIOBAIA HA  CKAaHUPYIOMIEM  3JCKTPOHHOM
mukpockoie SEM  T-20 (Puc. 1). Buano, uto
MOBEPXHOCTD TUIEHKU U M3JIOM OJHOpOnHBEL. KaptuHa
MOTIEPEYHOr0 HW3JI0Ma JIEMOHCTPHPYET XOPOIIYIO
aJIre3UI0 TIOKPBITUS K ITOIIIOKKE.

XuMHUYeCKUl cocTaB onpeneisuica metogom BTO-
puuHOIl MOHHON Macc-ciekTpockonnn (SIMS). Ha
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Puc. 2 mpencrasnensl tunuyHbie SIMS mnpodunm
mieHok. Hecmotpss Ha 1O, uto SIMS pacmpe-
JISNIeHHe M0 JJIEMEHTaM HE MOXeT OBbITh Mpel-
CTaBIICHO B a0CONIOTHBIX BEIMYWHAX, MBI CMOTIH
oneHuTh cootHomenue  C/Si, Oepst B pacyer
sranoHHbl  obpazeny B-SiC. Otnomenme C/Si
usMmensiercs B mpenenax 0.6-0.67 u 3aBUCHUT OT
napameTpoB ocaxieHus. [lonydeHHble TaHHbBIE CO-
riacyroTcs ¢ pesyibraraMud Oxe-CIEeKTPOCKOIHH,
KOTOpBIE TIOKa3bIBalOT, 4uro IuteHkH a-SiC:H
conepxkat okoio 60-65 at % Si, mo 25,8 u 0.8 at
% C, O u Cl, coorBercTBeHHO. AHOMAJIBHOE
MOBEJICHUE 3JIEMEHTHOTO paclpelefeHus, KaKk u
OXHUIANOCh, HAOMIOmaeTcs HAa  TOBEPXHOCTH
MOKPBITHS ¥ B 30HE MOKPBITHE - MOTIOKKA.

Puc.1. SEM ¢otorpadun nnenok a-SiC:H . Metkn
cootBeTcTBYIOT 100 um (cmeBa) u 10 pm (cnpaBa)

10° 4

7 (min)

Puc. 2. Tunuunsie npodumu SIMS. INepexonnas
30Ha TIOJIJIOKKA-TIOKPBITHE TOCTUTaIach MMOCIe
pacmbUICHUS B TeUeHHE 7 MUH. Si2 — TBasKIBI

MOHU3UPOBAHHBIE MOHBI KPEMHHUSL.



[IpucyTcTBUE Pa3NUYHBIX KOMIUIEKCOB B TUICHKE
MOXeT OBITh OOHapyXeHO W3 HWH(]PaKpacHBIX
crektpoB mnornomienus (Puc. 3). Mbl Bblensem
nuanason jutH BojH 400-1200 cvm™'. B aroii o6nactu
CKOoHIleHTpupoBanbl konebanus: Si-C  (650-750 cm-
1), Si-C, Si-CH; (780-800 cm-1), SiCH,, Si-O, CH,
(900-110 cm-1) [3]. Hammume ¢parmentoB CHj;
yKa3blBaeT Ha NPUCYTCTBUE TOpP, KOTOPBIE
CITOCOOCTBYIOT OKHCIJICHHIO TUICHOK. Ha mpucyTcTBHe
KHCIIOPO/Ia B HAIITUX TOKPBITHAX YKa3bIBacT MPOBaJ B
obactu 1000 cm', BBI3BaHHBIA COBMECTHBIMH
moxaamu Si-CH,, CH, u Si-O [3].

(a)
(b)

(<)
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Puc. 3. UndpakpacHbIe CIIEKTPHI MPOITY CKAHUS
MOKPBITHH, ocaxxneHHbIx ipu 200 (a), 250 (b)
300°C (c)

MsI uccienoBai HaHOMEXaHUYECKHE CBOMCTBa
HaIMX MOKPBITHH. J[Be mapTum oOpas3moB MOKPHITUI
a-SiC:H, M1 u M2, npurotoBieHnnbie mpu 200 wu
300 °C, COOTBETCTBEHHO, OBLITH OTOXIKCHBI B BaKyyme
npu 450 °C u 600 °C B Teuenne 60 muH. Pesybratsl
HAaHOWHCHTHPOBAaHHUA O0pas3loB IpeJCTaBIeHbl Ha
Puc. 4. BunHo, 4TO MII€HKU, OTOXKEHHBIC TIPH BBICO-
KHX TeMIepaTypax, UMEIOT Oojiee BBICOKYIO TBEp-
nocte (H) nu Mmonyne ynpyroctu (E), uem noxpeitus,
MPUTOTOBIICHHBIC ¥ OTOXKCHHBIC MPH 00JIee HU3KUX
temneparypax. M3 nanounaentuposanus npu 1 mN
crnedayer, cro MOkpeITUs mokaszpiBaloT H m E 1o
10 I'TIa u and 118 I'Tla, COOTBETCTBEHHO, YTO BEIIIE
aQHAJIOTMYHBIX XapaKTePUCTHK, MOJy4YCeHHBIX B [4] (4-
6 I'Tla u 60-80 I'TIa, cOOTBETCTBEHHO).

Tonmuuay #u KO3QPUIMEHT W3HOCA TOKPBHITHIA
OTIpENIEISITA TIPH TIOMOINU Iap-nutida, HCIoIb3ys
CyCrneH3uo u3 anmaszHoro mopomka (0.1 pm). s
onpenenenus kodpdunuenta wusHoca (k), ObLia
pazpaboTaHa cHenuambHas METOJUKA, KOTOpas
OCHOBaHAa Ha HM3MEPEHHM KPaTEpOB HA IOJIOXKKE U
nokpbiTuu. KoaddunueHt k KpeMHHEBBIX IMOIIOKEK
U TIOKPUTHHA Ha ATHX MOIUIOKKAX M3MEHSUICS OKOIIO
suavennit 7.5x10° m*N u 1.0-1.8 =10 m*/N,
COOTBETCTBEHHO. M3  »3TOrO  cCimexgyer,  9TO
M3HOCOCTOIKOCTh MOKphITHi u3 a-SiC:H B 1.5-4 pa3
BBIIIIE KPEMHHUEBBIX TTACTHH.
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HanotBepnocts u Moaynp HOHra mOKpBITHIA
HUXKE aHAJIOTUYHBIX XapaKTEPUCTHUK KPEMHHUEBBIX
minactud (H ~ 13.4 T'Tla u E ~ 168 I'Tla). Ognaxko,
W3HOCOCTOMKOCTh  TMOKPBITUWA  BBIIIE  TaKOBOU
KPEMHHEBBIX IIacTHH. TakuM obpasom, PECVD a-
SiC:H mnneHku, JeMOHCTPUPYIOIIME XOPOIINE
HU3HOCOCTOHKOCTh u aJre3uio, MO>KHO
pekoMeHI0BaTh Kak nepcnekTuBabie WRC.

10 U )
o e

£8- =M1

O

e --@--M2
6 //rf—-'""
51+ m

200 400 600

Annealing temp. ("C)

Puc. 4. Hanorepaocts 06pasmnos M1 nu M2 kak
(YHKIMY TeMITepaTyphl OTXKUTA.

Inenku a-SiC:H, nonyuennsie npu 250-300 °C u
nasineanu B kamepe 0.1-0.3 Torr Ha KpeMHHEBBIX
IUTACTHUHAX, [TOKA3bIBAlIOT TEMHOBYIO MIPOBOJIUMOCTh
10° — 10" S/em (menermposanmsie) u 10° — 107
S/em  (nermpoBaHHBIE ~ a30TOM U OOpOM).
Onrnueckas 1eib usMmeHnsercs B obmactu 1.9-2.3
3B. OOpa3ibl HWMEIT pa3inYHbie  pa3Mephl,
KOTOpbIE M3MEHAOTCS oT 2x2 cM po 10x10 cm.
TommuHa ® TpoBOIUMOCTH IWIeHOK a-SiC:H
3aMETHO M3MEHSIOTCS TOJBKO Ha Kpaio 00pasloB.
OO6pasupl a-SiC:H cpaBHHTEIBHO OMHOPOIHBI H
UMEIOT BBICOKYIO TEMHEBYIO IPOBOIMMOCTH, HYTO
JAeT BO3MOYKHOCTh HCIIOJh30BaTh HMX B KavyeCTBE
aKTHUBHBIX CJIOEB B THOPUAHBIX COJHEYHBIX
3JIEeMEHTax OOJIBIINX Pa3MEPOB.

Pabota nMena (PUHAHCOBYIO  TOIICPKKY
6naromapst konrpakram HTLLY Ne 1591 u 590-C.
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