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INFLUENCE OF TECHNOLOGICAL PARAMETERS OF PRODUCING a-C:H THIN FILMS ON
THEIR STRUCTURE AND ELECTRONIC PROPERTIES

Annotation. Research of working gas composition and film deposition temperature influence on the a-C:H films
structure prepared by ion plasma magnetron sputtering, optical and electrical properties was provided. Raman
spectroscopy monitored structure of the films. Optimization of technological parameters carried out by the share of sp’-
hybridized bonds in the structure of the films and their deposition rate. One can found, that when composition of the
working gas was 96% argon and 4% methane and film deposition temperature - 50°C, the proportion of sp*-hybridized
bonds is 40% at a deposition rate - 2.5 nm/min. At the same time, these films have a high transmittance in the visible
region of the spectrum and electrical conductivity - 5:10° Om™ cm™.
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Introduction

Amorphous diamond-like carbon films have a number of unusual properties such as high mechanical
strength and transparency in a wide spectral region [1]. Structure of the films represents itself a two-phase
system in which the sp’ hybridized carbon atoms situated in the sp* hybridized carbon matrix [2]. Structure
and properties of these films is highly dependent on the technological parameters for their preparation. A-
C:H films can be obtained by different methods: selective ion-beam deposition [3], laser-induced physical
vapor deposition from the gas phase [4], chemical transport reactions, chemical vapor deposition [5], ion-
plasma magnetron sputtering [6]. Among these methods, ion-plasma sputtering method has several
advantages - it allows changing wide range of process parameters and modifying films by metal impurities
while spraying combined target [7].

The aim of this work was to optimize the technological parameters such as working gas composition
and deposition temperature of a-C: H thin films with a diamond-like structure.

Technology preparation, composition and structure control of the films

A-C: H films prepared by ion-plasma DC magnetron sputtering of polycrystalline graphite target with
a purity 99.99% at the devices VUP-4 and VUP-5 with an average deposition time - 20 minutes on quartz
substrates. Sputtering carried out at the constant positive voltage on the anode. Substrate temperature
controlled by copper-constantan thermocouple embedded in the substrate holder. Preparing of the substrates
for the films deposition was the following: they placed in K,Cr,O7:H,O:HNOs3 solution heated in an
ultrasonic bath for 10 minutes and treated with C;HsOH.

Deposition of the films performed with a pressure - 1 Pa, an anode voltage - 600 V and 400 V, and a
discharge current - 40 mA. Film thickness ranged from ~ 50 to ~ 100 nm, and determined by scanning of the
cleavage a-C:H/a-Si structure using a scanning electron microscope (SEM) Quanta 3D 200i with electrons
energies up to 30 keV. (Figure 1)

“a) film thickness 51,5

b) film thickness 107,7 nm-
Figure 1. SEM-image of the cleavage c-Si/a-C:H films structure
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SEM Quanta 3D 200i also used to control the composition and morphology of the films. Figure 2 and
Table 1 show the results of these studies. It has found that impurities are absent in the a-C:H film, in
particular, chamber spraying materials and substrate holder materials. This indicates a good localization of
ion-plasma discharge on the target. A-C:H films possessed a continuous uniform surface and didn’t contain
micro-size defects.
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Figure 2. Energy dispersive spectrum (a) and morphology (b) of the a-C:H thin film

Table 1. Composition of a-C:H film according to the results of energy dispersive analysis

Element Wt% At%
C 100.00 100.00

Note: Wt% - weight fraction, At% - atomic percentages

Results and discussion

We studied influence of working gas composition (argon, a mixture of 80% argon and 20% hydrogen,
a mixture of 96% argon and 4% methane) and film deposition temperature on their structure. Optimization of
technological parameters for producing a-C:H films was to identify the relationship between the composition
of the working gas, deposition temperature, and structure of the film, namely the ratio of sp*/sp’ hybridized
bonds.

Raman spectroscopy used to estimate the concentration of sp® bonds [8]. As is known, there are two
peaks in the Raman spectra of amorphous diamond-like films: G peak (graphite-like), which is responsible
for the fluctuations of graphite component and located in the area of 1555 cm’, and a peak D (disordered),
which is responsible for carbon fluctuations in benzene rings and located in 1400 cm™ [9]. According to the
positions of these peaks and the ration of their intensities /p/I¢ one can judge about the structure of the films.
Method suggested in [1] used to estimate the proportion of sp’ bonds in the a-C:H matrix. It is the following:
firstly it is need to calculate the dispersion of G peak position (G;-G;)/(A;-A2) in the Raman spectra obtained
at different wavelengths of laser excitation. Then, with a usage of dispersion value one can estimate
percentage of sp’-hybridized bonds. For diamond-like films, sp’ share should correspond to 40-50%.

Raman spectra obtained at the device Ntegra Spectra using lasers with wavelengths of 473 nm and
633 nm, backscattering power 15 mW. In the figure 3, for example, one can show the Raman spectra of the
films deposited at room temperature in working gas mixture - 96% argon and 4% methane, at different
wavelengths of laser excitation. The figure shows that with a decrease in a laser excitation energy the ratio of
peak intensities /p// significantly change in the Raman spectra.

There were calculated G peak dispersion of Raman spectra of the films to determine the influence of
the working gas composition on the structure including G peak dispersion (see Table 2). Furthermore, during
the preparation of the films fixed the influence of the working gas composition on the rate of film deposition.
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Figure 3. Raman spectra of a-C:H films at different wavelengths of laser excitation

Table 2. Dispersion of G peak and G peak position of the Raman spectra obtained at the laser

excitation wavelength 473 and 633 nm.

G peak
Composition of the dispersion: Wavelength A Deposition
Vforking gas G, o' (Gpj-Gz)/ p, IMa UB LmA of the 1asegr, nm rater,)nm/min
(f1-12)
Ar (96 %)+CH, (4%) 1551 0.22 0,88 600 40 473 )5
Ar (96 %)+CH, (4%) 1516 ’ 0,88 600 40 633 )
100% Ar 1551 0.26 0,88 600 40 473 13
100% Ar 1509 ) 0,88 600 40 633 )
Ar(80 %)+H2(20%) 1551 021 0,88 600 40 473 16
Ar(80 %)+H, (20%) 1517 ’ 0,88 600 40 633 )

Analysis of the results presented in the table showed that films obtained in pure argon, in mixture Ar
(80%) + H, (20%), Ar (96%) + CH4 (4%) have a proportion of sp* - hybridized bonds equal to (47 + 3)%,
(38 + 3)% and (40 + 3)%, respectively. According to [1] from the proportion of sp* - hybridized bounds
structure of all films is a diamond-like. Importantly, in case of using a mixture of argon with methane, the
deposition rate of the amorphous diamond-like film has a maximum value.

The influence of deposition temperature on the Raman spectra of a-C: H films of obtained for the fixed
working gas (96%) + CH4 (4%) showed in Figure 4.
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Figure 4. Raman spectra at different deposition temperatures of a-C:H films in the atmosphere
(composition of the working gas Ar (96%) + CHa4 (4%))

Figure 4 shows that the increase in film deposition temperature leads to a more pronounced
manifestation of D peak in the Raman spectra, indicating a greater disordering in film structure. For more
detailed identification of changes in the films structure Raman spectra information summarized in the Table
3, which shows the influence of film deposition temperature, when it changes from 50°C to 200°C on the
parameters of the Raman spectra.

Table 3. Influence of temperature on the deposition parameters of Raman spectra of the films.

Composition of the working | G peak. cm™! Ip/lG p, [la U,B I, mA T,C
gas

Ar (96 %)+CH,4 (4%) 1561 0.52 0,88 400 20 200

Ar (96 %)+CH,4 (4%) 1557 0,51 0,88 400 20 150

Ar (96 %)+CH,4 (4%) 1559 0.52 0,88 400 20 100

Ar (96 %)+CH, (4%) 1556 0.46 0,88 400 20 50

From Table 3 one can see that with an increase in film deposition temperature G peak in Raman
spectra shifts to the low-energy region of the spectrum from 1561 cm™ to 1556 cm™, and varies the ratio of
the intensities of D and G peaks. Such changes in Raman spectra show that films’ structure becomes more
graphite while the deposition temperature increases.

The optical properties of a-C:H films examined at Shimadzu UV 2000 spectrophotometer on the films
with ~ 80 nm thickness. Figure 5 shows the influence of deposition temperature on film transmission spectra
for the fixed working gas composition - 96% argon and 4% methane. Figure 5 shows that the maximum
transparency observed in the films deposited at 50°C and 100°C temperatures. Increase the film deposition

temperature from 100°C to 200°C leads to a slight decrease in transmittance.
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Figure 5. Dependence of the films deposition temperature on their transmission.
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We note that the change in the composition of the working gas does not affect the optical clarity of
films and value of their conductivity.

Conductivity o films measured on samples with a planar arrangement of electrodes using picoammeter
KEITHLEY 6485 with the electric field intensity 10* V/cm in the linear region of current-voltage
characteristics. Dependence of conductivity ¢ of the a-C:H films (¢ measured at 300 K) obtained at different
deposition temperatures showed in Figure 6.
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Figure 6. Influence of film deposition temperature on their conductivity

The figure shows that minimum conductivity have the films obtained at 50°C. Increase film deposition
temperature from 50°C to 200°C results in conductivity increase in 4 orders of magnitude. This indicates that
in the structure of a-C:H films noticeably increases the proportion of graphite phase.

Thus, increase the a-C:H film deposition temperature with fixed working gas composition leads to
decrease in the optical transmittance and increase in conductivity due to increased sp’- hybridized bonds in
their structure.

Conclusion

Research of the influence of the working gas composition and a-C:H film deposition temperature on
the structure, optical and electrical properties are provided. One can show that change in the working gas
composition from argon, mixture of 80% argon and 20% hydrogen to mixture of 96% argon and 4% methane
at the fixed film deposition temperature has little influence on the diamond-like films structure. When the
working gas composition was 96% argon and 4% methane, there were the highest rate of film deposition -
2.5 nm / min. It has found that increase of the film deposition temperature at a fixed gas composition 96% Ar
+ 4% CHa reduces optical transmission and conductivity increase. These changes are associated with the
graphitization of the matrix of diamond-like films.

The work was provided in the framework of the project 4608/GF4, with the support of the Ministry of
Education of the Kazakhstan Republic.
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Muxaiinosa C.JI., Myxamerkapumos E.C., Hayrxan K., [Ipuxogsko O.1O., Manabaes H.K., Makcumosa C 4.,
Ucmaiinosa I'.A., Aumposa T.K.

A-C:H xyka KaObIpIIAKTAPBLIH AJYABIH TeXHOJOTHSJIBIK NapamMeTpJiepiHiH 01apAblH KYpPbLIbIMbI MEH
3JIEKTPJIK KacHeTTepiHe dcepi

Tyitinneme. JXXymbICTBIK ra3apiH Kypambl MeH a-C:H KaObIKIIaKTapblH TYHIBIPY TEMIIEPATypaCHIHBIH OHBIH
KYPBUIBIMBIHA 9CEpi, ONTHKAJIBIK >OHE JJIEKTPIIK KacuerTepi OoifbiHmIa 3eprreynep >xyprizinai. KaOepmiakTsiy
KYPBUIBIMBI  JKapbIKTHIH ~KOMOMHAIMSUIBIK — IHAINBIpAy oficiMeH  OakpUIaHIbL. TeXHOJOTHSUIBIK — ITapaMeTpiiepaiH
ONTUMH3AIUACH] KAOBIPUIAK KYPHUIBIMBIH/IA JKOHE OJIAPIBbIH TYH/BIPY JKbLILIAM/IBIFB THOPUTENTEH sp° GalIaHBICBIHBIH
yutecinzae xyprizinni. 96% apros xane 4% MeTaH >KYMBIC T'a3/1apbl JKOHE KaObIpIIAKTap/Abl TYHABIPY TeMIlepaTypachl —
50°C kesinne sp’ rubpuarenren GaiinaHbICTApABIH Yiieci 2,5 HM/MHH TYHIBIPY XBULIaMIBIFBI Ke3inne 40% KyparaH.
Hotmwxkecinne Oy KaObIpIuakTap KOpiHETIH CIEKTPIJIED ayMaFrbIHA XKOFaphl 0TKizy kKodddumuenti men 5%10° Omlem
! 3 IIeKTpOTKI3rimTiKKE He OONIBL.

Kinrrik ce3gep: AMopdTel KeMipTeKkTi KaObIpIIakTap, MarHeTpOHABI TO3aHJaHABIpY, >kyka a-C:H
KaObIpIIaKTapHbl.

Muxaiinosa C.JI., Myxamerkapumos E.C., Hayrxan K., [Ipuxogsko O.10., Manabaes H.K., Makcumosa C 4.,
Ucmaiinosa I'.A., Aummposa T.K.

BiansiHMe TeXHOJIOTHYeCKHX MNApaAMETPOB MOJY4YCHHS TOHKHX IUICHOK a-C:H HAa HMX CTPYKTYpy H
3JIEKTPOHHBbIE CBOICTBA

Pe3iome. [IpoBeneHb! Mccne0BaHMS 110 BIMSIHAIO COCTaBa paboyero raza U TeMIIepaTyphl OCAXKICHUS IUIEHOK a-
C:H , nomydaeMbIX METOJOM HOHHOIUIA3MEHHOIO MAarHETPOHHOI'O PACHBbUICHHS HA UX CTPYKTYpPY, ONTHYECKHE U
aJIeKTpryeckue cBoicTBa. CTpyKTypa IDIEHOK KOHTPOJIMPOBAJIACh METOIOM KOMOMHAIIMOHHOTO PpacCEesiHUSI CBETa.
OnTuMU3aIKs TEXHOJIOTHYECKUX TIAPaMETPOB MPOBOAWIACE TIO JI0JIE Sp° TMOPMAM3MPOBAHHBIX CBA3€d B CTPYKTYpE
IUIEHOK M CKOPOCTH HMX OCAaXJIEHMS. YCTaHOBJICHO, YTO INPH COCTaBe pabodero rasza 96% aprona m 4% meraHa u
TeMIepaType ocaxaeHus mieHok — 50°C nmons sp’ rubpuamsupoBaHHBIX cBs3el coctaBnuser 40% mnpu CKOpoCTH
ocaxxaeHust — 2.5 HM/MuH. [Ipn 3TOM IUIEHKH XapaKTepHU3YIOTCSI BEICOKMM KO3 (GHUIIMEHTOM MPOIYCKaHUs B BUANMON
00JIACTH CTIEKTPA U 3JIEKPONPOBOAHOCTEIO 5-10° Om oML,

Knarouessie ciioBa: AMopdHBIE yriiepoaHbIe IIEHKH, HOHHO-IUIa3MEHHOE MarHeTpOHHOE pacIibliIeHHE, TOHKNE
mienku a-C:H
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BEMCBI3BIK MATEMATHUKAJIBIK MAAATHUKTIH TEPBEJIICIH MATHCAD
KOJIAHBAJIBI IPOI'PAMMAJIAP ITAKETI KOMETTMEH 3EPTTEY

AnHoTanmusi. Maxkana OCHCHI3BIK MaTEMAaTHKAIBIK MAasSTHUKTIH TepOeNiCiH CaHIBIK OMICTepHIi KOJJaHBIT
3eprreyre apHainraH. CaHgplK oxicrep MathCAD konmanGansl mporpamMmanap IakeTi KOMEriMeH iCKe achIpbUIFaH.
MasTHUKTIH TepOeliCiHiH CaHIBIK CHMATBIH amarblH |- PeTTi TONBIK SJUIMIITHKAIBIK HWHTErpall KapacThIPBLIFaH.
1- perTi TONBIK JUTUIITUKAIIBIK MHTETPaAJI YIIiH CaHIBIK KaTap TypiHaeri QyHKIHUs KOPBITHUIBII MIbFapbiiFrad. CaHIpIK
Karap Typingeri dynkuusasi n ={0;1; 2;5; oo ] Momnep ywin TepGenic Qasacl MOHIEpiHe TOyeIUTIK Tpaduri
CaJIBIHBII, OJ JKaH-)KaKThl TaJKbUIaHFaH. KOMIBIOTEPIIK IKCIIEPUMEHTTEP KOMETIMEH CBI3BIKTHIK >KOHE OEHCBI3BIK
MAasITHUKTEPIIH TepOeIicTepi CabICThIPbIIFaH.
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