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Abstract—The series of three diamond-like carbon films was fabricated using Plasma — Enhanced Chemical Vapor
Deposition setup designed for deposition of amorphous silicon films. The deposited films were analyzed by Spectroscopic
ellipsometer Semilab SE-2000 in terms of optical properties. All the measurements were analyzed and modeled by the Fres-
nel equations. Three parameters were identified: refractive index, extinction index, and thickness. The range of these values
indicates that the films can be used as antireflection coatings. The obtained values for n, k, and d are located in ranges: for
n - 1.484 and 1621, for k - 0.345 and 0.062, and for d- 136.20 and 74.66.
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1. INTRODUCTION

Silicon solar cells, ultraviolet radiation detectors and
germanium exterior windows of night vision devices are
widely used in optoelectronics. However, despite
the very low absorption in the infrared spectral range,
when using optical components of such materials, large
losses of energy of light flux occur due to the considera-
ble Fresnel reflectance in the whole UV and IR range.
These losses can be reduced by applying single-layer
quarter-wave luminescent diamond coatings. The main
problem with the deposition of a-C based optical coatings
films is to ensure their uniformity over a large area,
proper adhesion contact with the substrate, minimal con-
tent of x'extraneous impurities, achievement and stable
reproduction of a certain structure, which will provide
the required optical characteristics.

It is known that films a-C:H with a refractive index of
more than 2.0 differ in relative transparency in the IR
spectral region and are a promising optical material,
because of combining properties such as: chemical
resistance and mechanical strength. So, for example,
a single-layer coating based on a-C: H with n = 2 is an
ideal antireflection coating for optical elements made of
germanium with n =4 [1]-[6].

The method of deposition of carbon films from
plasma stimulated by the HF-discharge satisfies the above
requirements of the antireflection interference structures
is at the same time functionally protective with the outer
diamond-like layer. Amorphous hydrogenated carbon
films (a-C:H) were precipitated in a plasma-chemical
reactor with a capacitive RF discharge, equal-sized plane-
parallel disk mixtures. The design of the installation pro-
vided the possibility of variation of the chemical compo-
sition and structure of the deposited films and accordingly
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facilitated the obtaining of a coating of a given composi-
tion and structure within the possible limits of their
change.

The developed technology of obtaining diamond-like
carbon films made it possible to minimize defects, uncon-
trolled impurities, the magnitude of internal stresses and
at the same time ensure the uniformity of the physical
properties of the film over the surface of the substrate.
The technological process is quite energy efficient. To
study the possibility of using the obtained films as an
antireflection coating, it is necessary to measure and cal-
culate optical parameters, such as the refractive index and
extinction coefficient. Refractive index n, extinction
coefficient k, and thickness d were determined using
the method of multi-angle ellipsometry at the wavelength
632.8 nm.

II. EXPERIMENT

The DLC films were deposited by plasma-chemical
reactor for the deposition of amorphous hydrogenated
carbon films from HF-discharge hydrocarbon plasma
(PECVD method) which is shown on the Fig. 1, Fig. 2
and Fig. 3 and parameters shown in the Table 1.

One of the key features of PECVD is that a variety of
substrates can be used because the substrate temperature
is kept low, typically below 250°C. Deposition can occur
at a low temperature because as indicated by the name,
a plasma or glow discharge is used to generate the reac-
tive species necessary for film growth. A plasma is a vol-
ume of gas consisting of a high density of charge carriers
(ions and electrons). The high density of charge carriers
in plasmas, give it a number of distinguishing properties
from non-ionized gases, and thus plasmas are often
referred to as the fourth state of matter. In PECVD,
a plasma is generated by an external electric field being
applied to a volume of low pressure gas, typically less
than 1 Torr. Before the electric field is applied, the vol-
ume of gas has a very low density of charge carriers, cre-
ated by cosmic radiation.

Fig. 1 General view of the plasma-chemical installation for the
deposition of a-C:H films.

TABLE 1 DEPOSITION PARAMETERS

Sample number Deposition time,

min

Bias Voltage, V

1 12 -100
2 6 -200
3 4 -250

Fig. 3 General view of the vacuum chamber.

Once the field is applied, the charge carriers that are
present accelerate and collide with neutral molecules
(neutrals) in the gas. Through these collusions, energy is
transferred from the energetic charge carriers to the neu-
trals causing ionization of the neutrals thus generating
more charge carriers.

Energetic carriers also collide with electrodes and
walls of the chamber causing ejection of new carriers into
the gas. As charge density builds in the chamber, the rate
of recombination of charge increases. The recombination
of charge carriers occurs as electrons and ions in
the plasma recombine with each other or are lost due
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to collisions with the walls of the chamber. In time,
a steady-state is reached between the generation of new-
charge carriers and the recombination of existing charge
carriers. To control the deposition processes of carbon
coatings and obtain reproducible results, it is necessary to
measure the magnitude of the incident and reflected RF
power or other directly related parameter. This parameter
is the negative potential of the RF electrode. This bias
voltage is caused by a significant difference in the veloc-
ities of ions and electrons. Controlling its magnitude
directly allows you to estimate the average value of elec-
tron energy in a plasma discharge.

This not only achieves good reproducibility of tech-
nological results, but also realizes the ability to perform
comparative assessments of the physical properties of
carbon coatings obtained at other installations. Adjust-
ment of the RF power, which allows for a possible varia-
tion of the displacement voltage in the range from -50 to
-700 V. Excess values of the displacement voltage above
700 V is impractical. This is due both to the considerable
resistive heating of the plasma chemical reactor and to
the fact that experimentally established the fact that
the sputtering processes in this case prevail over the pro-
cesses of film coating formation of ions and radicals.
The essence of the ellipsometric measurement method is
to study the change in the state of polarization of a light
beam as a result of its reflection from the studied object,
what is presented on the Fig. 4.

The studies were carried out on a-C:H films deposited
on glass substrates of acetylene vapor and hydrogen at
ambient temperature. The ratio of the amplitudes p and
s of the components of the incident light beam and
the phase shift between them were measured using a spec-
troscopic ellipsometer Semilab SE-2000 with radiation
incidence angles of 50°, 55°, 60°, 65°, and 70°. Further,
according to the model of a homogeneous isotropic film
on a glass substrate with known optical constants
(ns = 1.457, ks = 0), were selected unknown parameters
n, k and d within given limits until established the mini-
mum difference between the calculated and measured
values of the shift phases and ratios of amplitudes of
p and s components. Found values were fixed as
the determined optical constants (Fig. 2 and Fig. 3) and
thickness films. The measured values of ellipsometric

angles Y and A, the calculated values in the model are
shown by solid lines.

The coincidence of the lines with the measurement
results (dots) indicates that the obtained data on the values
of n, k, and d are correct. That the obtained low value for
the refractive index in the range 1.484 - 1.623 coincides
with the data from [7]-[9]. It is shown in the work that
a-C: H layers transparent in the visible spectral region and
having low refractive indices can be used to form
a homogeneous orientation of liquid crystals.

The ellipsometric parameters A and  are related by
the basic equation [10]:
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tion coefficients for p- and s- polarizations. Thus, tan(y)

is the ratio of amplitudes, and A is the phase difference
of the components of the reflected light. Since the ratio of
two quantities is measured, and not their absolute value,
the result is not affected by a change in intensity light
source and air absorption.

are the total complex amplitude reflec-

Ellipsometry is not a direct measurement method. To
get the values optical constants of the film (n and k), it is
necessary to use a model including initial and boundary
values of the desired parameters. All the DLC films were
measured by spectroscopic ellipsometer Semilab SE-
2000. Brewster's angle (2-0) is determined by the mate-
rial refractive index, which allowed to determine
the refractive index during the measurements.

Incoming spectral light

—

Spectral detection
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Fig. 4 Scheme of changes in the polarization of incident light in
interaction with a reflective surface.
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Fig. 6 Ellipsometric angles range.

TABLE 2 PARAMETERS N, K, D.

Sample Point n k d, nm
number
1 1 1.484 0.345 136.20
2 1.573 0.246 108.12
2 1 1.605 0.196 116.00
2 1.601 0.151 122.00
3 1 1.623 0.072 73.40
2 1.621 0.062 74.66
® = arctan(n) (2-0)

The results are presented in the Table 2, Fig. 5 and
Fig. 6.

All the measurements were analyzed and modeled by
the Fresnel equations. Three parameters were identified:
refractive index, extinction index, and thickness as pre-
sented in Table 2.

Such measurements are possible to determine
the properties of nanometer layers and substrates in struc-
tures with various combinations of absorbing and low-
absorbing materials. Moreover, the measurement errors
for the analysis of the angular dependences of
the reflected radiation are close to the errors of conven-
tional ellipsometric measurement methods under fixed
conditions, but they are much more informative and sim-
pler in hardware design.

CONCLUSION

Based on measurements of the dependence of
the reflection coefficient on the angle of incidence of
monochromatic radiation, the possibilities of multi-
parameter, local, express, non-destructive determination
of thickness, refractive indices and absorption of layers
from a few nanometers to tenths of a micrometer are
realized.

The obtained values for n, k, and d are located in
ranges: for n - 1.484 and 1621, for k - 0.345 and 0.062,
and for d- 136.20 and 74.66. To use carbon films as anti-
reflection coatings, it is necessary that its refractive index
has a value of about 2.0. However, those films with such
refractive index can be used to form a homogeneous ori-
entation of liquid crystals.

REFERENCES

[1] K. Enke, H. Dimigen, and H. Hubach, “Frictional properties of
hard and insulating carbonaceous films grown in an R.F. discharge,”
Appl. Phys. Lett., vol. 36, no. 4, pp. 291-292, 1980.

[2] A. Bubenzer, B. Discler, G. Brandt, and P. Koidl, “Role of hard
carbon in the field of infrared coating materials,” J. Appl. Phys., vol. 54,
no. 8, pp. 45904595, 1983, DOI: 10.1117/12.7973404.

[3] K. Enke, “Hard carbon layer for wear protection and
the antireflection purposes of infrared devices,” Appl. Opt., vol. 24,
pp. 508-512, 1985, PMID: 18216979.

[4] S. F. Pellicori, C. M. Peterson, and T. P. Henson, “Transparent
carbon films: Comparison of properties between ion- and plasma-

deposition processes,” J. Vac. Sci. Technol. A, vol. 4, pp. 2350-2355,
1986, DOI: 10.1116/1.574075.

[51 L. Klibanov, N. I. Croitoru, A. Seidman, V. Gilo, and R. Dahan,
“Diamond-like carbon thin films as antireflective and protective
coatings of GaAs elements and devices,” Opt. Eng., vol. 39, no. 4,

pp. 989 — 992, 2000, DOI: 10.1117/1.602448.

[6] R. Memming, “Properties of a-C:H layers made by CVD,” Thin
Solid Films, vol. 143, pp. 279-289, 1986.

[77 E. A. Konshina, V. A. Tolmachev, A. 1. Vangogen, and
L. A. Fatkylina, “Investigation of the properties of plasma-polymerized
layers and their influence on the orientation of nematic liquid crystals,”
Opt. journal., vol. 64, no. 5, pp. 88-95, 1997.

[8] V. A. Tolmachev and E. A. Konshina, “Ellipsometric study of
a-C:H films,” Diam. Relat. Mater., vol. 5, no. 12, pp. 1397-1401, 1996,
DOI: 10.1016/50925-9635(96)00551-1.

[91 E. A. Konshina, V. A. Tolmachiev, A. I. Vangonen, and
A. P. Onokhov, “Novel alignment layers produced by CVD technique
from hydrocarbon plasma,” Proc. SPIE, vol. 3015, pp. 52-60, 1997,
DOI: 10.1117/12.271402.

[10] R. M. A. Azzam and N. M. Bashara, Ellipsometry and polarized
light. 1977.

®
M Copyright (c) 2020 3enincekuii /., ['opoxos B., Konaparenko O.,

IImupsona JI., Cemikina T.

008661°¢°€°0C0C $960-L197/5€S0C0T1 10A


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2617-0965.2020.3.3.199800
https://doi.org/10.1117/12.7973404
https://doi.org/10.1116/1.574075
https://doi.org/10.1117/1.602448
https://doi.org/10.1016/S0925-9635(96)00551-1
https://doi.org/10.1117/12.271402

DOI: 10.20535/2617-0965.2020.3.3.199800

20 Mikpocuctemu Ta (pi3uyHa EIEKTPOHIKA

VJIK 524.572

Oco0JIMBOCTI BUKOPUCTAHHS AJIMAa30MOA10HUX
BYTJICLIEBUX ILTIBOK B SIKOCT1 aHTUB1JOMBHUX
IIOKPHUTTIB

3enincekuii’ J., ORCID 0000-0002-8617-6562
HauionaneHuii TeXHIYHUHN yHIBEpCUTET Y KpaiHu

"KuiBcbkuil mosiTexHigHuil iHCTUTYT iMeHi Iropst Cikopcebkoro"
Kuis, Ykpaina

I'opoxos B., n.c., ORCID 0000-0002-5609-6916

TacTutyT HanTBepAMX MatepiaiiB iM. B.M. bakyns HAH Vkpaiau
Kuis, Ykpaina

Konmpatenxko O., k.1.H., ORCID 0000-0003-1948-4431

IacTuTyT Qizuku HamiBnpoBigHUKIB iM. B.€. JlamkaproBa HAH Ykpainu
Kuis, Ykpaina

Imupsosa® JI., k.1.H. moir., ORCID 0000-0001-5497-4140

HamioHaneHUM TeXHIYHUH YHIBEpCUTET Y KpaiHu
"KuiBchkuit nomitexHigHUA iHCTUTYT iMeHi Iropst Cikopcekoro"
KuiB, Ykpaina

Cewmikina® T., x.1.H. c.H.c., ORCID 0000-0002-6182-4703

[HctuTyT Qisuku HaniBnpoBigHUKIB iM. B.€. JlamkaproBa HAH Ykpainn
KuiB, Ykpaina

Anomauyia—IIlniBku amopgHoro riaporenizoBanoro Byr.euo a-C:H 3aBasiku TAKUM BJIaCTHBOCTSIM, SIK XiMiuHa iHepT-
HicTb, iH()payepBHEBa NMPO30pPicTh, TBEPAiCTb, 3HOCOCTIKiCTh, HU3bKUIT Koe(dilieHT TepTa Ta OiocyMicHiCTH 3HAXOAATH
3aCTOCYBAHHS B ONTHI i e1eKTPOHili, MamuHoOyAyBaHHi Ta MeaquuuHi. B npeacras.eniii po6ori miiBku amopgHoro Byr-
JIen0 JOC/I/IZKYI0ThCS 3 METOI0 MOJAJILIIONO iX 32CTOCYBAHHS B SIKOCTi AaHTHBII0MBAI04Y0ro NOKPUTTS HA iHQpauyepBHEBUX
BiKHAX 3 repMaHilo, a TAKOK VISl OPIEHTYBAHHS PIIKMX KPUCTANIYHHX IIAPIB B PiIKOKPUCTATIYHAX MOLYJIATOPAX CBIiTJIA.
B po0oTi HaBegeHO TeXHOJIOTiIYHI YMHHUKY IIA3MOXiMi4YHOT0 0CA/:KeHHS IUIIBOK 3 ra3oBoi ()a3u sik OAHOT0 3 Halnomupe-
HilINX Ta pe3yIbTATHBHHUX TEXHOJIOTIYHHX METOdIB.

Cepist 3 TPHOX aJ1Ma30M0Ai0HUX BYTJIeleBUX MJIiBOK 0y/1a BUTOTOBJIEHA 32 I0OMOI0I0 MJIa3MOXiMiYHOI YCTAHOBKH 1151
oca/zkeHHs a-C:H muiBok. OcakeHi IiBKH aHATI3yBaIN CIeKTPOCKOMiYHUM eqincomerpom Semilab SE-2000, mo sBJisie
¢00010 yHiKaJbHY MOAY/IbHY ONTHYHY MJIAaTGOPMY, 110 BKIKYAE CHEKTPOCKONIYHMIA eJincoMeTp 3 00epTOBHM KOMIIEHCA-
TOpoM. CneKTpaJIbHHUIi eJ1incoMeTp A03B0JIsI€ NPOBOAUTH 0€3KOHTAKTHMI, HepyiiHIBHUI ONITHYHUIA aHAJII3 0gHO- i OaraTo-
LIAPOBHX CTPYKTYP HAa KpPeMHil, cKJ1i, INIIBKOBOMY HOCII, 2 TAK0k BU3HAYATH TOBIIUMHY TOHKOIUIIBKOBHUX 3pa3KiB i ix onrTu-
4Hi BJACTHBOCTI Taki AK: kKoedilieHT 3a/10M/IeHHS, IOKA3HUK NOIJIMHAHHS, ONTHYHA IIMPUHA 3260poHeH0i 30HU. B poborTi
HABEJCHO 32JICKHOCTI OTPUMAHHUX eJlincoMeTpu4yHuX koedinieHTiB. Ha ocHOBI oTpuMaHuX 3ajiexHocTell 0y/10 BUKOHAHO
PO3paxXyHKH 3 BUKOPHCTAHHSIM MaTpHIb Ta piBHAHL Ppenens.

Ha ocHoBi BuMipioBaHb 3a/1e:KHOCTi KoedinieHTa BiAOUTTA Bi KyTa maaiHHs MOHOXPOMATHYHOI0 BUIIPOMiHIOBaHHS
peaJjiizoBaHi MOXKJIMBOCTI 6araTonapaMeTpH4YHOro, JJ0KaJbHOI0, eKcNpec-HePYHHIBHOr0 BU3HAYEHHSI TOBIIMHM, MIOKA3HU-
KiB 32JI0MJIeHHSI Ta NOTIMHAHHA WAPiB Bill KiIbKOX HAHOMETPIB 10 AecsATHX MikpoMeTpa. OTpuMaHi 3HaYeHHs 1A n, kid
3HAXOAATHCA B Aiana3zoHax: aJs n - 1,448 - 1,621, aas k - 0,345 - 0,062, a naa d Bix 136,20 um 10 74,66 um. [Lias Bukopuc-
TaHHS BYIJIeleBUX ILUTIBOK B AKOCTi AHTUBII0MBHUX MOKPHUTTIB HEOOXiTHO, 100 HOr0 MOKA3HUK 32JI0MJIEHHSI MaB 3HAYEHHS
01u3bK0 2,0. OTpuMaHi 3HAYEHHSI MOKA3HMKA 32JI0MJIEHHS] € MEHIIMMH, 110 He BiAMOBiga€e BUMOram /Jisi aHTUBI0OUBHUX
NOKPHUTTIB. AJie 3Ha4YeHHs n - 1,448 - 1,621 3a70B0JIbHSI€ BUMOraM BUKOPHCTaHHA ILIIBOK VISl ()OPMYBaHHSA OJHOPigHOI
opienTanii pifkux KpucTadiB B IPUCTPOSAX HA iX OCHOBI.

Knrouoei cnoea — nnieka DLC; Memoo PECVD; cnekmpockoniuna enincomempisn; aHmugiooueni noKpummsi; NOKA3HUK
3A/10MIIEHHA.
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