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Abstract

Amorphous carbon thin films with a wide rangesp? fraction from 20 to 90% grown
by filtered cathodic arc deposition have been erathby ultraviolet (UV) at 325 nm
and visible Raman spectroscopy at 457 nm excitat@velength. The comprehensive
study of behaviour of G, D and T band witHf/sp’ content has been carried out. The
upwards shift of the G peak with pgontent was observed for both excitation
wavelengths. It was also found that the I(D)/I(@lio decreases with $pontent for
UV and visible excitations, and for high>spontent I(D)/I(G) tends to zero. The

dispersion of the G peak is also investigated imork as a function of $gontent.
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1. Introduction

Amorphous carbon (a-C) films have been extensiwelgstigated by researches due
to their hardness, chemical stability, and its etagcs properties [1]. The a-C films
have widespread applications as protective coatingseas such as magnetic storage
disks, biomedical coatings, and as microelectroraeicial devices. The amorphous
carbon films have wide range of structural configiom due to spand sp sites.
Diamondlike carbon (DLC) is defined as a-C or adrbgenated amorphous carbon
(a-C:H) with a significant fraction of 3fbonds [2]. The DLC films with highest $p
content are called tetrahedral amorphous carboiC)(tf2]. There are four key
parameters determine the structure and propertiasQy the fraction of spbonded
carbon sites, hydrogen content, ordering and cinsteof sg sites. Different
characterisation methods are used to determinstthetural parameters of a-C films.
For instance, the &pcontent is usually measured by nuclear magnesonance
(NMR) or electron-energy-loss spectroscopy (EEL&I, these are time consuming
and destructive methods. Raman spectroscopy isyapepular, non-destructive tool
for the structural characterisation of a-C filmssile Raman spectroscopy is 50-230
times more sensitive to Spsites, as photons with wavelength in visible range
preferentially exciter-states. UV Raman, with its higher photon energgites both
ther and thes states and so it is able to probe both tHeasp sp sites [3].

The Raman spectra of the a-C films show severalnoomfeatures in the 800-2000
cm’ region: the G and D peaks at around 1570 and b@bserved for visible and
UV excitation and the T peak ~ 1100 ¢mietected only for UV excitation [2,4]. The
G and D peaks are due td*sites only [3]. The G peak is due to the bondtshiag

of all pairs of sp atoms in both rings and chains, and the D peattuis to the



breathing modes of épings [3]. The T peak is contributed to the C-C @prations
[2,3].

In this paper, we report on application of Ramaactscopy at 325 and 457 nm
excitation wavelengths to distinguish between th@ and ta-C films and to assess
their structural properties. A possible explanationthe position of the G peak and
its linewidth is discussed in this paper. There srasonable arguments in the
literature about the origin of upwards shift of tBepeak with sp content. Some
conjectures indicate, that shift can be due to egesgive stress in ta-C films [5],
while other investigators show, that the G peaktprsdoes not decrease when the
stress is removed by annealing [6]. Present papéerlines the importance of the D
and G peaks intensity ratio (I(D)/I(G)) and intepsf the T peak in analysis of a-C

films.

2. Experiment

A) a-C samples

Carbon thin films with spcontent between ~20% to ~90% were deposited onto
silicon wafers using a dual bend filtered cathodic deposition (FVCA) system
operating with a 99.9 % pure graphite target, an anrent of 56 A and a base
pressure of better than 10Torr. Three different flow rates of Ar (0, 7, arid
ml/min) were used with the different deposition graeters. Silicon (100) substrates
were cleaned prior to deposition in an ultrasorathb with acetone, ethanol and
distilled water before being air dried. The sulistrholder was connected to a

regulated DC power supply, allowing films to be dgifed over a range of bias



voltages from -25 V to -1000 V. The stress was miaitged from substrate curvature
using Stoney’s equation and the film thicknessn(fi20 to 80 nm) was determined by
step height measurements obtained using a Ten&6ér gtefilometer [7,8]. The film
density and fraction ofp® bonded carbon atoms was estimated from an EELS
measurements [8]. Samples were also prepared witthira Cu under layer
approximately 2 nm thick sputter deposited onto shbstrate prior to the carbon

deposition.

B) Raman spectroscopy

For the study of a-C films Raman spectroscopy witlible and UV excitations has
been used. Unpolarized visible Raman spectra wecded at the backscattering
geometry using 457 and 514 nm lines of afl Kaser as well as 633 nm line of a
HeNe laser. Spectra were collected using RENISHAWO1micro-Raman system
equipped with a CCD camera and a Leica microscApel.800 lines/mm grating was
used for all measurements, providing a spectraluéen of ~ 1 crit. A laser output
of 10 mW was used and the laser spot was focusddeosample surface using 50x
objectives with short-focus working distance. UVnian spectra were collected using
micro-Raman system HR800 model supplied by HordianJYvon. As an excitation
source the He-Cd laser at 325 nm with power of 22 was used. The laser spot was
focused on the sample surface using 40x objectivedl short-focus working
distance. The Raman spectra were fitted with meétoir Gaussian and Lorentzian

function to obtain the position, intensity, andekividth of detected peaks.

3. Resultsand discussion



The shape of Raman spectra of a-C films depends mmmber of different factors.
These factors are a clustering of thé sites, bond disorder, presence of 8pgs or
chains and the §fsp’ ratio [3]. Fig. 1 shows Raman spectra acquiredatelengths
457 nm and 325 nm, respectively. The following Ranfeatures are observed for
both excitation wavelength: a TO Si phonon at ~ 80" due to the second order
phonon scattering from the silicon substrate, dedcarbon D and G bands at about
1400 and ~1570 ci respectively. The TO Si phonon mode is more puoged for
visible excitation (457 nm) due to a larger depitlaser light penetration than in case
of UV excitation (325 nm). In addition to that, aak T band at ~1100 ¢his
observed for UV excitation (see Fig. 1(b)). Foriblis excitation, the spsites have a
high cross section and they dominate the spectrthd same time, the $pites can
not be detected and the spectrum corresponds @tifyetconfiguration or order of the
sp’ sites. At the higher excitation energy (in the tAnge), the shsites are clearly
shown in Raman spectra, due to resonant enhancerthémt ¢ states of C-C bonds

[2], (see Fig. 1(b)).

Figure 2 presents the dependence of Raman frequaritye G band versus the®sp
content for visible and UV excitations. As can leers from this figure, the G peak
behaves differently for a-C films with low $pontent (up to 20%) in comparison with
that for ta-C films with higher Spfraction. For both excitation wavelengths, the G
peak position decreases as BEreases up to 20%. For the’ spntent in the range
from 20% to 80%, the position of G peak signifitarghifts to the higher Raman
frequencies. This is in agreement with previouslplighed papers on a-C films [3,5].

The large shift of the G peak position (around 89'cto the higher frequencies is



observed for UV excitation wavelength (see FigbR.(The range of behaviour of G
peak can be understood within the three-stage mtmtedifferent wavelengths
introduced by Ferrari [3]. In passing from a-C @eQ, the spcontent rises from 20%
to 85%, while the Spsites change gradually from rings to chains. T lséates become
increasingly localized on olefinic $ghains and, eventually, Spairs embedded in
the sp matrix. Olefinic C=C bonds are shorter than aréenhonds, so they have
higher vibration frequencies and consequently thaye a larger contribution at UV
excitation wavelength [3,9,10]. It has been disedss the literature if the high
frequency of the G peak has also been attributédetéarger compressive stress in ta-
C films [5,6]. At present time we could not makdiniée conclusion on the influence

of stress on the G peak position. Further resdaasto be carried out.

Fig. 3(a) shows the full width at half maximum (F\WiHof the G peak as a function
of sif content for 457 nm and 325 nm excitation enerdye FWHM of the G peak
decreases linearly with Sgraction for both excitation wavelengths. The diéhs
with lower s content has the largest G linewidth as they arerdisorder. This is in
agreement with the fact that the linewidth of Gkpatany excitation increases as the
disorder increases [5-7]. The linewidth of G bamdriound 180 cthfor a-C films and
approximately 230 cfh for ta-C, which is in agreement with Ref. [3]. Wi not
observe any significant changes in the linewidtlsgbeak between 457 nm and 325
nm excitation wavelengths. This can be due to ¢ason that excitation wavelengths
used in this work are quite close to each other.

Fig. 3(b) presents the variation of the G peaktpswith excitation wavelength for
ta-C and a-C samples. The G-peak dispersion ooruysin disordered carbon and it

is proportional to the degree of disorder of thé apstering [2,3,11]. As it can be



seen from Fig. 3(b), the G peak position decreaststhe excitation wavelength for
both a-C and ta-C films. For ta-C films the G peakition decreases from 1615 ¢tm
at 325 nm excitation wavelength to 1529 tat 633 nm excitation wavelength. A
smaller dispersion is observed for a-C films witghhsgf content when the G peak
position shifts from 1600cih to 1556 crit at 325 nm and 633 nm excitations,

correspondingly. This is consistent with resultsaoted in Ref. [2].

Fig. 4(a) presents the intensity ratio of the D @deaks as a function of ‘spontent.
The ratio of I(D)/I(G) decreases with increasespffraction. This confirms the three
stage model introduced by Ferrari [3], which shola [(D)/I(G) ratio decreases with
sp’ content for a-C films and for ta-C films with higip* content the 1(D)/I(G) tends
to zero. As the spontent increases, the’spntent decreases and spnded clusters
become smaller. The carbon rings are more distordpen up and break into
segments with chains of C=C groups. The D bandghvisi due to the breathing mode
of aromatic springs, is vanished and for very high®smlues the G band is nearly

symmetrical, which is in agreement with spectraented in Fig. 1.

Fig. 4(b) shows that the intensity of T peak aBA@ni* increases with increase of
sp’ fraction, which is in agreement with publishedad§,12,13]. This confirms a
statement that T peak is identified witi’-$nded carbon. The T peak is sensitive to

small changes in $ontent in particularly at high $fraction.

4. Conclusion



We have presented a systematic analysis of the Rapectra measured at 457 and
325 nm excitations for a-C films with Spontent varies from ~20% to ~90%. We
have shown how the UV Raman spectra can providerextdevidence for the
presence of Spbonds based on T peak, while visible Raman spgmteaent a
powerful way to follow the evolution and orderinfjtbe sg sites based on the G and
D peak. Within the three-stage model of the Ranp&etsa of the carbon films [3], in
passing from a-C to ta-C, the’sgites change gradually from rings to chains aed th
G peak shifts upwards from 1575 to 1598 dior visible excitation and from 1595 to
1630 cn* for UV excitation. With increase of $pontent the I(D)/I(G) ratio shifts to
low values and for high Sgontent tends to zero. The dispersion of the & fea
crucial parameter to distinguish between differgnictures of amorphous carbon. It
was confirmed that the bigger dispersion of G paaderved for ta-C films with high

sp’ content indicates the larger disorder in thesedil
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Figure captions:

Fig. 1. (a) Visible Raman spectra (457 nm) andJf¥¥)Raman spectra of the a-C

films with different sp content.

Fig. 2. (a) The G peak position as a function Sfcgmtent measured by 457 nm and

(b) 325 nm of excitation wavelength.

Fig. 3. (a) The full width at half maximum (FWHM]j the G peak as a function of’sp

content measured by excitation with 457 nm andr885(b) Dispersion of G peak

position vs. excitation wavelength for selecte€tand a-C samples (note, that the

connecting lines are used as guide to the eye).

Fig. 4. (a) The intensity ratio of the D to G pesaka function of the Smontent for

visible (457 nm) excitation. (b) Raman peak intgnsf the T band as a function of

the sp content.
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