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Thin carbon—-nitrogen filmgi.e., CN,) have been obtained by dual ion beam sputtering. The
chemical composition and the type of bonding of the,GNaterial have been examined, as a
function of the deposition parameters, by Fourier transform infrared spectroscopy, x-ray
photoelectron spectroscop§XPS), and electron energy loss spectroscof8ELS). The high
concentration of &N bonds present in some of the samples, as stated by FT-IR, allowed us to
correlate this type of bonding with some of the features observed in the corresponding XPS and
EELS spectra. Nitrogen concentrations of up to 45 at. %, depending on the deposition conditions,
have been estimated by XPS and EELS. The films deposited at low energy were rather
homogeneous, as demonstrated by Auger electron spectroscopy depth profiling, and show the
highest C—N simple bonds concentration. On the contrary, the use of high energy assisting nitrogen
ions leads to the formation of carbonitrile groupe., G=N), as well as resputtering effects that
significantly reduce the thickness of the films and even hinder the growth of a film. The topography
and morphology of the different films, as determined by atomic force microscopy, were also
observed to depend on the conditions of assistance20@0 American Vacuum Society.
[S0734-210(100)03002-5

I. INTRODUCTION hanced chemical vapor deposition(CVD),*° ion
. _ . implantation:! and laser ablation under nitrogen ion beam
Stimulated by the theoretical work of Liu and Coheh, pombardment:2 The resulting films were predominantly

nitrogenated carbon films, i.e., GNhave been the subject of 3morphous with a maximum nitrogen content of up to 45
numerous studies in the last few years. Liu and Cohen theds; oy je. the films are always carbon rich films. A few
retically predicted the existence @FC3N,, a stable phase , ihors have also reported nanometer-sige@;N, crystal-
with a bulk modulus and mechanical properties comparablﬁtes that appeared dispersed in an amorphous, CN
to those of diamond. In 1993 Niet al? reported the synthe- matr’ix_s,lo,n Dawei et al® have reported large area p)t()Iy-
sis of small GN, crystallites by laser vaporization of graph- crystalline GN, films on S{111) by rf plasma enhanced

ite using a N' beam to bombard the growing film. Since : . » .
12 . CVD using various transition layers. To date, samples with
then, a large number of studie$? have been published, de- - : . .
sufficient amounts of crystallizeds;N, and with mechanical

scribing different approaches to grow carbon nitride films . .
using different experimental methods. CRlms have been properties comparable to the predicted values have not been
reported. In spite of that, the GNilms still have potential

prepared by reactive magnetron sputtefiigion beam o o X e
i 6 ; 7 applications as hard, low friction wear resistant coatifigs®

deposition; dual ion beam sputtering.electron cyclotron Pp o i X 9
More recently Liu and Wentzcovit¢h pointed out the

resonance plasma assisted vapor depoditipigsma en- )
existence of three B, phases; the hexagonal, the defect

Aauthor to whom correspondence should be addressed; electronic maiff‘_Ub'C zmcplen@e, and the rhombohedral phase, whose cohe-
josem.sanz@uam.es sive energies lie close to each other and also close to those of
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TasLE |. Energy and current densitly, of the Ny ions used to assist the deposition of carbon nitride films, ion
to atom arrival rate ratioARR) and averaged atomic compositifi]/[C] as determined by XPS and EELS.

Energy N ARR [N)[C] [N][C]
Sample (eVv) (mA/cn?) [N5/CI] (XPS (EELS
A0 0 0 0 —
Al 55 0.031 1.25 0.32 0.2
A2 65 0.055 2.26 0.38 —
A3 71 0.066 2.71 0.41 —
Ad 73 0.072 2.96 0.49 0.6
A5 76 0.077 3.16 0.51 —
A6 87 0.083 3.41 0.58 1.0

diamond and graphite. For applications as hard coatings, thidall ion source2 cm exit diameteris used for simultaneous
growth of graphite-like carbon and of the rhombohedral carbombardment of the growing film with Nions, that impinge

bon nitride structure, which are soft phases, should be hinthe film at 60° off normal. $100 wafers after cleaning in a
dered. Therefore the determination of the chemical structurgolution of HF and methano(1:1 volumeé and freshly

of the films has become a critical issue in the characterizatiogleaved KCI have been used as substrates. The temperature
of these films, where not only the stoichiometry but also theof the substrates was held at 200 °C during deposition. The
bonding structure have to be determined. The characterizazase and working pressures of the system werda 7 and

tion of CN, films is an actual problem, where the absence 0f3x 10 Torr, respectively. The deposition parameters have
standard reference samples is a handicap. X-ray photoelegeen summarized in Table I. The sputtering conditions of the
tron spectroscopyXPS) and infrared(IR) are the most graphite targeti.e., 500 eV, 1 mA/criAr* ions 5 h depo-
widely used techniques to obtain information about the Stosition time) were kept constant for all the films. With these
'Fh'OT%tE)l’lgagd type of bonding present in the CN congitions, a constant flux of 16104 (C atoms/cris) has
films.*~%1115"2owever, the complex nature of the spectrapeen obtained at the substrates, as determined after Ruther-
and the lack of pure phases make their interpretation rathgp.q packscattering spectrometry calibration of a nonassisted
controversial. Baker and Hamnidrave developed a model film. On the contrary, the current densily, of the N as-

of the CN, microstructure that enables the chemical statgigting jons was varied according to the values collected in
assignment of up to eight components of thesspectrum. a6 Unfortunately, those changes in the current density

However, their differences in binding energies are so smal}equired also small changés5-89 eV} in the energy of the
that only four are usually distinguished in the experimentsN+

A v the N & ¢ ol d their int a2 beam. The ion to atom arrival rate ratidRR) is pre-
pparently the spectra are simpler and their INerpreta- oo q g iy Taple 1 in units of Nions/C atoms.

tion in terms of three components is rather general, however FT-IR spectra were recorded in a Bruker IFS66V FTIR

there still exists some controversy on the assignment of thgpectrometer between 7000 and 560 &with a resolution

carbonitrile bonding. A similar problem is observed in the 1 .
. . . f 4 cm . Spectra were referred to a previously collected
interpretation of the IR spectra where the assignment o

spectrum of a pure KCI substrate.

broad overlapping bands associated vérandsp* hybrid- XPS and AES analysis have been performed in a PHI-

ized C—C and C—N bonds is rather ambiguous. ; : S
The film deposition technique considered here is dual ion?’o.27 spectrometer equipped with a double pass cylindrical
beam sputtering. The use of energetic ions to assist the dep{)n_mor analyzerCMA). For XPS the CMA h_as_ been oper-
sition is expected to enhance the incorporation of nitrogen ir?teOI at a pass energy of 50 eV and the radl_atl_on source was
the films. We present a complete characterization of the ﬁlmgonmonochromanzed . N.Ig“ x-ray radiation h’.}.
in terms of Fourier transform infrared spectrosc@py-IR), 12536 eV).' A qyantltatlve estlmatg of the composmqn,
XPS Auger electron spectroscop§AES) depth profiling, ie., N(C atomic ratio, was performed in terms of the r_e_la_twe
electron energy loss spectroscofSELS) and atomic force intensity of th.e respectivesiXPS signals and the sensmylty
microscopy(AFM). The study is mainly focused on the in- factors .supplled by the manufactuférThe results are in- .
vestigation of the influence of the deposition parameterstluded in Table 1. The spectra were charge corrected using
mainly bombarding energy and beam current density, on thf1® Position of the O& line. A primary electron beam of 3

. ! s
nitrogen content and the structure of the ms obtained K&V was used for Auger analysis, while 2 keV "Arons
by dual ion beam sputteringdIBS). rastered over an area of 2 mf2 mm were used to obtain

the in-depth profile of the films. Thi€LL Auger peaks of C,
N, and O as well as Si(MM) were monitored as a function
Il EXPERIMENT of the sputtering time. The Auger spectra were recorded in
Carbon nitride thin films have been deposited in a DIBSthe integral NE) mode but the respective intensities were
system. The method consists of the deposition of carbon vieneasured as the peak to peak height of the derivative spectra.
Ar* sputtering of a graphite target ugim 3 cmKaufmann  Both surface and in-depth analysis were performed for all the
ion source at an angle of incidence of 45°, whereas an ensamples. The relative thickness of the films was determined

J. Vac. Sci. Technol. A, Vol. 18, No. 2, Mar /Apr 2000
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— T — - . - T 30000 profiling demonstrated that the relative nitrogen concentra-
06 E/: tion was constant along the film. The oxygen content was
- 25000 . . . .
054 very low in the bulk of the film but increased slightly at the
// {20000 surface due to the exposure of the films to the atmosphere.
& °~4'_ = 3 The N/C atomic ratio can also be estimated from the inten-
% 03 115005 sities of the carbon and nitrog&hedges of the EELS spectra
% ) 10000% (cf. Sec. lll O. The respective results are summarized in
027 ] @ Table I. The discrepancies with respect to the XPS data,
0.1_' \'—> 15000 = mainly at high ARR, could arise from maFrix eﬁeqts that can
] ~e affect EELS measurements that give information coming
0.0 Te—e 10 from the whole volume of the film. In addition, XPS surface

00 05 10 15 20 25 30 a5 40 measurements could be affected by the presence of small
Arival Rate Ratio (N,'/C) an:ounts of adventitous carbon that could reduce the N sig-
nal.
Fic. 1. N/C atomic ratio as stated by XPS and sputtering times of the Both XPS and EELS measurements also show that when
complete AES depth profiles of the different Cfilms as a function of the the ARR is higher than 2.8 }\Iions/C atoms, the films incor-
ARR. porate significant Fe, W, Cr, and Ni impurities, coming from
the assisting ion gun, and K and Cl, coming from the KCI
by AES sputter depth profiling measuring the time needed tsubstrates, in increasing amounts as the current density of the
completely sputter the filnti.e., time at which the &LL beam of assistance is increased. The total amount of the me-
signal reduces to 50% of the steady state Vaarel assum- tallic contaminants depended on the deposition parameters,
ing that the sputtering behavior of all the samples was théut was always below 10 at. ¥up to 20% in sample A6,
same during its depth profiling. grown under extreme assistance conditjori$erefore, for

The films were also examined in a Philips CM 200 FEGpractical purposes the ARR should be kept below 2.8
microscope equipped with a GATAN GIF imaging system.N; ions/C atoms. In this case, we obtain homogeneous films
The films were floated off in water and then supported on avith N/C ratios on the order of 0.35.
copper grid coated with a holey carbon film. The EELS spec- Taking into account that the sputtering conditions, i.e., the
tra were acquired in transmission mode with the GIF systenflux density of C atoms arriving to the substrate, were held
at an accelerating voltage of 200 kV. The energy resolutiorzonstant during the deposition of all the samples, the con-
was about 0.8 eV and the illuminated area 1#8. Quanti-  tinuous decrease of the thickness observed in Fig. 1 can only
tative analysis was performed using the Gatan EL/P softhe explained by the existence of intense resputtering phe-
ware. nomena of the carbon nitride films grown undej Mom-

The morphology of the CN films was examined with a hardment. The energies and fluxes used in this work to assist
home built AFM working in air and using the lever deflec- the sample are not expected to induce significant physical
tion method. The piezo was calibrated by imaging highlyresputtering® In fact, the sputtering coefficient of graphite
oriented pyrolitic graphite and silicon grid2 umX2um  ynder argon bombardment is very I8&However, if the
and 5umX5 um). Two types of cantilevers from Park Sci- carhon films are bombarded with nitrogen, chemical sputter-
entific, triangular and rectangular shaped with spring conyg takes place through the reaction of the nitrogen ions with
stants 0.05 and 0.01 N/m, respectively, were used. All imhe atoms of the film, giving rise to the formation of volatile
ages were acquired without filtering in the constant forcecompounds, like @N,, N,, CNH, and CNOH>2"28Accord-
mode, taking simultaneously friction and topographic im-ing 1o Fig. 1, it seems that for values of the ARR above 3.0,

ages. such resputtering phenomena are very intense and the growth
process is clearly hindered. A simple growth médiehables
. RESULTS us to estimate that the resputtering coefficients of carbon and

Both the thickness and the nitrogen content of the, CN nitrogen under §l bombardment are close to 0.3 and 1.95,
films were observed to depend on the ARR, as can be seen iaspectively. This high value of the resputtering coefficient
Fig. 1, where the surface N/C atomic ratio, stated by XPSpf nitrogen confirms the difficulties of incorporating nitrogen
and the relative thickness of the films, obtained by AESinto the films.
depth profiling, are shown. When ARR increases, two eﬁecti FT-IR
are observed: the increase of the proportion of N atoms in-"
corporated into the film and the continuous decrease of the Figure 2 shows the FT-IR transmission spectra of differ-
thickness of the films. N/C rapid increase until saturation isent films (as labeleyl deposited on KCI according to the
reached at around N/EO0.4. Further increase of the ARR deposition conditions given in Table I. The contribution of
leads to the resputtering of the films. the substrate was previously subtracted. The spectra appear

Concerning the XPS estimated compositions, it is impor-characterized by two intense vibration bands: a broad ab-
tant to note that our films contain similar fractions of nitro- sorption peak spanning from 1150 up to 1750 ¢nwhich
gen as those observed by other autférs>2° AES depth  apparently has two major components at 1300 and 1500

JVST A - Vacuum, Surfaces, and Films
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A6

Intensity (a.u.)

A

292 200 288 286 284 282 280
Binding Energy (eV)
Fic. 3. Experimental C& XPS spectrdfull line) of different CN, films as

Al labeled(cf. Table ). Dashed line: C1 contribution proportional to A1 spec-
trum. Dotted line: C2 contribution increasing with nitrogen content.

Transmitance (a.u.)
g; g &

3000 ' 25'00 ' 20|00 ' 15'00 ' 10'00

N Al, A2, and A3 suggest that N is mainly bondedste? and
Wavenumber (cm ) sp® hybridized C, as if the incorporated N were substituting
the C atoms to form an extended inorganic,Gfdrbon ni-
tride solid. The intensity of the carbonitrile absorption in
these three samples is weak, but it has to be taken into ac-
1 1 count that this absorption is strongly dependent on the matrix
cm ~and a much shqrper pgak, centered at 2060 "cin- where the carbonitrile groups are embedded, so that FTIR
pther very weak contribution Is'also'observed at around 217{’zan be underestimating the carbonitrile concentration. As the
In some O,f the samples, espemglly in A2 and A3. The forrnerassisting conditions are increased, through samples A4, A5,
is the main band that appears in the IR spectrum of samplegnd A6, the CN film does not grow and the band associated
Al and A2. The band around 2060 cmhowever, is clearly it sphybridization of C and N emerges and becomes al-

qbservable in ’6_‘3 E_md grqws along f[he successive Samplef‘ﬁost the only absorption band in the IR spectrum of sample
(i.e., A3—Af with increasing N assistance and becomes AB, probably related to the formation of KCN.
the predominant feature in sample A6. The appearance and

continuous growth of the band at 2060 ¢his the main
effect to be observed in Fig. 2. It clearly indicates the for-
mation of a new bonding type that modifies the basic struc- XPS spectroscopy has been extensively used to study the

Fic. 2. FT-IR spectra of different CNsamples as labele@f. Table ).

B. XPS

ture of samples Al and A2. incorporation of nitrogen and to address the chemical nature
The interpretation of the broad absorption band arounaf CN,, i.e., to determine the bonding type’!!?223
1300 cm! has been given by Kaufmaet al® in terms of The respective C4 XPS spectra for different carbon ni-

the well known bands observed by Raman spectroscopy itride samples, as labelgdf. Table ) are shown in Fig. 3.
graphite. These authors attribute the IR band at 1300 andlhe changes in both the position of the maximum and the
1500 cm! to different carbon vibrations, mostly to C—C, line shape of the spectrum are clearly observable, however
C=C, C—N, and &=N vibrations in an amorphous network its analysis is rather controversial. Usually the £spectra

of threefold and fourfold coordinated carbdire., sp?> and  are analyzed in terms of several components that are as-
sp®). The band centered at 2060 th clearly separated signed to different C—N bonds based on the data for organic
from the region of singly and doubly bonded carbon, is at-molecules that include the respective type of bonding. How-
tributed to a vibration mode of some=EN carbonitrile con-  ever, the variety of organic molecules and their dispersion in
taining compound®-2°3%n fact, the position of this band is binding energies are large enough to make the assignment
close to that of KCN, compound that has an intense absormmbiguous and speculative. In fact, the consideration of all
tion at around 2080 cit.! The progressive increase of the the possible C environments leads to so many overlapping
intensity of this peak when the assisting conditions increaseomponentsji.e., up to eight according to Baket al.”), that

can be related to the incorporation to the film of K atomsthey cannot be unambiguously deconvoluted. Therefore, we
from the substrate activated by the ion bombardment, and isave preferred to analyze the experimental spdciea full
consistent with the progressive thinning of the films. Finally,line in Fig. 3 in terms of the spectrum corresponding to the
the position of the small band at 2170 fits with that of car-sample grown with lower assistance, Al, which is the start-
bodiimides (—N=C=N-).1° According to this interpreta- ing point of the set of samples, so that we can observe the
tion, which is generally accepted, the IR spectra of samplepart of the spectrum which growse., component C2, dotted

J. Vac. Sci. Technol. A, Vol. 18, No. 2, Mar /Apr 2000
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Fic. 4. XPS spectra of the Nslline for different CN, samples as labeled. % ‘e
Experimental spectra and the components used in the deconvolution are ‘E
shown. 3 398.8 |- 7]
. . . . . . L 1 PR ] L 1 L 1 L 1
line in Fig. 3 as a function of the deposition conditions or 00 01 02 03 04 05 06

the increasing nitrogen content of the films. The deconvolu-
tion of every experimental spectrum has been depicted in
Fig. 3, where the dashed lin¢iabeled C} represent a con- Fie. 5. Centroid of the C & peak(a) and N 1s peak(b) as a function of the
. . . . N/C atomic ratio.
tribution that is proportional to that of sample Al, and the
dotted lineqlabeled C2 show the contribution that increases
with the assistance and the nitrogen content. A further analy-
sis of these contributions is difficult and ambiguous as nachemical states is not uniqué,e., many nitrogen species
new features are clearly distinguished. However, the evolugive N 1s binding energies in the range 398-401)ge¥ut
tion of both contributions clearly indicates that increasing thethere is a general agreement to assign the peak at lower bind-
nitrogen content of the film leads to the growth of existinging energy, N1 at 398.1 eV, to Np®> C bonds, and the peak
components or to the formation of new bonding types withat higher binding energy, N3, to Np? C bonds. The peak
higher binding energies. at 399.1 eV, N2, can be associated with the formation of
Very commonly, the C& XPS peak is analyzed in terms carbonitrile-like bonds due tosp configurations (i.e.,
of four contributions that shift around 1 eV between eachC=N).'*?? It has been necessary to include a small contri-
other. According to Boyd, Martoet al.® and Soutcet al,>®>  bution at energies close to 403 eV, which accounts for the
the main components should be assigned to C—C bonds ptesence of BMor N—O specie§?® Finally, for samples A4,
284.6 eV, C—N peaks at 286.6 eV, and at 287.3 for trigonaA5, and A6, another component around 397 eV has been
sp? and tetragonakp® bonded carbon, respectively, and used, assigned to the formation of metallic nitriddse to
C—0 bonds around 290 eV. Other autforé have also the metallic impurities present in these samples, as men-
identified the =N triple bond at 286.3 eV very close to the tioned beforg
peak associated with the trigonal C—N bond. Therefore, it The binding energy of the centroid of the spectra, i.e.,
appears that the components corresponding to the nitrogeBE(centroid= [N(E)E dE//N(E)dE, where N(E) is the
substituted bonds would contribute to the high energy tail ofintensity of the spectrum at every energy, is observed to shift
the spectrum, which would explain the increasing asymmetras the nitrogen content varies. The centroid of the respective
of the peaks when the nitrogen content is increased, an@ 1s peaks have been depicted in Figajsas a function of
which is in agreement with our results. the nitrogen content of the film, which corresponds to the
The N1s XPS spectra also show important line shapeassisting conditions as indicated in Table I. The maximum
changes for the different samples. The dependence is shovahift of the centroid corresponds to sample A6 and accounts
in Fig. 4 for the same films as those represented in Fig. 3for 1.4 eV with respect to that measured in amorphous car-
The changes in the Nslline shape may also be understood bon and more than 1 eV with respect to that of sample Al. It
as due to changes in the population of the different nitrogeis worth mentioning that, according to the IR data, the spec-
bonding states. In this case, however, the main changes apum for sample A6 is mainly due to=EN states, whose
pear to occur at binding energies around 399 eV, i.e., in théinding energy results very close to the values reported for
middle of the spectrum. The experimental spectra have bee@=N in C 1s, which could explain the controversy existing
deconvoluted using three principal components at 398.1in the literature with respect to these species.
399.1, and 400.7 eV, designed as N1, N2, and N3, respec- Figure 8b) shows the respective centroids for the & 1
tively. The assignment of these components to definitespectra as a function of the nitrogen content of the film.

N/C atomic ratio

JVST A - Vacuum, Surfaces, and Films
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N/C atomic ratio Fic. 7. EELS spectra at the & edge of evaporated carbon, A0, and dif-

feren mples, A1, A4, and A6.
Fic. 6. Evolution of the intensity of the (NEN3) and N2 contributions to erent CN samples, AL, A4, and A6

the N 1s XPS signal(a) and of the C—N-C—C+C=N+C=C and G=N

to the FT-IR spectrdb), as a function of N/C atomic ratio. . . . .
pectrdb) spectra but also to different matrix effects in both techniques

(as mentioned in Sec. llIA In addition, the changes in the
background of the FTIR spectra also make difficult the cor-
rect quantification of the FTIR areas.
The evolution of features N1 and N3 indicates that the
peak at the higher binding energy, i.e., N3, nitrogspf
nded, becomes slightly dominant in the films when the
H%itrogen content increases, suggesting that tisgpNoonded

Interestingly, the observed value of the shift for 8l ({.e.,
0.5 eV) is smaller than that measured for € &nd in the
opposite directiori.e., towards lower binding energjesith
respect to the spectrum for Al, i.e., for N/C above 30 at. %
The opposite behavior of both shifts indicates a decrease

cpvalency and an increase of the charge transfer when t|s preferentially sputtered or replaced. As the growth of
nitrogen content increases. . .

As in the case of the previous FT-IR characterization, theg'cﬁ"\l4 requires _the formapon of _covalent C._N bonds _t_he
XPS results indicate that the carbon nitride films are a mix_abpve results |nd|cate_ that increasing the assisting conditions
ture of various carbon phases. The relationship between tht8 mcor_porate more mtroge_n FO the f||ms IEa0S O the for_ma-
concentration of the different phases and the nitrogen Cont_|on of ionic bonds of the nitrile type instead of the desired
centration of the films is consistent, at least qualitatively,C3N4'
with that of IR spectra. Figure(é shows the peak areas of
the N 1s components associated with N1 and N3 contribu-
tions and the intensity of the component N2, assigned to In Fig. 7 we have depicted thekCedge EELS spectra for
C=N, normalized to the Nt N2+N3 area, as a function of three CN sampledi.e., A1, A4, and A6 and for amorphous
the nitrogen content in the film as given by XPS. For com-carbonA,. This carbon film was obtained by evaporation of
parison, Fig. 6) shows the equivalent data as obtained fromgraphite and shows a typical spectrum with the characteristic
the IR spectra, i.e., the intensity of the absorption band as€ 1s—#* transition peaking at 285 eV energy loghie to
sociated with singly-doubly bounded carbon and that as- C=C bonds, followed by a very broad resonance centered
signed to the carbonitrile-like bond. The comparison sugaround 297 eV, mainly due to G%o* transitions in the
gests the correlation between components N2 of XPS spect@-C and G=C bonds. The spectrum for the nitrogenated
and the carbonitrile band of the FTIR. The quantitativesample Al is rather similar to that for amorphous carbon if
agreement between both techniques is rather poor, but thte 1s—7* resonance at 285 is substituted by a ne#
trend pointed out by both techniques is similar, thesl8  resonance at 286 eV, which indicates the formation £l
nitrile-like structure replaces both the N-s@* and N—Csp? bonds with C in thesp? hybridization*3? A contribution at
bonds as the assisting parameters are increased and the f@B5 eV, reminiscent of the amorphous carbon, can still be
mation of some interface layer takes place. The quantitativelistinguished. The shape of the edge clearly suggests a simi-
discrepancies between FTIR and XPS could be due to thiar graphite-likesp? structure, but shifted in energy due to
fact that we are including C—C and=&C bonds in the FTIR the formation of C—N bonds and a higher € kinding en-

C. EELS

J. Vac. Sci. Technol. A, Vol. 18, No. 2, Mar /Apr 2000



521 Quird s et al.: Bonding and morphology study of carbon nitride films 521

ergy. Further increase in the assisting parameters leads to T T
significant changes in the EELS spectra, as those shown for NK
samples A4 and A6. In general we observe a continuous

decrease of the Csk-o* transition as well as the growth of
a new peak at 287.5 eV that becomes the main feature in the
spectrum for sample A6. This peak is assigned to &-€i*

transition in G=N bonds, i.e., with C irsp hybridization, in
good agreement with the previous discussion of the FTIR
and XPS spectra that clearly indicated the formation of car-
bonitrile groups.

The spectrum of sample A6 resembles that of
polyacrylonitrile? dominated by a sharpr* transition at
287.2 eV. In the case of sample A4, th& resonance be- 1Y
comes a doublet due to at least two different carbon core-
level energies corresponding to carbon in different bonding
sites with respect to the nitrogen atoms, i.e., at(286N) Al
and 287.5C=N).

These results can be compared with those obtained by
XPS and FT-IR. In fact, for sample A4 the relative intensity 350 : 4(')0 : 4;0 E—
of the two main contributionfi.e., C—N+C=N and G=N,
see Fig. 6a)] observed by the different techniques is rather Energy Loss (V)
similar. Furthermore, in the case of Sample_A6 we can ObT:IG. 8. EELS spectra at the XX edge for different CNfilms, Al, A4, and
serve that ther* resonance at 287.5 eV dominates the specas.
trum indicating that, in good agreement with the FT-IR and
XPS results presented previously, the=® bond originates . _ .
in this resonance. It is also in good agreement witha around 402.1 eV can be as_S|gned to nitrogen triply bonded to
(C5N) transition reported by Lopeet al? EELS also indi- carbon, i.e.sp hybridized nitrogen.
cates the presence of metallic impurities in sample A6, indi-
cating that the presence o€N bonds could be related not D. AFM Images
only to the high nitrogen content in that film or to the pres- Representative 2ZmX2 um AFM images of the differ-
ence of KCN but also to the existence of those metallic im-ent CN, films deposited on KCI are shown in Fig. 9. They
purities. show rather clearly the evolution of the film morphology as

Figure 8 shows the nitrogef edges for the same samples the ARR increases.
as in Fig. 7. It can be seen that the edge appears similar to the It is interesting to observe that for ARR lower than 2.4
respective carbon edges. The spectra show two predominasamples Al and A2the films present a homogeneous grain
transitions, the $—7* (due to G=N and/or G=N) and the structure. The grain size increases with ARR probably be-
1s—o*. Interestingly, the $—7* peak in sample Al is very cause the surface mobility of the atoms arriving at the film is
broad. Zhuet al. 33 suggest that the broadening they observeenhanced by the ion bombardment.
in the nitrogen x-ray absorption near edge spectra of However, at intermediate values of ARRe., between
pyridine-like compounds is due to the presence of differen2.4 and 3.0, corresponding to samples A3 and #é films
structural environments for the nitrogen incorporated in thedevelop deep valleys and intestine-like features, probably as-
graphene layers. Another possible contribution to thesgociated with the preferential resputtering of the graphite
broad transitions could come from the presence of interstitiaPhases, as indicated by the XPS, EELS, and FT-IR informa-
N' as it has been proposed by j'mBeet a|_34 for two peaks tion, and also to the Sputtering of the KCI substrates. The
observed around 396 and 401 eV in the nitrogen near-edg@orphology of these samples resembles that induced in poly-
x-ray absorption structuréNEXAFS) spectra of boron ni- urethane after bombardment with Ar iof¥s.
tride. At ARR higher than 3.0samples A5 and A the dam-

Increasing the nitrogen content above N/G.4 leads to @ge and resputtering effects are very significant, leading to
the growth of a new peak at 395.6 eV again associated with€ disappearance of the previous texture. In fact the films
the increase of carbonitrile grougie., sp hybridization. @€ very thin and the morphology seems to be dominated by
The increase of the relative intensity of thef to the g  the sputtering of the KCI substrate.
transition observed in these spectra correlates well with the
FT-IR and XPS information, and can be explained by thel V- CONCLUSIONS
decrease of the proportion of C—N bonds in the sample. Fi- Thin CN, films have been obtained by DIBS. The films
nally, sample A6, as its FTIR spectrum indicates, has contrihave been characterized as a function of the deposition pa-
butions coming mainly from €N bonds, consequently, its rameters by FT-IR, XPS, EELS, AES depth profiling, and
1s—#* transition at 395.6 eV and itssto* transition at AFM.

A6

Intensity (a.u.)

e
il
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a) A1 ARR= 1.25 b) A2 ARR= 2.26

&y 3
%,
2

c) A3 ARR=2.71

%5,
000
2

e) A5 ARR=3.16

Fic. 9. 2 umx2 um AFM images of different CNfilms as labeled.

The nitrogen content of the films has been observed tenaterial are strongly correlated to the assisting parameters.
depend on the current density and energy of the assistingt low doses of N assistance, ARR2.4, films are mainly
nitrogen ions. In fact, it appears that NHD.4 is a limit for ~ formed by a combination of C—N and=eN bonding, em-
an N-doped amorphous C structure with reasonable thickeedded in a graphite like structure with C—C andg=C
ness, which agrees with the experimental evidence, pointeblonds. Increasing the assisting conditions leads to films with
out by other authors. increasing amounts of==N bonds, probably associated with

FT-IR, XPS and EELS indicate that the nitrogen contentthe formation of KCN, with a higher nitrogen content and
and the type of bonding of the amorphous G3ynthesized intense resputtering phenomena that reduce significantly the
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