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Abstract: We report the difference in electronic bond structure and surface chemical property of amorphous 

carbon nitride (a-CNx) film as a function of N/C which has been deposited by high power impulse magnetron 
sputtering (HiPIMS) and DC magnetron (dc-MS) plasma. The spectroscopic analyses suggest that the 
presence of oxide layer is the major cause for the surface charging in the core level peak. The core electron 

peaks (C1s, N1s and O1s) in x-ray photoelectron spectroscopy (XPS) show higher surface charging in 
HiPIMS compare to the film deposited by dc-MS plasma. The core peaks are moved gradually toward its 
virgin position as the etching duration is increased from 1 min to 80 mins. The films deposited by HiPIMS 

retain a higher N/C ratio following ion etching as compared to those deposited by DC magnetron sputtering 
suggesting denser films with a higher degree of cross-linking. 
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1. INTRODUCTION
* 

Amorphous carbon nitride (a-CNx) films are expected to be 

applicable widely as, for example, super hard coating 

material with low friction coefficient [1, 2], low band gap 

protective material on hard disks and read heads [3, 4], 

photoluminescence layers [5], carbon nitride nano-tubes [6, 

7], biosensor [8] and anti–biomaterials [9, 10], ultra low 

dielectric constant material [11] or variable band gap 

properties [12]. Hypothetical prediction regarding the 

mechanical properties of -C3N4 solid to those of diamond 

[13] has attracted a great interest towards carbon–nitrogen 

materials. Until now there is no conclusive evidence about 

the possibility of synthesizing such super hard crystalline 

solids. Major significant obstacles to the synthesis of 

crystalline –C3N4 are 1) the incorporation of the nitrogen in 

the carbon layer to reach a N/C ratio of 1.33 and 2) the 

existence of N–H and C–Hx bonds which are formed in most 

of the deposition systems. The graphitic carbon nitride 

polymers also possess a stacked two-dimensional structure, 

which could be regarded as N-substituted graphite in a 
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regular manner as mentioned by Zhang et al. [14]. Most of 

the published research work on a-CNx or a-HCNx is based on 

dc and rf magnetron sputtering [15, 16], pulsed laser 

deposition [17], ion beam deposition [18], PECVD [19], 

cathodic arc deposition [20], DBD [9-12, 21-24], etc. Schmidt 

et al. reported the influence of inert gases on the sputter 

process of carbon-nitride (CNx) thin films by HiPIMS. They 

reported that the deposition of CNx species is higher in case 

of 14% N2 in Ar inert gas medium compare to Ne or Kr. 

Furthermore, it is mentioned that the CN
+
 flux rises constantly 

with the N2 content [25, 26]. Liau et al. studied the influence 

of atomic mixing on profiling of metal-semiconductor 

interfaces which depicts the penetration of one Ar ion into a 

sample during the sputtering process [27]. 

The main advantage of HiPIMS coatings include a denser 

coating morphology and higher hardness compared to 

conventional PVD coatings [28, 29, 30]. In plasma discharge 

volume, mostly atoms of buffer gas (Ar) are ionized, resulting 

in ion flux of about 0.1 - 1.0 mA/cm
2
 towards the substrate 

which is hard to exceed in dc-MS. Further increase of 

discharge current leads to overheating of the magnets, 

melting of the target or the occurrence of arc when the target 

is covered by electrically insulating layer [30]. The ions in 
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HiPIMS are more energetic than conventional dc-MS. HiPIMS 

exhibits higher energy C+ ions compare to dc-MS discharge. 

Another factor is that the electron density measured in 

HiPIMS systems usually exceeds 10
18

 m
3
 [30, 31], which is 

about two-three orders of magnitude higher than in 

conventional dc-MS [2]. HiPIMS discharges produce ultra-

high dense plasma (plasma density is higher by two - three 

orders of magnitude than in dc magnetron discharges) with 

large fraction of carbon (graphite target) ionized species. 

Hence, the C/N ion flux towards the substrate is large and 

leads to growth of smooth and dense films with higher 

adhesion. The plasma density during HiPIMS pulse is 

typically large, due to high applied power density, but their 

mean values, averaged over the whole period, are similar to 

those of with dc discharges [32-35]. The surface chemical 

property and chemical bonding states of a-CNx films are 

frequently analyzed by XPS. The chemical bonding states 

have been analyzed based on the peak fitting of C1s and N1s 

spectra [1-3, 13, 14, 21, 24], and there have been several 

differing arguments regarding the fitting of these spectra. 

However, the interpretation of these data varies widely in the 

literature, since the different bonding configuration is mostly 

close in energy to each other. Moreover, the surface 

contamination, surface chemical bonding, surface charging 

due to nitrogen incorporation of those film is a big concern.  

In this paper we discuss the bond structure and chemical 

transformations of amorphous carbon nitride film (deposited 

by HiPIMS and dc-MS) as a function of etching time (1 to 80 

minutes).  

2. EXPERIMENT 

2.1. a-CNx Films Prepared by dc-MS and HiPIMS 

a-CNx films were deposited in DC/HiPIMS magnetron 

sputtering system under different partial pressures (in this 

case at 5 Pa) of Ar/N2 buffer gas mixture, that was attached 

to a high vacuum chamber (base pressure ~ 1 10
6
 mbar). 

The carbon target of diameter 50 mm with thickness 6 mm is 

connected to the magnetron sputtering gun (magnetron 

SW50 by Gencoa Ltd.). Thin films prepared by two different 

sputtering methods (i) conventional dc magnetron sputtering 

(dc-MS) [34] and (ii) High Power Impulse Magnetron 

Sputtering (HiPIMS) are compared in this paper. The 

discharge was always operated with a constant (average) 

current 0.3 A; the magnetron was powered by a supply, 

Pinnacle 3000 (Advanced Energy) [35, 36]. The HiPIMS 

discharge was operated in a pulse regime with low repetition 

frequency of 100 Hz and the pulse width 100 s. In this way 

the peak discharge current in HiPIMS configuration reached 

up to 35 A while averaged current 0.3 A was held always. 

Hence, we can expect that some fraction of sputtered C 

atoms is ionized due to high peak discharge current [35]. The 

HiPIMS discharge was ignited using home-build electronic 

power switch combined with dc supply, Pinnacle 3000; the 

system is described elsewhere e.g. [37, 49]. The a-CNx film is 

deposited on p–type Si (100) substrate and the duration of 

the deposition is 1 h for all the deposition. 

2.2. Ar Etching  

The deposited films were transported to another chamber (ex 

situ) and the films were etched by argon ion (99.999% pure) 

with inbuilt etching gun (instruments-SPECS, model PU-IQE 

12/38). The executing pressure during etching is about 2 10
-6

 

mbar. The etching was performed at 2000V, emission current 

is ~ 5 mA and ion current of 10 μA. The sample has been 

etched at different time duration (1 min to 80 min time span).  

2.3. Film Characterization 

The deposited films have been characterized by XPS. XPS 

measurements of a-CNx films were performed on a multi–

technique 100 mm hemispherical electron analyser (VSW), 

using Al K  radiation (photon energy 1486.6 eV) as the 

excitation source and the binding energy (BE) of Au (Au 4f7/2 : 

84.00 eV) as the reference. The XPS spectra were collected 

in a constant analyser energy mode, at a chamber pressure 

of 10
–9

 mbar and pass energy of 23.5 eV at 0.125 eV/step 

[21, 24, 50]. A clear image of the possible chemical bonds 

between nitrogen and carbon can be deduced from the peak 

fitting of the individual C 1s, N 1s and O 1s lines into 

Lorentzian-Gaussian-shaped lines. The general strategy of 

the data evaluation was identical to those for standard 

spectroscopic techniques. The C1s, N1s peaks are 

broadened and also became asymmetric as the film is 

sputtered. The observed surface charging is caused by an 

anomalous surface charge distribution of the a-CNx film. Si 

(2p) with a Binding Energy (BE) = 99.3 eV was taken as a 

reference. The calibration details about this surface charging 

are discussed in our previous work [21, 24]. We used a-CNx 

film (both HiPIMS and dc-MS), deposited on a Si substrate, of 

which a small part of the deposited film had been removed in 

order to get access to the Si surface. The binding energy of 

C1s is 284.5, for N1s is 398.1 eV and for O1s is 531.1 eV 

taken as reference, and with respect to this value we have 

calculated the surface charging of C1s, N1s and O1s peak 

which have been obtained from experimental results [24, 50]. 

The results shown below were corrected by subtracting the 

experimentally observed shift for all the analyses. 

3. RESULTS 

3.1. XPS of a-CNx Film 

Figure 1 shows the survey scan (200 eV to 600 eV) of XPS 

spectra of a-CNx film. It shows the C1s, N1s and O1s core 

level XPS spectra with different etching duration (from 1 

minute to 80 minutes) for the films deposited by HiPIMS and 

dc-MS. There is drastic increase of carbon in the case of dc-

MS film compare to HiPIMS at longer etching duration. There 

are no shake up satellite peaks in the core level spectra and 

the peaks are asymmetric with medium FWHM (full width at 

half maximum) as shown in Figures 2, 3 and 4. A common 
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feature is observed in both HiPIMS and dc-MS assisted 

deposited film that the oxygen and nitrogen is decreased as 

the etching duration is prolonged. The oxygen layer is 

persisting (11%) in HiPIMS even at 120 min of etching 

whereas it is almost removed (only 2 %) at 80 min in the case 

of dc-MS film (Figure 5).  

The C1s core peak is shifted gradually with longer duration of 

etching as shown in Figure 2a, b. It shows the XPS spectra of 

the HiPIMS and dc-MS films, sputtered at 1 to 120 min and 1 

to 80 min, respectively. The film deposited by HiPIMS shows 

higher values of surface charging (in binding energy) 

compare to the dc-MS film as shown in Figure 2c. The red 

(color) marked area (zoom insight) shows the etching 

duration is 1 min to 10 mins. Up to 10 minutes of etching, the 

dc-Ms film shows a drastic change in surface charging from 

1.56 eV to 0.55 eV whereas it is 1.87 eV to 1.45 eV in the 

case of HiPIMS film. As the etching duration is prolonged 

 

Figure 1: (Color online) Survey scan (200 eV to 600 eV) of XPS spectra of a-CNx films deposited by (a) HiPIMS and (b) dc-MS. XPS spectra of 

a-CNx are plotted as a function of sputtering duration. The film was etched by Ar gas up to 80 mins.  

 

 

Figure 2: (Color online) XPS spectra of C1s peak of the a-CNx film deposited by (a) HIPIMS, (b) dcMS. The C1s spectra plotted with respect to 

the duration of sputtering time. And (c) shows the surface charging of the corresponding C1s spectra as a function of sputtering time duration.  

 

 

Figure 3: (Color online) XPS spectra of N1s peak of the a-CNx film deposited by (a) HIPIMS, (b) dcMS. The C1s spectra plotted with respect to 

the duration of sputtering time. And (c) shows the surface charging of the corresponding N1s spectra as a function of sputtering time duration.  
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from 10 to 80 minutes, the surface charging drop down from 

1.45 eV to 0.50 eV and 0.55 eV to 0.13 eV in HiPIMS and dc-

Ms films, respectively.  

Figure 3a, b show the shift of N1s core spectra of the films 

deposited by HiPIMS and dc-MS with prolonged Ar etching 

time (1 min to 80 min). The film deposited by HiPIMS shows 

higher values of surface charging compare to the dc-MS as 

shown in Figure 3c. The red (color) marked area (zoom 

insight) shows the etching duration of 1 min to 10 mins. Up to 

10 minutes of Ar ion etching, the dc-Ms film shows a drastic 

change in surface charging from 2.37 eV to 0.67 eV whereas 

it is 2.58 eV to 1.91 eV in the case of HiPIMS film. At 20 to 80 

minutes of etching, the surface charging is almost constant in 

the case of dc-MS film whereas it is shifted from 1.29 eV to 

0.92 eV for HiPIMS film. It is noticeable that at 10 mins to 20 

 

Figure 4: (Color online) XPS spectra of O1s peak of the a-CNx film deposited by (a) HIPIMS, (b) dcMS. The C1s spectra plotted with respect to 

the duration of sputtering time. And (c) shows the surface charging of the corresponding O1s spectra as a function of sputtering time duration.  

 

 

Figure 5: (Color online) XPS spectra of C1s, where (a), (b) As it is and (c), (d) 80 min sputtered a-CNx film deposited by HiPIMS and dc-MS, 

respectively. The un-etched film is referred as “As deposited”. The data are presented after inelastic background subtraction and using 

Lorentzian-Gaussian fits. The intensity scales for the C spectra are not the same. The reference binding energy of C1s at 284.00 eV and the 

core level components are representing the peak position of the fitted area. 
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mins of etching the binding energy of HiPIMS film shifted 

from 1.92 to 1.29 eV and on the other hand it is 0.67 eV to 

0.76 eV for dc-MS film.  

Figure 4a, b shows the shift of O1s core spectra with 

prolonged etching time as similar to the C1s and N1s spectra. 

The red (color) marked area (zoom insight) shows that up to 

10 minutes of etching, dc-Ms film shows a drastic fall in 

surface charging from 2.65 to 1.32 eV, whereas it is 2.3 to 1.7 

eV for HiPIMS (Figure 4c). At longer etching duration (20 to 

80 min) the dc-MS film shows a gradual decrease in surface 

charging. On the other hand HiPIMS film shows a random 

behavior as it is decrease from 1.61 eV (20 min) to 1.35 eV at 

40 min and at 80 min it is increased to 1.6 eV; finally it is 

decreased to 1.51 eV at 120 min of etching.  

In Figure 5a and b, C1s spectra of virgin a-CNx film deposited 

by HiPIMS and dc-MS exhibit four core level components in 

the range 283.95 to 284.21 eV, 285.00 to 285.53 eV, 287.15 

to 287.8 eV and 288.96 to 289.8 eV which are assigned to C-

C, C=N, C N and C-O bonds, respectively [21, 24, 49-61]. 

Similarly, C1s spectra of the 80 mins sputtered a-CNx film 

show four core level components in the range at 283.99 to 

284.33 eV, 285.33 to 285.76 eV, 287.14 to 287.47 eV and 

289.34 to 289.50 eV which are assigned to C-C, C=N, C N 

and C-O bonds. After 80 mins of Ar ion etching the fitted XPS 

spectra of C1s peak shows four core level components.  

Figure 6a, b and c, d show the peak fitted XPS spectra of 

N1s, un-sputtered and 80 min sputtered a-CNx film. Here, 

Figure (a, c) and (b, d) are the N1s spectra of a-CNx 

deposited by HiPIMS and dc-MS, respectively. The N1s 

spectrum of as it is film, (Figure 6), exhibits two core level 

components of core level spectra in the range (for HiPIMS 

and dc-MS) 398.17 to 398.47 eV and 399.74 to 400.1 eV are 

assigned to N-C, and N-O bond, respectively [21, 24, 50, 51]. 

On the other hand 80 mins sputtered (c), (d) films exhibit 

three core level components in the range 398.66 to 398.75 

eV, 400.40 to 400.61 eV and 403.50 to 404.02 eV are 

assigned as N C-, N=C- and N-O, respectively. We assign 

the peak at lower binding energy (397.88 to 398.5 eV) to 

nitrogen bonded to sp
3
 carbon and the peak at higher binding 

energy (398.6 to 399.80 eV) to nitrogen bonded to sp carbon 

[21, 24, 50-62]. The virgin “(a) and (b)” are plotted after the 

surface charging correction. On the other hand 80 min 

sputtered film is plotted without any shift correction. 

Figure 7a, b and c, d show the peak fitted XPS spectra of 

O1s, un-sputtered and 80 min sputtered a-CNx film, whereas 

(a, c) and (b, d) are the O1s spectra of a-CNx deposited by 

 

Figure 6: (Color online) XPS spectra of N1s, where (a), (b) As it is and (c), (d) 80 min sputtered a-CNx film deposited by HiPIMS and dc-MS, 

respectively. The un-sputtered film is referred as “As deposited”. The data are presented after inelastic background subtraction and using 

Lorentzian-Gaussian fits. The intensity scales for the N spectra are not the same. The reference binding energy of N1s at 398.03 eV and the 

core level components are representing the peak position of the fitted area. 
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HiPIMS and dc-MS, respectively. O1s spectra in Figures 7a, 

b show two core level components in the range 531.08 to 

531.15 eV eV and 532.54 to 532.62 eV assigned to 

adventitious (extrinsic or accidental) oxygen and surface 

oxygen and C-O bonds, respectively [50, 61]. Figure 7c 

shows three core level components in O1s spectrum, that are 

530.71 eV, 532.41 eV and 534.04 eV, are assigned as N-O, 

C-O and C=O, respectively. Figure 7d shows two core level 

components in O1s spectrum at 531.31 eV, 533.6 eV are 

assigned as N-O and C-O, respectively. The oxygen peaks 

give evidence on undesired absorptions or reactions of 

oxygen or moisture on the top of the film and formation of a 

surface layer of oxygen containing species. Even at 80 mins 

of etching there is 6% oxygen is present in HiPIMS film due 

to the presence of C=O bond in the film layer (Figures 4 and 

9).  

Figure 8a shows the FWHM of C1s, N1s and O1s of a-CNx 

film. Figure 8b, c depict the total amount of element (at%) of 

C, N and O of a-CNx as function of etching duration in 

HiPIMS and dc-MS, respectively.  

4. DISCUSSION 

Figure 5, shows the comparative study of core level spectra 

of C1s of un-sputtered and sputtered a-CNx film deposited by 

HiPIMS and dc-MS. One common feature for HiPIMS and dc-

MS as well as the virgin and sputtered film is that they exhibit 

four core level components in the peak fitted spectrum. The 

core level components of carbon (blue colour filled area) at 

the binding energy range 284.00–284.55 eV is identified as 

originating from adventitious (extrinsic or accidental) carbon. 

Similarly, the C1s peak binding energy range at 288.5–289.8 

eV is identified as originating from CO type bonds which are 

depending on the type of bonding such as ketones/aldehydes 

(–CO/–CHO) and carbonates (–CO3). There is no shake up 

satellites peak in Figures 2-4 and 5-7, so CO type bond can 

only originate from C-O and C=O bond structure. Figure 5 

shows that there are two C1s peaks (2
nd

 and 3
rd

) in the range 

of 284.90 to 286.0 eV and 286.50–to 287.90 eV which are 

assigned as substitutional sp
2
 N in graphite like structures 

(C=N) and volatile phase like iso-nitrile (-C N), respectively 

[21, 24, 50-62].  

Figure 8 shows the FWHM of core level peaks of virgin and 

80 mins sputtered film deposited by HiPIMS and dc-MS. 

Noticeable interesting features are observed in C1s spectra: 

a) un-sputtered dc-MS films show higher FWHM (4.17 eV) 

compare to the same of HiPIMS film (3.65 eV). b) FWHM 

decreases at 80 mins of Ar ion sputtering of the film surface. 

The four C1s spectrums in Figure 5 shows a steep rise at 

lower binding energy and it decreases abruptly (or sudden 

drop) towards 286 eV region with a broaden tail. At 80 mins 

of sputtering the FWHM is decreased from 3.65 eV to 3 eV in 

 

Figure 7: (Color online) XPS spectra of O1s, where (a), (b) As it is and (c), (d) 80 min sputtered a-CNx film deposited by HiPIMS and dc-MS, 

respectively. The un-sputtered film is referred as “As deposited”. The data are presented after inelastic background subtraction and using 

Lorentzian-Gaussian fits. The intensity scales for the O spectra are not the same. The reference binding energy of O1s at 531.05 eV and the 

core level components are representing the peak position of the fitted area. 
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HiPIMS film whereas it is decreased from 4.17 eV to 2.7 eV 

in dc-MS film. It is interesting to observe that at 10 to 20 mins 

of sputtering the surface charging of HiPIMS film is about 0.7 

eV whereas it is 0.09 eV for dc-MS film. An anomalous 

change is observed at 5 mins to 10 mins of sputtering in the 

case of HiPIMS film whereas it shows the binding energy shift 

increase from 1.62 eV to 1.90 eV. c) A shift of 1.5 ± 0.7 eV 

was noted which is considered as system calibration for virgin 

(as it is) films. As deposited films “(a) and (b)” are plotted with 

the surface charging correction. On the other hand 80 mins 

sputtered film is plotted without any shift correction. In 

HiPIMS film the 2
nd

 core level component of C1s at 285.00 

eV appears at 285.76 eV after 80 mins of Ar ion etching 

treatment whereas in dc-MS film, the 2
nd

 core level 

component of C1s peak remains in the same. It is observed 

in Figure 2-4, that the core level spectra moved to its virgin 

position due to etching. The higher surface charging is due to 

the presence of absorb oxygen layer at the top surface. The 

oxygen layer is removed gradually by the longer etching 

process and the core level peak is moved towards its virgin 

position. The reason behind the surface charging is explained 

in more details in our previous work [24]. d) The relative 

intensity of carbon in un-sputtered and sputtered HiPIMS 

films are about 63 % and 78 % respectively, whereas the 

ratios are 61 % and 88 % in dc-MS film (Figure 8b, c). e) The 

relative intensity of C-C, C-O bond is increased and C N is 

decreased in both HiPIMS and dc-MS film at 80 mins etching, 

respectively. On the other hand, the relative intensity of C=N 

is increased in HiPIMS whereas it is decreased in dc-MS film 

(Figure 9).  

Figure 6, shows the comparative study of un-sputtered and 

sputtered spectra of N1s of a-CNx film deposited by HiPIMS 

and dc-MS. One common feature for HiPIMS and dc-MS film 

is that they show two core level components in virgin and 

three core level components in 80 mins sputtered film. Some 

noticeable features are observed in N1s spectra: a) un-

sputtered HiPIMS and dc-MS films show almost similar 

FWHM which are 3.3 eV and 3.5 eV, respectively. b) FWHM 

at 80 mins of etching and it is 3.61 eV and 3.72 eV for 

HiPIMS and dc-MS film, respectively (Figure 9). Moreover, 

FWHM of N1s is increased by ± 0.15 eV at 80 mins sputtered 

in both categories of films. Here we can notice that the peak 

FWHM of dc-MS film is relatively larger than HiPIMS in both 

sputtered and virgin films. The same phenomenon has been 

observed in the case of virgin C1s spectrum of a-CNx film. c) 

One additional core level components is appeared in N1s 

spectrum in sputtered film (both in HiPIMS and dc-MS). The 

2
nd

 and 3
rd

 core level components are in the range 400.40 eV 

to 400.61 eV and 403.50 to 404.02 eV are assigned as N=C 

and N-O. The 1
st
 core components (in the range of 398.66 to 

398.75 eV) covered by blue color is assigned as N-C. Virgin 

film is plotted with shift correction (1.5 ± 0.4 eV) and the 

sputtered one is without shift correction. The 1
st
 core level 

 

Figure 8: (Color online) (a) FWHM of C1s, N1s and O1s, and (b), (c) Relative intensity of C1s, N1s and O1s as a function of Ar-ion etching 

duration.  

 

Figure 9: (Color online) Relative intensity of electronics bond in XPS spectra of (a) C1s, (b) N1s and (c) O1s as a function of Ar-ion etching 

duration. The un-etched film is referred as “Virgin”.  
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components of N1s spectra in sputtered film show ± 0.35 eV 

shift compare to the same of virgin film. d) In sputtered film 

the relative intensity of N=C bond is higher in HiPIMS (33%) 

compare to the same of dc-MS (26%). Relative intensity of N-

C bond decreases from 72% to 62%, after etching treatment 

in HiPIMS whereas in dc-MS it is almost invariant. At 80 mins 

of etching the relative intensity of N-O bond decreases 

drastically from 27% to 5 % and 34% to 6% in HiPIMS and 

dc-MS, respectively. e) The relative intensity of nitrogen in 

un-sputtered and sputtered HiPIMS films are about 23% and 

15% respectively, whereas they are 28 % and 10 % in the 

case of dc-MS film (Figure 8b, c).  

Figure 7a, b and c, d show the comparative study of un-

sputtered and sputtered O1s spectra of a-CNx film deposited 

by HiPIMS and dc-MS, respectively. Here some noticeable 

features are observed in O1s spectra; a) it shows two core 

level components in un-sputtered film for both HiPIMS and 

dc-MS film. b) Interestingly at 80 mins sputtered HiPIMS film 

shows three core level components whereas there are two 

components in the case of dc-MS. Sputtered HiPIMS and dc-

MS films show almost similar FWHM which are 4.01 eV and 

4.08 eV, respectively. At 80 mins of etching the FWHM is 

decreased from 3.65 to 2.91 eV in HiPIMS film whereas it is 

decreased from 4.03 eV to 2.94 eV in dc-MS film (Figure 9). 

The peak FWHM of dc-MS film is relatively larger than 

HiPIMS in both sputtered and virgin film. The same 

phenomenon has been observed in the case of virgin C1s 

spectrum of a-CNx film. c) O1s shows two core level 

components in virgin a-CNx film deposited by both the 

methods. These two core level components are assigned as 

N-O and C-O. In Figure 7c, one additional core components 

is appeared at 534.04 eV in O1s spectrum is assigned as 

C=O bond (80 mins sputtered HiPIMS). Two core 

components in O1s spectra is observed at 80 mins sputtered 

film assigned as N-O and C-O bond in dc-MS film.  

d) Oxygen decrease from 11 % to 2 % after 80 mins etching 

treatment of dc-MS film whereas it is decreased from 14 % to 

6 % in the case of HiPIMS film. The sputtered (at 80 mins) 

HiPIMS film shows higher residue of oxygen (6 %) compare 

to dc-MS film and it is in the form of double bond (C=O at 

534.04 eV). Figure 9 shows the relative intensity of C-C, 

C=N, C-N/C N, C-O, N-O and C=O bond obtain from peak 

fitted C1s, N1s and O1s spectra. The C and N bonds are 

mostly sp
2
 and sp

3
 type but oxygen dominated by conjugated 

double bond in HiPIMS film at C1s spectra. The spectra of 

N1s and O1s show two core level components in virgin a-CNx 

film deposited by both methods. These two core components 

are assigned as N-C and N-O in N1s spectra and N-O and C-

O, respectively. At 80 mins of etching the films deposited dc-

MS and HiPIMS exhibits almost similar trend.  

Oxygen formed single (C-O) and conjugated double (C=O) 

bond in HiPIMS film whereas it is only C-O bond in dc-MS 

film. C-O and C=O bonds strength are 358 kJ/mol and 799 

kJ/mol, respectively. We know that the higher bonding 

strength offers the lower stability due to more “s” character is 

involved in sp hybridization (where stability vary as 

sp
3
>sp

2
>sp). The hybrids are defined by the p to s ratio of the 

contributing orbital. For example, an sp
3
 hybrid has  (25%) 

of s and  (75%) of p. This fraction is called an s (or p) 

character of the orbital. Thus, an sp
3
 hybrid has 25% s 

character. Covalent bond (sp
2
 bond) is more stable bond than 

triple bond (sp). The relative intensity of C-O, N-O bond is 

increased in HiPIMS at 80 mins etching.  

The pulse operation provides new and additional parameters 

to control the deposition process that optimize the elemental 

composition in the deposited film. For these reasons HiPIMS 

is an attractive alternative which should be implemented in 

industrial coating processes. However, HiPIMS have still 

some disadvantages, such as lower deposition rate and 

higher cost of pulse power supplies. The carbon 

concentration of the up-sputtered film is almost same for both 

dc-MS and HiPIMS. The number of core level components 

obtained by peak fitting of C1s, N1s and O1s spectra of 

HiPIMS and dc-MS film shows more or less similar trend 

except some changes in 80 min sputtered film. On the other 

hand, the carbon concentration is higher in dc-MS compare 

to HiPIMS film at 80 mins of etching (Figure 8b, c). Moreover, 

it is observed that the absorption of oxygen on the surface 

layer of the film is higher in HiPIMS compare to dc-MS film. 

There is 6 % of oxygen in HiPIMS film whereas it is 2 % in 

dc-MS film even the film is sputtered at 80 mins. It is 

interesting that the nitrogen concentration is lower at the top 

surface but it is higher in deeper layer of the HiPIMS films 

compare to the same of dc-MS film.  

5. CONCLUSION 

The spectroscopic analyses suggest that the presence of 

oxide layer is the major cause for the surface charging in the 

core peaks in a-CNx film deposited by HiPIMS and dc-MS. At 

longer duration of etching, the core electron peaks (C1s, N1s 

and O1s) in XPS show higher binding energy shift in HiPIMS 

compare to the film deposited by dc-MS plasma. The core 

peaks moved gradually toward its virgin position as the 

etching duration is prolonged from 1 min to 80 mins. The 

carbon concentration of the un-sputtered film is higher in dc-

MS compare to HiPIMS film at 80 mins of etching. Nitrogen 

incorporation in a-CNx is higher in HiPIMS etching compare 

to dc-MS. The relative intensity of C increased in both 

whereas N decreases faster (deep into the layer) in dc-MS 

film compare to HiPIMS at longer duration of etching. At 80 

mins of sputtering there is 6 % of oxygen in HiPIMS film due 

to majority of sp
2
 bonding (C=O) whereas it is only 2% in dc-

MS. XPS spectra of un-sputtered dc-MS films show higher 

FWHM compare to the same of HiPIMS.  
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