
CREATI VE SCI ENCE 17 ( 2 )  Ma y- Au g u s t  ( 2025 )  260691  

 10 

 

 
 
 
 

Influence of rapid annealing temperature on the mechanical properties of TiCN thin 
film as prepared by cathodic arc  
Wuttichai Phae-ngam1, Ganatee Gitgeatpong1, Jedsada Prathumsit1, Viboon Tapanwong2, Hideki 
Nakajima3, Tanapoj Chaikeeree4, Pattarinee White5* 
1Faculty of Science and Technology, Phranakhon Rajabhat University, Bangkhen, Bangkok, 10220 Thailand 
2Thapanin Co., Ltd., Bangpleeyai, Bangplee, Samutprakarn, 10540 Thailand 
3Synchrotron Light Research Institute, Muang, Nakhon Ratchasima, 30000 Thailand 
4Department of Electrical Technology Education, Faculty of Industrial Education and Technology, King Mongkut’s 
University of Technology Thonburi, 126 Pracha Uthit Rd., Bang Mod, Thung Khru, Bangkok, 10140 Thailand 
5 Division of Physics, Rajamangala University of Technology Krungthep, Bangkok, 10120 Thailand 
*Corresponding Author: pattarinee.w@rmutk.ac.th 
DOI: 10.55674/cs.v17i2.260691 

Received: 4 February 2025  Revised: 3 March 2025;  Accepted: 4 March 2025;  Available online: 10 March 2025 

Abstract  
In this study, titanium carbonitride 

(TiCN) thin films were deposited 
using cathodic arc deposition 
techniques. The as-deposited TiCN 
thin films were subsequently 
subjected to annealing treatment by 
rapid thermal annealing (RTA) 
technique at a temperature range from 
400 to 600 °C. The effect of RTA 
temperature on the crystallinity, morphology, chemical composition, and mechanical properties of the 
TiCN thin films was investigated. The grazing incident X-ray diffraction (GIXRD) analysis confirmed 
the presence of a dominant face-centered cubic TiCN phase. Cross-sectional field-emission scanning 
electron microscopy (FE-SEM) images revealed a compact and homogeneous morphology, which 
became more pronounced with increasing RTA temperatures. The X-ray photoelectron spectroscopy 
(XPS) indicated the atomic concentration of the primary element (Ti, C, and N) remained relatively 
stable throughout the annealing process. Furthermore, the hardness of the TiCN thin films improved at 
400 °C-RTA temperature. 
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1. Introduction 

Ti-based compound thin films, such as TiN, 
TiC, and TiCN thin films, are extensively 
employed in various industry sectors, including 
chemical, bioengineering, tool, aerospace, and 
automotive industries [1-5]. This widespread 
use is attributed to their exceptional properties, 

including high hardness, toughness, anti-
corrosion, thermal stability, and excellent wear 
resistance. Recently, the TiCN thin films have 
garnered significant attention in tribological 
applications because they offer a combination 
of the high hardness and low friction coefficient 
of the TiC phase with the high toughness, 
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excellent wear resistance, low friction 
coefficient and biocompatibility of the TiN 
phase [6-10]. These properties make TiCN a 
promising material for cutting tools, coating in 
high-wear environments, and medical device 
applications [11-12].  

Several deposition techniques based on 
physical vapor deposition (PVD) methods, such 
as reactive magnetron sputtering [13-15] and 
arc-evaporation [16], pulsed laser deposition 
[17], and cathodic arc deposition [18-21] have 
been employed to fabricate the TiCN thin film. 
Among these, cathodic arc deposition is a 
versatile thin films deposition technique that 
utilizes the natural energy of the depositing 
ions, typically in the range from tens to 
hundreds of eV without bias [22]. This 
deposition method gains deposition rates, 
suitable for large area-coatings and excellent 
uniformity. Furthermore, it is widely used in 
decorative and hard coatings for the tool 
industry, as it provides high film homogeneity, 
density, good adhesion and the capability to 
deposit high melting point materials [23-25]. 
Notably, the deposition parameters in this 
method significantly influence the film's 
crystalline, morphology, and mechanical 
properties, enabling optimization for specific 
operating environments, particularly under 
high-temperature conditions [19, 26-30]. 
Consequently, understanding the film's 
structural evolution and the changes in its 
resulting mechanical properties have become 
important.  

Generally, the TiCN prepared by cathodic 
arc deposition exhibit certain drawbacks that 
can limit their performance in industry 
applications. One of the major issues is 
microparticle contamination, which results 
from high-energy ion bombardment during 
deposition. These particles create surface 
roughness, leading to defects that affect coating 
uniformity and mechanical properties. 
Additionally, the high-energy deposition 
process induces significant residual stress, 
which can cause film cracking and poor 
adhesion [19, 31].   

To address these challenges, post-annealing 
treatments were relatively straightforward and 

convenient approaches to modifying the 
physical, chemical, and mechanical properties 
of thin film materials [32-34]. Annealing at 
elevated temperatures could facilitate crystal 
structure relaxation, reduce defects, and 
enhance crystalline arrangement, ultimately 
improving properties such as electrical 
conductivity and mechanical properties. 
However, limited research has been conducted 
to comprehensively evaluate the effect of 
annealing temperature and mechanical 
properties of TiCN thin films.   

In this study, the TiCN thin films were 
deposited using cathodic arc deposition. 
Following film deposition, the as-deposited 
TiCN thin films were subjected to post-
annealing at temperatures ranging from 400 to 
600 oC using the rapid thermal annealing (RTA) 
technique under low-vacuum conditions. Note 
that the RTA offer advantages over the 
conventional annealing process, due to its high 
heating rate and short processing time, which 
could minimize unwanted diffusion effect, 
suppress material decomposition and reduce 
undesirable phase transformations [35].  

The influence of RTA temperature on film 
crystallinity, morphology, surface roughness, 
chemical composition, and mechanical 
properties was systematically investigated and 
analyzed. 
 
2. Materials and Methods 

The TiCN thin film deposition was 
performed with a commercial cathodic arc 
deposition system. High-purity titanium 
(99.95%) was used as target material. Further 
detail regarding the cathodic arc deposition 
system can be found in previously published 
work [21]. The square 1 cm2 silicon (Si) wafer 
substrates were cleaned using ultrasonication in 
acetone, isopropanol, and DI water for 15 
minutes each. The deposition chamber was 
evacuated to the base pressure of 2×10-2 Pa. 
Before the TiCN thin film deposition, a TiN 
ultra-thin film layer was prepared as an 
adhesion layer between the TiCN coating and 
the Si substrate. The TiN ultra-thin film layer 
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was deposited using argon (Ar) and nitrogen 
(N2) gases for 1 minute, while all other 
deposition conditions were identical to those 
used for the TiCN thin film, as described below. 

During the TiCN thin film coating, high-
purity argon (Ar), nitrogen (N2), and acetylene 
(C2H2) gases were introduced into the 
deposition chamber at flow rates of 480, 1250, 
and 2800 sccm, respectively, which were 
controlled by a mass flow controller. The 
deposition parameters were set as follows: a 
substrate bias of -100 V, substrate temperature 
of 130 oC, substrate rotation speed of 4 rpm, arc 
potential of 300 V, and deposition time of 3.5 
minutes. After the deposition of TiCN thin film, 
the as-deposited TiCN thin films were annealed 
at temperatures ranging from 400 to 600 oC 
under a low-vacuum state with a pressure of 
about 6×10-3 mbar. This annealing process was 
performed using a 1-minute RTA system to 
investigate the film properties. 

The film crystalline structure, morphology, 
and surface roughness before and after 
annealing treatment were analyzed by grazing 
incident X-ray diffraction (GIXRD; 
RigakuTtraz III), field-emission scanning 
electron microscopy (FE-SEM; Hitachi 
SU8030) and atomic force microscopy (AFM; 
SEIKO, SP400). The chemical composition was 
determined by X-ray Photoelectron 
Spectroscopy at the Synchrotron Light 
Research Institute (Public Organization, 
Thailand) using BL3.3Ua [36]. The mechanical 
properties of the as-deposited and annealed 
TiCN thin films were investigated by 
nanoindentation test (TI-900, Tribo Indenter, 
Hysitron) with a Berkovich 142.3°.  

 
3. Results and Discussion 

The GIXRD analysis was conducted to 
confirm the crystalline structure according to 
the RTA temperature of the TiCN thin films, as 
shown in Fig. 1. The results revealed that both 
the as-deposited and annealed TiCN thin films 
exhibited a peak at 2q of 36.4, 42.2, and 61.3, 

corresponding to (111), (200), and (220) crystal 
plane of the FCC TiCN phase (ICDD card 
number 42-1448), respectively. This 
observation confirms that all prepared TiCN 
thin films were polycrystalline structures. 
Moreover, after annealing at 400 and 600 °C, a 
small peak around 2q at 52o could be observed, 
corresponding to the Ti-rich TiCN film, as 
reported in the literature [1]. 

 

 
Fig. 1 GIXRD of as-deposited and annealed 

TiCN thin film at different RTA 
temperatures. 

The effect of RTA temperature on the 
morphology of the TiCN thin film was observed 
using FE-SEM. Cross-sectional images of the 
as-deposited and annealed TiCN thin film were 
presented in Fig. 2(a)-(c). The results clearly 
indicate that a homogeneous TiCN thin film 
was successfully deposited on the TiN ultra-thin 
film adhesion layer, exhibiting excellent 
adhesion properties. While the thickness value 
of the as-deposited TiCN thin film was about 
228 nm. It was observed that the thickness of 
the TiCN thin film decreased with increasing 
RTA temperature, as shown in Fig. 2(d). The 
reduction in film thickness could likely be 
attributed to the elimination of nano/micro-void 
defects and enhanced compactness of the film 
during the RTA treatment. 
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Fig. 2 (a-c) Cross-sectional FE-SEM images 
and film thickness of as-deposited and 
(d) annealed TiCN thin film at different 
RTA temperatures. 

The surface morphology and roughness of 
the as-deposited and annealed TiCN thin film at 
different RTA temperatures were analyzed 
using AFM, as shown in Fig. 3. The result 
demonstrates that the surface roughness 
exhibits only minor variation with increasing 
the RTA temperature. Specifically, the surface 
roughness slightly decreases from 1.57 to 1.20 
as the RTA temperature increases from as-
deposited to 600 oC. This slight decrease in 
surface roughness can be attributed to grain 
boundary diffusion, coupled with strong atomic 
migration and the reduction of void defect, 
which is consistent with the observations from 
FE-SEM results. 

The chemical composition was determined 
using a highly surface-sensitive XPS technique. 
Fig. 4(a) presents the XPS full survey scan of 
the as-deposited and annealed TiCN thin films. 
Peaks corresponding to the core orbitals Ti2p, 
N1s, C1s, and O1s core were observed at the 
binding energies of 458.2, 399.2, 284.6, and 
531.2 eV, respectively, for all prepared TiCN 
films. It is important to note that the presence of 
oxygen could come from the surface oxidation 
occurring during the RTA process under a low-

vacuum state. Also, high carbon concentration 
could be observed in all TiCN thin film samples 
due to the carbon contamination during the 
annealing and transfer of samples to the analysis 
chamber. Fig. 4(b) illustrates the atomic 
concentration of the element in all prepared 
TiCN thin films. The results indicate that the 
titanium level slightly increased and nitrogen 
composition decreased after RAT treatment. 

 

 
 

Fig. 3 AFM images and surface roughness of 
as-deposited and annealed TiCN thin 
film at different RTA temperatures. 



W.  Ph a e - nga m  e t  a l .  /  CREATI VE SCI ENCE 17 ( 2 )  ( 2025 )  260691  

 14 

 

 

Fig. 4 (a) XPS spectra in survey scan and (b) 
atomic concentration of elements of as-
deposited and annealed TiCN thin film 
at different RTA temperatures. 

The hardness of the as-deposited and 
annealed TiCN thin films was measured by 
nanoindentation. To minimize the influence of 
the Si substrate on the hardness measurement, 
the applied load was carefully selected to ensure 
the indentation depth remained below 10% of 
the film thickness. This approach effectively 
isolated the mechanical property induced by 
RTA temperature. The loaded indent depth 
results of the as-deposited and annealed TiCN 
thin film on Si substrate are presented in Fig. 
5(a). The result shows that the penetration depth 
of the TiCN thin film prepared at 400 °C was 

lowest, which could be attributed to its higher 
hardness compared to other samples under the 
same applied loads. The relationship between 
the measured hardness (H) and elastic modulus 
of the TiCN thin film at different RTA 
temperatures is illustrated in Fig. 5(b). The 
results showed that both the hardness and elastic 
modulus increased from 10.38 to 12.46 GPa and 
127.24 to 137.09 GPa, respectively, as the RTA 
increased to 400 oC. This improvement might 
be attributed to the enhanced atomic diffusion, 
which reduces nano/micro-void defects by 
filling the gap and improving the compactness 
of the TiCN coating. However, as the RTA 
temperature increases to 600 oC, both hardness 
and elastic modulus decrease, which could be 
explained by the increase in grain size at higher 
RTA temperature [37]. Our TiCN thin film 
hardness is within the same range as that of 
TiCN film deposited on Si substrates by 
plasma-enhanced chemical vapor deposition 
(PECVD) [38] and magnetron sputtering [1], 
which typically ranges from 11.84 to 14.09 
GPa. However, other studies have reported 
significantly higher values for thicker TiCN 
films prepared by cathodic arc deposition, with 
hardness ranging from 23.6 to 41.9 GPa [19, 
39]. These films were achieved by optimizing 
reactive gas conditions and precisely 
suppressing oxygen incorporation. 
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Fig. 5 (a) Load displacement and (b)hardness 
and elastic modulus of as-deposited and 
annealed TiCN thin film at different 
RTA temperatures. 

 
4. Conclusion 

In conclusion, the TiCN thin films were 
successfully deposited by the cathodic arc 
deposition technique and subsequently via RTA 
treatment at temperatures ranging from 400-600 
oC. The GIXRD analysis confirmed the 
presence of a polycrystalline FCC structure of 
TiCN phase in all prepared TiCN thin film 
samples. The FE-SEM observations revealed 
that the annealed process enhanced the film’s 
morphology, resulting in a highly compact 
structure. The atomic concentrations of the Ti, 

C, and N from XPS do not significantly change 
over the RTA temperatures. Notably, the 
hardness of TiCN thin films improved at 400 
oC. These findings demonstrate that the RTA 
technique is an effective post-treatment method 
for optimized mechanical properties of the 
TiCN thin films, making it a promising 
approach for industrial-scale applications. 
 
5. Acknowledgement 

This research work was supported by 
Phranakhon Rajabhat University (grant contract 
No. 02.023/2566) and Thapanin Co., Ltd. 

 
6. References 
[1]  S. Jena, A. Madhuri, M. Gupta, B.P. Swain, 

Comparative assessment and experimental 
analysis of atomic coordination and 
mechanical properties of sputter deposited 
Ti-rich TiN, TiC, and TiCN thin films, J. 
Alloys Compd. 1002 (2024) 175217. 

 10.1016/j.jallcom.2024.175217 
[2]  S.E. Shakib, A. Babakhani, M.K.Torbati, 

Nanomechanical assessment of tribological 
behavior of TiN/TiCN multi-layer hard 
coatings deposited by physical vapor 
deposition, J. Mater. Res. Technol. 25 
(2023) 1344 – 1354. 

 10.1016/j.jmrt.2023.05.243 
[3]  Z. Su, X. Jie, W. Li, Z. Liao, Y. Li, W. Zhu, 

Effect of C2H2 flow rate and a Ti/TiN/TiCN 
interlayer on the structure, mechanical and 
tribological properties of a-C:H films 
deposited using a hybrid PVD/PECVD 
process with an anode-layer ion source, 
Vacuum. 209 (2023) 111753. 
10.1016/j.vacuum.2022.111753 

[4]  G. Xian, J. Xiong, H. Fan, F. Jiang, H. 
Zhao, L. Xian, Z. Qin, Mechanical and 
wear properties of TiN films on differently 
pretreated TiCN-based cermets, Appl. Surf. 
Sci. 570 (2021) 151180. 
10.1016/j.apsusc.2021.151180 

[5]  M.B. Hassine, H.O. Andrén, A.H.S. Iyer, 
O. Bäcke, D. Stiens, W. Janssen, J. 
Kümmel, M. Halvarsson, Growth of a hard, 
novel CVD multilayer coating: Ti(C,N) on 



W.  Ph a e - nga m  e t  a l .  /  CREATI VE SCI ENCE 17 ( 2 )  ( 2025 )  260691  

 16 

(Ti,Al)N on TiN, Int. J. Refract. Met. Hard 
Mater. 127 (2025) 106966. 
10.1016/j.ijrmhm.2024.106966 

[6] G. Baravian, G. Sultan, E. Damond, H. 
Detour, C. Hayaud, P. Jacquot, Optical 
emission spectroscopy of active species in 
a TiCN PVD arc discharge, Surf. Coat. 
Technol. 76–77 (1995) 687-693. 
10.1016/0257-8972(96)80007-7 

[7] T. Polcar, R. Novák, P. Široký, The 
tribological characteristics of TiCN coating 
at elevated temperatures, Wear. 260(1–2) 
(2006) 40-49. 
10.1016/j.wear.2004.12.031 

[8] Z. Zeng, H. Xiao, X. Jie, Y. Zhang, Friction 
and wear behaviors of TiCN coating based 
on electrical discharge coating, Trans. 
Nonferrous Met. Soc. China. 25(11) (2015) 
3716-3722. 
10.1016/S1003-6326(15)64013-4 

[9] N.S. Mansoor, A. Fattah-alhosseini, H. 
Elmkhah, A. Shishehian, Comparison of 
the mechanical properties and 
electrochemical behavior of TiN and CrN 
single-layer and CrN/TiN multi-layer 
coatings deposited by PVD method on a 
dental alloy, Mater. Res. Express. 6 (2019) 
126433. 
10.1088/2053-1591/ab640d 

[10] N.S. Mansoor, A. Fattah-alhosseini, H. 
Elmkhah, A. Shishehian, Electrochemical 
behavior of TiN, CrN and TiN/CrN 
nanostructured coatings on the nickel-
chromium alloy used in dental fixed 
prosthesis, J. Asian Ceram. Soc. 8(3) 
(2020) 694–710. 
10.1080/21870764.2020.1776915 

[11] R.A. Antunes, A.C.D. Rodas, N.B. Lima, 
O.Z. Higa, I. Costa, Study of the corrosion 
resistance and in vitro biocompatibility of 
PVD TiCN-coated AISI 316L austenitic 
stainless steel for orthopedic applications, 
Surf. Coat. Technol. 205(7) (2010) 2074 – 
2081.10.1016/j.surfcoat.2010.08.101 

[12]  J.C. Sánchez-López, M.D. Abad, I. 
Carvalho, R. Escobar Galindo, N. Benito, 
S. Ribeiro, M. Henriques, A. Cavaleiro, S. 
Carvalho, Influence of silver content on the 
tribomechanical behavior on Ag-TiCN 

bioactive coatings, Surf. Coat. Technol. 
206(8–9) (2012) 2192 – 2198. 
10.1016/j.surfcoat.2011.09.059 

[13] R. Chen, J.P. Tu, D.G. Liu, Y.J. Mai, C.D. 
Gu, Microstructure, mechanical and 
tribological properties of TiCN 
nanocomposite films deposited by DC 
magnetron sputtering, Surf. Coat. Technol. 
205(21–22) (2011) 5228 – 5234. 
10.1016/j.surfcoat.2011.05.034 

[14]  T. Kimura, R. Yoshida, K. Azuma, S. 
Nakao, Preparation of titanium carbon 
nitride films by reactive high power pulsed 
sputtering Penning discharges, Vacuum. 
157 (2018) 192 – 201. 
10.1016/j.vacuum.2018.08.043 

[15] N. Saoula, N. Madaoui, R. Tadjine, R.M. 
Erasmus, S. Shrivastava, J.D. Comins, 
Influence of substrate bias on the structure 
and properties of TiCN films deposited by 
radio-frequency magnetron sputtering, 
Thin Solid Films. 616 (2016) 521 – 529. 
10.1016/j.tsf.2016.08.047 

[16] M.R. Figueiredo, J. Neidhardt, R. Kaindl, 
A. Reiter, R. Tessadri, C. Mitterer, 
Formation Mechanisms of Low-Friction 
Tribo-layers on Arc-Evaporated TiC1−xNx 
Hard Coatings, Wear.  265 (2008) 525 – 
532.10.1016/j.wear.2007.11.020 

[17] L. Escobar-Alarcon, V. Medina, E. Camps, 
S. Romero, M. Fernandez, D. Solis-
Casados, Microstructural characterization 
of Ti–C–N thin films prepared by reactive 
crossed beam pulsed laser deposition, 
Appl. Surf. Sci. 257(21) (2011) 9033 – 
9037. 
10.1016/j.apsusc.2011.05.094 

[18] E. Bemporad, C. Pecchio, S.D. Rossi, F. 
Carassiti, Characterization and hardness 
modelling of alternate TIN/TICN 
multilayer cathodic arc PVD coating on 
tool steel, Surf. Coat. Technol. 146–147 
(2001) 363 – 370. 
10.1016/S0257-8972(01)01416-5 

[19] T. Bakalova, L. Svobodová, N. Petkov, H. 
Bahchedzhiev, M. Švec, P. Kejzlar, P. 
Šutta, K. Daďourek, The effect of the 
process gas mixture ratio on the structure 
and composition of TiC and TiCN thin 



W.  Ph a e - nga m  e t  a l .  /  CREATI VE SCI ENCE 17 ( 2 )  ( 2025 )  260691  

 17 

layers prepared by cathodic arc deposition 
on tool steel, J. Manuf. Process. 93 (2023) 
90 – 100.10.1016/j.jmapro.2023.02.067 

[20] Q. Chen, D. Liang, E. Zhang, L. Yang, Q. 
Zhou, B. Huang, S. Han, Influence of 
C2H2/N2 flow ratio on the microstructure, 
mechanical properties, and electrochemical 
behavior of TiCN composite coatings, 
Vacuum. 216 (2023) 112349. 
10.1016/j.vacuum.2023.112349 

[21] H. Nakajima, W. Phae-ngam, S. 
Chaiyakun, V. Tapanwong, T. Wongpinij, 
T. Lertvanithphol, M. Horprathum, 
Spectroscopic analysis of color origins in 
titanium-based thin films deposited by 
cathodic arc deposition, Appl. Surf. Sci. 
673 (2024) 160900. 
10.1016/j.apsusc.2024.160900 

[22] D. Zhu, S. Zhao, C. Zheng, D. Chen, Z. He, 
Annealing effect of thermal spike in MgO 
thin film prepared by cathodic vacuum arc 
deposition, Mater. Chem. Phys. 143(1) 
(2013) 209-212. 

 10.1016/j.matchemphys.2013.08.053. 
[23] K. Jokar, H. Elmkhah, A. Fattah-

alhosseini, K. Babaei, A. Zolriasatein, 
Comparison of the wear and corrosion 
behavior between CrN and AlCrN coatings 
deposited by Arc-PVD method, Mater. 
Res. Express. 6 (2019) 116426. 
10.1088/2053-1591/ab4645 

[24] E. Lotfi-khojasteh, M. Sahebazamani, H. 
Elmkhah, M. Nouri, O. Imantalab, A. 
Fattah-alhosseini, A study of the 
electrochemical and tribological properties 
of TiN/CrN nano-layer coating deposited 
on carburized-H13 hot-work steel by Arc-
PVD technique. J. Asian Ceram. Soc. 9(1) 
(2021) 270–282. 
10.1080/21870764.2020.1863577 

[25] H. Elmkhah, F. Attarzadeh, A. Fattah-
alhosseini, K.H. Kim, Microstructural and 
electrochemical comparison between TiN 
coatings deposited through HIPIMS and 
DCMS techniques, J. Alloys Compd. 735 
(2018), 422-429. 
10.1016/j.jallcom.2017.11.162 

[26] E. Kaya, M. Ulutan, Tribomechanical and 
microstructural properties of cathodic arc-

deposited ternary nitride coatings, Ceram. 
Int. 48(15) (2022) 21305 – 21316. 
10.1016/j.ceramint.2022.04.097 

[27] O. Singh, H.K. Malik, R.P. Dahiya, P. 
Kumar, Influence of negative bias voltage 
on structural and mechanical properties of 
nanocrystalline TiNx thin films treated in 
hot cathode arc discharge plasma system, 
Ceram. Int. 42(16) (2016) 18019 – 18024. 
10.1016/j.ceramint.2016.08.032 

[28] S.K. Kim, V.V. Le, Deposition of 
nanolayered CrN/AlBN thin films by 
cathodic arc deposition: Influence of 
cathode arc current and bias voltage on the 
mechanical properties, Surf. Coat. Technol. 
204(24) (2010) 3941 – 3946. 
10.1016/j.surfcoat.2009.12.011 

[29] M. Kuczyk, T. Krülle, M. Zawischa, J. 
Kaspar, O. Zimmer, M. Leonhardt, C. 
Leyens, M. Zimmermann, Microstructure 
and mechanical properties of high entropy 
alloy nitride coatings deposited via direct 
current cathodic vacuum arc deposition, 
Surf. Coat. Technol. 448 (2022) 128916. 
10.1016/j.surfcoat.2022.128916 

[30] R. Akhter, A. Bendavid, P. Munroe, 
Tailoring the scratch adhesion strength and 
wear performance of TiNiN 
nanocomposite coatings by optimising 
substrate bias voltage during cathodic arc 
evaporation, Surf. Coat. Technol. 445 
(2022) 128707. 
10.1016/j.surfcoat.2022.128707 

[31] H. Curtins, PLATIT: a new industrial 
approach to cathodic arc coating 
technology, Surf. Coat. Technol. 76–77 
(1995) 632-639. 
10.1016/0257-8972(95)02552-9 

[32] P.H. Wu, I.K. Lin, H.Y. Yan, K.S. Ou, K.S. 
Chen, X. Zhang, Mechanical property 
characterization of sputtered and plasma 
enhanced chemical deposition (PECVD) 
silicon nitride films after rapid thermal 
annealing, Sens. Actuators A: Phys. 168(1) 
(2011) 117 – 126. 
10.1016/j.sna.2011.03.043 

[33] Z.H. Huang, B. Yang, C.S. Liu, L.P. Guo, 
X.J. Fan, D.J. Fu, Effect of annealing on the 



W.  Ph a e - nga m  e t  a l .  /  CREATI VE SCI ENCE 17 ( 2 )  ( 2025 )  260691  

 18 

composition, structure and mechanical 
properties of carbon nitride films deposited 
by middle-frequency magnetron sputtering, 
Mater. Lett. 61(16) (2007) 3443 – 3445. 
10.1016/j.matlet.2006.11.127 

[34] Z. Song, Y. Liu, S. Jiang, X. Jiang, D.G. 
Piliptsou, A.V. Rogachev, Effects of post-
deposition annealing on structure and 
mechanical properties of multilayer 
Ti/DLC films, Diam. Relat. Mater. 147 
(2024) 111340. 
10.1016/j.diamond.2024.111340 

[35] M.R. Pallavolu, S.W. Joo, C. Park, 
Significance of rapid thermal annealing and 
its ramp rate effect on the properties of 
monoclinic CTS thin films, Micro and 
Nanostructures. 166 (2022) 207234. 
10.1016/j.micrna.2022.207234. 

[36] H. Nakajima, S. Chaichuay, P. Sudmuang, 
S. Rattanasuporn, W. Jenpiyapong, R. 
Supruangnet, N. Chanlek, P. 
Songsiriritthigul, Commissioning of the 
soft x-ray undulator beamline at the Siam 
Photon Laboratory, AIP Conf. Proc. 
1741(1) (2016) 020040.  
10.1063/1.4952819 

[37] H. Li, S. Rong, P. Sun, Q. Wang, 
Microstructure, Residual Stress, Corrosion 
and Wear Resistance of Vacuum Annealed 
TiCN/TiN/Ti Films Deposited on 
AZ31, Metals. 7(1) (2017) met7010005. 

 10.3390/met7 
[38] T.H. Fang, S.R. Jian, D.S. Chuu, 

Nanomechanical properties of TiC, TiN 
and TiCN thin films using scanning probe 
microscopy and nanoindentation, Appl. 
Surf. Sci. 228 (1–4) (2004) 365-372. 
10.1016/j.apsusc.2004.01.053. 

[39] Y. Sun, C. Lu, H. Yu, A. K. Tieu, L. Su, Y. 
Zhao, H. Zhu, C. Kong, Nanomechanical 
properties of TiCN and TiCN/Ti coatings 
on Ti prepared by Filtered Arc Deposition, 
Mater. Sci. Eng. A. 625 (2015) 56-64, 
10.1016/j.msea.2014.11.093. 

 


