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DLC Identification Project in Japan 
 

Hidetoshi Saitoh 
Department of Materials Science, Nagaoka University of Technology, Kamitomioka, Nagaoka, Niigata 940-2188 Japan 

E-mail: hts@nagaokaut.ac.jp  

 

The objective of this presentation is to provide general understanding of the fundamentals of the 
fabrication process, structure, properties and performance of the thin films of amorphous carbon and related 
films.  In particular, the author will enhance this understanding using several examples such as hard carbon 
coatings, so-called diamond-like carbon (DLC) films, as well as hydrogenated and/or nitrogen-containing 
carbon films with amorphous structure.    

Amorphous carbon including DLC is one of the precious materials related to diamond in film form.  
Especially, material science is still in the process of defining amorphous carbon and related films.  Our 
understanding of amorphous carbon and related films is barely on its developmental stage due to increasing 
current opportunity for discussion among researchers who own various backgrounds.  

The opportunity for discussion has been made available by the steady efforts made by scientists 
belonging to several universities and research institutions in Japan.  Organization work started in 2004, 
when the researchers held a workshop entitled ” Science of Amorphous Carbon and Related Films (SACRF)” 
supported by Grant-in-Aid for Scientific Research (C) (Research Planning) for fiscal 2004, the Japan Society 
for the Promotion of Science.  Furthermore, the workshop was geared towards proposing POLICY 2004 to 
clarify the true nature of amorphous carbon and related films.  The SACRF workshop has been continued 
during year of 2005 to propose PLAN 2005, which is an action plan for defining amorphous carbon and 
related materials, on the basis of POLICY 2004.  In 2006, the SACRF workshop welcomed several 
company members in addition to the university and national institution researchers to promote discussion 
among researchers with various backgrounds.  This new group accomplishes ACTION 2006, which is a 
project designed by PLAN 2005, newly supported by the New Energy and Industrial Technology 
Development Organization (NEDO). ACTION 2006 draws up a plan for the material identification on the 
amorphous carbon and related films. The SACRF workshop collected more than 60 samples from the 
research workers on the amorphous carbon and related films in Japan. The structure, properties and 
performance of the samples are under investigation. 

Several organizations gave great efforts for collaborating to the ACTION 2006.  There were 14 
industrial companies, 5 national and regional research institutes and 12 universities in the project.  In 2006, 
58 samples of more than 60 samples were evaluated by researchers and graduate students belonging to 8 
universities.  The film density was measured by X-ray reflection method.  The amount of hydrogen and 
other elements was determined by elastic recoil detection analysis and Rutherford backscattering method. 
The near-edge X-ray absorption fine structure spectroscopy was conducted to investigate the ratio of 
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sp2/(sp3+ sp2).  To study short and medium range order of the carbon network, infrared absorption 
spectroscopy and Raman scattering spectroscopy were applied to the samples.  Nano-indentation technique, 
tribological test, ellipsometry, VIS absorption spectroscopy, resistivity measurement, bio-compatible test and 
acid etching test were executed.    

To classify DLC film, we tried to make several combinations of structural parameters and physical 
properties.  For example, as the structural parameter, the ratio of sp2/(sp3+ sp2) and the hydrogen content 
were examined.  The hardness of the DLC films is well explained by the combination between the ratio of 
sp2/(sp3+ sp2) and the hydrogen content.  Therefore, an example of the methods of DLC classification is 
proposed as below: 

     
TYPE I 
  high hardness, sp3 rich, low hydrogen content  
TYPE IIa 
  relatively high hardness, sp3 -sp2 intermediate, ~20% hydrogen content 
TYPE IIb 
 relatively high hardness, sp2 rich, ~30% hydrogen content 
TYPE IIIa 
 relatively low hardness, sp2 rich, low hydrogen content 
TYPE IIIb 
 relatively low hardness, sp3 -sp2 intermediate, high hydrogen content 
 
The DLC films will be identified by several types of combination among structural parameters and 

physical properties in future. 
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Review of DLC Research at KIST and  
Brief Introduction of VDI 2840 of Germany 

 

Kwang-Ryeol Lee 

Future Fusion Research Lab., Korea Institute of Science and Technology, P.O.Box 131, Cheongrayng, Seoul, Korea  

E-mail: krlee@kist.re.kr 

 

Since 1991, DLC research team at KIST has developed synthesis and application technology of 
diamond-like carbon films using various deposition methods from r.f. PACVD, ion beam deposition to 
filtered vaccum arc process. DLC coated VCR head drum was developed in 1995 by a strategic collaboration 
between KIST and Daewoo Electronics Corporation, and was successfully commercialized in the next year. 
Since this success, publicised widely in Korea, much attention from Korea industry has been drawn to the 
DLC coatings. DLC coating is now adapted in wide range of industry from tools, dies, machine components 
and electronics. Recently, we are developing DLC coating technology for biomedical applications such as 
vascular stent or artificial hip joint. We has focused mainly on the residual stress issues of the DLC coating 
that is closely related to the adhesion. Effect of third element addition or nano-scale structural manipulation 
has been tried to control the residual stress without deteriorating the superior mechanical properties. Brief 
review of research activities of diamond-like carbon coating technology at KIST will be presented in this talk. 

In 1995, VDI, the association of German engineers, published a document for classification of diamond 
and diamond-like carbon coatings (VDI 2840: Carbon films - Basic knowledge, coating types and properties). 
I will also briefly introduce the document on behalf of German delegates who could not manage the travel 
from Germany to this workshop. Detail information is available at following website. 
http://www.vdi.de/vdi/vrp/richtliniendetails_t3/?&no_cache=1&tx_vdirili_pi2[showUID]=90410&L=0
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Review of DLC Films and Market in Japan 
 

Yoshinori Koga 

National Institute of Advanced Insdustrial Science and Technology, Tsukuba, Japan 

e-mail : y.koga@aist.go.jp 

 

Diamond like carbon (DLC) coatings can give low friction coefficients, high hardness, smooth surface, 
chemical inertness etc. The DLC film properties of coating makers in Japan are shown in Table 1. Recently 
DLC coatings have increasingly been used to improve the tribological property of automobile parts, the gas 
barrier property of PET bottles, the biocompatibility and corrosion resistance of hip joints and stents, the 
lifetime and the reuse of tools etc. The coating makers are above 20 in Japan and moreover three companies 
compete in the market in 2008. The market of DLC coatings grows favorably by 20 % per year (1). The 
demand of DLC coatings in Japan spread to the die (33.8%), the mechanical parts (23.5 %), automobile parts 
(19.5 %), tools (15.4%) and others (7.8 %) in 2005. Especially the application of the power train of 
automobiles will rise keeping step with the demand of worldwide energy saving.  

 
Table 1 Properties of DLC films of representative coating makers in Japan (from home-page etc. ) 

Makers Film Coating Method color Hardness (Hv) Friction Coef. 
Citizen  DLC Plasma CVD     --- 3000-4000 0.03-0.14 
Onward DLC-EX 

DLC Prism 
DLC super prism 
XPC 
CFC 

Plasma CVD 
Plasma CVD 
Plasma CVD 
Plasma CVD 
Plasma CVD 

black 
rainbow black 
rainbow black 
black 
rainbow black 

3000-3500 
   --- 
   --- 
2000-2200 
   --- 

0.09-0.13 
0.09-0.13 
0.09-0.13 
0.09-0.13 
0.20-0.25 

JFE Seimitsu DLC(A) 
DLC(B) 

Plasma CVD 
UBM sputter 

black 
black 

3000-4000 
2000-3000 

0.10 
0.10 

Nagata Seiki DLC(L) 
New-DLC 

Pulse Arc Sputter 
Pulse Arc Sputter 

dark grey 
dark grey 

7000-8500 
3000-3500 

0.2-0.3 
0.1-0.2 

Nippon ITF H-DLC(a-C:H) 
HA-DLC(ta-C) 
F-DLC(a-C:H) 

Plasma CVD 
PVD 
Plasma CVD 

gray-black 
transparent grey
light brown 

1200 
>3000 
1300 

0.1-0.2 
0.15-0.2 
0.1-0.2 

Kobe Steel DLC UBM sputter     --- 1500-3800 0.13-0.15 
Asai Sangyo DLC UBM sputter black 4000-5000 0.2 
Japan Coating Center Slick coat-S 

Slick coat-H 
Plasma CVD 
Plasma CVD 

black 
black 

1000-2000 
2500-4500 

0.05 
0.1 

Nanotec DLC-Hard 
DLC-Soft 
DLC-Pulse 
DLC-Multi 

Plasma CVD 
Plasma CVD 
Plasma CVD+ PBII 
Plasma CVD+ sputter 

black 
black 
blue 
black 

1800-2500 
1000-1200 
1000-2200 
1300-1500 

0.1 
0.1 
0.1 
0.1 

Nachi-Fujikoshi DLC UBM sputter black 1000-5000 0.1 
KURITA Seisakusho PEKURIS DLC Plasma CVD+PBII black 350-1500 0.1 
Oerlikon  
balzers 

balinit C a-C:H:W 
balinit C star 
balinitDLC a-C:H 
balinit triton:C:H 

PCVD 
PCVD 
PCVD 

black grey 
black grey 
black 
black 

1000-1500 
1000-1500 
>2000 
2500 

0.1-0.2 
0.1-0.2 
0.1-0.2 
0.1-0.2 

Nanofilm Tech. Japan ta-C FCVA black  (50GPa) 0.1 
 
(1)”Investigation of actual conditions and strategic views of PVD/DLC coating market in 2006”,  

 (in Japanese), 22 May, 2005. Published by Yano Research Institute Ltd. http://www.yano.co.jp/ 
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Review of medical application on DLC coating in Japan 
 

Kenji K. Hirakuri 
Department of Electrical and Electronic Engineering, Faculty of Engineering, Tokyo Denki University, 2-2 

Kandanishiki-cho, Chiyoda-ku, Tokyo 101-8457, Japan 

e-mail : hirakuri@eee.dendai.ac.jp 

 
Diamond-like carbon (DLC) and hydrogenated amorphous carbon (a-C:H) films hold some advantages 

over surface finishing of metal coatings. Due to these attractive characteristics, they are becoming 

increasingly popular not only in the field of mechanics, electronics, and chemistry but also in the area of 

biology. Therefore, DLC and a-C:H films have applied to biological experiments, and they have capability to 

be applied to clinical technology. In order to apply such carbon films as biomaterials, we have to estimate 

and control many biological properties (i.e. their histocompatibility, cytotoxicity, and functionality) of each 

aim at the site of regions. In addition, it is necessary to tune their compositive properties in biological use. 

However, it is very difficult to adapt them to biomedical applications because the properties of these films 

are strongly depended upon the independent parameters of growth condition and the type of coating systems. 

Furthermore, structure of the particular artificial organs is quite complex. 

Recently, medical applications of DLC and a-C:H films are made some attempt by extensive researchers 

in Japan. A group of Keio University is evaluating an antithrombogenicity of fluorinated DLC films1). Toyo 

Advanced Technologies Co., Ltd. has developed restenosed stent graft by using flexible DLC films which 

have good adhesion against mechanical expansion of the stent2). To obtain the appropriate operation, an 

artificial joint with DLC coating is demonstrated by an orthopedist at the faculty of Medicine, Yamagata 

University. Our laboratory has been investigating artificial organs with DLC coatings to extend their life time 

and improve their biomedical properties. We have obtained excellent blood compatibility, hemolysis, 

histocompatibility, and functionality on DLC films when DLC coatings are carried out on each device3). I 

would like to introduce the current researches of medical applications on DLC and related films in Japan. 
 

References 

1. T. Hasebe, et al., Lubrication performance of diamond-like carbon and fluorinated diamond-like carbon 

coatings for intravascular guidewires, Diamond and Related Materials, 15, 1, (2006), pp129-132 

2. URL: www.toyo-at.co.jp 

3. S. Kobayashi et al., Dissolution effect and cytotoxicity of diamond-like carbon coatings on orthodontic archwires, 

Journal of Material Science: Materials in Medicine, 18, 12 (2007) pp2263-2268. 
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An Overview on the Friction Behavior of DLC Film in Application of 
Automotive Engine Components 

 

Seunggyun Ahn 
Namyang Research Center, Hyundai Motor Company, Korea 

E-mail : asg@hyundai-motor.com 

 

 
Recently dramatic increase of DLC coated parts using for low friction and wear protection in the 

automotive industry is due to more effective cost of developing high volume coating machine and higher 

reliability of DLC coating technology. And also, HMC is already used in diesel engine components, such as 

needle and seat of common-rail injector, cap valve and plunger of valve train system. Especially we have 

developed a well designed sputter DLC coating process for tappet, which makes optimum hydrogen control 

and sp3/sp2 ratio, excellent affinity with normal engine oil. A newly developed tappet is adopted in 

developing engines. 

And now we are developing various engine components coated DLC for higher fuel efficiency. 

This presentation is focusing on mutual correlation between friction characteristic and hydrogen content, 

sp3/sp2 ratio, free energy of DLC film as well as influence of  surface morphology. 
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Properties and applications of High Adhesive DLC (HA-DLCTM) and 
Flexible DLC (F-DLCTM) 

 

Takahiro. Nakahigashi 
Nippon ITF Inc., 575 Kuzetonoshiro-cho, Minami-ku, Kyoto-shi, Kyoto, 601-8205 Japan 

E-mail: nakahigashi@nippon-itf.co.jp 

 

ABSTRACT 

In recent years, DLC (Diamond-like carbon) film is strongly expected to develop applications in 

tribological elements, because of it’s superior properties such as excellent wear resistance, low coefficient of 

friction, and good friendliness to global environment.  In order to expand DLC applications more widely, 

we have developed two DLCs, which are very unique, and have opposite properties each other.  

HA-DLCTM is one of the amorphous carbons with no hydrogen content. To process HA-DLC, the 

cathodic arc ion plating was adopted as a coating method with the strengthened ion bombardment before the 

deposition of the film. As a result, we could successfully obtain the extremely high strength of adhesion and 

the fairly high hardness of the film simultaneously. Furthermore, this HA-DLC shows lower coefficient of 

friction in oil than hydrogenated DLC, and better heat resistance up to 773K in ambient air. It is thought to 

be that these characteristics are due to that HA-DLC doesn’t contain hydrogen. 

F-DLCTM is one of the hydrogenated DLC, and is formed in the process of the plasma assisted CVD 

using pulse-modulated radio frequency (RF) discharge. Since the process temperature is 333K or less, the 

substrates made of various polymer materials, such as rubber or resin, can be coated with F-DLC without any 

degradation of substrates. By optimising the microstructure of the film, F-DLC does not cause any peeling 

off of the film, even if the substrates were deformed. F-DLC is applied to rubber O-rings for 35 mm compact 

zoom cameras. HA-DLC shows superior performance for aluminum cutting tools, and is now going to be put 

in practical use for automotive engine parts. Both technologies of the F-DLC and the HA-DLC are expected 

to expand the applications of DLC films furthermore. 

I introduce the technological trend of various applications of the recent DLC films including the HA-

DLC and the F-DLC.  

 

HIGH ADHESIVE DLC FOR HEAVY DUTY USE 

In order to enhance the reliability of DLC, new PVD process was developed. We call this “HA-DLC 

(high adhesive DLC)”. We concluded that the adhesion strength of HADLC is a few times higher than that of 

conventional DLC. HA-DLC does not contain hydrogen. The hardness of HA-DLC is higher than that of 

conventional DLC, and is up to 60 GPa. Superior wear resistance can be obtained due to its high hardness 

and high adhesion strength. Heat resistance is also better than the hydrogenated DLC (a-C:H). HA-DLC can 

be used up to 773 K in ambient air and 873 K in nitrogen environment. HA-DLC shows interference color, 
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because of its good transparency.  

HA-DLC is most suitable for heavy-duty use, such as cutting tools for aluminum machining, molds, 

machine parts, and so on. Especially, HA-DLC coated cemented carbide and high-speed steel cutting tools 

show superior performance for aluminum dry machining. 

 

FLEXIBLE DLC FOR RUBBER PARTS 

Generally, in order to improve the surface lubricity and to mix up with carbon black, oil is so far added 

to polymer materials such as rubber. When oil runs dry, however, drawbacks such as gradual increase in the 

friction coefficient arise. For instance, windshield wipers of the automobile become noisy in a half year or so. 

Components and products made of rubber also tend to cling to the other materials used together therein. We 

wondered if we could eliminate such oily additives that could cause such bad effects. We have proceeded to 

coat onto the polymer materials such as rubber and resin while making the best use of the features of DLC. 

We thought that three issues have to be resolved. (1) Low heat resistance of the polymer materials such 

as rubber and resin, (2) pollution of the polymer material surface by oil, resin, and oxidation prevention 

agents, etc., and (3) easy deformation of the polymer materials. To resolve these possible problems: (1) We 

have developed a processing method using the amplitude-modulated RF plasma CVD method which enables 

coating at lower temperature (below 333 K) and does not allow the processing temperature to rise any higher. 

(2) To prevent the pollution, we need to clean the polymer surface without solvent. However, lengthy 

washing using organic solvent causes dissolving out of the oily additives that are contained in rubber. We 

have therefore decided to clean the polymer surface by hydrogen plasma. (3) To prevent the detachment of 

thin hard film in the deformation of soft substrate, the film should be flexible enough to follow the polymer 

material deformation. We have modified the DLC film structure to permit both expansion and contraction. 

Hardness of this film is lower than that of usual DLC films (Hv 15 GPa or higher). Because of the above 

mentioned characteristics of this film, we have named it "Flexible DLC (A trade mark in Japan)." Fluorine-

doped DLC is expected as substitution for PFOS in the process of the Nano imprint. 

 

SUMMARY 

Today’s situation of DLC was summarized as above. There are various types of DLC available in the 

global market. But it is required for us to use proper DLC for each application considering the film properties, 

which are strongly dependant on the film contents and the deposition process. Our HA-DLC is now going to 

be put in practical use for cutting tools and automotive engine parts. F-DLC will contribute to reducing the 

environmental pollutants. 

 

[1] Nakahigashi T, Tanaka Y, Miyake K, Oohara H； Tribology International, 37, 907 (2004) 
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Tetrahedral Amorphous Carbon (TAC) for Industrial Applications 
 

Sang-Won Lim 
 Ion Bond Eltron, Korea 

e-mail : ilimsw@hanmail.net  

 

DLC (Diamon Like Carbon) coating is a carbon film with a predominate Sp2 structure i.e., graphite. 

Most often DLC is produced either using a Plasma Enhanced CVD (or Plasma Assisted CVD) process or 

PVD Process where carbon is produced from a gas. A carbon film can also be produced using a PVD 

sputtering process of low energy i.e., without gas. 

DLC coatings produced by these methods have amorphous structures of sp2 usually 75% more with sp3 

no more than 25%, typical Vickers hardness from 1400 to 2500, coefficient of friction of 0.1 against steel and 

oxidation threshold of 150 to 400℃ depending on amount of hydrogen in film. Due to low abrasion 

resistance as seen hardness and low oxidation threshold, these DLC coatings are mostly recommended for 

wear components where sliding wear is of importance rather than for cutting tools. 

Meanwhile, Tetrabond DLC coating is deposited by arc PVD method using sources made of graphite. 

This has Vickers hardness ranging from 6000 to 9000, oxidation temperature of 500~1000℃, no 

hydrogenated structure with sp3 over 80% on carbide substrates, low deposition temperature under 150℃, 

thin and smooth coating surface roughness with low friction coefficient, and so on.  

I would like to introduce the deposition principle, properties, strong and weak points, comparison data 

with competing technologies in varied aspects and their application examples, mainly in cutting field of 

tetrabond DLC coating by using arc PVD method.  
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Tetrahedral Amorphous Carbon (TAC) for Industrial Applications 
 

Shi Xu 

Nanofilm Technologies International Pte. Ltd.,Block 28 Ayer Rajah Crescent #02-02, Ayer Rajah Industrial Estate, 

139959, Sinpaore  

E-mail address:shixu@nanofilm.com.sg 

 

Filtered Cathodic Vacuum Arc (FCVA) coating technology has recently attracted much attention f

or its capability of producing superior coatings for a wide range of industrial applications. Its pure 

plasma coating nature generates 100% ionized coating species with a tunable uniform energy that en

ables tailored physical properties of many unique coatings. One of such coatings, the Tetrahedral A

morphous Carbon (TAC) thin film, possesses favorable properties such as high hardness, low friction, 

high density and affinity to lubricant. The tunable coating energy enables these properties to be opti

mised for many industrial applications such as Al/Cu dry cutting, PCB drills, precision molds and p

arts for automobiles. In this presentation, the fundamentals of FCVA technology and its process are 

introduced and representative industrial applications are described. The principle difference between T

AC and other form of hydrogenated amorphous carbon coatings are summarised. The challenge to p

roducing impact resistant hard carbon coatings is presented.  
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Various DLC Coatings and Their Applications 
 

Youngha Jun, and Jieon Lee 
J&L Tech Co. Ltd., #216 3ba Industrial Complex, Jeongwang-dong, Siheung-city, Kyunggi-do, Korea  

E-mail : junoha@jnltech.co.kr 

 

DLC, Diamond-like Carbon, coating is widely used to protect surface from being worn out or to reduce 

the friction since it has good properties physically and chemically. But unlike other hard coatings such as 

TiN, TiAlN, CrN and etc. the Characteristics of DLC can be modified in wide range by changing coating 

methods like apparatus and process since the properties of DLC is mainly depending on the deposition 

energy. 

In this presentation we are going to introduce various DLC coating systems, the properties of DLC 

coated by them, and their industrial applications. We showed how the properties of DLC, such as hardness, 

residual stress, and friction coefficient, were changed with coating system and different process even in same 

system. We also show some industrial applications optimized by coating system and process. 
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The DLC coating based on the CAAD (cathodic-arc activated deposition; US patent #6,331,332 B1) 

process has been introduced to various industrial applications ranging from opto-electronic parts, 

semiconductor packaging dies, SMT tools, and etc. in Taiwan.   The CAAD process comprised two stages 

of deposition, i.e. the supporting underlying coatings of Cr interface and CrN/CrC transition layer by 

conventional cathodic arc deposition process, and the final gradient CrC/DLC coating by an arc-activated 

CVD process.  The major advantages of the CAAD DLC are the uniformity in coating coverage, simplicity 

in system configuration and coating procedure, as well as the flexibility in adapting complex coating design.  

The carbon bond ratio, microhardness, electric conductivity, metal inclusion from the arc source, and the 

color of the CAAD DLC varied according to each specific application.  Standardization in quality and 

specification of DLC is required for further commercialization of this technically advanced coating. 
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This paper presents the actual experience and possibility of various applications of DLC films in Electronics. 

The life of the mold for glass lenses was increased to several times due to high hardness, inertness, and low 

friction of the DLC film. It also has the property of being etched easily by plasma, which enables re-coating 

without re-grinding (re-machining). Due to a very smooth surface and a low deposition temperature of DLC 

film, it is possible to apply in ultra precise optical mold without hesitation. In order to protect the CTL layer 

of the OPC drum, the DLC film deposited on the OPC drum has to have transparency in the UV region and 

electrical properties the same as the CTL layer. DLC film is also applied in mobile electronics like cellular 

phones, MP3 players, and digital steel cameras to give them anti-scratch, various colors, half-mirror, and 

ceramic like  quality feeling. 
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INTRODUCTION 
Diamond-like carbon (DLC) coatings are used nowadays in various applications such as a protective coating against 
wear or corrosion, in car parts and recently it is being used more and more in particular biomedical applications. DLC is 
categorized as a fine ceramic coating. ISO and ASTM international standards have been prepared for fine ceramics 
coatings and thin films. This paper is about showing how these standards can be applied to the standardization and 
classification of DLC coatings. 
 
INTERNATIONAL STANDARDS OF FINE CERAMICS COATING AND THIN FILMS 
The International Standards of fine ceramics coating and thin films are shown in Table 1. As shown in the ISO20502 
standard, scratch testing is a common method to measure the adhesion of fine ceramics coating. Since the recommended 
standard sample for this test method is DLC coating, the standardization of DLC coating should be carefully considered. 
During the meeting for ISO TC206/WG38 in 2007, ISO/DIS 26443, 26424 and 26443 were discussed. These standards 
have been published as ISO standards in 2008. In addition, indentation testing is used in ISO 14577-4. This is one of the 
well-known methods to measure the hardness of DLC coatings. For the upcoming discussion, it is important to note that 
the test methods shown in Table 1 are all applicable to the standardization of DLC coatings. 
 

STANDARDIZATION OF DLC COATING 
Recently, the customer’s requirements in industrial 
situations have been expanding. Coating requirements are 
no longer limited to mechanical properties but also include 
biological, electrical, chemical and optical properties. In 
order to adapt our coatings to these new functions, we have 
been controlling the carbon structure using the ionized 
evaporation methods and doping processes. 
Since the new types of coating can no longer simply be 
categorized as DLC, we would like to suggest the Intrinsic 
Carbon Film (ICF) concept to include all types of carbon 
coating. The definition of ICF will include diamond, 
graphite, graphite-like carbon (GLC), polymer-like carbon 
(PLC) and DLC. Fig. 1 shows the different types of carbon 
coatings which can be categorized as ICF. In the diagram, 
DLC, which is diamond-like carbon, is defined by its high 
hardness and high resistibility 
 
CONCLUSIONS 

An industrial standard should be widespread, simple, and 
use accurate test methods. It is also important to consider 
testing methods for these properties as shown in Fig 1. In 
order to allow the end user to effectively compare the 
different types of coating available, it is necessary to bring 
the test methods into alignment. This will also simplify the 
classification of DLC coating and help to expand its 
applications. 
 
REFERENCES 
[1] M.IWAKI: NEW DIAMOND 15, NO3, 6-10(1999) 

Fig. 1. Rice Ball Concept [1] 
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We review the properties of DLC by ion source and introduce its preparation and application in industry 
fields. 
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The objective of this presentation is to focus on the integration of DLC coating processes in a production 

line which is fulfilling all requirements of the automotive industry. Oerlikon Balzers is the leading supplier 

for coating technology with a throughput of more than 100 million coated automotive components per year. 

For more than three decades, the company develops innovative coatings and coating equipments. Reliable 

service and worldwide presence are also key factors for comprehensive customer satisfaction.  

With the BALINIT® coatings, Oerlikon Balzers enables clean technology especially for the automotive 

industry. BALINIT® coated components for diesel and gasoline direct injection systems allow increased 

injection pressure leading to better fuel economy and reduced exhaust emissions. Oerlikon Balzers’ coating 

technology improves the surface properties of the components and therefore fast and precise multiple 

injection impulses can be achieved. At the same time, friction is reduced substantially. 

As experienced supplier to the automotive industry, Oerlikon Balzers is working according to industry 

standards. All automotive coating centers are ISO/TS 16949 certified. Tailored automation solutions in 

production processes fulfill customer’s productivity requirements and minimize production interruptions or 

quality issues due to human interference. All coated parts pass advanced visual inspection devices for surface 

criteria and dimensional checks in order to comply with Oerlikon Balzers’ zero defect policy. Continuous 

improvement is – as usual in the automotive business – Oerlikon Balzers’ consequent and reliable approach 

to further develop processes, production and product management – from prototyping till serial production. 

Oerlikon Balzers sets the respective standards in the coating industry. 
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Due to friction and wear the German national economy is incurring losses of five percent of the gross 

home income per year. At least fifteen percent of that could be saved if the already existing tribologic 

knowledge should be converted. One solution is the coating with modern materials in superfine coating 

thicknesses. A favorite material for reducing wear, especially on engine parts and components as well as on 

forming and maching tools, is diamondlike carbon (DLC). CemeCon, a leader in using the sputter 

technology has already recognised twenty years ago the benefits of the extremely smooth coatings and 

consequently worked out solutions for the industrial use.  

A lot of state of the art technology would not be imaginable today without DLC coatings. Especially in 

the field of supercharged diesel injection such as Common Rail or Unit Injector technology the high working 

and injection pressures of meanwhile 200 MPa can be only realised by using high quality DLC coatings. 

Such pressures would be too high for uncoated injection systems.  

Good adhesion, high wear resistance and good sliding characteristics are important conditions for 

coatings on engine components as well as on tools. Other coating characteristics such as oxidation and 

impact wear resistance are precisely adapted to the respective application. These characteristics are tested 

with different analythic methods. The coating adhesion is examined by using a Rockwell indentation. The 

wear resistance and sliding characterisics can be evaluated, for example, with a scratch test.  

To be able to meet future requirements of engine parts and components, CemeCon is continously 

developing new coatings, especially ZrC, the wear resistant sliding coating of the future.  
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Standardization has been considered as the final phase of product R&D and commercialization. However, 

standardization becomes more important strategy in many technology driven industries such as IT industry or 

nanotechnology. Standardization leads the industry by accelerating competition between companies that have 

developed leading edge technology. By the standardization, the enterprises don't need to develop an 

overlapping and thus unnecessary technology. Importance of international standards becomes apparent in 

many aspects. Korean government and industry are now trying to leap the level of international 

standardization. Many companies and research institute have more interest in the international standard.  

In this presentation, examples of active standardization field will be introduced. I will also review the 

international standardization process with introduction to the structure, process and activities of ISO and IEC. 

National member body and national standardization process of many countries will be also surveyed. 

Difference between de jure standard and de facto standard, activities and outline of private standard 

consortiums will be discussed. Especially, current standardizaton committee related to DLC such as 

nanotechnology (ISO/TC229, IEC/TC113), fine ceramics(ISO/TC206), metallic and other inorganic 

coating(ISO/TC107) etc. are introduced. Finally, standardization direction and method for Diamond Like 

Carbon coatings will be proposed.  This can be done either by making new subcommittee (or working group) 

within exiting ISO technical committee or making private standardization forum on DLC with experts. 

Possibility of making new technical committee on DLC within ISO is also discussed. 
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The effects of ion beam conditions and interlayer thickness on the formation and characteristics of the 

diamond-like carbon (DLC) coatings have been investigated by employing AFM (Atomic Force Microscopy) 

and TEM (Transmission Electron Microscopy). DLC coatings have been prepared on the cemented tungsten 

carbide (WC-10%Co) and Si wafer using ion beam deposition source. The characteristics of DLC coatings 

have been tested using Vickers Hardness Tester, and Scratch Tester. DLC coatings have been prepared by ion 

beam excited hydrocarbon plasma with the assistance of pulse bias of 1-2kV. The ion gun parameters, bias 

conditions, and Benzene pressure were changed to prepare samples with different conditions. The surface of 

tungsten carbide was polished up to average roughness below 20nm. Si interlayer was deposited using an un-

balanced magnetron sputtering source. The thickness of prepared DLC coatings turned out to be around 

700nm when the films have been deposited for 1 hour. The roughness of Si interlayer increased linearly as the 

thickness increased. The roughness, however, decreased dramatically after depositing the DLC coatings. The 

ion beam effect and amorphous-like structure of DLC coatings are believed to contribute to smoother surface. 

The morphology of DLC films depended strongly on anode current and it was independent of bias voltage. 

The overall change of roughness and morphology by varying the interlayer thickness is presented. TEM 

image with Si interlayer showed the well defined two layered structure. Also very compact and amorphous-

like structure in the DLC coating appeared. The hardness of the coatings was investigated according to the 

coating thickness. It has been found that the hardness increased as the thickness increased and the coatings 

having thickness of up to 5µm could be prepared without adhesion failure. The adhesion strength was also 

measured with scratch tester, and compared with and without interlayer. The coatings with interlayer having 

thickness of more than 50nm were found to have spallation or delamination failure.  

 
1) X. He, W. Li, and H. Li, J.Vac. Sci. Technol. A14, 2039 (1996).  
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Currently, China is becoming a global manufacturing center, and specifically the rapidly development of 

modern automotive, aeronautics and aeronautics industry demands more high dedication both of the material 

performance and surface engineering technology. Ningbo Institute of Materials Technology and Engineering 

(NIMTE in abbreviation), was established in March, 2006 as a new member of CAS, and its mission is to 

bridge the gap between the basic scientific research and the industrial commercialization. Its goal is to 

become a unique world-class research and development institute in the fields of materials science, technology 

and engineering.  

PVD/CVD functional films technology is one of the main research areas in NIMTE. Our research scope 

is specialized in the synthesis of high performance hard coatings by designing the film microstructures, 

optimizing the deposition process, and the industrial application of relative film techniques. Recently, the 

development of diamond-like carbon films with high performance and key mass production technique is our 

focus.  

Diamond-like carbon films, the term embracing a class of carbon materials ranging from extremely 

crystalline diamond to amorphous carbon, have drawn extensive attentions in the last two decades due to their 

promising properties for mechanical, tribological, optical, electric and biological applications. However, the 

high residual stress, poor film adhesion, unstable tribological behavior in aqueous, and the oxidation 

resistance are still the remained issues in DLC films for the applications. In this talk, we will mainly introduce 

our results on the deposition and properties of DLC films by a hybrid linear ion beam system and the 

application cases in a view of the standardization of DLC films. 
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The diamond-like carbon (DLC) film provides diverse applications for cutting and forming industries for 

its superb tribological properties such as high hardness, low friction coefficient, wear resistance, and chemical 

inertness.  The DLC films can be synthesized by using various plasma-based vapor deposition processes.  

To meet the stringent requirement for the adherent interface between the metallic substrate and the super hard 

DLC film, a complex film configuration has to be designed according to the specific working conditions.  In 

this study, a hydrogenated amorphous diamond-like carbon film (a-C:H) was synthesized by using a cathodic-

arc activated deposition (CAAD) process. The unique process employed a combined physical vapor 

deposition (PVD) and chemical vapor deposition (CVD) sequence to synthesize a multi-layered and gradient 

DLC thin film.  During the deposition process, the energetic metal plasma generated from the cathode 

catalyzed the decomposition of the hydrocarbon gas (C2H2), and induced the formation of a metallic interlayer 

and a gradient DLC complex film.  In order to ensure the quality of DLC films, the sp3/sp2 carbon bond ratio 

needs to be maintained through a control mechanism.  A reaction mechanism between the metal plasma and 

the hydrocarbon gas C2H2 was studied by plasma diagnostic technique (optical emission spectrometry, OES). 

Tribological test, SEM and Raman spectroscopy were employed to characterize the microstructure and carbon 

bond properties of DLC coatings.  

 

Keyword : CAAD(cathodic-arc activated deposition), DLC(Diamond-LikeCarbon), OES(Optical Emission 

Spectrometry) 
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Recently DLC has attracted the field engineer's interest for the application to the auto ferrous parts. 

Above the temperature 350℃ grapitization with transition from Sp3 to Sp2, thermal oxidation and 

dehydrogenation happen to occur through the gas diffusion.  With graphite at the very slip interface, DLC 

shows the low friction coefficients and decrease of hardness, shear resistance and adherance. To solve these 

problems, various metal additions to the a-C:H are suggested.  Among which  S-doped  DlC  show  the 

improuvement of adherence (stress relieving due to Si-C) and excellent performance  against  wear   by the 

mixed  structures of amorphous carbon (a-C:H) and  amorphous silicide (a-Si:O) and stabilzation of Sp3.  To 

realize Si-DLC to auto part, Hertzian stress distribution with load must be taken into consideration. 

In this presentation, we will introduce how we developed a new performent nitriding process for the 

hybrid treatment and its result.  As glow discharge is utilzed in the conventional ion nitriding, it is inevitable 

to not to have nitride on the surface due to working pressure and overheat by ion bombardement.  The 

formation of compound retards the nitrogen diffusion to the surface and make difficult to strong adhesion in 

case of PVD coating.  To avoid the thick compound layer and to speed up the nitrogen diffusion, 

interface temperature control and supply of high flux of pre ionized nitrogen are made by HCD effects.  In 

new nitriding, major species of nitriding is N+ and nanosize grain compounds that provide the surface area for 

the favorable adsorption of nitrogen, is formed under 500℃. With the DLC formation on the pre nitrided 

surface using the developed, high adhesion and reliable DLC coating could be obtained for the ferrous parts 

and geometrical complicated shape pieces.  

And we report here the studies of friction coefficients of Si-DlC with humidity.  Si-DLC shows almost 

no variation of friction coeffcients with humidity change by easy formation of absorbing layer bridged to Si-O 

bonds although the other DLC shows the increase of friction expecially in dry condition. This suggests an 

interesting advantage of Si-DLC in dry Korean winter.  

The decline of DLC related research is remarkable after last decade boom due to it's difficutly of 

market growth. To promote again  the growth of DLC  market ,different  paramenters were examed .For 

exemple  to be competitive in auto mobile industry, the cost  must  be reduced  with  different efforts like 

electrolytic plasma  exploitaion  to the level of conventional  electro plating. In fuel cell or solar energy 

industry application, some innovative DLC must be developed as well as standization. Before 

ending presentation, we will introduce our lab road map of Plasma coating made along these thinkings. 
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Carbon-based thin films have been subject of extensive research over the last decade due to their 

excellent properties, such as low friction coefficient, chemical inertness, infrared transparency, and high 

hardness. The hardness of carbon-based films is usually linked to the presence of sp3 C–C bonds and these 

films are called diamond-like carbon. Recently, it was shown that some nonhydrogenated carbon and carbon 

nitride films containing a high number of sp2 bonds exhibit very interesting properties, such as high hardness 

(up to 55 GPa) combined with an extreme elasticity (elastic recovery of 85%). The combination of a hard and 

at the same time an elastic material has been attributed to a ‘‘fullerene-like’’ microstructure. The fullerene-like 

materials composed of graphene multilayers, onions and nanotubes together with amorphous structures have 

been already synthesized by different physical vapor deposition techniques. Here, we reported that fullerene-

like nanostructure hydrogenated carbon films can also be fabricated by plasma chemical vapor deposition—

pulsed glow discharge. The fabricated fullerene-like nanostructure hydrogenated carbon films possess high 

hardness and high elasticity, more importantly, the films exhibit ultra-low friction under ambient condition 

with 20% relative humidity. 

The fullerene-like nanostructure characterized by curved graphite planes with interval of approximately 

3.4 Å and the lattice spacing of 3.34±0.02 Å of the bulk graphite are observed by HRTEM. 

Nanoindentation is an attractive technique for analyzing the mechanical properties of thin films 

independently of the substrate. The significant finding for the nanoparticles hydrogenated carbon films with 

thickness of 1500 nm is the elastic recovery which is as high as 85%. 

The friction coefficient as a function of the sliding time of the fullerene-like hydrogenated carbon films 

against Si3N4 ball was assessed on a reciprocating ball-on-disk tribotester. We found that the fullerene-like 

hydrogenated carbon films exhibited not only high hardness and high elasticity concurrently, but also super-

low friction coefficient (µ=0.009) in air with 20% relative humidity.  

The low-temperature deposition process allows the fullerene-like structure carbon films to be deposited 

atop hard or magnetic thin films to supply a super-low friction protective layer. Moreover, the finding of the 

fullerene-like structure carbon films in this study will definitely open a new avenue of carbon films’ research 

and applications. 
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