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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformitylassessment,|ds) well?asjinformation aboit\[SO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by ISO/TC 107, Metallic and other inorganic coatings.
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Introduction

Carbon based films are applied as a coating to modify the surface properties of parts or to synthesize
the carbon material. The applications cover machine elements, tools, optics, electronics, medical
engineering, microsystem technology, electrochemistry, acoustics, decoration and many more. Carbon
based films exist as many different types, which differ significantly in their properties. It is therefore
important to choose the right film type for a given application.

The aim of this document is to provide a consistent classification that covers all carbon based film
types. Furthermore, the classified film types are named with a system of consistent designations. This
enables both providers and users to compare different carbon based films on common nomenclature.

© IS0 2017 - All rights reserved v
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Carbon based films — Classification and designations

1 Scope

This document specifies classification, designations and short names for carbon based films. These are
films in which carbon is the predominant constituent part and which are deposited by physical vapour
deposition (PVD) or chemical vapour deposition (CVD) process. This includes amorphous carbon-based
films, also called diamond-like carbon films (DLC), as well as CVD diamond films, graphite and polymer-
like films.

This document is applicable to those films which are produced on an industrial scale. Additional carbon
based films are under development.

This document refers to the material of carbon based films. It does not refer to the entire coating that
can consist of a main functional layer with additional layers below or on top.

A layer can change in composition and/or material property over its thickness. Such layers are called
gradient layers. The definitions in this document refer to non-gradient layers.

A carbon based film can include other elements like hydrogen, metal elements or others. Metal
constituents can be included as metal carbides. Films with additional elements are only covered by
this document if carbon is(thé predominant/constituent part. Carbon incerporated as carbide, as can be
present in metal-containing amorphous carbon films (a-C:Me,.a-C:H:Me), does not count to this amount.

This document does not apply to the class of carbon materials such as fullerenes, carbon nanotubes and
graphene.
2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31
substrate
workpiece upon which deposition is to take place

3.2

nanocrystalline

polycrystalline form with a crystallite size in the range of 1 nm to 500 nm, measured on the growth
side of the film

3.3

microcrystalline

polycrystalline form with a crystallite size in the range of 0,5 pm to 10 pm, measured on the growth
side of the film

© IS0 2017 - All rights reserved 1
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4 Abbreviated terms

PVD physical vapour deposition

CVD chemical vapour deposition

5 Deposition

Many different PVD and CVD methods are used to deposit carbon based films. The properties of a
carbon film type may differ depending on the deposition method. A list of common deposition methods
is given in Annex A.

6 Classification

6.1 General

The classification of carbon based films is based on the material composition.

6.2 Main carbon film groups

Carbon based films are subdivided into the following main groups according to their chemical
bonding state:

— polymer-like carbon films, where the carbonatoms are linked in chain formations, with crosslinks
between the chains, and which contain a high amount of hydrogen (polymer-like);

— amorphous carbon films, where the carbon atoms are in a random, cross-linked arrangement
(amorphous);

— crystalline carbon films, which are characterized by(@regular arrangement of the carbon atoms,
such that crystals are formed, subdivided into:

— diamond films, where the carbon atoms are arranged in the diamond crystal lattice, and
— graphite films, where the carbon atoms are arranged in the graphite crystal lattice.
Polymer-like carbon films may also be called plasma-polymer films.
The group of amorphous carbon films are also called diamond-like carbon films (DLC films).

From the main groups, further film types are classified according to the criteria described in 6.3.
6.3 Classification criteria

6.3.1 General

For the classification, the following properties and criteria are used:
— crystallinity;

— ratio of sp2 to sp3 of CC bonds;

— hydrogen content;

— content of additional elements.

Methods for the characterization of these properties are given in Annex B.

2 © IS0 2017 - All rights reserved
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6.3.2 Crystallinity

Carbon based films are non-crystalline (e.g. amorphous, polymer-like) or crystalline. If crystalline,
they can vary in relation to their lattice type (diamond lattice, graphite lattice) and the crystallite size
(nanocrystalline, microcrystalline).

6.3.3 Ratio of CC sp2 to sp3 hybridization

The carbon atoms of the applied carbon film are able to form different hybridization states (sp3, sp2 and
spl). Depending on the ratio of the different hybridization states, a different ratio of C-C-, C=C- and C=C-
bonds is realized. The ratio of CC sp2 to sp3 bonds of the carbon film types differs significantly.

6.3.4 Hydrogen content

Hydrogen may be present in carbon based films up to several 10 atomic %.

6.3.5 Content of additional elements

Besides hydrogen, carbon based films may contain additional elements, like metals (e.g. W, Ti) or doping
elements (e.g. Si, O, N, F, B), to modify the properties. Films with additional elements are only covered
by this document if carbon is the predominant constituent part. Carbon incorporated as carbide, as it
may be present in a-C:Me or a-C:H:Me, does not count to this amount.

6.4 Coating architecture

6.4.1 Monolayer

A carbon based film can consist of one single layer. Diamond films, for example, are usually deposited as
monolayer with no additional layers below'or-en-top.

6.4.2 Multilayer

If a coating is prepared by subsequent layers of different compositions, it should be designated as
“multilayer”. All layers shall be taken into account for a full description of a coating. Amorphous carbon
films for example, are usually deposited as multilayer coatings.

6.4.3 Gradient layers

A layer may change in composition and/or material property over its thickness. Such layers are called
gradient layers. Amorphous carbon films, for example, are often deposited as gradient layers. A gradient
composition is not included in the definitions of this document.

6.5 Classification table

Table 1 shows the classification of carbon based films according to the criteria listed above, the film
designations and the short names.
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