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The failure to commercialize any silicon-based Micro-Electro-
Mechanical Systems (MEMS) or Nano-Electro-Mechanical Systems 
(NEMS) devices that have sliding parts in contact [1] highlights the 
need for alternative materials for MEMS and NEMS devices. Carbon-
based materials are an attractive replacement that could alleviate the 
problem. 

Microsystems, such as MEMS, and nanosystems, such as NEMS, 
have very little tolerance for friction and wear since the smallest wear 
particles could result in catastrophic failure. The problem is made worse 
when liquid lubrication is not a complete solution to reducing friction 
and wear due to problems associated with stiction, contamination and 
the formation of meniscus. For instance, typical MEMS components 
are only a few microns thick. They are structurally unable to withstand 
high surface traction, which presents a problem since surface forces 
become increasingly dominant as the physical dimensions become 
smaller. Yet many of these microsystems, such as magnetic recording 
systems, are subject to harsh operating conditions which intensify the 
already challenging task of obtaining low friction solutions.

One possible solution to achieve low friction in microsystems is the 
use of thin, hard coatings. The hard coatings provide protection against 
wear and deformation without the use of liquid lubrication. Additionally, 
the coatings also help to reduce friction, and the coatings typically 
stay on the substrate well, compared to other surface treatments such 
as self-assembled monolayers and solid lubricants. Although ceramic 
is a good candidate for coatings due to their chemical inertness, high 
temperature tolerance, and good hardness [2-5], amorphous carbon 
films or more commonly known as Diamond-Like Carbon (DLC) have 
been extensively studied as a new candidate for coatings due to their 
excellent mechanical and extremely good tribological performance 
[6,7]. As researchers continue to develop the technology to establish 
and improve methods for producing DLC coatings with MEMS and 
NEMS devices, it is necessary to characterize the fundamental surface 
properties of the DLC coatings.

At macroscopic scale, the mechanical and tribological performances 
of these carbon-based films are excellent. Diamond, for example, can 
be grown in nanocrystalline thin film form with mechanical properties 
comparable to single crystal diamond [8,9]. DLC films, when grown 
as near-frictionless carbon, exhibits friction coefficients as low as 
0.001 and wear rates even lower than diamond [10]. Even though the 
technology involving DLC films are more mature with widespread 
use in wear and corrosion protection in many applications [10], the 
tribological performance of DLC degrades significantly when water is 
present [11-15]. 

Furthermore, like many other materials, frictional responses in 
DLC films exhibit distinct characteristics at different length scales - from 
macroscopic down to molecular level. Three typical configurational 
characteristics of frictional sliding resulting from different length scales 
are: (1) single-asperity contact, (2) multi-asperity contact, and (3) 
molecular contact.

The frictional response of a single-asperity contact depends pre-
dominantly on the size and the shear strength of the adhesive contact 
junction. The contact size is determined by the elastic response of adhe-
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sive contact which has been well characterised by various models [16-
18]. A considerable amount of experiments have also been performed 
to investigate the single-asperity friction [19-23].

As the length scale gets larger, new approaches are needed to 
bridge the frictional response from single asperity to multi-asperity 
contact. In 1957, Archard [24] concluded that the average micro-
contact state hardly changes whatever the load. Instead only the 
number of micro-contacts varies, and the multiple micro-contacts 
would alter the nonlinear frictional response towards a linear response. 
Later investigations [25-27] attributed the linear response of rough 
surface friction, as an integrated behaviour of nonlinear single-
asperity responses. Macroscopically, friction displayed a complicated 
dependence on sliding and load histories. These characteristics have 
been described by the empirical rate and state-variable dependent 
constitutive formulations [28-30]. However, the underlying micro-
mechanisms are little understood and the physical interpretations of 
the state variables are still vague.

Despite the myriad of studies, presently, the main obstacle 
to develop ultra-low friction systems is the lack of fundamental 
understanding of the mechanisms of friction in the regime of sliding 
without severe deformation and wear, where friction is determined by 
the atomic interactions between shearing surfaces. Despite past efforts, 
a comprehensive understanding of friction at the atomic level is still 
lacking, and the fundamental behaviour of atoms in the interfacial 
region has not been characterized well enough to build a useful strategy 
for the development of low-friction technology.

An obvious strategy for reducing friction is to reduce the strength 
of interatomic interaction between the surfaces, which can be done 
by surface treatment with the intention of reducing the free surface 
energies, for example, or by deliberately choosing weakly adhering 
materials. This is not unlike the macroscopic strategy of lowering 
friction by selecting metallurgically incompatible materials. However, 
there is a logical inconsistency in the belief that low adhesion leads to low 
friction, since the former is related to the resistance against separation 
of the surfaces while the latter is related to the resistance against their 
relative translation. In addition, there is actually no standard that relates 
adhesion and friction, which means that it is not known how much 
reduction in friction can be expected per unit reduction of adhesion. 

It is in this regard that the study of the fundamental characteristics of 
friction and wear of DLC films at nano-scale level is important. Studies 
in this area are important not just for nanotechnology applications, but 
for fundamental science as well. Although many practical, macroscopic 
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engineering applications involving tribology have been successfully 
addressed, relatively little is understood about the underlying 
fundamental mechanisms of friction at nano-scale. As a result, there 
are no commercially viable MEMS and NEMS devices that involve 
contacting and sliding interfaces, despite ample capabilities to fabricate 
such devices. These effects are even more drastic at the nano-scale level, 
where newly discovered paradigms govern interactions during contact 
and relative motion [21,31,32]. Therefore, the study of friction at nano-
scale may be the key to uncovering the true interactions between two 
complex, multi-asperity surfaces at larger scales.
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