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ABSTRACT – By an atomic force microscope (AFM), 

friction tests of DLC films were conducted against Al2O3 

spherical tip with a radius of 2.5 mm. The running-in 

process was decomposed through the controllable single-

asperity contact provided by this microscopic method. 

Two sharp drops of friction coefficient were observed. 

The first is due to the formation of the transfer film on 

the Al2O3 microsphere and the second is attributed to the 

removal of oxygen layer. 

 

1. INTRODUCTION 

As one of the most common superlubricants, the 

macroscopic friction and wear properties of diamond-like 

carbon (DLC) films have been extensively studied. 

Before the friction coefficient reaches a stable value, 

there is always a short running-in stage [1]. Transfer film 

was thought to play an important role in the transition 

stage. By an in-situ observation equipment, researchers 

found that when the transfer film formed, the friction 

coefficient decreased [2-3]. Moreover, Kim et al showed 

that the sample with thicker oxide layer needed longer 

time to achieve low friction coefficient, so low friction 

coefficient may be related to the removal of oxide layer 

[4-5].  Even though, the running-in stage of DLC films is 

still not fully understood. Friction and wear tests at 

microscale will be helpful to explore the running-in 

mechanism of DLC films at macroscale.  

 

2. METHODOLOGY 

In this study, highly hydrogenated diamond-like 

carbon (H-DLC) films were deposited on silicon 

substrate using plasma-enhanced chemical vapour 

deposition (PECVD) method. The films with the 

thickness of 1 μm were derived from the mixed gases of 

methane and hydrogen. As shown in Figure 1, the AFM 

line-scanning mode was used to measure friction force 

between tips and DLC films under an applied normal 

load of 4 μN and a sliding length of 2 μm (the frequency 

was 2 Hz). The tips were the Al2O3 tips (Navoscan, 

American) with curvature radius of 2.5 μm.  

 

 
Figure 1 Microscale friction test. 

3. RESULTS AND DISCUSSION 

The friction coefficient decreased significantly with 

the increase of the number of cycles in vacuum. 

Meanwhile, the friction coefficient shows two steps’ 

decrease in the running-in stage, as shown in Figure 2. 

During the first 500 sliding cycles, the friction coefficient 

decreased from about 0.3 to 0.1. Interestingly, a few 

hundred cycles after the first drop, the friction coefficient 

falls again, from 0.1 to 0.05. 

 

 

Figure 2 The run-in process in vacuum. 

 

In the AFM experiments, the adhesion force is an 

important parameter to evaluate the contact state between 

AFM tip and the sample. The adhesion forces between 

tips and DLC samples were measured before wear and 

after the first decline. Before wear, the adhesion force 

between probe and sample was about 600 nN. After the 

first decline, the value decreases to near 100 nN, as 

shown in Figure 3.! The results also show that the 

adhesion force of the modified tip on the wear track was 

similar to that on the original surface. Hence, the first 

decline of friction coefficient should be attributed to the 

surface change of AFM tip, such as the formation of the 

transfer layer. To verify this speculation, the probe 

morphology was detected by AFM. We could find that 

the microsphere was smooth before wear. After 500 

sliding cycles, the debris was attached to the microsphere. 

The in-situ observation of macroscopic experiments 

showed that the friction coefficient decreased with the 

formation of transfer layer. Hence, the first decline of 

friction coefficient in microscale friction tests should be 

due to the formation of transfer layer. 
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Figure 3 The change of adhesion force before and after 

wear. 

 

To understand the reason for the second drop, the 

average oxygen content of the contact area was 

calculated. Figure 4 shows the change of oxygen content 

with depth of DLC film. Further experiments showed that 

wear depth corresponding to the second drop was about 

1.2 nm, which is close to the thickness of oxide layer on 

the surface of DLC film. As a result, the second decline 

may be related to the removal of oxide layer. Since the 

macro experiments always were severe, the removal of 

the oxide layer and the formation of the transferred film 

occur simultaneously. Therefore, this phenomenon did 

not appear in macro experiments. 

 

 
Figure 4 The AES result: the change of oxygen content 

with depth of DLC film. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSIONS 

In the present work, running-in behavior of DLC 

film at microscale was investigated. The following 

conclusions can be drawn: 

(a) Two sharp drops of friction coefficient were 

observed in the microscale friction tests. During 

the first 500 sliding cycles, the friction 

coefficient decreased from about 0.3 to 0.1. A 

few hundred cycles after the first drop, friction 

coefficient falls again, from 0.1 to 0.05. 

(b) The first drop of friction coefficient is because 

of the transfer film formed on the Al2O3 

microsphere and the second is due to the 

removal of surface oxide layer. 
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