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Abstract. This paper presents the results of the selection of parameters for the DLC coatings laser 
texturing process using a picosecond laser with a wavelength of 343 nm. It also shows the level of 
precision with which it is possible to generate a texture with this technology and examples of 
possible shapes created using TruTOPS PFO software with their selection for the best texture 
quality. 
Introduction 
Forming the micro-geometry of friction surfaces is a very common issue in modern machine 
constructions. Technological progress, including in the field of laser techniques, enables very high 
precision surface modification. Laser texturing allows for making micro-cavities on the surface of 
a given material in a quick and repeatable way. 

Laser texturing is a type of subtractive micromachining process. The size of the material to be 
removed is in the range of micro and millimeters. The energy of the laser beam is used to remove 
material. Laser micromachining is a method commonly used when high and repeatable 
dimensional accuracy is required and for materials that are difficult to process by other methods. 
Laser texturing involves forming a desired geometric structure and/or distribution of 
physicochemical and mechanical properties on the surface of a processed material [1, 2].  

The area of the beam impact on the material is determined by the size of the laser spot in focus. 
The time of the beam pulse is particularly important since different mechanisms of interaction with 
the material can be used depending on the intensity of the radiation and the exposure time. Pulses 
longer than 1 nanosecond are called long pulses. Pulses with durations between 1 picosecond and 
1 nanosecond are called short pulses, and those with durations less than 1 picosecond are referred 
to as ultrashort pulses [3]. 

The crucial aspect is the proper selection of process parameters to obtain texture elements with 
desired and reproducible geometries and physicochemical properties. The size of the heat-affected 
zone, or lack of it, depends on the duration of the laser pulses. Treatment with long pulses leaves 
distinct remelting marks and heat-affected material alterations. Laser ablation induced by 
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picosecond and femtosecond laser pulses is called cold ablation because no heat-affected zone, in 
its traditional sense, is observed in the material [4].  

In recent years there has been great progress in the development of research and application 
topics related to carbon materials. It includes obtaining diamond-like coatings, DLC (Diamond-
Like Carbon), and applying them by PVD and CVD methods [5-7]. DLC coatings can be used in 
a variety of tribological pairs [8]. 

The choice of using UV wavelength laser is because DLC coatings are mainly transparent to 
the visible and IR spectrum of light but can absorb UV radiation. 
Experimental 
The test specimens were 4H13 steel samples with antiwear a-C:H DLC coating containing 
vanadium and chromium interlayers. The coating was applied using PVD technology. The 
thickness of the coating was approximately 1.5 µm. DLC coatings are characterized by very good 
mechanical properties (including low coefficient of friction and high hardness). These properties 
make DLC coatings widely used for machine parts that are subjected to high loads and increased 
wear and subjected to increased wear.  The composition of the steel used was as follows (wt.%): 
C: 0.36-0.45, Mn: 0.50-0.80, Cr: 12.0-14.0, Si: 0.60-0.80, Mo: 0.5-0.7, V: 0.2-0.3, Ni: 0.1-0.60, P: 
max 0.04, S: max 0.03, and the remainder is iron. 

The process of PVD deposition of antiwear thin coatings is carried out at increased temperature. 
The coating was obtained by the following processes and temperatures: 
• a-C:H by physical vapor deposition PVD sputtering at < 300°C; 
• substrate material temperature 350°C. 
Laser texturing of coatings is used to create a reservoir effect on the surface of interacting coatings. 
This phenomenon occurs when wear particles or a lubricant are stored in the cavities created by 
the texturing. This results in better distribution of the lubricant and also has a significant effect on 
reducing wear. The implementation of the experimental plan was divided into two stages. In the 
first stage, the selection of appropriate laser operating parameters was made in order to obtain a 
texture of optimal quality. The cavity quality, its width, and depth were taken into consideration. 
The depth was measured on a Talysurf CCI Lite optical profilometer. Six texture shapes were then 
designed using TruTops PFO software. A ring-shaped specimen of 4H13 steel with a DLC coating 
was sketched in the software along with different textures, and then its surface was divided into 6 
regions to create texture on the surface of one specimen. The texture shapes were then examined 
for surface quality on a Hirox KH-8700 digital microscope. 
Results and Discussion 
Parameter selection began by determining the optimal laser power in terms of the highest fluence 
value and the quality of the groove produced on the surface of the specimen by laser. In order to 
find the optimal laser texturing conditions, an experiment was conducted. It consisted of evaluating 
the effect of the laser pulses on the coating surface while changing the scanning speed, with 
constant pulse frequency and laser power. A test was performed for 14 scanning speeds varied by 
5 mm/s. The selection of the laser beam parameters was evaluated by observing the laser beam 
impact trace. Geometry evaluation was done using Mountains®8 software for surface topography. 
The evaluation took into account: 
• groove depth,  
• the presence and shape of the flotation,  
• the shape of the groove. 
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The diameter of the laser spot in focus was determined to be 18.2 µm, and the area of interaction 
of the focused laser beam according to the specifications of the TruMicro 5000 laser was 
259.2µm2. Calculations from [4] were used to determine the other resulting parameters. 

In order to select the optimal parameters for the laser texturing process, a preliminary test was 
carried out on one of the samples. The following laser parameters were used to perform the test:   
• 70% laser power - adjustable power of 3.5 W;  
• frequency 66.6 kHz;  
• pulse divider - 2.  
The examination of microstructure was performed using the Talysurf CCI optical profilometer for 
surface geometry structure investigation. The system enables the analysis of the geometric 
structure of the surface with a vertical resolution of up to 0.01 nm. Data analysis was performed 
using TalyMap Platinum 6.2.7200 software. 

Considering the results from the optical measuring machine, sample No. 6 was selected at a 
beam speed of 110 mm/s with a maximum groove depth of 2.219 μm and a horizontal distance of 
43.022 μm. Table 1 shows the parameter selection along with the calculated parameters. 

 
Table 1. Selecting the scanning speed of the TruMicro 5000 picosecond laser head 

No. V 
[mm/s] 

P 
[W] f [kHz] Pa 

[W] Ie I% Io 
[μm] In F 

[J/cm2] 
Maximal 

depth 

Surface 
area 

[µm2] 

Vertical 
distance 

[µm] 

1 85 3.5 66.66 0.58 8.75 0.85 1.28 14 3.14 2.54 83.051 55.941 
2 90 3.5 66.66 0.58 8.75 0.85 1.35 13 3.13 3.331 93.975 48.19 
3 95 3.5 66.66 0.58 8.75 0.84 1.43 13 3.11 3.068 91.693 48.19 
4 100 3.5 66.66 0.58 8.75 0.83 1.50 12 3.10 3.493 132.308 48.19 
5 105 3.5 66.66 0.58 8.75 0.82 1.58 12 3.08 2.721 66.113 48.19 

> >6 110 3.5 66.66 0.58 8.75 0.81 1.65 11 3.07 2.219 54.217 43.022 
7 115 3.5 66.66 0.58 8.75 0.80 1.73 11 3.06 2.714 79.329 67.759 
8 120 3.5 66.66 0.58 8.75 0.79 1.80 10 3.04 2.838 46.727 55.885 
9 125 3.5 66.66 0.58 8.75 0.79 1.88 10 3.03 2.919 59.424 43.13 

10 130 3.5 66.66 0.58 8.75 0.78 1.95 9 3.01 2.595 50.224 35.116 
11 135 3.5 66.66 0.58 8.75 0.77 2.03 9 3.00 2.724 55.68 56.892 
12 140 3.5 66.66 0.58 8.75 0.76 2.10 9 2.99 2.315 42.193 31.666 
13 145 3.5 66.66 0.58 8.75 0.75 2.18 8 2.97 2.547 50.034 42.954 
14 150 3.5 66.66 0.58 8.75 0.74 2.25 8 2.96 3.39 68.69 37.383 

where: 
• ν – laser head scanning speed [mm/s];  
• P – laser power [W];  
• Pa – average laser radiation power [W];  
• f – laser pulse frequency [kHz];  
• Ie – single pulse energy [µJ];  
• Io – the distance between pulse centers [µm];  
• Ln – Number of pulses per workpiece point;  
• F – fluence of laser radiation  [J/cm2];  
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Fig. 1. Surface structure after treatment with the selected laser  

parameters – 110 mm/s laser head scanning speed. 
Fig. 1 shows the surface structure analysis after a single laser beam passage with the selected 
parameters. 
Once the laser processing parameters were selected, the second stage of the experiment was started 
– texture shape selection. The texture shapes generated using TruTops PFO software were as 
follows: 
• grit with 150 µm distance between beam passes; 
• spiral with 100 µm distance between beam passes; 
• lines with a distance between beam passes of 400 µm; 
• circles 60 µm in diameter with a distance between centers of 100 µm; 
• crescents - an arc with a radius of 60 µm and an angle of 180°; 
• points with a diameter of 30 µm and a distance of 100 µm. 
Fig. 2 shows the shapes of textures taken into consideration. 

 

  
Fig. 2. Different shapes of the texture with given magnification: 
a) Grid x2000 b) Spiral x35 c) Lines x35 d) Half circles x2000  

e) Points x2000 f) Circles x2000. 
The quality of the coating after texture generation did not deteriorate. The best texture quality  
(in terms of groove quality) is shown by the grid and spiral texture. The lines are clearly outlined, 
and their shape is regular. The point-shaped texture with a diameter of 30 µm shows some shape 
irregularity. The points do not have a uniform character. The circle-shaped texture also does not 
show the required repeatability of the cavity depth. The semi-circle-shaped texture like other non-
orthogonal textures does not achieve the required coating depth uniformity. The areas where the 
texture was not made to the required depth are visible. Fig. 3 shows an example of the surface 
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geometric texture results using a Hirox optical microscope. It can be seen that the groove depth is 
approximately 2 µm. This value matches the values achieved in the first stage of the experiment 
on the selection of laser texturing parameters. 

 
Fig. 3. DLC coating surface microstructure  

after applying one type of texture. 
Summary 
The aim of this work was to demonstrate the technological capabilities of texturing DLC coatings 
using a picosecond laser with a wavelength in the UV spectrum at which DLC coatings exhibit 
light absorption, making it possible to perform texturing on them. This laser is available at the 
Centre for Laser Technologies of Metals at the Kielce University of Technology. This paper 
presents the selection of parameters of the laser texturing process on the DLC coating applied on 
the substrate made of 4H13 steel. The parameters were chosen to produce grooves on the coating 
with a depth of about 2.13 µm. After selecting different texture shapes and examining them using 
microscopy, it was found that the best texture quality in terms of groove shape occurred for 
orthogonal shapes, i.e., shapes such as a grid or straight lines. 

The presented results may be useful for people interested in significantly increasing the wear 
resistance of parts of machines and devices, e.g. biotechnological apparatus [9], chemical 
accessories [10-12], internal combustion engine accessories [13], or highly responsible elements 
of weapons [14, 15]. The analyzed process can also be an interesting experimental example for the 
analysis of adjustment calculus [16] and non-parametric methods [17-19]. 
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