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Abstract: It is possible to do laser marking on plastic surfaces by using lasers. Coding of information is very popular in last years because 

of its ability to convert information in one symbol. But there are lot of small sized parts where it is hard to do laser marking or physical 

impact on material is so big, that this code would be readable. On the other side contrast of marked area must be good enough so camera 

used in experiment would be capable read it. Goal of research is to find laser parameters that would be good enough to do laser marking on 

plastic surfaces so that physical impact would be made on that surface. There is used two-dimensional code- QR code. Target is to find 

parameters which would allow to do 3.5mm big square. 
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1. Introduction 
 

Different kind of companies are more and more interested in doing 

laser marking on them products. Laser marking is done in different 

methods of laser marking, some materials could be marked only by 

marking or engraving without special requirements and difficulty, 

while for other materials one can choose the concrete method about 

the kind of material, marking type, and the specific needs of the 

production process and the geometry of detail [1]. In this case 

authors must concentrate on method where is minimal physical 

impact on surface- it is marking, where beam is making termycal 

impact on surface, so the surface is change colour for human eyes. 

For each material must be researched new laser marking 

parameters [2] because of specific of material.  

 

 
Fig.1. QR code marked on E2000/APC fiber optic connector 

 

As a sample of such small size laser marking could be mentioned 

fiber optic connectors, where is laser marking, for marking on 

connectors surface QR code with different parameters.[3] look 

Fig.1. 

It is necessary to distinguish between the concept of the diameter of 

the laser beam and the zone of influence of the laser beam on the 

material, this zone depends on the power density, the higher the 

power density, the wider the heat-affected zone. Ideally, it is 

necessary to select the value of the power density of the laser 

radiation so that the affected area, as close as possible, corresponds 

to the size of the laser beam in focus. This condition allows you to 

ensure the clearest contours when marking with a laser beam. Clear 

marking borders and high contrast allow the camera to recognize 

smaller objects. This is important for recognizing the QR code. 

For the various mechanisms of modelling can be displayed on the 

normalized overview chart shown in Fig. 2. The process parameters 

are normalized with the thermal properties of the materials. 

Diagram showing contours for the onset of surface melting and 

vaporization constructed from a surface heat flow model (solid 

lines); experimental data for various mechanisms of marking cluster 

into regions bounded by broken lines.[5] 

 
Fig.2. Normalized model-based diagram [5] 

 

Values can be calculated using the following formulas [5]: 

normalized traverse rate, 

 
where: 

 υ - Beam traverse rate ms-1 

 rB - Beam radius defined where q=qmax/e, or beam half-width m 

 a - Thermal diffusivity, λ/(pc)  m2s-1 

 

and normalized beam power, 

 
where: 

A - Absorptivity  

q - Beam power Js-1 

rB- Beam radius defined where q=qmax/e, or beam half-width m 

λ - Thermal conductivity Js-1m-1K-1 

Tm-Melting temperature K 

T0- Initial temperature K 

 

To ensure high-quality marking, a number of requirements for the 

surface of the material must be observed; it must be smooth, 

uniform, with good absorption of the laser beam. 

 

2. Materials end methods 
 

For experiments were used ABS (acrynotrile-butadiene-

styrene) plastic. One of the most successful polymer composites 

with an unequalled variety of forms and range of applications [4].  

To assess the qualitative and quantitative marking parameters, 

devices and specialized computer programs were used. 3D Laser 

Confocal Scanning Microscope OLS5000 laser microscope that can 

make accurate measurements of submicron level shape and surface 

roughness. The results were analyzed using a microscope “Dino-

Lite Egde” and a computer program “Dino Capture”, which 

magnifies the image 50 times. Ocean optics HL-2000 STS VIS 
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spectrometer was used in the experiment. Code contrast is measured 

on the Image color picker website. The resulting data is entered into 

the Contrast Ration site. The site calculates the ratio of the 

background color to the color of the label using the color codes you 

enter and outputs a contrast factor.  

The Rofin PowerLine F20 Varia Laser System was used for 

the experiments. It is a fiber laser with a wavelength of 1064 nm. A 

distinctive feature of this system is that it has a wide range of 

adjustment of the pulse duration from 4 to 200 ns and the pulse 

repetition rate from 2 - 1000 kHz. 

For following experiments were prepared matrix with QR 

codes and different parameters of them.  

There were made following experiments to find best 

parameters: 

1. Frequency (Hz)- speed (mm/s); 

2. Frequency (Hz)- power (W); 

3. Impulse length (ns)- speed (mm/s); 

4. Impulse length (ns)- power (W). 

5. Cell size (mm)- speed (mm/s). 

 

After finishing experiments, authors were able to find optimal 

Frequency, speed, power, impulse length and cell size parameters. 

As first experiment were done Frequency- Speed matrix 

(Fig.3.). In this experiment constant values were: 

1. Power- 70%; 

2. Pulse length- 8 ns; 

3. Line step- 0.05mm. 

 

 
Fig.3. Frequency-speed matrix 

 

 

Experiment Frequency- Power look in Fig.4. Constant values 

of this experiment: 

1. Speed 400mm/s; 

2. Pulse length 8ns; 

3. Line step 0.05mm. 

 

 
Fig.4. Frequency- Power matrix 

 

In the next experiment were searched cell size- power (look 

fig.5.) parameter. Were constant values were: 

1. Speed 400 mm/s; 

2. Frequency 60KHz; 

3. Line speed 0.05mm. 

 
Fig. 5. Cell size- power 

 

And in the last experiment were researched cell size-speed 

(look Fig.6.) matrix. Were constant speed were: 

1. Power 70%; 

2. Frequency 60KHz; 

3. Line step 0.05mm. 
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Fig.6. Cell size-speed matrix 

 

The ability of a QR code to be read is a key criterion for the 

parameters of a laser marketed code to be considered acceptable. 

This code is scanned with the Android platform application "QR 

scanner". In experiments, a "+" marks those QR codes that can be 

read and  "-" marks those codes that cannot be read because their 

contrast ratio is too low or the energy level is so high that effect on 

the surface causes such physical transformations that the region to 

be marked acquires a relief on the surface, which creates problems 

for code recognition. 

In the experiment in which the "Pulse-Speed" relationship is 

formed, see table 1. In the table, a small number of readable codes 

is detected because too much energy is supplied (see Fig. 7), as the 

pulse time is very large. 

 

TABLE 1 – Relationship between pulse width and speed at parameters 

frequency 60kHz; line pitch 0.05mm; power 14 W 

 
After this experiment, it is concluded that the optimal pulse 

width should be 4-8ns, but the marking speed should be around 

200-500mm / s. The other side of the table shows another extreme 

when the contrast is too low because the pulse width is too short 

and the marking speed is so high that the applied energy cannot 

have a high enough effect on the material for the object to be 

marked to be clearly visible. 

 
Fig. 7. Pulse platuma- speed matrix 

 

For samples that can be read, a contrast factor is measured. The 

contrast factor is measured for the extreme and average values of 

the readable codes. 

In Table 2, it can be seen that the lowest readable contrast factor is 

1.2 and, in this matrix, the highest factor is 2.9. 

 

TABLE 2. Contrast of the marked QR code depending on the Pulse-

Speed at parameters frequency 60kHz; line pitch 0.05mm; power 

14W 

 
 

Experiments have shown that a contrast factor of 3 or higher is not 

optimal for reading the code, because although the contrast is high, 

the structure of the material is damaged by physical transformations 

due to heat input and the surface of the material around the QR code 

contour begins to melt and color due to foaming. effect (look 

Fig.8.). 

 

3. Results 
 

In the end of experiments were found samples where were 

done big physical impact on material surface (look Fig. 9.). Such 

results were unacceptable because there were changed roughness of 

material surface, code was unreadable and in worst case surface was 

damaged.  

 

 
Fig.8. Laser beam impact made negative effect on marked 

material surface 
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Samples with low laser beam impact had low contrast ration, 

that means, that QR code were almost unreadable for came (look 

fig. 9.). 

 

 
Fig. 9. Marked QR code with low contrast ratio 

 

After doing research using microscope, even well looked QR 

code had made physical impact on surface, because plastic material 

is melted around marked are (look fig. 10.). 

 

 
Fig. 10. Well looked QR code with melted area 

 

After farther research were founded good parameters were 

roughness of surfaces were not changed and contrast ration was 

good enough to be readable (look Fig. 11.). 

 

 

 

Fig.11. QR code with optimal parameters (at the top the image 

next to the scale with a division price of 0,5 mm, at the bottom is the 

same image with an increase) 

4. Conclusions  
 

As optimal QR code parametrs marked on plastic surfaces with 

Rofin Powerline varia 20 laser are: 

1. Pulse length 8ns; 

2. Frequency- 60KHz; 

3. Line step- 0.05mm; 

4. Power- 70%; 

5. Speed 400 mm/s-; 

6. Cell size- 0.14mm. 

Using this parametrs it is posible to get 3mm big QR code, 

which marking process does not make any physical impact of 

surface roughness changing and contrast ration is good enough to be 

readable. 

The introduction of new technologies in the process of labeling 

products, especially small sizes, allows you to place more 

information with minimal image sizes. allows you to use automated 

systems in the process of further use of the product, allows you to 

increase the possibility of product identification. 
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