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AbstrAct
Purpose: The aim of the paper is to elaborate new method of texturization multicrystalline silicon. The main 
reason for writing the paper is that most conventional methods used for texturization of monocrystalline 
silicon are ineffective when applied for texturing multicrystalline silicon. This is consequence of diversified 
susceptibility of regions of different crystalographic orientation to surface texturization. As a result texture 
obtained by means of these methods is not uniform. This is the main motivation for conducting this research.
Design/methodology/approach: Evaluation of results was performed by laser scanning confocal microscope, 
scanning electron microscope (SEM), optical microscope.
Findings: Laser processing was found to be very promising method in texturization of multicrystalline 
silicon surface. It appeared to be much more independent on grains crystallographic orientation compared to 
conventional texturing methods. To sum up, laser texturization of multicrystalline silicon produces texture of 
higher homogeneity in comparison with chemical and electrochemical methods.
Research limitations/implications: The limitation in practical implementation of presented method is related 
to the possible material damages in the heat affected zone. However it seems to be possible to overcome this 
inconvenience by removing damages using chemical etching.
Practical implications: The research presented in the paper was carried out to incorporate elaborated method 
into manufacturing process of solar cells of reduced reflectance from the front surface. Success of research is 
expected to lead to higher efficiency solar cells.
Originality/value: The main contribution of the paper is elaboration of method for producing textures of 
higher homogeneity on the multicrystalline silicon surface. It is significant result from the development of 
photovoltaics viewpoint where presented method may be successfully used in manufacturing of solar cells of 
higher efficiency.
Keywords: Surface treatment; Photovoltaics; Crystalline silicon; Laser processing

1. Introduction 
There exist a lot of different lasers: continuous wave or 

pulsed, solid state or gas lasers. Light produced by laser has very 
specific properties: high coherence, high brightness, high 
collimation, monochromaticity [7].  

Because of these unusual properties lasers are successfully 
used in a wide range of industrial processes including: hardening, 

alloying, cladding, welding, cutting, drilling, bending, scribing, 
ablation, patterning, deposition [7]. 

Since each laser produces light of specific wavelength, range of 
power and minimum beam spot size there does not exist one laser 
that could be treated as an all-purpose tool. Therefore users have to 
duly match laser to meet requirements of process it is to be used for.  

One of the crucial steps of manufacturing of solar cells is surface 
texturization [1-6, 8-15]. It is performed to reduce reflectivity of 
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the front surface and to trap the light in the cell. The main 
requirements imposed on texturing methods are in principle 
always the same: low or no damages to the remaining material, 
high homogeneity of surface structure. For texturing of 
multicrystalline silicon common methods used for 
monocrystalline silicon [13,14] that are crystal orientation 
dependent cannot work properly. Therefore, an increasingly large 
amount of research activity is focused on development of 
alternative texturing methods [1, 5, 6, 8-12, 15]. The possible way 
to overcome this problem is the use of laser processing [3, 4, 8]. 
This method seems to be independent on surface structure 
enabling effective texturization of multicrystalline silicon of 
strongly uneven surface with randomly distributed grains of 
different orientation.  

The objective of this paper is to investigate texturization of 
industrial type multicrystalline silicon wafers by Nd:YAG laser. 
Special attention has been paid to adjust process parameters 
enabling minimization of laser induced surface damages.  

2. Experimental 
The material used for experiments was commercially available 

boron doped p-type multicrystalline silicon wafers obtained from 
the ingot by wire sawing of thickness ~330 m, area 5 cm x 5 cm 
and resistivity 1 cm. It is worth mentioning that particular 
attention has been paid to cleaning step after sawing in order to 
avoid contamination of substrate at the start of the cell 
manufacturing process.  

Texturization was carried out by means of diode-pumped 
pulsed neodymium-doped yttrium aluminium garnet laser crystal 
(Nd:YAG). The main parameters of the laser used are: laser 
wavelength ( = 1064 nm), maximum output power (P = 50 W), 
maximum speed of laser beam (v = 30 000 mm/s), pulse repetition 
frequency (from f = 100 Hz to f = 65 kHz). 

To find the optimum parameters for low damages and high 
effectiveness laser texturing process different trials have been 
made varying pulse power, repetition frequency and scribing 
speed of Nd:YAG laser.  

Surface treatment has been carried out under the following 
conditions: average laser power P  30W, diameter of the beam 
spot d = 20 m, pulse repetition frequency from f = 3 kHz to 
f = 65 kHz, laser beam translation from v = 1 mm/s to 
v = 100 mm/s. 

The obtained surface patterns have been characterised by 
inspection under OLYMPUS LEXT OLS 3000 laser scanning 
confocal microscope, DSM 940 OPTON scanning electron 
microscope (SEM) and  LEICA MEF4A optical microscope. 

3. Results 
Utilising the hatching function of laser software a grid like 

surface structure as well as texture consisting of parallel scribe 
lines have been realised. Laser beam was concentrated on the 
wafer surface and moved along the programmed path.  

Experiments were performed to verify if by adjusting scribing 
speed, laser power, repetition frequency and beam path the scribe 
lines can be precisely controlled in width and depth.  

Figure 2 shows a SEM cross section, top view and 3D plot of 
single scribe lines obtained for different values of process 
parameters. Variation of basic process parameters revealed their 
strong influence on the structure of resulting texture. 

The higher pulse energies lead to an enlargement of line 
depth. Scribing speed and repetition frequency have significant 
impact on line edges. The higher speed and the lower frequency 
the more ragged, jagged and irregular are the edges of the line. 
The higher speed the smaller depth assuming the same power. 
Higher pulse energies enforce usually the lines of increased width. 
In case of texture consisting of criss-cross perpendicular lines the 
higher depth of texture was observed in regions related to 
intersection points of scribe lines (Fig. 1).

Fig. 1 SEM micrograph of texture in the form of grid with spacing 
0.16 mm,  = 20 kHz, v = 40 mm/s  

Moreover some undesirable effects have been observed. The 
cross-sections of test scribe lines revealed positive ridges on both 
edges of lines (Fig. 2). The higher pulse energy the higher the 
ridges.

It is the result of so called heat-affected zone, which is the 
region of material exhibiting any thermal effects local to the laser 
and material interaction. Since during the laser processing the 
small layer of material is removed by evaporation processing 
temperature is usually high. As a result the textured surface is 
covered by the molten and recrystallized silicon material. 

Furthermore, high temperature may induce the stress and 
changes in crystalline phase resulting in defects, which modify 
electrical properties of silicon that are essential from the solar cell 
performance point of view.  

Besides, high temperature may result in chemical reaction of 
textured surface with atmosphere e.g. oxidation and 
contamination of the surface by deposition of foreign materials 
during treatment. Consequently, to improve the electrical quality 
of the textured surface the heat affected zone has to be removed 
by chemical etching prior to further processing. 
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a)   A-A    b)    B-B 

Fig. 2. Scribe line obtained for different process parameters: a)  = 20 kHz, v = 10 mm/s, b)  = 20 kHz, v = 5 mm/s 

4. Conclusions 
In the paper, the potential of laser texturing scheme applied to 

industrial type multicrystalline silicon has been investigated. 
It was demonstrated, that laser processing is very promising 

technique for texturing multicrystaline silicon due to the 
following facts: 

contactless treatment, no further mechanical stress is induced 
to wafer reducing possible breakage, 
it is independent on the initial surface structure, 
adjusting process parameters the scribe lines can be precisely 
controlled in width and depth,  
different patterns of texture on the surface can easily be 
implemented without any additional masking. 

On the basis of these facts laser texturing may be 
incorporated into industrial manufacturing process of up-to-date 
solar cells. However, it must be kept in mind that prior to 
further processing steps process induced damages have to be 
removed. 
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