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Abstract

Silicon surface texturization is required for high efficiency solar cells to reduce light
reflectance. Anisotropic chemical etching utilizes a mixture of alkaline solutions and
isopropyl alcohol (IPA) in typical pyramidal texture process. However, the volatile
pollutant and the cost of IPA are important factors of overall texturization cost and
environment reduction approach. In this paper, we investigate an alternative texture
process by using a polytetrafluoro-ethylene (PTFE) grids-based texturization
approach of monocrystalline silicon wafers with potassium hydroxide (KOH) is
proposed. The suitable openings and separation between the close contact of the
PTFE grids and silicon surface are used to capture hydrogen bubbles and breach them
from the surface, which leads to form random pyramid structures in the silicon
surface. Using an optimized conditions this etching process with free IPA provided a
low weighted reflectance of 11.82% without any anti-reflectance coating.
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Introduction

Typical silicon wafer with polished surface normally loses the incident light above
30%. Silicon surface texturization is an important process for solar cell fabrication to
effectively reduce the reflectance of light. Anisotropic chemical etching is very
effective in monocrystalline silicon to form random pyramids on the (100) oriented
silicon surface. Uniformity of pyramid textures will be obtained the light collection
and able to trap the light inside the cells by internal reflection that leads to good
energy conversion of solar cells.

Alkaline texture etching is a very common in industrial production and a
well-established method owing to great reduction of optical reflectivity of solar cells.
Hydroxide by itself provides too fast etch rate in particular selective etching along
(111) plane. Therefore, additives are typical required to reduce the etch rate. In typical
pyramidal texture process, it can be seen anisotropic chemical etching utilizing a
mixture of alkaline solutions such as potassium hydroxide (KOH), sodium hydroxide
(NaOH) or lithium hydroxide (LiOH), and isopropyl alcohol (IPA) [1-3]. The silicate
and hydrogen bubbles which are produced from KOH-Si reaction are allowed to
accumulate at the interface between the silicon surface and solution that can inhibit
pyramid nucleation. The hydrogen bubbles with 2-3 mm diameter sticking on the
silicon surface seems to be “pseudo mask™ to prevent etching on the surface during
etching process.

IPA as an additive surfactant in alkaline solutions can improve the surface tension and
diffusion dynamic of the solution. It is required for the complete formation of
pyramidal structure all over the silicon surface since IPA removes the hydrogen
bubbles adhering on the silicon wafer. Its suitably high concentration and operating
temperature can improve the wettability of the silicon surface. However, high IPA
concentration results in the decrease of the etching rate of silicon [4]. It has low flash
point (<12'C) and boiling point of 82.4C which is close to the texturing process
temperature. As a result, IPA evaporates easily due to its low volatility in the heated
etching process. More consumption of IPA into the solution to compensate the
amount lost is required for a proper wettability of the silicon surface. In the present,
alkaline anisotrotic etching is an industrial etching technique but the cost and volatile
pollutant of IPA are important factor of overall texturization cost and environment
reduction approach.

Due to high cost and easily volatility of IPA, there are many researches on low-cost
silicon texturization focusing on the investigation in alternative solutions for surface
texturing with reducing amount of IPA or new way with free IPA [5-6]. Several
processing techniques to use the different chemical solutions were presented such as
sodium phosphate (Na;POy), tetra methyl ammonium hydroxide (TMAH) and sodium
carbonate (Na,COs) [7]. Nonetheless, the alternative solutions are quite more
expensive than KOH. Recently, anisotropic chemical etching with free IPA was
presented with using metal grids as an etch-mask that allows average reflectance of
15.1% and 10.7% for KOH and Na,COs, respectively [6,8]. Metal equipment seems
to be incompatibility in alkaline etching process in the long term. On the other hand,
super-hydrophobic material such as polytetrafluoro-ethylene (PTFE) is friendly with
alkaline solution that has very low surface energy of 18.5 mlJ/cm®. It is mostly
possible to bring PTFE for an etch-mask. In this paper, the alternative texturization



method with free IPA by using an opening grids pattern of super-hydrophobic mask is
investigate in KOH solution.

Experimental

Polytetrafluoro-ethylene (PTFE) grids with different circle openings was used as an
etch-mask in this study for removing hydrogen bubbles on the (100) p-type Si surface
during KOH etching process. In order to optimize the size and uniformity of the
pyramid, 3 different diameters of grid opening with 0.5, 1 and 2 mm for texturing and
separations of grid opening with 1 and 2 mm were tested. The gap between the PTFE
grids and wafers is 1 mm. The PTFE openings are utilized for the confinement of the
hydrogen bubbles during the etching process. Monocrystalline p-type silicon wafers,
(100) oriented and size 200 mmx200 mm with resistivity 7-8 Q-cm were used for the
texturization. The silicon wafers were etched in 5% hydrofluoric acid (HF) to remove
native oxide and rinsed in deionized water before texturization. The etching was
performed by placing the silicon wafers in the PTFE grid box and then the box was
immersed in 3wt% KOH solution at 80C for 50 min due to that this condition has
been optimized in 3wt% KOH with IPA mixture. In this work, there is no
surface-active additive added in the KOH solution.

After the etching process, integrating sphere surface reflectance of the textured
surface was measured to characterize the optical loss. An UV-NIR SPECORD
spectrophotometer with hemisphere mode was used with light in the wavelength
range from 300 nm to 1100 nm at near normal incident light. The weight reflectance
(%WR) was determined normalizing the hemispherical reflectance spectrum by the
AM1.5D spectrum. In addition, the surface morphology of the textured silicon wafers
was examined by a surface scanning electron microscope (SEM).

Results and discussion

From the different batches, the pyramids formed are strongly dependent on the
utilization of PTFE grids on the silicon wafers. It seems that it is not only the
condition of the KOH etching processes but also the structure of the PTFE grids to
obtain the pyramid structures with satisfactory optical performance. The PTFE grids
box was placed on the silicon wafers and they were submerged into the KOH
solution. During etching process continued, it could be seen some generated hydrogen
bubbles continuously were captured within the openings and then they were bigger
and broke finally. It can be noted the PTFE grid removed the hydrogen bubbles,
which adhered on the wafer surface to inhibit the texturing process by this course.
Therefore, there is no basic difference in the anisotropic etching mechanism between
the proposed method and other texturization techniques.

The influence of the diameter sizes of the grid openings and the separations on the
reflectance of the silicon surfaces under optical wavelength is shown in Figure 1. The
wafers were textured in 3wt% KOH solution at 80°C for 50 min. The values of the
weighted reflectance were measured at the range of light wavelength from 300 nm to

1100 nm as detailed in Table 1. The reflectance of wafers textured in the same
condition without PTFE mask was measured for comparison. The averaged
reflectance was 27.55%WR for sample etched in free IPA solution with bare mask.
Under this condition with using PTFE grids, it is found that %WR evidently reduced



compared to that textured without PTFE grids. When the wide separation at 2 mm and
the separation at 0.5 mm were considered it can be observed that the measured
reflectance decreases as the size of opening increases. It is possible due to ability of
the bubble capture. On the other hand, when the separation is kept at 1 mm it is
observed that the measured reflectance becomes weaker as the size of opening
increases. The minimum reflectance was obtained at 11.82 %WR for using 1 mm
separation and 0.5 mm sizes of openings that denoted as 1S_0.5D. It is due to that a
perfect hydrogen bubbles removal process is obtained. It is also observed that a
hydrogen layer is formed between the grids and the wafers in this situation. Therefore,
based on the experimental results, it can be seen that 1 mm separation and 0.5 mm
sizes of openings are the optimal condition in a novel approach of utilization of PTFE
grid mask for texturing process.
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Figure 1 : Comparison of the reflectance curves of silicon wafers textured without
PTFE grids, textured with different PTFE grid patterns. The gap between grids and
wafers was 1mm. Texturization conditions: 3wt% KOH at 80'C for 50 min.

Table 1. Comparison of the %weighted reflectance of the wafers etched in free IPA
solution with the wafers placed in the different PTFE grids.

Size of Grid opening (D)
Separation of opening (S) (mm)
(mm) 2 1 0.5
2 13.74% 14.40% 15.10%
1 13.76% 13.69% 11.82%
0.5 - 14.59% 15.67%
No PTFE grids 21.55%




Figure 2 shows the SEM images of the surface morphology of the silicon wafers
textured in 3 wt% KOH solution at 80°C for 50 min with stirring magnetic bar.
Without using PTFE mask in the texturing process, the formation of random pyramids
is poor on the silicon surface as seen in figure 2(a). SEM image in figure 2(b)-(d)
depicts the pyramids formed intensely with using PTFE grid masks. During the whole
etching process the hydrogen bubbles are continually captured by the metal grids and
removed from the silicon surface. Using the 1 mm opening metal grids with a
separation of 1 mm between wafers and grids, uniform pyramids are fabricated and an
average reflectance of 10.7% is achieved. The pyramid structures of 2S 20 sample
obtained mean reflectance of 13.74 %WR had the average base size between 3 pm
and
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Figure 2 : The SEM images of the wafers etched in 80C, 3wt%KOH solution for
50min (a) with no PTFE grid comparing with using PTFE grid separations and
openings of (b) 2 mm, 2 mm (¢) 1 mm, 0.5 mm (d) 0.5 mm, 1 mm.

17 um as shown in figure 2(b). Figure 2(c) shows the surface morphology of the
silicon wafer etched in the solution using the PTFE grids with 1 mm separation and
0.5 mm openings. As can be observed from the figure, the formation of intensively
large pyramid on the silicon surface was obtained. The weighted reflectance of
11.82% for 1S _0.50 sample is lowest based on the experimental results. It can be
suggested that the completion of the etching process to use PTFE mask with 1 mm
separation and 0.5 mm openings was obtained. Therefore, the surface coverage of the
sample improved substantially. However the uniform pyramids on the silicon surface
are very small as shown in figure 2(c), when the separation between the close contact
of PTFE grids and wafer surface decreased from 2 to 0.5 mm. It is believed that the
0.5 mm separation was too small and hard to make bubbles breach easily in close
contact with the wafer surface. The image of the small pyramid size relates with the
increase of the reflectance.

Summary

This work has been investigated an alternative texturization method of
monocrystalline silicon solar cells without adding any IPA based on PTFE grids as a
super-hydrophobic material with 3%wt KOH solution. PTFE grids with appropriate
openings and separation were used to capture the hydrogen bubbles and then remove
them from the silicon surface. Using 0.5mm openings and 1mm separation between
the grid and the wafer, our optimized process utilized 3%wt KOH solution at 80 ‘C for
50 min with free IPA. Using this approach, reliable and uniform pyramid structures
with a minimal value of average weighted reflectance of 11.82% were obtained. The
proposed technique offers an alternative texturization that can reduce the cost and
volatile pollutant of IPA in the etching process in photovoltaic fabrication.



References

Verlinden P., Evrard O., Mazy E., Crahay A. (1992). Sol. Energy Mater. Sol. Cells 26
p.71-78.

Vazsonyi E., De Clercq K., Einhaus R. (1999). Sol. Energy Mater. Sol. Cells 57 (2)
p.179-188.

Seidel H., Csepregi L., Heuberger A., Baumgértel H. (1990) Journal of the
Electrochemical Society 137 (11) p.3612-3626.

Zubel 1., Kramkowska M. (2001) Sensor Actuator A 93 p.138—147.

Han K., Thamilselvan M., Kim K., Ju M., KukKim Y., Moon L., Lee K., Kyung D.,
Kwon T.,Y1J. (2009) Sol. Energy Mater. Sol. Cells 93 p.1042—-1046.

Chu A K., Wang J.S,, Tsai Z.Y., Lee C.K. (2009) Sol. Energy Mater. Sol. Cells 93
p.1276-1280.

Nishimoto Y., Namba K. (2000) Sol. Energy Mater. Sol. Cells 61 p.393—402.

LiH., LiuW., Liu A,, Qiao F., Hu Z., Liu Y. (2010) Sol. Energy Mater. Sol. Cells 94
p.942-945.

Contact email: thipwan@g.sut.ac.th



