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Abstract 

One of the main issues in the photovoltaic industry of silicon solar cells is the optical losses via reflection. To 

overcome this issue, texturization (chemical etching) remains the most commonly used method to produce a 

random pyramid structure to reduce reflection and thus increase photocurrent generation. Because of the 

anisotropic etching property of alkaline solution, square-based upright pyramids are formed, i.e., the difference in 

etching rates between (100) and (111) planes. In this paper, the following etching solutions were studied: 4/10, 

6/6, and 10/4 (KOH weight percentage/IPA volume percentage).The optical, morphological, and electric 

characterizations using UV-Vis spectroscopy, electron scanning microscopy (SEM), and quasi-steady-state 

photoconductance (QSSPC) device are performed. Also, the standard weighted reflectance (SWR) was calculated. 

The pyramid size distribution generated using KOH-IPA solutions was investigated using an image processing 

program (ImageJ) via SEM images. The calculation of the height of the pyramids reveals that the typical pyramid 

size ranges from 3 to 9 𝜇m, with large pyramids of small proportions. Furthermore, when the pyramids are 

distributed in a mixture of tiny and medium pyramids in precise proportions, the reflectivity is at its lowest, and 

as the number of large pyramids rises, the reflectivity increases.  
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1. Introduction  

Until now, silicon solar cells have continued to dominate the photovoltaic industry, particularly 

crystalline silicon cells [1] because of their features, which include low cost, ease of 

manufacture, and environmental friendliness. Naturally, the reflectance on planar silicon 

surfaces is high, which is an issue for photocurrent generation.  
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Fig 1. Schematic of light reflection, refraction and transmission on: 

a) planer surface b) rough surface 

There are different methods to create structures to reduce total reflection on the silicon surface 

(Si). They are usually carried out through chemical etching [2, 3], mechanical grooving [4], 

laser grooving [5] or plasma etching [6]. In the monocrystalline silicon solar cell industry, the 

chemical etching method is the only one that allows a random pyramid structure. These 

structures have the advantage of decreasing the reflectance, resulting in improved light trapping 

and a subsequent higher photo conversion current in the solar cells. Several chemical baths can 

be used to generate these microstructures, such as Na2CO3/NaHCO3 solutions [7-8], hydroxide 

(NaOH), isopropyl alcohol (IPA) [9], NH4OH [10], and NaOCl [11]. The alkaline solutions 

operate anisotropically on crystalline silicon due to the difference in etching rates between the 

(100) and (111) planes. This etch shows randomly dispersed square-based upright pyramids on 

the surface (100) of the wafer, with faces corresponding to the (111) silicon wafer planes (figure 

2) [12]. The link between the pyramids' height and base can be easily determined 

mathematically, where the value equals√2 2
⁄ . 

 

Fig 2.  A diagram illustrating the origin of the pyramid structure: The planes  

(111) determine the pyramid's faces, and the plan (100) would be the base. 

 



ICREATA’2021: Investigation of monocrystalline silicon surface texturization by image processing program 

 231 

However, the etchant solution mixture of Potassium Hydroxide (KOH), and Isopropyl Alcohol 

(IPA), is commonly used as a standard process for industrial solar-cell texturization. The use of 

isopropyl alcohol (IPA) improves the wettability of the silicon surface and eliminates adherent 

hydrogen bubbles that attach to the silicon surface, resulting in improved random pyramid 

uniformity [6]. To maintain stability during the texturing process, IPA must be added to the 

solution frequently to keep it in the same concentration because of the evaporation of IPA. The 

etching process is illustrate in fig 3.Silicon interacts with potassium hydroxide and water to 

form potassium metasilicate and hydrogen as shown in the overall reaction equation below: 

𝑆𝑖(𝑠) + 2𝐾𝑂𝐻(𝑎𝑞) + 𝐻2𝑂(𝑙) → 𝐾2𝑆𝑖𝑂3(𝑎𝑞) + 2𝐻2(𝑔) ↑ 

 

 

 

 

 

 

 

 

 

 

Fig 3. Schematic showing the silicon etch process 

2. Experimental Section  

In this work, n-type CZ wafers (100) oriented, 400 µm thick, and 2.8 Ω⋅cm resistivity were 

used. The samples size were about two cm2. Before launching the etching process, the wafers 

were dipped in 2% HF for 1-2 min to remove native oxide, rinsed in running deionized water 

(DI-W), and afterward dried in blowing nitrogen gas. The following solutions were studied: 

4/10, 6/6, and 10/4 (KOH wt.%/IPA vol.%). The samples were maintained in the solution for 

various etching times (20, 40, and 50 min), and the solution temperature was tuned to be around 

80 °C. Once the process of texturing was completed, the samples were rinsed in (DI-W) 

followed by 30% HCl (for 4 min) and 2% HF (for 1-2 min) to remove any metallic impurities 

or silicon oxide. 
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3. Results and discussion  

The silicon samples' surface morphology was investigated using electron scanning microscopy 

(JSM-760Fplus). In order to quantify the optical performance, a UV-Vis spectrophotometer 

(CARY 500) was used to measure total surface reflectance in the wavelength range of 350 to 

1200 nm. The electric characterization of minority charge carrier lifetime was carried out using 

a quasi-steady-state photoconductance (QSSPC) device (Sinton-WCT-120). To make a 

distinguished comparison of different textured specimens, the standard weighted reflectance 

(SWR) was calculated using the following formula [13]: 

𝑆𝑊𝑅𝜆1⇢𝜆2 =
∫ 𝑅(𝜆)𝑆(𝜆)𝑑𝜆
𝜆2
𝜆1

∫ 𝑆(𝜆)
𝜆2
𝜆1

𝑑𝜆
 

Where R(λ) is the calculated reflection, S(λ) is the AM 1.5 sun spectrum for 350-1200 nm in 1 

nm steps on each. The investigation of SEM images using the ImageJ program allowed us to 

determine the heights of the pyramids and their size distributions. Measurements of pyramid 

base edge lengths are provided automatically by this program. The heights of pyramids are 

calculated by dividing these lengths by 1.41 see Fig 4. 

 

Fig 4. SEM image of textured surface analyzed by ImageJ program. 

3.1 Optical analysis 

Figure 5. depicts the reflectivity plot for the textured samples. According to Table 1, the sample 

with the lowest reflectance, 11.38%, was textured with a concentration of 6/6 (KOH wt. %/IPA 

vol. %), and process time of 20 min, whereas the sample with the highest reflectivity 14.08 %, 

was textured with a concentration of 10/4 (KOH wt. %/IPA vol. %) and process time of 50 min.  

 



ICREATA’2021: Investigation of monocrystalline silicon surface texturization by image processing program 

 233 

 

 

 

 

 

 

 

 

 

 

Fig 5. The reflectivity of textured samples.  

Table 1. The calculated standard weighted reflectance (SWR) % for different  

concentrations and etching time 

The solution concentration 

KOH wt.% / IPA vol.% 

Etching time (min) 

20 40 50 

4/10 13.89 % 12.90 % 13.35 % 

6/6 11.38 % 13.07 % 12.94 % 

10/4 13.44 % 12.72 % 14.08 % 

It was observed that for the process time (40 min), the reflectivity of the three solutions used 

did not differ significantly. Also, increasing the concentration of (IPA) by more than 6% 

increases the reflectivity; however, as time passes, the concentration of (IPA) decreases due to 

evaporation, resulting in a decrease in reflectivity (Fig 6).  

 

 

 

 

 

 

 

 

 

Fig 6. The reflectivity variation as a function of process time duration for the three solutions 
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3.2 Electrical analysis 

Usually, lowering the optical reflectance of monocrystalline silicon solar cell enhances the 

minority carrier lifetime, and photoelectric conversion efficiency substantially. The effective 

minority carrier lifetime as a function of process time duration for the three solutions was 

determined and shown in Fig 6.  

 

 

 

 

 

 

 

 

 

 

Fig 6. Effective minority carrier lifetime as a function of  

process time duration for the three solutions 

According to the latter, it was found that there is no significant variation in effective minority 

carrier lifetime for both 4/10 and 6/6 (KOH wt. %/IPA vol. %) solutions. In contrast, the carrier 

lifetime of a 10/4 (KOH wt.%/IPA vol.%) solution decreases as the process duration 

increases.These variations were explained by the relationship between the density and the size 

of the pyramids. 

3.3 Morphological analysis 

The investigation of the surface morphology of the generated pyramids using KOH/IPA 

solutions was carried out by an image treating program (ImageJ) via SEM images. 

It becomes clear from calculating the height of the pyramids that the average pyramid size 

varies from 3 𝜇m to 9𝜇m with large pyramids in small proportions. In addition, when the 

distribution of the pyramids is a mixture of small and medium at specific proportions, the 

reflectivity is at its lowest value, and the increase of the large pyramids increases the 

reflectivity.  
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Fig 7. Pyramids size distributions for the lowest and the highest standard weighted reflectance 

4. Conclusion  

In this work, we investigated the pyramid size distribution generated using KOH-IPA solutions 

by an image processing program (ImageJ) via SEM images. The lowest SWR of 12.94 % is 

obtained for the solution 6/6 (KOH wt.%/IPA vol.%), 50 min process duration. The calculation 

of the height of the pyramids reveals that the typical pyramid size ranges from 3 to 9 𝜇m, with 

large pyramids of small proportions. Furthermore, when the pyramids are distributed in a 

mixture of tiny and medium pyramids in precise proportions, the reflectivity is at its lowest, 

and as the number of large pyramids rises, the reflectivity increases. 
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