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Motivation 

In times where environmental problems are daily news items and Western countries are facing an 

economic crisis, a lot of emphasis is put on finding new, green and affordable energy sources. The 

biggest challenge for these green energy sources like solar energy is to become cost-effective since the 

efficiency of solar cells is still quite low nowadays while the production process is expensive. 

The past 10 years, industry focus has been on Silicon mono or multi-crystalline solar cells. The 

conversion efficiency of a cell heavily depends on the wafer process that is used.  The Silicon multi-

crystalline wafer process is cheaper but results in less efficient cells while the mono-crystalline wafer 

process produces more efficient cells at a higher cost. This is especially true for the n-type mono-

crystalline wafers. [1]  

 

With rooftop space limitations in mind, a new trend is emerging in the industry.  

The mono-like wafer process produces a wafer that is a hybrid between the mono and multi-crystalline 

wafer. These wafers are very promising since their performance is close to conventional Czochralski 

mono-crystalline wafers but this at a production cost close to multi-crystalline wafers. [2]  

By 2016 25% of all solar cell production is expected to be mono-like. [3] 

 

Research shows that the magnitude of the efficiency shift of mono-like solar cells compared to multi-

crystalline is determined by the share of mono crystal on the wafer.[4] 



Goal and implementation 

The goal of this project is to develop an image processing algorithm that can be used in a solar cell 

production line to reject or classify mono-like wafers which have a mono area less then x% of the total 

area of the wafer.  

This way the manufacturer can improve overall yield by implementing process control early in the 

process and ensure that all successive production process steps will only be done on wafers that can 

reach optimal efficiency.  

To identify all crystals in a wafer we need to identify the crystal boundaries. Tests show that for 

visualizing all crystal boundaries on a wafer, capturing images with direct illumination from different 

angles is required. 

Proposed algorithm steps: 

1. Identify the xy-position and angle of the wafer in the image to align the images of the wafer 

illuminated  under different angles. 

2. Use edge detection algorithms to extract the visible crystal boundaries in every image. 

3. Combine the info from the different images to isolate all crystal structures in the mono-like 

wafer. 

4. Calculate the area of the largest crystal taking into account that the crystal can be split in 2 parts 

by the multi-crystalline area on the wafer. 

 

 

 

5. Classify the wafer as reject or pass based on the calculated area. 
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