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Executive Summary 
The main focus of the ARENA RND003 project is to develop and commercialise technologies for 

hydrogen charge state control in n-type silicon to improve the material quality and improve the solar 

cell performance. 

 

The formation of a solar cell using silicon relies on the addition of impurity atoms into silicon to change 

the electronic properties. In particular, dopant atoms are introduced to provide the material with 

conductivity. The type of impurity atoms added to the silicon determine whether the silicon is ‘p-type’ 

or ‘n-type’, and both are typically used in different regions of the device to allow the formation of a p-

n junction and an electric field in the solar cell. Traditionally, silicon solar cells manufactured 

commercially have used silicon with a base-doping of boron atoms, which makes the silicon ‘p-type’. 

In recent years, many techniques have been developed that carefully control the charge state and 

movement of hydrogen atoms in p-type silicon, which has led to significant enhancement in the quality 

of p-type silicon. Such hydrogen passivation techniques have been adopted by industry and are being 

widely used today. In 2017, approximately 95% of silicon solar cells were fabricated using p-type 

silicon; it completely dominated the market. However, the International Technology Roadmap for 

Photovoltaics, compiled by experts, predicts a significant increase in the number of solar cells made 

using n-type silicon in the near future.  

 

As predicted at the beginning of the project, solar cells made using n-type silicon have gained 

significant interest among solar cell manufacturers over the past few years. This has been driven by 

the very high efficiencies achieved by two particular solar cell architectures, namely silicon 

heterojunction (SHJ) solar cells and tunnel oxide passivating contact (TOPCon) solar cells. These 

methods of making cells rely on the use of high quality n-type wafers. Many manufacturers around 

the world are not investing in capabilities to make solar cells with these two approaches, which have 

led to cells being made on a production line with efficiencies exceeding 25%. This represents 

significant progress, which has largely been driven by the very good quality of the surface in SHJ and 

TOPCon solar cells using n-type wafers. The kind of hydrogen passivation treatments that are so 

commonly used for standard p-type solar cells are not as well understood in these new types of solar 

cells. 

 

This report marks the halfway point in the project. The project has extended upon initial 

demonstrations of cell improvements using hydrogen charge state control in n-type solar cells. We 

have demonstrated that significant improvements on a cell level are achieveable using tools that are 

relevant for industrial cell processing. Additionally, the project has shed new light on degradation 

mechanisms in these high efficiency n-type solar cells. We have shown that  these very high efficiency 

n-type solar cells are more sensitive to degradation at the surfaces. This new knowledge is of 

significant importance for the successful implantation of these technologies to Australian rooftops. 
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Project Overview 

Project summary  
The purpose of this project is to develop new techniques to take advantage of hydrogen passivation 

in n-type silicon. 

In the first part of the project, three key research areas were explored. These include: i) analysis of 

defects and crystal impurities in n-type silicon; ii) approaches to control the charge state of hydrogen 

in n-type silicon; and iii) assessment of light induced degradation in n-type silicon wafers. In the second 

phase of the project, these aspects were extended. A wide variety of industrial n-type solar cells were 

sourced from various project partners. These included n-PERT, SHJ and TOPCon solar cells, to reflect 

the current trends in industry. The preliminary results demonstrating hydrogen chage state control 

were extended, results show that these techniques are transferable from proto type laboratory tools 

to toolsets that are relevant for industrial processing. In doing so, impressive improvements in the 

efficiency of n-PERT solar cells were demonstrated on the order of 0.3% absolute. The degradation 

mechanisms that occur in conventional p-type solar cells have been heavily studied over the past 10 

– 15 years. As new technologies emerge, it is important to identify any possible degradation 

mechanisms that may reduce the performance of solar panels in the field.  A large focus of the second 

phase of this project has been on investigating new degradation mechanisms in n-type silicon solar 

cells. 

 

Project scope 
The main aim of this project is to develop commercial approaches to significantly improve the 

efficiency of n-type solar cells via the control of hydrogen atoms in the silicon crystal. 

 

Hydrogen passivation of defects in p-type solar cells have led to significant enhancements in 

performance. This has led to multiple companies adopt hydrogen control techniques to improve solar 

cells produced on a commercial scale. The main question posed by this project is, how do we develop 

equivalent techniques of hydrogen control in n-type silicon that will provide enhancements similar to 

those seen in p-type silicon solar cells? Given the increased popularity of n-type silicon in the solar 

industry, the application of such techniques would be readily adopted by solar companies. 

As high efficiency n-type technologies are being rapidly adopted by many international solar 

manufacturers, this project also focusses on identifying new degradation mechanisms that occur in 

these solar cells. The development of approaches to mitigate such degradation will be crucial for the 

success of n-type technologies. 

Outcomes 
The following outcomes have been achieved in the second phase of this project: 

1. Transfer of hydrogen charge state control techniques to industrially compatible toolset 

2. Identification of new degradation mechanisms in industrial n-type SHJ solar cells 

3. Provided evidence of instabilities in the surface passivation of high efficiency n-type cells 



pg. 5 

 

4. Shown a link between this surface passivation reduction and the firing temperature 

5. Highlighted the idea that high efficiency n-type solar cells are more sensitive to certain 

modes of degradation 

6. Communication of results to industry leaders via online UNSW hydrogen workshop 

The identification of instabilities caused by illumination in various commercial n-type solar cells and 

lifetime test structures have vast implications for the field. 

Transferability 
During the first phase of the project, much work went into the development and understanding of the 

control of hydrogen in n-type silicon solar cells in a laboratory. However, to have an impact on 

industrial solar cell production, these approaches must be performed using tools that are compatible 

with mass production. In the second phase of the project, hydrogen charge state technqiues were 

demonstrated on industrial tools. This presents a pathway to the integration of these approaches into 

a commercial manufacturing setting. 

 

Conclusion and next steps 
 

The second phase of the project has been successfully completed, all key milestones and outcomes 

were achieved. In particular, several unexpected degradation mechanisms in industrial n-type solar 

cells have been observed. These results will inform the future work of the project. One of the key 

outcomes of this phase of the project is the demonstration of hydrogen passivation techniques in tools 

that are applicable for mass production. The next phase of the project will explore the transferability 

of these approaches into an industrial setting. 
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Lessons Learnt 
The following is a summary of the lessons learnt from ARENA project RND003: 

 

 

1. Improvements for industrial n-type solar cells  

2. New high efficiency n-type solar cells are subject to degradation under light when heated 

3. The surfaces in new n-type solar cells can undergo degradation 
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Lessons Learnt Report: Improvements for industrial n-type 

solar cells 
Project Name: Improving World-Record Commercial High-Efficiency n-type Solar Cells through 

Recombination Analysis & Innovative Passivation 

Knowledge Category: Technical 

Knowledge Type: Technology  

Technology Type: Solar PV 

State/Territory: New South Wales 

Key learning 
It is well known that controlling hydrogen atoms in p-type silicon is an effective method to passivate 

defects in the silicon crystal. However, the fundamental physics of the increasingly popular n-type 

silicon is different, therefore, new approaches and understanding were required to improve the 

quality of n-type silicon. We have adapted our learning from previous studies in this project to 

incorporate HCSC techniques into an industrial tool. Industrial n-PERT solar cells were shown to 

improve by 0.3% absolute when these approaches were applied after cell fabrication. PL images 

displaying the impact of the treatment are shown in Figure 1. 

 

Implications for future projects 
This result is very promising. Efficiency enhancements such as those demonstrated here represent  

significant economic gains for manufacturers producing n-type solar cells. 

 

Knowledge gap 
The results show an improvement in the efficiency of the solar cell, however, the origin of these 

improvements are not yet fully understood. Further work will be done to understand the kinetics of 

the observed improvements and to isolate the physical mechanism causing the improvements. 

Background 

Objectives or project requirements 

Develop industrially relevant approach to improve n-type solar cells similar to those that are becoming 

popular in the market. 

Process undertaken 

An industrial tool using substrate heating and laser illumination was used. 
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Supporting information (optional) 
 

  

 

Figure 1: Photoluminescence images of a n-type silicon solar cell before (left) and after (right) a 

treatment to control hydrogen in the silicon. The bright regions indicate higher material quality.
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Lessons Learnt Report: New high efficiency n-type silicon 

solar cells are subject to degradation under light when 

heated 
Project Name: Improving World-Record Commercial High-Efficiency n-type Solar Cells through 

Recombination Analysis & Innovative Passivation 

Knowledge Category: Technical 

Knowledge Type: Technology  

Technology Type: Solar PV 

State/Territory: New South Wales 

Key learning 
Since the beginning of the project, commercial interest in solar cells made with n-type wafers has 

increased due to the prospect for very high efficiency devices. One such technology that uses these n-

type wafers is called silicon heterojunction (SHJ) cells. This type of cell generates very high voltages 

and thus has better efficiencies than standard p-type technologies. It has long been assumed that 

these cells are very stable under light, because they do not contain the same boron-oxygen defects 

that cause degradation in commercial p-type cells. However, in this work, we demonstrated significant 

degradation in commercial n-type SHJ cells under light soaking. This degradation is as high as 1% 

absolute, which could have a significant impact on the power yield from this technology.  

Implications for future projects 
These findings have profound implications for the solar cell industry. SHJ cells are fast emerging as a 

prospective technology to capture a large share of the solar market, however, this unexplained 

degradation could impede this progress. It is important to understand the exact reasons causing this 

light induced degradation to help generate industrial solutions. 

Knowledge gap 
Although it is clear that the cells are degrading under light, it is much more difficult to identify the 

precise mechanism causing this degradation. The testing used in this approach used an elevated 

temperature of 160 ℃. This testing condition makes it easier to uncover the degradation, however, 

this is higher than the actual temperature of a solar panel on a roof. The uncovering of this degradation 

is important, as it highlights an instaibility in the solar cell, particularly given that companies have 

reported the opportunity to improve SHJ solar cell efficiencies using similar light soaking at elevated 

temperatrure. However, more work is needed to understand how much a solar panel on a roof of 

typical temperatures of 50 – 60 ℃ will degrade.  
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Background 

Objectives or project requirements 

The aim of this part of the project was to test new industrial n-type solar cells under a range of light 

intensities and temperatures to identify any instabilities. 

Process undertaken 

Industrial n-type solar cells were tested under a variety of temperatures, from room temperature to 

300 °C. The light intensity was varied from 0 suns to 40 suns. The efficiency of the cells was then 

measured using a Loana I-V tester. 
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Lessons Learnt Report: The surfaces in new n-type solar 

cells can undergo degradation 
Project Name: Improving World-Record Commercial High-Efficiency n-type Solar Cells through 

Recombination Analysis & Innovative Passivation

Knowledge Category: Technical 

Knowledge Type: Technology 

Technology Type: Solar PV 

State/Territory: New South Wales 

Key learning 
Commercial interest in high efficiency n-type solar cells is rapidly increasing. One technology which is 

gaining a lot of interest is TOPCon solar cells. In this type of cell, the surfaces are passivated by very 

thin oxide layers covered by doped polysilicon layers. A high temperature firing process is required to 

form the metal contacts in these solar cells. We studied the impact of this firing process on the stability 

of the surface passivation. This showed that under light soaking at elevated temperature, the surface 

passivation deteriorated significantly, and this deterioration depended on the temperature of the 

firing process. This is an important new piece of information. It highlights the fact that as commercial 

solar cells become higher in efficiency, they become more and more sensitive to changes at the 

surface. 

Implications for future projects 
Several companies around the world are shifting their production capabilities towards n-type TOPCon 

solar cells. Understanding and mitigating this deteroriation in surface passivation will be critical to 

ensure that these solar panels perform well in the field. This means that further studies of the 

interfaces between n-type silicon and new passivating layers will be required. 

Knowledge gap 
The discovery of this deterioration in surface passivation has generated multiple questions that must 

be solved. These include: 

1. What is the mechanism of the reduced surface passivation? Is it related to a movement of

hydrogen from the surface?

2. Is this process reversible?

3. Is there a solution to mitigate this degradation so that the surface quality is permanently

restored?

Background 

Objectives or project requirements 

The aim of this part of the project was to study the stability of the surface passivation in n-type 

TOPCon solar cells. 
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Process undertaken 

Special samples were fabricated by a project partner to help isolate changes at the surface. 

These samples were then subject to a variety of firing treatments which are similar to those used 

in industry to form the metal contacts. 


