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Purpose: This paper describes a novel industrial process for increasing the efficiency of silicon solar cells by 
improving the front grid line conductivity without concurrent shading loss. The objective was achieved by 
depositing pure silver (Ag) metal using a novel production scale Light Induced Plating (LIP) process over a seed 
layer grid of conventional screen printed silver paste. 
Approach: Light induced plating is not new and indeed its use for solar cell metallization was first patented in 
1979. Latterly Fraunhofer ISE had pioneered LIP as a metallization approach for high efficiency cells on a 
laboratory basis. Subsequent publications have reported between 0.3 – 0.5 % absolute efficiency gains under 
laboratory settings. Utilising LIP as a production capable process compared with a laboratory technique presents 
a new set of technical and economic challenges. The following areas were targeted to create a production 
worthy and value added solution: 
Application of LIP: A limitation of screen printed silver paste metallization for front contacts is the low 
conductivity compared to pure metal. The LIP process approach applies several microns of additional Ag metal 
over a seed layer of screen printed paste. This process results in lower series resistance of the front side grid, 
reduced paste usage by as much as 50%, and improved cell design as a result of narrower and thinner grid layers.    
Equipment set:  The benefit of LIP over conventional electroplating for front grid metallisation is that the 
electrical contacts to the wafers to facilitate metal deposition are much simpler. This enabled development of a 
novel horizontal in line plater that does not require separate plating jigs. Cells are directly loaded onto the line 
enabling ready automation and integration into the production flow.  
Ag Plating Chemistry: Silver plating processes are traditionally based on a cyanide electrolyte which was 
regarded as a production entry barrier for the PV industry due to concerns over toxicity. Therefore a unique 
stable cyanide free Ag chemistry has been introduced, demonstrating capability similar to that of conventional 
cyanide containing Ag plating chemistries.  
Participants: The cross functional nature of the team was critical to the success of the programme. Main 
participants included: a major cell fabricator, an established horizontal equipment fabricator, a major plating 
process chemistry supplier and a leading PV institute with practical expertise in LIP. 
Scientific innovation and relevance: Until recently, LIP had only been demonstrated for lab scale applications.  
The advances made to the production plating equipment and Ag chemistry has extended the use of the LIP 
process to production environments. Cell efficiency improvements of 0.3% or higher have been verified with 
this production approach.  Further, it has been demonstrated that plating process has the capability to improve 
cell performance by utilizing new cell designs not currently achievable with standard screen print technology.   
Results: A prototype production in line LIP plater was with a production capacity of 400-500 wafers per hour. 
The Ag plating electrolyte used was non cyanide. Earlier development studies had demonstrated comparable 
results with a cyanide system. The process was operated periodically over a 9 month timeframe. Simulated 
production runs were conducted processing many thousands of wafers to quantify cell performance gains, 
characterise the process and validate end product attributes such as solderability module assembly and ageing 
tests for durability. Overall typical efficiency gains after LIP of 0.3 -0.4 % absolute were achieved when 
compared to production screen printed cells on 156x156mm multi-crystalline wafer substrates. Process 
capability and value added has been demonstrated. The line has since been upgraded in size and will move to 
mainstream production early 2007.  Initial results on a ribbon Si prototype production line are also showing 
similar cell performance improvements. 
Conclusions: A light induced silver plating process over a seed layer of screen printed and fired through silver 
paste has been developed and qualified in an industrial environment. Efficiency gains of 0.3-0.4% have been 
consistently demonstrated relative to standard production cells. The process utilises horizontal in line plating 
equipment coupled with non cyanide Ag electrolyte and is capable of handling various wafer sizes. Cost models 
have demonstrated that the revenue gains from such a process outweigh the cost of implementation and running. 
It is anticipated that this process will be widely adopted for Silicon solar cell fabrication. 
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Purpose 
This paper describes a novel industrial process for increasing the efficiency of silicon solar cells by improving 
the front grid line conductivity without concurrent shading loss. The objective was achieved by depositing pure 
silver (Ag) metal over a seed layer grid of conventional screen printed silver paste using a novel production 
scale Light Induced Plating (LIP) process. LIP has been reported elsewhere1and the principles are shown in 
figure 1 with a plated grid line in figure 2 
 
                               
 
 
 
 
 
 
 
 
 
 
 
 
      
 
 
 
 
Performance improvements using this route on a laboratory scale have been previously reported2. Typically 
between 0.3 – 0.5 % absolute efficiency gain has been seen in a laboratory type setting using both 156x156mm 
conventional multi-crystalline cells and string ribbon substrates. The challenge now was to achieve similar 
performance gains versus standard production cells in a real production setting.  
Approach 
The light induced plating phenomenon is not new and indeed its applications for solar cell metallization were 
initially patented in 19793. However for many years it remained more a curiosity than a viable production 
process. Latterly Fraunhofer ISE had pioneered LIP as a metallization approach for high efficiency cells on a 
laboratory basis. What makes LIP attractive compared to conventional plating is that it simplifies the electrical 
contact system. Utilising this technique successfully as a production capable process compared with a laboratory 
technique comprises a whole new set of challenges. For this to be attained, key factors are that it must provide 
technical benefits and concurrently be cost effective, provide value added and should seek to minimise health, 
safety and environmental risks. 
The following key aspects were of major impact in achieving these objectives: 

·  The Application 
·  The Equipment 

Figure 1: Schematic of the LIP process. 
The positively charged metal cations are 
deposited onto the negative n doped 
front surface (cathode), induced by the 
photovoltaic effect under illumination.  

 

Figure 2: Micrograph showing LIP 
plated Ag metal deposited onto a silver 
paste grid line seed layer 
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·  The Silver plating chemistry 
·  The cross functional participants 

Application of LIP : The major feature that has led to almost universal use of  the screen printed paste fire 
through process industrially is that it is fundamentally a simple production route. The process does have several 
drawbacks which limit its performance such as, poor conductivity relative to metal, contact resistance 
limitations, grid width restrictions, handling damage. Additionally the silver paste material is an expensive 
consumable. Yet despite such limitations it is extensively used because it is simple and it works. For the 
industrial application of plated contacts with LIP the approach pursued was therefore to retain the simplicity 
benefits of the screen print route but improve on technical limitations. A key limitation was the low conductivity 
compared to pure metal and given that resistance is proportional to conductor cross sectional area a substantial 
quantity of paste has to be deposited to achieve suitable grid line conductivity.  The LIP process approach was 
therefore to apply several microns of additional Ag metal over a seed layer grid of screen printed silver paste. 
Given that the plated Ag metal was much more conductive enabled not only improvements in series resistance 
but also optimisation of grid geometry resulting in narrower and thinner printed grid seed layer with some 50% 
less silver paste usage. This was an important contributor to the cost effectiveness of LIP. 
Equipment set:  The crucial benefit of LIP over conventional electroplating for PV front grid metallisation is 
that the electrical contacts to the wafers to facilitate the metal deposition are much simpler. This factor enabled 
development of a novel horizontal in line plater that did not require separate plating jigs. Cells could therefore 
be directly loaded onto the line and enabled ready integration into the production flows. This contributed to 
overall process viability by facilitating automation, minimising handling and, by inference, maximising yield. 
The production prototype sited at a cell production facility is shown in figures 3 and 4. 
  
       
 
 
 
 
 
 
 
 
 
 
 
Ag Plating Chemistry: Silver plating processes are traditionally based on a cyanide electrolyte. This was 
regarded as a production entry barrier for the PV industry due to concerns over its toxicity. Although non-
cyanide Ag plating chemistries are known they have not been significantly adopted for commercial applications 
and previous reports4 declare cyanide free chemistries as being unsuitable for LIP. With this new process 
however a novel cyanide free Ag chemistry has been demonstrated as having good stability and capability 
similar to that of cyanide systems for LIP.  
Participants: The cross functional team was critical for success with each bringing specific areas of 
contribution to the programme. Principal partners were: A major and supportive cell fabricator. An established 
in line equipment fabricator already supplying the PV industry but crucially with expertise in horizontal plating 
equipment for the electronics industry. Similarly the plating chemistry supplier was a major vendor of such 
processes to the electronics and finishing industries. A leading institute provided not only technology input but 
practical expertise in LIP and enabled comparison of the industrial process against the laboratory benchmark. 
Scientific innovation and relevance 
Although LIP was known, it had not previously been utilised for this specific application of enhancing 
performance using a screen printed grid seed layer. Proven cell efficiency gains attributed to reducing the series 
resistance of the grid without increasing the shading have been shown.  Indeed moving forward an overall 
reduction in shading can be facilitated dependant on the capability of the printing process to produce fine lines. 
The LIP process route enabled jig free in line production equipment for solar cell plating to be developed for the 
first time ever (as far as is known). This has now been successfully proven in a production environment.  
A non cyanide silver plating electrolyte has been established and for the first time ever has been demonstrated as 
capable for LIP not only in a laboratory setting but also for production. Further the complexant is biodegradable 
and added to the non cyanide attribute enables simpler waste handling and facilitates the adoption of plating 
processes for PV applications. Overall this is believed to be a radical development for silicon based cell 
production and one that is likely to see widespread adoption. 
Further it has demonstrated that plating processes do have viability and capability to improve cell performance 
in a mainstream production setting laying the foundation for further development of plated metallization routes. 
Results: 

 

Figure 3: In line LIP process equipment 

 

Figure 4: Plating chamber 
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A prototype production in line LIP plater was built and installed at a major cell fabricators facility. This was a 
novel jig free design enabling wafers to be directly loaded onto the line conveyor. There was a high degree of 
automation built into the line. Capacity was 400-500 wafers per hour.  
The Ag plating electrolyte used was non cyanide. Earlier development and studies had demonstrated comparable 
results with a cyanide system. See table 1 which shows one such comparison on Si ribbon substrate cells. 
Similar results have been achieved on cells from conventional multi-crystalline sawn substrates. 
   

Bath type Post JI # wafers %Eff before LIP %Eff aft er LIP Voc Isc FF %Eff change 

yes 23 13.54 14.15 0.6018 3.83 73.66 0.61 
Ag CN 

no 23 13.4 14.15 0.6024 3.834 73.49 0.75 

yes 83 13.66 14.17 0.6009 3.809 74.29 0.51 Enlight non CN 

no  57 13.37 14.14 0.6007 3.815 73.53 0.77 

No plating (control) no 50 13.76 13.76 0.5988 3.766 73.23 0 

 Table 1: Comparison of cyanide and cyanide free plating chemistries for LIP 
   
After set up of the plating equipment and chemistry the process was operated periodically over a 10 month 
period. Simulated production runs were conducted processing many thousands of wafers to quantify cell 
performance gains, characterise the process and validate end product attributes such as solderability module 
assembly and ageing tests for durability. Overall this enabled the viability of the process with necessary controls 
to be refined for production worthiness. Overall typical efficiency gains after LIP of 0.3 -0.4 % absolute was 
achieved when compared to standard high end production screen printed cells on 156x156mm multi-crystalline 
wafer substrates silver LIP. Similar results on ribbon Si material was also shown though not at  
this time in production type volumes.  
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Another feature seen was the ability to “recover” poorly performing cells. The mechanism and impact of this 
has yet to be quantified however the observation seen is that some poorly performing cells standard cells show 
very substantial gains after LIP presumably due to “repair” of defective screen printed grid. 
Conclusions 
A light induced silver plating process over a seed layer of conventional screen printed and fired through silver 
paste has been developed and qualified in an industrial environment. Efficiency gains of 0.3-0.4% in that setting 
have been consistently demonstrated relative to standard production cells. The process utilises a horizontal in 
line light induced plating line with a cyanide free Ag electrolyte. Cost models have demonstrated that the 
revenue gains from such a process outweigh the cost of implementation and running. As such scale up 
production lines of typically 1000 - 2000 cells per hour are due for commercial installation during January 2007 
and onwards. It is anticipated that this process will be widely adopted for Silicon solar cell fabrication. 
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Test 
lot 

# 
cells Type %Eff Voc Isc Rs FF 

1 5220 LIP 15.60 606.34  -  0.28 77.05 

2 12667 LIP 15.39 603.14 32.99 0.25 77.39 

3 34641 Production 14.97 602.31 32.61 0.75 76.23 

Table 2: Results summary for large scale runs 

Figure 5: Screen mesh grid width versus absolute efficiency gains 


