
Research topic Copper metallisation #1: Copper metallisation for high-efficiency 
diffused-junction silicon wafer solar cells 
 

Screen printing is the dominant metallisation process for industrial Si wafer solar cells and is a 
well-established process. Screen printed metal pastes containing silver (Ag) are typically used 
for contacting phosphorus doped Si surfaces. Cost analysis reports have shown that Ag metal 
pastes are the second most expensive material (after the Si wafer) consumed in solar cell 
production. Therefore, the photovoltaic (PV) community is constantly pushing to reduce 
manufacturing costs by using less Ag. A promising alternative metal for solar cell metallisation is 
copper (Cu). Cu has similar conductivity as Ag, but is almost 100 times cheaper at present. 
Despite the significant cost advantage, Cu has not yet replaced Ag as the mainstream metal for 
Si wafer solar cells because of concerns regarding Cu diffusion to silicon which would severely 
degrade the cells. To further the use of Cu metallisation, it is essential to use adequate barrier 
layers to prevent Cu diffusion to Si.  
 
The focus of this PhD thesis will be to develop methods for electrochemical deposition of Cu 
(Cu plating) for metallisation of high-efficiency industrial Si wafer solar cell structures like 
aluminium Local Back Surface Field (LBSF) solar cells and n-type bifacial (nFAB) solar cells. 
The work will be broadly divided into direct plating and plating on printed seed layers. Direct 
plating will involve plating nickel (Ni) and then Cu directly on heavily doped Si surfaces. Plating 
on printed seed layers will involve plating Ni followed by Cu on Ag screen printed seed layers. In 
both cases the plated Ni layer will be used as a diffusion barrier. The goals include evaluation of 
plated Ni layers as a Cu diffusion barrier, improving the adhesion of plated metal contacts to Si, 
developing printed seed layers with minimal Ag consumption and implementing Cu metallisation 
on LBSF and nFAB cells. SEM and EDX mapping characterization techniques will be widely 
used in this thesis to study Cu diffusion to Si.  
 
This research will also investigate the stability of Cu metallisation in PV modules. Cu can diffuse 
into Si when heated and degrade device performance. This heat is not only limited to the 
heating steps during fabrication of solar cells but may also arise from the fact that PV modules 
generate heat as they produce electricity and there is always a risk of Cu diffusing into the cell 
and subsequently degrading the cell performance if barrier layers are insufficient. Solar modules 
need a lifetime of over 20 years in the field and this makes it extremely important to take care 
that Cu metallisation does not lower the lifespan. Therefore as part of this thesis, PV mini-
modules will be assembled with Cu metallised cells. These mini-modules will then be subjected 
to accelerated reliability tests to test if the modules with Cu metallised cells perform similar to 
the modules with standard screen-printed solar cells.  
 
For enquiries, please contact Dr Thomas MUELLER, thomas.mueller@nus.edu.sg 


