
 Energy Procedia   33  ( 2013 )  50 – 63 

1876-6102 © 2013 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of Solar Energy Research Institute of Singapore (SERIS) – National University of Singapore 
(NUS). The PV Asia Pacifi c Conference 2012 was jointly organised by SERIS and the Asian Photovoltaic Industry Association (APVIA)
doi: 10.1016/j.egypro.2013.05.039 

PV Asia Pacific Conference 2012 

Continued Development of All-Back-Contact Silicon Wafer 
Solar Cells at ANU 

Ngwe Zina,*, Andrew Blakersa, Keith R. McIntoshb, Evan Franklina, Teng Khoa, 
Kean Cherna, Johnson Wongc, Thomas Muellerc, Armin G. Aberlec, Yang Yangd, 

Xueling Zhangd, Zhiqiang Fengd, Qiang Huangd, Pierre J. Verlindend 
aAustralian National University, Canberra, ACT 0200, Australia 

bPV Lighthouse, Wollongong NSW 2500, Australia 
cSolar Energy Research Institute of Singapore, National University of Singapore, 7 Engineering Drive 1, Block E3A, 

Singapore 117574, Singapore 
dState Key Lab of PV Science and Technology, Trina Solar Limited, No. 2 Trina Road, Trina PV Park, New District, Changzhou, 

Jiangsu, China 213031 China 
 

Abstract 

The collaboration between the Solar Energy Research Institute of Singapore (SERIS), Trina Solar and ANU is 
progressing well, and ANU has already developed all-back-contacted (ABC) silicon wafer cells with best one-sun 
efficiencies of 21.2% and 22.1% on FZ material, when measured with the aperture areas of 16 cm2 (includes busbars) 
and 13 cm2 (excludes busbars) respectively. This paper presents the continuing development of ABC cells targeting 
the efficiency of 23.5% on 16-cm2 cell area. Further developments such as optimising front surface field (FSF), rear 
diffusion, anti-reflection coating (ARC), and incorporation of lithographically aligned metal contacts were 

sity (Joe) of the FSF by 22 fA/cm2. The optimised 
thickness of anti-reflection coating (ARC) PECVD SiNx further reduces the average reflectance across the 
wavelength range of 300 to 1200 nm by about 4%. Incorporation of aligned metal contacts and heavier rear 

2. The above 
optimised improvements have increased the efficiency of the champion ABC cell by 0.5% absolute. In addition, we 
present further refinements in areas of texturing; FSF passivation; electrical shading loss in terms of cell pitch, bus-
bar and base doping; and metallisation to aim for the 16-cm2 ABC cells with the conversion efficiency > 22% in the 
near term. 
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1. Introduction 

In 2010, the leading PV manufacturer Trina Solar and the Solar Energy Research Institute of 
Singapore (SERIS) signed a research agreement to develop high-efficiency ABC silicon wafer solar cells. 
The research agreement targets to realise up to 21.5% production efficiency, and up to 23.5% laboratory 
test efficiency [1]. The involvement of the Australian National University (ANU) in the project is to 
develop laboratory-sized (16-cm2) ABC silicon solar cells on n-type wafer substrates, targeting to an 
efficiency of 23.5% within two years of project commencement. 

 
The quest of the research collaboration between Trina Solar, SERIS, and ANU to develop high-

efficiency ABC silicon wafer solar cells is driven by the fact that the cost of the silicon wafer material is 
still significant in a photovoltaic module, and the photovoltaic industry is always in search of thinner 
wafer and different solar cell manufacturing technique, with the aim of further driving down the cost of 
photovoltaic module. Rear contact solar cells offer the opportunity to increase cell efficiency. Key 
advantages associated with the ABC solar cell design involve no optical shading loss with front metal 
grid, independent optimisation of surface passivation and optics at the front, large metal coverage on the 
rear that minimises series resistance, improved rear optics, simpler cell interconnecting system, and ease 
of adopting n-type Si, which is resilient to metal and oxygen impurities.  

 
Schwartz and Lammert of Purdue University first proposed the ABC cell structure for concentrator 

applications [2, 3]. Research on ABC cells was further carried out by Sandia [4, 5] and Stanford 
University [6, 7]. SunPower was then established in 1985 to commercialise the Stanford developed 
technology. In 2010 SunPower reported remarkable efficiencies of large-area solar cells (155.1 cm2) of up 
to 24.2% in a commercial production environment [8, 9].  

 
At ANU, since the project commenced in March 2011, ABC silicon solar cells made from FZ wafers 

with encouraging conversion efficiencies of 19% (16-cm2), 21.2% (16-cm2) and 22.1% (13-cm2) have 
been developed, and the results of which have been published elsewhere [10-12]. Table 1 shows the one-
sun electrical parameters of 16-cm2 (which includes busbars) ABC cell [12]. In this publication, we 
analysed the improvement items  optimisation of FSF, ARC, rear diffusion and aligned metal contacts  
that were incorporated in the current process. In the analysis, the results of current process on further 
optimisations will be compared against that of the old process, described elsewhere [12]. Besides, we 
present the results of further refinements to incorporate in the next cell processes. Refinements include 
improved texturing; advanced passivation; minimising electrical shading loss in terms of substrate 
resistivity, busbar geometry and device pitch (i.e. n- to p-diffusion); and improved metallisation scheme.  
We use photoconductance (PC) technique to analyse the performance of passivation and extraction of 
saturation current density (Joe); spectral response analysis to determine the front surface reflectance; 
OPAL 2 to analyse the performance of anti-reflection layer and texture condition [13], and PC2D to 
model the performance of ABC cells based on different pitches and substrate resistivity [14]. 

Table 1. One-sun electrical parameters of ABC cells measured using 16-cm2 aperture mask, published elsewhere [12]. 

Cell Voltage Jsc (mA/cm2) FF Efficiency 

14.5B 0.684 39.0 0.794 21.2 

14.5A 0.682 38.3 0.794 20.8 

14.1A 0.684 38.7 0.799 21.2 
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