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Recent developments in photovoltaics""

Abstract

The photovoltaic market is booming with over 30% per annum compounded
growth over the last five years. The government-subsidised urban residential use of
photovoltaics, particularly in Germany and Japan,is driving this sustained growth.
Most of the solar cells being supplied to this market are “first generation” devices
based on crystalline or multi-crystalline silicon wafers. “Second generation” thin-
film solar cells based on amorphous silicon/hydrogen alloys or polycrystalline
compound semiconductors are starting to appear on the market in increasing
volume. Australian contributions in this area are the thin-film polycrystalline
silicon-on-glass technology developed by Pacific Solar and the dye sensitised
nanocrystalline titanium cells developed by Sustainable Technologies International.
In these thin-film approaches, the major material cost component is usually the glass
sheet onto which the film is deposited. After reviewing the present state of
development of both cell and application technologies,the likely future development

of photovoltaics is outlined.
1 Introduction

Although photovoltaics cells have been used since the 1950s in space craft, the
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interest in their terrestrial use was heightened by the oil embargoes of the early
1970s. Since then,a steadily growing terrestrial industry has developed which,in the
past, has supplied cells mainly for remote area applications where conventional
electricity is expensive (Green,2000). However,the industry is now in an explosive
period of growth where the subsidised urban residential use of photovoltaics is
providing the main market. The industry has grown at a compounded rate of 30%
per annum over the last five years, corresponding to a quadrupling of annual

production over this period (Fig. 1).

PV Market (MW)
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Fig. 1 Growth in PV module shipments (1999—2001).

The present healthy state of the industry is stimulating the fabrication of
several large new manufacturing facilities and the commercialisation of new cell
technologies. Although most of the product over the coming decade will be “first
generation” silicon wafer based,it is thought likely that a “second generation” thin-

film technology will make its mark during this period.

2 First generation technology

In the past, the overwhelming majority of cells have been fabricated using
silicon wafers, as used in microelectronics, as the starting material and a screen
printing technology for depositing the metal contact, giving the final cell structure
shown in Fig. 2. The main attributes of this technology are the simplicity of
applying the metal contact, which uses a process similar to printing patterns on
T-shirts,as well as the availability of equipment for this purpose from the hybrid
microelectronics industry (Green, 1995). The price for this simplicity is substantially
lower cell performance than would otherwise be possible. This sacrifice is not
particularly sensible given the material intensiveness of current solar cell

manufacturing, with over 40% of the cost of the final product being attributable to
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the cost of the starting silicon wafer used in cell fabrication. The laser grooved,
buried contact solar cell shown in Fig. 3 was developed at the University of New
South Wales (UNSW) in the early 1980s as a way of transferring some of the
groups laboratory improvements into commercial practice. The distinctive feature of

this technology is the use of lasers to form deep grooves in the silicon cell surface.

200 um 3 mm

p-type plated metal

(buried contact)

metal

Fig. 3 UNSW buried contact solar cell.

Subsequently they can be used to define where the metal contact is deposited by
electroless plating. This gives numerous performance advantages compared to the

standard screen printing approach, by allowing the elegant incorporation of many of
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the performance enhancing features previously developed at UNSW (Green,1995).
Comparison of the output characteristics of the two technologies shows a 20%-30%
performance advantage for the buried contact approach (BP Solar,1991). Published
manufacturing cost analyses by BP Solar also show that the product is no more
expensive to produce per unit area, giving rise to a similar 20%-30% economic
advantage based on the price per Watt of the final product. A recent major European
Union study showed that the UNSW buried contact cell approach was the most
economic silicon cell processing method yet suggested (Bruton et al. ,1997). Over
recent years,this technology is the one used in highest volume in Europe, with the
$ 1 billion in accumulated sales expected well before the end of the decade.
Another recently introduced technology has been the HIT cell (Fig. 4)
introduced by Sanyo which is a successful merger of that company’s thin-film

amorphous silicon technology and wafer-based technology.

metal

i(a-Si) —
n*(a-Si)—=

bottom electrode metal

Fig. 4 Heterojunction with intrinsic thin-layer (HIT) cell.

Cell efficiencies are similar to the production values of buried contact cells,
although module efficiency is higher due to denser packing in the module.

A survey of the manufacturer’s nominal efficiency of a range of first generation
commercial modules is shown in Fig. 5. Typical efficiency is in the 10%-15% range.
Modules at the low end of this range are based on lower cost substrates such as
silicon-on-ceramic ribbon or multicrystalline silicon,while those at the high end use

the buried contact or HIT cell structure on single-crystalline wafers.
3 Second generation

The long-term future of photovoltaics is likely to be based on what is known as

a “thin film” technology. In the thin-film approach, a thin layer of the photovoltaically



