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Abstract. With a history dating back over 50 years, silicon solar cells were 
amongst the first bipolar silicon devices demonstrated. Notwithstanding this 
long history, the last 10 years have seen rapid progress in both the efficiency of 

experimental devices and in the understanding of basic design constraints. The 
evolution of silicon cell design over the last 50 years is described and the features 

of current high-efficiency devices are discussed in some detail. With energy 
conversion efficiencies above 23 %, these devices are now approaching basic 

limits for conventional homojunction cells. The potential for substantially 
increasing cell performance above these limits, by taking advantage of concepts 
such as the impurity photovoltaic effect. the incorporation of alloys and 

superlattices, and tandem cells based on silicon, is discussed. 

1. Introduction

Although the history of silicon solar cells dates back over 
50 years to the very beginning of the silicon bipolar 
device era, the last decade has seen enormous improve­
ments in both the performance of experimental cells and 
cell theory. Over the last few years, cells have reached 
performance levels once thought not to be physically 

attainable. As shown in figure I, present laboratory cells 
convert over 23 % of the incident energy in sunlight into 
electricity, well above the value of 20% once thought to 
be a basic limit. 

Silicon solar cells have different design and material 
requirements from most other silicon electronic devices. 
Not only is nearly ideal passivation of silicon surfaces 
required, but the bulk properties must also be of uni­
formly high quality for high energy conversion efficiency. 

This is because some wavelengths of light have to pass 
several hundred micrometres through the silicon before 
absorption and produce carriers that are still collected by 

the cell. 
This paper reviews the history of silicon solar cell 

development, discusses the features of modern cell design 
and outlines possible areas of investigation which might 
result in further improvements in performance in the 
future. 

2. Cell history

The first silicon cells were produced as a result of interest 
in silicon for use in point-contact rectifiers. The rectifying 
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Figure 1. Evolution of the energy conversion efficiency of 
laboratory silicon solar cells 

properties of sharp metal contacts to various crystals had 
been known since at least 1874 [I]. In the early days of 
radio, such crystal rectifiers were almost universally used 
as detectors in radio receivers [2]. However, with the 
development of thermionic tubes, these crystal rectifiers 
were displaced except for ultra-high-frequency work. The 
most suitable for this work proved to be tungsten points 
to silicon surfaces. This provided the incentive for im­
proving the purity of silicon and further understanding 
its properties. 

In studies of recrystallized melts of pure silicon pre­
pared for this purpose, Russell Ohl of Bell Laboratories 
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