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In this communication a brief description of the optics photonics and transparent conducting oxides (TCOs) 

materials research on photovoltaic (PV) devices will be presented. In addition, the Portuguese PV market will be 

discussed as well as the latest technologies in the PV market and its main applications. 

Introduction 

The development of all countries is closely related with the consumption and the cost of energy. In fact, the 

oscillations of energy’ price directly and immediately influence all the sub-sectors of economic activities, as for 

example the food industry, transports or health, having a great impact in the citizens everyday life. The increasing 

geostrategic concerns, the instability of oil prices (and all its derivatives) and the urgent limitation of CO2 emissions 

(Quioto’ protocol), require the generalization of the use of renewable energies such as the PV Energy. In this 

communication a brief description of the optics photonics and materials research on photovoltaic effect and the latest 

technologies in the photovoltaic market and its main applications will be presented. In addition, the Portuguese PV 

market will be highlighted. 

Discussion 

The ability to achieve significant PV market penetration into traditional electricity markets depends on one 

or more of many factors. First, cost reductions at the system level will need to be reduced to approximately €1 per 

peak watt. Secondly, CO2 emissions would need to be reduced and thereafter remaining at less than 1990 levels, 

requiring a carbon-free power-generation infrastructure of up to 50,000 to 100,000 gigawatts-peak (today’s total PV 

deployment worldwide is about 3 to 4 gigawatts) by mid-century [1]. In order to meet cost-reduction and terawatt-

scale production challenges, industry must be thinking in terms of multigigawatt-scale production. PV industry 

continues to struggle with the high manufacturing costs, complex manufacturing process and feedstock supply 

shortfalls associated with crystalline silicon solar cells. There is an overabundance of emerging approaches to low-

cost, high-efficiency solar cells.  Nearly all of these PV technologies employ transparent conducing oxides (TCOs) as 

an integral part of the basic device structure. These solar cell architectures are based on the use of new lower-cost 

semiconductors, thin films of conventional semiconductors, and organic–inorganic hybrids, and many are rapidly 

attaining commercial viability.  

Each PV technology has different requirements for the TCO layer, leading to the need of a further extended 

research on these materials. PV devices require at least one electrode that can provide both optical access and a low-

resistance electrical connection. Materials that combine optical transparency over much of the solar spectrum with 

reasonable electrical conductivity generally fall into three classes: very thin pure metals, highly doped conjugated 

organic polymers, and degenerately doped wide-bandgap oxide or nitride semiconductors. For PV applications, the 

choice of TCO is driven by additional considerations, including work function, band alignment, materials 

compatibility, processing, and cost. The focus of this article is on the selection and use of TCOs for current and future 

PV applications, namely: considerations about the basic performance of TCO materials [2] and the use of TCOs in 

current PV device systems [3]. 

Conclusions 

Current PV technologies, as well as next-generation approaches to PVs, will place specific demands on the 

transparent contact layers beyond transparency and low resistivity. Transparent conducting oxides used today are 

based on indium tin oxide because, at present, no other TCO delivers the same performance and versatility. However, 

the high cost of In as a raw material as well as process restraints, make this oxide material less attractive for low-cost, 

high-scale PV applications. Alternative TCO materials, such as ZnO, appear to be promising for some of these 

applications. Examination of current and future PV-TCO materials performance leads to the conclusion that new 

efforts to develop application specific TCO materials and processes are needed.  
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