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1. Introduction 

Most thin film solar cells are not able to absorb photons with energy lower than 

its band gap and this is very much applicable for photons in the near infrared 

wavelength. One way to enhance low energy photon absorption could be to convert 

these photons into higher energy ones by using rare earth (RE) ions such as Er and Yb. 

Rare earth materials have been widely studied due to their photoluminescence 

properties, which occur as a result of their intra 4f-4f shell transitions [1]. In particular, 

Er and Yb co-doped systems [2-4] have the capability to cooperate together to convert 

infrared radiation into visible light because of their energy levels matching for 

λ = 980 nm [5]. Yb species act as the absorber ions due to their higher absorption 

coefficient, thus absorbing the incoming low-energy photons (980 nm), whereas Er 

species act as the emitter ions, releasing higher-energy photons (550 nm, 660 nm, etc.) 

(see Fig. 1). In this work, ZnO has been chosen as the host matrix for Er and Yb ions 

with the intention to create a transparent and conducting up-converting material that will 

function as the transparent conducting oxide (TCO) back contact as well as to, exploit 

the up-conversion mechanism to enhance the efficiency of the solar cells.   
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