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The Intermediate Band (IB) concept represents a new challenge in the development of high-efficiency photovoltaic devices. 

This concept tries to overcome the established limit in the photovoltaic conversion efficiency. The theoretical basic principle is 

to increase the photocurrent generated through the sub-bangap photon absorption without a degradation of the open circuit 

voltage in the response of the device. This sub-bandgap absorption is achieved by the presence of a band (delocalized 

energy states) between the conduction band and the valence band: The Intermediate Band.

The implementation of this concept would be a revolution within the photovoltaic field. The appeal of the possibilities offered 

by the IB concept motivated the work collected in summary form in this thesis.

The implementation of the IB concept implies two basic stages from a technological point of view:

•

The development of materials or structures capable to create or generate an IB.

•

The design of photovoltaic devices and fabrication process which allow the optimally incorporation of these 

materials or structures.

The work related with the first stage is focused on the synthesis of GaAs compound with Ti impurities (GaAs(Ti)) by sputtering 

deposition. These compounds have been proposed by ab-initio calculations as IB candidate material. Different deposition 

conditions were analyzed to determine how they affect on the properties of GaAs(Ti) like the elemental composition (specially 

the Ti content), the crystallinity and the optical properties. This work means the first approach related with the synthesis of 

GaAs(Ti) compound deposited by sputtering with the intention to obtain an IB material.

In the second stage different design of structures and fabrication processes were proposed to incorporate different IB 

candidate materials. All the structures presented are based on heterojunction concept. Basically, three schemes were 

designed depending on the material to incorporate:

•Structures designed to the incorporation of the GaAs(Ti) layers studied in this work.

•Structures designed to the incorporation of (p) c-Si substrates with high dose of Ti implanted. Theses materials have shown 

a behavior related with the IB concept.

•Structures designed to the incorporation of quantum dots (QD) and/or metallic nano-particles (MNP). The incorporation of 

QDs has demonstrated their potential in the development of quantum dots intermediate band solar cells (IBSC).

Each one of these structures has its own fabrication process. These processes were designed taking into account aspects 

related to the process temperature or the use of chemicals, trying to keep the characteristic of the material incorporated.

The results obtained in this work encourage the development of new research lines in the field of the IBSC implementation.
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The Intermediate Band (IB) concept represents a new challenge in the development of high-efficiency photovoltaic devices. 

This concept tries to overcome the established limit in the photovoltaic conversion efficiency. The theoretical basic principle is 
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by the IB concept motivated the work collected in summary form in this thesis.

The implementation of the IB concept implies two basic stages from a technological point of view:
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The development of materials or structures capable to create or generate an IB.
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The design of photovoltaic devices and fabrication process which allow the optimally incorporation of these 

materials or structures.

The work related with the first stage is focused on the synthesis of GaAs compound with Ti impurities (GaAs(Ti)) by sputtering 

deposition. These compounds have been proposed by ab-initio calculations as IB candidate material. Different deposition 

conditions were analyzed to determine how they affect on the properties of GaAs(Ti) like the elemental composition (specially 

the Ti content), the crystallinity and the optical properties. This work means the first approach related with the synthesis of 

GaAs(Ti) compound deposited by sputtering with the intention to obtain an IB material.

In the second stage different design of structures and fabrication processes were proposed to incorporate different IB 

candidate materials. All the structures presented are based on heterojunction concept. Basically, three schemes were 

designed depending on the material to incorporate:

•Structures designed to the incorporation of the GaAs(Ti) layers studied in this work.

•Structures designed to the incorporation of (p) c-Si substrates with high dose of Ti implanted. Theses materials have shown 

a behavior related with the IB concept.

•Structures designed to the incorporation of quantum dots (QD) and/or metallic nano-particles (MNP). The incorporation of 

QDs has demonstrated their potential in the development of quantum dots intermediate band solar cells (IBSC).

Each one of these structures has its own fabrication process. These processes were designed taking into account aspects 

related to the process temperature or the use of chemicals, trying to keep the characteristic of the material incorporated.
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