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Introduction

In 2010 the world’s total energy production was 5.3·1020 J [1], which corresponds

to an average power production rate of 16.8 TW. Out of this more than 80 %

was produced from fossil fuels such as oil, coal and gas [1]. Although reserves of

fossil fuels are still available, the emission of CO2 and other by-products from

the burning of such fuels are widely known to have severe negative consequences

for the stability of the environment and the general health of people, particularly

in polluted areas [2].

An alternative to fossil fuels are the renewable energy technologies, and

among them, solar energy is a promising candidate. Sunlight is a compelling

source of clean, abundant energy; it is widely available, free from geopolitical

tension, and does not affect the climate through emission of greenhouse gasses.

Although solar energy is still a small contributor to the global energy production,

it is rapidly growing in capacity by more than 40 % per year [3]. Indeed, solar

energy production has great potential as the amount of energy from the sun

that reaches the earth in one hour can supply the earth with enough energy for

a years consumption if harvested with 100 % efficiency [3]. Figure 1 shows the

power density of the solar spectrum; most of the power is found in the visible

and near infrared (IR) spectral regions. An efficient solar cell should therefore

be tailored to efficiently convert light at wavelengths in these regions into a

usable form of energy.

The most important branch of solar energy technology is photovoltaics (PV)

where light from the sun is converted directly into electric energy. In 2012 the

worlds cumulative installed PV capacity surpassed 100 GW [5]. In order to

boost this number, a significant reduction in the cost of PV generated energy

is necessary [6]. The two ways of achieving this goal is to reduce the cost of

PV technologies [7] or to increase the energy conversion efficiencies, possibly

through innovative new concepts [8].
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Figure 1. Solar irradiance at earths surface versus wavelength [4].

Outline of this thesis

In this thesis we employ the experimental technique THz Time Domain spec-

troscopy (THz-TDS) to study the optoelectronic properties of potential photo-

voltaic materials. This all-optical method is useful for probing photoconductiv-

ities in a range of materials on ultrafast timescales without the application of

physical contacts.

The thesis contains the following chapters:

• Chapter 1: Here we briefly review the history of photovoltaics, describing

the most common photovoltaic concepts. Special emphasis is put on the PV

technologies being touched upon in the following chapters.

• Chapter 2: The experimental technique THz-TDS is presented. Techniques

for extracting and interpreting the complex photoconductivities from the

measured data are also presented.

• Chapter 3: Here we study the process of carrier multiplication (CM) -

the excitation of multiple charge carriers by a single photon - in indium

nitride (InN). InN possesses a number of properties favorable for efficient

CM. However, we find that CM in InN is rather inefficient, contributing

only to a modest efficiency increase in a potential InN based solar cell.

• Chapter 4: A study of the dynamics of photoexcited carriers in 2-

dimensional graphene is presented with emphasis on the process of multiple

hot carrier generation, which is related to carrier multiplication. A very ef-

ficient energy transfer from an optically excited charge carrier into multiple

hot carriers (heated above the Fermi level) is shown.
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• Chapter 5: We perform a study of the photoconductivity of two types

of 1-dimensional graphene based semiconductors, flat graphene nanoribbons

and carbon nanotubes. Free charge carriers are observed immediately after

excitation. The mobility of these carriers is found to vary significantly for

the different types of 1-D conductors. The applicability of these graphene

based conductors in organic solar cell architectures is briefly discussed.

• Chapter 6: Here we explore the carrier transport properties of colloidal

TiO2 films commonly used in dye- and quantum dot sensitized solar cells.

We find that the photoresponse is dominated by long percolation pathways

of connected particles, responsible for the materials long range conductivity.


