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Introduction

In the last century, greenhouse gases (GHGS) emissions haveagjy in-
creased due to the development of industrialization. Thisa€t lead to sig-
ni cant climate changes such as: warming of the Earth surfacand atmo-
sphere, changes in the precipitation patterns, shrink of thsea-ice coverage
and acidi cation of the oceans [1]. Emission reduction and ternational pol-
itics aimed to the conversion towards a low carbon society @necessary in
order to reduce the e ect that human activity has on the Earth.

Research in the renewable energy eld is mandatory within tkiframe-
work to provide alternatives to fossil fuels in energy prodiion. Among the
available renewable energy sources, photovoltaics is on¢haf most promising
as solar energy is widely distributed over the Earth. The rated technology
is nowadays easily available, it can be integrated with bulings and presents
limited environmental issues [2].

Among photovoltaic technologies, Si-based solar cells artdl ghe most
investigated and promising. Silicon is indeed a widely knawmaterial, abun-
dant, diuse and non-toxic. 90% of the current market is constuted by
Si-based solar cells [3]. Within this framework, two di erensystems which
could lead to a substantial improvement of Si-based cell eiency will be in-
vestigated in the present thesis. In particular, Silicon OxNitride (SiOxNy)
thin Ims and multilayers of Silicon Rich Carbide (SRC)/Si have been char-
acterized in view of their application in photovoltaics.

The study has been carried out at the Physics and Astronomy Dept-
ment of the University of Bologna, Italy, in close cooperatio with the Uni-
versity of Konstanz, Germany, and the CNR IMM Institute of Bobgna, Italy.

The technologies under study share a basic assumption: thensbtituent
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materials of a cell should be abundant and non-toxic and thesearch should
go in the direction of cost reduction and e ciency improvemen[4]. Silicon

o ers the above mentioned properties, together with its matre technology
industry.

One of the key factors responsible for power loss in singlenblagap solar
cells is that photons with energy higher than the band gap lestheir excess
energy by thermalization, while photons with energy belowhe band gap are
not successfully converted. One way to overcome this limg to introduce the
multi-junction concept, where materials with di erent band gap are stacked
together [5, 6]. In this framework, silicon nano-crystalsSi NCs) embedded
in a dielectric matrix were proposed as absorbers in all-Si higjunction so-
lar cells due to the quantum con nement capability of Si NCs, thaallows
a better match to the solar spectrum thanks to the size-inded tunability
of the band gap [7, 8]. SIC as a dielectric matrix is considergpromising as
it shows better conduction properties and lower barrier to t& Si NCs with
respect to e.g. SiQ[5, 6]. Despite the e cient solar radiation absorption ca-
pability of this structure, its charge collection and trangort properties have
still to be fully demonstrated. The results presented in thehesis aim to the
understanding of the transport mechanisms at macroscopiti@ microscopic
scale. Current Atomic Force Microscopy (c-AFM) has been use® tinvesti-
gate the conductivity at the nano-scale and to perform locaurrent-voltage
measurements. Macroscopical IV curves as a function of teerpture have
been employed to gain information about the transport mecham.

SiONy is a promising material for applications in thin- Im solar cdis,
e.g. as window layer or intermediate re ector [9, 10] as wed#ls for wafer
based silicon solar cells, like Silicon HeteroJunction (SHJ)lao cells. It has
already been shown that the utilization of amorphous silicooxide (a-SiQ,)
or amorphous silicon oxy-nitride (a-SiQNy) instead of amorphous silicon (a-
Si) as emitter layers in SHJ solar cells can boost the solar lcelciency due
to a reduced parasitic absorption in the emitter layer [11,2]. An additional
e ciency gain can be expected by replacing the amorphous ettar with a
nanocrystalline emitter layer, due to the higher conductity of the latter
and the lower contact resistance between the nc-emitter anlde transparent
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conductive oxide layer [13]. In addition, nc-SiQ and SiQ.N, layers might
be superior to nc-Si layers as they su er less from parasitidosorption due
to higher optical band gap. Notwithstanding those interestig properties,
many issues relevant to the material properties have not beestudied yet,
such as the role of the deposition condition and precursor gaoncentrations
on the optical and electronic properties of the Im, the compsition and
structure of the nanocrystals. The results presented in thehesis aim to
clarifying several aspects concerning nc-Si@, Im properties in view of its
photovoltaic applications. The process of nanocrystal foration have been
investigated through structural, compositional and optial methods. The
morphology as well as the local conductivity of the layers lssbeen measured
with the AFM. The e ects of the annealing and the oxygen incorporéon
within the SiOxN, layers have been clari ed.

The outline of the thesis is the following: Chap. 1 introducethe energy
challenges that our society should address and it briey réaws the state
of the art of quantum dots and HIT solar cells; the materials ash analysis
strategies used for the systems under study are described ihap. 2 and the
results obtained for SRC/SIC multilayers and Si@Ny thin Ims are reported
in Chap. 3 and 4, respectively. Finally, some conclusions alidhe obtained
results are presented.
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Chapter 1

The Energy Challenge

1.1 The climate change

In the last century, greenhouse gases (GHGs) emission havedaily in-
creased due to the development of industrialization. Althagh greenhouse
e ect exists in nature, allowing the Earth to be warm and deviep life as
we see it in present days, the increment of this natural phen@non due to
human GHGs emission is leading to major changes in climate.

Greenhouse e ect is caused by GHGs (mainly 40, CO,, CH4 and N,O),
which are able to absorb an re-emit radiation in the infra-re (IR) region of
the electromagnetic spectrum. The IR radiation is initially entted e.g. by
the Earth and the clouds and is then re-emitted isotropicallypy the GHGs,
so that part of it goes back through the Earth causing a warming ect.

The main reasons for the climate changes are the land usageg(ede-
forestation), that causes changes in Earth surface re eeity, and GHGs
emissions [14]. There are multiple consequences on climantel its evolution
takes places on very large time scales. Nowadays, measureiiealative to
the last century are available and several models have beewposed in order
to predict future scenarios. Some of the main e ects observedea[1, 14]:

- warming of the Earth surface and atmosphere (0.7€ between 1951
and 2012);

- changes in the precipitation patterns, with an enhancementf @ain in

9



1. The Energy Challenge

O 15[ Natural forcing ]
2 F —cmiPs ]
E 10 — CMIP5 | .
< - = observations .
® 05F . :
g L . 180 90w 0 90E 180
2 00 .
= - ]
() - ]
=05 ; i ; p i P

1860 1880 1900 1920 1940 1960 1980 2000

Year
15 F Natural and Human forcing 3

o= CMIP3 ] 180 90w 0 90E - 180
10F — CMIP5 ] Natural and Human forcing
- = observations PP o T

A

Temperature anomaly (°C)

05F 5 ’v -
5 o T X
0.0
5 458
osb 0 N s '
- 180 90w 0 90E 180
1860 1880 1900 1920 1940 1960 1980 2000 T O
Year 2 -1 0 1 2

Trend (°C per period)

Figure 1.1: (left) Observed and simulated surface temperat changes in
the period 1860-2010. Simulations taking into account onlyatural (top)

and natural and human forcing (bottom) are reported. (righy Spatial dis-
tribution of the local surface temperature changes in the pied 1951-2010
related to simulated natural forcing (top), observed chares (middle) and
simulated natural and human forcing (bottom) [15].

the northern and southern regions of the world and a reductiomisome
areas of the tropical region and the Mediterranean;

- shrink of the sea-ice coverage (-4.1%l/year in the Arctic up 8012) and
reduced snow coverage;

- acidi cation of the oceans due to the dissolution of C@in the oceans
(reduction of pH of 0.1 units with possible problems for marine species
with calcium carbonate skeletons), increasing of water tggerature and
rising of the sea level.

Several models are proposed to reproduce the climate obséom The
Intergovernmental Panel on Climate Change (IPCC) reports ro the evolu-
tion of the knowledge relevant to climate changes. The physil science basis
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of climate changes has been examined in depth and reportedtire Fifth

Assessment Report (AR5) [1]. In the AR5 report, the models havédh@wn
improvements in the reproduction of climate phenomena wittespect to AR4
(2007). The importance of having reliable models lies in the eé of determi-
nation of future politics about GHGs emission that would redce the human
impact on the climate [16]. Even though all climate models ara ected by

uncertainties, the actual warming pattern could not be reprduced only by
natural forcing (e.g. Sun irradiance variations, volcanoxplosions etc...), but
anthropogenic forcing (such as GHGs emissions) needs to beluded in the
simulations [15]. Figure 1.1 show the comparison between thieserved tem-
perature changes in the period 1860-2010 and the simulationstwo cases:
when only natural forcing are inserted in the models and wheaiso human
forcing is taken into account. The observed and simulated tiaare in agree-
ment only in the latter case, showing how important the humarontribution

is to the warming trend. The same agreement between obseraat and sim-
ulation (natural+human forcing) is observed when the spaél distribution of

the local surface temperature variation is taken into accownas reported in
Fig. 1.1.

In order to make projections on future climate, di erent emgsion scenar-
ios are used as an input. The AR5 uses four Representative Centration
Pathways (RCP), relative to di erent GHGs emission hypothes and include
the in uence of mitigation policies, unlike previous repds. The RCPs were
selected in order to achieve a speci c radiative forcing tget in 2100 and to
represent a large set of mitigation scenarios [1]. If GHGs emign will not be
signi cantly reduced, a warming trend of air temperature, a well as a shrink
of the Arctic ice coverage and an increase of the oceans watemperature
is to be expected in the near term (up to 2035 [18]) as well as tine long
term (up to the end of the 21st century [17]). Figure 1.2 showshé pre-
dicted global surface mean temperature changes in the naarm (left) and
the local ones (right) for four di erent RCPs. These prediabns underline
how important a reduction of GHGs emission is to reduce human act on
Earth climate. One step in this direction is the improved use ofenewable
energies for generating electricity.
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Figure 1.2: Global surface mean temperature changes (lef§ predicted from
the Coupled Model Intercomparison Project Phase 5 (CMIP5)f di erent
RCP scenarios. The vertical bars represent the likely rangg66%-100%
likelihood) by the end of the 21st century. Surface temperate changes
(right) for two di erent CMIP5 models in the high and low emission RCP
scenarios [17].

Electricity generation contributes to 40% of the total CO, emissions,
with a production of more than 10 gigatonnes per year [2]. Senal carbon-
free sources can be exploited, namely hydropower, nucleasion, biomass,
wind, geothermal, solar and ocean energy. Each one presemtivantages as
well as disadvantages, di erent capacity, cost and availality of the natural
resource. Within this framework, solar energy will be the fars of this thesis
and, in particular, innovative materials for photovoltaic application will be
investigated.

1.2 Solar Cells

About 10° TW of solar power reach the Earth at its surface, providing ev
ery hour the energy that humanity needs in one year. Sunlighs ialso widely
distributed and comes unlimited and without any cost [2]. Tk spectrum of
the sun is shown in Fig. 1.3 and can be approximated by the spaatn of a
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Figure 1.3: Solar irradiance spectra standards by American 8ety for Test-
ing and Materials (ASTM). Extraterrestrial spectrum AMO [22] and surface
spectra AM1.5 [21]. Data plotted from the sources in [20].

6050 K black body. Several di erences can be found between thgectra in
Fig. 1.3 and a common black body spectrum because of the preseiof the
Earth's atmosphere and the main contributions are the waterantent, turbid-
ity, cloudiness, ozone and ground re ection [19]. Commonlthe path length
of the sunlight through the atmosphere is expressed in terntd equivalent
air mass, m,, for terrestrial applications. In particular m, = 1=cosz, where
z is the zenith angle. Solar spectra are then addressed as AMand the
solar spectrum in outer space is conventionally labeled AMO9JL Figure 1.3
plots AMO spectrum and AM1.5 spectra relative to the direct+aicumsolar
and global irradiance, which takes into account also other sgponents, like
re ected and di used light [20{22].

Despite the abundance of the resource used for electricity nggation,
i.e. sunlight, conversion e ciency together with the variaility of the above-
mentioned resource are two of the main problems of the solazchnology.
Darkness as well as clouds do not allow for a stable electryciproduction
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and therefore the integration with energy storage devicesd the develop-
ment of smart grids are necessary [2]. E ciency improving ia goal of major
importance in actual research, together with cost reductioand optimiza-
tion of the processes for feasible industrial production. gure 1.4 shows the
evolution of solar cell e ciencies from the 1970s to preserttays for di er-
ent technologies [20]. The highest achievements have beetiagied so far
for multijunction technologies used in combination with skar concentrators.
c-Si solar cells currently represent 90% of the market because of two main
factors: rst of all, Si is stable, non toxic, abundant and is physical proper-
ties are well known. Secondly, the technology is mature, thias also to the
success Si has in microelectronic industry [3]. In the last clde, the e -
ciency of c-Si solar cells ranges from 20% to 25% (Fig. 1.4) ahe@ highest
e ciency (25.6%) for a c-Si solar cell has been achieved by Rasonic in 2014
for a Si Heterojunction with Intrinsic Thin layer (HIT). This r ecord has been
obtained for a cell of a practical size (143.7 cihand improves the previous
record of 0.6 points [23]. The HIT solar cells will be descriden details in
Sec. 1.3.2.

Photovoltaic (PV) devices exploit the incoming light to directly produce
electricity through charge carries photogeneration. If th photons have an
energy greater than the band gap, free electrons and holeg @enerated and
extracted by means of an electric eld before they recombinéelherefore, a
reverse current densityJ ows into the external circuit and it is called short-
circuit current Js. under short-circuit conditions. The drift of the carriers
through the photovoltaic material generates a potential derence , which
is called open-circuit voltage .. under open-circuit conditions [19]. In order
to have a better performance of the photovoltaic device, itsinecessary to
maximize both Jic and ... Therefore, some of the characteristics that the
material should have are high minority carrier lifetime, hgh mobility and
high absorption over a wide wavelength range in order to ache high val-
ues ofJs, while . strongly depends on the kind of transport mechanism
involved and on the band gap of the material.

Figure 1.5a shows a simple example of a photovoltaic devicehare the
following di erent components are present. the current gearator is related
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(@)

(b)

Figure 1.5: a) Schematic equivalent circuit for a photovolia cell. I rep-

resents the total light current, |, the total dark current of the diode, Rs

a series resistance anR, a parallel resistance. b) Idealized total light and
dark current versus voltage curves for a solar cell. o is the open-circuit
voltage, | s is the short-circuit current and Py,,. Plots adapted from [19].

to the photoexcitation process, the diode responsible fohé¢ electric eld
that drives the photogenerated carries outside the devica,series resistance
Rs and a parallel resistancér,. For an ideal deviceRs=0 and R, = 1 and
the photoinduced current is superimposed to the dark currentTherefore,
the current density owing in the device is given by:

J = Jo[exp(@=AkT)! 1]! J, (1.1)

wherelJy is the reverse saturation current of the diodéA is the ideality factor
(which depends on the mechanism of the junction transport)ral J_ is the
reverse current generated by the incoming light [19]. Figurg5b shows the
typical idealized |-V response of a photovoltaic device irhe dark and under
illumination. When the bias applied is equal to zero, the redting current in
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the dark is zero, while under illumination the following rel&on is valid:

In the open-circuit condition the current density owing in the device is zero
and therefore:
oc = (AKT=0Q)In[(I. =) + 1] ; (1.3)

while the dependence als. by . can be written as:
Jse= Jo[exp (@ oc=AKT) ! 1]: (1.4)

It is worth noting that Eqg. 1.4 has the same functional form othe current
owing in the device in the dark [19]. The photovoltaic e ciency is de ned
as:

J m m
= P.,.=P = =
" rad Prad Prad

wherePp, represents the maximum powelR,,4 the incoming radiation power,
Jm and , the values of current density and voltage corresponding to ¢h
maximum power andFF is the Il factor. The latter is therefore de ned as:

(1.5)

FF = Jmm, (1.6)

JSC ocC

Doping of the semiconductor materials is used in order to buildn inter-
nal electric eld to separate and extract the photogeneratecharge carriers.
Figure 1.6a shows the energy diagram of a homojunction, which de ned
asp-n junction where thep and n type portions are made of the same mate-
rial. The quantities represented in the gure are the vacuumevel E ., the
conduction band edgee, the Fermi level Eg, the valence band edgg&,, the
band gapE,, the electron anity ¢ and the diusion potential q p. The
band bending visible in Fig. 1.6a is due to the higher work funicn q  of
the p type portion with respect to the n type one. The di usion potential is
the di erence between these two work function. The minoritycarriers pho-
togenerated have to travel in the junction to be extracted irthe external
circuit. In order to do so, recombination should not occur ahtherefore the
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(b)

Figure 1.6: a) Band diagram of ap-n homojunction. The density of the

doping in the two sides is the same. b) Band diagram offan homojunction.

The density of the doping in the two sides is the same arily; < E 4, and
1< 2 [19].

carriers should be generated within one di usion length ofhie junction. In
practical cases this means that the illuminated side of theupction should
be thinner than the opposite side [19]. Figure 1.6b shows therzhdiagram
of a p-n heterojunction, where thep and n sides of the junction are made of
di erent semiconductors. In this example thep type material has a smaller
band gap Eg41) with respect to the n type one Eg2) and all the e ects
relevant to interface states have been neglected (Andersohrapt junction
model [24]). The di erence between the two semiconductoregerates dis-
continuities in the conduction and in the valence band, whitccan be either
positive or negative [19]. The case represented in Fig. 1.6bbiased on the
assumption ; < 5. If the light is coming on the n side, then this layer
absorbs only higher wavelengths with respect to the one as it has a wider
band gap. Therefore, then layer is acting as a window layer, letting part of
the incoming light reach thep type portion with minimum losses. Interface
states can act as recombination centers and contribute to anarease inJo,
resulting in a lower value of ... One way to overcome this limitation is the
insertion of a passivation layer between th@ and n layer, as it is done in
Heterojunction with Intrinsic Thin Layer (HIT) solar cells, t hat are discussed
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v, — [volts]

Figure 1.7: Black body solar cell e ciency for a temperature of the cell
of 300K illuminated by the sun (modeled as a black body at 600K ) as a
function of the band gap for di erent values of the parametef . From top to
bottom: a) f =1,b) f =10'3,¢)f =10'%,d) f =10'°, e)f = 10' 2 [25].

in Sec. 1.3.

In order to better understand the potential of photovoltaic @ergy pro-
duction, it is important to clarify which is the limit e cienc y achievable from
the devices. In 1961 Shockley and Queisser proposed the tlyeof the de-
tailed balance limit for p-n junction solar cells [25]. In this work, the e ect
of radiative recombination in limiting the minority carrier lifetime is investi-
gated and the upper limit e ciencies achievable for a solaredl are evaluated
as a function of the band gap of the material, the temperaturefdhe cell,
the probability ts that a photon with energy higher than the band gap gen-
erates a hole-electron pair and a parametdr. This parameter takes into
account the reduction to the open circuit voltage due to a reded e ciency
of transmission of solar photons into the cell, a reductionf ¢he solid angle
subtended by the sun or its incidence upon the solar cell anbe presence of
additional non-radiative recombination processes. Figure7Lshows the pre-
dicted maximum e ciency as a function of the band gap of the meerial of a
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solar cell for di erent values off . A decrease of the e ciency for decreasing
values off (thatis 1 by de nition) is observed. The quantity x4 is de ned
as E4=kTs, where E4 is the band gap of the material that forms the cell,
k is the Boltzmann's constant andTs is the temperature of the sun. The
quantity Vy is related to the energy gap by the relatiorEy = g\, whereq is
the electronic charge. The maximum e ciency predicted by tle theory for
c-Si Solar cells E4=1.1 eV) is 30% [25]. It is worth noting that the highest
record e ciency (up to date) is 25.6% for HIT solar cell (see Figl.4), which
is not so far from this theoretical limit.

Before the description of the solar cell technologies reéat to this thesis,
a summary of some of the desirable material properties is giv[19].

- One crucial point is the band gap of the material, that shoulde small
enough to allow absorption of a wide range of the solar spaatn, but
also large enough to minimize the reverse saturation curtedy. One
way to allow a better match with the solar spectrum is the mult
junction concept, where di erent materials are stacked onen the top
of the other in such a way that the material with wider band gap
is placed on top and the others follow with decreasing energwym
Another way to obtain this structure is the multilayer approach, that
will be discussed in Sec. 1.3.

- The di usion length of the minority carriers L,,, which should be as
large as possible so that carriers generated at a higher @diste from
the junction can actually be extracted before they recombe&n The
di usion length is de ned as:

I—min = ( Dmin min)lz2 = [( kT:@( )min 11:2 (1-7)

where D, is the diusion constant, ., is the lifetime and ., is
the mobility of the minority carriers [19]. The value of the ifetime is
in uenced by several factors, one of which being the reconniaition at
the surface. One way to overcome this limitation and obtaing higher
values of ., is the deposition of passivation layers, that is discussed
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in Sec 1.3.

- In real cells it is valid that R > 0 and R, < 1 . The presence of
these resistances can contribute in the value & and therefore to
the e ciency of the device. The series resistance can be irased by
contact resistance between the semiconductor and the otharcuit ele-
ments, e.g. the Transparent Conductive Oxide (TCO), used textract
the photogenerated charge carriers. The value Bf, can be reduced by
defects and grain boundaries that contribute to a decrease of; [19].

- A solar cell is designed to operate under illumination and verus
weather conditions for a long period of time. Therefore, thetability of
the device under such conditions is crucial and a signi canteduction
of the e ciency of the cell with exposure is undesirable.

1.3 New generation photovoltaics

In the following sections two of the many technologies relant to the
photovoltaic research will be briey reviewed: the HIT solarcells and the
guantum dots solar cells. These two technologies share a ibaassumption:
the constituent materials of a cell should be abundant and netoxic and the
research should go in the direction of cost reduction and eiency improve-
ment. In Chap. 3 the results obtained within the framework othese kind of
devices are presented.

1.3.1 Quantum dots solar cells

Manipulating materials at the nano-scale allows to modifyigni cantly
their properties. In the photovoltaic eld this fact is crucial as it allows
to create new structures with enhanced optoelectronic prepies, such as
tunable band gap layers based on Si, whose bulk optical prapes are relative
poor. Therefore, nanostructured materials mark the beginng of a new era
of silicon photovoltaics [26].



22

1. The Energy Challenge

Reducing the dimension of a portion of material in one or mowdirections
can lead to quantum con nement, quantum wires and quantum de are
examples of quantum con nement in two and three dimensions.hE e ective
band gap of these structures depends on their size. Figure d.8hows the
photoluminescence spectra of Si nanocrystals (NCs) with deasing diameter
and a blue shift is observed for smaller size of the NCs [26, .2The transition
energy of an electron-hole pair of e ective reduced mass conned in a
guantim dot can be written as:

n #
2 2 2 2 2

~ Ny Ny n, ~ n 2
E=Eg+-— ¥ Eg+ =— — (18
9" 2m L Ly L, *om a9

wherelLy, Ly and L, are the sizes of the quantum dotE is the band gap
of the bulk semiconductor, the con ning energy barrier is asimed to be
in nite and ny, ny and n, are quantum numbers used to describe a given
guantized energy level andl represents the diameter of the dot in case it is
spherical [28]. Figure 1.8b reports the band gap of Si con nesfructures as
a function of their size [29].

The size of the nanostructure controls also its electricalrpperties, such
as the doping e ciency. Theoretical studies have shown thaboron inclusion
in the nanocrystals is favored for bigger diameter, while thegsition of the
dopants is closer to the surface for smaller size of the nanosture [30].
Figure 1.8c shows a linear increase of the impurity activatioenergy for
increasing inverse radius both for B and P doped Si NCs. This depdence
can be expressed for B doped NCs as:

16:298819
Eaet = 0:050904 +———-— (1.9)

where R is the radius expressed irA and E, is the activation energy in
eV [30].

Si based nanostructures provide the abundance, technologji maturity
and minimal environmental footprint of Si together with the possibility of
band structure engineering and surface modi cation typidaf the nanostruc-
tures [4]. In the photovoltaic eld, all these characteristts can be used to
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Figure 1.8: a) Normalized excitonic photoluminescence spexbn the longer
wavelengths region, with a blue shift for smaller nanocryat diameter [26].
b) Optical band gap of Si quantum wells, wires and dots as a funch of
the system diameter [29]. c¢) Impurity activation energy foB and P doped
Si NCs as a function of the inverse nanocluster radius. Zero time x-axis
corresponds to bulk Si and the line is a t for the B doped NCs. Té&impurity
is considered at the cluster center [30].
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thermal capture
escape

(b)

(@)

Figure 1.9: a) Loss processes in a solar cell: 1) non-absarptof below band
gap photons, 2) thermalization loss, 3) and 4) junction andontact losses, 5)
recombination loss [5]. b) Band diagram for a multiple quanim well solar
cell [8].

produce all-Si tandem cells, that will be described in detiain this section, as
well as new kind of structures such as the solar shapers, thage the concept
of UV cutting and IR pasting to convert the incoming light in a wavelength
range suitable to high e ciency technologies [31{33].

All-Si tandem solar cells are studied within the concept of #third gen-
eration photovoltaics, that aims to an increase of the cell @ency while
using thin Im processes and abundant, non-toxic material§]. Figure 1.9a
shows several loss processes in a standard solar cell. Twpanant factors
of losses are the inability to absorb photons with energy el the band gap
and the thermalization of the photons with energy higher tha the band gap
(processes 1 and 2 in g. 1.9a). Quantum Dots (QDs) superlatie tandem
cells aim to solve these issues providing an increased numbéband gaps
within the photovoltaic device [5].

The structure of these devices is composed of Si nanocrystainbedded in
a wider band gap matrix (such as Si@or SiC). The NCs size should be small
enough to obtain quantum con nement e ects and with a spacig between
the NCs small enough to allow an overlap of the wavefunction§the con ned
carriers in adjacent dots. If these requirements are met, aimband is
formed, resulting in a three band conduction mechanism. Figaerl.9b shows
the band diagram of a Multiple Quantum Well (MQW) solar cell, hat was
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