IHY11Ndgv
ezweH o|jeg

NODJITIS SNOHdOdONWVN NO d3svd 1130 dVv10S
JIVLTOAOLOHd 40 AON3IDI443 INNLINVNO AIONVHINS

M.S.
2014

¥ FATIH UNIVERSITY

The Graduate School of Sciences and Engineering

Master of Science in
Electrical and Electronics Engineering

ENHANCED QUANTUM EFFICIENCY OF PHOTOVOLTAIC
SOLAR CELL BASED ON NANOPOROUS SILICON

Bello Hamza ABDULLAHI

May 2014



ENHANCED QUANTUM EFFICIENCY OF PHOTOVOLTAIC
SOLAR CELL BASED ON NANOPOROUS SILICON

by

Bello Hamza ABDULLAHI

A thesis submitted to

the Graduate School of Sciences and Engineering

of

Fatih University

in partial fulfillment of the requirements for the degree of

Master of Science

Electrical and Electronics Engineering

May 2014
Istanbul, Turkey



APPROVAL PAGE

This is to certify that | have read this thesis written by Bello Hamza ABDULLAHI and
that in my opinion it is fully adequate, in scope and quality, as a thesis for the degree of
Master of Science in Electrical and Electronics Engineering.

Assoc. Prof. Dr. Bayram UNAL
Thesis Supervisor

| certify that this thesis satisfies all the requirements as a thesis for the degree of
Master of Science in Electrical and Electronics Engineering.

Prof. Dr. Onur Toker
Head of Department

Examining Committee Members

Assoc. Prof. Dr. Bayram UNAL

Asist. Prof.Dr. Hiiseyin SAGKOL

Assoc. Prof. Dr. Abdiilhadi BAYKAL

It is approved that this thesis has been written in compliance with the formatting
rules laid down by the Graduate School of Sciences and Engineering.

Assoc. Prof.Dr. Nurullah ARSLAN
Director

May, 2014



ENHANCED QUANTUM EFFICIENCY OF PHOTOVOLTAIC
SOLAR CELL BASED ON NANOPOROUS SILICON

Bello Hamza ABDULLAHI

M.Sc. Thesis — Electrical and Electronics Engineering
May 2014
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ABSTRACT

In this study, the quantum efficiency of silicon solar cells has been
enhanced in some aspect. This is due to the limited electron/photon conversion in the
existing solar cells. This was done by using anodization technique, and produced with
the multilayered nanoporous on the surface with an average size of 5,9nm in diameter.
These nano-porous surfaces were doped and form P-N junction. Moreover, the hetero-
junction was formed between the crystal and nanoporous interface of the device which
is important in the achievement of the aim. The doping method used is chemical method
which involved one part of phosphorous tri-oxochloride to five part of acetone and was
anealed at 800°C under oxygen atmosphere. Finally, the two contacts were formed at
front and backside of the device using gold and aluminum thin film, respectively. These
contacts were formed as both ohmic and schottky junction. The efficiency was formed
to be enhanced upto 22,06 %. While the efficiency of the standard silicon solar cells
measured in our system is observed to be about 1,277 % for a comparison, the cells
produced in our experiment showed an increase of the efficiency upto 20,788.
Additionally, this type of the devices can be used as in the fabrication of LEDs and
photodetectors, as in the case of photovoltaic applications.

Keywords: Optical Quantum efficiency, Porous Silicon, Heterojunction, P-N junction
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(0Y/

Bu ¢alismada, silisyum giines hiicrelerinin kuantum verimliligi artirilmistir. Bu,
mevcut giines hiicrelerindeki smirli elektron / foton doniisiimiinden kaynaklanmaktadir.
Bu anotlama teknigi kullanilarak gergeklestirilir ve ¢ap1 5,9nm lik bir ortalama yiizeyi
izerinde ¢ok katmanli nanogdzenekli iiretildi. Bu nano-gézenekli yiizeyler
katkilandirilmis ve PN eklemi olusturulmustur. Ayrica, basarili bir sekilde hetero-
eklem, cihazlarin kristal ve nang6zenekli araylizeyinde arasinda olusturuldu. Kullanilan
doping yontemi, aseton bes kismina fosfor tri-oxochloride bir boliimiinii dahil edilen ve
oksijen atmosferi altinda, 800°C'de tavlanmis kimyasal bir yontemdir. Son olarak,
sirastyla, altin ve aliminyum ince filmler kullanilarak, cihazin 6n ve arka tarafinda iki
kontak olusturuldu. Bu kontaklar, hem omik hemde Schottky eklemleri olarak
olusmustur. Verimlilik 22,06 % ‘e kadar gelistirmek iizere kuruldu. Karsilagtirmak igin
standard giines pili hiicresinin verimliligi yaklasik olarak 1,277 % olarak olciiliirken,
deneyimizde ki cihaz, % 20,788’ e kadarlik bir artis saglamaktadir. [laveten, bu tiir
cihazlar, fotovoltaik uygulamalarda oldugu gibi, LED ve fotodetektor iiretiminde de
kullanilabilir.

Anahtar Kelimeler: Optik kuantum verimliligi, gézenekli silisyum, P-N eklemi
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CHAPTER 1

INTRODUCTION

In the Era of high technology and diversified electronics world, Electronics play a
very important role in the human development through different aspect. Though a lot of
challenges where faced by the engineers and researchers on how they can make the
resources available, so that they make good use of them. Because of their scarcity,
sometimes some alternatives have to be taken in order to provide those resources

available.

For these reasons and more, make it necessary to study matter from its micro and
nano level so that to alter some of its properties to suits the needs. All materials have
difference in properties between its nano, micro and bulk state, Electronics components
are the back bone of the entire circuits developed in the world, because all of them were
developed from those components. Therefore, there is a need to make different studies
in order to obtain such components using different method, different materials but with

high efficiency.

Moreover, many efforts were made by different scientist surfer, concerning
porous silicon, which is the main topic in these research, but in history porous silicon
was discovered by a scientist called uhlir, accidently while performing electro-polishing
experiments on silicon wafers using an electrolyte containing hydrofluoric acid. Its
development was first justified for technological reasons, in particular, localized
isolation in microelectronics. A renewed interest in porous silicon occurred in 1990
when its photoluminescence and electroluminescence properties were demonstrated.
These doesn’t stop at that, there are many more discoveries about such material across

the world because of its importance especially in this field



Presently some of the mention devices are fabricated using high efficient materials
like gallium arsenide example optical devices like light emitting diode (LED) and much
more. Though silicon is cheaper than above mention gallium arsenide, but it can serve
same purpose but only if its quantum efficiency is enhanced so that it provides enough
photon to charge carrier ratio that can serve the aim. Now, this research will focus on
enhancing quantum efficiency of silicon by improved the photon absorption of the
material, because due to its refractive index(about 3.5) it reflect major part of the photon
instead of absorbing and provides hole-electron pair which can serve our purpose. Most
of the readers especially from fields other than engineering and science, may not
understand some of the terms used surfer, therefore they are going to be elaborated and

fully explain in the next few paragraphs.

Moreover, before then, let see some of the fields that require high efficiency of
such silicon in order to obtain the device prescribed and role of porous silicon in each of

those applications. The table below explains all of it.

1.1 QUANTUM EFFICIENCY (QE)

The quantum efficiency (QE), of a photosensitive devices (i.e any device that
produce charge when light falls on it) is the percentage of photons hitting the surface
that produce charge carriers (i.e Photoluminescence). It is measured in electrons per
photon or amps per watt. QE of a solar cell is a measurement of a charge carries
produced by the solar cells when light excited on it. Since the energy of a photon is
inversely proportional to its wavelength, QE is often measured over a range of different
wavelengths to characterize it’s efficiency at each photon energy level. The QE for
photons with energy below the band gap is zero. Literally, band gap is the separation or
distance between the top of the valence and bottom of the conduction bands. For an
electron to transited from one band to another, it has to have an energy equals to at least

the energy between the gap which is called band gap energy.
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http://en.wikipedia.org/wiki/Wavelength
http://en.wikipedia.org/wiki/Efficiency
http://en.wikipedia.org/wiki/Band_gap

1.2 TYPES OF QUANTUM EFFICIENCY

Two types of quantum efficiency of a solar cell are often considered:

External Quantum Efficiency (EQE) is the ratio of the number of charge
carriers collected by the solar cell to the number of photons of a given energy shining on

the solar cell from outside (incident photons).

Internal Quantum Efficiency (IQE) is the ratio of the number of charge carriers
collected by the solar cell to the number of photons of a given energy that shine on the

solar cell from outside and are absorbed by the cell.

In general the IQE is mostly larger than the EQE. A low IQE indicates
that the active layer of the solar cell is unable to make good use of the photons. For the
measurement of IQE, EQE of the solar device has to be measured first, then measures

its transmission and reflection, and combines these data to infer the IQE.

electrons o F1 )
current {(charge o glactron
EQE: ( 38 ) — [ g j (11)

photons/sec (total power of photons)/(ensrgy of 1 photon)



Table 1.1 Potential application areas of porous silicon [Adapted from 1].

Application Area

Role of Porous silicon

Key Properties

Phtoelectronics

LED
Waveguide
Field emitter

Optical memory

Efficient
electroluminescence

Tunability of refractive
index

Hot carrier emission

Non-linear properties

Micro-optics

Fabry-Pérot Filters
Photonic bandgap
structures

All optical switching

Refractive index
modulation

Regular macropore array

Highly non-linear
properties

Energy conversion

Antireflection coatings

Photo-electrochemical cells

Low refractive index

Photocorrosion cells

Environmental monitoring

Gas sensing

Ambient sensitive
properties

Microelectronics

Micro-capacitor
Insulator layer

Low-k material

High specific surface area
High resistance

Electrical properties

Wafer technology

Buffer layer in
heteroepitaxy

SOl wafers

Variable lattice parameter

High etching selectivity

Micromachining

Thick sacrificial layer

Highly controllable etching

Biotechnology

Tissue bonding

Biosensor

Tunablet chemical
reactivity

Enzyme immobilization




The external quantum efficiency therefore depends on the two phenomena
absorption of light and the collection of charges. The photon is being absorbed and then
generated an electron-hole pair, these charges are separated and collected at the
junction. A "good" material avoids charge recombination which causes a drop in the
external quantum efficiency. The ideal quantum efficiency graph has a square shape,
where the QE value is fairly constant across the entire spectrum of wavelengths
measured. However, due to the effects of recombination the QE for most solar cells is
reduced, where charge carriers are not able to move into an external circuit. The same
mechanisms that affect the collection probability also affect the QE. For example,
modifying the front surface can affect carriers generated near the surface. And because
high-energy (blue) light is absorbed very close to the surface, considerable
recombination at the front surface will affect the "blue™ portion of the QE. Similarly,
lower energy (green) light is absorbed in the bulk of a solar cell, and a low diffusion
length will affect the collection probability from the solar cell bulk, reducing the QE in
the green portion of the spectrum. Generally, solar cells on the market today do not
produce much electricity from ultraviolet and infrared light (<400 nm and >1100 nm
wavelengths, respectively); this light is either filtered out or absorbed by the cell,
heating the cell.

Therefore, these study will make the solar cells more efficient and reduced the
loses from the effects discuss suffer. it’s very important to consider the cost, and the
resources utilize during energy production, for that, to improve the quantum efficiency
iIs a very important way to conserved resources as well as the effort toward this

application.

1.3 ANTIREFLECTION COATING (ARC)

Surfer we understood one of the effect that decreases the quantum efficiency of

silicon, because of the refractive index between air and the silicon surface which


http://en.wikipedia.org/wiki/Absorption_%28electromagnetic_radiation%29
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entirely reduces the absorption of the photons by the surface. Though different
approaches were used by scientist, but the problem was the alternative method they took
it either reduces the conductivity of the material or increases the resistivity which also
alter the quantum efficiency. Therefore, by borrowing the technique that has been well
developed in optical science, producing a porous on the silicon surface will reduce such

reflection and serve as ARC.

Basically this technique uses Bragg reflection phenomenon, that is an interference
effect caused by thin film structure. Figure-1 illustrates the process of Bragg reflection
occurrence by the mirror stack structure. The reflectance occurs when the light
incidence on an interface of two material with different index of refraction nl # n2.[2]

The maximum reflection intensity occurs when the following condition is set and

called as Bragg equation

nA=2d sin© (1.2)

Dielectric Mirror Anatomy
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Figure. 1.1 Bragg reflection effect of mirror stacks structure with distance d = 2/2.(20)

For normal incidence 6 = 909, with Bragg equation, distance between mirrors

needed for constructive interference reflectance is d = A/2. While for the requirement of



destructive interference reflectance or constructive interference transmittance, the

distance between mirrors is d = A/4.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

There are several methods used to etch silicon wafer/substrate to make it porous.
These depend on the application in hand. Moreover, the properties of those wafers
ranging from resistivity, orientation e.t.c all have an impact on the porous fabrication
processes. Therefore we can simply describe silicon substrate as a high quality single
crystals, nearly defect free, with a very low volume density of impurities and a
controlled amount of dopants. The surface may also be flat on the atomic scale by some
methods used in microelectronics. The formation of unidirectional pores on such ideal
electrode materials is therefore intriguing since corrosion pitting is generally associated

with material defects and leakage from a passive layer.

In this chapter, the literature review will be discuss by bringing all related
literature to the topic and fully explain for good understanding of the whole topic. These
will begins with anodization process been the backbone of porous silicon formation.



2.2 ANODiZATiON PROCESS

These process is an electrochemical process, which involve the passing of current
through chemicals via the wafer in other to produces a porous across the current passage
as well as the chemical which serve as the conductive as well as the etchant. Porous
silicon (PS) is known to form during electrochemical dissolution of silicon in HF based
solutions. This dissolution is obtained by monitoring either the anodic current or
potential.

The anodisation cell is the double-tank cell where the wafer is in between the
halve cells through which the two cells are connected electrochemically. This type of
equipment (FIGURE 1) consists of two half-cells in which Pt electrodes are immersed
and the silicon wafer is used to separate and isolate the two half-cells. HF is used for
both anodisations of the polished side and as a back contact. A good uniformity is
obtained by using symmetrical and large Pt plates as the cathode and the anode. The two
Pt electrodes are connected to a power supply and the current flows from one half-cell
to the other through the silicon wafer. The back-side of the Si wafer acts as a secondary
cathode where the proton reduction takes place leading to hydrogen evolution. The front

side of the wafer acts as a secondary anode where porous silicon is formed. [1]
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Figure 2.2 Top view of a 'double-tank cell'.

Further dissolution occurs only at the pore tips, where enough holes are available,
as is schematically represented in Fig. 2. In this way the etching of porous silicon
proceeds in depth with an overall directionality which follows the anodic current paths
inside silicon. Once a porous silicon layer is formed no more electrochemical etching

occurs but a slow chemical one starts, due to the permanence in HF.

For the case of n-type silicon, there is a need of back-side illumination by the
application of light which allows further control on the hole injection. both in terms of
carrier flux (which is proportional to illumination intensity) and of localization of the
injection, which is concentrated in the region of the pore tips, acting as hole collectors.
The etching process leads to a very regular pore growth, which is most effectively
exploited to fabricate macro-porous photonic. Anodization process also depends on the
wafer type. For p-type doped silicon, should be forward biasing during the process,

while n-type doped silicon should be reverse biasing.

Furthermore, the current apply to these set up should be below critical current,
which is the current at which the wafer can be damage if apply during anodization

process.
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Figure. 2.3 Pore formation in porous silicon. The upper figure shows the initial stage,
where the pores develop randomly on the silicon surface. In the middle, the self
regulating process is shown. When the depletion zones around each pore overlap, the
pore growth changes from an isotropic growth to a highly directional growth. The
bottom figure shows how the dissolution advances only at the pore tips. (from 1)

Up to this point, we can say that the main requirements for porous silicon
formation are:

1. The silicon wafer must be anodically biased. This corresponds to forward biasing for

p-type doped silicon, and reverse biasing for n-type doped silicon.

2. For n-type doped and semi-insulating p-type doped silicon, light must be supplied.

3. Current densities below the critical value, JPS, must be used

The first two conditions are due to the fact that holes are consumed during the
silicon etching. When the third condition is not fulfilled, the reaction is limited by mass

transfer to the solution: holes pile up at the silicon-HF interface and electropolishing
occurs.
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For all the three conditions mentioned above the holes play an important role: in
fact, porous silicon formation is a self-regulated mechanism, with hole depletion as the
limiting agent. The dissolution reaction begins at defects on the silicon wafer surface,
the pores are formed and their walls are eroded until they are emptied of the holes. This
formation process protects them from further attack, and the reaction proceeds at the

pore end, as is represented in Fig. 2.3.

The overall etching process is self-adjusting and the average pore size is given by

the electrochemical parameters only. [2]

2.3 ANODIZATION PARAMETERS

The porous silicon formation process using electrochemical (anodization) process,
Involve some parameters that affect the process. These parameters can be use to

determine as well as control the process. The parameters are:

The substrate doping.

The current density.

The HF concentration: the higher the concentration, the lower the pore size and
the porosity. HF concentration determines JPS that is the upper limit to current density
values. With a fixed and low HF concentration the range over which the current density

can be varied is short, and it becomes wider by increasing the HF concentration.

The solvent where the HF is diluted: since porous silicon is organophilic and
hydrophobic, the use of ethanol guarantees a higher homogeneity, due to a better wet-
ability of the surface than de-ionized water.

The etching time: longer etching times lead to thicker layers, but for long time,
anisotropy in depth in the layer due to the chemical action of the electrolyte is
introduced.
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The illumination during the etch, specifically for n-type substrates is needed. The
porosity, thickness, pore diameter and microstructure of porous silicon depend on the
anodization conditions are related, as is briefly describe in Table 2.1. These conditions
include HF concentration, current density, wafer type and resistivity, anodization time,
illumination (required for n-type silicon and semi-insulating p-type silicon),

temperature, ambient humidity and drying conditions.

For a fixed current density, the porosity decreases when HF concentration
increases. Fixing the HF concentration and the current density, the porosity increases
with the thickness. This happens because of the extra chemical dissolution of the porous

silicon layer in HF. [2]

The thickness of a porous silicon layer is determined by the time that the current
density is applied, that is the anodization time. To have a thicker layer, a longer
anodization time is required. For this reason, the periodic variation of the current
density during the etching process allows the production of multi-layers formed by

layers with different optical thicknesses.

Another advantage of the formation process of porous silicon is that once a porous
layer has been formed, no more electrochemical etching occurs for it during the
following current density variations. Hence, the porosity can be modulated in depth [3].
This fact allows the fabrication of any refractive index profile. A longer permanence
time of silicon in HF solution results in a higher mass of chemically dissolved silicon.
All these characteristics contribute to the easy formation of porous silicon, using double
cell without the needs of expensive equipment only that the observations of porous

properties involved expensive equipment.
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Table 2.1 Effect of anodization parameters on porous silicon formation. An increase of
the parameters of the first column leads to a variation of the elements in the rest of

columns. (adopted from 2)

porosity Etch rate Critical
current
HF Decrease Decrease Increase
concentration
Increase Increase -
Current
density Increase Almost -
constant
Anodization - Increase
time -
Decrease Increase
Temperature Increase
Wafer
doping(P-type) increase -
increase
Wafer

doping(N-type)

2.4 CONSEQUENCES OF POROUS SiLiICON DRYING

After the porous formation, desired structure will obtained, but if care is not taken

the whole structure may be damage during drying, because it will crack and altered the

original structured(i.e dimension of the porous formed). For example, If a 5 um thick

p+-type (0.01 Q cm) PS layer of about 90% porosity is formed, it will gradually crack

during drying. FIGURE I(a) exhibits the cracking, as revealed by scanning electron

microscopy, of such a layer after the evaporation of water inside the pore network.
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(a)

(b)

Figure 2.4 Scanning electron microscopy of a 5 um-thick p-type porous silicon
sample(of 90% porosity) after evaporation of: (a) water and (b) pentane.(adopted from
1)

It shows that crystalline perfection of porous silicon is altered during drying,
which can be observed by X-ray diffraction.
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Depending on applications, the required porosity can range from 20 up to 95%.
For instance, silicon material with very low refractive index can easily be fabricated
from highly porous silicon layer (used as a layer or in a multilayer). Moreover efficient
photoluminescence of PS is observed on highly porous material (above 70%). Recently
the optical properties of ultrahigh porous silicon films (prepared with supercritical
drying) were investigated: by increasing porosity from 70 to 90%,the
photoluminescence is considerably increased [1]. These examples, among others, show
that highly PS films have interesting properties. However the use of highly porous
silicon films has been limited by the mechanical instabilities during drying.

2.4 DRYING METHODS USED FOR POROUS SILICON

Different drying methods were proposed, these are shown briefly in table 2, with
the basic features related to the studied samples and the results obtained. [1]

2.5 SUPERCRITICAL DRYING

Sur far, the efficient drying method is super critical drying, this method was first
used by canham on porous silicon and then later others use same method. It involve the
removal of the pore liquid which take place above the critical point, avoiding any
interfacial tension. Ultra high porous luminescence structure result from this method

which has porosity about 95% and is called aerocrystal.

2.6 FREEZE DRYING

For this method, the fluid inside the pore network is frozen and then sublimed
under vacuum, then avoiding any interfacial tension. This was first trialed with small
success by Gruning and Yelon [4] to dry p-type PS layers. In this method, the freeze

drying allows only the drying stresses to be minimize and instead of a complete peeling



17

off the substrate (for normal air drying), a cracking pattern has observed [4].
Furthermore, after the first effort, the same technique has been more successfully
applied by Amato et al [5], with trial on PS derived from p+1type substrates. In this
effort PS layers was produced by anodisation of (111) silicon wafers and the porosity
was above 70%. After the fabrication, the solution is frozen at -500C, followed by a
sublimation under vacuum. For such PS samples, freeze drying was shown to be a non-
destructive process, while air drying led to cracking. From this investigation [5], freeze
drying appears to be simple to implement and is free of contaminating agents. The
apparent disagreement between these two studies (i.e. [4] and [5]) could be related to
the differences between the silicon substrates used or to some slight differences in the
experimental conditions of the drying process. Clearly more studies are needed, since
for instance it is well known that the thermodynamic behavior of confined fluid is
different from that of bulk. Indeed, differential scanning calorimetric showed that the
melting point of an organic fluid is lowered by a few tens of degrees when confined in

the pore network of a PS layer [1].

2.7 DRYING WIiTH PENTANE

The intensity and effects of the capillary stresses can also be reduced (but not
eliminated) by using a drying liquid of lower surface tension than water. Pentane can be
the right option for this purpose, because it has a low surface tension and in addition it
observed that there is no chemical interaction with PS. Consequently, water and pentane
are non-miscible liquids, we need an immediate liquid for them to interact, and ethanol

can be used as an intermediate liquid. [1].

2.8 SLOW EVAPORATION RATE

Pellegrini have developed a new drying method, by using a slow evaporation
technique (after water or ethanol rinsing) on n+-type PS layers [1]. After sample

fabrication, four different drying conditions have used to investigate their influence on
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the optical properties of PS. It was then shown that a slow evaporation significantly

improved the optical emission. [1].

2.9 P-N JUNCTION

When P-type semiconductor make a contact with N-type semiconductor at the
barrier of their contact they form what is called P-N junction. This junction is formed as
a result of two current known as diffusion and drift current. At the contact there will be
high concentration of the majority carries and low concentration of minority carries, as a
result, due to the principal of diffusion in solids, majority carries diffused to either side
of the junction for them to balance the concentration difference. This will not stop until
they created electric field at the junction which as a result produce counter balance
charge that will be opposite to diffusion current. This junction will form with both the
charge carriers at the junction. This can be describe in the figure below:
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Figure 2.5 Formation of P-N junction (a) at t=0 beginning of the junction. (b) at t=t1
diffusion begin (c)at t=C P-N junction Formed

2.10 SPUTTER DEPOSITIiON

When an energetic particle strikes a surface (the target), a plume of material is
released, like the shower of sand when a golf ball lands in the bunker. This effect is
known as 'sputtering' and is used to produce films of materials as thin as just a few
millionths of a millimeter. The source of the ions might either be a local plasma (diode

or planar magnetron sputtering) or a separate ion beam source (ion beam deposition)[6].

2.11 PLANAR MAGNETRON SPUTTERING

If a strong magnetic field is applied the electrons follow a spiral path around the

field lines giving them a much longer path length before being absorbed into a surface.
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This greatly increases their chance of striking and ionizing an Argon atom and therefore

gives the same ion density at a much lower pressure than for diode sputtering. If the

Ar” ion by =
created & / S
puttered
electron 15\\\.' " target atom
impact j? Ar" ion
=

Electron = [

released \ /

from target

Figure 2.6 Sputter Deposition

ends of the magnetic field lines are at the cathode then the electrons will continue to
bounce back and forward almost indefinitely. In planar magnetron sputtering a strong
toroidal magnetic field confines the electrons in this way (leading to the distinctive
toroidal plasma ‘'halo’, right) and deposition at pressures as low as one millionth of an
atmosphere. This allows for much higher deposition rates and more efficient usage of
released material, but the toroidal plasma only erodes a ‘race-track’ in the target and

little of the material near the centre or around the circumference can be used.

2.12 RF AND DC MAGNETRON SPUTTERING DEPOSITION.

When the Argon ion strikes the target an electron is released from the surface and
combines with the ion to neutralize it, returning it to the vacuum as an Argon atom. If
the target material is dielectric this process rapidly causes a charge build-up at the
surface until Argon ions are no longer attracted, electrons are no longer released and the
plasma extinguishes. To sputter non-conducting materials it is therefore necessary to
apply AC or pulsed power to the target whereby the ion charge, which has built up on

the surface, is expelled during the positive or neutral phase. Because the power supply is
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only negative half the time, rates are lower than for DC sputtering whilst power supplies

are more complex and therefore more expensive.

Figure 2.5 RF and dc Magnetron Sputter.
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2.13 ION BEAM DEPOSITION

Alternatively, if the source of ions is not local to the target but is rather a
neutralized beam, the electrical characteristics of the target are no longer of importance.
In this technique, known as ion beam deposition (IBD) ions are extracted from a
separate ion source to which the Argon is fed directly. The vacuum chamber pressure is
therefore lower than that in the ion source allowing very low deposition pressures. 1BD
is often used in UHV systems and for ultra-clean applications. It also has the advantage
that the energy with which the ions impact the target can be varied independently of
other system characteristics such as ion density - both energy and rate can affect the
characteristics of the film grown.


http://www.oxford-vacuum.com/background/high_vacuum/regimes.htm

CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

These steps involve the most important part of the whole project. The wafers used
are N-type and P-type silicon of different orientation (111) N-type, (100) N-type and
(100) P-type. All the three wafers mention are high resistive 1-5Qcm?, 1-5Qcm? and 1-

10Qcm? respectively.

There are two condition involve, electrochemical etching (ECE) and photo-
electrochemical etching (PECE) which involve the use of light. The average

temperature in the room where the experiment took place was 20°C.

Initially, the wafers were prepared by cutting them in sizes that can fit in the
double cell. Then the wafers were clean to remove any traces of dust, oil or finger print
that may alter the resulting structure formed. The cleaning process used was standard
RCA clean studied by Werner Kern which involve the following steps:

23



24

The RCA clean is known as a FEOL clean. The original RCA clean sequence is:

o Standard Clean 1 (SC1) - 5 volumes of H20, 1 volume hydrogen peroxide
(H202)

o 30%, 1 volume ammonium hydroxide (NH4OH) 29% was heated at 70 - 800C.

o Ultrapure water rinsed.

o Standard Clean 2 (SC2) - 6 volumes H20, 1 volume H202 30%, 1 volume

o Hydrochloric acid (HCI) 37% was heated at 700C.Ultrapure water rinsed and
dried.
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o The SC1 clean takes out organic residues and particles. The SC1 clean works by
creating and dissolving hydrous oxide films. The SC2 clean takes alkali metal and
hydroxides - Li, Al, Ti, Zn, Cr, Fe, Ag, Pd, Au, S, Cu, Ni, Co, Pd, Mg, Nb, Te, W, Na,

Fe (leaves Cl Residues)out.

The second method used is:
o Sulfuric Peroxide (SPM) - 4 volumes of sulfuric acid (H2SO4) 98%, 1 volume
H.O, 30% at 1300C for 10 to 15 minutes.
e Ultrapure water rinsed.
e Dilute hydrofluoric acid (DHF) 50 volumes H20, 1 volume hydrofluoric acid (HF)
49% at room temperature for 10 seconds.

e Ultrapure water rinsed.

e SC1 for 20 minutes.

e Ultrapure water rinsed.

e SC2 for 15 minutes.

e Ultrapure water rinsed and dried.

The SPM makes the bulk organic removal and chemically oxidized the wafer
surface in the anteceding sequence, the DHF removes the chemical oxide, SC1 removed

particles and SC2 removed metals.

Furthermore, the silicon wafers dried using nitrogen gas before the etching
process. The electrochemical process used is called anodization process. In this process
the cell used is a double tank cell. So that the wafer was inserted in between the half
cells. And the half cells where linked through a small circle through which the
conduction take place from one half cell through the chemical via the wafer (i.e through

the small circle that link the half cells) to the other half cell.

The area of the silicon that is within the circle was the etching site of the wafer,

because is the only part that have a contact with the HF.
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There are two platinum electrodes one in each of the half cell. This electrodes are
used because they are HF resistance and conductive. The HF concentration can be

obtained by considering the application in hand (i.e wafer properties).

The HF concentration is formed from the portion of the HF and surfactant in a
certain proportions, in this thesis ethanol was used as surfactant with a percentage of
99.2% and the HF used is 40%. The concentration was selected from the suitable
concentrations used by other literatures that wrote about solar applications using porous
silicon. In most of those literatures the concentration is 10%, but this concentration
depend on the available chemicals in hand, because the concentration of the available

chemicals determine the proportion. It can be calculated as follows:

To obtain a certain percentage we have;

axb

atc

Where;

a= HF proportion used

b= HF concentration available

c=ethanol proportion needed

d= is the percentage concentration suitable fort he application in hand/

therefore, let take a=1, d=10%, and b=40% , to find ¢, we have:

1x40
14+c

__40-10
10
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C= 3 portion

Therefore, the 10 % obtained comprises of 3 portion of ethanol 96% and 1 portion
of HF 40%(i.e 3:1). This concentration is suitable for high resistive wafers, because the
impurities are less, therefore the fluorine ion can reach the silicon easily and etch it
away. But In contrary low resistive wafers have different case, since the impurities are
are high, they can block the access to the silicon, therefore more HF concentration will

be suitable for it.

3.2 ANODIZATION PROCESS

This experiment took place under fluorescent light at a temperature of 20°c with a
double tank cell. This cell is an open cell without stirrer. Power supply is used to
generate the current through the electrolyte, and to obtain the précised current density
needed, and ammeter was used in series with the power supply so that the measurement

is précised.

The cell is comprises of two separate chambers, where by stacked together by the
used of bold and nut after placing the sample in between them. Certain precautions have
taken before the beginning of the experiment, because it involves dangerous chemicals
such as hydrofluoric acid. After the solution is prepared then the power generator is set
to specification, the specification were:

The cell is filling up with the solution and then the platinum electrode were placed
and crocodile jumpers are used to connect from the generator to the electrodes.
Normally the negative terminal is placed on the face that the porous is willing to
developed, and same is done here. The electric circuit is developed and current passed
through the wafer via the solution in the adjacent cells. As a result, one face is etched
and produced some porous layer. All the samples are fabricated the same way, though
the result may vary, due to anodization parameters used, but in all cases the porous is

formed as described.
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There are nine samples obtained in all, three each from one type of silicon wafer

mention in the beginning of this chapter. The samples prepared are as follows:

3.3 SINGLE LAYER POROUS SILiCON:

This was prepared with only single layer on the substrate (i.e same condition is
used for the whole process). For this set of samples, the current density used is
20mA/cm? with solution concentration (i.e HF concentration) 10% at the duration of 20
minutes. In the case of N-type porous, illumination is needed, and this was done using a

table lamp In all cases.

3.4 MULTILAYERED ONE

This was prepared with double layered porous on the substrate (i.e different
conditions were used for each layer). In the first layer, the current density is 50mA/cm?
in a solution concentration of 10% at the duration of 10minutes, then suddenly the
current was changed to 30mA/cm? but the remaining parameters remain the same until

next 10 minutes. In all, the process take 20minutes from it starts.

3.5 MULTILAYER TWO

This is also double layered porous, in the first layer, the current density used is
30mA/cm? in a solution of 10% at duration of 10minutes. The second layer has current
density of 20mA/cm? with same condition as the first layer only the current density

changes. In all the time duration was 20 minutes 10 for each layer.
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3.6 DISSOLUTiION CHEMISTRIES

Yet, the accurate dissolution chemistries of Si in chemical solution are still not
certain, but different approaches have been proposed. However, it is generally accepted
that holes are required for both electro polishing and pores formation. During pore
formation two hydrogen atoms evolve for every Si atom dissolved. The hydrogen
evolution diminishes approaching the electro polishing regime and disappears during
electro polishing. Current efficiencies are about two electrons per dissolved Si atom
during pore formation, and about four electrons in the electro polishing regime. The

global anodic semi reactions can be written during pore formation as

Si+ 6HF — HyS5iF¢ + Ha +2H" + 2e”

and during electro polishing as

Si + 6HF — H;SiFg + 4H + 4e”

The final and stable product for Si in HF is in any case H2SiF6 or some of its
ionized forms. This means that during pore formation only two of the four available Si
electrons participate in an interfacial charge transfer, while the remaining two undergo
corrosive hydrogen liberation. In contrast, during electro polishing, all four Si electrons
are electrochemically active. Lehmann and Goessel have proposed a dissolution
mechanism which is so far the most accepted. It is based on a surface bound oxidization
scheme, with hole capture, and subsequent electron injection, which leads to the

divalent Si oxidization state.

3.7 DRYING OF POROUS SILICON

The drying of porous silicon is done by a method explain below;
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3.8 DRYING WIiTH NiTROGEN GAS

The magnitude and effects of the capillary stresses has been reduced (but not
eliminated) by the method used in the drying of the sample (i.e porous layer produced) ,
therefore nitrogen was used to dry the porous silicon so that the structure will not be
damage by cracks.

3.9 DOPING

P-N junction is formed by doping N-type substrate at the porous site with P-type
doping (i.e boron) likewise P-type substrate is doped with N-type at the porous site,

hence the P-N junction is formed.

The method used in both cases to dope the impurities will be explained as follows;

3.10 DOPING N SUBSTRATE WITH P iMPURITIES

In this case, thin layer impurity is deposited on the porous site using sputtering in
which a little portion penetrate through the nano wires porous while some remain at the
surface. Later they are diffused to the silicon by annealing at a temperature of 900°C.
This temperature is used knowing the melting temperature of silicon which is 1400°C,

therefore it will not melt and it will be suitable for the purpose.

3.11 DOPING P SUBSTRATE WITH N IMPURITIES

This was done using chemical method. It involve combining one portion of
POCL3 to five portion of acetone, then the solution is doped in the porous site and
penetrate through the pores then dry, for uniformity, the solution is drop on the porous

while its spinning on spinner. It was also annealed at 700°C using furnace.



31

3.12 RF AND DC MAGNETRON SPUTTERING DEPOSITIiON.

Aluminium film was deposited using this method. Ar+ lons formed in a plasma
are accelerated towards a target material(i.e Aluminium target). These high energy ions
eject some amount of target material atoms. Then these atoms were transported to the
substrate in vacuum. Since target atoms were not evaporated there is no need for high
temperatures hence there are no hot parts in a sputtering system. Materials that cannot
be deposited in an evaporator due to their high melting point can easily be deposited in
a sputtering system.

—  =Substrate and film growth

Sputtering | [ 1
Gas —— - >

— Sputtering Target

Figure 3.1 Description of RF and dc Magnetron Sputtering Deposition

3.13 ELECTRON BEAM DEPOSITION

The deposition of Gold film was carried out using this method. In this system, the
target material is bombarded by a high energy electron beam. The arising heat energy
evaporates the target material. The vapor from target material deposits on the substrate.
By this technique, single crystal films at relevant growth conditions, amorphous thin

films and many other structures can be growth on the substrate surfaces in a varying
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thickness and dimension from nanometer to micrometer scale. But in this case the gold

film was deposited using this method



CHAPTER 4

TECHNIQUES OF EXPERIMETAL MEASUREMENTS

4.1 INTRODUCTION

In this chapter, the measurements obtained from the fabricated samples will be
discussed. Since the fabrication is done, then we need to measure the results to see

which effect we got because of the methods applied to the samples.

Before we start discussing the result, we need to explain briefly how the contacts
where taking before the measurements. These has a significant effects on the result,

because bad contacts may give falls results even if all the steps were right.

After the methods described in the third chapter, a copper wire of approximately
0.2mm in radius was use along with a silver paste to take the contact from both side of

the wafer. The Picture of the sample is shown in figure 4.1.

As shown in figure 4.1, three contacts were taken. At the porous point one contact
is taken as the positive potential, an at same porous side but the crystalline part another

contact was taken, then the last contact from the back side of the sample.

4.3 CONFOCAL MICROSCOPE (CSLM)

Confocal scanning laser optical microscopy (CSLM) is very important for
luminescent studies. Based on the Luminescence, confocal microscopy can be explain

as an emission of photons of lower wavelength generated by hitting sample atoms by an
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incoming wave. To see the difference between confocal and widefield microscope, let

us look at the working principle of these two microscopes. In a

34
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tradionalwidefield microscope, all sample is illuminated simultaneously, on the other

hand confocal

Figure 4.1 Picture of the sample produced with the contacts.

microscope, a beam laser light is scanned in the small part of the sample. This occurs by
formation point by point image. The structure of confocal microscope is given in figure
4.5. The most important part for the resolution of the image taken from confocal
microscope is pinhole which blocks incoming light from out of focus. Therefore reject
out of plane unfocused light to obtain a sharper, better resolved image. The optimum
resolution is obtained by a tunable pinhole. In contrary, dichroic mirror is used to reflect
light shorter than a particular wavelength but transmits light of longer wavelength.
Thus, the light from the main source is reflected and sent through the objective to the
sample, while the longer-wavelength light from the fluorescing specimen is sent through
both the objective and the dichroic mirror. Furthermore, it is possible to construct 3 D
shape of a volume of the specimen by collecting the data of a series of thin slices taken
along vertical axis, it is z axis in this study [98]. For this, the detector is connected to a

computer which forms the image one pixel at a time. For instance, a 512pixel x 512
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pixel image is typically achieved at a frame rate of 0.1 to 30 Hz. In a study, the main

two advantage of confocal microscope is written down below as:

Instead of at different angles as in the case of the scanning mirror
configuration the specimen is everywhere exposed with ligth axially, therefore avoiding

optical aberrations. Thus, the uniform illumination of the entire field of view is possible.

by handling the amplitude of the stage movements like increasing, the field of view can

be augmented more than that of the static objective.

Figure 4.3 structure of confocal microscope, photo taken from Bio and Nano research
center.
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4.4 SEMICONDUCTOR CHARACTERIZATION SYSTEM

Model 4200-scs Semiconductor characterization system is an instrument
use to test or measure several wafers characteristics. It perform this function by either
sourcing current and measure voltage or sourcing voltage and measure current, from

this result several characteristics can be obtained.

For an application that involves small area, this device interfaces and
control another instrument known as probe station. In this mode the system initializes
the prober driver and establish the reference site(die), and then instruct the prober to
move the probe station chucks up or down making or breaking contact between the
wafer and test system pins(probe needles), as such it test the required property.

Figure. 4.4 semiconductor characterization system
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4.5 SCANNING ELECTRON MICROSCOPE

Scanning Electron Microscope (SEM) is an instrument applied to
conductive and sometimes nonconductive nanostructured samples at few until high kV
and higher beam current. It is used for analytical applications requiring high resolution.
SEM is employed to observe the surface structures by secondary electron images (SEI)
and compositional distribution by backscattered electron images (BEI); it generate high
resolution images of object. These was used to take the images of the samples shown in
chapter five and observed the shapes of the pores so that to obtain some properties of

suc pores in photovoltaic application.

Figure 4.5 Scanning Electron microscope.

4.6 CURRENT-VOLTAGE MEASUREMENT OF A SOLAR CELL

The instruments involves are:

I.  solar cell module

1. ammeter
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I1l.  voltmeter
IV. variable resistor
V. alligator clips and jumpers

VI.  Light source

Solar Cell

Figure 4.6 the set up for I-V measurement of a solar cell.

The circuit was set up as shown in figure 2.12, then the following

methods were used to obtain the result;
Methods;

1. the circuit is in the diagram above ( Ammeter is in series, Voltmeter parallel)

2. the solar cell was set to faced towards a source of artificial light.

3. the Short Circuit Current was Measure ( by having maximum resistance) and Open
Circuit Voltage (by disconnecting the variable resistor)

4. the resistance of the variable resistor was then Changed. Record the new current and
voltage.

5. When the rate of changes of voltage has increased, should decrease the change in
current and the. the current and voltage was measured and Recorded .

6. this was Continue until the maximum resistance in the variable resistor (when
voltage = 0)
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7. the data was Placed in MS. Excel. the IV curve was Plot, with current in the vertical
axis, and voltage in the horizontal axis as seen in figure 5.2.

8. The current and voltage of each data set is then multiplied together giving a value
for power and placed in the adjacent column.

9. another graph was plot, with power in the vertical axis, and the voltage in the
horizontal axis. This is the power graph.

10. Indicate the maximum power in the power curve, and the respective voltage and

current was found.



CHAPTER 5

DISCUSSION

5.1 INTRODUCTION

So far, we discuss about the topic and the expected result to achieve. After going
various processes in the previous chapters by considering fast literatures, we developed
more steps to the existing ones accordingly to improve the quantum efficiency

positively. Now in this chapter, we can see the results tested from the samples prepared.

All the samples were prepared using same methods (anodization method) but
different parameters, but they have same effect toward the efficiency. Therefore, the
sample with the highest output shall be use to compare against the non etched silicon
wafer from which the sample was prepare and see how much the efficiency is improve.
In addition to that, we can take some of the measurement against standard existing solar

cells and see which effect can be observe from the fabricated one.

The set of samples use in the thesis are P (100) high resistive with resistivity of
10QQCm, N(100) high resistive and N(111) high resistive with the resistivity of 1QCm.
in all cases three different set of samples were prepared single layer porous using
anodization process with the current density of 20mA/cm?  solution
concentration(HF:ethanol) 10% and anodization time 20 minutes. These specifications
have used for all the three samples to obtained single layered porous for each of the
samples. The second sample is multilayered porous using same method but with the
specifications current density one ( i) SOmA/cm?, current density two (jz) 30 mA/cm?,
solution concentration (HF:ethanol) is 10% and the times are 20 minutes for each layer.

Same as in the first case these conditions are used for all the three samples. Then the last
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set of samples were prepared using the same method but different specifications, this is
also multilayer with current density one ( ji) 30mA/ cm? current density two (j.)
2mA/cm?, solution concentration (HF:ethanol) is 10% and the times are 20 minutes for

each layer.

Until now nine samples were prepared three set per each specification, all the
specifications were obtain from the past literatures that study on solar cells efficiency,
the optimized values where used so that to observed the effect on the efficiency of the

Prepared sample. The SEM image obtained for the samples is shown in figure 5.1.

; : e s, A
L lpm  BINATAM 9/26/2013 — lpm  BINATAM 9/26/2013
10.0kV SEI SEM WD 8.9mm 4:10:41 X 10,000 10.0kV SEI  SEM WD 8.8mm 4:48:03

— ilpm  BINATAM 9/26/2013

X 10,000 10.0kV SEI SEM WD 8.9mm 4:40:37

Figure 5.1 SEM images of the porous samples
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As shown in fig 4.1, the surface of the c-Si sample was completely etched and
consisted of numerous tiny pores formed over the soft wall. The formation of numerous
new tiny pores inside the initial pores can be distinguished clearly. These pores results
from the conditions used in the fabrication, double pores for multilayer and single pore
for the single layer is clearly observed in the SEM image.

The approximate pore size obtained is in the range of few Nano-meters scale,
these range is the suitable range for solar cells. There are highly dense pores on the
surface which is also important for manipulating the surface to obtain the suitable way

of improving absorption on the surface.

The porosity is high up to around 90% obtained from the following formula given

in the literature;

m-—m”
2

: (5.1)

P(%)=

m- —m

Where m1 is the sample weight before anodization, m2 is the sample weight after
anodization, and m3 is the sample weight after removing the PS layer with 5% KOH

solution for 60 s.

Fig. 5.1 illustrates the SEM image of the PS layer formed on the n-type c-Si (111)
sample. The surface of the c-Si sample cracked, and pores were not evidently observed.
The etched surface became rougher than the c-Si surface, indicating low porosity

(approximately 14.5%).

Fig. 5.1 demonstrates the SEM image of the PS layer formed on the p-type c-Si
(100) sample. Pores with sphere-like appearances and thick walls were evidently
randomly distributed on the PS surface. A modest density of pores was observed, and
porosity was approximately 45%, higher than the 27% porosity of the PS layer formed
on the N-type c-Si (100) sample (Fig. 5.1). The surface of the c-Si sample cracked, and
numerous new pores evidently formed inside the cracks. Additionally, the surface of the

c-Si sample was completely etched and consisted of numerous discrete pores that
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formed over the wall that did not crack, and the pore walls widened, reducing the

number of pores on the PS surface. Hence, porosity decreased.

The average pore diameter (d) for the PS layer formed on the n-type c-Si (100)
wafers was 5.9 nm and calculated using Eqg. (2) below [18],
1 1

E(eV)=Eg + 2 (1 + 1 (5.2)

gd* “me” mh

where E (eV) is the energy band gap of the PS layer calculated from the PL peak. Eg
is the energy band gap of bulk c-Si. h is Planck's constant=4.13x10-15 eV's, whereas M*e
and M*h are the electron and hole effective masses, respectively (at 300 K, =0.19mo,
=0.16mo, and mMo=9.109x10-31 kg).

In single layered porous, only one layer with approximately equal porous distribution
will be observed and the porosity of the layer depends on the solution concentration, current
density, etching time and the doping of the substrate. Therefore low solution concentration
(i.e 10%), high current density (i.e 20mA/cm?), longer anodization time (i.e 20minutes) and
low doped wafer were used and high porosity is observed which is suitable for solar

application.

For the multilayer porous, more porosity was observed do to the parameters used
which favours high porosity since it has double layer each with suitable values for high
porosity in the anodization process.



45

A. Solar Radiation
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B. Uliraviolet Radiation
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Figure 5.2 Solar spectrum

Fig 5.2 shows the solar spectrum with the wavelength of the solar radiation
ranging from uv until infrared. The photovoltaic measurement (i.e microvolt against
wavelength) done on the sample, it shows that there is an increase in the uv range
compared to existing solar panel measured under same condition. The measurement
start from 200nm until 1500nm from which we observed shift on the prepared sample
which start producing voltage from 200nm while standard solar start from 300nm as

seen in the fig 5.3.

Furthermore, there is an increase in the infrared region where the prepared
samples end at 1500nm while standard solar ends at 1100nm. This results due to the
hetero-junction existed between the crystal and the porous part of the silicon. This
because of the change in the Fermi energy. Since Fermi energy level tries to be at a
point where the charge carries are equal both at valance and conduction band in a
semiconductor. The area where the silicon is etched, there will be a changed in the
concentration of the charge carries, so the Fermi energy change in that particular
position, but in the crystal part of the sample it remain where it is originally. The two
Fermi energy of the porous and non porous site tries to align themselves, but due to
different in level the Fermi energy bends and more charge carries gather on that point

which created a voltage at that position.
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In general, for the whole spectrum the prepared sample produces high voltage
compared to existing solar as we can see in the fig 5.3 . This is due to the accumulated
charges on the porous side, since it’s doped with different impurity (i.e N-impurity for
p-substrate and vice versa), due to that a p-n junction is formed which consist of charges
accumulated at the junction barrier. And as well the hetero-junction | have explain
surfer, due to this two junctions the voltage will be higher compared to the other part of
the substrate, therefore the voltages observed per each spectrum is higher in the sample

than the standard solar due to this reason.

Moreover, all the samples were mesured and the specturm is shown clearly that
there is absorption from UV until infrared which shows that all the mmethods us are
positively effective towards the efficiency of the sample (i.e crystalline silicon). Fig 5.4
shows these clearly.

porous
—— PV
40000
30000
2
©
3 20000 -
[&]
=
10000 —
04
-—r
0 200 400 600 800 1000 1200 1400 1600

nm

Figure 5.3 photovoltaic measurement of standard solar (i.e red C) and fabricated solar
(i.e black B)

Furthermore, from fig 51, also we can see that almost all the spectrum is absorbed

through the surface. Thi was due to anti reflection coating (ARC) of the porous layer.
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Because now is a rough surface as a result of the etching, these layer it plays a vital role
in the enhancement of quantum efficiency of a solar cell (i.e photo-conversion). These
also increase the absorption in the visible region of the spectrum which is expected to

increase the efficiency of the solar cells.

The I-V measurement was done using the method discuss in chapter four (i.e 4.6),
the corresponding current and voltages were recorded then later the power is obtained.
Using this results, the curve was plot I-V curve and power curve were all plot on same

graph as seen in figure 5.4, the result are tabulated in table 4.1 as shown.

As shown in fig 5.4, the 1-V curve of the sample is shown along with the power
curve obtained from the voltages and the corresponding currents.
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Figure 5.4 photovoltaic measurement of all the prepared samples
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The maximum point of the power curve determines the point of maximum current
(i.e Imax) and point of maximum voltage (i.e Vmax) from which the efficiency can be

calculated. The light source use has the illumination power on the sample as follows:

Power of the lamp=(120x0.7) W = 84 watt

Distance to the sample=23cm

The source will be considered as a point source so that the distance from the
source to the sample to be the radius, any point from the source should be considered as

a sphere; therefore the area is given by:
Area =4nr* =4 x m x (23)* = 6647,6 cm?

Now the input power to the solar surface (Pin) = (light power)/area

Pin = 84/6647.6 W/cm?

Pin=10.012636 W/cm? = 12.636 mW/cm?
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Table 5.1 current, voltage and power of the multilayer porous silicon obtained from the

method in 4.6.

Current (A) Voltage (V) power(w)
0,0158 0,0000 0,0000
0,0158 0,0280 0,0004
0,0155 0,0730 0,0011
0,0152 0,1500 0,0023
0,0149 0,1720 0,0026
0,0146 0,1820 0,0027
0,0143 0,1910 0,0027
0,0140 0,1960 0,0027
0,0137 0,2030 0,0028
0,0134 0,2080 0,0028
0,0131 0,2120 0,0028
0,0128 0,2160 0,0028
0,0125 0,2200 0,0028
0,0122 0,2230 0,0027
0,0119 0,2260 0,0027
0,0116 0,2290 0,0027
0,0113 0,2320 0,0026
0,0110 0,2350 0,0026
0,0107 0,2360 0,0025
0,0104 0,2390 0,0025
0,0000 0,2780 0,0000

So far we have seen that the maximum current and maximum voltage are obtained

from the maximum point of power, therefore these are obtained from fig 5.4 as;

Imax =13.4 mA/cm?

Vmax = 208 mV

Therefore, the efficiency is given by;

nP = Imax Vmax/Pin,



where np= efficiency of the porous sample prepared.

1P = (13.4 x 208 x 10%)/(12.636 x 10%)

1P = 0.2206

1P = 22.06 %

0,018
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0,012—-
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0,006
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Figure 5.4 1-V curve and power curve on same graph, with ‘B’ equals to current in
amperes/centimeter squares and ‘A’ equals to voltage in volts.

Now consider the non etched c-silicon from which the above mention porous

silicon is made and the efficiency found to be 22.06%, the I-V values are obtained using

same method as the one used above(i.e I-V measurement). The values where obtained

as in table 5.2. The values shows corresponding low voltage and low current compared
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to the prepared sample, which result in lower power and low efficiency as we can see

below:

Already we know the power of our illumination as obtained above, now we can
see that the maximum voltage (Vmax) and maximum current (Imax) that are

corresponded with the maximum value of the power, we have:

Imax=2.672mA/cm? and V=60.4090mV, and our Pin= 12.636mV/cm?

Therefore, the efficiency is;

0= (2.672x60.4090x107)/(12.636x10%), where n= efficiency of the crystal

silicon from which the sample is prepared(i.e non etched)
1=0.01277

=1.277%
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Table 5.2 current, voltage and power of the single layer porous silicon obtained from the

method in 4.12

current(mA/cm?) | Voltage (mV) | Power(mW)

3.150 0 0
3,1500 16,7090 52,6334
3,0900 43,5650 134,6159
2,9710 49,9540 148,4133
2,9110 52,8580 153,8696
2,8510 55,4720 158,1507
2,7920 56,9240 158,9318
2,7320 58,9570 161,0705
2,6720 60,4090 161,4128
2,6120 61,5710 160,8235
2,5520 62,7330 160,0946
2,4930 63,8950 159,2902
2,4330 64,7660 157,5757
2,3730 65,6370 155,7566
2,3130 65,9000 152,4267
2,2540 66,7630 150,4838
2,1940 67,6260 148,3714
2,1340 67,9140 144,9285
2,0740 68,7770 142,6435
0,0000 80,0000 0,0000

If we compare the two efficiencies, it is clear that the multi-layer porous

sample has higher efficiency than the crystalline silicon. Therefore we can see the

enhancement by taking the differences between the two results which is;

n;= increase in efficiency by the method observed in this thesis,

0= (o°-n)%

n; =(22.06-1.277)%=20.783%,
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We can see from Fig 5.3, the I-V curves varies for the single layer porous and the
multilayer with later have higher I-V curve indicating more efficiency compared with
the former. More information can be obtained from the figure that shows the effect of
the methods used on the c-silicon to enhance its efficiency. All the measurement were
taken under same condition so that to realize the effect of what have been done to the

wafer in order to manipulate the efficiency.

Throughout the study, some steps where repeated more than ones in order to get

good result.
porous
= nonporous
300
250
200 +
>
S
8 1504
S
35
= 100 -
50
0 -
v T ¥ T L T . T v T ® T v T ¥ T b T . 1
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current mA

Figure 5.5 I-V curve of multilayer porous and single porous in comparison



CHAPTER 6

CONCLUSION

6.1 CONCLUSION

The thesis observed the effect of multilayered porous silicon toward enhancing
quantum efficiency of the silicon solar cells. Quantum efficiency of the existing solar
cells silicon based faced a lot of challenges such as reflecting most of the solar
spectrum. Therefore the photon/electron conversion will be less only those portion of

the spectrum can be processed for the conversion.

The steps taken were the etching of the P-type porous silicon using
anodizationtion technique. And then the production of nanoporous, which further doped
with N-impurities and formed P-N Junction. These nanoporous, were not completely
doped because of the heterojunction that formed between the crystal and the etched

portion of the device. Moreover, the surface became rough.

Going by the discussion, it shows that by taking the previous steps mention in
chapter three of this thesis the quantum efficiency of crystalline silicon was enhanced
by approximately 20.783% which is significant in solar application. Moreover, the
doping or amount of impurity in the crystalline silicon also is important. If we apply
same method on high efficient wafer (i.e the low resistive wafer) we can obtain higher

efficiency  through  enhancing by 20.783% of its original value.

54



55

Furthermore, more absorption of solar spectrum can be observed using same
method. These can be used in many applications that needs higher absorption of the
spectrum.In comparism, the fabricated solar, show an increase in the solar spectrum at

the UV and IR part of the spectrum as shown in fig 5.3.

At last but not the least, the net quantum efficiency may be further enhanced by

adjusting some of the steps used in this study.
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