UNIVERSITI PUTRA MALAYSIA

PREPARATION OF POROUS SILICON BY ELECTROCHEMICAL
ETCHING IN THE FABRICATION OF A SOLAR CELL

MAGENTHARAU ADIN NARAINA

FSAS 2003 52



PREPARATION OF POROUS SILICON BY ELECTROCHEMICAL ETCHING
IN THE FABRICATION OF A SOLAR CELL

By

MAGENTHARAU ADIN NARAINA

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia in
Fulfilments of the Requirements for the Degree of Master of Science

Disember 2003



DEDICATION

TO MY BELOVED FAMILY

ii



Abstract of thesis to the Senate of Universiti Putra Malaysia in fulfilment of the
requirement for the degree of Master of Science

PREPARATION OF POROUS SILICON BY ELECTROCHEMICAL ETCHING
IN THE FABRICATION OF A SOLAR CELL

By
MAGENTHARAU ADIN NARAINA

Disember 2003

Chairman: Associate Professor Mansor Hashim, Ph.D.

Faculty: Science and Environmental Studies

Porous silicon samples have been prepared using electrochemical etching
technique. In this project, a 3 cm x Scm single crystal p-type silicon wafer <422>,
resistivity 19.64 Qcm with thickness of 200um was used to prepare porous silicon. The
silicon was etched in an aqueous solution at the current density of 5 mA/cm® for 30
minutes under illumination of a 100W halogen lamp at room temperature. The SEM,
EDAX and XRD analysis were carried out to exhibit the physical properties of porous
silicon. Then the porous silicon was doped with n-type material (Sb) and diffused at
temperature of 600°C for 15 minutes to form p-n junction. The prepared sample was
deposited with Aluminium at back and front of the sample to form electrical contact.
The porous silicon solar cells were measured for efficiency using a sun simulator. From
the SEM analysis, the morphology exhibit the island type surface and EDAX analysis
which shows oxide layers are mainly incorporated near the surface of porous silicon.

The XRD results revealed that the peak had widened and x-ray counts increased. Finally,
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an efficiency measurement was conducted to determine the efficiency of the designed
porous silicon cell. The highest efficiency percentage achieved for prepared porous
silicon cell 1s 10.5% only compared to current solar cells GaAs which can achieve up to

31.0% percent.
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Silikon berliang disediakan dengan menggunakan telaik punaran kimia. Dalam
projek ini, wafer silikon jenis-p hablur tunggal 3cm x S5cm, orientasi <422>, kerintangan
19.64Qcm dengan ketebalan 200um digunakan untuk menyediakan silikon berliang
Silikon dipunarkan dalam larutan asid cair pada ketumpatan arus sebanyak SmA/cm’
selama 30 minit di bawah sinaran lampu halogen 100W pada suhu bilik. Kajian SEM,
EDAX dan XRD dijalankan untuk mengkaji sifat fizik silikon berliang. Silikon berliang
didopkan dengan bahan jenis-n (Sb) dan membaur pada suhu 600°C selama 15 minit
untuk menghasilkan simpangan p-n. Sampel yang disediakan ini dimendapkan dengan
Aluminium di belakang dan depan sel untuk menghasilkan sentuhan elektrik. Kemudian
kecekapan sel silikon berliang diukur dengan menggunakan pensimulasi matahari.
Daripada analisis SEM, struktur permukaan menunjukkan permukaan bentuk pulau-
pulau dan kajian EDAX menunjukkan kewujudan oksida dipermukaan silikon berliang.

XRD menunjukkan puncaknya menjadi lebih lebar dan bacaan x-ray meningkat.



Akhimya, ukuran kecekapan dilakukan ke atas sel yang direka cipta. Kecekapan paling
tinggi dicapai adalah hanya 10.5% manakala solar sel GaAs yang ada sekarang telah

mencapai kecekapan sehingga 31.0%.
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CHAPTER1

INTRODUCTION

1.1 Introduction

In recent years, the use of renewable forms of energy has found increasing
recognition as one of the foundations of an ecologically responsible world economy.
Of all the renewable energy technologies, photovoltaic (PV) or conversion of light
energy to electrical energy shows the greatest promise for worldwide acceptance and
application. The sun may be the only energy source big enough to wean off fossil
fuels. Their universal appeal lies in the fact that they generate electricity from the
sun. A working photovoltaic has no moving parts and it is relatively simple in
design, which needs very little maintenance and is environmentally benign.
Whenever they are exposed to light, they simply and silently produce electricity.
Photovoltaics are solar cells that produce electricity directly from sunlight. It is one
of the commercially more mature renewable energy technologies. They are usually
made of silicon, the same material that makes up the common beach sand which is

used to produce computer chips.

Many remote area uses of photovoltaics are cost-effective and practical now.
Photovoltaics generate power for both on-and off-shore traffic control systems, crop
irnigations systems, bridge corrosion inhibitors and radio relay stations. They also

provide electricity to remote cabins, villages, medical centers and other isolated sites



where the cost of photovoltaics is less than the expense of extending cables from

utility power grids or producing diesel-generated electricity.

On the other hand, porous silicon (PS) has many potential applications in
displays, sensors, microelectronics, optics, and optoelectronics because of its
photoluminescence and related properties. However, certain obstacles have limited
the use of PS. Since the discovery of photoluminescence and electroluminescence in
porous silicon at room temperature, there has been a great interest in the possibility
of producing optoelectronic devices from this material. The discovery of
photoluminescence (PL) and electro luminescence (EL) from porous silicon and the
understanding of the growth of nanostructures has opened new fields in silicon based

optoelectronics and recently solar cell technology.

It was recently found that a diode structure of metal/porous silicon/p-type
silicon is light sensitive, allowing the development of porous silicon-based solar cell
and photo detectors. Conversions of both light into electricity (solar cells) and
electricity into light (EL) of various wavelengths from ultraviolet through to infrared
in a quantum system can occur from the absorption or emission of a photon

respectively via the formation of an electronic state in many semiconductors.

Porous silicon has certain properties that make it very attrachve for

photovoltaic applications. Porous silicon has been found to be a good antireflection



(AR) coating for solar cells. Moreover, due to the porous nature of the surface, it can
be used to surface morphology texturing of a single or multicrystalline silicon
materials. Since Porous silicon has a larger band gap than silicon, it can also act as a

surface-passive layer.

Bulk cryswlline silicon can be made highly porous by electrochemical
etching in HF based electrolyte. When the current density of HF solution is below the
critical value, it will etch the surface of the silicon. On the other hand, it is limited to
ionic mass transfer, which the electrode surface will be polished or smoothed. The
critical value for sample were determine from a top peak in the I-V (current —
potential) graph, which plotted using the experiment data. Critical value depends on

the temperature, HF concentration and sample’s properties.

1.2  History of Photovoltaic

In 1839 Edmund Becquerel, the French experimental physicist, discovered
the photovoltaic effect while experimenting with an electrolytic cell made up of two
metal electrodes placed in an electricity-conducting solution which current

generation increased when exposed to light.



Willoughby Smith discovered the photoconductivity of selenium in 1873.
This followed by W.G. Adams and R.E. Day made first selenium photovoltaic in
1877. Hertz discovered that ultraviolet light altered the lowest voltage capable of

causing a spark to jump between two metal electrodes in 1887

In 1921, Photoelectric effect theory was explained by Albert Einstein, which
he won a Nobel Prize. U.S. Signal Corps assigned the task of providing power
supplies for the first U.S. Earth satellites in 1955, which have 2% efficiency. Western
Electric began to sell commercial licenses for silicon PV technologies. Early
successful producs included PV-powered dollar bill changers and devices that
decoded computer punch cards and tape. Then, the photovoltaic technology proposed
for orbiting Earth satellites. In 1960, Hoffman Electronics achieves 14-percent
efficient PV cells using selinium and silicon matenal. The first Orbiting

Astronomical Observatory launched with a photovoltaic array of 1kW in 1966.

From 1976 through 1985 and from 1992 to 1995, the NASA Lewis Research
Center (LeRC) project office installed 83 photovoltaics power systems on every
continent except Australia. These systems provide the operational energy for such
diverse applications as vaccine refrigeration, room lighting, medical clinic lighting,
telecommunications, water pumping, grain milling, and classroom television. ARCO
Solar was the first company to produce more than IMW of PV modules in one year

in early 1980.





