g

b (" i ’> |
/.’/ . 1 |
‘ g P"' i I,.‘_,-..\‘-—m- ‘npvdohw-‘obmﬂbv‘oh \’/ —— \,/ " \9’ o \?/ Cotomss ?/ /‘@ :

PRl ] {il i




XS AN O DS EXS XSS AXH
L, W et G- —c— e e e o B - ~<om— ‘5%‘ Ité i 4 b4
SE 0 S, ¥ ST L O ST ¢ ST ST W ST, P ST O (S5 2V ST = W ST 8 ST S ST S ST e A

e ] e ] i
@ ASUNET

Al

M
&
- o
e

o

Slaglea
iy

-

.....
Bt e
oa

3

o S |
@ ASUNET

vy
adl
e

L
alad




\-Q»MPW.»_)@(.“)@(_”—)@(_‘O— =

ity Saaly (g SN (3

Lo

it

by Lol ad Al Balal) ()f aulind) Al s
it Al (90 cisel B DY) o1 o

i | o el | A
@ ASUNET

Qiua.:

4 &
DL 0 Iy ADEY) 038 Jadal

%ot =¥+ O dgad Ayl Agsia Y010 (e Bl dage
To be Kept away from Dust in Dry Cool place of
15-25- ¢ and relative humidity 20-40%

@

)

=

e O oyl W o

@




A==

et ] e
@ ASUNET
o

—— W—-‘OW—-

-

O

E: —:o%—-o-—ﬁ—-oh—m—c‘ﬁ‘c n-vqo)—-
/ > X 7

e’




O

2 -

a . 7
7 Nt

e )

pP—

—
e

N

&=
O e

—_— p— =
O - -
S
X -

—

=
——

7

O —

-4

—_

N

N
—_——

—-—

==
4




Preparation and Characterization of Porous Silicon Layers on
Silicon for Solar Energy Applications

Z"\ \
(—/—:> A Thesis Presented

To
’ Faculty of Science

Cairo University

"*4

By
Shaaban Abd EI-Glil Ahmed Khalil
(B. Sc. 2005)
Faculty of Science, Cairo University

For
| The Master of Science
L (Chemistry)

(2010)







Examiners Names

1-Prof. Dr. Andrew Hamnett

Air mail: 11A Howard Terrace, Morpeth, Northumberland, NE61 1HU
Untied Kingdom

9

E-mail: hamnetts@madasafish.com

Phone: +44 1670 518485

2-Prof. Dr. Sayed Thabet Abd El-Rahim
Department of Chemistry, Faculty of Science

Ein Shams University.

3-Prof. Dr. Waheed A. Badawy (D.Sc., Ph.D.)

Department of Chemistry, Faculty of Science

University of Cairo, Gamaa Street, 12613 Giza-Egypt

Tel. Office: 002 02 35676558, Priv. 002 02 3304724, 002 02 38350722
Mob. 002 010 1492648, 002 012 0000 128, Fax: 002 02 35685799

E-mail: wbadawy@cu.edu.eg ;: wbadawy30@hotmail.com

Web pge: www.csc.cu.edu.eg/DrWaheed/wbadawy.aspx







APPROVAL SHEET FOR SUBMISSION

Title of the M. Sc. thesis:

Preparation and characterization of porous silicon layers on silicon

for solar energy applications
Name of the candidate: Shaaban Abd El-Glil Ahmed Khalil
This thesis has been approved for submission by the supervisors :

Prof. Dr. Waheed A. Badawy

Signature g { A é
. ] \ [V}
NERCE

Dr. Rabab M. A. El-Sherif

Signature

ained A\ yBatawy
partment

Chairman oprher’his

Faculty of Science, Cairo University







Abstract

Name : Shaaban Abd EI-Glil Ahmed Khalil
Title of thesis: Preparation and characterization of porous silicon layers on
silicon for solar energy applications.

Degree : M. Sc. Thesis, Faculty of Science, Cairo University, 2010

(Abstract)

The thesis is aimed to study the solar spectrum in the Cairo Territory and
preparation of suitable porous silicon layers on p-type silicon wafers to improve
the solar conversion efficiency using metal-assisted chemical etching and the
optimization of the conditions to obtain porous structure suitable for solar
energy applications. Investigations are extended to include the properties of the
prepared samples and characterization of the porous structure. In this respect,
electrochemical impedance spectroscopy, EIS, scanning electron microscopy,
SEM, and energy dispersive X-ray, EDX, were used as the main techniques.

Keywords: impedance, metal-assisted chemical etching, porous silicon.

Supervisors:

Prof. Dr. Waheed A. Badawy U) . a
Dr. Rabab M. A. El-Sherif

Chairman of Chis

Faculty of Science,

qpartment

airo University







Acknowledgement

I would like to express my deep thanks and grateful
appreciation to Prof. Waheed A. Badawy for his continuous
encouragement, Valuable supervision, great effort in suggesting the
points investigated and useful discussion. I would like also to
express my content with his constructive criticism, and beneficial
discussion through the whole process and in the evaluation stage.
The guidance and support given by him were indispensable to the
completion of this work.

My indebtedness and sincerest gratitude are also to assistant
Prof. Rabab M. El-sherif for continuous help, encouragement,
valuable supervision, and the great effort that was done through out
this thesis. Whose effort and support both on the scientific and

humanistic level have been behind the success of thesis.







