
Photovoltaics for the 21st Century 7
Editors: 

Sponsoring Divisions:

Published by

The Electrochemical Society
65 South Main Street, Building D
Pennington, NJ 08534-2839, USA
tel 609 737 1902
fax 609 737 2743
www.electrochem.org

TM

Vol. 41, No. 4

Dielectric Science & Technology

M. Tao
Arizona State University
Tempe, Arizona, USA

L. Deligianni
IBM TJ Watson Research Center
Yorktown Heights, New York, USA

K. Rajeshwar
The University of Texas at Arlington
Arlington, Texas, USA

C. Claeys
imec
Leuven, Belgium

J.-G. Park
Hanyang University
Seoul, South Korea

M. Sunkara
University of Louisville
Louisville, Kentucky, USA

Energy Technology

Electronics and Photonics

Industrial Electrochemistry and Electrochemical Engineering

Electrodeposition



Copyright 2011 by The Electrochemical Society.
All rights reserved.

This book has been registered with Copyright Clearance Center.
For further information, please contact the Copyright Clearance Center, 

Salem, Massachusetts.

Published by:

The Electrochemical Society
65 South Main Street

Pennington, New Jersey 08534-2839, USA

Telephone 609.737.1902
Fax 609.737.2743

e-mail: ecs@electrochem.org
Web: www.electrochem.org

ISSN 1938-6737 (online)
ISSN 1938-5862 (print)

ISSN 2151-2051 (cd-rom)

ISBN 978-1-56677-904-3 (Hardcover)
ISBN 978-1-60768-258-5 (PDF)

Printed in the United States of America.



 

v 
 

ECS Transactions, Volume 41, Issue 4 
Photovoltaics for the 21st Century 7 

  
  

Table of Contents 
  
Preface  iii
  

Chapter 1 
Thin-Film Si Cells 

Thin Film a-Si/c-Si1-xGex/c-Si Heterojunction Solar Cells: Design and Material Quality 
Requirements  
  S. Abdul Hadi, P. Hashemi, A. Nayfeh, and J. Hoyt 
 

  
3

Role of the Back Metal-Semiconductor Contact on the Performances of a-Si:H Solar Cells

  M. Foti, G. Cannella, C. Gerardi, S. Di Marco, S. Ravesi, N. Sparta, S. Lo Verso,  
F. Principato, S. Coffa, and S. Lombardo 

 

  
15

Aluminum Ultra Thin Film Grown by Physical Vapor Deposition for Solar Cell Electric 
Nanocontacts  
  A. Karoui 
 

  
21

Impacts of Metal Impurities on Recombination Properties at Small Angle Grain 
Boundaries in Multicrystalline Silicon for Solar Cells  

  T. Sameshima, Y. Tsuchiya, N. Miyazaki, T. Tachibana, Y. Ohshita, K. Arafune, 
 and A. Ogura 

 

  

29

A Deep-Level Transient Spectroscopy Comparison of the SiO2/Si and Al2O3/Si Interface 
States  
  E. Simoen, A. Rothschild, B. Vermang, J. Poortmans, and R. Mertens 
 

  
37

Effects of In Situ Boron Doping in Si Epitaxial Growth on a VIC Processed Poly-Si Seed 
Layer Using Hot-Wire CVD  
  S. Kang, K. Ahn, C. Lee, S. Mun, and B. Ahn 
 

  
45

Sensitization of Porous Silicon with Germanium Quantum Dots for Up-Conversion of 
Low Energy Photons via Intermediate Band for Third Generation Solar Cells  
  A. Karoui and A. Kechiantz 
 

  
53

Strain Induced Nano-Structured Si1-XGeX Grown on Silicon by UHV-RTCVD for 
Photovoltaics  
  A. Karoui, A. S. Ethiraj, and F. Karoui Sahtout 
 

  
61



 

vi 
 

Chapter 2 
Organic and Hybrid Cells 

The Effect of Different Wavelengths of Light upon the Photostability of TiO2 Based 
Dye-Sensitized Solar Cells  
  A. J. Robinson, P. Holliman, A. Connell, and D. Worsley 
 

  
73

Magnetically Modified Dye Sensitized Solar Cells  
  G. G. Lee and J. Leddy 
 

  83

Electrochemical Characterization of the UV-Photodegradation of Dye-Sensitized 
Solar Cells and Usage in the Assessment of UV-Protection Measures  
  M. J. Carnie, T. Watson, D. T. Bryant, and D. Worsley 
 

  
93

Branched TiO2 Nanorods Covered with TiO2 Nanosheets for Harvesting Solar 
Energies in Dye-Sensitized Solar Cells  
  W. Guo, D. Zheng, M. Lu, C. Lin, and Z. Wang 
 

  
103

Electrochemical Fabrication of Titanium Oxide Film from an Aqueous Solution 
Containing Titanium Ion and Hydroxylamine  
  H. Ishizaki and S. Ito 
 

  
111

ZnO Nanowire Arrays Sensitized with Different Absorber Materials for Fabrication of 
Nanostructured Solar Cells  
  R. Salazar, S. Sanchez, A. Delamoreanu, C. Lévy-Clément, and V. Ivanova 
 

  
119

Density Functional Investigation of Charge Transfer in Organic Solar Cells  
  B. S. Pujari, S. Gusarov, M. Brett, and A. Kovalenko 
 

  129

Novel Organic Solar Cell Based on Polyaniline - Carbon Nanotubes Composite  
  S. Ebrahim, T. Abdel-Fattah, M. Soliman, and M. Hafez 
 

  135

Low Cost Hybrid Solar Cell Integration on Wall Tiles  

  M. D. Reyes Tolosa, J. Orozco Messana, M. Hernández Fenollosa, R. Camaratta, 
A. Niedersberg, H. Bolink, A. Soriano, and H. Brine 

 

  
141

 
Chapter 3 

Non-Si Inorganic Cells 

Antimony Sulfide Absorbers in Solar Cells  

  P. Nair, R. González-Lua, M. Calixto Rodríguez, J. Capistrán Martínez,  
O. GomezDaza, and M. Nair 

 

  
149



 

vii 
 

Electrodeposition of Ni3S2 for Photovoltaic Applications: Colloidal Sulfur Stabilization 
by Gelatin  
  M. Pac, X. Han, and M. Tao 
 

  
157

Synthesis of a Cu2ZnSnS4 (CZTS) Absorber Layer and Metal Doped ZnS Buffer Layer 
for Heterojunction Solar Cell Applications  
  A. I. Inamdar, K. Jeon, H. Woo, W. Jung, H. Im, and H. Kim 
 

  
167

Chemically Deposited Tin Chalcogenides as Absorbers in Thin Film Solar Cells  
  M. Nair, E. Barrios-Salgado, A. García, M. Aragón-Silva, J. Campos, and P. Nair 
 

  177

Hybrid Nitride-ZnO Solar Cells  

  G. Namkoong, G. Diefeng, K. Foe, S. Bae, D. Kim, D. Seo, D. Lee, S. Jeon,  
and H. Baumgart 

 

  
185

A Greener Electrodeposition Recipe for ZnO Films  
  B. Zhou, Q. Feng, and M. Tao 
 

  191

Effect of [Zn2+] Concentration on the Formation of Zinc Sulfide Film as a Buffer Layer 
of Cu(In,Ga)Se2 Thin Film Solar Cells  
  Z. Zhong, Z. Li, E. Cho, and S. Kwon 
 

  
199

Effects of Na Precursor Layer Deposited on Mo Substrate about (In,Ga)2Se3 and CIGS 
Layers  
  Y. Shin, C. Lee, and B. Ahn 
 

  
205

Fabrication of Zn1-xMgxO Buffer Layers for CIGS Solar Cells by Atomic Layer 
Deposition Using Mg(CpEt)2 as a Mg Source  
  C. Lee, Y. Shin, and B. Ahn 
 

  
213

CuInS2 Quantum Dots Coated with CdS as High-Performance Sensitizers for TiO2 
Electrodes in Hydrogen Production and Photovoltaic Applications  
  T. Li and H. Teng 
 

  
221

Investigation of Electrically Active Defects in n-CdS/p-CdTe Solar Cells  
  P. R. Kharangarh, D. Misra, G. Georgiou, and K. Chin 
 

  233

Fabrication of Cu(In,Ga)Se2 Thin Film by Selenization of Stacked Elemental Layer 
with Solid Selenium  
  Z. Li, E. Cho, S. Kwon, and M. Dagenais 
 

  
241

Author Index    247
 




