
PROCEEDINGS OF SPIE 

 
 
 
 

Volume 9563 
 
 

Proceedings of SPIE 0277-786X, V. 9563 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

 

Reliability of Photovoltaic Cells, 
Modules, Components, and 
Systems VIII 
 
 
Neelkanth G. Dhere 
John H. Wohlgemuth 
Rebecca Jones-Albertus 
Editors 
 
 
9–10 August 2015 
San Diego, California, United States 
 
 
Sponsored and Published by  
SPIE 
 



The papers in this volume were part of the technical conference cited on the cover and title 
page. Papers were selected and subject to review by the editors and conference program 
committee. Some conference presentations may not be available for publication. Additional 
papers and presentation recordings may be available online in the SPIE Digital Library at 
SPIEDigitalLibrary.org.  
 
The papers reflect the work and thoughts of the authors and are published herein as submitted. 
The publisher is not responsible for the validity of the information or for any outcomes resulting from 
reliance thereon. 
 
Please use the following format to cite material from these proceedings: 
  Author(s), "Title of Paper," in Reliability of Photovoltaic Cells, Modules, Components, and Systems 
VIII, edited by Neelkanth G. Dhere, John H. Wohlgemuth, Rebecca Jones-Albertus, Proceedings of 
SPIE Vol. 9563 (SPIE, Bellingham, WA, 2015) Six-digit Article CID Number. 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
ISBN: 9781628417296 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 
 
Copyright © 2015, Society of Photo-Optical Instrumentation Engineers. 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this 
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made 
electronically through CCC Online at copyright.com. Other copying for republication, resale, 
advertising or promotion, or any form of systematic or multiple reproduction of any material in this 
book is prohibited except with permission in writing from the publisher. The CCC fee code is 
0277-786X/15/$18.00. 
 
 

Publication of record for individual papers is online in the SPIE Digital Library. 

 

SPIEDigitalLibrary.org 
 
 
 

 
Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation 
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs 
allows articles to be fully citable as soon as they are published online, and connects the same 
identifier to all online and print versions of the publication. SPIE uses a six-digit CID article 
numbering system structured as follows: 

 The first four digits correspond to the SPIE volume number.        
 The last two digits indicate publication order within the volume using a Base 36 numbering 
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript.  

 

Printed in the United States of America by Curran Associates, Inc., under license from SPIE
. 



  Contents  
 
 v Authors 

 
 vii Conference Committee 

 
 ix Introduction  
 
 xi Photochemical upconversion of light for renewable energy and more (Plenary Paper) 

[9562-202] 
 
 
 SESSION 1 ENCAPSULANT, BACKSHEET AND PACKAGING MATERIALS 
 
   

 9563 02 Development of a resistivity standard for polymeric materials used in photovoltaic modules 
(Invited Paper) [9563-1] 

   
 9563 03 Development of backsheet tests and measurements to improve correlation of accelerated 

exposures to fielded modules (Invited Paper) [9563-2] 
   
 9563 04 Cracking and delamination behaviors of photovoltaic backsheet after accelerated 

laboratory weathering [9563-3] 
   
 9563 05 Depth profiling of mechanical degradation of PV backsheets after UV exposure [9563-4] 
   
 
 SESSION 2 PV MODULE RELIABILITY ACCELERATED AND OUTDOOR TESTING 
 
   

 9563 07 Effects of light illumination during damp/dry heat tests on a flexible thin film photovoltaic 
module (Invited Paper) [9563-6] 

   
 9563 08 Experimental and computational investigation of microcrack behavior under combined 

environments in monocrystalline Si [9563-7] 
   
 9563 09 Environmental aging in polycrystalline-Si photovoltaic modules: comparison of chamber-

based accelerated degradation studies with field-test data [9563-8] 
   
 
 SESSION 3 POTENTIAL INDUCED DEGRADATION (PID) 
 
   

 9563 0A PID: from material properties to outdoor performance and quality control counter 
measures (Invited Paper) [9563-9] 

   
 9563 0B Survey of potential-induced degradation in thin-film modules (Invited Paper) [9563-10] 
   
 9563 0C A modeling framework for potential induced degradation in PV modules [9563-11] 
   
 

iii



 SESSION 4 PV MODULE RELIABILITY I 
 
   

 9563 0E Investigation of power values of PV rooftop systems based on heat gain reduction 
(Invited Paper) [9563-13] 

 
 9563 0F Partial shade stress test for thin-film photovoltaic modules [9563-14] 
   
 9563 0G PV industry growth and module reliability in Thailand [9563-15] 
   
 
 SESSION 5 THIN FILM PV MODULE RELIABILITY 
 
   

 9563 0H The impact of atmospheric species on the degradation of CIGS solar cells and 
molybdenum films (Invited Paper) [9563-16] 

   
 9563 0I Thin film PV standing tall side-by-side with multi-crystalline silicon: also in terms of reliability 

[9563-17] 
   
 9563 0L A data science approach to understanding photovoltaic module degradation [9563-32] 
   
 9563 0M Analysis of PV modules based on thin film solar cells by dark measurements technique 

[9563-20] 
   
 
  POSTER SESSION 
 
   

 9563 0T Analysis of aluminum nano-gratings assisted light reflection reduction in GaAs metal-
semiconductor-metal photodetectors [9563-25] 

   
 9563 0U FTIR spectroscopy of silicon carbide thin films prepared by PECVD technology for solar cell 

application [9563-26] 
   
 9563 0V Raman spectroscopy study of SiC thin films prepared by PECVD for solar cell working in 

hard environment [9563-27] 
   
 9563 0Y Characterizing different defects in multicrystalline silicon solar cells via modern imaging 

methods [9563-31] 
  

iv




