
The International Society

for Optical Engineering
 

  Proceedings of SPIE—The International Society for Optical Engineering, 9780819465740, v. 6461 
 

SPIE is an international technical society dedicated to advancing engineering and scientific 
applications of optical, photonic, imaging, electronic, and optoelectronic technologies. 

Laser Cooling of Solids 

Richard I. Epstein 
Mansoor Sheik-Bahae 
Editors 
 
 
24–25 January 2007 
San Jose, California, USA 
 
 
Sponsored and Published by 
SPIE—The International Society for Optical Engineering 

Volume 6461

���������	��	
��	�
�	���
���	���������
��������
���
�����	��	���	��	����	���	������	
����
�������
�	�����
��������
	���������	�������
�	�����	���
����
�	���
���	������

PROCEEDINGS OF SPIE 



The papers included 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. The papers 
published in these proceedings 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 this book: 
  Author(s), "Title of Paper," in Laser Cooling of Solids, edited by Richard I. Epstein, Mansoor Sheik-
Bahae, Proceedings of SPIE Vol. 6461 (SPIE, Bellingham, WA, 2007) Article CID Number. 
 
ISSN 0277-786X 
ISBN 9780819465740 
 
Published by 
SPIE—The International Society for Optical Engineering 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone 1 360/676-3290 (Pacific Time)· Fax 1 360/647-1445 
http://www.spie.org 
 
Copyright © 2007, The 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 http://www.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/07/$18.00. 
 
Printed in the United States of America. 



  Contents 

 
 v Conference Committee 

   
 SESSION 1 COOLING WITH RARE EARTHS I  
 
 646102 Anti-Stokes laser cooling in erbium-doped low-phonon materials (Invited Paper) [6461-01] 
  A. J. Garcia-Adeva, Escuela Superior de Ingenieros (Spain); R. Balda, J. Fernández, Escuela 

Superior de Ingenieros (Spain), Univ. del Pais Vasco (Spain), and Donostia International 
Physics Ctr. (Spain) 

 
 646103 Ultrapure ZBLAN glass for optical refrigerators [6461-02] 
  M. P. Hehlen, R. I. Epstein, Los Alamos National Lab. (USA) 
 
 646104 Laser cooling using cavity enhanced pump absorption [6461-03] 
  D. Seletskiy, M. P. Hasselbeck, M. Sheik-Bahae, The Univ. of New Mexico (USA); R. I. Epstein, 

The Univ. of New Mexico (USA) and Los Alamos National Lab. (USA) 
 
 
 SESSION 2 COOLING WITH SEMICONDUCTORS I  
 
 646107 Effect of high carrier density on luminescence thermometry in semiconductors [6461-06] 
  M. P. Hasselbeck, M. Sheik-Bahae, The Univ. of New Mexico (USA); R. I. Epstein, Los Alamos 

National Lab. (USA) and The Univ. of New Mexico (USA) 
 
 646108 Phase fluorometry for semiconductor lifetime measurement [6461-07] 
  A. R. Albrecht, R. B. Laghumavarapu, Ctr. for High Technology Materials (USA);  
  B. Imangholi, M. Sheik-Bahae, Univ. of New Mexico (USA); K. J. Malloy, Ctr. for High 

Technology Materials (USA) 
 
 646109 Investigations of surface defects on semiconductor fluorescence lifetime [6461-08] 
  D. A. Bender, M. P. Hasselbeck, M. Sheik-Bahae, The Univ. of New Mexico (USA) 
 
 
 
 

    
  
Pagination:  Proceedings of SPIE follow an e-First publication model, with papers published first online and then in print and on 
CD-ROM. Papers are published as they are submitted and meet publication criteria. A unique, consistent, permanent citation 
identifier (CID) number is assigned to each article at the time of the first publication. Utilization of CIDs allows articles to be fully 
citable as soon they are published online, and connects the same identifier to all online, print, and electronic versions of the 
publication. 
 
SPIE uses a six-digit CID article numbering system in which: 
• 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. The complete citation is used on the first page, and an 
abbreviated version on subsequent pages. 

iii



 SESSION 3 COOLING WITH RARE EARTHS II  
 
 64610B Differential luminescence thermometry in laser cooling of solids [6461-10] 
  W. Patterson, E. Soto, M. Fleharty, M. Sheik-Bahae, The Univ. of New Mexico (USA) 
 
 64610C Localized electrons and phonon-induced laser cooling of solids (Invited Paper) [6461-11] 
  D. Emin, The Univ. of New Mexico (USA) 
 
 64610D Optical cooling of Raman lasers using CARS [6461-12] 
  N. Vermeulen, C. Debaes, H. Thienpont, Vrije Univ. Brussel (Belgium) 
 
 64610E Single fluoride crystals as materials for laser cooling applications (Invited Paper) [6461-13] 
  S. Bigotta, Istituto Nazionale di Fisica Nucleare, Pisa (Italy) and National Enterprise for 

nanoScience and nanoTechnology (Italy); A. Di Lieto, National Enterprise for nanoScience 
and nanoTechnology (Italy); D. Parisi, A. Toncelli, M. Tonelli, Istituto Nazionale di Fisica 
Nucleare, Pisa (Italy) and National Enterprise for nanoScience and nanoTechnology (Italy) 

 
 SESSION 4 COOLING WITH SEMICONDUCTORS II  
 
 64610F Improving the efficiency of optical refrigeration of solids (Invited Paper) [6461-14] 
  J. B. Khurgin, Johns Hopkins Univ. (USA) 
 
 64610G Heterostructure design optimization for laser cooling of GaAs [6461-15] 
  B. Imangholi, C. Wang, E. Soto, M. Sheik-Bahae, The Univ. of New Mexico (USA); A. Stintz,  
  K. Malloy, N. Nuntawong, Ctr. for High Technology Materials (USA); R. Epstein, Los Alamos 

National Lab. (USA) 
 
 64610H Nanogap experiments for laser cooling: a progress report [6461-16] 
  R. P. Martin, J. Velten, A. Stintz, K. J. Malloy, Ctr. for High Technology Materials (USA);  
  R. I. Epstein, Los Alamos National Lab. (USA); M. Sheik-Bahae, M. P. Hasselbeck,  
  B. Imangholi, S. T. P. Boyd, The Univ. of New Mexico (USA); T. M. Bauer, Sandia National 

Labs. (USA) 
 
 64610I The relation between light absorption and luminescence in laser cooling of two-

dimensional semiconductor systems [6461-17] 
  N. H. Kwong, G. Rupper, B. Gu, R. Binder, The Univ. of Arizona (USA) 
 
 
 SESSION 5 COOLING WITH SEMICONDUCTORS III  
 
 64610K Thermally assisted electroluminescence: a viable means to generate electricity from solar 

or waste heat? [6461-19] 
  B. Heeg, MetroLaser, Inc. (USA); J.-B. Wang, S. R. Johnson, Arizona State Univ. (USA);  
  B. D. Buckner, MetroLaser, Inc. (USA); Y.-H. Zhang, Arizona State Univ. (USA) 
 
 64610M Growth and characterization of GaAs/InGaP heterostructure for semiconductor laser 

cooling [6461-21] 
  R. B. Laghumavarapu, N. Nuntawong, A. R. Albrecht, D. L. Huffaker, Ctr. for High 

Technoogy Materials (USA) 
 
 
  Author Index 
  

iv



Conference Committee 

 
Symposium Chairs 

Henry Helvajian, The Aerospace Corporation (USA) 
Friedrich G. Bachmann, Rofin-Sinar Laser GmbH (Germany) 
 

Symposium Cochairs 

L. N. Durvasala, DARPA (USA) 
Jan J. Dubowski, Université de Sherbrooke (Canada) 
 

Program Track Chairs 

Henry Helvajian, The Aerospace Corporation (USA) 
James S. Horowitz, U.S. Department of Energy (USA) 
 

Conference Chairs 

Richard I. Epstein, Los Alamos National Laboratory (USA) and                  
The University of New Mexico (USA) 

Mansoor Sheik-Bahae, The University of New Mexico (USA) 
 

Program Committee 

Rolf H. Binder, The University of Arizona (USA) 
Steve Bowman, Naval Research Laboratory (USA) 
Zameer U. Hasan, Temple University (USA) 
Jacob B. Khurgin, Johns Hopkins University (USA) 
Gary L. Mills, Ball Aerospace and Technologies Corporation (USA) 
Yong-Hang Zhang, Arizona State University (USA) 

 

Session Chairs 

 1 Cooling with Rare Earths I 
Kent L. Miller, Air Force Office of Scientific Research (USA) 
 

 2 Cooling with Semiconductors I 
Yong-Hang Zhang, Arizona State University (USA) 
 

 3 Cooling with Rare Earths II 
Jacob B. Khurgin, Johns Hopkins University (USA) 
 

 4 Cooling with Semiconductors II 
Joaquin M. Fernández, Universidad del Pais Vasco (Spain) 
 

 5 Cooling with Semiconductors III 
David Emin, The University of New Mexico (USA) 

v




