
 

    
Optical Science and Engineering Program        
 Center for High Technology Materials 
 1313 Goddard SE 
 MSC04-2710 
 1 University of New Mexico 
 Albuquerque, NM   87131-0001 
 Phone:  505/272-7764 
 Email:  optics@unm.edu 

         Website:  www.optics.unm.edu 

 
 

SELF-STUDY ON 
 
 

THE OPTICAL SCIENCE AND ENGINEERING PROGRAM 
 
 
 

February 2010 
 

 



 2 

TABLE OF CONTENTS 
 
 

i. OSE Abbreviations and Acronyms’ Legend   3 
 
I. Executive Summary   4 

 
II. General Description of the OSE Program   7 

 
III. Institutional Data and Metrics for the UNM OSE Graduate Program   23 

 
IV. Expenses and Proposed Budget of the OSE Program   32 

 
V. Faculty Research Areas and Facilities   33 

 
VI. Governance Structure and Curriculum Plan   35 

 
VII. Optical Science Student Chapters and Professional Societies at UNM   43 

 
VIII. UNM Libraries and the OSE Program   57 

 
IX. Questions for the APR team   59 

 
X.     Appendices:   61 
 

Appendix A:  Summary of Department Contributions to OSE   62 
 
Appendix B:  OSE Alumni -Highlighted OSE Alumni & OSE Alumni 
from 2000 to 2009   64 
 
Appendix C:  Proposed Revisions to Content of OSE courses   68 
 
Appendix D:  Citation Metrics   71 
 
Appendix E:  OSE Program Diagram   72 
 
Appendix F:  OSE Affiliated Faculty Resumes and Curriculum Vitae  73 

 
 

 



 3 

 
 

List of Abbreviations and Acronyms 
 

AFOSR  Air Force Office of Scientific Research  
AFRL   Air Force Research Laboratory  
APR   Academic Program Review  
APS   American Physical Society  
AIP   American Institute of Physics  
A&S   College of Arts and Sciences  
CAS   Center for Advanced Studies  
CHTM   UNM Center for High Technology Materials  
CS   Department of Computer Science  
DoD   Department of Defense  
DTRA   Defense Threat Reduction Agency  
ECE   Department of Electrical and Computer Engineering  
F&A   Facilities & Administration  
GA  Graduate Assistantship 
HSC   Health Sciences Center  
HVAC   Heating, ventilation, and cooling  
IARPA  Intelligence Advanced Research Projects Agency  
I&G  Instruction & General  
IGERT  Integrative Graduate Education and Research Traineeship  
JPL   Jet Propulsion Laboratory  
LANL   Los Alamos National Laboratory  
MURI   Multidisciplinary University Research Initiative  
NASA   National Aeronautics and Space Administration  
NIH  National Institutes of Health UNM P&A Self-Study and Long-Range Plan December 23, 2009   
NIST  National Institute for Standards and Technology  
NRL   Naval Research Laboratory  
NSF   National Science Foundation  
NSMS   Nanoscience and Microsystems  
OS   Optical Science  
OSE   Optical Science and Engineering  
OSEGC Optical Science and Engineering Committee 
OVPR   Office of Vice President for Research  
P&A   Department of Physics and Astronomy  
RA   Research Assistant  
REU   Research Experience for Undergraduates (NSF)  
SFI   Santa Fe Institute  
SNL   Sandia National Laboratories  
SoE   School of Engineering  
SoM   School of Medicine  
SCH  Student Credit Hours 
TA   Teaching Assistant  
UNM   University of New Mexico  
WICHE Western Interstate Commission 
 



 4 

I. Executive Summary 
 
Context and Background  
Optics is an enabler of many scientific and engineering disciplines, providing an essential tool 
for high-precision tests of fundamental physical laws, modern communication and imaging 
systems, and biomedical and manufacturing technologies, to name just a few important 
application areas. Its pre-eminence as an interdisciplinary science has been unrivaled since the 
advent of the laser nearly forty years ago. That Optical Science and Engineering (OSE) at UNM 
has clearly demonstrated added value to the activities of the Electrical and Computer 
Engineering (ECE) and Physics and Astronomy (P&A) departments over the past twenty five 
years is a testament to its broad compass and  the recognition by UNM of OSE’s unique position 
in the state’s industrial enterprise, including the national and federal laboratories and a 
burgeoning private sector.   
 
This document embodies the self-study report for the spring 2010 academic program review 
(APR) of the OSE program. This is an interdisciplinary graduate program that does not have the 
status of either a department or a unit at UNM, but is administered jointly by the OSE-designated 
faculty in P&A and ECE departments. Founded in 1983, the program has grown from its initial 
affiliated faculty size of about 10 to 23 at present, with the student enrollment showing similar 
increases to the present size of 60. It developed and thrived as an Optical Science (OS) PhD 
program, but compelling arguments from both within the University and the local 
industrial/government sector led to the addition of the Master of Science (MS) degree to the 
graduate program in 2002. The program was re-christened as the OSE graduate program shortly 
thereafter.  Now, the OSE program is again seriously considering expansion by creating 2 new 
tracks in Optoelectronics and Imaging Science to complement its traditional curriculum.  
Optoelectronics is currently a concentration within the ECE department that would transfer under 
the OSE program umbrella.  The Imaging Science track would be entirely new to UNM.  The 
resources needed to realize this plan, to fund and grow the OSE program, are a critical issue at 
this time. 
 
The UNM OSE program is chronically under-funded. The only recurring revenue for OSE is 
$16,974/year that only covers 66% of the salary and benefits of the 0.5-time Program Advisor, 
who is the sole employee of the program.  The shortfall is funded by the unrestricted spending 
account of Prof. Luke Lester, the General Chair of OSE.  An annual budget for office supplies, 
events, society dues, and administrative compensation for the General Chair is renegotiated 
every year with the P&A and ECE departments and the Center for High Technology Materials 
(CHTM).  This lengthy process yields a budget that is typically less than $9,000 for anticipated 
expenses.  Section IV of this document outlines that a realistic budget for the UNM OSE 
program is approximately $120,000.  Future revenue sources for this budget could potentially 
include supplemental tuition, F&A return from OSE RA contracts, and/or keeping the tuition 
generated from OSE RA contracts. 
 
A decade ago the OSE program was inducted into the select list of about 200 Western Regional 
Graduate Programs (WRGP) from over 40 institutions in 15 participating western states under 
the Western Interstate Commission of Higher Education (WICHE), making it accessible for the 
residents of any of these states at the resident tuition rate.  Nominated by their institutions, the 
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programs under WRGP undergo a rigorous peer review for distinction and quality by a 
committee comprised of faculty and staff from other western institutions before being approved 
for inclusion. One of only 5 full-fledged OSE graduate programs in the nation, which also 
includes the University of Rochester, University of Arizona, University of Central Florida, and 
University of Alabama-Huntsville, and one of only 2 in the entire western region, OSE at UNM 
provides high-quality educational, research, and career opportunities in a large number of OSE 
areas locally in NM. Its role in driving optics related activities and its position in the larger optics 
enterprise of the state are potentially invaluable. 
    
The present APR is marked by two firsts. It is the first for the OSE program in spite of its long 
history. It is also one (and, by over two decades, the older) of only two interdisciplinary graduate 
programs at UNM across Colleges, and the first to be slated for an external review. These facts 
accord the present APR the special status of a pilot study into the desirability, viability, 
structuring, and impact of interdisciplinary programs at UNM. The self-study document is a 
portrait of its past record, its evolving administrative structure, and its future directions, but 
equally importantly a proposal of how best to structure the program so it serves as a pre-eminent 
model for other similar programs. 
 
The following vision and mission statements capture the essence of the program: 

Vision statement – to provide a top-flight graduate program of education and 
research in optics and photonics 
Mission statement – to achieve the above vision, the UNM optical science and 
engineering program will strive to maintain and enhance its quality and impact  
• by engaging faculty actively involved in optics education and research in the 

departments of Physics and Astronomy (P&A) and Electrical and Computer 
Engineering (ECE),  
• by recruiting the best prepared students nationally and internationally, 
• by producing a highly educated pool of potential employees for local and 

national optics industries, laboratories, and academia,  
• by creating leaders and entrepreneurs in the fields of optics and photonics, and 
• by serving as the pre-eminent model for a successful interdisciplinary program 

at UNM. 
  
By building on its past successes and a relentless pursuit of the above goals, it 
aims to achieve high visibility and distinction among similar programs in optics 
and photonics worldwide.  

 
Administration 
The program is administered by an OSE Graduate Committee (OSEGC) comprised of three OSE 
faculty members each from P&A and ECE. The committee is led by a General Chair and a Co-
Chair from the two departments, who work closely with each other and are assisted by a Program 
Advisor in initiating, shepherding, and delegating curriculum review, academic requirements, 
and other programmatic matters. Currently most of the oversight and resources for the program 
come from the two departments, but the OSEGC is now actively working with the upper UNM 
administration to help it develop a viable governance structure and allocate resources for the 
program so that OSE runs efficiently. To facilitate this task, the OSE program has formed an 
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Executive Committee consisting of the VP for Research, the Deans of the College of Arts and 
Science (A&S) and the School of Engineering (SoE), the Chairs of the ECE and P&A 
departments, the General Chair and Co-Chair of the OSE program, and the Dean of the Office of 
Graduate Studies (OGS). 
 
Performance Metrics and the Added Value of OSE to the Departments 
All interdisciplinary programs will have to demonstrate the added value they bring to the 
university’s academic and research missions. OSE has been eminently successful in this respect, 
as seen via the following metrics:  

1. High graduation rates – Based on the data shown in Fig. 9 for the past 3 years, the OSE 
program graduates 0.82 PhD/year/FTE and 0.92 MS/year/FTE.  (The calculations are 
explained in more detail below in Section III).  From a departmental perspective, OSE 
awarded 33 PhD degrees (35%) of a total of 95 PhD degrees awarded by the entire P&A 
dept over the period 1999-2008. A similarly healthy number of MS degree awards have 
been made since the inception of the MS degree program in 2002 as shown in Fig. 9. 
Over the 5-years from 2004-2008, OSE awarded 11 PhD degrees (13%) of a total of 86 
PhD degrees awarded by the entire ECE dept. 

2. Low drop-out rates – only 4 OSE students have dropped out of the program without 
receiving a UNM degree out of the 112 who graduated from the OSE program or 
transferred to another UNM degree program over the period 2001-2009. 

3. High research funding – the OSE faculty generated about $610K/yr in research funding, 
well above the ECE average of about $400K/yr and the P&A average of about $275K/yr 
(* based on P&A APR self-study, graph Sec VII.3: $38.2M over the past 5 years and 28 
P&A faculty) 

4. Significant research impact and publication productivity.  The number of optics-related 
publications of the OSE faculty has risen from about 50/year in the early 90’s to 75/year 
in the early 2000’s to the current 80-100 publications/year in the 2005 to 2009 timeframe. 
These numbers compare well with the average departmental publication numbers during 
the same time frame of about 156/year in P&A. The h-index of the OSE faculty is a 
robust 75 and the citation count for the year 2008 was about 3,300.  

5. Enhanced student research supervision – currently, in P&A the 4 core OSE-designated 
faculty support 19 RAs out of a total of 56 RAs; of these 19 RAs, 10 have passed their 
OSE-PhD qualifying exam and defended their dissertation proposals (* based on table in 
graph in Sec VII.3, P&A self-study document). This roughly 1/3rd of the research 
supervision load of the department is carried by 1/7th of the total P&A faculty numbers 
designated by the dept as core OSE faculty. 

 
Future Directions  
The program is presently at a crossroads. It is imperative that we develop a long-range plan that 
facilitates a well-structured expansion of the program. We may classify its goals broadly in terms 
of their immediacy and impact as follows: 
 

Urgent Goals 
1. To increase resource allocation for its administration, including the full funding of a 

program coordinator, an academic advisor, a laboratory coordinator, and operational 
expenses. 
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Critical Short-Term Goals – these need to be addressed and accomplished over the next 2-3 
years for OSE: 
1. Recruit well-prepared students 
2. Improve its national and international visibility as well as its relevance to the overall 

optics/photonics enterprise of NM 
3. Add two additional tracks called OPTOELECTRONICS and IMAGING SCIENCE for a 

more comprehensive OSE program;  
4. Engage CHTM more actively in realizing the OSE program’s vision that reaches well 

beyond its present critical support for graduate OSE research. 
5. Work closely with the area’s national/federal labs and industry invested in optics and 

photonics R&D to develop collaborative initiatives and relationships of mutual benefit. 
 
Long-Term Goals 
It also has two important longer-term goals: 
1. To develop its own hiring plan that will be separate from P&A and ECE’s and will serve 

as the long-range plan for OSE faculty hiring to be considered directly by the Executive 
Committee to which the program is to report; and  

2. To explore, evaluate and assess the feasibility of the expansion of the program to the 
status of a department and eventually that of a college. 

 
II. General Description of the OSE Program 
The OSE program is a graduate program that grants the MS and PhD degrees to students meeting  
a common but flexible set of requirements for each degree. The subsections below describe the 
different components of the program. 
 
II.1. The Admission Process 
 
The students are admitted into the program based on their academic performance at the 
undergraduate and/or Masters level at their prior institution, their GRE scores, relevance of prior 
course work to OSE research areas, and their promise of graduate-level research, as assessed by 
means of their letters of recommendation. The specifics of the application process are described 
on the program’s web site at http://optics.unm.edu. The applicants either self-identify themselves 
or are placed by the OSEGC in the P&A or the ECE pool. 
 
The UNM OSE admissions data are shown on the next two pages for the past 9 years.  The 
applicant pool has increased significantly over the past 4 years such that now at least 80 students 
are expected to apply each year to the program.  The admissions percentage fluctuates from year 
to year depending primarily on the availability of research assistantships since the teaching 
assistantships have been constant or increased slightly over the past several years. 
 
There are a number of teaching assistantships (TAs) and research assistantships (RAs) available 
for the financial support of applicants deemed outstanding by the OSEGC. The TAs are typically 
awarded for the OSE students entering the program through P&A, while the RAs are typically 
available through ECE and CHTM for the more advanced, MS degree holders. The P&A TA 
pool consists of OSE as well as non-OSE applicants, and the ultimate decision to award TAs to 
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the incoming OSE students is made by the P&A admissions committee which contains one or 
more P&A based members of the OSEGC. By contrast, the type and amount of RAs awards are 
determined by faculty members whose research grants pay for the awards. Rarely, a combination 
of the two types of assistantships make up the full financial support provided to the student. Each 
TA award is promised for two years subject to the student’s maintaining a good academic 
standing in the program.  
 
The total numbers of all assistantships in the years 2000-2009 are summarized in Table 1 below, 
averaging about 30 per year of which about 10 are TAs. The 10 OSE TAs are a healthy fraction 
of the on-average 32 TAs each year in all provided by P&A. Based on P&A’s varied and large 
need for course assistants, many of the OSE TAs serve as graders or lab assistants for UG as well 
as graduate-level P&A courses that are not necessarily under the OSE program The P&A 
department has recently approved a reduction of the total number of TAs by 2 per year to effect 
an increase in TA salaries to the range $15K-$16K per annum plus tuition waiver and health 
insurance coverage, which brings them to par with the TA salaries offered by our peer 
institutions as of the next academic year. 
 

Fig. 1. OPTICAL SCIENCE AND ENGINEERING 
GRADUATE STUDENT APPLICATIONS AND ADMISSIONS 

FALL SEMESTERS 
 
OSE Graduate Student Application and Admissions: 

 
Data Source:  Dataset submitted to the Peterson’s Annual Survey of Graduate and Professional Institutions 
Office of Graduate Studies-Kenric Speed, Data Manager 
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Table 1. OPTICAL SCIENCE AND ENGINEERING 
GRADUATE STUDENT APPLICATIONS AND ADMISSIONS 

FALL SEMESTERS 
 

 
 

 
 

Optical Science and Engineering 

 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
Masters           
Applied    2 5 8 7 9 12 13 

Admitted    2 3 4 1 3 6 9 
% Admitted    100.00% 60.00% 50.00% 14.29% 33.33% 50.00% 69.23% 

Ed Specialist           
Applied           

Admitted           
% Admitted           
Doctoral           
Applied  24 25 37 43 29 46 56 71 73 

Admitted  17 20 11 20 18 10 6 13 29 
% Admitted  70.83% 80.00% 29.73% 46.51% 62.07% 21.74% 10.71% 18.31% 39.73% 

Professional           
Applied           

Admitted           
% Admitted           

Total           
Applied  24 25 39 48 37 53 65 83 86 

Admitted  17 20 13 23 22 11 9 19 38 
% Admitted  70.83% 80.00% 33.33% 47.92% 59.46% 20.75% 13.85% 22.89% 44.19% 

           
Data Source:Data Compiled from extract from old IBM system (pre-2006) and Banner (2006 and since)  

           
OGS/Ric Speed          
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Fig. 2. OPTICAL SCIENCE AND ENGINEERING ASSISTANTSHIPS1, 2 for GRADUATE 

STUDENTS ENROLLED IN OSE PROGRAM as of 10/31/09 

OSE Assistantships for Graduate Students Chart: 
 

 
 
1Assistantships reported here are for graduate students in dept./program.  Another unit may pay these assistantships. 
2Assistantships include:  Research Assistantships, Graduate Assistantships, Teaching Assistantships, and Project 
Assistantships. 
Data source:  Office of Graduate Studies Database 
UNM Office of Graduate Studies-Kenric Speed, Data Manager 

 
Table 2. OSE Assistantships for Graduate Students: 
 
OPTICAL SCIENCE AND ENGINEERING ASSISTANTSHIPS1, 2 for GRADUATE 
STUDENTS ENROLLED IN OSE PROGRAM as of October 31st 

2000  2001  2002  2003  2004  2005  2006  2007  2008  2009 

24  29  36  33  37  37  36  26  30  34 

 

1Assistantships reported here are for graduate students in dept./program.  Another unit may pay these assistantships. 
2Assistantships include:  Research Assistantships, Graduate Assistantships, Teaching Assistantships, and Project 
Assistantships. 
Data source:  Office of Graduate Studies Database 
UNM Office of Graduate Studies-Kenric Speed, Data Manager 
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Fig. 3 OPTICAL SCIENCE AND ENGINEERING TYPE OF ASSISTANTSHIPS1, 2 for 
GRADUATE STUDENTS ENROLLED IN OSE PROGRAM as of 10/31/09 

 

 
1Assistantships reported here are for graduate students in dept./program.  Another unit may pay these assistantships. 
2Assistantships include:  Research Assistantships, Graduate Assistantships, Teaching Assistantships, and Project 
Assistantships. 
Data source:  Office of Graduate Studies Database 
UNM Office of Graduate Studies-Kenric Speed, Data Manager 
 
Table 3. OPTICAL SCIENCE AND ENGINEERING TYPE OF ASSISTANTSHIPS1, 2 for 
GRADUATE STUDENTS ENROLLED IN OSE PROGRAM as of 10/31/09 

Assistantships 2000  2001  2002  2003  2004  2005  2006  2007  2008  2009 

Research 16 24 26 27 27 30 28 20 26 24 

Teaching 6 2 3 2 6 4 5 4 4 9 

Graduate 1 1 1 1 5 5 3 3 - 1 

Unknown 1 2 6 3 - - - - - - 

TOTAL 24  29  36  33  37  37  36  26  30  34 

1Assistantships reported here are for graduate students in dept./program.  Another unit may pay these assistantships. 
2Assistantships include:  Research Assistantships, Graduate Assistantships, Teaching Assistantships, and Project 
Assistantships. 
Data source:  Office of Graduate Studies Database 
UNM Office of Graduate Studies-Kenric Speed, Data Manager 
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TOTAL DOLLAR AMOUNTS IN RESEARCH ASSISTANTSHIPS FOR  

ACADEMIC YEAR FROM FALL 2009 TO SPRING 2010 
 
 
 

OSE STUDENT FTE OF RA TOTAL 
SALARY OF RA 
FALL - SPRING 

OSE Student 1 .25 FTE $ 3,714 
OSE Student 2 .5 FTE $14,704 
OSE Student 3 .5 FTE $14,781 
OSE Student 4 .5 FTE $15,000 
OSE Student 5 .5 FTE $14,781 
OSE Student 6 .5 FTE         $  9,853 
OSE Student 7 .5 FTE $15,242 
OSE Student 8 .5 FTE $12,284 
OSE Student 9 .13 FTE Fall 

& .5 FTE Spring 
        $  8,592 

OSE Student 10 .5 FTE $18,014 
OSE Student 11 .5 FTE $15,242 
OSE Student 12 .5 FTE $16,628 
OSE Student 13 .5 FTE $14,781 
OSE Student 14 .5 FTE $10,000 
OSE Student 15 .5 FTE $  6.000 
OSE Student 16 .5 FTE $10,174 
OSE Student 17 .5 FTE $12,000 
OSE Student 18 .5 FTE $14,000 
OSE Student 19 .5 FTE $13,000 
OSE Student 20 .5 FTE $12,980 
OSE Student 21 .5 FTE $15,000 
 OSE Student 22 .5 FTE $13,000 
OSE Student 23 .5 FTE $13,052 

 TOTAL $322,822 
 
*These students RA totals could only reflect one semester because the student received an RA 
for only part of a semester and not the full year or the student’s aid was combined with another 
assistantship like a Graduate Assistantship or a Teaching Assistantship. 
 
Data Source:  Office of Graduate Studies Database 
Kenric Speed, Data Manager 
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II.2 Advisement 
 
Each entering student is assigned an academic advisor drawn from the OSEGC whose members 
are the most versed in the content, nuances, and any recent changes of the myriad academic 
requirements of the graduate degrees. After the initial advisement, the student meets with his or 
her advisor typically toward the end of each semester to plan the course work for the following 
semester until the student has completed his or her required course work. An important role of 
the advisor is to ensure that all gaps and deficiencies in the student’s academic progress toward 
completing the required coursework are addressed in a timely manner. Students in the MS degree 
program under the thesis plan (Plan I) will at this point already have a thesis advisor under 
whose guidance he or she has been working on a research project toward the thesis requirement. 
On the other hand, the PhD seeking students will at this point be ready for the qualifying exam. 
After the student passes this exam, typically he or she will have already a dissertation advisor, 
ending thus the role of the academic advisor in the student’s further progress toward the degree.  
The student works closely with his or her dissertation advisor to formulate a research proposal 
which he or she must successfully defend within one year of passing the comprehensive exam 
and thus be advanced to candidacy. 
 
II.3. Curriculum 
 
The two graduate degree programs have different academic requirements which students must 
meet before they are advanced to candidacy. We describe each separately below. 
 
II.3.1. Requirements for the OSE-MS Degree 
 
The MS degree program is designed with two distinct objectives, namely to prepare a student for 
the industrial workforce engaged in any area of optics and photonics and to prepare a student to 
meet the challenges of a more advanced research career in these areas. The program boasts three 
alternate plans under which a student can begin to fulfill his or her career goals within a highly 
flexible curriculum. Plans 1 and 2b are designed to launch the student on an industrial R&D 
career path. In particular, through its internship credits, Plan 2b allows for private companies, 
national/federal laboratories, and their contractors to partner with UNM in OSE areas in mutually 
beneficial ways by means of either a first look at potential recruits or a more interactive career 
advancement of their current employees. Plan 2a is a purely course-based option which a student 
typically intending to pursue the more advanced PhD degree is likely to avail of.  
 
The different plans and their requirements are listed in Table 2 directly below the following two 
lists of courses from which all courses for the degree must be drawn. 
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  Table 4.  The Mandatory and Optional Courses for the OSE MS Degree 
 

A. Mandatory Courses 

• Advanced Optics I (PHYC 463 or ECE 463) 
• Advanced Optics II (PHYC 554 or ECE 554) 
• Laser Physics I (PHYC 464 or ECE 464) 
• Experimental Techniques of Optics (PHYC 476L or 477L) 
• Electrodynamics (PHYC 511 or ECE 561)  

B. Optional Courses 

• Quantum Mechanics I (PHYC 521) 
• Microelectronics Processing Lab (ECE 574L) 
• Nonlinear Optics (PHYC 568 or ECE 568) 
• Condensed Matter I (PHYC 529) or Semiconductor Physics (ECE 572) 
• Topics in Modern Optics (PHYC 569) or Special Topics (ECE 595) 
• Laser Physics II (PHYC 564) 
• Fundamentals of Semiconductor LEDs and Lasers (ECE 577) 
• Quantum Optics (PHYC 566) 
• Atomic and Molecular Structure (PHYC 531) 
• Optical Coherence Theory (PHYC 556)  
• Methods in Theoretical Physics I (PHYC 466 or Math 466)  
• Spectroscopy (Chem 566)  
• Advanced Techniques in Optical Imaging- (Bio 547)  
• Biosensors Fundamentals and Applications ( ChNe 538)  
• Introduction to Electro-Optics and Optoelectronics (ECE 475)  
• Guided Wave Optics (ECE 564)  
• Optical Communication Components and Subsystems (ECE 565)  

 
Table 5.  The Credit Hour Requirements of the OSE MS Degree 

:: Requirements (Credit Hours) :: 

PLAN Course 
(total) A  B  Free 

Electives 
Thesis 
(599) 

Res. 
Seminar/ 
Problems 

Internship 

1 Thesis 30 15 6 3 6 - - 

2A Course 33 15 9 6 - 3 (2 in 
optics) - 

2B Internship 33 15 9 6 - - 3 
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• 12 hours of coursework must be taken at 500 level or higher 
• students in Plan 1 must submit and defend a thesis 
• students in Plan 2A must pass an oral exam 
• students in Plan 2A or 2B can take at most 6 hrs of 400 level courses excluding those that 

are cross-listed (ECE and Physics)  
• students in Plan 2B should take an internship course (PHYC 559 or ECE 559) 

during their internship (industry or national labs). They are expected to describe their 
internship work by submitting a term paper and presenting a seminar at the end of this 
course.  An evaluation form (Form 2) should be submitted by the instructor.  

Including part-time students, the OSE MS degree-seeking student currently takes on average 3.7 
years to complete the degree requirements depending on the chosen plan. The course work 
successfully completed for the MS degree may be applied toward the requirements of the OSE-
PhD degree at UNM, allowing for improved flexibility in the student’s career options mid-stream. 
 
II.3.2 Requirements for the OSE-PhD Degree 
 
The PhD degree is the most advanced graduate degree awarded by the OSE program and takes 
on average 5.8 years to complete. The typical student in the PhD program is seeking a leadership 
career path that combines advanced research in one of many different areas of optics and 
photonics with either an academic or industrial appointment. UNM’s OSE program currently 
offers graduate research opportunities in the following research areas: 

• Advanced Materials  
• Atom Optics  
• Biomedical Optics  
• Fiber Optics  
• Laser Cooling  
• Laser Physics  
• Lithography  
• Nano-Photonics 
• Nonlinear Optics  
• Optics Education  
• Optical Imaging  
• Optical Sensors  
• Optoelectronics  
• Photonic Integrated Circuits  
• Quantum Optics  
• Spectroscopy  
• Ultrafast Phenomena  

Before students can advance officially to candidacy and perform dissertation research, they must 
however complete a number of academic requirements and demonstrate aptitude and ability to 
perform research, as follows: 
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1. 52 hours of course work for credit, including 30 hours in required courses. To account for 
the diversity of interests in Optics, the 30 credit hours of required courses have been 
divided into two categories (see A and B below). 

2. 18 dissertation credit hours 
3. Qualifying Exam (this is given annually in August) 
4. PhD Candidacy exam (also called Dissertation Proposal Defense) 
5. Dissertation and defense  

 
Table 6.  The Mandatory and Optional Courses for the OSE PhD Degree 
 

A. Mandatory (27 credit hours) 

 

• Advanced Optics I (PHYC 463 or ECE 463) 
• Advanced Optics II (PHYC 554 or ECE 554) 
• Laser Physics I (PHYC 464 or ECE 464) 
• Electrodynamics (PHYC 511 or ECE 561)  
• Experimental Techniques in Optics (PHYC 476L or 477L) 
• Methods in Theoretical Physics I (PHYC 466 or Math 466) 
• Quantum Mechanics I (PHYC 521) or Semiconductor Properties (ECE 572) 
• Nonlinear Optics (PHYC 568 or ECE 568) 
• 3 credit hours of seminar, including one Optics seminar  

  

B. Option-based (3 credit hours) 

   

• Condensed Matter I (PHYC 529) or Semiconductor Physics (ECE 572) 
• Topics in Modern Optics (PHYC 569) or Optical Communication Components and 

Subsystems (ECE 565) 
• Guided Wave Optics (ECE 564) 
• Methods in Theoretical Physics II (PHYC 467) 
• Laser Physics II (PHYC 564) or Fundamentals of Semiconductor LEDs and Lasers (ECE 

577) 
• Quantum Mechanics II (PHYC 522) or Quantum Optics (PHYC 566)  

Depending on the student, the remaining 22 course work credit hours can be satisfied with a 
combination of courses (500 level or above) including problems courses and research hours. 
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II.4 The PhD Qualifying Exam 

All PhD seeking students are required to attempt the PhD Written Qualifying Exam after their 
first complete academic year in the program. This exam is administered every August, the 
Thursday and Friday before the beginning of the fall semester. It consists of four individual 3 
hour exams covering  

• Advanced Optics (based on PHYC/ECE 463 and 554) 
• Lasers (based on PHYC/ECE 464) 
• Electromagnetics (based on PHYC 511 or ECE 561) 
• General Optics Knowledge 

Passing this exam with a 60% score in each of the above four areas is the second step in the 
process of advancement to candidacy. Each student is accorded up to two attempts to pass this 
exam at the requisite level, which in the second attempt can be taken in one or more areas 
individually in which the student may not have passed it in his or her first attempt. The exam is 
waived for those students who have secured an A in each of the following OSE core courses: 
Laser Physics I, Advanced Optics I and II, and Graduate Electromagnetism, while those unable 
to pass the exam fully in all areas are asked to leave the PhD program. If, however, some or all 
of these unsuccessful students do manage to pass each area exam at the 45% level, then they may 
substitute this exam for the oral exam required to be passed under Plan 2A for the MS degree in 
OSE and thus receive that degree if they meet all others of its requirements. This provides an 
important exit point for some OSE students, who would otherwise have to leave the university 
without a graduate degree and thus with adversely compromised career options. It also attains the 
important programmatic objective of reducing the overall drop-out rate from the graduate OSE 
program. 
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Fig. 4. PASSAGE RESULTS FOR OSE PhD QUALIFYING EXAMINATION 

Passage Results1, 2 for OSE Ph.D. Qualifying Exam Chart: 

 

1.Each topic exam was counted separately in the above. Over this four- year interval, 24 students through qualifying: 2 failed, 18 
passed, and still 4 uncertain (they will get second attempts next August.) 

2. In 2009, two Students were required to sit for the exam and did not ; thus, their seven failed exams are not reflected in the 
totals. 

Data Source:  OSE database for Qualifying Ph.D. Exams 

OSE/P and A – J. Thomas, Associate Professor 

 

Table 7. Passage Results* for OSE PhD Qualifying Exam Table: 

Passed/Failed 2006 2007 2008 2009 Cumulative 
Total 

Passed Exams 35 15 14 13 77 
Failed Exams 5 6 4 6 21 
Total Exams 40 21 18 19 98 

1.Each topic exam was counted separately in the above. Over this four- year interval, 24 students through qualifying: 2 failed, 18 
passed, and still 4 uncertain (they will get second attempts next August.) 

2. In 2009, two Students were required to sit for the exam and did not ; thus, their seven failed exams are not reflected in the 
totals. 

Data Source:  OSE database for Qualifying Ph.D. Exams 

OSE/P and A – J. Thomas, Associate Professor 
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II.5 PhD Dissertation Proposal 

A successful dissertation proposal defense, also called the candidacy exam, is the final step in the 
advancement of a PhD seeking student to candidacy. After having passed the PhD Written 
Qualifying Exam, a student must by the beginning of their fourth complete academic year 
formulate a research proposal in consultation with a potential Dissertation Advisor, and present 
and defend it to a potential Dissertation Committee.  This completes the transition of the student 
to a PhD research investigation plan, at which the student begins dissertation research under the 
active guidance of a Dissertation Advisor. 

II.6. PhD Dissertation Defense 

A student advanced to PhD candidacy must, within a reasonable period of time, create, write, 
and defend a body of original research publishable in a peer-reviewed journal in the chosen area 
of OSE research. The defense is based on a written dissertation and an oral presentation open to 
the public. A Dissertation Committee, of which the student’s dissertation advisor is the chair, 
performs a detailed cross-examination of the PhD candidate on every aspect of the candidate’s 
dissertation work before recommending it, often with suggestions for either a minor or major 
revision of the dissertation, for the PhD degree.  

II.7. Time to Degree Completion 

As seen on the following page, since Spring Semester 2005, the average time to complete an 
OSE MS degree and PhD degree is 3.7 and 5.8 years, respectively.  The relatively long time for 
the MS reflects the significant number of part-time students in the OSE MS program.  A full-
time student can complete the MS degree in typically 2-2.5 years. 
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Fig. 5. OPTICAL SCIENCE AND ENGINEERING PROGRAM AVERAGE YEARS TO 
COMPLETE A PhD DEGREE AND MASTERS DEGREE 

OSE Average Years of Completion of Degree1, 2 Chart: 

 

1The time to graduate for the M.S. degree is an average of 3.73 years taken from a sample size of 26 students graduating 
since Spring 2005. 
2 The time to graduate for the PhD degree is an average of 5.8 years taken from a sample size of 19 students graduating 
since Spring 2005. 
Data Source:  Enrollment Management dataset based on 21 day HED enrollment file. 
Enrollment Management Reporting Unit – K. Ballard, Programmer 

Table 8. OPTICAL SCIENE AND ENGINEERING PROGRAM AVERAGE YEARS TO 
COMPLETE A PhD DEGREE AND MASTERS DEGREE 

OSE Average Years of Completion of Degree1, 2 Table: 

Completed Degree Average Years to Complete 
Masters Degree 3.73 

PhD Degree 5.8 
1The time to graduate for the M.S. degree is an average of 3.73 years taken from a sample size of 26 students graduating 
since Spring 2005. 
2 The time to graduate for the PhD degree is an average of 5.8 years taken from a sample size of 19 students graduating 
since Spring 2005. 
Data Source:  Enrollment Management dataset based on 21 day HED enrollment file. 
Enrollment Management Reporting Unit – K. Ballard, Programmer 
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II. 7. Graduate Assessment 

The success and impact of the OSE program owe substantially to rigorous assessment tools and 
criteria. From the initial advisement of incoming students to their regular monitoring of progress 
throughout their graduate study, the program emphasizes measurable criteria of performance and 
progress toward degree.  

II.7.1. Assessment Tools and Criteria 

A. The PhD Degree 

Students must complete the required coursework with a grade of B- or better in each course 
while maintaining an overall GPA of 3.0 or better through all their courses. Those failing to meet 
this requirement are placed on probation, and measures must be put into place in consultation 
with their academic advisor to rectify this problem expeditiously. Since the set of required and 
optional coursework, while allowing for flexibility, is still reasonably tightly constrained, every 
student must negotiate a rigorous set of classes before being allowed to proceed further. 
Following immediately after the students have completed their required coursework, the PhD 
Qualifying exam provides for a more comprehensive testing of their course-based knowledge 
one more time before they are officially permitted to devise a research plan for their thesis or 
dissertation. This approach of requiring a more comprehensive examination of student’s 
knowledge of core areas tends to prepare the student very broadly to undertake his or her 
research program. 

As the next step of assessment for a PhD seeking student, the research plan, which a student 
develops in consultation with his or her dissertation advisor over the subsequent 18-24 months, is 
then subjected to a close scrutiny and approval by an OSE faculty committee headed by the 
advisor. A successful proposal defense, or the candidacy examination, is the demonstration of the 
student’s ability, promise, and preparation to undertake dissertation research.   

The final assessment step in a student’s PhD career is the completion of a publishable body of 
comprehensive original research on an OSE topic, its composition in standard written form, and 
its successful defense conducted at a publicly advertised location. This is the culmination of the 
academic process certifying that all requirements of the most advanced degree have been 
fulfilled and that the student has earned the degree. 

B. The MS degree 

While as stringent as those for the PhD degree, the assessment criteria for the MS degree under 
Plan 1 (thesis option) do not include the dissertation proposal step. This is primarily due to the 
shorter time frame over which candidates for a terminal MS degree must receive their degrees 
before applying to enter the workforce or proceeding to another institution for PhD work. The 
course-based option, namely Plan 2A, requires more extensive coursework than the thesis-based 
plan; however, each required class must be passed with the same stringent B- grade or better as 
for Plan 1. 
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The internship-based MS option under Plan 2B is similar to Plan 2A with the critical difference 
that the student pursuing this plan must take up an internship of 3-6 months at either an industrial 
organization or a government/contractor laboratory. The internship must be arranged well in 
advance but after the required coursework has been completed with prior consultation and 
approval by a committee consisting of OSE faculty and at least one industrial POC, specifically 
the immediate supervisor of the internship. Successful completion of the internship requires 
specialized but not necessarily original OSE based work of practical interest and impact to the 
host organization as well as a technical report of the involved work, while meeting the rigorous 
standards of scholarship set out by the OSE program.   

C. Exit Interview and Alumni Questionnaire 

Each graduate of the OSE program must undergo an exit interview with either the General Chair 
or Co-chair or their designee. This accords the graduates an opportunity to critique the program 
and their experiences as a student at UNM and the program a portal into the students’ 
perspectives on its effectiveness, strengths, and shortcomings.  

The program regularly solicits feedback from its alumni as a survey of their workforce placement 
and how they have leveraged their academic experience at UNM for their professional career. 
Typically each year the questionnaire is sent to alumni who graduated from the program five 
years ago.   

Both these modes of feedback are utilized constantly by the program to improve its scope, 
offerings, quality, and currency in the ever-changing professional world.  
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III.  Institutional Data and Metrics for the UNM OSE Graduate Program 

The following bulleted list summarizes the findings from the institutional data provided to the 
OSE program by the Registrar, Office of Graduate Studies, and the Office of Institutional 
Research.  For each table, the data source is cited at the bottom of the figure. 

• As shown in Fig. 6, the enrollment in the UNM OSE graduate program over the past 
decade has nearly doubled to the present level of 60 students.  A small dip in enrollment 
occurred between 2006 and 2007, but this decrease was corrected in the Fall 2009 
semester as a result of the vigorous recruitment of 17 new students. 

• Fig. 7 shows that student body in the OSE program is about 10% female at this time.  
Increasing the female enrollment in the program represents a recruitment challenge for 
future growth of OSE at UNM. 

• Fig. 8 reveals that the OSE program currently has about 50% international students, 
which seems typical for a graduate science and engineering program in the USA. 

• Fig. 8 also shows that the number of minority students in the OSE program is negligible.  
Increasing the minority student enrollment is further recruitment challenge for future 
UNM OSE growth. 

• From Fig. 9, we can see that the OSE program has graduated an average of 4.4 PhD/year 
over the past decade and 5 MS/year since the first UNM OSE MS degree was awarded in 
2003. Based on the data shown in Fig. 9 for the past 3 years, the OSE program graduates 
0.82 PhD/year/FTE and 0.92 MS/year/FTE.  The number of faculty FTE’s in the OSE 
program is calculated to be 6.5.  The latter figure is found from adding the fraction of 
RA’s for any given OSE faculty member that are OSE RA’s.  However, Profs. Diels, 
Sheik-Bahae, Rudolph, and Prasad are each considered to be 1.0 FTE as defined by the 
Chair of the P&A department. 

• In Fig. 10 we show projections for OSE degree generation in the short term.  The OSE 
program anticipates graduating 8 MS and 8 PhD students in the 2009-2010 Academic 
year.  These figures would represent the most degrees the program ever graduated.  The 
largest number so far in any academic year is 15 as shown for 2007-2008 in Fig. 9. 

• Student credit-hour (SCH) generation as shown in Fig. 11 is 2671 over the past three 
academic years (fall’06-spring’09) for an average of 890 SCH per academic year. 
Inclusive of these SCHs, P&A and ECE together generated 3558 SCHs/yr (1817 SCH/yr 
from P&A, 1771/yr from ECE).  

• (Data not plotted) Share of departmental colloquia – 23 of the 142, or roughly 1/6th of, 
P&A colloquia given over the period Jan’05-Dec’09 have been in OSE research areas. 
While roughly in proportion to the fractional OSE faculty strength of the dept, these 
colloquia do not include a number of other research presentations and seminars in OSE 
delivered under the Optics seminar series, Center for Advanced Studies (now Center for 
Quantum Information and Control) seminar series, and the Center for High-Technology 
seminar series. 
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Fig. 6. OPTICAL SCIENCE AND ENGINEERING SUMMARY OF FALL STUDENT 

ENROLLMENT FOR YEARS 2000 to 2009 

 
OSE Fall Student Enrollment Chart: 

 
Data Source:  Enrollment Management dataset based on 21-day HED Enrollment File. 
Enrollment Management Reporting Unit - K. Ballard, Programmer 

 
 
Table 9. OSE Fall Student Enrollment Table  
  
Optical Science and Engineering  
Summary of Fall Student Enrollment  
for Years 2000 to 2009 
 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
33 39 45 49 52 53 45 45 50 60 

 
Data Source:  Enrollment Management dataset based on 21-day HED Enrollment File. 
Enrollment Management Reporting Unit - K. Ballard, Programmer 
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Fig. 7. OPTICAL SCIENCE AND ENGINEERING ENROLLMENT BY 
SEX OF STUDENTS ADMITTED TO PROGRAM 

FALL 2000 TO FALL 2008 

 
OSE Enrollment by Sex of Students: 

 
Data Source:  Enrollment Management dataset based on 21-day HED Enrollment File. 
UNM Institutional Research:  C. Bernhard 

 
Table 10. Optical Science and Engineering Enrollment by Sex of Students Admitted to Program 
Fall 2000 to Fall 2008 
 

SEX 
2000 2001 2002 2003 2004 2005 2006 2007 2008 

OSE 
Enrolled 
Male 
Students 

27 29 32 37 43 44 38 37 40 

OSE 
Enrolled 
Female 
Students 

5 7 11 9 7 6 6 7 6 

Data Source:  Enrollment Management dataset based on 21- HED Enrollment file. 
UNM Institutional Research:  C. Bernhard 
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Fig. 8. OPTICAL SCIENCE AND ENGINEERING ENROLLMENT BY ETHNICITY OF 
STUDENTS ADMITTED TO PROGRAM 

FALL 2000 TO FALL 2008 
 
OSE Enrollment by Ethnicity of Students: 

 
Data Source:  Enrollment Management dataset based on 21-day HED Enrollment file. 
UNM Institutional Research:  C. Bernhard 

 
Table 11. OPTICAL SCIENCE AND ENGINEERING ENROLLMENT BY ETHNICITY OF 
STUDENTS ADMITTED TO PROGRAM Fall 2000 to Fall 2008 

Students’ 
Ethnicity 

2000 2001 2002 2003 2004 2005 2006 2007 2008 

White/non-
Hispanic 

13 16 15 15 16 16 15 14 19 

American 
Indian 

0 0 0 0 0 0 0 0 0 

Asian/Pacific 
Islander 

0 1 1 1 2 3 2 1 0 

Hispanic 1 1 1 1 1 1 0 1 1 
African 

American 
0 0 0 0 0 0 0 0 0 

International 18 18 25 27 29 27 26 27 22 
No Response 0 0 1 2 1 3 1 1 4 
Data Source:  Enrollment Management dataset based on 21-day HED Enrollment file. 
Source:  UNM Institutional Research:  C. Bernhard 
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Fig. 9. OPTICAL SCIENCE AND ENGINEERING TOTAL NUMBER 
OF DEGREE RECIPIENTS 2000-2001 to 2008-2009 ACADEMIC YEARS* 

 
OSE Degree Recipient Chart: 

  
*Academic Year - Begins in the fall semester and includes the next spring and summer semesters.  
E.g. Academic Year 2000-2001 includes Fall 2000 semester, Spring 2001semester and Summer 2001semester.  
Data Source:  Enrollment Management dataset based on 21-day HED Enrollment File. 
Enrollment Management Reporting Unit - K. Ballard, Programmer 

 
 
Table 12. TOTAL NUMBER OF DEGREE RECIPIENTS  
2000-2001 to 2008-2009 ACADEMIC YEARS* 
Degrees 2000-

2001 
2001-
2002 

2002-
2003 

2003-
2004 

2004-
2005 

2005-
2006 

2006-
2007 

2007-
2008 

2008-
2009 

Cumulative 
Degree 
TOTAL 

Ph.D. 
Degrees 

6 5 3 5 4 3 5 5 6 44 

M.S. 
Degrees 

0 0 2 6 4 6 6 10 2 36 

Total 
Degrees 
Awarded 

6 5 5 11 8 9 11 15 8 80 

*Academic Year - Begins in the fall semester and includes the next spring and summer semesters.  
E.g. Academic Year 2000-2001 includes Fall 2000 semester, Spring 2001semester and Summer 2001semester.  
Data Source:  Enrollment Management dataset based on 21-day HED Enrollment File. 
Enrollment Management Reporting Unit - K. Ballard, Programmer  
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Fig. 10. OPTICAL SCIENCE AND ENGINEERING PROGRAM  
PROJECTED DEGREE RECIPENTS* FOR FALL 2009 TO SPRING 2010 

 
Projected Degree Recipients for OSE Chart: 
 

 
*The Fall 2009 degree recipients have already been confirmed as graduated per the Office of Graduate Studies. 
Data Source:  Office of Graduate Studies graduated student list and proposed graduation list. 
Office of Graduate Studies-T.Ellis, Senior Academic Advisor and H. Krupicka, Records Management Clerk 
 
 
Table 13. Projected Degree Recipient Table: 
 
OPTICAL SCIENCE AND ENGINEERING PROGRAM  
PROJECTED DEGREE RECIPENTS* FOR  
FALL 2009 TO SPRING 2010 

 
DEGREE FALL 2009* SPRING 2010 Total 

Ph.D. 1 4 5 
M.S. 5 5 10 

 
*The Fall 2009 degree recipients have already been confirmed as graduated per the Office of Graduate Studies. 
Data Source:  Office of Graduate Studies graduated student list and proposed graduation list. 
Office of Graduate Studies-T.Ellis, Senior Academic Advisor and H. Krupicka, Records Management Clerk 
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Fig 11. OPTICAL SCIENCE AND ENGINEERING 
TOTAL ACADEMIC YEAR STUDENT CREDIT HOURS1 

RESTRICTED2 AND UNRESTRICTED 2006-2007 to 2008-2009 Academic Years3, 4 

 
OSE Total Student Credit Hours Chart: 

 

 
1Course numbers to derive student credit hours provided by OSE 
2Restricted credit hours are those for which UNM receives no funding from the state.  They are primarily connected to courses 
funded by non-I&G accounts or are credit hours delivered via the Internet to out-of-state students. 
3Academic Year - Begins in the fall semester and includes the next spring and summer semesters.  
4OIR experienced a data anomaly with the ECE student credit hours, (SCH). For academic years 2004-2005 and 2005-2006, there was 
no data for SCH for OSE-ECE courses.  Thus, the data for these academic years are not included. 
Data Source:  HED End-of-Semester Course File, created by the Registrar’s Reporting Team, maintained by the Office of 
Institutional Research, (OIR) & Enrollment Management dataset based on 21 day HED enrollment file 2006-2009. 
UNM Institutional Research:  C. Bernhard and Enrollment Management Reporting:  K. Ballard, Programmer 

 
Table 14. OSE Total Student Credit Hours Table: 
TOTAL ACADEMIC YEAR STUDENT CREDIT HOURS1RESTRICTED2AND 
UNRESTRICTED 2006-2007 to 2008-2009 Academic Years3, 4 

Academic 
Year 

2006-
2007 

2007-
2008 

2008-
2009 

Cumulative 
Total 

Total 
Student 
Credit 
Hours 

857 928 886 2,671 

1Course numbers to derive student credit hours provided by OSE 
2Restricted credit hours are those for which UNM receives no funding from the state.  They are primarily connected to courses 
funded by non-I&G accounts or are credit hours delivered via the Internet to out-of-state students. 
3Academic Year - Begins in the fall semester and includes the next spring and summer semesters.  
4OIR experienced a data anomaly with the ECE student credit hours, (SCH). For academic years 2004-2005 and 2005-2006, there was 
no data for SCH for OSE-ECE courses.  Thus, the data for these academic years are not included. 
Data Source:  HED End-of-Semester Course File, created by the Registrar’s Reporting Team, maintained by the Office of 
Institutional Research, (OIR) & Enrollment Management dataset based on 21 day HED enrollment file 2006-2009. 
UNM Institutional Research:  C. Bernhard and Enrollment Management Reporting:  K. Ballard, Programmer 
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Table 12. OPTICAL SCIENCE AND ENGINEERING COURSE CURRICULUM LIST* 
 

Physics 463 Advanced Optics I 
EECE 463 Advanced Optics I 
Physics 554 Advanced Optics II 
EECE 567 Advanced Optics II 
Physics 464 Laser Physics I 
EECE 464 Laser Physics I 
Physics 476L Experimental Techniques of Optics 
Physics 477L Experimental Techniques of Optics 
Physics 511 Electrodynamics 
EECE 561 Electrodynamics 
EECE 475 Intro to Electro-Optics and Optoelectronics 
Physics 521 Graduate Quantum Mechanics I 
EECE 574L Microelectronics Processing 
Physics 555 Nonlinear Optics 
EECE 568 Nonlinear Optics 
Physics 529 Condensed Matter I 
EECE 572 Semiconductor Physics 
Physics 569 Topics in Modern Optics 
Physics 564 Laser Physics II 
EECE 577 Fundamentals of Semiconductor LEDs & Lasers 
Physics 566 Quantum Optics 
Physics 531 Atomic and Molecular Structure 
Physics 556 Optical Coherence Theory 
EECE 564 Guided Wave Optics 
EECE 565 Optical Communication Components and Subsystems 
Physics 522 Quantum Mechanics II 
Math 466 Methods in Theoretical Physics I 
Physics 466 Methods in Theoretical Physics I 
Physics 467 Methods in Theoretical Physics II 
Physics 559 Internship in Optical Science and Engineering 
EECE 559 Internship in Optical Science and Engineering 

 

*This is a list of the OSE Curriculum courses that were used by the Office of Institutional Research to derive 
student credit hours for the program.  
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III.1.  Research Impact:  Funding, Publications, and h-index of OSE 
 
For the past 5 years, 18 UNM faculty* who are affiliated with OSE, have collectively raised an 
average of $11.0M/year in external research support.  This computes to an average of 
$610K/year/faculty, which is a very competitive figure nationally. 
 
The number of publications and citations by the current OSE faculty has steadily risen over the 
past decade to the current levels of about 80-100 journal articles/year and 3,300 citations/year.  
Plots of this growth are shown in Appendix D. This computation was made using 23 affiliated 
OSE faculty** as a basis.  For the journal and citation totals, ALL publications were considered 
(optics-related and not).  The h-index (number of journal articles X with X or greater citations) 
for the optics-related papers only of these 23 OSE faculty is a robust 75. For comparison, the h-
index of CHTM as of this writing is 57. The full h-index including all articles written by this 
group of OSE faculty is actually 86. 
 
The 100 most highly-cited articles of the OSE program are available upon request.  The number 
one paper in this list was recognized in 2007 as the most cited article in the 30-year history of the 
IEEE Journal of Quantum Electronics.  The article, written by Prof. Sheik-Bahae and co-authors, 
has received 2,400 citations as of January 2010. 
 
 
 
 
*For the research funding calculations, a faculty basis of 18 was used.  These 18 faculty include the 4 
P&A faculty who are core OSE (Diels, Prasad, Rudolph, and Sheik-Bahae) plus Profs. Lester, Brueck, 
Malloy, Osinski, Jain, Balakrishnan, Hossein-Zadeh, Koch, Krishna, Hayat, G. Lopez, Ghani, 
Christodoulou and Hersee.  Grant award data was provided by the P&A dept. and by Karen Walker of 
CHTM (OSE 2004-2009 Awards Data rev.xls) and is available upon request. 
 
**The faculty who formed the basis for the journal and citation metrics and the h-index calculation are 
Professors Lester, Stricker, Kenkre, Epstein, Caves, Hasselbeck, Christodoulou, Dawson, Malloy, Diels, 
Rudolph, Deutsch, Eliseev, Jain, Hossein-Zadeh, Balakrishnan, Hayat, Brueck, Prasad, Hersee, Krishna, 
Osinski, and Sheik-Bahae. (Thomas, Ghani, Geremia, and Lopez were not included in the database search 
given the search restrictions of Web of Science, the fact that co-authors captured their contributions, or 
that there optics-related papers did not impact the h-index calculation.) 
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IV. Revenue, Expenses and Proposed Budget of the OSE Program 
 
 
Recurring revenue for the OSE program: 
 
1) Salary line (index code 241000)        $16,974 
 
 
Current Expenses for the OSE program 
 
2) Salary and Benefits for the 0.5 FTE Program Advisor     $25,900 
 
3) Special Admin. Compensation (SAC) for OSE General Chair      $3,000 
 
4) Budget for supplies, events, society memberships            $6,000 
 
 
5) Current Expense Total (Lines2-4):        $34,900 
 
 
6) Current Shortfall in Recurring Funding (Line1 less Line4) ($17,926) 
 
 
Additional Monies Needed: 
 
7) Bring OSE Program Advisor from 0.5 to 1.0 FTE    $34,757 
 
8) 0.5 FTE Administrative Assistant      $23,000 
 
9) 0.5 FTE Laboratory Coordinator      $26,000 
 
 
10) Proposed Budget Total (Lines5+7+8+9):  $118,657 
 
 
Potential Future Revenue Sources for the OSE Program 
 
a) Supplemental Tuition: with a basis of 90 students, supplemental tuition of 
$667/student/semester would cover the proposed OSE budget. 
b)   F&A Return from the 25 OSE RAs contracts is estimated at $200,000-$250,000 annually. 
c)   Tuition generated from the 25 OSE RAs contracts amounts to about $130,000 annually. 
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V. Faculty Research Areas and Facilities  

V.1.  Faculty Research Areas 

The OSE faculty conduct research in the topics listed below in laboratories primarily located in 
the Physics Dept. building, the ECE building, and the Center for High Technology Materials 
(CHTM) 

• Advanced Materials  
• Atom Optics  
• Biomedical Optics  
• Fiber Optics  
• Laser Cooling  
• Laser Physics  
• Lithography  
• Nano-Photonics 
• Nonlinear Optics  
• Optics Education  
• Optical Imaging  
• Optical Sensors  
• Optoelectronics  
• Photonic Integrated Circuits  
• Quantum Optics  
• Spectroscopy  
• Ultrafast Phenomena  

V.2. Role Facilities of CHTM in the OSE program  

About half of the ongoing 27 faculty in the OSE program are also members of the Center for 
High Technology Materials, which is a research center at UNM that reports directly to the Vice 
President for Research and Economic Development (VPRED) office.  CHTM provides 
administrative and technical support in terms of research grant submission, accounting, 
execution and reporting.  The F&A that is generated by grants that are run through CHTM flows 
through the VPRED office and then a portion of this F&A is returned to CHTM to support 
primarily the administrative staff of the research institute.  The F&A generated by the center 
exceeds $1M/year. The CHTM/OSE faculty have laboratories located within the 60,000 sq. ft. 
CHTM building, which is situated in the Science and Technology Park of UNM. CHTM 
currently has only a small financial role in supporting the academic mission of OSE by supplying 
the office and supplies for the OSE Program Advisor, an RA contract, and a 1/3 fraction of the 
SAC for the General Chair. 

Key components of CHTM's vertically integrated structure are its highly advanced facilities. 
Begun in 1992 with a bond issue approved by the State of New Mexico and dedicated in 1997, 
the Center for High Technology Materials was constructed in south campus, in an area called 
UNM Research Park. Housed in the main complex and in three satellite buildings are several 
laboratories devoted to the research of nanotechnology and advanced optics. The extensive 
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modern cleanroom in the main building allows for the fabrication of advanced semiconductor 
devices from epitaxial structures grown at CHTM. Also within the main building are nearly two 
dozen laboratories that house high power lasers, scanning electron microscopes, devices for 
molecular beam epitaxy, and advanced workstations for numerical simulations of atomic 
structures and beam propogation within laser cavities.  

Research at the neighboring Crystal Growth Facility focuses on metalorganic chemical vapour 
deposition (MOCVD) epitaxial growth for advanced semiconductor device structures. Another 
building adjacent to CHTM houses the Mid-infrared Imaging Characterization and Application 
(MICA) laboratory, where testing of infrared focal plane arrays that are grown and fabricated at 
CHTM is performed. Finally, a newly constructed draw tower and cleanroom located nearby in 
UNM Research park enables the local fabrication of long optical fibers for research. 

Roughly half of the OSE graduate students with an RA have their offices and laboratory 
experiments at CHTM. 
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VI. Governance Structure and Curriculum Plan    

This section of the self-study document analyzes governance, degree emphases, faculty, and the 
future growth of the UNM OSE program. 

VI.1. Governance Structure for OSE 
 
In spite of its importance to the education and research activities of P&A and ECE, the OSE 
program has been run largely in an adhoc fashion with administrative resources provided by the 
two departments. This has stunted the ability of the program to expand its scope and reach, 
develop its own long-range plan, chart exciting new directions and priorities, and evolve a 
realistic budget plan that enables it to meet its essential goals and objectives. The reporting 
structure has hitherto been ill-defined, with the two departments providing courtesy oversight to 
the program without a well-planned strategy for its long-term growth and health. The OSE 
faculty are at present hired through their perceived fit in the larger departmental priorities which 
pay little attention to the specific needs and objectives of the OSE program. While charged fully 
with the administration of the program, OSEGC has been a body of dedicated OSE faculty who 
have been largely unable to leverage resources for the program because of the broader 
departmental concerns and constraints. The recent formation of the Executive Committee under 
the leadership of the Office of Graduate Studies (OGS) Dean provides a badly needed 
governance structure that will help improve the visibility, impact, and organization of the 
program while helping to sustain and develop its priorities, including a faculty hiring plan, in the 
broader institutional context. 
 
Members of the Executive Committee to the OSE program: 
 
Vice President for Research 
Director of CHTM 
Chair of ECE 
Chair of Physics 
Dean of Graduate Studies 
Dean of the College of Arts and Sciences 
Dean of Engineering 
General Chair, OSE 
Co-Chair, OSE 
 
One of these members will act as the chair of the committee (currently the Dean of the OGS) and 
act as the point of contact for the General Chair and Co-Chair of OSE during the year. The OSE 
Executive Committee will meet at least twice per year to receive an annual report presentation 
from the General Chair and Co-Chair of OSE and to address issues for the program.  At these 
meetings, the OSE Executive Committee will review and approve major changes to the program, 
evaluate performance of the program, ratify the OSE budget annually, and give OSE program 
feedback on its priorities for the upcoming year.   
Major changes in the program would include changes in staffing level, budget size, and the 
General Chair or the Co-Chair. 
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The Chair of the OSE Executive Committee will assist the General Chair in identifying resources 
(financial and personnel) for student support, marketing of the program, and staff recruitment.  
The Chair will also assist in representing the interests of the OSE program for such major issues 
as new faculty hires. 

VI.2. Expansion of OSE tracks to include optoelectronics and imaging science 

VI.2.1 Background on the OSE student environment 

Currently, there are approximately 100 “Optics” graduate students at UNM.  They are distributed 
among the various graduate programs in the following manner: 

1) Optical Science and Engineering, 60 students pursuing MS and PhD degrees who declare 
the Physics or ECE departments as their “home” department.  

2) Optoelectronics, 30 students pursuing MS and PhD degrees, Optoelectronics is a separate 
concentration within the ECE department.  

3) Optics, ~5 pursuing PhD degrees, Optics is a separate concentration within the Physics 
department consisting primarily of transfer students from Europe.   

For the following reasons, it would be advantageous to bring these 3 groups under the Optical 
Science and Engineering umbrella: 

1) Under a unified OSE program, students would receive consistent advisement by a single, 
dedicated OSE program advisor.  Currently these “Optics” students are advised by 3 
different staff members:  The ECE graduate advisor, the Physics graduate advisor, and 
the OSE program advisor. 

2) Admissions could be coordinated with common application due dates, acceptance 
decision dates, and financial aid decision dates.  Currently the admission due date for 
OSE is January 15th and the ECE/Optoelectronics due date is February 15th for the Fall 
semester in any calendar year.  A similar situation exists for the Spring admissions cycle, 
but the applicant number is roughly an order of magnitude smaller. 

3) A common time period for the PhD written examinations.  Currently faculty time is 
spread over many months servicing at least 3 different exams in August and January of 
every calendar year. 

4) Eliminating undesirable switching of a student’s graduate concentration across artificial 
departmental boundaries.  Currently Optoelectronics students must “transfer” to OSE and 
vice versa.  This process creates useless paperwork and an undesirable change in program 
advisor due to (1).  Also the existence of separate OSE, Optoelectronics, and Optics 
programs allows students who have “flunked out” of one program to migrate into the 
other.  This process inflates our student graduation rates for optics-related concentrations. 

5) Substantially improved flexibility for OSE/Optoelectronics PhD students in their free 
elective choices.  The OSE PhD student is required to have 52 coursework credit hours, 
30 hours are well-defined by the OSE faculty and the remaining 22 are very open to 
student choice. 
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6) A robust revision of the “Optoelectronics” curriculum under the OSE umbrella that 
would focus the student’s academic experience on courses that are essential for career 
success. 

This last point is the primary focus of the remainder of section V.2.2. 

VI.2.2 The Proposed Optoelectronics Track 
 
The new Optoelectronics emphasis within the OSE program would have the following required 
core courses for the MS degree: 
 

Mandatory for the OSE/Optoelectronics MS: 
ECE 572, Semiconductor Physics 
ECE 570, Semiconductor Optical Materials and Devices 
ECE 561 (or Physics 511), Electrodynamics 
ECE 565, Optical Communications Components and Subsystems 
Physics 476 or Physics 477, Experimental Techniques of Optics 
 
–Plus 6 credit hours (thesis option), 9 credit hours (coursework option) OR 9 credit hours 
(internship option) from an approved, option-based pool of courses. 
-The remaining curriculum requirements for the OSE MS degree with Optoelectronics 
emphasis would be identical to the existing OSE framework that can be found on the 
OSE website:  www.optics.unm.edu 
-The new Optoelectronics emphasis within the OSE program would have the following 
required core courses for the PhD degree: 
-The baseline PhD course curriculum for the OSE/Optoelectronics would mirror that of 
the MS framework.  OSE/Optoelectronics PhD students would also be required to take 3 
credit hours of graduate seminar, including at least one Optics seminar.  Again the 
remaining coursework structure for the OSE PhD student can be found at 
www.optics.unm.edu 
 
Mandatory for the OSE/Optoelectronics PhD: 
ECE 572, Semiconductor Physics 
ECE 570, Semiconductor Optical Materials and Devices 
ECE 561 (or Physics 511), Electrodynamics 
ECE 565, Optical Communications Components and Subsystems 
Physics 476 or Physics 477, Experimental Techniques of Optics 
3 credit hours of Graduate Seminar 
 
12 credits hours from the “Option-based” Pool must also be taken.  Further there are 22 
credit hours of free electives to satisfy a total of 52 credit hours. 
 
 

Note: The “Option-based” pool of the current OSE program would be expanded to 
accommodate the optoelectronic and materials interests of the ECE/Optoelectronics students. 
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VI.2.3 The Proposed Imaging Science Track 
 
A number of OSE faculty members and their students are actively engaged in research on topics 
in modern imaging science. In view of this high level of activity, we envision a third emphasis 
area for OSE, namely the imaging science (IS) track. Creating such a track will not only 
streamline a number of pertinent course offerings in ECE and their teaching schedules but also 
provide greater flexibility and structure for students seeking to do dissertation research in 
imaging. It will also help consolidate all ECE based OSE research areas at UNM under the two 
umbrellas of optoelectronics and imaging science, removing redundancies and conflicts between 
OSE and non-OSE degree programs.  A final benefit of this track is the mechanism it would 
furnish for students engaged in imaging and image processing research outside P&A and ECE, 
such as the School of Medicine, to pursue a well structured graduate degree program in these 
areas. Many of the rationales used earlier to justify the proposed optoelectronics emphasis area 
apply to this track as well. 
 
Credit-Hour Requirements for the MS Degree in OSE / Imaging Science:  
 
Each of the three MS plans will have the same 15 credit hrs of mandatory course work as 
follows: 
   
Mandatory Courses for OSE/Imaging Science MS (15 hrs): 
P&A/ECE 463-Adv Optics I; 
P&A 554 / ECE 567 – Adv Optics  II;  
ECE 541 - Probability theory and stochastic processes;  
ECE 533 - Digital image processing;  
ECE 517 – Pattern recognition;  
 
The remaining credit hrs must be made up as set out in the table below, as is true currently. In the 
table, Group A refers to the above mandatory courses, while Group B consists of option-based 
courses derived from the pool of option-based /elective courses listed below under the PhD 
program and ECE 596 (Optimization theory).. 
 

PLAN Course 
(total) A  B  Free 

Electives 
Thesis 
(599) 

Res. 
Seminar/ 
Problems 

Internship 

1 Thesis 30 15 6 3 6 - - 

2A Course 33 15 9 6 - 3 (2 in 
optics) - 

2B Internship 33 15 9 6 - - 3 
 
Credit-Hour Requirements for the PhD Degree in OSE / Imaging Science:  
 
Students pursuing an OSE PhD in the new Imaging Science track must satisfy the following 
course requirements: 



 39 

 
Mandatory Courses for OSE/Imaging Science PhD (27  hrs): 
P&A/ECE 463-Adv Optics I; 
P&A 554 / ECE 567 – Adv Optics  II;  
ECE 517 – Pattern recognition 
ECE 541 - Probability theory and stochastic processes;  
ECE 533 - Digital image processing;  
ECE 596 - Optimization theory 
ECE 595 – to develop and teach a course on Detectors and Hardware 
ECE642 – Signal detection and estimation;  
3 hrs of graduate seminar; 
 
Option Based Courses + Elective Courses  – to be drawn from 
Phys 511 / ECE 561 - E&M,  
Phys 566 – Optical Coherence Theory; 
ECE 539 - Digital signal processing;  
ECE 549 - Information theory and coding;  
ECE 500 - Theory of linear systems;  
ECE 475 - Introduction to electro-optics and opto-electronics;  
ECE 516 - Computer vision;  
ECE 570 - Semiconductor Materials and Optical Devices;  
ECE 547 - Neural networks; 
ECE 581 – Colloidal nanocrystals for biomedical applications 
ECE 510 - Medical Imaging;  
ECE 512 - Advanced image synthesis 
ECE 511 – fMRI methods (being developed) 
 
The option-based hours must comprise 3 hrs from the above pool, while the remaining 22 hrs 
must be free electives to be drawn from the rest of this pool and other approved graduate courses, 
including research and problems courses. 

VI.3. The OSE Faculty and Future Hiring Plans 

There are currently no female OSE faculty that are tenured or tenure track.  This is a deficiency 
that should be addressed in any future OSE hiring plan.  To ensure continued success of the OSE 
program, the current OSE program needs the proposed OSE Executive Committee to represent 
the interests of the degree program in the critical area of faculty hiring when faculty slots become 
available in the ECE and Physics departments. 
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Fig. 11. OPTICAL SCIENCE AND ENGINEERING 
AFFILIATED FACULTY1, 2 as of 10/31/08 

 
OSE Affiliated Faculty Chart: 

 

 
 
1 Faculty by department based on tenure department.  Non-tenure track faculty, temporary faculty, and post-docs, 
department are based on assignment. 
 
2 The OSE faculty is affiliated with the OSE program.  OSE affiliated faculty have appointments with either Electrical 
and Computer Engineering Department, the Biology Department, Chemical Nuclear Department, and the Physics and 
Astronomy Department. 
 
Data source:  Empcount database maintained by Institutional Research 
UNM Institutional Research:  C. Bernhard 
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Table 14. OSE Affiliated Faculty Table 
 
OPTICAL SCIENCE AND ENGINEERING AFFILIATED FACULTY1, 2 as of 10/31/08 

Category 2000 2001 2002 2003 2004 2005 2006 2007 2008 
Professor 15 13 13 13 14 15 16 18 18 
Associate 
Professor 

2 5 5 5 3 4 4 3 3 

Assistant 
Professor 

1 0 0 1 1 2 3 2 2 

Visiting 
Faculty 

1 0 0 0 0 0 0 0 0 

Research 
Faculty 

13 13 14 11 13 11 9 9 9 

Temporary 
Faculty 

1 2 2 2 1 0 2 2 2 

Post-
Doctoral 
Fellows 

1 2 2 3 3 3 2 2 2 

TOTAL 
Faculty 

34 35 36 35 35 35 36 36 36 

 
 
1 Faculty by department based on tenure department.  Non-tenure track faculty, temporary faculty, and post-docs, 
department are based on assignment. 
 
2 The OSE faculty is affiliated with the OSE program.  OSE affiliated faculty have appointments with either Electrical 
and Computer Engineering Department, the Biology Department, Chemical Nuclear Department, and the Physics and 
Astronomy Department. 
 
Data source:  Empcount database maintained by Institutional Research 
UNM Institutional Research:  C. Bernhard 
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Table 15. OPTICAL SCIENCE AND ENGINEERING PROGRAM 
Affiliated Faculty by Contract Type and Category As of October 31, 2008 

Data source:  Empcount database maintained by Institutional Research 
UNM Institutional Research:  C. Bernhard 

Faculty Category Name Job Title 
ECE Tenure, Tenure Track 

Faculty by Rank Balakrishnan, Ganesh Assistant Professor 

Brueck, Steven R. 
Director/Distinguished 

Professor 
Christodoulou, Christos  Professor 

Hayat, Majeed M. Professor 
Hersee, Stephen D. Professor 
Jain, Ravinder K. Professor 
Lester, Luke F. Professor 
Osinski, Marek Professor 

Schamiloglu, Edl Professor 
Ghani, Nasir Associate Professor 

Krishna, Sanjay Associate Professor 
Hossein-Zadeh, Mani Assistant Professor 

 Sen, Pradeep Assistant Professor 
Non-Tenure Track Faculty by 

Primary Lavrova, Olga Visiting Lecturer 
Dawson, Larry R. Research Professor 

El-Emawy, Abdel-Rahman Research Assoc Professor 
Gaudet, John A. Faculty Working Retiree 
Grillot, Frederic Research Assoc Professor 

 Smolyakov, Gennady Research Asst Professor 
Physics Tenure, Tenure Track 

Faculty by Rank Caves, Carlton M. Distinguished Professor 
Deutsch, Ivan H. Professor 

Diels, Jean-Claude M. Professor 
Kenkre, Vasudev M. Distinguished Professor 

Prasad, Sudhakar Professor 
Rudolph, Wolfgang Professor 

Sheik-Bahae, Mansoor Professor 
Thomas, James L. Associate Professor 
Geremia, John M. Assistant Professor 

 Koch, Steven J. Assistant Professor 
Non-Tenure Track Faculty by 

Primary Epstein, Richard I. Research Assoc Professor 
Hasselbeck, Michael P. Research Asst Professor 

Nampoothiri, Vasudevan 
A V Research Asst Professor 

 Stintz, Andreas Research Asst Professor 
Other Faculty Alsing, Paul M. Temp Faculty 

 Cardimona, David A. Temp Faculty 
Tenure, Tenure Track Faculty 

by Rank Stricker, Stephen A. Associate Chairperson Biology 
 Lopez, Gabriel P. Professor Chemical Engineering 
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OPTICAL SCIENCE STUDENT CHAPTERS AND PROFESSIONAL 
SOCIETIES AT UNM: 

The OSE program has enjoyed strong ties and relationships with the Optical Science of America, 
(OSA) student chapter at UNM, SPIE student chapter at UNM, and The Albuquerque Chapter of 
the IEEE Photonics Society.  Each of these groups has a very active organization that holds 
meetings, host events and recruits new membership.  The OSE program has partnered regularly 
with these organizations in hosting and participating in their events. 

A.  The Optical Society of America UNM Student Chapter: 

The Optical Society of America's main function is to spread information, interest, and use of the 
optical sciences. Hopefully this helps to build communication within the optical community, 
which in turn cooperates to solve research problems, pure or applied. 

The OSA has established local student chapters to promote the cross-fertilization of ideas and 
efforts among student peers. From the OSA website: 

"Chapters also serve as an excellent vehicle for organizing optics programs, give 
you a global network of students at other colleges and universities, and is a great 
way to make career connections." 

The Albuquerque Student Chapter has been very active in sponsoring guest speaker, hosting 
social events, and participating in community outreach projects.  Here is a list of the 2009 
Calendar of Events: 
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2009 Events for OSA Student Chapter – UNM Albuquerque, NM 

March 6, 2009    

OSA TALK BY KRAIG FREDRICKSON, SANDIA NATIONAL LABS 
 DEVELOPMENT OF LASER DIAGNOSTICS IN TURBULENT POOL FIRES AND 
LOW-PRESSURE PLASMAS 

Computational simulations are frequently used to predict and understand the dynamics of many 
different systems. However, development of these simulations requires high-fidelity 
experimental data for validation and verification. The fire science and plasma physics 
communities have traditionally used physical probes, such as thermocouples or Langmuir probes 
as diagnostic tools, but these probes have limited spatial and temporal resolution and in many 
cases can be quite intrusive. Additionally, thermocouples may suffer from bias errors, such as 
thermal lag and radiative cooling, as large as 40% when employed in high-temperature (2000 K) 
fires, while the accuracy of Langmuir probes suffer from uncertainties on the same order of 
magnitude because of ion motion around the probe and ion interaction with the probe. As 
predictive simulations become more developed, the diagnostic techniques used must become 
more sophisticated to match the resolution needs of the modeling community. Laser-based 
diagnostics show the potential to acquire nonintrusive, high spatially and temporally resolved 
measurements within environments relevant to the fire and plasma communities. This seminar 
will present recent development of a joint temperature/soot and an electron density diagnostic 
within large-scale turbulent pool fires and low-pressure helium plasmas. The pool fire 
measurements utilize Coherent anti-Stokes Raman Scattering (CARS) and Laser-Induced 
Incandescence (LII) to determine the gas temperature and soot volume fraction, respectively. A 
Laser Collision-Induced Fluorescence technique is employed to extract the electron density and 
temperature within low-pressure helium plasmas. 
 
Speaker Biography:  Since 2007, Dr. Kraig Frederickson works as post-doctoral researcher at 
Sandia National Laboratories, doing development of laser-based diagnostics for large-scale 
turbulent pool fires (CARS/LII) and low-pressure plasmas (LCIF). Dr. Kraig Frederickson 
received his Ph.D in physical chemistry under the instruction of Dr. Walter Lempert, Ohio State 
University. His Ph.D research was about using optical/laser diagnostics to investigate plasma 
kinetics and plasma-based applications such as the Electric Discharge Oxygen Iodine Laser and 
isotope separation. Before that, he got his Bachelor’s in chemistry and physics from Pacific 
Lutheran University.  
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May 22, 2009 
 
OSA TALK BY DR. LUKE LESTER, OSE GENERAL CHAIR AND PROFESSOR, 
ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, UNM 

Reconfigurable Quantum Dot Photonic Integrated Circuits 
 
The guiding principle of the work to be discussed is the concept of the Reconfigurable Cellular 
Block (RCB), which refers to a discrete physical arrangement of repeated elements organized in 
various dimensions from nanoscale to microscale. The most successful example of the RCB idea 
is the field-programmable gate array (FPGA), which allows a system designer to program logic 
blocks in an integrated circuit to perform specific user-defined functions. Our vision is to apply 
the RCB principle to nanoscale photonic devices to realize the benefits of compactness, low cost, 
and flexibility of function. In particular, we examine the quantum dot photonic integrated circuit 
configured to operate as a mode-locked laser. The small size, low power consumption, and direct 
electrical pumping of monolithic mode-locked lasers make them promising candidates for optical 
clock distribution, high bit-rate optical time division multiplexing, OCT, two-photon microscopy, 
and arbitrary waveform generation. Some unique advantages of quantum dot (QD) materials, 
such as ultra broad bandwidth, ultra fast gain dynamics, and easily saturated gain and absorption, 
make them an ideal choice for semiconductor monolithic mode-locked lasers. The fundamental 
design principles for using QDs in mode-locked lasers are presented to explain the observed 
results and to describe why QDs are particularly well-suited for reconfigurable laser devices. 
Concluding remarks will be given on a series of open problems and future applications for these 
kinds of photonic integrated circuits.  
 
Speaker Biography:  Dr. Lester is a Professor in the Department of Electrical and Computer 
Engineering, Microelectronics Endowed Chair and General Chair of the Optical Science and 
Engi- neering program a UNM. He received his B.S. in Engineering Physics and his Ph.D. in 
Electrical Engineering from Cornell University. Prior to his arrival at UNM, Dr. Lester worked 
as an en- gineer for General Electric Electronics Laboratory in Syracuse, New York. Dr. Lester 
has over 20 years experience in III-V semiconductor materials and devices and was a co-founder 
and Chief Technology Officer of Zia Laser, Inc., a startup company using quantum dot materials 
to develop quantum dot laser products for communications and computer/microprocessor 
applications. As a senior member of the IEEE since 2000, he is an active organizer of Lasers and 
Electro-Optics Soci- ety (LEOS) conferences, workshops and journals. He was an Air Force 
Summer Faculty Fellow in 2006 and 2007. Dr. Lester’s other awards and honors include the 
1998 UNM School of Engineering Research Award, the 1994 Martin Marietta Manager’s Award, 
and the 2007 UNM ECE Teaching Award. He has published 80 journal articles and over 100 
conference papers.  
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May 27, 2009 

OSA CLEO 2009 PRACTICE TALKS 
 
Mike Pochet 
Methods for Improved 3dB bandwidth in an Injection-Locked QDash Fabry Perot Laser @ 
1550nm 
Li Wang 
Surface-Plasmon Enhanced Fluorescence in CdSe/ZnS Semiconductor Quantum Dots 
Luke A. Emmert 
The Role of Native and Transient Laser-Induced Defects in the Femtosecond Breakdown of 
Dielectric Films 
Daniel Mirell 
Experimental evidence for both the Self-guiding and Bessel Beam models of filamentation using 
different initial conditions 
Andreas Schmitt-Sody 
Synchronously pumped OPO with two pulses per cavity for intracavity phase measurements 
Andreas Velten 
Stabilization of a Two Pulse Intracavity Pumped OPO 
 
 
August 27, 2009 

OSA, THE OPTICAL SCIENCE AND ENGINEERING PROGRAM AND SPIE 
OUTREACH – NM STATE FAIR 

OSA, the OSE program and SPIE partnered together to host a booth at the New Mexico State 
Fair for Science and Technology Day.    

On Friday, September 18, 2009, the UNM Optical Science and Engineering (OSE) Program 
participated in the New Mexico State Fair’s Science and Technology Day or Celebra la Ciencia 
day at Expo NM.  This is a day when industry’s leading labs, government agencies and colleges 
share the wonders and mysteries of science with the children of New Mexico and their families.  
The State Fair organizers estimated approximately 2,000-3,000 people were in attendance.   
 
The OSE program brought the science and technology from the field Optics to the Expo.  A 
mixture of faculty and students demonstrated innovative and creative optical devices. UNM 
Professor Majeed Hayat performed a demonstration with infrared spectral sensors and imagers. 
Stephen Myers lead a beading exercise with the children using solar/UV beads. Maya Kutty 
performed a demonstration with kaleidoscopes and explains the optical science behind them. 
Andreas Velten and Koji Masuda had a demonstration creating a rainbow using light, prisms and 
water vapors. Brianna Klein had a hands-on solar cell demonstration and discussed its 
applications. Other student participants include Nishant Patel, Woo-Yong (Eric) Jang, Nutan 
Gautam, Xiang He, David Ramirez, Xuan Luo, Pankaj Ahirwar and Andreas Schmitt-Sody.   
 
The OSE program is an interdisciplinary graduate program that is jointly administered by the 
Department of Physics and Astronomy and the Department of Electrical and Computer 
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Engineering and is affiliated with the Center for High Technology Materials (CHTM).  The 
program is lead by Professor Luke Lester, General Chair OSE and Graduate Director of ECE, 
and Professor Mansoor Sheik-Bahae, Co-Chair OSE.  CHTM is lead by Distinguished Professor 
Steven Brueck, Director, and Associate Professor Sanjay Krishna, Associate Director.  The 
student participation at this event was made possible by the UNM student chapters of the Society 
of Photo-Optical Instrumentation Engineers (SPIE) and the Optical Society of America (OSA). 
This event was planned and organized by Doris Williams, OSE Program Advisor. 
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August 28, 2009 

OSA/SPIE UNM CHAPTER STUDENT BARBARQUE 

Join us as we rapidly oxidize organic fiber structures for the purpose of thermally modifying 
other organic based materials for the purpose of human consumption. 

 
    
 
 
October 11, 2009 
OSA STUDENT CHAPTER LEADERSHIP MEETING AT SAN JOSE (FRONTIERS IN 
OPTICS CONFERENCE) 
 
Koji Masuda, OSA UNM Student Chapter President attended the Student Chapter Leadership 
Conference in San Jose California at Frontiers in Optics Conference. 
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October 23, 2009 
 
OSA TALK BY DR. WOLFGANG RUDOLPH, GRADUATE CHAIR PHYSICS AND 
ASTRONOMY AND OSE AFFILIATED FACULTY, UNM 
 
Ultrashort laser pulses are tools, sometimes called toys, with spectacular features in the hands of 
scientists and engineers. They can be as fast as one optical cycle, which amounts to a few 
femtoseconds (1 fs = 10-15 s) in the visible spectral region. Traveling with the speed of light 
these bullets have a geometrical length of only a few micrometers. When spatially focused the 
intensities can easily exceed 1018 W/cm2 and the corresponding electric field strengths are many 
orders of magnitude larger than the Coulomb field between electrons and the nucleus in an 
atom.Owing to these properties ultrashort laser pulses have continuously pushed the frontiers of 
current science and technology. They enable the observation of ultrafast processes in nature with 
unprecedented resolution. Novel microscopies for biological and medical applications have been 
invented that capitalize on nonlinear optical processes excited by femtosecond pulses. Micro and 
nanostructuring of materials has benefited from controlled interaction of fs pulses with materials 
under high excitation conditions.We will describe ongoing research of our group to understand 
laser induced breakdown of dielectric materials (laser damage), to produce fs beams with orbital 
angular momentum, and to explore fs four-wave mixing microscopy.  
 
Speaker Biography:  Dr. Rudolph is a Professor in the Department of Physics and Astronomy 
and the Department of Electrical Engineering and has been appointed as a Regents' Professor 
since 2006. Dr. Rudolph received his Ph.D. in Physics from Friedrich-Schiller-University Jena, 
Germany. Dr. Rudolph's awards and honors include Gustav Hertz Prize of the National Physical 
Society (1988), Prize of the Faculty of Natural Science (1989) and Fellow of the Optical Society 
of America. He has published more than 130 refereed and invited articles and co-authored two 
books including Ultrashort Laser Pulse Phenomena. His current research interests include 
development of molecular mid-infrared lasers, microscopy with femtosecond light pulses and 
ultrafast processes and intense laser-material interactions.  
 
November 13, 2009 
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OSA TALK BY DR. GANESH BALAKRISHNAN, ASSISTANT PROFESSOR 
DEPARTMENT ELECTRICAL AND COMPUTER ENGINEERING AND OSE 
AFFILIATED FACULTY, UNM  
Department of Electrical and Computer Engineering,University of New Mexico 
In the case of certain highly mismatched semiconductors such as GaSb grown on GaAs the 
transition from a lattice constant of 5.65 Å to 6.09 Å can be achieved without growing as much 
as a single mono-layer of GaSb on GaAs. This is realized through the use of certain multi-layer 
surface reconstructions of Sb on GaAs that form complete planar layers of the Sb-sublattice on 
the GaAs substrate, thus surpassing the critical thickness for the materials involved. Such a 
reconstruction results in a periodic 90º-misfit interfacial misfit-dislocation array (IMF) in the Sb 
layer to accommodate the strain. We have identified through experiments that the (2 x 8) Sb on 
Ga-terminated GaAs is one such reconstruction that possesses the ability to pack Sb atoms two-
dimensionally on the GaAs substrate, in the process forming an array of 90º misfit dislocations. 
Since these periodic misfit dislocations allow Sb atoms on GaAs to take on the lattice constant of 
GaSb, the ensuing GaSb growth on such a reconstructed surface is similar to GaSb homoepitaxy. 
The reconstruction’s ability to self-assemble and dynamically change its coverage on the 
substrate allows for a monolayer of completely relaxed GaSb to be realized across the entire 
GaAs substrate. We have realized very high quality IMF layers for growth of GaSb on GaAs. 
The growth of the III-Sb alloys using the IMF technology has already resulted in the 
demonstration of electrically injected, room temperature, edge-emitting lasers on GaAs at 
wavelengths of 1.8 to 2 µm.  
This presentation will overview the role of IMF technology in the development of a novel high-
power vertical external cavity surface emitting lasers (VECSELs) for Mid-IR operation with an 
InGaSb QW active region (a0 = 6.09 Å) on a GaAs/AlGaAs distributed bragg reflector (DBR) 
(a0 = 5.65 Å). A comprehensive look at the factors that affect the residual threading dislocations 
in such a growth mode will be provided and strategies to achieve sub- 5 x 105 threading 
dislocations/cm2 will be discussed. 
 
Speaker Biography:  Dr. Ganesh Balakrishnan is an Assistant Professor with the ECE 
department at UNM. Prior to this he was the technical director of the Integrated Nanomaterials 
Core Group at the California Nanosystems Institute, UCLA. He has a PhD in Optical Sciences 
from the University of New Mexico, a Masters in Electrical Engineering from the University of 
Toledo, OH and an Undergraduate degree in Electrical Engineering from the University of 
Madras, India.  
 
November 20, 2009 

OSA FEMTOSECOND LASER TECHNOLOGIES FOR EUV AND X-RAY SOURCES 
DR. FRANZ X. KÄRTNER 
 
MIT 
 
Over the last few years, advances in femtosecond lasers have opened up the possibility to 
construct fully coherent soft and hard x-ray sources that range from table-top size to kilometer 
long seeded FELs. The later facilities will be combined laser and accelerator laboratories. In this 
presentation, we discuss some of the laser technologies and physics central to such sources. First, 
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a set of nonlinear optical techniques will be presented that enable long term stable timing 
distribution in large scale x-ray FELs with sub-10 fs and eventually sub-fs precision in the near 
future. Second, we discuss the scaling of seed radiation in the EUV and XUV generated via high 
harmonic generation. We have derived closed form analytical expressions for the achievable 
high harmonic conversion efficiencies both for the plateau region and the cutoff region as a 
function of laser and material parameters. Such sources can be stand alone or used for seeding of 
FELs. Third we discuss our progress in the development of large average power few-cycle 
optical parametric chirped pulse amplifiers in the 800 nm to 2 micron range for driving the 
harmonic generation process. First results on a 2 micron drive laser system and power scaling 
with cryogenically cooled Yb:YAG will be discussed.  
 
 

 



 52 

B.  SPIE 

Chapter Goals: 
We aspire to create a sense of community for our members through activities such as outreach 
projects, BBQ dinners and technical events. Our mission is also not to lose sight of the individual 
in an entire crowd, but to nurture intellectual growth especially in the field of light through talks, 
exposure to others in the field through SPIE conferences, journals, and digital libraries. 
 
History of the Chapter: 
Our SPIE chapter at UNM began in August 2006 with 12 students. This student body went on to 
elect 4 student officers in September 2006 that remained until December 2007 when a new set of 
officers were elected. Ever since then we have continued the tradition of officer elections in 
December. Our current officers are listed below. Throughout the existence of this organization 
we have had the honor of having Prof. Sanjay Krishna as our chapter advisor and mentor. His 
support and vision has been the driving force behind our success. 
 
Chapter Events: 
In 2009, we at the UNM chapter of SPIE have had the privilege of organizing two major events 
at UNM. 
 

1. South West Optics Student Conference (SWOSC):  

The first annual Southwest Optics Student Conference was held this year at the 
University of New Mexico. This event was a great opportunity for students across the 
Southwest to interact with other students from numerous universities in the region. The 
conference also enabled interaction with industry and national lab representatives who 
were attending the Mirror Tech Days Workshop, which was held jointly with the student 
conference. The program contained many exciting events. First, there were lab tours at 
CVI Melles Griot, Emcore, AMO wavefront, and Schott Solar. Second, our key note 
speaker was Dr. Phillip Wyatt, who talked about the combination of research and 
industry.  Third, our technical talks and poster sessions encouraged interaction with peers 
and professionals. The conference was concluded with a panel discussion about what 
future employers expect from students before they apply to work for them. In the future, 
we hope this event will continue, alternating among the different Southwestern 
universities. The panel included Professor Steven R. J. Brueck Director of the Center for 
High Technology Materials, Professor Luke Lester UNM General Chair for Optical 
Science and Engineering, Dr. Jim McNally Chairman for the New Mexico Optics 
Industry Association, Dr. Eileen V. Ryan Director of the Magdalena Ridge Observatory, 
Dan Rondeau Deputy Director of the Integrated Military Systems Development Center at 
Sandia National Laboratories, and the panel was moderated by Dr. David Wick an optical 
engineer working in Integrated Military Systems at Sandia National Laboratories. 
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2. CHTM Silver Celebration Event:  

The Center for High Technology Materials (CHTM) celebrated its 25th anniversary this 
year in which there was organized a special technical symposium, a CHTM open house, 
and a social event for CHTM alumni. The SPIE student chapter organized the lab tours 
and CHTM along with a poster session to show case the work that is done at CHTM by 
graduate students. 
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Outreach: 
 

New Mexico State Fair (September 18, 2009):  
Each year the New Mexico State fair dedicates a day to science & technology. This year the 
UNM SPIE student chapter along with the OSA student chapter and the Optical Science and 
Engineering program hosted a booth and offered demonstrations of light and optics at the event. 
This day on average has an attendance of three thousand people. Kids of all backgrounds got the 
opportunity to experiment with beads that change color when exposed to UV light, a camera that 
sees infrared, the inner workings of a telescope, the mysteries of kaleidoscopes and much more.  
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SPIE 2009 Talks: 
 
All the talks were hosted at CHTM’s conference room based on the UNM south campus. A light 
lunch was provided at most of the talks by the SPIE-UNM chapter.      

1.  “Electron Spin Injection and Transport in Semiconductors” by Dr. Daryl Smith    

2. “Untwinkling of the Stars: The History and Practice of Adaptive Optics” by Dr.   Sergio 
Restaino0 

3. “VCSELS for Atomic Clocks” by Dr. Darwin K. Serkland 

4. “Introduction to FDTD and its Applications to Optics” by Jamesina Simpson 

5. “Ultrashort laser pulses” by Dr. Wolfgang Rudolph 

6. “Recent Success of SLS FPAs and MDA’s new direction for development” by Dr. 
Meimei Tidrow 

7. “III-Sb lasers on GaAs using interfacial misfit dislocation arrays” by Prof. Ganesh 
Balakrishnan 

8. “Femtosecond Laser Technologies for EUV and X-ray sources” by Dr. Franz X. Kärtner 
(MIT) 

 

SPIE Future Activities: 
 

1.  Outreach and Recruitment Event with OSE 
OSE and SPIE will be partnering to do an outreach and recruitment event to UNM 
undergraduates this Spring. 

 
2.  Outreach Collaboration with SPIE/OSA Stanford Chapter: 
We are currently partnering with the SPIE/OSA Stanford chapter on their 2010 Student 
Photography Contest. This contest has been an excellent outreach tool as it is geared towards 
pre-university students, bringing about an effective way of stimulating interest in optics.  
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C.  THE ALBUQUERQUE CHAPTER OF THE IEEE PHTONICS SOCIETY 
 
The Albuquerque Chapter of the IEEE Photonics Society is at the heart of the high-tech 
community of greater Albuquerque, New Mexico, a state also known as “The Land of 
Enchantment.” The area is host to a number of power houses in the “Rio Grande Corridor” 
photonics, including Sandia National Laboratories (SNL), the Center for High Technology 
Materials (CHTM) of the University of New Mexico (UNM), and the Air Force Research 
Laboratory (at Kirtland AFB). In Albuquerque, the clean air and clear sky, along with the charm 
of the sky-scraping Sandia Mountains are enough to free the mind of any city dweller and open 
one’s eyes to the beauty of a civilized desert.  
 
The Photonics Chapter is hosted at CHTM, where the majority of technical meetings of the 
Chapter take place. I am proud to say that our Chapter is over 50 members strong, with 10 
student members, 9 Senior Members and 4 Fellows. Along with my co-officers Yagya Sharma 
(CHTM Scientist), Gordon Keeler (SNL Scientist) and Gunny Balakrishnan (UNM Professor), 
we have organized in the 2008 fiscal year twelve technical meetings, including two presentations 
by Photonics Society Distinguished Lecturers (DLs) Dr. Weng Chow and Dr. Masaya Notomi 
and one presentation by Electron Devices Society DL Dr. Vikram Dalal. Among the lecturers 
this year (nineteen lectures to date, including three DLs) were Professor Bahaa E. A. Saleh, who 
gave a presentations titled “3D Imaging Through Dispersive Media: Classical & Quantum 
Approaches,” and Professor Prem Kumar, who presented a lecture titled “Fiber-Optic Quantum 
Communications and Information Processing.” I am extremely pleased with the level of 
attendance in these meetings, by both IEEE members and others, which shows the interest of the 
local technical community in photonics research and technology.  
 
Through our Chapter activities we hope to attract greater involvement of students in IEEE and in 
the Photonics Society in particular. On December 18, 2008, our Chapter presented Mr. Ajit V. 
Barve with the Best Regional Student Paper Competition Award for his paper titled “Reduction 
in Dark Current using Resonant Tunneling Barrier in Dots-in-a-Well Long Wavelength Infrared 
Photodetectors.” Ajit has presented his paper at the 21th Annual Lasers and Electro Optics 
Society Meeting in Newport Beach, CA. He is a doctoral graduate student at UNM working at 
the Center for High Technology Materials under the supervision of Prof. Sanjay Krishna. The 
award was comprised of a certificate from the Albuquerque Chapter, a $200 cash prize plus cost 
of IEEE student membership and Photonics Society membership for one year. We are looking 
forward to repeating this competition in 2009 and beyond. 
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A few members of the Albuquerque Photonics Society Chapter. Top Photo (UNM): Lower row 
from Left to right: Yagya Sharma, Sanjay Krishna (CHTM Assoc. Director), Ajit Barve, Majeed 
Hayat, Eric Jang, Marek Osinski; upper row from right to left: Mani Hossein-Zadeh, Steven 
Brueck (CHTM Director), Ganesh Balakrishnan, Luke Lester, and Steve Hersee.  
Bottom Photo (SNL): Left to right: Mial Warren, Terry Stalker, Bob Kaplar, Gordon Keeler, 
Allen Vawter, Darwin Serkland. 
 
 
We truly hope that you have a chance to visit Albuquerque in the near future. For more 
information please visit http://www.chtm.unm.edu/~yagya/LEOS/ 
 
Truly yours, Majeed Hayat, Chair of Albuquerque Chapter 



 58 

VIII.  UNM LIBRARIES OVERVIEW, FACILITIES AND SERVICES 
 
Optical Sciences and Engineering APR       
 
UNM UNIVERSITY LIBRARIES 
OVERVIEW, FACILITIES, AND SERVICES 
 
The mission: The University of New Mexico (UNM) University Libraries (UL) is a dynamic 
leader in connecting customers to information, collections, and instruction anyplace and anytime, 
as well as providing and maintaining exceptional facilities for the evolving education, research, 
and service needs of UNM and the wider community. 
 
UNM UL is a member of the prestigious Association of Research Libraries.  The UL is 
composed of four separate facilities: Centennial Science and Engineering Library; Parish 
Business and Economics Memorial Library;  Fine Arts and Design Library; and Zimmerman 
Library, the Education, Social Sciences, and Humanities Library.  In addition to the University 
Libraries, students and faculty also have access to the Health Sciences Library & Informatics 
Center and the Law Library.  
 
The UL collections consist of  over 2 million volumes, access to 300 online bibliographic/full 
text databases, and subscriptions to approximately 55,000 current journals.  Where feasible we 
are moving exclusively to online formats. 
 
Personalized services include instruction sessions, held in fully equipped classrooms in the 
libraries, teaching students and faculty how to utilize the library’s resources and collections 
efficiently and effectively, and in-depth comprehensive research assistance.  Introductions to 
library resources are provided through the UL’s LibGuides subject pages.  Individualized library 
instruction/tours are also available upon request.  Reference services desks are open 60 hours per 
week and staffed with professionals who help with research problems, devising search strategies, 
and finding and using various print and electronic resources.  
 
The Parish Business and Economics Memorial Library is now open 24 hours a day, 5 days a 
week.  The UL provides numerous computers for student use and circulates laptops to students 
for use in the libraries.  UNM affiliated users can use the UL resources from anywhere using 
their UNM network identification. 
 
Borrowing of materials not held at UNM is done through Interlibrary Loan/Library Express. 
UNM belongs to a consortium of libraries which delivers most journal articles and book chapters 
within 24 hours and books within 4 days. This is a free service for students, faculty, and staff.  
Library Express is a new service that delivers scanned copies of articles or chapters held within 
the UL to users at no charge.  Users request the materials by using the link for Interlibrary 
Loan/Library Express on the UL web page. 
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Optical Sciences and Engineering 
 
The most important library branch for Optical Sciences and Engineering is the Centennial 
Science and Engineering Library (CSEL).  The following LibGuides provide guidance in finding 
and using resources available to Optics researchers:  http://libguides.unm.edu/physics,  
http://libguides.unm.edu/ece 
   
 
Budgetary constraints have had a major impact on the UL’s ability to retain and add important 
bibliographic databases and journal subscriptions.  One positive note is that libraries and 
publishers are exploring new ways of paying for and providing access to journals.  In 2010, for 
example, UL will be able to access the Elsevier Freedom Collection, which includes numerous 
important Optical Sciences and Engineering  journals.  New electronic book collections are also 
being explored. 
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IX. Questions for the APR team 

The preceding sections make clear that the graduate OSE program at UNM has been a highly 
successful program in spite of a long history of limited resources under which it has operated. 
The proposed revision and expansion of the program, as detailed in Sec. V, make assumptions 
and projections based on our internal assessments of its past record, present status, and future 
potential. We solicit the opinion of the APR team on this matter which we encapsulate and focus 
into the following set of questions:  
 
1. Are the resources dedicated to the UNM OSE Program sufficient? 
Over the next 2-4 years OSE is poised to grow into an entity that would require its own full-
fledged administrative infrastructure, including academic advisor, program coordinator, and a lab 
coordinator. This would de facto give it the status of at least a department. Should the program 
develop into a department-level entity by subsuming under it other optics related enterprises at 
UNM with much overlap with OSE, including the graduate optoelectronics program in ECE and 
a new Imaging Science track?  Any such systemic development of the program will be a 
graduated one, with internal mid-term reviews of its growth and consequent re-alignment of 
resources performed over two or more phases. To compete nationally for students and research 
funding, is it necessary for the UNM graduate OSE program to become an autonomous 
department or college within the university? 
 
2. Should the OSE program evolve its own hiring plan separate from the two administering 
departments? 
Such a plan could be run through the Office of Graduate Studies and serve as a model for all 
current and future interdisciplinary programs at UNM. Rationale: Both in terms of the 
disproportionately large numbers of OSE students and RAs under the OSE faculty in P&A and 
ECE (latter if we also include the optoelectronics program under the OSE umbrella), we feel that 
the dept.  hiring plans have not led to faculty load equity over the past decade. Faculty hiring-
plan discussions at the departmental level have been necessarily too democratic, fragmented, and 
counterproductive for deserving OSE needs and interests. An example of this has been the lack 
of hire of an optics theorist into the OSE core faculty since 1995 even while P&A has added 
seven new faculty members over the past decade.  
  
3.  How can we improve the external visibility of the program and thus our student 
recruitment as well as program ranking? 
As the nation’s largest Hispanic serving, major research institution, it has not fully utilized more 
targeted minority hiring practices. This status could be a tremendous source of well qualified 
Hispanic students and federal/state funded fellowships that could greatly benefit the OSE 
program. Also, related to Question 6, we have not explored ways in which the area’s national 
and industrial laboratories can commit some resources to the program for student and staff 
development. 
 
4. Should the OSE program have a Bachelors level undergraduate degree program in OSE 
with participation form Physics and ECE? 
An optics concentration of the BS/Physics degree, created in 2006, seems to have good 
subscription without much effort to publicize it among local industry and national/federal labs. A 
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similar move is afoot in ECE to explore the prospects of an undergraduate program in 
optoelectronics but so far without any involvement from the OSE faculty. Any undergraduate 
curriculum in OSE will have to be highly flexible and possibly include far more credit hours than 
a normal degree program to accommodate the different interests and preparation of the students 
enrolled in an undergraduate OSE degree program through the two departments. Furthermore, 
this degree is the only rung missing from Albuquerque’s optics ladder, a comprehensive offering 
of optics and photonics career advancement options and programs, with multiple exit points, 
from the high school academies to two-year technical vocational colleges to UNM. 
 
5. Should OSE expect stronger participation from CHTM in the administration and 
oversight of the OSE program? 
CHTM is an important stakeholder in the health and wellness of the OSE program, since 
traditionally a large number of students in this program have worked with CHTM-based 
researchers. The ECE side of the program, in particular, has been run largely by CHTM based 
faculty over the past 20 years. Nevertheless, the dilemma we all face is that CHTM is an 
independent research center for excellence with presently little or no academic mission, but 
because of its stature it can potentially play an exceptional role in leveraging resources and 
visibility for the OSE program both externally and internally. 
 
6. Should OSE have an external advisory board? 
It seems desirable to have an external advisory board to include national-level members, 
including those from Rochester, Arizona, and/or Central Florida. However, a board consisting of 
a balanced mix of members from academic institutions and local industry may serve better the 
dual purpose of raising the program’s broader external visibility while leveraging local industrial 
interests, resources and infrastructure efficiently. We would prefer the latter structure, but we 
would very much appreciate the review team’s opinion on this matter based on your experiences 
in developing successful OSE or related programs elsewhere. 
 
The interest in UNM’s OSE program from both the industrial and government sectors remains 
high. One approach seems to be to involve them more integrally into the advisory structure of the 
program. It seems that an external advisory board consisting of members of the labs and industry 
could serve to provide the initial partnership that has been lacking from the program to date. This 
has been tried in the past but the lack of administrative support has meant little continuing 
dialogue with them to evolve the program to address their changing needs and perspectives even 
as we maintain and improve the quality of the program. 
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APPENDIX A 

Appendix A:  Summary of Department Contributions to OSE 

 
OPTICAL SCIENCE AND ENGINEERING  

SUMMARY OF DEPARTMENT CONTRIBUTIONS SUMMARY 
FALL 2009 

 
 
 

NAME Assistantships 
Donation* 

Credit 
Hours 

Tuition 
Donation in 

Dollars+ 
CHTM TOTAL $5,142.84 12 $2,779.40 

    
ECE TOTAL $6,857.00 12 $2,779.40 

    
PHYSICS TOTAL $66,136.50 78 $19,461.00 

    
CHTM, ECE, Physics 

TOTAL 
$78,136.34 102 $25,019.80 

 
 

Data Source:  Office of Graduate Studies Contracts and UNM Registrar’s Office Tuition Rates 
Office of Graduate Studies-E. Chavez-Salazar, Contracts Manager and Registrar’s Office Published Tuition Rates 
Document. 

 
*Department Contract totals from 8/24/09 to 12/31/09. 
+Tuition amounts are based on in-state tuition rates by Registrar’s Office. 
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OPTICAL SCIENCE AND ENGINEERING 
DEPARTMENT SUPPORT DETAIL FOR FALL 2009 

 
NAME Assistantships 

Donation* 
Credit Hours Tuition Donation in 

Dollars+ 
CHTM    

OSE Student 1 $5,142.84 12 $2,779.40 
CHTM TOTAL $5,142.84 12 $2,779.40 

    
ECE    

OSE Student 2 $6,857.00 12 $2,779.40 
ECE TOTAL $6,857.00 12 $2,779.40 

    
PHYSICS    

OSE Student 3 $6,907.00 9 $2,098.50 
OSE Student 4 $6,907.00 10 $2,332.00 
OSE Student 5 $7,598.00 9 $2,098.50 
OSE Student 6 $6,907.00 12 $2,779.40 
OSE Student 7 $7,598.00 10 $2,332.00 
OSE Student 8 $6,907.00 6 $1,399.20 
OSE Student 9 $5,698.50/ 

.375 FTE 
7 $1,632.00 

OSE Student 10 $3,800.00/ 
.25 FTE 

6 Dissertation 
Hrs 

$594.00 

OSE Student 11 $6,907.00 9 $2,098.50 
PHYSICS TOTAL $66,136.50 78 $19,461.00 

    
CHTM, ECE, Physics 

TOTAL 
$78,136.34 102 $25,019.80 

Data Source:  Office of Graduate Studies Contracts and UNM Registrar’s Office Tuition Rates 
Office of Graduate Studies - E. Chavez-Salazar, Contracts Manager and Registrar’s Office Published Tuition Rates 
Fall 2009 Document. 

 
*Department Contract totals from 8/24/09 to 12/31/09. 
+Tuition amounts are based on in-state tuition rates by Registrar’s Office. 
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Appendix B:  OSE Alumni -Highlighted OSE Alumni &  
OSE Alumni from 2000 to 2009 

 
OSE HIGHLIGHTED ALUMNI 

 

 
 



 66 

APPENDIX B 
 

 OSE Alumni List from Spring 2000 to Fall 2009* 
*Data Source: Enrollment Management dataset based on 21-day HED Enrollment File and UNM Zimmerman Library Thesis 
and Dissertation Database. Enrollment Management Reporting Unit: K. Ballard, Programmer and Reference and Instruction 
Zimmerman Library-C. Desai, Associate Professor 

Academic 
Period Name Degree Thesis/Dissertation Title 

Spring 2000 Teehan, Russell F. PHD 
Power scaling and frequency stabilization of an injection-locked 
laser 

Fall 2000 Logofatu, Petre C PHD Sensitivity optimized scatterometry 
Fall 2000 Rambo, Patrick K. PHD Laser-induced lightning 

Fall 2000 Tyler, David W. PHD 
Noise reduction in astronomical spatial spectrum 
measurements 

Spring 2001 Grondalski, John P. PHD 
Studies of atomic motion and atomic diagnostics in optical 
lattices 

Spring 2001 Guo, Wei PHD Multiple scattering of light from optically trapped atoms 

Spring 2001 Jasapara, Jayesh PHD 

Characterization of a femtosecond laser and its application to 
the study of breakdown in dielectric thin films (last name spelled 
Jaspara) 

Fall 2001 Brilliant, Nathan A. PHD Ytterbium-doped, dual-clad fiber amplifiers 

Fall 2001 Jones, Ronald J. PHD 
High resolution optical frequency metrology with stabilized 
femtosecond lasers 

Fall 2001 Phipps, Stephen P. PHD Rotational relaxation in carbon monoxide 

Spring 2002 Ackermann, Mark PHD 
Bi-photon techniques for absolute calibration of on-orbit photon 
detectors 

Spring 2002 Obrien, Michael J. PHD 
Advancements in optics-based chemical and biosensors with 
array applications 

Fall 2002 Berg, Vanessa S. MS 

Design and simulation of 3D-nonimaging angular transformer to 
improve power coupling efficiencies in a free-space optical 
communication system 

Fall 2002 Thompson, William E. PHD 
Six-wave mixing theory of tilted-grating, broad area 
semiconductor lasers with supressed filamentation 

Spring 2003 Hoyt, Chad W. PHD Laser cooling in thulium-doped solids 

Spring 2003 Pease, Edwin A. PHD 
Mid-infrared GaInSb/AlGaInSb MQW laser grown on AlInSb 
metamorphic buffer layers 

Summer 2003 Vretenar, Natasa MS Non-Thesis Degree 
Fall 2003 Hirayama, Toshiyuki MS Non-Thesis Degree 
Fall 2003 Meng, Xianmei PHD Ultra-short pulse optical parametric oscillator sensor 

Fall 2003 Popescu, Paul PHD 
Spatially- and spectrally-resolved investigations of InAs 
quantum dot structures 

Fall 2003 Schwarz, Christian J. PHD 
Extending the resolution in lithographic and microscopic 
imaging 

Fall 2003 Stickford, Tanya MS Non-Thesis Degree 
Spring 2004 Gilbert, Barbara L. MS Non-Thesis Degree 
Spring 2004 Giuggioli, Luca A PHD Theory of transport in organic crystals and biological systems 
Spring 2004 Massey, Steven M. MS Non-Thesis Degree 

Summer 2004 Bernstein, Aaron C. PHD Measurements of ultrashort pulses self-focusing in air 
Summer 2004 Ling, Hai MS Non-Thesis Degree 

Summer 2004 Zhang, Yule MS 
Non-Thesis Degree 
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Academic 
Period Name Degree Thesis/Dissertation Title 

Fall 2004 Donati, Giovanni PHD Bandgaps and band offsets of GaSb lattice matched alloys 
Fall 2004 Su, Hui PHD Dynamic properties of quantum dot distributed feedback lasers 

Fall 2004 Ukhanov, Alexander PHD 
Study of carrier-induced optical properties in III-V quantum 
confined laser nano-structures 

Fall 2004 Zhu, Xiushan MS All-fiber broadband polarization transformer 

Spring 2005 Beckner, Charles C. MS 
Fundamental limits to noise reduction using support constraints 
and regularization : a Cramer-Rao bound analysis 

Spring 2005 Dang, Thien T. PHD 
Towards a compact mode locked laser gyroscope : study of a 
fiber ring laser and a Nd:YVO4 ring laser 

Summer 2005 Kletecka, Christopher S. MS Optically pumped mid-IR HBr cascade laser 
Summer 2005 Sawruk, Nicholas W. MS Optically pumped carbon monoxide cascade laser 

Fall 2005 Mero, Mark PHD Femtosecond laser induced breakdown in dielectric films 
Fall 2005 Vankipuram, Venkatesh S MS Toward fabrication of a nano photonic device 

Spring 2006 Balakrishnan, Ganesh PHD 

Interfacial misfit dislocation array based growth mode for 
demonstration of monolithically integrated optically-pumped 
antimonide lasers on silicon 

Spring 2006 Navarro, Martha MS Non-Thesis Degree 

Spring 2006 Xue, Liang MS 
Tunable high-power midwave-infrared distributed-feedback 
lasers 

Summer 2006 Green, Steven W. MS 
Feasibility of the use of a confocal microscope to image a 
human fingernail bed as means for identification 

Summer 2006 Kumar, Rakesh MS Non-Thesis Degree 
Summer 2006 Wang, Zhipeng MS Non-Thesis Degree 

Fall 2006 Greenberg, Melisa R. MS Synthesis and characterization of colloidal quantum dots 
Fall 2006 Xin, Yongchun PHD Quantum dot multi-section light emitters 

Spring 2007 Arissian, Ladan PHD 
Dark line resonance in Rb(87) due to coherent interaction with 
mode-locked lasers 

Spring 2007 Clark, Waylon T. MS 
Analysis of a laser induced plasma in high pressure SF6 gas for 
high-voltage, high-current switching 

Spring 2007 Haji, Alim MS Cramer-Rao bound analysis of multi-frame blind deconvolution 

Summer 2007 Jallipalli, Anitha MS 
Structural, electrical characterization and simulation of periodic 
misfit dislocation arrays localized at the GaSb/GaAs interface 

Summer 2007 Kuznetsova, Yuliya V. PHD 
Imaging interferometric microscopy : resolution to the limit of 
frequency space 

Summer 2007 Nuntawong, Noppadon PHD 
Strain compensation technique in InAs/GaAs SAQD structure 
grown by metalorganic chemical vapor deposition 

Summer 2007 Ratanavis, Amarin MS Non-Thesis Degree 

Summer 2007 Rotter, Thomas J. PHD 
Growth and properties of self assembled InAs quantum dash 
laser active regions 

Summer 2007 Wang, Quan MS Non-Thesis Degree 
Fall 2007 Jing, Xiaomo MS Non-Thesis Degree 
Fall 2007 Liu, Ye PHD Investigation of ultrashort OPOs as ultrasensitive optical  

    
 
 
 
 
 
 
 
 



 68 

Academic 
Period Name Degree Thesis/Dissertation Title 

Spring 2008 Godsey, David C. MS Non-Thesis Degree 
Spring 2008 Khoshakhlagh, Arezou MS Non-Thesis Degree 

Spring 2008 Li, Yan PHD 
Techniques for high-speed direct modulation of quantum dot 
lasers 

Spring 2008 Longbotham, Nathan W. MS 

Experimental characterization of Cr4+:YAG passively q-
switched Cr:Nd:GSGG lasers and comparison with a simple 
rate equation model 

Spring 2008 Patterson, Wendy M. MS Non-Thesis Degree 
Spring 2008 Xu, Xiaozhen MS Non-Thesis Degree 

Summer 2008 He, Xiang MS Non-Thesis Degree 

Summer 2008 Jallipalli, Anitha PHD 
Structural, electrical characterization and simulation of periodic 
misfit dislocation arrays localized at the GaSb/GaAs interface 

Summer 2008 Johnson, Nicholas A. MS Non-Thesis Degree 
Summer 2008 Laghumavarapu, Ramesh Babu PHD InAs / GaAs and GaSb / GaAs quantum dot solar cells 
Summer 2008 Lin, Chang-Yi MS Non-Thesis Degree 

Summer 2008 Wong, Ping-Show PHD 
Controlled growth and device implementation of InAs quantum 
dots on nano-patterned GaAs pyramids by MOCVD 

Summer 2008 Yeak, Jeremy Nai Jin MS Non-Thesis Degree 

Fall 2008 Bender, Daniel A. PHD 
Precision optical characterization on nanometer length and 
femtosecond time scales 

Fall 2008 Tiwari, Mukesh PHD 

Quasiparticle motion in some classical and quantum 
mechanical systems : investigations of nanoscale friction and 
polaron mobility 

Spring 2009 Li, Chia-Yeh MS Non-Thesis Degree 

Spring 2009 Liu, Xuejun PHD 
Imaging with and without time resolution using femtosecond 
laser pulses 

Spring 2009 Mirell, Daniel J. PHD 
Experimental study of infrared filaments under different initial 
conditions 

Spring 2009 Xue, Liang PHD 
Tunable high-power midwave-infrared distributed-feedback 
lasers 

Summer 2009 Robin, Craig A. MS Non-Thesis Degree 

Summer 2009 Zmuda, Michael W. PHD 
Stimulated Brillouin scattering effects and suppression 
techniques in high power fiber amplifiers 

Fall 2009 Patterson, Wendy PH.D. Not Recorded Yet 
Fall 2009 Reyes, Pablo MS Non-Thesis Degree 
Fall 2009 Weber, Reed MS Not Recorded Yet 
Fall 2009 Vergien, Chris MS Non-Thesis Degree 
Fall 2009 Jilek, Brook MS Not Recorded Yet 
Fall 2009 Kasarla, Satish MS Non-Thesis Degree 
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Appendix C:  Proposed Revisions to Content of OSE Courses  

PHYC‐302) Introduction to photonics  
 
1-Geometrical optics: Refraction/reflection through planar interfaces, Basics of ray tracing and 
imaging with mirrors and lenses. 
 
2-Wave optics: Introduction to wave equation and propagation. Basics of diffraction, 
interference and polarization. 
 
3-Optical instrumentation: microscope, telescope, optical fiber, camera, eye. 
 

4-Lasers: Basic principles, Elements of laser: optical cavity, active material and pumping. Examples of laser systems: 
Gas (HeNe and CO2), Solid-state (Nd: YAG and Ruby), Liquid (dye) and Semiconductor. 

 
5-Introduction to advanced topics and modern applications: Examples of nonlinear optical 
effects: electro and magneto optical effects, harmonic generation. Examples of industrial and 
biomedical applications of laser: material processing, surgery, optical communication, optical 
data storage (CD).   
 

PHYC/ECE‐463) Advanced optics‐I 
 
1-Wave optics: (a) Maxwell equations and EM waves. (b) Maxwell’s equations in matter, 
classical electron oscillator (Lorentz model), refractive index and dispersion. (c) Reflection and 
refraction/transmission through dielectric interfaces (Fresnel’s equations). (d) Metal optics. (e) 
Pulse propagation in dispersive medium. 
 
2-Geometrical optics: (a) Imaging (spherical and aspherical optical surfaces) and exact ray 
tracing. (b) Paraxial optics (thin lenses, mirrors). (c) Matrix method (principal planes, image 
formation). (d) Examples of optical systems (thick lenses, human eye, telescope, microscope,...). 
(e) Aberration theory. 
 
3-Interference: (a) Basics (superposition of fields). (b) Two-beam (Young DS, Michelson,...). 
(c) Multi-beam interference (Fabry-Perot, Grating,…). (d) Matrix formalism (multiplayer thin 
films, coating). (e) Interferometry and spectrometers. (d) Application of interference effects. 
 
5-Polarization: (a) States of polarization. (b) Polarizers, waveplates. (c) Matrix techniques 
(Jones Calculus). (d) Crystal optics: index ellipsoid and tensor properties, magneto-optic and 
electro-optic effects. (e) Application of crystal optics: modulators and switches.  
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PHYC/ECE‐554) Advanced optics‐II 
  
1-Diffraction (a) Far-field (Fraunhofer) diffraction, diffraction gratings. (b) Near-field (Fresnel) 
diffraction: Huygen’s principle, Cornu spiral, Fresnel zone plates. 
 
2-Fourier optics: (a) Analysis of two dimensional signal and systems. (b) Foundation of scalar 
diffraction theory (Fresnel and Fraunhofer diffraction). (c) Wave-optics analysis of coherent 
optical systems. (d) Frequency analysis of optical imaging systems. (e) Application of Fourier 
optics: Holography, Beam optics, Analog optical information processing, Spatial filtering. 
 
3-Optical waveguides: Slab waveguides, Rectangular waveguides, Optical fibers, introduction 
to photonic crystals.  
 
4-Coherence and statistical optics: (a) Temporal coherence. (b) Statistical optics. (c) Spatial 
coherence. (d) Interference of partially coherent light. (e) Transmission of partially coherent light 
through optical systems: image formation, Van Cittert-Zernike theorem.  
 

PHYC/ECE‐464) Laser Physics 
 
1-Ray tracing and Gaussian beams: a) Matrix method for ray tracing . b) Gaussian beams. c) 
Resonator optics. 
 
2-Resonant optical cavities: a) General concepts (Q-factor, FSR, Potoni life time). b) Cavity 
modes and losses. C) Cavity with gain  
 
3-Spontaneous and stimulated emission: a) Basics of radiation –atom interaction (Blackbody 
radiation, Einstein coefficients). b) Line shape and broadening mechanisms. 
 
4-Laser oscillation and amplification: a) Rate equations. b) Laser oscillation and amplification. 
c) Gain saturation. d) Amplified spontaneous emission and line narrowing.  
 
5-Laser characteristics: a) Efficiency. b) CW laser operation (traveling and standing wave 
lasers). C) Laser dynamics (modulation and pulsed excitation) 
 
6-Pulsed techniques: a) Q-switching. a) Mode locking 
 
7- Laser excitation and examples of laser systems: a) Pumping techniques. b) Laser systems 
(Solid-State, Gas, Dye, and Excimer lasers). 
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Catalog descriptions: 
 

PHYC‐302) Introduction to photonics  
Geometrical optics, Wave optics, Optical instrumentation, Lasers, Introduction to advanced 
topics and modern applications (nonlinear optics, laser application, …)   

PHYC/ECE‐463) Advanced optics‐I 
Wave optics, Optical wave propagation in matter, Geometrical optics, Aberration, Interference, 
Polarization. 
 

PHYC/ECE‐554) Advanced optics‐II 
Diffraction theory, Diffraction grating, Fourier optics, Introduction to optical waveguides, 
Coherence and statistical optics.  
 

PHYC/ECE‐464) Laser Physics 
Ray tracing and Gaussian beams, Resonator optics, Spontaneous and stimulated emission, Laser 
oscillation and amplification, Laser characteristics, Pulsed techniques, Laser excitation and 
examples of laser systems.  
 
 



 72 

 
 
 
 

APPENDIX D:  Citation Metrics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



draw (JPEG Image, 1000x500 pixels) http://charts.isiknowledge.com/ChartServer/draw?SessionID=3BIP@KCKobE1miDo...

1 of 1 1/8/10 1:26 PM



draw (JPEG Image, 1000x500 pixels) http://charts.isiknowledge.com/ChartServer/draw?SessionID=3BIP@KCKobE1miDo...

1 of 1 1/8/10 1:27 PM



 73 

 
 

APPENDIX E 
 
 

OSE PROGRAM DIAGRAM



      ECE        P&A 

OSE:  an interdisciplinary perspective   

CHTM 

>25  Affiliated Faculty 
60 PhD and MS students 
 4-5 PhDs/year (43 in the last decade) 

SOE A&S 
OVPRD 

no centralized administration / organization until now 
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APPENDIX F:  OSE AFFILIATED FACULTY RESUMES  
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