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research
highlights 
New collaboration with the 
Center for Nanotechnology in 
Society at ASU

A unique 
collaboration 
between QESST 
and the Center for 
Nanotechnology in 
Society at ASU has 
resulted in a new 
approach to life 
cycle assessment 
(LCA) and its 
application to 
photovoltaic (PV) 
device research. 
Featured on 
the cover of the 
September 18, 
2014 issue of 
Environmental 
Science and 
Technology, the 
new LCA methods 
are based on 
anticipating the 

future environmental impacts of emerging 
technologies with the goal of identifying 
environmental opportunities before large scale 
investment in product development. 

Traditionally, LCA has only applied to products 
after they’ve been developed when hard data 
can be gathered on environmental impacts; 
however, by that point significant irreversible 
harm may have already occurred. The anticipatory 
methods developed incorporates technology 
forecasting, risk research, social engagement 
and comparative impact assessments to prioritize 
research directions and guide environmentally 
responsible innovation.  
 

QESST researchers grow  
novel InGaN alloys
A collaboration between QESST researchers at 
Georgia Tech and Arizona State University has 
developed and demonstrated high quality InGaN 
thin films with high In compositions. These films 
show high optical properties that result from full-
strain relaxation and uniform chemical composition 
profiles, in a range that was previously thought not 
possible.

Thick InGaN films grown on GaN underlayers 
using metal-enhanced epitaxy (MME) by Professor 
Alan Doolittle’s group at Georgia Tech have been 
studied by Professor Fernando Ponce’s group at 
ASU. A detailed analysis at the nanometer scale 
indicates that films with In compositions greater 
than 60 percent exhibit excellent structural and 
electronic properties, contrary to predictions 
of compositional inhomogenities due to phase 
separation. 

This breakthrough should allow the production 
of high quality InGaN for use in tandem solar 
cells. Additionally, the material’s thermal stability 
should allow high-temperature operations in 
concentrating solar power technologies. 

upcoming 
events
November 1, 2014 
ASU Homecoming

November 3, 2014 
All QESST Vidyo Conference

November 7, 2014  
Industry Advisory Board Meeting

November 17, 2014  
All QESST Vidyo Conference

November 23-27, 2014 
6th World Congress on Photovoltaics 
Conversion, Japan

November 30-December 5, 2014  
MRS Fall Meeting and Exhibit, Boston

December 1, 2014 
All QESST Vidyo Conference

December 2-5, 2014  
OSA Light, Energy and the  
Environment Congress, Australia

December 6, 2014  
STEM Saturday

January 5, 2015  
All QESST Vidyo Conference

January 23, 2015 
42nd IEEE Photovoltaics Specialists 
Conference Abstracts Due

February 17, 2015  
Deadline for Project Center Entries for 
Annual Report

March 31, 2015  
QESST Annual Report due to  
NSF/DOE

May 4-6, 2015  
NSF/DOE Site Visit to  
QESST ERC

The atomic arrangement 
at a relaxed InGaN/
GaN interface. Research 
at ASU and Georgia 
Tech show layer-by-
layer crystal growth may 
lead to record-breaking 
efficiencies in photovoltaic 
solar cell technology. 

Quantum Energy and Sustainable Solar Technologies
AN NSF-DOE ENGINEERING RESEARCH CENTER

QESST Scholar Ben 
Wender is lead author of 
the Environmental and 
Science Technology cover 
article, “Illustrating Anticipa-
tory Life Cycle Assessment 
for Emerging Photovoltaic 
Technologies.” 
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QESST presenters at the  
6th World Conference on 
Photovoltaic Energy Conversion
At the upcoming World Congress on Photovoltaic 
Energy Conversion in Kyoto Japan Nov. 23-
27, 2014, QESST scholars and faculty will 
be presenting one plenary lecture, two oral 
presentation and eleven poster presentations. 

Congratulations to those listed below. Thank 
you for contributing to such a strong showing of 
QESST research at this important international 
event.

“Approaches for Silicon Solar Cells to Approach 
50%” Oral presentation by Christiana Honsberg, 
Stuart Bowden and Stephen Goodnick (ASU)

“Photonic Design Approaches for High Efficiency” 
Plenary presentation by Harry Atwater (Caltech)

“Input arameters for the Simulation of Silicon 
Solar Cells in 2014” Oral presentation by A. Fell, 
K. McIntosh, P. Altermatt, K. Fong, G. Janssen, I. 
Romijn, M. Hermle, H. Steinkemper, R. Stangi, S. 
Bowden (ASU) and A. Hobaillie (UNSW)

“GaP/Si Selective Contact Heterojunction Solar 
Cells: Analytical and Experimental Approaches 
Towards Improved Efficiency” Poster presentation 
by Rebecca Saive, Chris Chen, Hal Emmer and 
Harry Atwater (Caltech)

“Structural and PL Investigations of MBE-grown 
InGaAs and GaAsSb Compounds with Low 
Lattice mismatch to GaAs” Poster presentation 
by Amyric Maros, Nicholai Faleev and Christiana 
Honsberg (ASU)

“Intrinsic Point-Defect Engineering to Improve 
the Electronic Properties of Cuprous Oxide for 
Photovoltaics” Poster presentation by S. Siah, 
M. Lloyd, S. Johnson, R. Brandt, Y. Lee and T. 
Buonassisi (MIT)

“Crystallographic and Electronic Quality of 
Si Single Crystals Grown by the Noncontact 
Crucible Method” Poster presentation by K. 
Nakajima, R. Murai, S. Ono, K. Morishita, D. M. 
Powell, M. Kivambe and T. Buonassisi (MIT)

“Modeling the Performance, Cost and Minimum 
Sustainable Price of Silicon-Based Tandem 
Solar Cells” Poster presentation by S. Siah, D. 
M. Powell, Z. Ren, J.P. Mailoa, I. Peters and T. 
Buonassisi (MIT)

“Costs of III-Nitride Solar Cells” Poster 
presentation by W. Allan Doolittle (GaTech), 
Fernando Ponce, Stephen Goodnick and 
Christiana Honsberg (ASU)

“How Good Are Random Pyramids at Light 
Trapping” Poster presentation by Salman Manzoor 
and Zachary Holman (ASU)

“Advanced Concept of Hybrid Solar Cells for 
Third Generation Photovoltaic Devices” Poster 
presentation by Jongwon Lee and Christiana 
Honsberg (ASU)

“Generalized Detailed Balance Solver for Solar 
Energy Conversion” Poster presentation by 
Elizabeth LeBeau, Matthias Karow and Christiana 
Honsberg (ASU)

“Enhanced Light Absorption of Optimal 
Subwavelength-scale Silicon Structure for Thin 
c-Si Solar Cell Application” Poster presentation by 
Jea-Young Choi and Christiana Honsberg (ASU)

“An Anticipatory Life Cycle Assessment Approach 
to Improve the Environmental Performance of 
CdTe Module Recycling Operations” Poster 
presentation Dwarak Ravikumar, Thomas Seager 
and Matthew Fraser (ASU)

homecoming block party, November 1
Come join the fun for one of ASU’s largest signature homecoming events—the 2014 Homecoming Block Party. This event 
will feature activities for the whole family, including interactive displays, games and activities. This year, QESST will be 
hosting two booths: one as part of the Ira A. Fulton Schools of Engineering near the engineering buildings on Tyler Mall 
and Palm Walk, and another with Lightworks/Sustainability on the lawn just outside of the Palo Verde Residence Hall 
along University Drive. We will be featuring solar cells made by QESST scholars, solar cars, poster designs, a clean room 
wardrobe and many other fun activities. To sign up to volunteer for an activity go to http://vols.pt/tNMMLy

QESST scholar Jaewon Oh holding the Best Student Paper 
Award at the 40th PVSC Conference with research advisors 
Stuart Bowden (right) and Govindasamy Tamizhmani (left).

Jaewon Oh wins  
Best Student Paper Award

At the 40th IEEE Photovoltaic Specialist 
Conference (PVSC) in Denver, QESST Scholar 
Jaewon Oh won the Best Student Paper Award 
for Topical Area 12 on Reliability of PV. Jaewon’s 
paper on potentially induced degradation (PID) 
measured the efficacy of system-level PID 
mitigation based on applying reverse voltage 
during nighttime to offset daytime module damage. 
Results show that near-full recovery of efficiency 
at high irradiance levels can be achieved; however, 
at low irradiance levels, the shunt resistance and 
the quantum efficiency at low wavelengths could 
not be recovered. 
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education 
& outreach
 
MESA Regional Workshop  
On Sept. 20, 2014, QESST participated in the annual 
MESA Regional Workshop at Arizona State University’s 
Chandler Innovation Center. Forty teachers gathered from 
both the Central and Southern Regions of Arizona for a 
MESA Advisors Retreat. QESST’s Joe Carpenter and 
Tiffany Rowlands paired up and presented a lesson on 
maximizing the power of a solar panel. 

Teachers took on the role of students and designed 
experiments and tested their ideas using content and 
materials designed by QESST. Additionally, QESST 
provided feedback and answered questions pertaining to 
the Solar Car Competition that will take place in Tucson, 
Arizona in May 2015. 

Alhambra Elementary School District
In an ongoing effort to create a culture of science, 
technology, engineering and math (STEM), Arizona State 
University’s QESST program is proud to team up with 
the Alhambra Elementary School District to offer monthly 
opportunities for K-12 students and teachers to engage 
with STEM subjects. On Oct. 4 this program was kicked 
off. QESST provided four unique lessons that consisted 
of solar ovens, solar pumps, solar cars and a lesson on 
electricity and magmatism where students participated 
in exciting hands-on STEM workshops, geared toward 
elementary and middle school students. These lessons 
were taught by teachers and ASU’s QESST scholars. 

The focus of STEM Saturdays is to enlighten, educate 
and entertain students as teachers and educators 
simultaneously learn and share ideas toward helping kids 
succeed in the classroom and beyond.

Carrie Culp gains experience with 
QESST REU
Carrie Culp is a QESST REU success story and 
exemplifies how expanding authentic research opportunities 
to students from a diversity of backgrounds can impact 
lives. Carrie, a single mother of three kids, was frustrated 
after many years of working a minimally skilled, low paying 
job. Seeking to transform her life, she returned to college 
and enrolled in a local community college. Her inquisitive 
nature to try to figure out how things work led her to 
transfer to ASU’s Ira A. Fulton Schools of Engineering 
where she participated in the first QESST REU program at 
ASU in 2012. 

Working on the Student-Led Pilot Line at ASU as part of 
the REU, Carrie had access to state-of-the-art facilities 
to gain experience directly relevant to industry. As part of 
the REU program, students are guided through the steps 
required to bring new ideas to the market and given the 
opportunity to demonstrate the commercial impact and 
relevance of their ideas.

During her senior year at ASU, Carrie used knowledge 
from the REU program to design a solar-powered dialysis 
machine as part of a QESST-led Engineering Capstone 
Project. She earned her bachelors and master’s degrees 
in electrical engineering through an accelerated program 
and upon graduation began a new career in New Orleans 
working for the Midcontinent Independent System Operator 
helping manage the country’s power. 

Good luck in the Big Easy, Carrie!

upcoming 
events
upcoming 
events

Carrie Culp (left) participating in 
the QESST REU program at the 
Student-Led Pilot Line.

Future STEM 
Saturday Dates:
December 6, 2014
February 28, 2015
April 25, 2015

Teachers getting involved in 
solar technology at the MESA 
Regional Workshop.
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QESST X Scholar 
The QESST X Scholar portfolio is a means to enhance your university education in an area of your interest. The portfolios are currently under design phase, and 
we’re also looking for sponsors for some of the portfolios. Examples include the QESST Manufacturing Scholar, the QESST Education Scholar and the QESST 
Innovation Scholar, to name a few. Contact Jeff Cotter for more information or to contribute ideas. You may reach Jeff at jecotter@mainex1.asu.edu. 

 
Graduate Attribute Definition
Technical Subject Expertise Masters their area of expertise within the context of QESST research 

products.

Research Leadership Identifies research opportunities, assembles resources (funding, equipment, 
etc.), conducts research, reports findings.

Knowledge of Industrial Practice Strong connection with PV specialty organizations, understands nature and 
constraints of PV industry.

Self-directed Learning Able to learn new concepts, skills and information independently.

Innovative Can identify ideas and solutions to problems that have social or economic 
value.

Creative Can synthesize disparate information to form to find new insights/solutions to 
important problems

Communication Able to communicate technical and non-technical information and concepts 
to both to peers and public sector.

Teamwork Able to identify key role for each team member; manage their own aspect of 
their project within the constraints of the group.

Crosses the Finish Line Able to bring complex, lengthy projects to fruition; persistence in the face of 
failure.

Globally Aware Actively investigate the broader social context of their work; consider diverse 
end user needs; work in diverse teams.

university education
QESST Institute Visits
At the request of the 2014 Site Visit Team, Jeff Cotter is visiting all of the QESST-affiliated universities to meet everyone, to talk about the University 
Education program and to get your feedback. To date, he’s been to the University of Arizona, the University of Delaware, the University of Houston, 
Georgia Tech, MIT and ASU. A trip to the University of New Mexico and Caltech is being planned. 

Mock Interviews 
If you haven’t already done so, be sure to join in the Mock Interviews sessions to get experience and feedback on the interview process. Interviews were 
conducted this year in July (University of Delaware), September (ASU) and October (MIT) by Jeff Cotter and John Mitchell.

Summer Outreach
A special thanks to all of the students and teachers who participated in the Summer Outreach programs hosted by the QESST universities (Research 
Experiences for Undergraduates, Research Experiences for Teachers, and Research Experiences for Veterans). Your time and effort was greatly 
appreciated by the QESST team, our sponsors and the community that you engaged. 

Onboarding Videos
Additional thanks to everyone who contributed clips to our onboarding videos. These videos aim to introduce new QESST students to us and to 
encourage their participation in the various things we do. Thanks for taking the time to make lab clips, to record voice-overs or agreeing to appear in the 
video. The videos will be available for viewing at Homecoming and on our QESST ERC web site within the next few weeks. 

Pictures, Videos and Project Center
A final note, be sure to collect pictures of all of the cool and wonderful things going on at the university as they are happening. Also, be sure to keep your 
Project Center up to date. This will be immensely helpful when it comes time to report to our sponsors about all the great things going on at QESST.
 

Perfect Pitch
Sebastian Hussein, an ASU graduate student, will represent QESST at the 2014 Perfect Pitch competition as part of the All-ERC Biennial Meeting in 
Washington, DC October 25-28. The goal of the Perfect Pitch competition is to stimulate the culture of innovation and entrepreneurship within each 
ERC, teach students to concisely summarize technical details, stress the importance of persuasive oral communication and stimulate students to think 
about how their research fits into bigger picture. 

On the October 6th All-QESST Vidyo call, six QESST Scholars from four different universities made their pitch. Sebastian’s idea to recover silver for PV 
manufacturing was selected to represent QESST in Washington, DC. Thanks to all the students who participated, and good luck Sebastian!
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ASU Startup School available  
to QESST scholars 
The ASU office of entrepreneurship + innovation 
recently launched ASU Startup School, a 
comprehensive and proven framework for 
developing ventures. ASU Startup School is a 
series of facilitated workshops through which 
entrepreneurs learn how to launch a successful 
venture. QESST Scholars can earn up to three 
continuing education certificates through the 
training and can be trained as ASU Startup 
School facilitators. Through online and in-person 
instruction, ASU Startup School is available to all 
QESST Scholars regardless of campus. 

ASU Startup School workshops are delivered 
in a sequence of continuing education modules, 
organized in three stages:

• Startup Ideation: Active learning modules and 
workshops for entrepreneurs that are refining initial

problems/solutions and learning how to efficiently 
navigate potentially viable markets.

• Startup Validation: Active learning modules 
and workshops for entrepreneurs that are 
experimenting and developing prototypes, 
minimum viable products, and launching solutions 
in the market.

• Startup Acceleration: Active learning modules 
and workshops for entrepreneurs that have 
successfully demonstrated product-market fit 
and revenue generation and are ready to scale, 
expand, or optimize their commercialization 
activities.

Industry and Innovation  
Program
This past summer, many of the QESST Scholars 
took short-term positions and internships in 
industry. Hiring companies included First Solar, 
Veeco, Applied Materials, and Solexel. 

For example, Ph.D. students Yeongho Kim and 
Chaomin Zhang worked at Veeco’s facilities in 
Somerset, New Jersey. By meeting and interacting 
with Veeco’s management and technical teams, 
they learned first-hand what it is like to work in a 
commercial laboratory environment. They learned 
MOCVD epitaxial growth from one of the market 

leaders in MOCVD systems. During their time at 
Veeco they were able to optimize the solar cell 
fabrication process and help create modified 
solar cell structures with improved photovoltaic 
performance. Back on campus, Yeongho and 
Chaomin continue to work with Veeco on the 
fabrication and optimization of GaAs solar cells. 

Industrial Advisory Board 
meeting
The next QESST IAB meeting is scheduled for  
Friday, Nov. 7, 2014. The following companies 
have confirmed their participation: Applied 
Materials, Perkin Elmer, First Solar, National 
Instruments, Accustrata, Abengoa, Technic, 
Hanwha Solar US, Sinton Instruments, Soitec, 
Veeco and CFD Research Corporation. 

Industry membership challenge 
Companies are welcome to join the QESST ERC 
industrial consortium. The membership program 
provides benefits, including access to the Center’s 
researchers and facilities, a seat on the Industry 
Advisory Board, advanced access to technology, 
and early access to intellectual property. For 
more information about this program, please 
contact John Mitchell, QESST Industry Director, at 
john.j.mitchell@asu.edu.

QESST Industrial Advisory Board 
member Chris Ebert (Veeco) and 
QESST Scholar Yeongho Kim discuss 
how Veeco equipment for MOCVD 
growth can be used for epitaxial growth.

5
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recent publications 
 
Below are recent publications that represent a selection of journal publications by QESST scholars and faculty 
illustrating the range and depth of research conducted at QESST. A more extensive publication list can be found 
on our website at qesst.asu.edu. We encourage all QESST participants to submit recent publications through the 
Project Center at www.qesst.net.

Boyle, J. H.; McCandless, B. E.; Shafarman, W. N.; Birkmire, R. W. “Structural and optical properties of (Ag,Cu)(In,Ga)Se-2 polycrystalline 
thin film alloys” J. Applied Physics, 115, doi: 10.1063/1.4880243

Choi, J.Y.; Alford, T. L.; Honsberg, C. B. “Solvent-Controlled Spin-Coating Method for Large-Scale Area Deposition of Two-Dimensional Silica 
Nanosphere Assembled Layers” Langmuir, 30: 5732-5738; doi: 10.1021/la5001842

Deceglie, M. G.; Emmer, H. S.; Holman, Z. C.; Descoeudres, A.; De Wolf, S.; Ballif, C.; Atwater, H. A. “Scanning Laser-Beam-Induced 
Current Measurements of Lateral Transport Near-Junction Defects in Silicon Heterojunction Solar Cells” IEEE J. Photovoltaics, 4: 154-159; 
doi: 10.1109/JPHOTOV.2013.2289353

Fabien, C. A.; Moseley, M.; Gunning, B.; Doolittle, W. A.; Fischer, A. M.; Wei, Y. O.; Ponce, F. A. “Simulations, Practical Limitations, and Novel 
Growth Technology for InGaN-Based Solar Cells” IEEE J. Photovoltaics, 4: 601-606; doi: 10.1109/JPHOTOV.2013.2292748

Fenning, D. P.; Zuschlag, A. S.; Hofstetter, J.; Frey, A.; Bertoni, M. I.; Hahn, G.; Buonassisi, T. “Investigation of Lifetime-Limiting Defects After 
High-Temperature Phosphorus Diffusion in High-Iron-Content Multicrystalline Silicon” IEEE J. Photovoltaics, 4: 866-873; doi: 10.1109/
JPHOTOV.2014.2312485

Herasimenka, S. Y.; Tracy, C. J.; Sharma, V.; Vulic, N.; Dauksher, W. J.; Bowden, S. G. “Surface passivation of n-type c-Si wafers by a-Si/
SiO2/SiNx stack with < 1 cm/s effective surface recombination 
velocity” Appl. Phys. Letters, 103; doi: 10.1063/1.4833028

Holman, Z. C.; Filipic, M.; Lipovsek, B.; De Wolf, S.; Smole, F.; 
Topic, M.; Ballif, C. ”Parasitic absorption in the rear reflector 
of a silicon solar cell: Simulation and measurement of the sub-
bandgap reflectance for common dielectric/metal reflectors” Solar 
Energy Materials and Solar Cells, 120: 426-430; doi: 10.1016/j.
solmat.2013.06.024

Kotulak, N. A.; Diaz, M.; Barnett, A.; Opila, R. L. “Toward a tandem 
gallium phosphide on silicon solar cell through liquid phase 
epitaxy growth” Thin Solid Films, 556: 236-240; doi: 10.1016/j.
tsf.2014.01.073

Miller, C. A.; Richter, J. “Social Planning for Energy Transitions” 
Current Sustainable/Renewable Energy, 1: 77-84; doi: 10.1007/
s40518-014-0010-9

Ravikumar, D.; Seager, T. P.; Chester, M. V.; Fraser, M. P. 
“Intertemporal Cumulative Radiative Forcing Effects of Photovoltaic 
Deployments” Environ. Sci. Tech., 48:10010-10018; doi: 10.1021/
es502542a

Romero, O. S.; Aragon, A. A.; Rahimi, N.; Shima, D.; Addamane, S.; 
Rotter, T. J.; Mukherjee, S. D.; Dawson, L. R.; Lester, L. F.; Balakrishnan, 
G. “Transmission Electron Microscopy-Based Analysis of Electrically 
Conductive Surface Defects in Large Area GaSb Homoepitaxial 
Diodes Grown Using Molecular Beam Epitaxy” J. Electronic Materials, 
43: 926-960; doi: 10.1007/s11664-014-3070-0

Stump, G. S.; Husman, J.; Corby, M. “Engineering Students’ 
Intelligence Beliefs and Learning” J. Engineering Education, 103: 
369-387; doi: 10.1002/jee.20051

Zhang, D.; Wu, Y.; Russo, J. M.; Gordon, M.; Vorndran, S.; Kostuk, 
R. K. “Optical performance of dichroic spectrum-splitting filters” J. 
Photonics for Energy, 4; doi: 10.1117/1.JPE.4.043095
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accepting the challenge
Electricity is the lifeblood of modern society, powering everything from cities to pacemakers. With demand 
increasing, the electricity generating system faces challenges. These include harmful environmental impacts, 
threats to national security, resource supply problems, difficulties in powering autonomous applications, and 
over a quarter of the world’s population without access to electricity. These all indicate the need for a new 
electricity generation system. QEEST addresses these challenges by supporting a system of photovoltaic 
science and innovation—a system that breaks away from the waste and inefficiencies of unsustainable fossil 
fuels and generates power using our favorite sustainable and unlimited resource: the Sun.

qesst.asu.edu

QESST is an  NSF/DOE Engineering Research Center funded in 2011 under 
cooperative agreement EEC-1041895 and headquarted at Arizona State University


