
 

Tuesday, June 10th at the PVSC began with plenary lectures given by thought and technology leaders 

from industry and government labs, speaking on recent developments in crystalline silicon technologies, 

thin-film III-V multijunction cells, and energy systems integration. 

Richard Swanson (picture to right) gave the Area 4, Crystalline Silicon 

photovoltaics plenary talk. He showed that silicon costs have a history of reducing 

cost and that this trend, although on a different curve, will continue in view of 

technical advances. Most importantly, Silicon costs show no signs of saturation, 

and continue to be a benchmark for other PV cell technologies. Efficiency plays a 

significant role in the ability to further reduce cost. He proposed that PV 

community needs to start thinking about and targeting 50 year module lifetimes. 

Scott Burroughs from Semprius (picture to left) was the plenary speaker for Area 3. 

He showed how the CPV community continues moving to higher efficiency of 

modules and systems. The deployment of multi-MW power plants is led by Suncore 

from China and the French company Soitec. Reliability of systems in the field show 

promising results over a 7 year period. No indication so far that reliability is a 

significant issue for CPV systems which are well engineered from the beginning. 

High concentration modules are designed by Semprius using a unique transfer 

printing technology to integrate cells with 0.6x0.6 mm2 size in a high concentration 

PV module. Cells are operating at 1100 fold concentration and even moving towards 1600 suns. Best 

module efficiencies out of manufacturing from Semprius convert energy at an efficiency of 35.5%, which 

is a record for all PV technologies. Today concentrator cell efficiencies are peaking at around 45% shown 

by several teams during the conference but there seems to be still significant room to improve this 

beyond 50% in the foreseeable future. 

Ben Kroposki (picture to right) gave the Area 11 plenary, highlighting Energy 

Systems Integration at all scales. Decades of research have been conducted on 

renewable energy technologies and as you look at the decrease of costs and 

increase in deployment, for example solar, we are interested in the optimization of 

these RE technologies towards a sustainability clean economy. 

Following the morning coffee break, the morning poster session began and was 

well attended. The Area 1 best poster award was given to R. Chavali for their work 

on numerical method to separate the photo-current and contact injection current in solar cells. Shin 

Tajima of Area 2 won the best poster award for their work improving the open circuit voltage of 



Cu2ZnSnS4 cells using a two layer process. John Simon of Area 3 won the best poster award for his 

presention on low cost III-V solar cells grown by hydride vapor phase epitaxy. The Area 4 best poster 

award went to Thomas Allen who prepared Al2O3 passivation layers using three techniques: atomic layer 

deposition (ALD), anodic aluminum oxidation and a novel screen-printed approach. Interestingly, ALD 

was applied to a comparative study of different texturing methods for silicon, including black silicon, 

characterizing not only photo-current generation but also the passivation quality. In Area 8, the best 

poster award was given to Elizabeth Tenysson for her work assessing local voltages in CIGS solar cells by 

nanoscale resolved Kelvin probe force microscopy and sub-micron photoluminescence. In Area 10, the 

best poster award was presented to Boudewijn Elsinga of Copernicus Institute of Sustainable 

Development for his work to determine the time lag between clouds using spatially dispersed PV 

systems and irradiance sensors. 

 

In the afternoon sessions, in Area 2, Solar Frontier reported a new world record efficiency of 11.4% for a 

5x5 cm2 CZTSSe submodule. They achieved this by optimizing the S/Se grading profile and minimizing 

the formation of ZnS at the back contact interface. 

In the Area 1/3/4/7 joint session, the best student presentation award finalist, Kevin Nay Yaung, gave an 

excellent talk on progress towards reaching high efficiency GaAsxP1-x solar cells on (001) GaP/Si. 

In Area 4, Oliver Schultz-Wittmann, this year’s inaugural Young Professional Award recipient, gave a 

thorough summary of previous high efficiency results on multi crystalline wafers. He also gave an 

overview of the current status at TetraSun. Cell efficiencies were in the range of 20.5% to 21% with 

resistivity of 3-14 Ohm-cm. Robby Peibst discussed his work on IBC and selective contacts with  

 



efficiencies of 22.1% on 156 mm wafers, which have a huge potential for improving efficiency. The 

fabrication process employed utilized a 2 level metallization scheme and only involved 13 steps. 

The Area 10 session kicked off with Sarah Kurtz of NREL discussing the proposed PV system Energy Test 

standard and a case study of its application to a utility scale power plant. Riley Caron of First Solar 

reported improvements in soiling loss measurements at sites in the US, Arabian Peninsula and Australia.  

Owen Westbrook of juwi Solar discussed the issues of accurately determining diffuse shading losses and 

compared field measurements on a tracking system with modeled. Jeff Newmiller of DNV discussed the 

history and origins of the CEC inverter rating method and potential ways to make it more applicable to 

power plants with DC/AC ratios greater than 1.0. Martin Waters of Recurrent Energy detailed an 

evaluation of various short term PV power plant rating methods’ ability to best reproduce a one year 

adjusted energy test. 

In Area 11, Jeff Cotter talked about the virtual cell factory, a course for teaching PV manufacturing 

science at QESST and beyond. This manufacturing education course, codeveloped by ASU and QESST, 

integrates statistical and empirical methods to the traditional theoretical and physical curriculum. It is 

open and available for free by contacting Jeff Cotter. Paula Mints gave an intriguing talk about growth 

potential in the residential US market. Her direct market survey results indicate that buyers consider 

buying a better value than a lease or PPA, but the reality of no upfront cost and the desire for a no 

maintenance solution sways buyers into choosing leases and PPAs over other options. The top complaint 

is slow service on maintenance issues. She plans to continue the survey for another 3 years. Masafumi 

Yamaguchi shared that Japan is targeting a 7 yen/kWh by 2030 cost target under the 2030 R&D roadmap 

plan. Japan installed a cumulative 13.6GW through FY2013. The average electricity price in Japan is 

currently ~23yen/kWh. A number of recent world records have been achieved for cells and modules in 

Japan. Haruki Yamaya talked about how the FIT in Japan has stimulated rapid growth in installation, 

including 6.9 GW in 2013, and a shift in market share from residential to commercial and large-scale 

systems. A total of 39 GW of systems have been approved for 2014; however, delays between approval 

and commissioning may result in fewer total installations. George Kelly described that the new IECRE 

standard applies to wind, solar and marine energy. Standards for manufacturing are in place, but fielded 

system and standards for installation, commissioning and operation still need to be developed for solar. 

The governance rules for the new IECRE committee will be approved this month (June 2014). 

In the Area 12 session Michelle Propst presented data showing PID induced degradation in CdTe 

modules. The degradation was characterized as cell shunting across the P1 scribe. Additional 

degradation was caused by a stray piece of glass in the evaporation 

chamber which put Na ions into the materials. It was recommended that 

the CdS and absorber not be placed into the P1 scribe. Nitsa Kindyni 

shared numerical simulations that indicated positive ion deposition on the 

ARC layer of Si cells occurred and resulted in a widening of the depletion 

region compromising cell performance. Jaewon Oh (picture to left), a best 

student presentation award finalist, presented on the use of reverse bias 

recovery technique to address PID issues. It was noted that one should 

look for QE recovery in addition to Pmax to determine the state of recovery. 



Bengt Jaeckel’s presentation indicated that if the recovery rate for PID was faster than the degradation 

rate, then application of positive voltage at night could effectively be used to mitigate the effects of PID. 

Peter Hacke described a test-to-failure protocol that highlighted a number of different degradation 

pathways, one of which was PID. It was noted that too much voltage during test could electrolytically 

corrode the AR coating. There was some concern indicated that application of positive bias on fielded 

modules may recover PID losses but could also cause additional damage. 

After a well deserved coffee break, the late afternoon sessions began. In the 

Area 1 & 6 joint session, Mohammad Nazeeruddin gave an impressive 

summary of perovskite solar cells. Ken Nagamatsu (picture to left), a best 

student presentation finalist, presented a novel approach for the fabrication 

of double-heterojunction silicon solar cells that were fabricated at low 

temperature. Jae Young Lee discussed the use of hybrid solar cells, which can 

be made semi transparent and tuned to various colors for decorative 

applications. 

In Area 2, Reiner Klenk from HZB Berlin, showed that it is possible to reach very high efficiency CIGS 

based solar cells up to 18.3% using a sputtered Zn(O,S) buffer layer. He showed that junction formation 

by sputtering is a robust and reproducible process and that this process is scalable and has been 

transferred to larger area dynamic coaters. The process appears to be quite resilient, as he showed that 

even if some challenges are encountered the efficiency performance results are quite good up to 30x30 

cm2. Professor Takahiro Wada from Ryukoku University, Japan, presented a theoretical description on 

differences between CIS, CIGS, and free Indium absorber materials such as CZTS on the basis of phase 

diagram, defect formation and Cd diffusion in these absorbers. 

In Area 4, Keiichiro Masuko of Panasonic reported a new world record large area (143 cm2) silicon wafer 

solar cell of 25.6% that was achieved by combining IBC and HIT technology. Junichi Nakamura of Sharp 

presented their small area (4 cm2) 25.1% IBC heterojunction silicon wafer solar cell. Corsin Battaglia 

introduced the use of MoOx as a hole selective contact for silicon wafer solar cells. 

In Area 5, Jonathon Dore of the UNSW showed that the intermediate layer is 

critical for liquid phase crystallized (LPC) silicon layers on glass. O. Gabriel of HZB 

talked about the demonstration of Voc values up to 656 mV for liquid-phase 

crystallized (LPC) Si cells on glass, which is almost as high as the best values for 

multi-Si. Chi-Wei Chen (picture to right), a best student presentation award 

finalist, showed an impressive, near perfect performance 

of a porous silicon back reflector in a wafer equivalent cell with 17.3% 

efficiency. Lu Wang (picture to left), a best student presentation award finalist, 

of UNSW and Amberwave presented a record 16.8% cell, only 18um in 

thickness made using an epitaxial lift off process on mono-crystalline silicon. 

In Area 8, Darius Kuciauskas from NREL showed how two photon PL can be used 

to separate bulk and surface recombination in CdTe. Shaoyong Fu from Trina 



Solar introduced a new method for imaging crystal orientations in wafers using reflectance imaging. 

Sunghho Jeong from Gwangju IST demonstrated laser breakdown spectroscopy for composition and 

depth profiling analysis of CIGS. Sergio Castellanos from MIT showed how residual stress in wafers can 

be imaged quantitatively using IR birefringence. Johnson Wong from SERIS used LBIC and EL imaging to 

map current transport efficiency in Si wafer cells. 

In Area 9, Alex Hanson, a best student presentation award finalist, shared an analysis of 550 systems 

with module electronics that indicates an average shade recovery of 35% is possible. Ramprakash 

Kathiresan, a best student presentation award finalist, talked about how a new micro inverter design 

removes lifetime limiting capacitors, improving product performance. Chris Deline of NREL shared his 

perspectives on how embedded power electronics that are laid up directly in the PV laminate help to 

pack modules 20% closer together, thereby significantly increasing the power output per unit area. 

Shudong Zhou talked about how a real time Chinese to English translation session demonstrated the 

importance of purity in EVA crosslinking on module performance. 

Annick Anctil began the Area 11 session with a fascinating overview of using GIS systems to help deploy 

PV in the Southeast United States. In this same session, Jimmy Quiroz presented on a study of 100 utility 

SGIP PV interconnection applications. The applications give an interesting overview of what is studied 

during interconnection and the costs to mitigate potential problems. Philip Beaucage discussed the 

complexities of modeling high frequency impacts to PV systems due to cloud cover. Jay Johnson 

presented on newly developed protocols and an automated system that can test advanced inverter 

functions for UL certification. Anderson Hoke presented on new tests developed for the IEEE 1547 

amendment 1. The tests within the proposed IEEE 1547.1a have three new areas of focus: voltage ride 

through, frequency ride through, and active voltage control. Vasillis Fthenakis presented a very 

interesting presentation focusing on the deployment of PV in Chile. 

At the end of the day’s work, participants gathered on the balcony of the Colorado Convention Center at 

the annual Cherry Reception to celebrate Ron Sinton, this year’s Cherry Award winner. Thereafter, the 

PVSC specialists participated PV Jobs Fair and also in the first ever PVSC evening poster session, where 

they enjoyed finger sandwiches, fajitas, roast meat, and other delicious hors d’oeuvres, all while feeding 

their scientific curiosity through engaging technical discussions.  

During the 7pm poster session, the Area 1 poster winner was Mohammad Maksudur, for his 

presentation of the effect of miniband formation in a quantum dot super lattice fabricated by 

combination of bio-template and neutral beam etching for high efficiency quantum dot solar cells. The 

Area 3 poster session winner was Brittany Smith from RIT, for her efforts growing, fabricating, and 

characterizing InAlAs materials and solar cells by MOVPE and demonstrating 9.9% efficiency (14.3% 

projected with ARC), with further application to 1.7eV InAlAsSb solar cells. Within Area 3, Cassi Sweet, 

from the Colorado School of Mines shared her team’s work demonstrating controllable, predictable 

spalling of GaAs solar cells grown by HVPE at NREL of 12.8% efficiency. Also in Area 3, Boussairi Bouzazi 

of Toyota Technological Institute has used DLTS to identify a number of potentially important 

traps/defects in CBE grown GaAsN, providing guidance for future epitaxy. In Area 4, the poster session 

winner was David Young, for his work developing passivated contacts for silicon solar cells based on 



transparent conducting oxides. The Area 5 poster session winner was Bastien Bruneau, who presented 

on ion energy threshold in low temperature silicon epitaxy for thin film crystalline photovoltaic. Cris 

Flowers won the poster award in Area 9 for his work on designing electrically independent subcircuits 

for a seven-junction spectrum splitting photovoltaic module. The Area 11 winner was Amr Abdullah, for 

his work studying photovoltaic power pattern grouping based on bat bio-inspired clustering. 

During the 8:15pm poster session, the joint Area poster winner was Wolfgang Tress, who shared his 

work elucidating the role of the hole-transport layer in perovskite solar cells in order to reduce 

recombination and increase absorption. In Area 2, Giovanna Sozzi won the poster award for his work 

studying anomalous dark current ideality factor (n > 2) in thin-film solar cells: the role of grain-boundary 

defects. The Area 6 poster award winner was Ishtiaq Maqsood, for his work studying the charge 

transport kinetics in organic bulk heterojunction morphologies using mesoscale Monte Carlo simulation 

analysis. Raymon Hoheisel won in Area 7, for his work on AM0 solar cell calibration under near space 

conditions. Qiming Sun won in Area 8, presenting on quantitative heterodyne lock-in carrierographic 

imaging of silicon wafers and solar cells. In Area 10, the best poster award went to Kendra Passow of 

First Solar for detailing discrepancies between several central inverter manufacturers' efficiency reports 

(i.e. CEC curves) and field measurements of efficiency utilizing inverter self-reported dc and ac powers. 

In Area 12, Da Guo gave a well informed discussion of how copper interactions during heat treatment in 

CdTe can be simulated to predict device behavior and, along with his co-authors, was designated a Top 3 

Best Poster Award Finalist. Jane Kapur provided an interesting discussion and poster involving PID 

resistance of ionomers, which earned her and her team recognition as a Top 3 Best Poster Award 

Finalist. Congratulations to the Area 12 Reliability 1 Best Poster Award Winner, Juliane Berghold and her 

team at the PI Photovoltaik-Institut Berlin and NREL who presented a comprehensive study of the PID 

behavior of different encapsulants. 

That wraps up day 3 at the 40th IEEE PVSC.  

Be sure to visit the exhibit hall, which is open Wednesday, from 10AM – 3:30PM. 

 

************************************************************************************ 

IEEE ELECTRON DEVICES SOCIETY - MEMBERSHIP PROMOTIONS FOR 40th PVSC ATTENDEES 

Be sure to stop by the EDS membership booth, located in the registration area, to learn about 

the free EDS membership promotions available to PVSC attendees.   

EDS members enjoy a host of important benefits including free, unlimited online access to the 

IEEE Journal of Photovoltaics. So stop by and see Joyce and Jean to learn more.  Don't miss 

this opportunity to become part of the EDS community! 
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