
	
	

 

Monday Highlights 
Monday at the 43rd PVSC saw the technical sessions kick-off on a jam packed day. The Morning plenary 

session saw three excellent presentations in Areas 6, 1 and 9. 

For Area 6, Michael Graetzel got the day underway by reporting on a certified 1 

cm2 device with 19.6% efficiency. After a tour of the brief history of the 

perovskite cells, he highlighted some of the impressive progress in the 

stabilization of perovskite materials, so crucial to PV applications, through triple 

cation approaches with the incorporation of Rb for quadruple cations now being 

investigated. The use of mesoscopic scaffolding to overcome diffusion length 

issues was also highlighted again showing impressive progress as well as some of 

the challenges with transferring these performances to planar structures. Finally 

he showed how dye sensitized solar cells are becoming commercialized with their aesthetic appeal 

opening new applications like car charging systems. 

For Area 1, Victor Klimov spoke on the tuneability and designability of 

properties of colloidal quantum dots for PV application, focusing on 

luminescent solar concentrators (LSCs) and quantum dot (QD) solar cells. He 

reported on large area LSCs based on CdSe/CdZnS QDs with quantum yield 

over 70% demonstrated in 12"x36" semitransparent window glass. For QD solar 

cells the potential for multiple exciton generation (MEG) was outlined with 

results for core-shell QDs based on PbSe/CdSe showing the MEG yield is 

proportional to aspect ratio of the core to the shell.  

Christian Hagendorf got Area 9 under way with an update on the impressive 

progress made in the area of understanding the causes of potential-induced 

degradation (PID) and the recovery process. This critical issue that has been a 

large reliability problem for the industry created initial confusion with no root 

cause identified for many years. Dr Hagendorf showed how the presence of Na 



	
	

ions in the SiN anti-reflection coat (ARC) under large electric field will infiltrate the silicon with the end 

result being Na decorated extended defects that penetrate through the p-n junction causing shunt 

degradation. Reversal of the electric field sees the Na ions stripped out and the defect becoming surface 

region localized. He finished by showing impressive predictive powers for PID sensitivity of modules by 

fast measurements performed on solar cells using the PIDcon system.  

Following a quick coffee pit-stop it was time for the Official welcome to the conference by the General 

Chair Angus Rockett, who gave everyone a great idea of the range of activities surrounding the 

conference.  

David Turk, from the US Department of Energy, then gave the Keynote address outlining the global 

efforts towards the ends of carbon mitigation and adaptation and the encouraging cooperation that has 

ensued from the Paris Agreement. The main focus was on some of the exciting initiatives that are part of 

the international agreement “Mission Innovation”. The twenty countries that have joined Mission 

Innovation have collectively committed to increasing Clean Energy R&D from $15 billion/y to $30 

billion/y over the next 5 years The specific commitments and technology-specific requirements were 

discussed at a meeting next week and are detailed at mission-innovation.net. Every one of the members 

identified “solar, wind and renewable energy” as a priority. A clearer structure for collaboration and the 

identification of new paths for innovation were also highlighted, giving great hope that PV’s role in 

delivering clean energy will continue to grow. He also answered some searching questions from the 

audience.  

It was then on to the Awards, with Kyle Montgomery 

presenting the Young Achiever Award to Bram Hoex for his 

outstanding contributions in the area of ALD-deposited 

passivation layers, with key approaches being adopted by the 

industry. After a lively acceptance speech by Bram, Keith 

Emery then introduced this year’s Cherry Award recipient, 

Pierre Verlinden. Pierre’s many achievements across areas like 

interdigitated back contact solar cells, record breaking PERC solar cells, PV systems, even the World 



	
	

Solar Challenge!  Pierre then gave a fascinating tour of the development 

of IBC silicon solar cells and why it hasaken so long? After an 

impromptu Chinese lesson from Pierre, he spoke about some of his early 

motivations and ideas for IBC cells taking an idea some dismissed as 

impossible, developing the understanding of how an IBC cell works, 

leading to marked performance improvement. Some of the challenges 

encountered were revisited in an excellent technical detective story, 

highlighting IBC cells transition from a proposed concentrator 

technology to a one sun device approach for high performance. 

After re-charging batteries with lunch, attendees returned for the first Area oral sessions. 

 

Area 1 - Advances in Intermediate Band Solar Cells 

An overarching theme of this session was using wide bandgap host materials to move devices toward 

ideal IBSC bandgaps. Inigo Ramiro from University Polytechnic Madrid presented an interesting invited 

talk, reviewing prior work on Type I QD IBSC systems and his most recent results with Type II GaSb 

QDs. He was able to show voltage preservation in a GaSb/GaAS QD solar cell occur at 160 suns 

measured at room temperature. Ryo Tamaki from University of Tokyo presented work showing a linear 

relationship between absorption edge of the QD material and the threshold temperature for 2-step photon 

absorption. Using this approach a target absorption of 0.459 eV was identified for 295K threshold 

temperature. 

 

Area 2 - Advances in Chalcogenides Solar Cells 

 Evelyn Handick presented evidence that K-In-Se exists at the chalcopyrite 

surface after a combined KF/NaF post-deposition treatment. Shankar Karki 

presented an ellipsometry study showing that the KF post deposition 

treatment causes a Ga-depleted surface, as well as more K and less Na 

throughout the absorber bulk. Edgardo Saucedo presented a partial 

substitution of In and Ga by Zn to address scarcity issues. Dr. Phuong used 

THz spectroscopy to show that mobility in kesterites is almost as high as that 

in chalcopyrites, but kesterites exhibit much shorter diffusion lengths with 

Na increasing the minority carrier lifetime; K and Li do not. Brad West (pictured) presented a 

synchrotron-based x-ray study to show that Na incorporation causes increased grain boundary collection 

efficiency. 

 



	
	

Area 3 - CPV Cell Design 

 

Kevin Schulte described research that can decrease the complexity of several IMM designs, including 6J 

designs, by reducing the number of graded buffer layers required. Using Se to degenerately dope InGaP, 

the Moss-Burstein shift increased transparency without compromising morphology for 2 deg. off B 

substrates.  Joseph Faucher described how to doublie the published efficiency of MBE-grown AlInGaP 

material with Eg ~1.9-2.2eV to ~10%, including a Woc of ~0.52V. He demonstrated through 

experimental results and Silvaco modeling the impact on diffusion length of growth optimization, device 

design, grading window compositions and post-growth annealing. Matthew Lumb described improving 

efficiency of MJ cells by extending the IR response to 2.5um by adding a 0.5eV GaInAsSb sub 

cell,  using Semprius’ transfer printing process to bond a commercial 3J (InGaP/GaAs/GaInNAsSb) onto 

the GaInAsSb subcell. Nikhil Jain  described the use of GaInAsP in lieu of AlGaAs for a ~1.7eV subcell 

in MJ cell designs, culminating in a high IQE cell with Woc ~0.47V. Mario Ochoa described a 1.05eV 

Ga(In)NAsSb subcell and its integration in a 4J (AlInGaP/AlGaAs/Ga(In)NAsSb/Ge) device. 

 

Area 4 - Silicon Material Technology 

Results presented by Crystal Solar reported on a 22.5% efficiency n-type solar cell with epitaxial 

substrate and rear emitter, with 30x reuses of the substrate. This paper, by Dr. Hao and numerous 

coauthors was selected to win the 43rd PVSC Best Paper Award, which will be presented at the closing 

ceremony on Friday. 

 

Area 6 - Metal Halide Perovskite PV and Tandems 

Bjoern Niesen (EPFL) presented results on perovskite-silicon tandem solar cells showing 4-terminal 

devices with 25% and 2-terminal monolithic with 21.2% PCE. He also impressed the audience with a 

thorough optical analysis of tandems. Kylie Catchpole (Australia Nation University) also presented high 

efficiency tandems using perovskites and silicon. Additionally, she reported interesting results on a 

tandem geometry that reflects the NIR component of the spectrum to the low bandgap cell. Rachel Beal 

(Stanford) presented results on all inorganic perovskite (CsPbBrI2) solar cells with high bandgap (1.9eV) 

for use in tandem solar cells (perhaps even with a hybrid perovskite bottom cell). 

 

Area 9 - Module Reliability 

David Miller showed how UV exposure at high temperatures and high humidity levels causes the 

adhesion between EVA and top glass to decrease by more than 50%. Tim Silverman showed how current 



	
	

commercial thin film modules (CdTe and CIGS) suffer from power loss when exposed to reasonable 

shadows. 

 

Area 11 - Solar Resource Measurement and Modelling Techniques 

Manajit Sengupta (pictured) presented on shortwave radiometer calibration 

methods. A 1% to 2% difference between manufacturer and NREL outdoor 

calibrations was found. Anton Driesse presented on the PVSENSOR project 

to compare measurements between different types of pyranometers. The 

importance of secondary factors (temperature, spectral response, etc.) to 

pyranometer calibrations was shown. Wilfried Van Sark presented on 

different indicators for representing solar spectra, concluding that Average 

Photon Energy is the recommended indicator for analyzing effects of spectral 

variation of PV device performance. Cliff Hansen presented on the analysis of irradiance models for bi-

facial PV applications. COMSOL and RADIANCE ray tracing modelling tools were evaluated. A view 

factor model was also evaluated. The methods are consistent. Array scale 2D model was also evaluated 

and allows for faster computation. 

 

In the late afternoon sessions there were the following highlights: 

Area 1 - Quantum Wells and Quantum Dots 

Islam Sayed from NCSU gave a great talk on an optimisation study of quantum wells in InGaP solar 

cells. He showed nice results achieving reduced background doping in the depletion region, permitting the 

inclusion of 45 QWs whilst maintaining good bulk performance. 

 

Area 2 - Progress in CZTS Technology  

Thomas Unold from HZB presented a thorough discussion of the origins of temperature dependent 

photoluminescence. By carrying out intensity dependent measurements over a stunning 7 orders of 

magnitude they were able to discern failures of the donor-acceptor pair model and instead showed that 

Burstein-Moss shift was able to explain blue shifts of PL when band tailing was taken into account. IBM 

presented data on alloying CZTSe with Ag to increase Voc and decrease the FWHM Stokes shift of PL 

suggesting decreased disorder in order to eliminate band-tailing in CZTSe. 9.7% efficiency has been 

reached through this strategy. Mario Lang from Karlsruhe Institute of Technology introduced the use of 

electroreflectance to determine the surface bandgap of the absorber layer. They varied the Cu/Zn order 

parameter through low temperature annealing and showed that the bandgap increased with order 



	
	

parameter and for disordered films a lower energy PL emission peak emerged as well as the near-edge 

emission being suppressed. The IREC group presented their results on using Ge-assisted crystallization to 

improve grain growth and change the density of deeper defects with the amount of Ge added. Lisa Rich 

presented a summary of the large Kestcells collaboration on the effects of combining multiple process 

enhancements to result in record-low Voc deficits. 

 

Area 3 - CPV System and Cell Design 

Emmett Perl of NREL presented a roadmap on achieving 18% efficient 2J AlInGaP/GaAs devices for 

operation at 400° C under high concentration for PV - CSP hybrid systems. Joshua Williams from 

Arizona State University reported on impressive results using GaN/InGaN quantum well structures for 

high temperature operation, showing no degradation for 450° C for one week’s operation. 

 

Area 4 - Junction Formation 

Tom Allen of ANU reported on 21.4% TiO2/Ca passivated contact on n-type PERC cell, with 20.3% Ca 

contact directly on 0.9 Ohm-cm n-type silicon. Dominic Tetzlaff of Leibniz University confirmed the 

presence of pinholes in tunneling oxide layers, despite the often low probability of finding them by TEM 

(0.3% probability with 108/cm2 pinhole density). Martin Bivour of Fraunhofer ISE presented metal oxide 

hole selective contacts, including MoOx, and VOx which showed degradation upon annealing and 

relatively stable WOx layers. James Bullock of ANU highlighted range of new materials for carrier 

selective contacts, including LiF carrier selective contact for n-type silicon producing 20.6% efficiency. 

 

Area 6 - Scaled Production and Reliability Studies on Perovskite PV  

Lucera reported on a fully solution-processed flexible module with transparent contacts and an active 

area of 197 cm2 Druffel explained how 2 ms intense pulse light sintering of perovskite layer leads to cell 

efficiencies of up to 11.5%. Dalal reported on a reversible voltage increase and current decrease in 

perovskite cells due to ion motion when illuminated for an extended time period. 

 

Area 9 - Reliability Field Experience 

John Wohlgemuth discussed recent findings in module delamination, noting particularly that combined 

DH1000 and extended PID and UV tests appeared to be able to trigger de-laminations similar to field 

observations, but the test sequence is long and module construction variations did not always yield 

expected results so further work is needed. C. Raupp discussed the results of an analysis of apparent 

degradation for a large sample of recent-vintage PV power plants, observing a small reduction in typical 

degradation in milder climates but also re-confirming that using nameplate ratings causes large 



	
	

uncertainty in results. C. Jones presented a real-time machine-learning platform 

designed to identify expected performance and classify abnormal PV system 

function for improved maintenance response. Results shown need to be replicated 

with additional locations and equipment, but the system was self-learning so in 

theory this should work. I. Jayawardene (pictured) discussed application of 

distributed control and prediction algorithms to active reduction of solar power 

plant variability. Dirk Jordan discussed methods of extracting estimates of degradation from field PV 

performance data, focusing on regression, year-over-year, and a hybrid combination of both, concluding 

that neither method excels in all measures of success. Yang Hu discussed machine learning applied to 

stepped IV curves measured over 7 years of exposure in three locations, observing that incidence of 

bypass diode activation increased over time in two locations even though site shading is negligible in all 

cases. 

 

Area 11 - Understanding Solar Resource for PV Financing and Operational Efficiency 

Michelle Burns showed how PVsyst assumes zero contribution for inter-row diffuse-shaded pyranometer 

does register diffuse irradiance measurements and so should not be neglected. Antonio Lorenzo showed 

how to obtain better solar estimates by taking satellite data and adding a factor based on a weighting 

matrix multiplied by (the difference between the satellite and ground observation plus a mapping matrix). 

But he also cautioned that the location of the cloud versus shadow on the ground can cause the analysis to 

go askew. Skip Dise and Evan Riley showed how the typical practice to use measured GHI to "tune" the 

long term dataset can be re-balanced if you have measured DHI. Alex Kubiniec and Ganesh Mani 

looked at the tuning of satellite data with ground insolation data, seeing a strong seasonal effect with 3 

months of tuning, while for 6 months it decreases further and so on. At 24 months of data, results are 

pretty stable - They propose monte carlo analysis with boot strapping (could use jack knifing or 

permutations), resulting distribution may or may not be normal, bootstrapping takes a sample of subsets 

and runs a correlation process. 

 

It was then time for the sponsor’s exhibit, where attendees could get to know or catch up with industry 

representatives while enjoying a nice drink and some delicious food. This tided people over until the 

special late “Area 13” session…. that had popcorn popping (not always at the right time) and cookies 

being munched and some myths were busted. All those who attended now have an instruction manual for 

boosting their cell’s efficiency and we now know to take some of the figures that are given for the 

industry with some NaCl amongst a slew myth-busting. I’m sure those who attended agree that this was a 



	
	

welcome addition to the PVSC program. There was also the chance for us to send a warm message to Rob 

Walters (see below), fight the good fight Rob, we all miss you! 

 

 

 

 

 

 

 

 

 

That wraps up the opening day of technical sessions of the 43rd IEEE PVSC conference! If you haven’t 

done so already, you may still be able to get tickets for this year’s Conference Banquet, which will be 

held at Providence Park on Thursday evening. Just ask at the conference registration desk.  

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

IEEE ELECTRON DEVICES SOCIETY - MEMBERSHIP PROMOTIONS FOR 43rd  
PVSC ATTENDEES 

Be sure to stop by the EDS membership booth, located in the registration area, to learn about the 
EDS membership promotion deals 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 to learn more.  Don't miss this opportunity to become 
part of the EDS community! 
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