FRIDAY
HIGHLIGHTS
PVSC 46 | 21TH JUNE 2019 | CHICAGO, IL

BANQUET
CELEBRATION
PVSC attendees get a taste
of Chicago at the Museum of
Science and Industry

OUTSANDING
TECHNICAL
CONTRIBUTION

REGULAR SESSIONS
In Area 1 “Novel Electrical Properties”
Ian Sellers presented exciting results
about hot carrier effects in thin bulk
systems without nanostructuring.
Rapid scattering of electrons to
satellite
valleys
high
in
the
conduction band enables hot carrier
extraction with an appropriately
selective contact, and experimental
realization in an InGaAs/AlInAs system
was
demonstrated,
with
an
extrapolated Voc of 1.375 V, limited
by the L valley of the conduction

band rather than the conduction band
minimum. . Yukihiro Harada showed hot
carrier effects at low temperature in
InAs/GaAs QD superlattices, showing
variations in Jsc and Voc with
superlattice period. Taro Kuwano
showed compelling improvements in
the back contact resistivity of ZnSnP2
devices by replacing Cu back
contacts with CuP3, which enables
better band alignments for hole
extraction and cleaner interface
morphology.

Award to Keith McIntosh,
Malcolm Abbott from PV
Lighthouse, and Ben Sudbury
and Jenya Meydbray from PV
Evolution Labs for their work on
“Mismatch loss in bifacial
modules due to non-uniform
illumination in 1D tracking
systems”

STUDENT
PRESENTATION
AWARDS
All student award winners
will have the opportunity
to tour the Q CELLS
production plant in
Dalton, Georgia.

Sebastian Husein showed impressive gains in mobilities of Zn-based TCO's on controlling their crystallinity by
varying the Zn/Sn ratio and sputtering target temperature. Mobility is highest in the amorphous region, surprisingly,
and achieves mobilities up to 30 cm2/Vs. Chase Hansen describes a multi-scale modelling approach including
quantum properties of nanoparticles, electron-electron interactions, and expanding to films with millions of
nanoparticles, to extract the mobilities from nanoparticle films. The effects of grain boundaries are significant,
with the conclusion that achieving high mobilities (8-10 cm2/Vs) requires effectively removing all grain boundaries.
In Area 1 “Novel Concepts in High Efficiency & Multi-junction Cells” Rob Patterson presented a computational
study to assess candidate materials for the top cell for a silicon tandem cell. Most high-quality semiconductors
fall into the adamantine class of materials so the search was narrowed to this type of semiconductor. Three sulfoiodide materials were identified CuZnSI, CuZn3S3I and CuZnSI3. The likely stability of these compounds was also
discussed. Stephanie Tomasulo presented InAlAsSb as a potential top cell material for an InP based tandem cell.
Preliminary samples showed band-gaps consistent with theory when identified by spectroscopic ellipsometry, yet
photoluminescence data suggests lower band-gap energies. This was attributed to phase separation or ordering
taking place in the material. Anastasiia Fedorenko presented a computational study of nanowire PV silicon
tandem devices where nanowire materials are placed on both sides of the silicon device. The merit of this
approach over planar epitaxial films is that nanowires can be grown pseudomorphically on the mismatched
silicon surface. The simulations showed that a high core doping level was necessary for high Voc and Jsc,
together with a minimal emitter thickness. Adding a rear reflector was found to significantly increase the Jsc for
the low gap nanowire structure. Richard King (on behalf of Sean Babcock) presented an analysis of the role that
the rear reflector plays in thin, epitaxial-liftoff GaAs cells. Using a computational approach, he showed that very
high reflectance is important when operating in the photon recycling limited regime. From an optical standpoint,
it is beneficial to have complete dielectric/metal reflectors, but this has to be balanced with the rear metal
electrical contact coverage. The power loss due to series resistance can be limited to 0.1% with less than 1%
point contact coverage. The role of textured vs untextured surfaces was also investigated showing a tradeoff of
Jsc and Voc. Elisa Antolin presented progress on the heterojunction bipolar transistor solar cell, a device that
supports two independent junctions and operates without a tunnel junction. Borrowing terminology from the BJT,
a high gap emitter is made from InGaP and connected to an InGaP base, followed by a GaAs collector layer.
A device efficiency of 19.4% was reported.
In Area 2 “Advanced Contacts and Interfaces for Thin Film Photovoltaics” Significant progress towards
improved light management in CIGS solar cells was demonstrated by Gouillart et al., Salome et al., and Sun et
al., with highly reflective ITO/Ag replacing Mo rear reflectors in monocrystalline cells, and with selective-area Mo
contacts (PERC-like structure) simulated for bifacial cells. Several of these device designs use Al 2O3 rear layers,
which are expected to enhance surface passivation. Li et al., Danielson et al, and Yan et al. described
innovations in the electron and hole contacts in CdTe solar cells, including air-free CdCl2 treatments that prevent
large conduction band offsets at the CdTe/MZO interface, a 30X increase in PL intensity compared to reference
cells with an Al2O3/a-Si:H/ITO/Ag hole contact (yielding an implied Voc of 970 mV), and CuSCN and AgSCN
solution-processed rear dopant sources.
In Area 2 “Fabrication and Degradation of CIGSe” L. Mansfield reported on damage from partial shading
showing that an attempt to modify reverse bias behavior using thinner devices was unsuccessful. 15% devices
were demonstrated and live thermal imaging showed worm like defects in CIGS solar cells. R. Farshchi reported
on ACIGSe device fabrication and characterization with positron annihilation measurements was demonstrated.
Results were aimed at improving tuning of materials to achieve higher device efficiency. K. Bakker reported on
thermal-imaging of worm-like defects together with a theory and supporting SEM/EDS characterization. It was
shown that thicker TCO layers show different behavior to devices with thinner TCO devices. C. Muzzillo discussed
a PID mechanism and associated tests. An Al 2O3 diffusion barrier similar to that used in industry was introduced,
and the film characterization was discussed using different glass substrates. I. Lam reported on a process similar
to the 23.3% Solar Frontier record lab cell. 50% higher Ga/III precursor was used, resulting in an improvement in
Voc from 606 mV to 726 mV.

In Area 3 “III-V Single Junctions & Components”
M. Steiner reported on an improved AlGaInP top
junction as one key towards high efficiency 6 junction
solar cells. Significant decrease in the series resistance
can be achieved with a hetero-emitter with
decreased band-gap, without sacrificing current or
significant voltage. Y. Sun showed how delta doping
can improve tunnel junction performance for high
band-gap tunnel junctions. D. Friedman revisited the
design of thermophotovoltaic cells, considering in
particular how the front grid coverage and
reflectance affect TPV system efficiency. A. Ben
Slimane presented an n-GaInP/ p-AlGaAs rear-hetero
junction with high voltage and reduced indium grown
by MBE. W. McMahon showed how nickel electroless
plating can stabilize thin film III-V solar cells without
mechanical stress, an essential requirement for
flexible and lightweight cells. A. Cavalli showed how
trapezoidal grid fingers could decrease shading.
Parasitic deposition at the sides is a crucial issue that
can be removed by a wet-chemical etching step.
In Area 4 “Developments in Solar Cell Simulations”
C. Messmer showed that the device behaviors (iVoc
and FF) of SHJ and TopCon solar cells could be
modelled and compared to experimental data when
the appropriate TCO and doped a-Si junction
tunnelling transport were incorporated. An interfacial
oxide could explain cases where worse contact
resistance was observed that cannot be explained by
simple work function alignment arguments. R. Eberle
investigated the temperature dependence of device
characteristics and in particular the notion that J0/ni2
should be independent of temperature. Significant
deviations are found, and temperature coefficients
for J0/ni2 are reported. A. Fell examined the accuracy
of using model fits to reflectance curves to infer light
trapping and absorptance. It was found that simple
models that fit reflectance curves can also predict
absorbance characteristics very well. J. Haschke
showed that at high injection, the TCO sheet
resistance plays less of a role in determining the lateral
resistive losses because minority transport in the wafer

contributes. M. Abbott presented detailed raytracing and SPICE circuit modelling to determine the
annual yield from PV modules. For example,
differences in cell texture gave a 5% difference at cell
level but less than 2% at module level, highlighting the
importance of performing rigorous system level
analysis.
R. Stangl presented a web platform that
aggregates experimental data and output from
simulation programs to help build a machine learning
system for forward and reverse modelling.
In Area 4 “Enhanced Contacting Schemes” J.
Schube reported the use of light sintering of metal
pastes for Si heterojunction cells achieving an
absolute efficiency improvement of 0.2% absolute. X.
Yang reported the use of a TiN full-area rear contact
layer on n-type cells reaching a maximum efficiency
of 20%. K. Ren presented a contact theory based on
resonant tunnelling for Te-based Ag pastes. K. Mikeska
reported several combinations of Te-lead glasses
toward damage free contacts. S. Joonwichien
suggested not to use silicon in the Al paste as it has a
negative impact. F. Gérenton reported a half-cut-cell
heterojunction module with 348W (7 W more than
comparative full-cell module) and over 102% cell-tomodule efficiency.
In Area 5 "Emerging characterization methods"
several papers were presented that used machine
learning to augment data analysis, enable faster or
more efficient process optimization, and determine
early solar cell prediction from metrology data on
solar cell precursors, among others. Felipe Oviedo
presented a Bayesian network approach to link
process conditions to material, device and interface
properties. Aditya Kovvali showed how a constrained
deep learning approach could predict Voc and
saturation current from PL maps even under electrical
contacts.
Sntosh
Swain
proposed
to
use
thermoelectric effect spectroscopy to study defects
in CdTe:Sb. Yuji Hazama reported on using ultrafast
laser based photoemission spectroscopy to analyze

the photovoltage rise and decay times and their
relation with carrier lifetime. Yoann Buratti showed
that random forest based machine learning
algorithms could be trained to automatically analyze
temperature and injection level dependent lifetime
data in terms of defect parameters. Haider Ali
showed TEM images of Molybdenum Oxide and
Tungsten oxide layers to study the contact resistance
in energy selective contacts.
In Area 8 “Building Integrated PV and Novel
Applications” the session started with a presentation
by Sascha Kratz on supplying photovoltaic electricity
to the trolley bus network in Solingen, Germany, which
happens to be the largest in Germany with 250km of
trolley line and 50 buses. Suitable sites for PV arrays
were surveyed using a GIS approach. Two
presentations tackled the question of the behaviour
of vehicle integrated PV (VIPV). Michael Leveille
compared the temperature at which different PV
technologies operated under conditions similar to
that of a vehicle. Using a black box to mimic the
vehicle surface, a thin GaAs PV module (AltaDevices)
was compared against a silicon module. The GaAs
solar cell was found to operate at a temperature 24%
lower above ambient than the silicon module. Aaron
Wheeler investigated the performance ratio for this
configuration showing the GaAs module delivered a
PR of 98% while the silicon modules had a PR between
90-94% on a cool day; the difference is attributed to
the
elevated
silicon
module
temperature
compounded by the relatively high silicon
temperature coefficient. Bonna Newman introduced
the concept of dynamic shading, a momentary
shading that lasts for less that 1 min, potentially
interfering with maximum power point tracking. Two
power optimizers with different response rates (<<1s
and >>1s) were tested and the slower optimizer found
to recover more quickly after momentary shading.
Overall electricity yield losses due to dynamic shading
could be >5% with the wrong electronics. At present,
there is no specification supplied by a power
optimizer manufacturer that could help inform
optimizer choice. Veronika Shabunko presented a
high level financial assessment for BIPV technology.
She noted that in Singapore, there is a national goal
to reduce emissions by 36% by 2030, yet there is
limited space for PV. A test BIPV facade was
constructed from high efficiency coloured c-Si PV

panels with a solar irradiance of 650kWh/m2 on SW.
Typically the BIPV facade cost 23% higher than
conventional cladding material, but the payback
period was found to be 7 years. A BIPV LCA cost
calculator is available at www.solar.repository.sg/lcccalculator. N. Shiradkar spoke on the damage to PV
plants due to extreme flooding. In some cases the
damage was extreme, while in other cases, often
when the PV panels were at low inclination, damage
to submerged panels was minimal and power output
remained the same. Only 1% of submerged panels
were affected. The most frequent source of damage
was due to flooded inverters that caught fire. An IP67type rating for solar panels, microinverters, or rapid
shut down are suggested as opportunities to mitigate
water damage.

Thursday night featured the banquet at the Museum of Science and Industry. Attendees enjoyed a night of conversation,
fun, and relaxation with family and colleagues.

In Area 9 “Anti-Soiling Coatings” Klemens Ilse showed that the rebound of deposited particles can be as
important as particle resuspension in soiling mitigation. Malay Mazumder presented the results of a
transparent electrodynamic screen that can be used to remove particles from the PV module surfaces,
without the need of water or moving parts. In his work, Mazumder showed that the screen would require less
than 0.2Wh to clean a m2 of PV surface. Also the economic O&M advantages for electrodynamic film based
systems are presented. Characterization of field contamination by Dave Miller included a comparison of the
results from indoor and outdoor abrasion on PV glasses and anti-soiling coatings. Matt Muller showed the
latest progress on the development of a low-cost soiling sensor showing results of indoor and outdoor
validation. Illya Nayshevsky shows the performances of hybrid coatings and measured the wettablilty under
different tilting angles.

In Area 11 “Solar Resource Assessment and Variability Modeling” Josh Peterson presented on how a
disparity between reference-cell performance and pyranometer measurement data motivates a high quality
experimental sensor station in Golden, Colorado. The output from the IMT reference cells can be predicted to
within -2% for zenith angles less than 85 degrees. Y. Qin reported on how cloud detection and radiative transfer
methods are applied to Australian geostationary satellite imagery to generate estimates of surface solar
irradiance (GHI, DNI, DHI), including validation of cloud detection methods by spaceborne Lidar systems and
the International Satellite Cloud Climatology Project. Validation metrics were presented and are available in
the publication. Y. Xie presented on the value of radiative transfer modelling for surface solar irradiance
estimates (FARMS - Fast All-sky Radiation Model for Solar Applications). Cloud transmittance estimates are
parameterized as exponential functions of cloud optical thickness. Applications include the NSRDB and WRFSolar. Joakim Widen from University Uppsala presented a highly novel method for spatio-temporal downscaling
of hourly irradiance methods, with a series of examples down to 15-second sampling, including evidence of
the methods’ ability to realistically represent the impacts of complex cloud cover conditions. I. Peters
presented on the correlations between critical atmospheric parameters and PV system performance and
used in conjunction with climate projections to give a forward view of system performance. It was suggested
that we are already seeing the impacts of climate change on solar system performance. S. Pal presented on
some ‘spectro-angular irradiance' field measurements. Examples from Phoenix, AZ and Enschede, Netherlands
were presented.

CLOSING CEREMONY
OUTSTANDING TECHNICAL CONTRIBUTION AWARD
The “Outstanding Technical Contribution Award” was made to Keith
McIntosh, Malcolm Abbott from PV Lighthouse and Ben Sudbury and
Jenya Meydbray from PV Evolution Labs, Berkeley for their work on
“Mismatch loss in bifacial modules due to non-uniform illumination in 1D
tracking systems”; a full write-up of the presentation was featured in
Thursday’s highlights.

STUDENT PRESENTATION AWARDS:
All student award winners will have the opportunity to tour the Q CELLS production plant in Dalton,
Georgia.

- Daixi Xia from the University of Ottawa won the Area 1 award for her work “Opportunities for High
Efficiency Monochromatic PV Conversion at 1310 nm”
- Mahisha Amarasinghe from the University of Illinois won the Area 2 award for work titled “GroupV dopant incorporation for high CdSeTe/CdTe hole density and lifetime”
- Duanhui Li from MIT won the Area 3 award for work titled “Micro-Prism Spectrum Splitting Optics
for Lateral-Arrayed Multi-Junction Micro CPV”
- Tian Zhang from UNSW won the Area 4 award for her work “Atomic layer deposited NiOxAly and
ZnxNiyO as hole selective contacts for silicon solar cells”
- Shuai Nie from UNSW won the Areas 5/7 award for work on “A Novel Method for Characterizing
Temperature Sensitivity of Silicon Wafers and Cells”
- Rohit Prasanna from Stanford won the Area 6 award for work on “Achieving Thermal,
Atmospheric, and Operational Stability in Low Band Gap Tin-Lead Halide Perovskite Solar Cells”
- Anne Claire Le Henaff from MIT won the Area 8 award for work on “Time-variant operation of
Photovoltaic Electrodialysis (PV-ED) community-scale desalination systems”. This award is
sponsorded by G2V Optics.
- Robert Witteck from ISFH won the Area 9 award for work on “ UV-stable surface passivation for
crystalline silicon cells in solar modules with UV light transmitting encapsulation materials”
- Haoquan Zhang from MIT won the Area 10 award on "A Power Management Approach for
Laterally-Arrayed Multi Band-gap Concentrated Photovoltaic Systems"
- Lennard Visser from Utrecht University won the Area 11 award for work on “Benchmark analysis
of day-ahead solar power forecasting techniques using weather predictions”
-

Miku Enomoto from Tokyo University of Science won the Area 12 award on “Cost analysis of 100%
renewable electricity provider utilizing surplus electric power of residential PV systems in Japan”
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