Fundamental and Exploratory R&D

· A summary of fundamental and exploratory research supported by NREL was presented by R. Matson.  Only a small fraction of the IEEE presentations covered the topics in his overview, especially in the exploratory research areas. However, domestic and foreign scientists, industrial managers, and our foreign counterparts were interested in the efforts and, in some cases, possible collaborations. Industry commented that this is the kind of work that should have always been a very significant part of NREL's mission.

· Tom Markvart and Peter Landsberg of the University of Southampton presented a poster describing a solar cell model for electron transport in photosynthesis.  They show that there are fundamental similarities between photosynthesis and photovoltaics.

· Martin Green of The University of New South Wales presented a poster showing various aspects of solar energy research from a fundamental thermodynamics approach.  Ideas of energy conversion devices included using defect levels to temporarily trap carriers in a multi-photon absorption process.  Another idea utilized quantum antennas, which would convert photons to electrical energy similarly to the way microwave antennas can convert microwave power to dc power.  The antenna structures would be on a scale of wavelengths of light, which is submicron, but not much different in size than the patterns of today's integrated circuits.  This work references the work of Alvin Marks, who holds several US patents on polarizing light and creating thin film plastic sheets with nanometer-size antennas for converting and rectifying photons into dc power.  By utilizing polarizing film to absorb most photons, a theoretical efficiency of over 70% is calculated.

· An oral paper, entitled "0.74/0.55-eV GaInAs/InAsP Monolithic, Tandem, MIM TPV Converters:  Design, Growth, Processing, and Performance," was presented by Becky Wehrer of Bettis APL, which described the application of two novel concepts to multi-bandgap TPV converters.  Both new concepts were developed at NREL.  The first concept involves an inverted epitaxial tandem-junction structure that incorporates both lattice-matched and lattice-mismatched infrared-sensitive materials.  The second concept provides a means of creating voltage-matched subcell circuits within the monolithically grown tandem structures.  Significant progress has been realized, and NREL patent applications have been filed for both of these new concepts.

Multiple-Junction Concentrators

· A poster paper, entitled "Wafer Bonding and Layer Transfer Processes for 4-Junction High Efficiency Solar Cells," was presented by James Zahler of Caltech (Dr. Harry Atwater's group).  The paper describes a mechanically stacked, 4-junction tandem solar cell that uses a GaInP/GaAs upper tandem stacked on a GaInAsP/GaInAs bottom tandem.  The layer transfer process development is aimed at creating a bonded InP/Si substrate for epitaxial growth of the bottom tandem.  The 4-junction design promises conversion efficiencies of 35-40% for both space and terrestrial applications.  The work is the result of a collaborative effort that involves EMCORE, Caltech, and NREL.

· A new  direct reference spectrum and its effect on the short-circuit current was proposed (led by Keith Emery and NREL) .  This is being investigated by NREL for evaluating III-V concentrator cells. It is expected that the new spectrum will begin effective by 2003.

· The High Performance PV Project, lead by the NCPV, is well underway into Phase I, Identifying Critical Pathways. Work includes bringing thin-film tandem cells and modules toward 25% and 20% efficiencies, respectively; and developing  multijunction pre-commercial concentrator modules able to convert more than one-third of the sun’s energy to electricity (i.e., 33% efficiency). 

· In a report entitled "Development of a Metal Homogenizer for Concentrator Monolithic Multi-Junction-Cells", Araki et al show that a reflective secondary element can eliminate chromatic aberration caused by a refracting primary lens.  The primary beam is defocused so that all light must be reflected at least once by the homogenizer before reaching the solar cell. The mixing of all of the various beam paths illuminates the cell evenly, with very little chromatic variation.  This is of great importance to multi-junction cells where chromatic variation can greatly reduce device performance.  In addition, a reflecting secondary such as this can correct for sizeable tracking errors.

· M. Stan (Emcore) discussed the improvements of Emcore's triple-junction III-V solar cells.  Improvements including the addition of a small amount of indium to the GaAs middle cell  have allowed them to increase their AM0 efficiencies to an average of 27.5% (29.2% maximum).  Less than optimal GaInP thicknesses (for BOL) were used in order to improve EOL efficiencies.

· A paper was given on a device with the possibility of a very high efficiency ( 60%) using a concentrator and an integrating sphere completely lined with 4 types of III-V cells with differing bandgaps and highly reflective surfaces otherwise.  The cells are covered with Rugate filters to accept a very specific wavelength bands to ensure that only appropriate photons are absorbed and the rest will be will be reflected on to finally be absorbed by the correct cell type.

· The Fraunhofer ISE III-V group reported on a 33.5% (ASTM E891 direct, 308 suns) GaInP/GaInAs mechanically stacked on GaSb.  This same structure was measured at NREL at 32.5+/- 1.6% efficiency under ASTM E891 direct and 31.1+/-1.6% under the proposed low aerosol optical depth spectrum proposed by NREL.  This is the first time a transparent top cell with and efficiency of 30% has been measured at NREL.  This is significant because mechanically stacked structures require a top cell efficiency above 30% to achieve a 40% efficiency.  This group also delivered 2 of their mini-concentrator modules for evaluation at NREL which have 6 lens each with their GaInP/GaInAs cells mounted at the point focus.  Further collaborations are planned.

· Several papers were presented and a meeting was held to discuss reference conditions for rating concentrators.  At present there are no standards although the national labs have informally agreed on a set of de-facto standards.  The proposal by NREL to rate concentrator cells with respect to a reference spectrum based upon the existing standard conditions except the aerosol optical depth is based upon locations with an average direct beam energy above 6 kW hr/m2/day (the sun belt) met with favorable reviews.  However, there was not a clear consensus with proposals to stay with the ASTM E891 direct spectrum and / or the standard global reference spectrum.

· R. King (Spectrolab) discussed the continuing improvement of Spectrolab's GaInP/GaAs/Ge triple-junction space and terrestrial-concentrator cells. Improvements included adjustments of the bandgaps of the top and middle junctions and the tunnel junctions. King presented AM0 efficiency results from a 59-cell batch using these improvements for efficiencies clustered tightly around an extremely high average AM0 efficiency of 29.0%, with a best cell efficiency of 29.7%. These improvements also carry over to terrestrial concentrator cells, an example of which is the (previously-reported) cell which demonstrated 34% AM1.5G concentrator efficiency.

· C. Algora (Polytechnic Univ. of Madrid) presented an analysis of a novel total-internal-reflection concentrator focusing light on a III-V concentrator cell. The concentrator has several useful characteristics, including a very low profile and a large acceptance angle of +/- 1.3 degrees at 1000 suns. The capability to analyze this non-trivial combination of lens plus cell will be important in the development of practical compact high-concentration systems.

Silicon

· Pacific Solar Pty. Limited in Australia (Paul Basore) reported a 7% thin-film (about 2 microns) polycrystalline silicon on glass module which offers the potential for $130/square meter cost.  The deposition is PE-CVD and the crystallite size is comparable to the thickness of the film.  Pacific Solar is reportedly in the pilot production stage.

· Pacific Solar announced that they have reached nearly the state of the art in making thin silicon on glass. They stated that they use a post-deposition method to make quality Si, thereby allowing them to increase their Si deposition rate to an adequate but unstated level. This means that Pacific Solar joins Kaneka in having a competitive thin crystalline silicon technology, which however is like amorphous silicon in both cost and efficiency.

· Shell Solar (formerly Siemens Solar) announced they are scaling to 10MW production capacity in CIS based on their key achievements of laser patterning and CIS absorber formation.  They estimate approximately half of their module manufacturing costs will be module elements other than the semiconductor material.

· Institut für Solarenergiceforschung Hameln demonstrated that hotwire- (or thermo-catalytic) CVD can produce silicon nitride films with as good a passivation behavior on crystalline silicon surfaces and bulk defects as PECVD silicon nitride films. Up till now, people have thought HWCVD SiNx films don't have enough hydrogen to be used effectively. This finding completes an ongoing trend in SiNx deposition techniques from high-frequency PECVD (high lattice damage) to low-frequency PECVD / remote PECVD (low lattice damage) to HWCVD (no lattice damage).

· Fraunhofer ISE detailed their work on laser-fired Al local (point) back contacts through a back-surface passivating SiNx film. This is an important piece of work when the Si PV industry is trying to deal with the severe bowing problem on thin wafers (~200 microns or less) caused by an all aluminum BSF alloy layer. 

· On Monday afternoon, May 20, a pre-conference workshop meeting was held to discuss recent findings on light-induced degradation of CZ-Si solar cells -- an ~5% drop in short-circuit current within the first 5 minutes of exposure to light caused by a boron-oxygen defect complex.  A half-dozen presentations were made by German, Australian, and Japanese researchers on the characterization, dynamical and electrical properties of the defect, ways to reduce its influence, alternative doping strategies which avoid boron, and the merits of n-based Si device structures.

· An initial efficiency of 14.5% (Jsc=13.6mA/cm 2 , Voc=1.392V, FF=74.3%) has been achieved for an a-Si:H / transparent inter-layer / crystalline Si solar cell (total area of 1cm 2). Both a-Si and crystalline Si films were fabricated by plasma chemical vapor deposition at low temperature.  The NEDO-sponsored work was carried out at Kaneka Corporation in Japan.

Thin Silicon (amorphous, micro, nano, and polycrystalline)
· S. Morrison reported the deposition of microcrystalline Si and solar cells via pulsed PECVD.  This work was particularly interesting to me because it relates to the work that we are doing at NREL, and shows that although we used a different technique, HWCVD, the results are similar.  As in our films, Morrison observed that a decrease in the hydrogen dilution ratio during film deposition results in a decrease in the (220) texture and an expected increase in crystallinity.  He also observed that the fill factor improved for films with (220) texture, and that a reduction in the incubation amorphous layer resulted in better devices (Voc and efficiency).

· (Poster): Andra's original work reported the deposition of amorphous silicon, by PECVD, and its concurrent recrystallization.  The recrystallization was performed by a laser, which was scanned on the surface at the same time as the film was grown.  For the seed layer, an Ar laser was used, while for the absorber and emitter layers, an excimer laser was used.  P+-doping was obtained by diffusion of boron from the glass substrate, p-doping by introducing a mixture of silane and diborane, and n+-doping by introducing a mixture of silane and phosphine.

· Jeff Yang of United Solar reported their results on light-induced increases in the open circuit voltage of heterogeneous thin-film silicon solar cells.  The intrinsic layer in these cells is made up of a mixture of amorphous and microcrystalline silicon phases.  They found that the Voc changes were related to the deposition conditions for the cells.  They also found that reverse bias applied during light soaking suppressed the variation in Voc enhancement over the various deposition conditions.  They concluded that the observed changes in Voc have the same origin as the Staebler-Wronski effect. 

•    Rob Collins of Penn State University gave a plenary talk on real time spectroscopic ellipsometry (RTSE) measurements of the amorphous-to-microcrystalline transition in plasma-enhanced chemical vapor deposition of Si:H films.  They have developed novel approaches to RTSE data analysis that provide information on the nucleation density and cone angle describing the development of Si crystallites, as well as the evolution of the uc-Si:H volume fraction as a function of thickness of the growing film.  They have applied this information to optimize the deposition process for intrinsic and doped Si:H layers for thin-film Si solar cells.

· An initial efficiency of 14.5% (Jsc=13.6  mA/cm2 , Voc=1.392 V,  FF=74.3%) has been achieved for an a-Si:H / transparent inter-layer / crystalline Si solar cell (total area of 1 cm2 ). Both a-Si and crystalline Si films were fabricated by plasma chemical vapor deposition at low temperature.  The NEDO-sponsored work was carried out at Kaneka Corporation in Japan.

· The results of four years of pilot production of crystalline silicon on glass modules at Pacific Solar was reported.  A considerably simplified layer structure and fault-tolerant metallization interconnection scheme was summarized (but not detailed). Several modules 40cmx30cm in size were shown to have stable 7% efficiency after accelerated, 25-year -equivalent simulated outdoor exposure.  Typical module efficiency is currently between 6% and 7%.

· A. Ferlauto reported on the evolution of the microstructure and optical properties of Si films with thickness, in the amorphous-to-microcrystalline phase transition region.  Their films were grown by PECVD, with substrate temperature equal to 200 C.  They observed that for low values of the hydrogen dilution ratio (R) the films were completely amorphous.  With R equal to 20, the films started to grow amorphous, changing to a mixture of amorphous and microcrystalline, and then becoming microcrystalline after a given thickness.  The best cells were fabricated with protocrystalline films, just before the microcrystalline phase started to nucleate.  If I am not confused, he showed a nice TEM image were it was possible to see the amorphous, mixed, and microcrystalline phases along the film thickness.

Polycrystalline Thin Films

· IEC (B.E. McCandless, et al.) reported Cd1-xZnxTe absorber layer and CdS/ Cd1-xZnxTe device results. The single phase Cd1-xZnxTe alloy films, with x from 0 to 1 and bandgap from 1.5 to 2.25 eV, were deposited by co-evaporation from binary CdTe and ZnTe sources. Treatment in CdCl2:O2:Ar vapor at 400 C preferentially removes Zn from the Cd1-xZnxTe alloy. Treatment in ZnCl2:O2:Ar vapor at 400 C results in slight compositional change.  The CdS/ Cd1-xZnxTe devices (x=0.4 and Eg=1.7 eV) have low Voc of 275-420 mV and low Jsc of 2-5 mA/cm2. These results suggest the poor properties in the absorber layer. 

· The NREL CdTe team (X. Wu, et al.) reported a novel window material: oxygenated amorphous CdS film (a-CdS:O) prepared at room temperature by rf sputtering.  The a-CdS:O films have a higher optical bandgap (2.5 -3.1 eV) and an amorphous structure, which result from its higher oxygen atomic concentration.  When integrating the a-CdS:O film into CdTe cells, the Jsc can be improved while maintain in a higher Voc and FF.  A CdTe cell with an a-CdS:O window layer demonstrating an NREL-confirmed Jsc of 25.85 mA/cm2 and a total-area efficiency of 15.4% has been achieved. This material has the significant potential for manufacturing application.

· Shell Solar stated that they would try to develop a 2 foot by 5 foot CIS module (2.5 times the size of their present design) so as to increase their throughput during selenization. They use a batch furnace for selenization, and increasing module area can have a valuable effect on cost.

· NREL's X. Wu presented insights into a new, highly transparent, high-band gap, heterojunction material -- amorphous oxygenated CdS. This material has the potential to obviate the 'thin CdS' problem in CdTe and perhaps CIS. The 'thin CdS' problem is that as crystalline CdS is made thinner to allow more light into the junction, it can lose coverage and otherwise cause a loss of voltage that defeats the increase of current. In addition, making thin CdS over large areas with good coverage is a technical challenge in manufacturing. The new amorphous CdS could be made relatively thick while allowing more light to reach the junction. Wu has already made 15% CdTe cells with this material.

· IEC (Shafarman) reported the preparation of CuInAlSe2 alloy thin films by vacuum evaporation, their physical properties, and devices made using CBD CdS. A 16.9% device was demonstrated for a bandgap of 1.16 eV, the same as what is typically used for CIGS. For higher band gap values, the solar cell parameters decreased precipitously, and this is again similar to higher Ga alloys in the CIGS system. One can now see a pattern where the junction efficiency (mechansim) changes drastically as we cross the 1.2 eV threshold in the Cu-III-VI2 alloys. This is a basic science issue that needs to be addressed seriously before further progress can be made.

· X. Wu of NREL reported the development of CdS:O sputtered layers and their incorporation into CdTe cells. This study shows the ability of researchers to recreate the CdTe cell in non-traditional 

· X. Wu's talk on CdTe solar cells with a sputtered-CdS window layer was excellent.  In my opinion, Wu is one of the most brilliant scientists working in PV in the world, and his work is always exciting.  In this work he deposited amorphous CdS at room temperature, a very simple process, which will be interesting for the industry.  The introduction of oxygen in the films minimizes the interdiffusion of CdS and CdTe, and prevents the complete consumption of the CdS layer during the CdCl2 treatment.  The efficiency was very good (15.4%) for a cell using CdS deposited at room temperature.

· K. Ramanathan reported the use of Cd and Zn baths in producing 15.7% CIGS cell using Cd treatment, 14.2% with Zn treatment, and 12% cells on SSI's CIGSS materials. He proposed that the Cd is instrumental in creating a well defined n-type region in CIGS. There is, however,  disagreement about this interpretation. However, the Japanese (Matushita) showed that they can produce a similar effect by subjecting the CIGS in situ in an MBE chamber right after the CIGS is grown.

· ”Properties of reactively sputtered ZnTe:N and its use in recombination junctions” was presented by Al Compann of the Univ. of Toledo.  They found ZnTe:N could be p-type doped to about 1018 cm-3 with decreasing mobility as the carrier density increased.  Optical transmission was about 60%.  Optical phonons (as measured by Raman Spec.) decreased with increasing N concentration.  An ohmic shorting junction consisting of Al/ ZnO:Al / ZnTe:N/Al was demonstrated with a 2 Ohm/cm2 contact resistance.

· In “Vapor transport deposition of cadmium telluride films”, Brian McCandless of IEC discussed the IEC CdTe processing.  Their new vapor transport deposition system was tested with the growth of CdTe films.  CdTe films were single phase and produced 10% efficient devices.  Sub-band gap optical transmission was about 70%.

· The University of Oregon (J.T. Heath) presented “Correlation between beep defect states and device parameters in CIGS photovoltaic device”.   Transient Photocapacitance spectroscopy measurements were preformed on CIGS polycrystalline and single crystal devices for the first time.  A newly discovered defect state 0.8 eV above the valence band maximum was discovered and may be responsible for the decreased product of the mobility-lifetimes of minority carriers.  This defect states moves closer to midgap as the Ga concentration increases correlating with a decrease in device efficiency.  APL 80, 2002 will publish a more thorough discussion of the work.

· A poster by G. Agostinelli gave a new explanation for the roll-over seen in I-V curves as a function of T that used a bump in the conduction band of the CdS on the front of CdTe cells. This poster also received one of the awards.
•    Würth Solar GmbH reported a headline 12.5% CIGS "module" (area 120 cm x 60 cm).  This is likely not a recognized "world record" because it was an incomplete module (the back encapsulation was not included when the measurement was done).  Würth also reported average efficiencies of ~11% from their production lines.  These data show that this manufacturer produces product with performances (both highest and average) consistent with other CIGS manufacturers.
Measurements, Modeling, and Standards

· A paper by M. Pelosi of Maui Solar Energy Software reported on the opportunity (or rather lack) of communications interfaces to commercial inverters that would allow automated monitoring of power conditioner performance, including both the DC and the AC sides. Data communications interfaces would seem to be a natural feature for inverters since they use built-in microcontrollers, but some manufacturers are reluctant to provide such monitoring because they are sensitive this may cast a bad light on their products.

· S. Ransome of BP Solar presented a convincing argument that the commonly used kWh/kWp rating for systems depends on many factors, including cell technology, balance of systems performance, and even marketing.  He concluded that the rating is essentially meaningless and should be deprecated.

· D. Faiman (Ben-Gurion Univ. of Negev, Israel) discussed a very large concentrating dish (about 10,000 X) which is being used as a telescope at night, but is used to study concentrating PV during the day.  This dish is available for collaborative research.

· Lively discussions about the future of the standard direct solar spectrum took place on Tuesday evening.  Keith Emery and D. Meyers have proposed a new direct solar spectrum that would allow for more optimal design of multijunction concentrator cells for real world operation.  Unfortunately, many of the representatives from foreign standards laboratory were not at the meeting to make a decision.

· A poster by T. Parnau showed how useful "Phase sensitive LBIC analysis-A effective means to investigate local impedances" can be in diagnosing cell problems. With several 1000 Hz chopping, phase shifts of a few degrees measure delay times of a few 10s of microsec. Regions of higher sheet resistance due to broken grids, etc. can be found on cells using this method.

· The AMPS modeling applied to thin film solar cells in oral session 2O4 is growing in usefulness. The pitfalls were honestly assessed. The usefulness of device modeling is now apparent for these vary complex cells with the added problems associated with grain boundaries.

Space

· D. Murphy (AEC Able Engineering) presented a sophisticated detailed comparative projection of thin-film and crystalline-multijunction cell performances for various types of space missions. This work provides guidelines for identifying mission requirements for which thin films could prove useful.  

· This talk complemented that by S. Bailey, et al. dealing with the viability of photovoltaics for space mission.  This highlighted the positive features of both crystalline and thin film PV technologies as economic and technically, the power of choice for missions to about Jupiter.  This paper was a partial summary of a NASA commissioned panel to investigate and  compare space power options.

Systems, Balance of Systems, Components, Programs

· Herb Hayden of Arizona Public Service described 'APS Installation and Operation of 300 kW of Amonix HCPV Systems.'  He described how APS has been asked to install many MW of PV, and that, to install such large quantities, APS has decided that large fields of PV will be more manageable than small systems on residential roofs.  Their assessment is that concentrators have the best chance of meeting their cost requirements.  They are currently making plans for a 5 MW field in Prescott, AZ, at which concentrators will play a major role.

· Brown presented 'Radiative coupling as a means to reduce spectral mismatch in monolithic tandem solar cell stacks; theoretical considerations.'  This talk reinvented the 'photon recycling' effect that was studied many years ago with a new twist.  Spectral changes that result in excess photocurrent in the upper junctions can cause radiative transfer of that photocurrent from upper junctions to lower junctions.  The radiative transfer can only go one way:  the lower junctions are unable to 'share' their current with the upper junctions.  This effect may prove to be important in the outdoor performance of GaInP/GaAs cells.  Brown's presentation was interesting but didn't look at the practical questions of what conditions are needed to make use of this effect, what is the largest gain that could be achieved, and how this would affect the optimal design of cells.

· Cecile Warner's provided a plenary about the Solar Decathlon.  Although it was not a technical talk, I think that DOE and this group are very bold in the way they planned this event.  Each house has to run completely on PV for several days and end up with the same amount of energy on the batteries as they started.  Depending on how the event goes, it will prove that PV is not for the future, but it can be for the present already, and it will be a great propaganda.  Nevertheless, if it fails, it will give a lot of ammunition for people who are against PV.  I think this will be the most important public demonstration of PV ever.

Meetings

· The First International Conference on Solar Electric Concentrators was held in conjunction with this 29th IEEE Photovoltaic Specialists Conference in New Orleans, Louisiana.  In addition to technical concentrator presentations during the IEEE Conference, an auxiliary session on Monday, May 20, provided a forum for presentations on market issues.  The conference’s intent was to jump start the concentrator industry by bringing together companies, state energy agencies, electric utilities, and world energy organizations for frank discussions of near-term market opportunities.  More than 100 attendees from 11 countries listened to perspectives on the past, present, and future of concentrating PV by the recent IEEE William R. Cherry Award Winner, Dr. Richard Swanson, in his keynote address.  Dr. Vahan Garboushian, Amonix, Inc., showed pictures of the 300 kW system at Arizona Public Service and announced their plan to start a multimegawatt installation in Arizona by the end of 2002.  Other oral and poster presentations described recent concentrator projects from around the world, lessons learned from earlier projects, international and state funding opportunities, and pathways for PV concentrators systems to enter large-scale, energy generation markets.

· The Thin Film Module Reliability Team kickoff meeting was held May 22 at the IEEE. In order to help assure that thin film modules have excellent reliability, NCPV is sponsoring a new National Team to address module design and reliability issues. Cosponsored by the Thin Film Partnership and the Systems and Module Reliability Project, the new Thin Film Module Reliability Team brings together scientific representatives from NREL, industry, universities, and module packaging experts. The US thin film PV industry was represented by Technology Partners from the Thin Film Partnership - First Solar and BP Solar in CdTe; Shell Solar, EPV and Global Solar in CIS; and BP Solar and United Solar (not present) in amorphous silicon. Twenty-seven people attended. DOE’s Solar Program was represented by Ray Sutula and Richard King. Ken Zweibel led the meeting for the NCPV. There was broad agreement among the attendees concerning key issues (e.g., edge seal and edge delete issues) and the value of substantial cooperation. Team Leaders were selected (Tom McMahon from NREL and Neelkanth Dhere from Florida Solar Energy Center), and the next meeting will be held before the end of the summer. 

· The Interagency Advanced Power Group (IAPG) held its first meeting in years during the 29th IEEE PVSC.  Michael Piszczor, NASA Glenn Research Center, Chair of the Renewable Energy Conversion Group, convened the meeting to identify members who would actively work at finding speakers and topics for future meetings.  For decades IAPG meetings provided opportunities for member agencies to increase the effectiveness of their research efforts by avoiding duplications, identifying gaps, and sharing information.  Congress is often interested in knowing this has been accomplished and the renewal of IAPG meetings will help it happen again.

· Two standards meetings took place at the IEEE PVSC meeting.  IEEE P1611 is a new standards project for solar tracker controllers used for both flat plate and concentrating PV technologies.  Approximately 20 attendees shared their information on field problems and failures as well as their experience with quotation specifications.  This was the first meeting of the working group.  Another 20 attendees participated in the IEC international qualification standards project for photovoltaic concentrators.  One purpose of this meeting was to recruit members from non-participating countries having concentrator activities.  The countries presently listed for this project are Australia, United Kingdom, Czech Republic, Japan, Spain, and the USA.  This project is also starting but is benefiting from the recent completion of IEEE Std 1513-2001 on the same subject.  Robert McConnell is the Working Group Chair and Convenor, respectively, for these two new projects.  Liang Ji, from Arizona State University, made important preparations for both meetings.

· In a pre-conference workshop meeting Monday evening, May 20, representatives from the major US-based PV companies, silicon producing companies, and other parties interested in assuring continued supplies of silicon feedstock for the rapidly growing Si PV market met to refine a working document which details strategies for expanding the future availability of solar grade silicon feedstock. About 16 organizations were represented.  Technical specifications, key drivers impacting silicon supply for PV, benefits and attributes of PV-grade silicon, and technical barriers and challenges to achieving a solar grade silicon supply that matches projected industry growth were assembled into a consensus roadmap-style document.

· On Monday afternoon, May 20, a pre-conference workshop meeting was held to discuss recent findings on light-induced degradation of CZ-Si solar cells -- an ~5% drop in short-circuit current within the first 5 minutes of exposure to light caused by a boron-oxygen defect complex.  A half-dozen presentations were made by German, Australian, and Japanese researchers on the characterization, dynamical and electrical properties of the defect, ways to reduce its influence, alternative doping strategies which avoid boron, and the merits of n-based Si device structures.

· There was a very vocal (and informative) Rump Session held during lunch on Thursday, entitled 2020 Vision for 2020 Industry Challenges.  Following industry expert presentations, briefly summarized in the following, the audience of some 50 participants engaged in an exchange of views concerning the future of photovoltaics.  Hubert Aulich (PV Crystalox Solar) discussed the availability of silicon feedstock -- now and in the future.  He argued that, with the ongoing and expected expansions in silicon feedstock production, there should not be a "shortage" problem.  PV industry focus needs to be on reducing the amount of silicon used per MW and increasing module efficiencies.  Ryan Tucker (Specialized Technology Resources [STR]) indicated the need for faster-cure encapsulants and developing new materials for packaging thin-film modules.  Bernard McNelis (IT Power) argued that the PV industry's focus needs to be on developing world needs (and markets) rather than on domestic markets in the developed countries.  Mark Fitzgerald (Institute for Sustainable Power) pondered the number of installers and maintenance workers that will be needed in 2020 for the 40 million or so small systems to be installed in developing countries that year -- some 400,000 installers and 160,000 maintenance workers.  He indicated the increased need for training in the developing countries.

