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Ken Zweibel

National Center for Photovoltaics
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1617 Cole Boulevard

Golden, CO 80401

RE:
Quarterly Report XII (June - August 2004)


“Device Physics of Thin-Film Polycrystalline Solar Cells”


Subcontract ADJ-1-30630-06

Dear Ken,

During the past quarter, we have achieved results in several areas as described below, and several manuscripts have either been accepted for publication or are making progress towards publication.

Comparison of Evaporated and Selenized CIGS Absorbers.  An earlier joint paper with Oregon and NREL (P.K. Johnson, J.T. Heath, J.D. Cohen, K. Ramanathan, and J.R. Sites, “A Comparative Study of Defect States in Evaporated and Selenized CIGS(S) Solar Cells” – manuscript attached) has been extensively rewritten for resubmission to Progress in Photovoltaics.  Admittance spectroscopy measurements over a wide temperature and frequency range and drive-level capacitance profiling (DLCP) were performed.  The primary conclusions are that with common buffers (either CdS or Cd PE), cells with evaporated absorbers display higher carrier densities, lower densities of trapping defects, and apparently shallower gap states, leading collectively to higher voltages.

Wide Band-Gap Efficiency Limitations.  A paper presented at E-MRS in May has now been accepted for publication in Thin Solid Films (M. Gloeckler, and J.R. Sites, “Efficiency Limitations for Wide-Band-Gap Chalcopyrite Solar Cells” – manuscript attached).  The primary conclusion is that even well passivated interfaces with very small effective interface recombination velocities will limit open-circuit voltage when the conduction-band offset between window and absorber is close to zero or is negative.  This condition applies for CdS/CIGS cells with absorber band gaps above 1.3 - 1.4 eV, as has been observed experimentally by many groups.  We have been careful to note that this mechanism is not necessarily the only voltage limitation for high-Ga (or high-Al) absorbers.  Additionally, we have noted that CdS/CdTe cells also have a conduction-band offset where this efficiency limitation should apply.

CIGS Alternative Junctions.  A second paper presented at E-MRS (A.O. Pudov, J.R. Sites, M.A. Contreras, T. Nakada, and H.-W. Schock, “CIGS J-V Distortion in the Absence of Blue Photons” – manuscript attached) has also been accepted for publication in Thin Solid Films.  In this case alternative buffer layers, ZnS(O,OH) and InS(O,OH), as well as CdS were deposited on identical CIGS absorbers (1.15 eV) by chemical-bath deposition.  With white light, all the cells performed respectably well, but with red light only, the alternative-buffer cells showed J-V distortions to similar those seen with CdS/CIS cells.  The explanation is that the expanded band gap of the alternative buffers, which does in fact allow increased current collection, also increases the conduction-band offset to near the point where it forms a barrier for photogenerated electrons.  Similar experiments are currently underway by Raghu Bhattacharya at NREL, also using CIGS absorbers deposited by Miguel Contreras.

CdS/CIGS Secondary Barriers.  The secondary barrier due to the conduction-band offset has also been investigated in detail in CdS/CIS cells (A.O Pudov, F.S Hasoon, A. Kanevce, H.A. Al-Thani, and J.R. Sites, “Secondary Barriers in CdS/CuIn1-xGaxSe2 Solar Cells” – attached manuscript for Journal of Applied Physics under editorial review at NREL).  This work confirmed that J-V for CdS/CIS is severely distorted in the absence of blue photons and that the distortion can be mitigated with thinner CdS or with only a very small flux of blue photons.  The time constant for the disappearance of the distortion under white light is the order of a minute, and the time constant for the reappearance of the distortion without white light is the order of a day.  As expected the distortion becomes smaller with increased absorber band gap and disappears completely for band gaps above 1.15 eV.

CIGS Band-Gap Grading.  Markus Gloeckler will speak on CIGS band-gap grading strategies at the upcoming International Conference on Ternary and Multinary Compounds in Denver at the end of September.  The manuscript for the Journal of the Physics and Chemistry of Solids is under preparation, and the abstract is attached.  Reported experimental and modeling work on the cell-performance impact of CIGS grading has given conflicting results, in part because efficiency improvement attributed to grading is not always well separated from that of a higher average band gap.  We believe we have properly separated these effects, and we have looked at a large range of front-, back-, and double-graded absorbers.  Our results show there can be a beneficial effect from grading, but for standard-thickness CIGS, it is smaller than commonly believed.  With thinner CIGS, however, a thin back grading can restore much of the loss due to the reduced thickness.  We also show that an ill-designed grading can produce a barrier in the conduction band that will significantly reduce the fill-factor.

CIGS Grain Boundaries.  Markus Gloeckler has been using the DESSIS software at NREL to demonstrate how different categories of grain-boundary properties can affect CIGS cell performance.  The categories being considered are (1) recombination defects, (2) grain-boundary charge and associated band bending, and (3) expansion or contraction of the band gap near a grain boundary.  We find that some grain-boundary scenarios are inconsistent with good-quality cells and that others have little or no effect on cell performance.  The scenario that we predict to be most helpful to cell performance is a band-gap expansion in the valence band close to the grain boundary.

CdTe Edge Shunts and Stability.  Samuel Demtsu has been working with David Albin’s group on stability measurements of NREL CdTe cells.  One aspect of that work (D.S. Albin, T.J. Berniard, S.H. Demtsu, and T.J. McMahon, “Improved CdS/CdTe Solar-Cell Stability Through Mitigation of Edge Shunts”) has been submitted to the Journal of Applied Physics.  In the course of this work, we discovered that the NREL thermography technique with an IR camera could find shunts that our LBIC system missed.  We are therefore quantifying our expected sensitivity to various shunt conditions.  In general, it appears that a combination of thermography, LBIC, and electroluminescence can give a good comprehensive picture of localized degradation problems.

CdTe Photoluminescence (PL).  Caroline Corwine, who is doing her experimental work at NREL, has made comparative PL studies of thin-film and single-crystal CdTe.  She has subjected the crystalline CdTe to a large number of surface preparations and annealing atmospheres with and without in-diffusion of copper.  The single-crystal PL spectrum appears to replicate the thin-film spectrum for deeper states only when the single crystal is exposed to both copper and oxygen.  This result is consistent with the existence of a shallow-donor Cui-OTe complex in polycrystalline CdTe and with common CdTe processing which exposes it to both copper and oxygen.  A paper (C.R Corwine, T.A. Gessert, J.R. Sites, W. Metzger, and A. Duda, “Defect States Formed in CdTe:Cu with Oxidizing and Reducing Anneals”) is under preparation for submission to Applied Physics Letters.

CdTe QE in Forward Bias.  The apparent quantum efficiency of CdS/CdTe cells in forward bias can be affected by several factors including voltage-dependent collection efficiency, series resistance, contact barrier, photoconductive effects in either CdS or CdTe, and secondary junction barriers.  A presentation at the European PVSEC in June (M.Gloeckler and J.R. Sites, “Quantum Efficiency of CdTe Solar Cells in Forward Bias – manuscript attached) showed how to systematically identify the J-V and QE signatures of each of the factors listed.

Other Projects:

( Samuel Demtsu was invited to speak at NREL’s recent Renewable Energy Academic Partnership (REAP) conference in Florida.  He explained how we can separate the losses in solar cells to an audience of undergraduate students and their teachers.

(  Alan Fahrenbruch and Jun Pan have continued to simulate the J-V and QE effects    of CdTe cells with thin absorber layers.  In particular, they have been exploring the combined effect of a thin absorber with different back contacts and different carrier densities.

( Markus Gleckler modified his CurVA J-V analysis software to directly accommodate the data files generated in David Albin’s NREL stability program.

(  Alan Davies has used LBIC to study CdTe cells from Sampath’s group that have been subjected to a variety of stress conditions.  One caution he has noted is that the time constant for ambient cool-down of the glass substrates is about ten minutes.  Hence, J-V measurements taken soon after a stress cycle can be at partially elevated temperature and hence show an artificially reduced voltage.

(  Ana Kanevce, in response to results of Steve Hegedus for the High Performance Program, has deduced the band diagram for a configuration of n-i and p-i a-Si layers on either side of a crystalline Si wafer.  She concluded that a secondary barrier was nearly inevitable and likely responsible for the distortions seen in Steve’s experimental J-V curves.

(  Tim Nagle has looked at the LBIC response from crystalline silicon and III-V cells for comparison purposes.  Somewhat to our surprise, he noted a number of small reduced-response areas that had very little effect on cell performance and were similar to what he typically sees with thin-film cells.

Also, my seminar on solar electricity for first-year undergraduates has begun, and I am using several of the PV FAQs that you put together.







Sincerely,







James R. Sites







Professor

Cc: NREL Subcontracts 
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