Quarterly Technical Status Report

For

October 2002 – December 2002

Monolithically Interconnected Silicon-FilmTM 

Module Technology

Prepared by

AstroPower, Inc.

461 Wyoming Road

Newark, DE 19716-2000

USA

NREL Technical Monitor: B. von Roedern

Prepared under Subcontract No. RAT-3-30630-21

December 2002

Ceramic Substrate Development


Based on the results of trying to add zirconium silicate (ZrSiO4) and zirconium tungstate (ZrW2O8) to our base ceramic formulation to adjust CTE, it is believed that free alumina (alumina not reacted to form mullite) may be reacting with these compounds to form or liberate compounds with a higher CTE. In an attempt to reduce the amount of unreacted alumina the alumina / silica ratio in the ceramic formulation was varied between 60% Al2O3 / 40 % SiO2 and 35 % Al2O3 / 65 % SiO2.  With 60 % Al2O3 in the formulation the CTE curve is closer to that of alumina than that of mullite. As the alumina content decreases the curve moves closer to that of mullite, and at a 54 % alumina content the CTE curve matches mullite fairly closely. At a 50 % alumina content, pictured in Fig. 1, however the material goes through a rapid expansion between ~ 100 and 200( C then levels out and expands linearly throughout the rest of the temperature range. This behavior continued down to the 35 % alumina formulation at which point the ceramic began to soften at 1400( C. It is not completely clear why the ceramic is rapidly expanding through this temperature range. One theory is that there is a cristobalite (polymorphic form of SiO2) phase transformation that occurs around 200(C that may be causing this expansion. If this were the case it would indicate excess or unreacted SiO2 in the formulation, and not Al2O3 as previously thought. We are planning to do X-ray diffraction (XRD) on the ceramic substrate to determine what phases are present. There were eight ceramic casts done this quarter resulting in fifty-six 240 cm2 ceramic substrates.
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Figure 1. Thermal expansion of 50% Al2O3/50% SiO2 as compared to mC-Si and our standard ceramic. 

CVD Development

CVD efforts for this past quarter have been focused on providing p+ polycrystalline on ceramic substrates for recrystallization and epitaxial depositions on recrystallized silicon-on-ceramics for device processing.  The standard growth sequence for the silicon-on-ceramic devices are, from top-to-bottom:

· 30-35 m 1 (-cm epitaxial active layer

· 10-20 m 0.02 (-cm p+ in-situ BSF

· 50-100 m 0.1 (-cm p+ recrystallized seed layer

· 700-800 m non-conductive ceramic substrate 

An in-situ HCl, which removes 0.5 m, is also utilized prior to epitaxy to ensure all native oxide has been removed.


Further development of the device active layer resistivity and thickness is underway.  It is believed, and predicted by PC-1D modeling, that by utilizing a lower resistivity active layer, an increased device voltage without degradation of current can be achieved.  Preliminary work on lowering the active layer resistivity was performed this past quarter, however, problems with diffusion lead to inconclusive results.  With respect to the active layer thickness, it is believed that we should utilize thicknesses on the order of the material diffusion lengths, which have been calculated, based on QE measurements, to be on the order of 20-25m. 59 Si-CVD runs were done for this reporting period.    

Grain Growth


ZMR continued on 4( x 2( silicon on ceramic seed layers for epitaxial growth and device fabrication. There were 29 ZMR runs done in this reporting period. No changes were made to the ZMR process, all seed layers were grown using an in-situ oxide cap.


The new large area ZMR system was received from CVD Equipment corporation. Installation of the top lamp for scanning the sample will be done next quarter.

Solar Cell and Submodule Fabrication Development


The new submodule design has been completed and is pictured in Fig. 2. The new design is a 4 cm2 array that consists of four 0.4 cm wide x 2.5 cm long segments connected in series. This design does away with the expensive polyimide that was used as a shunt barrier for the cross-overs in the previous design, and required several photomask steps. A new high temperature dielectric epoxy is being used as a shunt barrier, and can be deposited using our direct writing dispense system. The cross-overs to electrically interconnect the segments in series can also be deposited with the dispense system using a conductive silver epoxy. The direct write dispense system, which was purchased in September of 2001 at a cost of $153,000, is capable of depositing inks and epoxies in lines as narrow as 150 (m at speeds of up to 2 cm /second. The dispense system allows us to deposit different contact or interconnect schemes without having to design and purchase screens making it an excellent tool for quick turnaround prototyping. This design demonstrates that the silicon on ceramic segments can be connected in series, and reduce the series losses associated with the previous design, through additve production viable processes using screen printable inks and epoxies. Although this design may need further optimization to reduce shading and non-aperture area, it should provide proof of concept for the interconnect technology.
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Figure 2. Schematic of new monolithically interconnected solar cell design.

Using this new design a 5.55 % efficient monolithically interconnected silicon on ceramic submodule has been fabricated. To be considered a submodule the area includes all of the non-aperture area within the dice cuts making the actual area of the submodule 5.641 cm2. If only the 4 cm2 aperture area is used in the efficiency calculation then the efficiency of the device is 7.8 %. The solar cell parameters for this device are: Voc = 2.2048 V; Isc = 19.861 mA; Jsc = 3.5206 mA/cm2; FF = 71.49 %; Imax = 17.905 mA; Vmax = 1.7485 V; and Pmax = 31.308 mW (Fig. 3). 
In the next submodule design the aperture area will be optimized. 
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Figure 3. I-V curve of monolithically interconnected silicon-on-ceramic device using new  

   design.

