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Ceramic Substrate Development


Very little ceramic development was done this quarter as a good deal of time was spent with equipment installation (large area recrystallization system) and process development of 100 cm2 CVD on silicon-film and single crystal wafers. The standard ceramic formulation was cast as needed to provide for silicon on ceramic growths. A couple of experiments were done with the standard formulation in an attempt to reduce the cracking that occurs occasionally as the cast tape dries. The amount of binder in the slurry  was increased from 3.5 % to 6.5 % in one percent increments. This did not reduce any of the cracking and at 6.5 % the green density of the ceramic was reduced considerably. Previous experiments to look at the effects of reducing the amount of binder in the slurry only caused the cracking to increase upon drying. The amount of solvent in the slurry was also adjusted and it was found that 5 % less solvent in the slurry reduced the cracking enough to improve the yield of dried green ceramics by ~ 15 %. There were 6 ceramic casts done this quarter.

CVD Development

Efforts with respect to CVD for this past quarter have primarily focused on providing samples for 100 cm2 device processing development.  This included depositing 20 to 25m thick, 1 (-cm, epitaxial layers on low resistivity p+ single crystal and p-type Silicon-film( wafers.  The single crystal wafers had a sand blasted and NaOH etched surface texture.  The Silicon-film( samples were etched with a chemical CP polish, which helped planerize the surface, prior to epitaxy.  The epitaxial growths on the Silicon-film( samples first had an in-situ p+ (0.02 ohm-cm) layer deposited to reduce any contribution from the p-type bulk followed then by the standard active layer.  Growth rates over 4.0 m/min were commonly achieved for both substrate types. There were 86 CVD runs done in this quarter

Grain Growth


Silicon on ceramic samples 2( x 4( are continuing to be grown using zone melt recrystallization (ZMR) in our small light based system, however the new large area ZMR has been completed. The total installed cost of the new ZMR system was $73,919. The large area ZMR system is capable of recrystallizing samples as large as 6( x  6( square at speeds from 1 mm to 1 cm /min. and has the capability to heat the sample to 1200 (C using only the bottom lamps. Being able to heat the sample to this temperature with only the bottom lamps results in less power required to obtain a melt using the top lamp, and the ability to recrystallize at faster speeds. Being able to recrystallize at faster speeds will allow us to study the effect of grain growth and crystal orientation as a function of growth speed on the ceramic substrate. The new ZMR system, pictured in Figure 1, was built in part by CVD Equipment Corporation of Ronkonkoma New York, and part in-house. CVD Equipment Corporation fabricated the square quartz tube system with automated load/unload, and the bottom heater configuration consisting of nine infrared lamps in a gold plated reflector housing. The top lamp configuration and scan drive mechanism was fabricated in-house. This consists of a single infrared lamp in a reflective housing that is suspended from a linear slide and driven with a ball screw and DC motor. The top lamp housing is quickly adjustable in .002( increments to accommodate varying sample thickness and the scan speed is variable from 1 mm to 1 cm/min. Recrystallization of silicon CVD films on 100 cm2 ceramic substrates will begin this month.
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Figure 1. New AstroPower large are recrystallization system.

Device Fabrication Development


A new contact scheme was designed for the monolithically interconnected sub-module structure. The new design, pictured in Figure 2, has the cross-over interconnects in the middle of the cells as opposed to the ends, as in the previous design. With this new design the I 2 R  losses are minimized and the non-aperture area is reduced. The original sub-module design was primarily developed as a proof of concept to show that we could successfully electrically insulate the dice cuts and then reconnect the segments in series with minimal losses. The interconnects were placed at the ends of the segments on this structure so that we could use a dielectric epoxy  as cross-over insulation as opposed to the expensive photo-patterened polyimide. The epoxy wasn’t used in a center cross-over structure for fear of shading the emitter with slop from the application process. This is no longer a problem as we now can deposit the epoxy in a very small defined area with our direct write ink dispenser. The further reduction of  losses and reduction of non-aperture area with the new design should increase sub-module efficiency by as much as 25 %.  The mask set for this new design is expected in April and silicon on ceramic samples are being prepared for device fabrication. 
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Figure 2. Schematic of monolithically interconnected solar cell design.

Device processing is being developed on 100 cm2 CVD silicon on silicon-film and low resistivity single crystal CZ wafers. The two primary variables for the optimization of a production viable process on these devices are the post diffusion anneal (PDA) and the contact firing. The PDA is required because the samples are diffused utilizing a phosphorous based production spray and a continuous belt diffusion. In order to optimize the emitter and reduce any inactive phosphorous at the surface the post diffusion annealing step is performed. Initially, both the CVD on silicon-film and the CVD on single crystal samples were fabricated into devices using the appropriate production PDA and screen-printed contact process for those respective materials. Device results were poor due to low voltages and fill factors with fill factors being reduced by both series and slight shunt resistance . It was clear from these results that both the PDA and the contact process required further optimization to maximize performance. In order to isolate the problems associated with the PDA from those associated with the contact firing, a photo-mask and evaporated contact process was used for device fabrication. The evaporated contact process greatly reduced the series resistance increasing the fill factor by an average of  15-20 %. For the CVD on single crystal material the open circuit voltage was increased by an average of 30 mV with a 40( C increase in PDA temperature. The CVD on silicon-film material did not fair as well and thus far has shown no improvement with the variation of the PDA temperature. Work will continue with the optimization of the PDA for the CVD on silicon-film material. Both materials responded to PECVD hydrogenation with an average of 13-15 % increase in efficiency. This increase could possibly be due to the passivation of surface defects or further annealing of the emitter that is not being completed in PDA. With evaporated contacts and antireflective coating the average  efficiency for the 100 cm2 CVD silicon on single crystal device is 9.8 %. Table 1. shows the average device results for 36 100 cm2 CVD on single crystal cells, that are going to be used in the fabrication of a 30 watt module.

	# of cells
	Voc (mV)
	Jsc (mA/cm2)
	FF (%)
	Pmax (W)

	
	
	
	
	

	36
	563
	25.9
	67
	0.98


Table 1. Average device results for 100 cm2 CVD on single crystal solar cells.

 Work will continue to further optimize the PDA and with the optimization of a production screen print contact process. 
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