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19 July 2004
Dr. Harin S. Ullal

MS 3212

National Center for Photovoltaics

National Renewable Energy Laboratory

1617 Cole Blvd

Golden, CO  80401

Subject:
RDJ-2-30630-20 (Research Leading to High Throughput Manufacturing of Thin-Film CdTe PV Modules); Q7 Quarterly Report.  Deliverable D.2.3
Principal Investigator:
Dr. Rick Powell 
Dear Dr. Ullal,

During the seventh quarter of the subject subcontract the following work was performed:
General

During the next quarter we will be vacating our Technology Center facilities at Eckel Junction Road.  All development personnel and equipment will now be located at the Cedar Park facility.  We have tried to plan for the least amount of disruption, but some is inevitable.
Vapor Transport Deposition (VTD)

Reactor Development
During this reporting period, work continued on the development of VTD-2 type distributors.  After a detailed review of all of our candidate designs, we decided to concentrate on a version designated as G3.  This general design had been on hold for some time.
We conducted he first test of the G3 distributor for both CdTe and CdS during this reporting period.  The initial results for CdTe are encouraging.  The distributor performed well in all operational criteria.  It produced films with good thickness uniformity and excellent surface roughness uniformity.  The system was simple to operate, repeatable, and material utilization was very good.  Film microstructure is different than typical films and could be varied somewhat using process parameters that do not affect thickness.  Qualitatively, film adhesion is greater than normal.  Modules made from the G3 CdTe films were less efficient than the controls, but we believe that downstream processing needs to be adjusted.  Small area devices made with some altered downstream processing, yielded a number of cells with >12% efficiency which is higher than cells made on typical material.  All-in-all the results are quite promising.

The G3 distributor was also tried for CdS.  We encountered some equipment difficulties unrelated to the essential G3 design.  While we did make some films, we cannot yet assess the performance of the G3 distributor for CdS deposition.  We believe that the equipment problems will be solved in the next test.  
Our strategy is to focus on the G3 distributor for CdS first, as it promises improved film uniformity.  We will then to begin optimization of device processing on plates where both films are made using the G3 distributor design.

In general progress in distributor development continues to be hampered by production demands on the coating equipment.  The new production VTD line is still in the debug phase.  Additional support staffing is being added that should help alleviate the equipment access constraint.

Reactor Modeling

During this quarter theoretical reactor modeling work (at CSM) continued to develop the simulation of particle transport and sublimation.  The details of how particles are injected into the vaporizer can lead to a surprising number of non-uniformity effects.  More complex models of the particle injection and sublimation than first appreciated appear to be required.  The team has made good progress in adding the needed enhancements.  Our immediate goal remains to conduct a numeric experiment involving geometric thermal operating conditions to optimize the base distributor design with respect to non-uniformity.

Advanced Front Contact 

Significant progress was made on the advanced front contact project this quarter.  First, ZTO films deposited in our large sputter coater were sent to NREL for characterization.  NREL confirmed that film electrical and optical properties were in the optimum range after annealing in CdS environment.  

An initial set of devices were made on two types of front contact:  TEC-15/ZTO/a-CdS:O and TEC-15/ZTO/VTD-CdS.  The device sets included full modules processed in the production line and cells processed in the laboratory.  Table 1 gives some representative results for both types of front contact structures.
	Type
	Total Area

Efficiency

(%)
	Voc

(mV/cell)
	Jsc

(mA/cm2)
	FF

(%)
	Roc

(ohm-cm2)
	Rsc

(ohm-cm2)

	TEC-15/ZTO/a-CdS:O
	
	
	
	
	
	

	
Best Module
	8.4
	772
	21.1
	60.9
	7.5
	811

	
Cell average
	10.7
	811
	20.3
	64.7
	6.8
	1180

	
Best Cell
	11.4
	824
	21.0
	65.6
	6.5
	1020

	
	
	
	
	
	
	

	TEC-15/ZTO/VTD-CdS
	
	
	
	
	
	

	
Best Module
	8.3
	731
	22.5
	59.7
	9.2
	746

	
Cell average
	11.5
	794
	21.9
	66.3
	6.3
	870

	
Best Cell
	12.0
	817
	21.9
	67.3
	6.0
	19800


Although the module results were somewhat lower than standard control plates of the day (~9%), standard processing was used and thin CdS was not employed.  These first attempts demonstrate that the sputtered ZTO and ZTO/a-CdS:O films are essentially compatible with our entire process.  
A first round of designed optimization experiments with both of the front contact structure have now begun.  More than 60 plates with various combinations of TEC-15/ZTO/a-CdS:O deposition conditions have been fabricated and are awaiting VTD-CdTe deposition and module processing.  We have now started to fabricate a set of TEC-15/ZTO plates for a designed optimization experiment for the TEC-15/ZTO/VTD-CdS structure.  We expect that both of these full scale experiments will be completed during the next quarter.
Stability Issues 
Accelerated Life Testing
During this quarter, custom equipment for module scale ALT was designed and constructed.  The test stations are capable performing in-situ IV measurements during light soak with the module at elevated temperatures.  Custom electronics, capable of measuring the IV response of multiple modules while monitoring light intensity at many locations, was constructed.  The system measurement capabilities are listed below.  The 60 Hz flicker inherent in the metal halide lamps is compensated for with digital signal processing.  Uniform module temperature can be maintained even under illumination.
	ALT I-V Measurement System Specifications

	No of I-V Channels 
	2, Expandable to 32+

	Voltage Range 
	-30Volts - +145Volts

	Current Range
	-2 - +2 Amps

	Initial Accuracy
	~0.1%

	Resolution
	24 Bits (~0.06 ppm)

	No. of Light Intensity Measurement Channels
	8, Expandable to 64+


Our rapid (7-10 days) ALT protocol for module sections is being transitioned into standard engineering test practice.  We continue to accumulate correlation data between the rapid ALT light soak test and the traditional 8 week test.  In many ways the new test is a better indicator of stability than the longer test.
The procedure for module sections is now being applied to full modules both before and after encapsulation.  The protocol for module sections appears to be directly transferable for unencapsulated modules.  For complete modules the test procedure must be altered, as some unrealistic packaging failure have been observed due to elevated temperature of the ALT process.  The upshot is that the test protocol for laminated modules will likely take additional time.
Stress Induced Changes/Chloride Treatment/Back Contact Issues
During this reporting period, work focused on the influence of humidity during several process steps.  As has been reported by others, the ambient during the high-temperature CdCl2 annealing step affects device properties.  Typically the activation process conducted in dry air produced the best devices with humidity exposure resulting in poorer open circuit voltage and fill factor.  
Humidity exposure at other stages during back contact formation was also found to influence device performance in tests involving small area devices.  In general, humidity caused reduction in open circuit voltage and fill factor.  The worst cases involve a large amount of “roll-over” and a significant efficiency loss.  The changes persisted during further light soak stress.  

In the exploratory tests, the humidity levels and delay times used were extreme; however actual production line effects have also been noted.  Currently the production line has a number of delay points and tests for each of these were conducted.  In the new production line, there will only be a few points where accumulators can delay process flow, and thus concentration on these points is underway.  Nevertheless, we are experimenting with factors that reduce the sensitivity to ambient variation.  
Environmental, Health, and Safety
We continue to explore waste stream management options with a number of companies.  One company plans to blend our crushed scrap in with their existing secondary feedstocks for copper smelting.  The copper contained in the scrap is the main target, although the silica from the glass is also useful as a slag fluxing agent.  Since the copper production industry is one of the major world sources of cadmium, the cadmium from our scrap rejoins this stream and becomes a commodity again.  

Another company plans to use our scrap exclusively for its silica value.  They are developing a proprietary pyrometallurgical process for processing a listed hazardous waste that already contains cadmium.  Silica is needed as a slag fluxing agent in this process.  The cadmium is boiled off and collected as a dust (CdO or CdCl2) in the baghouse.  Their baghouse dust is rich in zinc and will be sent to a zinc smelter or processor for refinement.  Zinc production is the largest, by far, source of cadmium in the world.  Our cadmium will simply rejoin this product stream.  
Both of these options will likely result in a reduction in our waste handling costs.
The EHS department has been updating our current safety program to include the new production equipment. This includes inspections and review of standard operating and lockout/tagout procedures for all new equipment as well as air sampling and sound monitoring. 

Best Regards,

RC Powell

Principal Investigator
First Solar, LLC
28101 Cedar Park Blvd.

Perrysburg, OH 43551

Tel:
(419) 662-7549

Fax:
(419) 662-8525

rcpowell@firstsolar.com

cc:
Ms. Carolyn Lopez
MS 2713

Contracts and Business Services Office
National Renewable Energy Laboratory

1617 Cole Boulevard

Golden, CO 80401

























































































































































































