[image: image1.emf]SUB_ID TOTAL_EFF VOC JSC FF ROC RSC

F06020224 9.55 808 22.5 61.8 7.6 490

F06020244 9.61 808 22.5 62.1 7.4 437

F06020277 9.61 813 22.1 62.8 7.5 462

F06020234 9.62 803 22.8 61.8 7.3 455

F06020246 9.64 810 22.3 62.7 7.4 606

F06020222 9.66 807 22.6 62.3 7.6 516



15 July 2005

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); Q11 Quarterly Report.  Deliverable D.3.3

Principal Investigator:
 Dr. Rick Powell 

Dear Dr. Ullal,

During the 11th quarter of the subject subcontract the following work was performed:

General

On May 26th First Solar broke ground for facilities that enable 50 MW expansion of manufacturing capacity.  Joining associates of First Solar at the groundbreaking ceremonies were representatives of Perrysburg, the state of Ohio, Ray Sutula of DOE and Ken Zweibel of NREL.  Production from the new facilities is expected in the third quarter of 2006.

Vapor Transport Deposition (VTD)

Reactor Development

During this reporting period, two more successful production trials of the advanced G3 distributor design for CdTe were conducted in the original production coater.  In addition, the G3 distributor system was installed into the new production coater system and has been operating there for nearly 1 month.  Optimization tests have been conducted in both systems.

The films produced with the G3 distributor have a different surface structure.  Metal adhesion strength to this different surface is somewhat lower.  Extensive durability testing has been conducted to determine if there is any product performance impact to this change.  To date no significant increases in failure rate have been noted, but testing continues.  Additional tests are underway to understand factors controlling metal adhesion.

Reactor Modeling

During this quarter theoretical reactor modeling work (at CSM) continued on models of vapor transport between the distributor and the glass.  A computational partial factorial experiment has been conducted including factors that are very expensive to test experimentally.  Analysis of the results of this test are underway.

Advanced Front Contact 

In this quarter three ETAs were run to further optimize one of the buffer layer films developed in house. Optimization work was done on both small cell and full module scale. Some representative cell and module results are shown below.

Table 1. Dot Cell Results for one buffer layer condition

	Plate ID: F03010314-1H3

	Cell  ID
	Efficiency (%)
	Voc
	Jsc
	FF
	Rsc
	Roc

	13
	13.41
	826
	22.7
	71.5
	625
	4.3

	42
	13.04
	826
	22.4
	70.5
	10927
	4.5

	41
	13.37
	825
	23
	70.2
	1660
	4.6

	Average ( 17 Cells)
	12.91
	826
	22.4
	69.7
	946
	4.8


Table 2. Selected modules made with buffer layers
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We have started to qualify this buffer layer material. Once the material is qualified we will be able to make plates in large quantities for further optimization.
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In addition, we have ordered two more targets with different compositions to be evaluated as buffer layers.
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increasing impurity    level in CdCl 2  

Chlorine Issues

The impact of impurities introduced during CdCl2 processing into the semiconductor material was investigated considering initial and long-term device performance. Defined amounts of impurities were blended into ultra-pure CdCl2 that was used for a wet activation treatment; the impurity level of devices was determined after CdCl2 processing using ICP-OES measurements. As seen in Fig. 1 devices, which had the lowest impurity level, exhibited the highest initial efficiencies accompanied by the best light-soak stability. If the impurity level was increased, non-negligible losses in initial efficiency, open-circuit voltage, fill-factor and short-circuit current were observed. However, light-soaking at elevated temperatures (~120°C) led to an improvement in all parameters of the 1st and 2nd level metrics; in general, a higher impurity level of the device leads to major improvements in device performance during light-soaking.

Quantum efficiency measurements show for increasing impurity level an increase in losses in red response (Fig. 2a). Again, light-soaking leads to an overall improvement in the red response. The improvement in the red response occurs in an early stage of light-soaking, observed in our case after 7 days. Continuation of light-soaking did not change the quantum efficiency response although other characteristics of the JV-response did change.  Samples, which were treated with ultra-pure CdCl2 and had therefore the lowest overall impurity level, exhibited a similar quantum efficiency response (Fig. 2b) of improving the red response in light-soaking.


[image: image2]
Back-contact issues:

Studies on evaluating possible candidates for use as back-contact adapting interfacial layer were continued during this reporting period. One material type did not improve the long-term stability of small-area devices and further studies were cancelled. A second candidate suggested improved the device stability. For small-area devices an initial drop in efficiency after 7 days of light-soaking (~120°C) under open-circuit conditions was observed; after 34 days of light-soaking the devices showed comparable performance as observed after 7 days. This observation suggests that these devices had reached a stabilized efficiency.  Samples employing the interfacial layer exhibited lower initial values for efficiency, open-circuit voltage and fill-factor. JV-measurements suggested that adding this type of interfacial layer resulted in adding a series resistance to the device structure. Varying the thickness of the interfacial layer allowed minimizing the development of roll-over of the JV-curves, but it could not be eliminated in a satisfactory way. Further studies will focus on developing interfacial layer providing increased stability allowing only negligible losses in device performance.

Stability Issues 

Accelerated Life Testing

Last year accelerated life testing evaluated a range of device structures all the way from small area devices (~1 cm2 I-cells) through “strips” (~60 cm x 13 cm module sections) to unencapsulated and encapsulated modules. Two correlations that reflect the relationship of the ALT to the existing 56-day light soak procedure have been established – one for encapsulated and another for unencapsulated modules (submodules). Both correlations are statistically valid with R2 ~0.9.

In many ways the new ALT test is a better indicator of stability than the traditional 56-day test: 

· analysis is based on the asymptote value calculated from multiple numbers of measurements as opposed to 8 measurements in the traditional 56-day test;

· temperature control of the sample in time is +/- 0.5 degrees C as opposed to the +/-20 degrees C as in traditional 56-day test; 

· temperature uniformity on the full module in the ALT is +/- 1 degree C as opposed to the + /- 10 degrees for traditional 56-day test.

During this quarter the capacity of the ALT strip testing was increased by 2.5 times and now allows testing 36 strips simultaneously. That setup was widely used by engineering and technology personnel for the process optimization.

Now we have a plan to convert half of the production light soaking station to the new ALT format and to use it for qualifying standard production modules both in open circuit and in resistive load bias. An order for 24 new ALT module stations including electronics and software has been approved.  The additional capacity will enable us to increase light soak throughput by a factor of four while improving reliability of the output. We expect that over the next 2 quarters, this new procedure will become the most widely used test for assessing module stability.

Third Level Metrics

CdS thickness characterization

When sequentially coated with CdTe, one of the constraints of the in-house model has been its inability to measure CdS film thickness in access of 1100 Å.  CdS films >1100 Å are occasionally deposited for experiments in which case a modified model was needed.  A new model has been developed and results seem are consistent with expectations for films as thick as 1500 Å.  Evaluation of preliminary test results on production plates validated the new procedure and a decision was made to purchase another set of equipment for production application.  Another Reflectometer (USB 2000 from Ocean Optics) was purchased during this quarter along with necessary optical components.  Work is underway to make the system operational and to release for production monitoring.

Best Regards,

Peter V. Meyers

Acting PI

cc:
Ms. Carolyn Lopez

MS 2713

Contracts and Business Services Office

National Renewable Energy Laboratory

1617 Cole Boulevard

Golden, CO 80401
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Figure. 1	Efficiency (initial, 7d ALT, 19d ALT) vs. impurity level.























a) �  b)�


Fig. 2: a) initial quantum efficiency depending on impurity level; b) change in quantum efficiency during light-soaking at 120°C: initial, 7d and 16d measurement.
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		SUB_ID		PROCESS_CD		TOTAL_EFF		VOC		JSC		FF		ROC		RSC		SIMULATOR

		F06020220		AHIPOT		8.712756		759.4484		22.64448		59.57602		8.428249		436.86		Vortek

		F06020220		PMHT1		8.239287		732.7229		22.93806		57.60197		5.790614		374.3194		SPI_SML

		F06020221		AHIPOT		9.313525		802.1378		22.58233		60.4602		8.038255		424.8454		Vortek

		F06020221		PMHT1		9.016637		782.5641		22.91288		59.08784		5.752095		1074.618		SPI_SML

		F06020222		AHIPOT		9.657976		806.869		22.5806		62.33344		7.564853		515.6776		Vortek

		F06020222		PMHT1		9.519844		791.9198		22.99839		61.41923		5.237428		304.937		SPI_SML

		F06020223		AHIPOT		9.289082		803.0146		22.45204		60.58523		7.615378		507.1428		Vortek

		F06020223		PMHT1		9.082023		784.7965		22.83569		59.54762		5.502154		326.5929		SPI_SML

		F06020224		AHIPOT		9.550134		808.4819		22.49157		61.75838		7.551393		489.6721		Vortek

		F06020224		PMHT1		9.369749		794.9914		23.01411		60.17614		5.363485		344.5505		SPI_SML

		F06020225		AHIPOT		9.172956		798.975		22.33241		60.45243		7.734363		416.4479		Vortek

		F06020225		PMHT1		8.91257		779.142		22.83923		58.85155		5.748278		353.7312		SPI_SML

		F06020226		AHIPOT		9.38861		809.2203		22.3204		61.12317		7.825085		433.1664		Vortek

		F06020226		PMHT1		9.246394		792.8748		22.91927		59.79034		5.454369		235.1249		SPI_SML

		F06020227		AHIPOT		9.155928		809.3886		21.97266		60.53907		7.779279		488.1658		Vortek

		F06020227		PMHT1		9.156528		795.6125		22.37071		60.45087		5.52065		331.5385		SPI_SML

		F06020229		AHIPOT		9.090563		806.4986		22.03058		60.16322		7.639114		417.55		Vortek

		F06020229		PMHT1		9.091082		793.1748		22.69276		59.35034		5.671049		278.4397		SPI_SML

		F06020230		AHIPOT		9.302282		813.16		22.15281		60.72369		7.774363		508.0233		Vortek

		F06020230		PMHT1		9.354116		802.6729		22.69066		60.3478		5.029969		355.5955		SPI_SML

		F06020231		AHIPOT		9.481029		803.0977		22.7529		61.01361		7.809679		500.5589		Vortek

		F06020231		PMHT1		9.466934		784.307		22.96844		61.75112		4.827639		583.9863		SPI_SML

		F06020232		AHIPOT		9.516025		802.8059		22.72341		61.33914		7.571389		477.9897		Vortek

		F06020232		PMHT1		9.481096		787.5089		22.91389		61.73744		5.314072		671.1604		SPI_SML

		F06020233		AHIPOT		9.473515		800.2917		22.8951		60.7986		7.682715		504.1566		Vortek

		F06020233		PMHT1		9.315661		779.6894		22.98595		61.07646		5.526382		563.8376		SPI_SML

		F06020234		AHIPOT		9.617094		803.3533		22.76831		61.82622		7.250409		455.4548		Vortek

		F06020234		PMHT1		9.519516		788.2696		22.93727		61.8659		5.182777		681.4689		SPI_SML

		F06020236		AHIPOT		9.505343		810.0483		22.44004		61.48875		7.434814		474.1809		Vortek

		F06020236		PMHT1		9.470366		796.6729		22.80186		61.25895		5.271617		378.2364		SPI_SML

		F06020237		AHIPOT		9.332332		804.1609		22.39925		60.92229		7.561203		407.332		Vortek

		F06020237		PMHT1		9.212052		786.31		22.8358		60.28513		5.403714		478.3385		SPI_SML

		F06020238		AHIPOT		9.376085		804.9158		22.51655		60.83246		7.718369		428.6818		Vortek

		F06020238		PMHT1		9.291714		792.0224		22.88674		60.2308		5.645273		369.7721		SPI_SML

		F06020239		AHIPOT		8.705365		793.444		22.11656		58.33505		8.090431		389.533		Vortek

		F06020239		PMHT1		8.464518		768.1851		22.52827		57.47153		5.67309		291.5627		SPI_SML

		F06020240		AHIPOT		9.079343		805.0734		22.17404		59.80539		7.778058		426.6346		Vortek

		F06020240		PMHT1		9.028728		791.1635		22.5762		59.39555		5.243622		387.3172		SPI_SML

		F06020241		AHIPOT		8.864844		802.8796		22.00216		59.00946		7.864741		410.8097		Vortek

		F06020241		PMHT1		8.777283		789.3638		22.57764		57.86787		6.119274		290.8871		SPI_SML

		F06020242		AHIPOT		9.148371		809.9864		22.12066		60.0391		7.793655		405.0253		Vortek

		F06020242		PMHT1		9.134302		800.8748		22.66652		59.12489		5.457955		441.9483		SPI_SML

		F06020243		AHIPOT		9.500765		804.056		22.63567		61.38403		7.68328		503.7679		Vortek

		F06020243		PMHT1		9.371858		787.2217		22.93111		61.00096		5.103807		337.652		SPI_SML

		F06020244		AHIPOT		9.610256		808.1748		22.53094		62.06015		7.41385		437.2456		Vortek

		F06020244		PMHT1		9.554845		793.3478		23.02252		61.46832		5.426825		326.0948		SPI_SML

		F06020245		AHIPOT		9.524486		805.8937		22.55248		61.62197		7.413038		473.9837		Vortek

		F06020245		PMHT1		9.524714		791.9742		22.83807		61.87653		5.376413		437.5163		SPI_SML

		F06020246		AHIPOT		9.637582		810.2017		22.30249		62.71681		7.432578		605.5472		Vortek

		F06020246		PMHT1		9.643761		799.7814		22.71418		62.37508		5.07825		577.2954		SPI_SML

		F06020247		AHIPOT		9.208371		809.095		22.11807		60.50797		7.885458		489.0589		Vortek

		F06020247		PMHT1		9.178256		796.8136		22.4273		60.35032		5.370944		2810.957		SPI_SML

		F06020248		AHIPOT		9.352128		810.7145		22.20607		61.08533		7.541679		478.0091		Vortek

		F06020248		PMHT1		9.398571		800.9561		22.71004		60.71112		5.27717		381.0828		SPI_SML

		F06020249		AHIPOT		9.097571		803.3577		22.03049		60.44526		7.728449		411.9995		Vortek

		F06020249		PMHT1		9.075485		788.9912		22.43764		60.23722		5.336499		1227.233		SPI_SML

		F06020250		AHIPOT		9.55777		809.7656		22.65128		61.27422		7.578301		463.3549		Vortek

		F06020250		PMHT1		9.364078		795.8251		22.71742		60.8601		4.996207		425.0949		SPI_SML

		F06020251		AHIPOT		8.91116		805.7829		21.77401		59.72384		7.61498		397.7437		Vortek

		F06020251		PMHT1		8.926166		795.1269		22.50503		58.61138		5.330539		262.9596		SPI_SML

		F06020252		AHIPOT		9.020318		807.2482		22.03017		59.64397		7.733113		448.0029		Vortek

		F06020252		PMHT1		9.133084		795.9635		22.58248		59.70309		5.061021		467.2057		SPI_SML

		F06020253		AHIPOT		8.837008		798.8657		22.00197		59.12023		7.610614		410.3776		Vortek

		F06020253		PMHT1		8.652569		783.2604		22.49235		57.70816		5.892105		279.4687		SPI_SML

		F06020254		AHIPOT		9.157008		806.5417		22.2073		60.11751		7.621755		441.1556		Vortek

		F06020254		PMHT1		8.866697		791.529		22.71538		57.94395		5.440312		292.0578		SPI_SML

		F06020255		AHIPOT		9.208316		775.1844		22.79559		61.27702		7.933785		498.0996		Vortek

		F06020255		PMHT1		8.835602		757.2202		22.65804		60.50809		5.93821		609.1158		SPI_SML

		F06020256		AHIPOT		8.975224		774.6046		22.04417		61.80699		7.816304		511.33		Vortek

		F06020256		PMHT1		8.674396		755.9724		22.46506		60.01641		6.151278		1686.334		SPI_SML

		F06020257		AHIPOT		8.924614		775.7709		22.02974		61.4068		7.991038		515.8072		Vortek

		F06020257		PMHT1		8.746551		758.2466		22.5761		60.03738		5.698743		337.7918		SPI_SML

		F06020258		AHIPOT		8.846944		773.6196		21.94268		61.28385		8.003891		454.5058		Vortek

		F06020258		PMHT1		8.6715		755.7499		22.34524		60.3343		5.290342		803.1438		SPI_SML

		F06020259		AHIPOT		9.069291		777.9215		22.10767		62.01037		7.800242		461.5581		Vortek

		F06020259		PMHT1		8.899535		759.8618		22.53739		61.06075		5.182707		861.7827		SPI_SML

		F06020260		AHIPOT		9.025716		777.9662		22.00717		61.99071		7.800681		464.3235		Vortek

		F06020260		PMHT1		8.831137		759.7794		22.58289		60.4775		5.57498		588.3571		SPI_SML

		F06020261		AHIPOT		-24.00771		1036.002		2.76E-02		98727.04		999		9999		Vortek

		F06020261		PMHT1		8.869299		761.0252		22.41765		61.08322		5.702895		965.7222		SPI_SML

		F06020262		AHIPOT		8.98558		776.1091		22.04136		61.76625		7.82341		495.7043		Vortek

		F06020262		PMHT1		8.760288		759.2808		22.59184		60.00639		5.598323		519.3721		SPI_SML

		F06020263		AHIPOT		8.917689		775.0637		22.53986		60.02568		8.053275		520.1247		Vortek

		F06020263		PMHT1		8.720654		758.5338		22.55122		59.90295		6.565453		417.1778		SPI_SML

		F06020264		AHIPOT		8.885592		773.7289		21.90543		61.64698		7.935173		521.6762		Vortek

		F06020264		PMHT1		8.579302		753.3511		22.46019		59.57639		5.488545		426.2697		SPI_SML

		F06020265		AHIPOT		9.609479		813.4		21.94168		63.31289		7.270885		524.828		Vortek

		F06020265		PMHT1		9.578507		802.5399		22.5441		62.20875		5.43366		381.767		SPI_SML

		F06020266		AHIPOT		9.60234		814.2003		21.82177		63.55148		7.340764		529.2316		Vortek

		F06020266		PMHT1		9.462902		803.5422		22.41666		61.73178		5.342351		1160.374		SPI_SML

		F06020267		AHIPOT		9.547959		814.6157		21.90673		62.91335		7.430918		547.3992		Vortek

		F06020267		PMHT1		9.441173		802.6535		22.55763		61.27288		5.311798		297.9537		SPI_SML

		F06020268		AHIPOT		9.607136		814.1705		21.88357		63.40491		7.197126		580.1038		Vortek

		F06020268		PMHT1		9.472277		803.5479		22.49686		61.56784		4.974417		377.7548		SPI_SML

		F06020269		AHIPOT		566.1683		663.5992		2.52E-02		3979811		-685.7866		9999		Vortek

		F06020269		PMHT1		9.45181		807.9998		22.32435		61.57124		4.689927		811.3667		SPI_SML

		F06020270		AHIPOT		9.484869		816.3965		21.72514		62.88253		7.299974		503.8121		Vortek

		F06020270		PMHT1		9.51986		807.4852		22.45247		61.69996		5.26898		367.1141		SPI_SML

		F06020271		AHIPOT		9.397684		815.3064		21.68225		62.51079		7.244212		514.7742		Vortek

		F06020271		PMHT1		9.501591		806.7823		22.48177		61.55487		4.665333		313.9103		SPI_SML

		F06020272		AHIPOT		9.442853		815.0997		21.74271		62.65245		7.198177		499.4022		Vortek

		F06020272		PMHT1		9.538903		807.0287		22.43181		61.91534		4.878928		493.8889		SPI_SML

		F06020273		AHIPOT		9.026041		815.0393		21.3279		61.05773		7.710316		481.6827		Vortek

		F06020273		PMHT1		9.469246		811.1235		21.97632		62.41589		4.791349		676.1347		SPI_SML

		F06020274		AHIPOT		9.383629		819.6494		21.8504		61.61076		7.536738		516.244		Vortek

		F06020274		PMHT1		9.434349		810.6851		22.20503		61.5831		4.884148		373.9326		SPI_SML

		F06020275		AHIPOT		9.007529		816.6055		21.30647		60.87677		7.755599		469.512		Vortek

		F06020275		PMHT1		9.35212		811.7982		22.12505		61.18021		5.099051		362.839		SPI_SML

		F06020277		AHIPOT		9.610619		813.3531		22.11794		62.82044		7.496456		461.9933		Vortek

		F06020277		PMHT1		9.696239		801.1235		22.20395		64.05109		4.99062		682.3983		SPI_SML

		F06020278		AHIPOT		9.505884		809.9154		21.70714		63.57886		7.274387		556.0749		Vortek

		F06020278		PMHT1		9.739528		800.8703		22.25244		64.21421		5.162091		1056.333		SPI_SML

		F06020279		AHIPOT		9.556808		809.8593		21.85049		63.50346		7.090773		509.0622		Vortek

		F06020279		PMHT1		9.663966		801.7543		22.48711		62.9832		5.316613		534.0023		SPI_SML

		F06020280		AHIPOT		9.540667		811.3815		21.76489		63.52774		7.345772		548.6392		Vortek

		F06020280		PMHT1		9.763414		804.3445		22.56874		63.1954		5.517519		739.6301		SPI_SML

		F06020281		AHIPOT		9.32349		816.0385		21.54703		62.35197		7.437252		500.0622		Vortek

		F06020281		PMHT1		9.592904		808.6851		22.2104		62.75772		5.222953		739.4785		SPI_SML

		F06020282		AHIPOT		9.330701		813.3328		21.61268		62.41761		7.391241		490.4876		Vortek

		F06020282		PMHT1		9.627006		807.8492		22.38066		62.56636		4.710879		468.7874		SPI_SML

		F06020283		AHIPOT		9.236843		813.7102		21.51625		62.0374		7.645758		512.9935		Vortek

		F06020284		AHIPOT		9.374316		814.8215		21.66389		62.44632		7.418243		512.9542		Vortek

		F06020284		PMHT1		9.613515		811.2394		21.95022		63.42126		4.887063		-947.2046		SPI_SML

		F06020285		AHIPOT		8.920658		817.0798		21.20063		60.55595		7.905418		429.9287		Vortek

		F06020285		PMHT1		9.291756		812.4456		21.83485		61.54845		5.069921		701.5427		SPI_SML

		F06020286		AHIPOT		9.096968		820.7435		21.26186		61.29962		7.909537		464.1404		Vortek

		F06020286		PMHT1		9.477906		813.777		22.17938		61.70515		4.980862		338.9445		SPI_SML

		F06020287		AHIPOT		8.974814		817.1833		21.28923		60.66236		7.900029		451.6086		Vortek

		F06020287		PMHT1		9.351522		813.4904		21.9738		61.47361		5.311405		421.4416		SPI_SML

		F06020288		AHIPOT		9.195098		818.0239		21.44738		61.62861		7.44378		509.3242		Vortek

		F06020288		PMHT1		9.542812		813.0696		22.29022		61.87257		4.866094		319.4443		SPI_SML

		F06020289		AHIPOT		9.569915		816.1088		21.78763		63.28726		7.274981		528.4742		Vortek

		F06020289		PMHT1		9.735143		807.067		22.50016		62.99727		5.39138		429.9233		SPI_SML

		F06020290		AHIPOT		9.542533		811.7867		21.82722		63.32761		7.2198		539.1382		Vortek

		F06020290		PMHT1		9.777747		806.0279		22.37947		63.69465		5.067596		516.5036		SPI_SML

		F06020291		AHIPOT		9.506651		814.3053		21.70321		63.2522		7.251267		491.6009		Vortek

		F06020291		PMHT1		9.723233		807.4308		22.47966		62.94609		5.440673		375.2718		SPI_SML

		F06020292		AHIPOT		9.522091		811.278		21.70511		63.58731		7.284438		523.7648		Vortek

		F06020292		PMHT1		9.723134		805.4074		22.29502		63.62616		5.128147		729.8679		SPI_SML

		F06020293		AHIPOT		9.135042		816.8134		21.36139		61.56416		7.61448		465.6033		Vortek

		F06020293		PMHT1		9.398932		815.3811		22.04764		61.43708		5.823806		658.9638		SPI_SML

		F06020294		AHIPOT		9.271626		816.603		21.35531		62.51802		7.40669		528.7868		Vortek

		F06020294		PMHT1		9.607132		814.257		22.33186		62.08431		5.829695		524.9041		SPI_SML

		F06020296		AHIPOT		9.325578		817.8795		21.52695		62.28362		7.467459		539.7464		Vortek

		F06020296		PMHT1		9.55851		811.2008		22.33206		62.00527		4.800322		268.581		SPI_SML

		F06020297		AHIPOT		8.932993		814.7358		21.23816		60.70572		7.579571		405.4742		Vortek

		F06020297		PMHT1		9.20674		814.8915		21.89173		60.6487		5.55461		585.0159		SPI_SML

		F06020298		AHIPOT		8.978931		816.2305		21.19518		61.03017		7.626952		493.5454		Vortek

		F06020298		PMHT1		9.344286		816.2295		21.96568		61.2455		5.987532		459.579		SPI_SML

		F06020299		AHIPOT		9.003795		815.2161		21.2504		61.11609		7.432793		469.9414		Vortek

		F06020299		PMHT1		9.326509		815.5157		21.97251		61.16348		5.396275		279.2644		SPI_SML

		F06020300		AHIPOT		9.061851		817.3784		21.35789		61.03868		7.446421		442.4796		Vortek

		F06020300		PMHT1		9.448569		817.5867		21.97862		61.79131		5.100069		734.034		SPI_SML
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		SUB_ID		AGE		PROCESS_CD		TOTAL_EFF		VOC		JSC		FF		ROC		RSC		SIMULATOR

		F06020261		0		AHIPOT		-24.00771		1036.002		2.76E-02		98727.04		999		9999		Vortek

		F06020239		0		AHIPOT		8.705365		793.444		22.11656		58.33505		8.090431		389.533		Vortek

		F06020220		0		AHIPOT		8.712756		759.4484		22.64448		59.57602		8.428249		436.86		Vortek

		F06020253		0		AHIPOT		8.837008		798.8657		22.00197		59.12023		7.610614		410.3776		Vortek

		F06020258		0		AHIPOT		8.846944		773.6196		21.94268		61.28385		8.003891		454.5058		Vortek

		F06020241		0		AHIPOT		8.864844		802.8796		22.00216		59.00946		7.864741		410.8097		Vortek

		F06020264		0		AHIPOT		8.885592		773.7289		21.90543		61.64698		7.935173		521.6762		Vortek

		F06020251		0		AHIPOT		8.91116		805.7829		21.77401		59.72384		7.61498		397.7437		Vortek

		F06020263		0		AHIPOT		8.917689		775.0637		22.53986		60.02568		8.053275		520.1247		Vortek

		F06020285		0		AHIPOT		8.920658		817.0798		21.20063		60.55595		7.905418		429.9287		Vortek

		F06020257		0		AHIPOT		8.924614		775.7709		22.02974		61.4068		7.991038		515.8072		Vortek

		F06020297		0		AHIPOT		8.932993		814.7358		21.23816		60.70572		7.579571		405.4742		Vortek

		F06020287		0		AHIPOT		8.974814		817.1833		21.28923		60.66236		7.900029		451.6086		Vortek

		F06020256		0		AHIPOT		8.975224		774.6046		22.04417		61.80699		7.816304		511.33		Vortek

		F06020298		0		AHIPOT		8.978931		816.2305		21.19518		61.03017		7.626952		493.5454		Vortek

		F06020262		0		AHIPOT		8.98558		776.1091		22.04136		61.76625		7.82341		495.7043		Vortek

		F06020299		0		AHIPOT		9.003795		815.2161		21.2504		61.11609		7.432793		469.9414		Vortek

		F06020275		0		AHIPOT		9.007529		816.6055		21.30647		60.87677		7.755599		469.512		Vortek

		F06020252		0		AHIPOT		9.020318		807.2482		22.03017		59.64397		7.733113		448.0029		Vortek

		F06020260		0		AHIPOT		9.025716		777.9662		22.00717		61.99071		7.800681		464.3235		Vortek

		F06020273		0		AHIPOT		9.026041		815.0393		21.3279		61.05773		7.710316		481.6827		Vortek

		F06020300		0		AHIPOT		9.061851		817.3784		21.35789		61.03868		7.446421		442.4796		Vortek

		F06020259		0		AHIPOT		9.069291		777.9215		22.10767		62.01037		7.800242		461.5581		Vortek

		F06020240		0		AHIPOT		9.079343		805.0734		22.17404		59.80539		7.778058		426.6346		Vortek

		F06020229		0		AHIPOT		9.090563		806.4986		22.03058		60.16322		7.639114		417.55		Vortek

		F06020286		0		AHIPOT		9.096968		820.7435		21.26186		61.29962		7.909537		464.1404		Vortek

		F06020249		0		AHIPOT		9.097571		803.3577		22.03049		60.44526		7.728449		411.9995		Vortek

		F06020293		0		AHIPOT		9.135042		816.8134		21.36139		61.56416		7.61448		465.6033		Vortek

		F06020242		0		AHIPOT		9.148371		809.9864		22.12066		60.0391		7.793655		405.0253		Vortek

		F06020227		0		AHIPOT		9.155928		809.3886		21.97266		60.53907		7.779279		488.1658		Vortek

		F06020254		0		AHIPOT		9.157008		806.5417		22.2073		60.11751		7.621755		441.1556		Vortek

		F06020225		0		AHIPOT		9.172956		798.975		22.33241		60.45243		7.734363		416.4479		Vortek

		F06020288		0		AHIPOT		9.195098		818.0239		21.44738		61.62861		7.44378		509.3242		Vortek

		F06020255		0		AHIPOT		9.208316		775.1844		22.79559		61.27702		7.933785		498.0996		Vortek

		F06020247		0		AHIPOT		9.208371		809.095		22.11807		60.50797		7.885458		489.0589		Vortek

		F06020283		0		AHIPOT		9.236843		813.7102		21.51625		62.0374		7.645758		512.9935		Vortek

		F06020294		0		AHIPOT		9.271626		816.603		21.35531		62.51802		7.40669		528.7868		Vortek

		F06020223		0		AHIPOT		9.289082		803.0146		22.45204		60.58523		7.615378		507.1428		Vortek

		F06020230		0		AHIPOT		9.302282		813.16		22.15281		60.72369		7.774363		508.0233		Vortek

		F06020221		0		AHIPOT		9.313525		802.1378		22.58233		60.4602		8.038255		424.8454		Vortek

		F06020281		0		AHIPOT		9.32349		816.0385		21.54703		62.35197		7.437252		500.0622		Vortek

		F06020296		0		AHIPOT		9.325578		817.8795		21.52695		62.28362		7.467459		539.7464		Vortek

		F06020282		0		AHIPOT		9.330701		813.3328		21.61268		62.41761		7.391241		490.4876		Vortek

		F06020237		0		AHIPOT		9.332332		804.1609		22.39925		60.92229		7.561203		407.332		Vortek

		F06020248		0		AHIPOT		9.352128		810.7145		22.20607		61.08533		7.541679		478.0091		Vortek

		F06020284		0		AHIPOT		9.374316		814.8215		21.66389		62.44632		7.418243		512.9542		Vortek

		F06020238		0		AHIPOT		9.376085		804.9158		22.51655		60.83246		7.718369		428.6818		Vortek

		F06020274		0		AHIPOT		9.383629		819.6494		21.8504		61.61076		7.536738		516.244		Vortek

		F06020226		0		AHIPOT		9.38861		809.2203		22.3204		61.12317		7.825085		433.1664		Vortek

		F06020271		0		AHIPOT		9.397684		815.3064		21.68225		62.51079		7.244212		514.7742		Vortek

		F06020272		0		AHIPOT		9.442853		815.0997		21.74271		62.65245		7.198177		499.4022		Vortek

		F06020233		0		AHIPOT		9.473515		800.2917		22.8951		60.7986		7.682715		504.1566		Vortek

		F06020231		0		AHIPOT		9.481029		803.0977		22.7529		61.01361		7.809679		500.5589		Vortek

		F06020270		0		AHIPOT		9.484869		816.3965		21.72514		62.88253		7.299974		503.8121		Vortek

		F06020243		0		AHIPOT		9.500765		804.056		22.63567		61.38403		7.68328		503.7679		Vortek

		F06020236		0		AHIPOT		9.505343		810.0483		22.44004		61.48875		7.434814		474.1809		Vortek

		F06020278		0		AHIPOT		9.505884		809.9154		21.70714		63.57886		7.274387		556.0749		Vortek

		F06020291		0		AHIPOT		9.506651		814.3053		21.70321		63.2522		7.251267		491.6009		Vortek

		F06020232		0		AHIPOT		9.516025		802.8059		22.72341		61.33914		7.571389		477.9897		Vortek

		F06020292		0		AHIPOT		9.522091		811.278		21.70511		63.58731		7.284438		523.7648		Vortek

		F06020245		0		AHIPOT		9.524486		805.8937		22.55248		61.62197		7.413038		473.9837		Vortek

		F06020280		0		AHIPOT		9.540667		811.3815		21.76489		63.52774		7.345772		548.6392		Vortek

		F06020290		0		AHIPOT		9.542533		811.7867		21.82722		63.32761		7.2198		539.1382		Vortek

		F06020267		0		AHIPOT		9.547959		814.6157		21.90673		62.91335		7.430918		547.3992		Vortek

		F06020224		0		AHIPOT		9.550134		808.4819		22.49157		61.75838		7.551393		489.6721		Vortek

		F06020279		0		AHIPOT		9.556808		809.8593		21.85049		63.50346		7.090773		509.0622		Vortek

		F06020250		0		AHIPOT		9.55777		809.7656		22.65128		61.27422		7.578301		463.3549		Vortek

		F06020289		0		AHIPOT		9.569915		816.1088		21.78763		63.28726		7.274981		528.4742		Vortek

		F06020266		0		AHIPOT		9.60234		814.2003		21.82177		63.55148		7.340764		529.2316		Vortek

		F06020268		0		AHIPOT		9.607136		814.1705		21.88357		63.40491		7.197126		580.1038		Vortek

		F06020265		0		AHIPOT		9.609479		813.4		21.94168		63.31289		7.270885		524.828		Vortek

		F06020244		0		AHIPOT		9.610256		808.1748		22.53094		62.06015		7.41385		437.2456		Vortek

		F06020277		0		AHIPOT		9.610619		813.3531		22.11794		62.82044		7.496456		461.9933		Vortek

		F06020234		0		AHIPOT		9.617094		803.3533		22.76831		61.82622		7.250409		455.4548		Vortek

		F06020246		0		AHIPOT		9.637582		810.2017		22.30249		62.71681		7.432578		605.5472		Vortek

		F06020222		0		AHIPOT		9.657976		806.869		22.5806		62.33344		7.564853		515.6776		Vortek

		F06020269		0		AHIPOT		566.1683		663.5992		2.52E-02		3979811		-685.7866		9999		Vortek
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		SUB_ID		TOTAL_EFF		VOC		JSC		FF		ROC		RSC

		F06020224		9.55		808		22.5		61.8		7.6		490

		F06020244		9.61		808		22.5		62.1		7.4		437

		F06020277		9.61		813		22.1		62.8		7.5		462

		F06020234		9.62		803		22.8		61.8		7.3		455

		F06020246		9.64		810		22.3		62.7		7.4		606

		F06020222		9.66		807		22.6		62.3		7.6		516






