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Executive Summary 

Objectives

The main objective of this program is to develop a high rate, amorphous silicon-based, thin film deposition method in order to increase the throughput of ECD’s roll-to-roll solar module production design and in doing so reduce the cost of the solar modules.  In particular, a very high frequency (VHF) [70 MHz] plasma enhanced chemical vapor deposition (PECVD) process is being developed for the fabrication of intrinsic layers for high efficiency amorphous silicon-based triple-junction solar cells at high deposition rates. Intrinsic layers consisting of either amorphous silicon or amorphous silicon germanium alloy materials are being developed.  The program goal is to prepare these materials at rates of 10 Å/s or higher while maintaining the cell efficiencies at the high values presently obtained for devices made using the standard 13.56 MHz frequency and low deposition rates (near 1 Å/s).  Upon completion of a successful program, this high rate process will be added to ECD’s roll-to-roll solar cell production design to reduce solar module cost.
Approach

In order to test the feasibility of using the VHF method for high rate intrinsic layer preparation, the deposition conditions used to prepare small area (0.25 cm2) single-junction amorphous silicon (a-Si:H) and silicon germanium alloy (a-SiGe:H) cells by the very high frequency (VHF)  technique are being optimized to obtain the highest cell efficiencies.  These component cells will then be combined to create high efficiency a-Si:H/a-SiGe:H/a-SiGe:H triple-junction cells.  The deposition conditions for these multi-junction cells will also be optimized to further increase the device performance.  In particular for the triple-junction cells, the conditions used to prepare p/n tunnel junctions will be optimized to minimize absorption and series resistance and maximize carrier collection and cell performance.  Besides achieving high small area cell performance, large area cathode hardware designs which will allow for the uniform deposition of i-layers over a large area using the VHF technique and high deposition rates will be tested using a single chamber vacuum system.  This large area hardware will be required for the future incorporation of the technique into an ECD built roll-to-roll solar cell production line.
Results
The following was achieved during this program:


1) 8.0% stable efficiencies have been achieved for a-Si:H single-junction cells whose i-layers are prepared at rates near 10 Å/s using the VHF technique. This performance compares with 8.2% stabilized efficiencies for a-Si:H cells made using the same deposition equipment, the standard 13.56 MHz technique and deposition rates near 1 Å/s. 

2) a-SiGe:H cells with stable 2.8% red light efficiencies (AM1.5 light filtered with 630nm cutoff filter) have been made using the VHF technique and a 10 Å/s rate to prepare the i-layers.  

3) Initial active area efficiencies of over 11%  (total area efficiencies of 10.4%) have been obtained for a triple-junction cells whose i-layers are prepared at the 10 Å/s rate.   These efficiencies degrade by 10-13% with long-term light exposure to total area efficiencies of 9.4%.  This amount of degradation is similar to that obtained for triple-junction cells prepared at the standard low i-layer deposition rates (1 Å/s). In terms of improving the efficiencies for the triple-junction cells, future studies should focus on optimizing the top and middle a-SiGe:H component cells.  

4) Cathode hardware for large area VHF depositions has been developed and 14” x 28” deposits have with a ( 9% variation in thickness (deposition rate) across the entire substrate area.  Correlations between the deposition uniformity and the fabrication parameters were also made.

5) It was shown that by using the VHF technique, deposition rates for the a-Si:H buffer layers in the a-SiGe:H component cells of the triple-junction structure could be increased to 3-6 Å/s without any detrimental effects.

6) Using various structural measurements including Small-Angle Scattering measurements completed at the Colorado School of Mines, structural properties of a-Si:H films deposited at different rates using 13.56  and 70 MHz plasma frequencies were characterized.  While differences in films made using the two plasma frequencies were noted, direct correlations with these structural differences and the solar cell properties were not observed. 
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Introduction
Throughout the past 20 years, Energy Conversion Devices, Inc (ECD) and it’s commercialization subsidiaries and joint ventures have developed amorphous silicon (a-Si:H) materials for thin film photovoltaic (PV) devices.  In particular, ECD has used the 13.56 MHz rf Plasma Enhanced Chemical Vapor Deposition (PECVD) process to deposit amorphous and microcrystalline layers that comprise its proprietary triple-cell, spectrum splitting thin-film solar cell (Guha et al. 1994).  Several energy conversion efficiency world records have been established for small-area devices (Yang et al. 1997) and for 4 sq. ft. modules (Izu et al. 1993) using this technology.  To achieve these high stable efficiencies, the 13.56 MHz PECVD processes have been optimized at rather low deposition rates of 1-3 Å/s. Operating this process at higher deposition rates leads to unacceptably low stable solar cell efficiencies due to higher electronic defect densities in the a-Si:H alloys, and to a greater susceptibility to light-induced material quality degradation that results from changes in the film growth kinetics and microstructure at the higher deposition rates.  

Increasing the deposition rate at which high performance solar cells can be manufactured would have a significant impact on manufacturing cost, since both the capital depreciation and labor costs would be reduced by higher product throughput. ECD has experimented with a number of novel a-Si:H alloy deposition technologies over the past 10 years, and the company has had considerable success in developing and commercializing a high deposition rate, low pressure microwave PECVD process to make a-Si:H photoreceptors.  The process has also been used to prepare a-Si:H alloys for solar cells at rates up to 100 Å/s (Doehler et al. 1988).  Although initial device performance was good, the light stability of these devices was poor, with efficiencies degrading by more than 20% after 1000 hrs of light soaking under air mass 1.5 (AM1.5) illumination (where as state-of-the-art PECVD devices degrade by 10-15%).

Prior to the beginning of this program, we have tested the feasibility of using a 70 MHz, Very High Frequency (VHF) PECVD process to prepare semiconductor layers for high efficiency cells at high deposition rates.  Earlier studies (Chatham et al. 1989, Shah et al. 1992) have shown that by using the VHF process, the deposition rate of a-Si:H films could be increased to 10-15 Å/s without an observable deterioration in the film and cell properties.  We have used this VHF PECVD process to deposit highly conductive, low optical absorbing microcrystalline p-layers that have led to improved solar cell efficiencies (Deng et al 1997).  Expanding this work, we prepared i-layers for a-Si:H single-junction cells by the VHF PECVD technique (Deng et al 1997).  In these initial studies, a-Si:H based nip cells whose i-layers were prepared at 6-10 Å/s have shown 10% initial active area efficiencies and degrade by only 15% when subjected to the extended 1000 hrs of light soaking .

In this program, we expanded on these initial encouraging results by conducting extensive optimization studies of the stable efficiencies of single-junction a-Si:H and a-SiGe:H nip cells as well as a-Si:H/a-SiGe:H/a-SiGe:H triple-junction cells prepared by the VHF PECVD technique at high deposition rates. The principal goal of this program was to demonstrate the feasibility of using the alternative VHF PECVD deposition technique to manufacture high stable efficiency, triple-junction solar cells at deposition rates of 10 Å/s. Accomplishing the program’s principal goal will permit this new technology to be incorporated into ECD’s future solar module roll-to-roll production lines, the existing 5MW line at United Solar, ECD’s joint venture company in Troy, MI, and their future 25MW plant presently being built.  Applying this high deposition rate technique on a large scale to prepare high stable efficiency triple-junction cells and modules will lead to significant cost savings due to:

1) Reduced material costs -

The gas utilization for the VHF PECVD process has already been shown to be much higher than for the 13.56 MHz PECVD technique.  Thus the amount of process gas used to make a module will be less.

2) Higher throughput and reduced hardware costs -

The increased deposition rates will reduce the time required to fabricate each module in the existing manufacturing lines.  In the designs for new lines, the amount of a-Si:H deposition hardware, which is the most costly hardware in the lines, can be reduced.  Thus incorporation of this new deposition technique will lead to a reduction in the labor and capital depreciation costs per module. 

3) Improved module efficiencies-
Because of the potential for making improved a-SiGe:H material and cells, implementation of the technique may potentially lead to higher module efficiencies.  Any such improvement in the efficiencies will significantly effect the cost of the a-Si:H PV generated energy since the cost is inversely proportional to the efficiency.  

This program was to provide the basis for incorporation of this high deposition rate technique in ECD’s present and future large area, roll-to-roll solar module manufacturing lines (Izu et al. 1984) to increase throughput and reduce module cost. These cost reductions will contribute to DOE’s and NREL’s long-term goal of fabricating inexpensive thin film modules with 15% stable efficiencies.

In this program, the deposition conditions used to prepare a-Si:H and a-SiGe:H single-junction cells were systematically varied to optimize the cell properties.  The focus of these studies was on optimizing the cell properties while maintaining i-layer deposition rates around 10 Å/s.  The information obtained from these studies was used to prepare high efficiency triple-junction cells with the high i-layer growth rates.  In the later stages of the program, large-scale hardware designs were developed which will allow for the incorporation of this high rate technique into a production line environment.

The exact program goals are:

1) Prepare a-Si:H single-junction nip small area devices with stable 8.4% AM1.5 efficiencies using i-layer deposition rates near 10 Å/s,

2) Prepare a-SiGe:H single-junction nip small area devices with stable 2.8% efficiencies when measured using 630 cutoff filtered AM1.5 light using i-layer deposition rates near 10 Å/s,

3) Prepare a-Si:H/a-SiGe:H/a-SiGe:H triple-junction small area devices with stable 9.4% AM1.5 efficiencies using i-layer deposition rates near 10 Å/s,

4) Develop cathode hardware for large area thin film depositions using the VHF technique for future implementation in production.

The following sections outline the progress made in the program.

Experimental

The solar cells used in these studies are composed of nip structures with stainless steel substrates.  These nip structures were fabricated using a research scale, multi-chamber load locked deposition system.  Figure 1 depicts the structures typically used in optimizing the a-Si:H and a-SiGe:H component cells. To fabricate the a-Si:H and a-SiGe:H i-layers, a fixed VHF frequency of 70 MHz was used while maintaining a deposition rate near 10 Å/s. Our main focus was to prepare only the i-layers at the high rates since they are the thickest layers in the nip structure.  Thus, both the doped layers and the a-Si:H buffer layers, grown between the VHF deposited a-SiGe:H i-layers and the doped layers, were typically prepared using the conventional PECVD process in which a 13.56 MHz frequency is used.  However, some work on using the 70MHz method to prepare the buffer layers has been done.  To improve the cell properties, several buffer layer and i-layer deposition conditions have been altered including the substrate temperature, the hydrogen dilution, the active gas flows, and the applied power.
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Figure 1. Structures used for optimizing component cells.

After fabrication of the nip structure, the devices are completed by depositing Indium Tin Oxide (ITO) conductive layers and then Al collection grids.  Both the ITO and Al layers are prepared using standard evaporation techniques.  In some cases, Ag/ZnO back reflectors are deposited on the stainless steel substrates prior to nip fabrication in order to enhance the collected current and improve the overall efficiency.  The Ag/ZnO back reflectors are prepared in a roll-to-roll manufacturing machine using a DC sputtering technique.  

After initial optimization of the a-Si:H and a-SiGe:H component cell structures, a-Si:H/a-SiGe:H/a-SiGe:H triple cell structures were optimized.  In this process, focus was on obtaining the correct current matching between the component cells to obtain the highest cell efficiencies and the optimal n/p tunnel junction preparation conditions to achieve the lowest series resistance through the nip/nip/nip structure.    

To characterize the cells, standard IV and spectral response (quantum efficiency) measurements are made.  For the a-Si:H and the triple-junction cells, standard white AM1.5 light is used to obtain the IV data.  Since our goal is to use the a-SiGe:H cells as middle and bottom cells for triple-junction cells, the AM1.5 light for the IV measurements of the a-SiGe:H cells is filtered to simulate the absorption due to a top a-Si:H cell.  For a-SiGe:H cells made without Ag/ZnO back reflectors, a 530 nm cutoff filter is used while 610 or 630 nm filters are used for cells with back reflectors.  To complete light soaking studies, the cells are subjected to 600-1000 hrs. of one sun light with the cell temperature fixed at 50ºC.  The i-layer thicknesses are determined using standard capacitance techniques.

To compare the structural properties of films made using the VHF 10 Å/s conditions with those made using the standard 13.56 MHz technique, optical and structural properties for single-layer films prepared at a variety of deposition rates using either a 13.56 or a 70 MHz frequency were compared with the performance of nip solar cells whose intrinsic layers were prepared under identical conditions to those for the single-layer films.  The measurements included small-angle x-ray scattering (SAXS), infrared absorption spectroscopy (IR), optical absorption spectroscopy and scanning electron microscopy (SEM).  With these comparisons, a determination of which film properties play a role in determining the device performance can be made.  For the SAXS [5] and SEM measurements, 1 (m a-Si:H films were deposited on 10-(m-thick, 99.999% Al substrates with both types of measurements performed with the same samples.  IR and SEM measurements were made using 1 (m a-Si:H films deposited on crystalline Si substrates while 1 (m a-Si:H films on 7059 glass were used for optical absorption analysis.  The SAXS measurements were completed at the Colorado School of Mines.

To test large area cathode hardware for VHF depositions, a single chamber system was used with separate pumping, gas and control systems from the deposition chamber used to prepare the small area solar cells.  

Results
Solar Cells

a-Si:H Cells
We have earlier reported results for a-Si:H cells whose i-layers were prepared using the VHF technique at 10 Å/s (Deng et al 1997). The general conclusion from these studies was that by using the VHF technique and careful selection of deposition conditions, the initial and stable cell efficiencies could be made to remain relatively constant with varying i-layer deposition rate up to 10 Å/s.  Figure 2 demonstrates this result where the initial and stable efficiencies for a number of cells prepared under a variety of conditions are plotted as a function of deposition rate.  All of these cells had Jsc near 10 mA/cm2, i-layers which were roughly 2300 Å thick and had no current-enhancing Ag/ZnO back reflectors.  The stable efficiencies were obtained by light soaking the cells for 1000 hrs.  Below a deposition rate of 10 Å/s, the initial and stable cell efficiencies are relatively insensitive to the deposition rate with average values of 6.6 and 5.5%, respectively.  The small amount of scatter (±5%) is related to experimental measurement procedures and variations in a few deposition parameters.  Beyond 15 Å/s, the efficiencies are lower. 
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Figure 2. Cell efficiencies for VHF a-Si:H devices with Jsc = 10 ± 0.5 mA/cm2.

To truly demonstrate the advantage of using the VHF technique to prepare a-Si:H i-layers at high rates, we compare in Table 1 data for cells whose i-layers were prepared using the same deposition hardware by either the standard 13.56 MHz frequency or the VHF 70 MHz frequency at different deposition rates.  At low deposition rates of (1 Å/s, the cells prepared using the 13.56 MHz frequency had efficiencies between 6.5 and 6.6 % which degraded by about 15% after 1000 hrs. of light soaking.  These efficiencies and the amounts of degradation are similar to what were found for the cells prepared at 10 Å/s by the VHF method.  Thus, we can indeed use the VHF technique to prepare cells at a high rate of 10 Å/s with similar quality to those prepared at 13.56 MHz. Comparing cells made at even higher rates, the cells prepared with the 13.56 MHz frequency have significantly lower efficiencies than the cells produced at the low rates while the efficiencies for the cells made by the VHF method are not as low and are more stable.  It is clear that for high deposition rates, the VHF is superior to the standard 13.56 MHz method for a-Si:H preparation.

Table 1. 

Data for a-Si:H nip cells whose i-layers were made using 13.56 or 70MHz frequencies.

	Plasma Frequency

(MHz)
	Deposition Rate

(Å/s)
	Initial Pmax
(mW/cm2)
	Light Degradation 

(%)

	13.56
	0.61
	6.65
	14.3

	70
	9.9
	6.51
	11.8

	13.56
	16.0
	5.30
	36.2

	70
	24.8
	6.04
	21.9


For a-Si:H cells with Ag/ZnO back reflectors, average initial cell efficiencies of 10.3% have been achieved for cells with i-layer thicknesses of 3000 Å.  An IV curve for such a cell is shown in Figure 3.  After 1000 hrs. of light soaking in white light, these cell efficiencies degrade by 20%, typical degradation percentages for cells of a similar i-layer thickness prepared by the standard rf PECVD technique at i-layer deposition rates of 1 Å/s. Presently, our best single-junction a-Si:H cell whose i-layer was prepared using the VHF process at 10 Å/s has a stable efficiency of 8.0% (Voc=0.936 V, Jsc=14.3 mA/cm2, FF=0.599).

In order to improve the a-Si:H cell performance, we completed an optimization study of the conditions used to make the n-layers. Table 2 compares a-Si:H cells made with similar i-layer and p-layer conditions but different n-layer preparation conditions. These cells were made without the benefit of a current enhancing Ag/ZnO back reflector.  Using the new n-layer conditions, we increased the short circuit current significantly due to a less absorbing n-layer.  This n-layer recipe was used to make the triple-junction solar cells.
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         Figure 3. IV plot for a-Si:H cell whose i-layer was prepared at 10 Å/s using VHF technique.

Table 2. 

Data for a-Si:H cells made using old and new n-layer deposition conditions.

	n-layer

Conditions
	i-layer

dep.rate
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Rs
(Ohmcm2)
	Pmax
(mW/cm2)

	Old 

Standard

Conditions
	9.0
	0.951
	10.62
	0.689
	6.1
	6.96

	New

Optimized

Conditions
	10.3
	0.953
	11.29
	
0.685
	6.1
	7.35


a-SiGe:H Cells

Demonstration that the VHF technique could be used to prepare high quality a-Si:H nip cells with high stable efficiencies using 10 Å/s i-layer deposition rate was done relatively quickly.  However, achieving the required properties for high Ge content, a-SiGe:H bottom cells and lower Ge content middle cells has been difficult.  

In Table 3, data for a-SiGe:H bottom cells made in the first year of the program whose i-layers were prepared using the 70 MHz VHF technique and the 10 Å/s i-layer deposition rate are compared with cells prepared using the standard 13.56 MHz, 1 Å/s conditions.  The data was obtained using 630 nm filtered light in order to simulate absorption due to a top a-Si:H cell and a middle a-SiGe:H cell.  While the cells made using the VHF technique have respectable efficiencies that are much larger than those obtained for cells made using the same 10 Å/s rate and the 13.56 MHz frequency, the efficiencies obtained thus far are lower than those obtained using the standard 13.56 MHz, 1 Å/s conditions. Comparing cells with similar Voc, those made using the VHF technique have lower efficiencies due in most part to lower Jsc values.  The i-layer materials for both these types of cells have similar bandgaps as determined by optical measurements.  Thus the lower currents are not related to different bandgaps for the i-layers.  Increasing the currents further by using higher substrate temperatures and/or higher Ge contents leads to a loss in Voc due to lower bandgaps and lower FF due to poorer material quality.  
Table 3. 

Properties for a-SiGe:H cells having similar i-layer thicknesses.

	Freq.

(MHz)
	Dep. Rate

(Å/s)
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Pmax
(mW/cm2)

	70
	10
	0.631
	8.31
	0.606
	3.18

	70
	10
	0.627
	8.46
	0.601
	3.19

	70
	10
	0.588
	8.84
	0.544
	2.83

	13.56
	0.9
	0.628
	9.09
	0.615
	3.52

	13.56
	0.9
	0.611
	9.21
	0.611
	3.50


The efficiencies for the a-SiGe:H cells made at the 10 Å/s also degraded with light soaking to a greater extent than the cells made at the lower rates.  After 1000 hrs. of light soaking, the cells made using the high rate method with initial red light efficiencies near 3.2 mW/cm2 (see Table 3) degraded by roughly 20% to 2.6mW/cm2.  In comparison, the cells made using the 13.56 MHz, 1 Å/s method subjected to the same light exposure degrade by roughly 15% to 3.0 mW/cm2. 

Some time was spent in the second and third years of the program to improve the performance of the a-SiGe:H cells.  The detailed results from these studies are discussed in the next two sections of the manuscript.  In summary, improved a-SiGe:H middle and bottom cell performance was obtained through proper Ge grading of i-layers, use of an ideal hydrogen dilution scheme, development and implementation of new cathode hardware and use of high substrate temperatures. 
Middle Cell Optimization

To optimize the efficiencies for the a-SiGe:H cells, a number of common PECVD parameters were varied including the substrate temperature, the gas flows, the amount of hydrogen dilution, and the chamber pressure. As is commonly found for a-SiGe:H materials and cells (Mackenzie et al 1985, Guha et al. 1981), particularly for those made at high rates, use of high substrate temperatures and large amounts of hydrogen dilution are important to obtain good film quality and high cell efficiencies. 

A variable that significantly effects the a-SiGe:H cell properties is the Ge grading across the i-layer thickness.  Table 4 compares IV data taken using AM1.5 white light for cells made with and without grading of the Ge content through the i-layer.  These a-SiGe:H cells were made without a back reflector using deposition rates of 10 Å/s.  As has been previously observed by a number of researchers using low rate techniques (Guha et al. 1989), we were able to obtain significantly higher currents as well as improved FF by grading the amount of Ge across the i-layer thickness.

Table 4. 

Data for a-SiGe:H cells made with and without Ge grading of the i-layer.

	Grad.

Profile
	Jsc
(mA/cm2)
	Voc
(V)
	FF
	Rs
((cm2)
	Pmax
(mW/cm2)

	No
	16.5
	0.759
	0.573
	7.2
	7.15

	Yes
	18.1
	0.739
	0.595
	6.3
	7.96


Specifically for high growth rate process, improvements in the quality of a-SiGe:H materials with increased ion bombardment have previously been reported.  Also several studies of the plasma kinetics have shown that as the frequency of the plasma increases, the average energy of the ions which bombard the growing surface decreases while their number increases (Howling et al. 1992, Heintze et al. 1993, Oda et al. 1991). 

Since a moderate amount of bombardment has previously been found to be beneficial in increasing the surface mobilities of adatoms during the growth of a variety of thin film materials (Yehoda et al. 1988), our group has studied the effect of bombardment conditions on the growth of our high rate i-layers.  We have varied the bombardment conditions at the growing surface by systematically applying a d.c. bias to the substrate and adding He dilution to the plasma. Table 5 summarizes data for a-SiGe:H cells prepared with various substrate biases.  These cells were made without the benefit of the back reflectors and the IV measurements were made using 530 nm filtered AM1.5 light to simulate absorption due to a top a-Si:H cell.  With increasing positive electrical bias, the deposition rate of the a-SiGe:H i-layer was found to drop significantly from nearly 10 Å/s at a bias of 0V to less than 5.8 Å/s at 50V.  With this drop in deposition rate, there was also a significant decrease in Voc from 0.75V to 0.64V.  Increasing the positive bias further to 100V led to a much smaller change in deposition rate and no change in Voc. 

With increasing negative bias, there is also a decrease in the deposition rate for the a-SiGe:H i-layers, however the decrease is not as great as in the case of positive bias.  Between 0 and –100V bias, there is only a small (less than 7%) decrease in deposition rate and very little change in the cell properties.  Beyond –100V, the deposition rate decreases more rapidly and a significant drop in Voc is apparent.  

For the a-Si:H cells, many similar trends are noted with varying bias (see Table 6).  With increasing positive bias, there is a significant decrease in the i-layer deposition rate as was observed for the a-SiGe:H cells.  Also, there is the same decrease in Voc observed for the a- SiGe:H cells with increasing positive bias.  Thus, the decrease in Voc for the a-SiGe:H alloys is not, for at least the most part, due to a decrease in Ge content.  The changes in Voc for both types of cells are likely due to decreases in the hydrogen content and/or changes in the film microstructure.  With increasing negative bias, virtually no change in the Voc is observed however a smaller decrease in deposition rate is seen.

Table 5. 

Effect of substrate bias on the properties of single-junction VHF a-SiGe:H cells.

	Substrate

Bias

(V)
	Deposition Rate

(Å/s)
	i-layer thickness

(Å)
	Jsc
(mA/cm2)
	Voc
(V)
	FF
	Rs
((cm2)
	Pmax
(mW/cm2)

	0
	9.5
	2000
	8.15
	0.750
	0.571
	12.1
	3.49

	50
	5.8
	1220
	7.62
	0.638
	0.561
	15.9
	2.73

	100
	4.4
	920
	6.74
	0.641
	0.632
	11.9
	2.73

	-30
	10.5
	2210
	8.15
	0.742
	0.562
	10.3
	3.40

	-50
	9.3
	1950
	8.18
	0.749
	0.559
	11.1
	3.43

	-100
	8.9
	1860
	7.74
	0.745
	0.580
	11.1
	3.46

	-150
	8.5
	1780
	7.33
	0.736
	0.531
	14.5
	2.87

	-200
	6.8
	1430
	7.40
	0.730
	0.555
	15.4
	3.00


Table 6. 

Effect of substrate bias on the properties of single-junction VHF a-Si:H cells.

	Substrate

Bias

(V)
	Deposition Rate

(Å/s)
	i-layer thickness

(Å)
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Rs
((cm2)
	Pmax
(mW/cm2)

	0
	9.9
	3840
	0.963
	15.68
	0.659
	6
	9.95

	100
	4.5
	3830
	0.882
	15.66
	0.557
	6.3
	7.69

	100
	4.8
	2960
	0.882
	15.24
	0.613
	5.7
	8.24

	-100
	9.8
	3750
	0.954
	15.45
	0.675
	4.9
	9.95

	-200
	7.6
	3200
	0.966
	15.17
	0.664
	5.3
	9.73

	-300
	7.0
	3380
	0.956
	15.05
	0.658
	5.3
	9.47


Since the focus of this program was on maintaining a high deposition rate, we found no benefit to using an applied negative or positive substrate bias.  This method of altering the ion bombardment, in particular the ion energy, of the film surface does not lead to higher efficiencies.  

Table 7 displays the cell data for the devices made with different ratios of He/H2 dilution.  The cells were made using Al/ZnO back reflectors and the IV data was obtained using 630nm filtered AM1.5 light.  Also these cells were made without grading of the buffer layer and thus have lower efficiencies than what is typically obtained (see last column in table for cell results for graded cell made at the time when this He dilution study was made).    One can see from the data that increasing the He flow lead to lower FF, lower Jsc and poorer cell efficiencies.  The deteriorations in these properties are unlikely a result of the small increase in deposition rate with increased He flow.  Thus, at least in the case of the 70MHz rf plasma, use of He dilution leads to lower cell efficiencies and poorer a-SiGe:H i-layer quality.  None of the attempts to 

Table 7. 

a-SiGe:H cells made with different amounts of helium and hydrogen dilution.

	He

(sccm)
	H2
(sccm)
	i-layer

thickness

(Å)
	Deposition

Rate

(Å/s)
	Jsc
(mA/cm2)
	Voc
(V)
	FF
	Rs
((cm2)
	Pmax
(mW/cm2)

	0
	42
	1790
	11.9
	6.41
	0.640
	0.523
	15.3
	2.15

	5
	42
	1820
	12.1
	5.78
	0.646
	0.501
	19
	1.87

	10
	42
	1910
	12.7
	5.40
	0.641
	0.491
	19.6
	1.70

	20
	42
	1870
	12.5
	5.15
	0.646
	0.482
	23.7
	1.61

	10
	32
	1900
	12.7
	5.52
	0.652
	0.505
	18.1
	1.81

	20
	22
	1940
	13.0
	5.57
	0.640
	0.490
	19.4
	1.75

	0
	graded
	1700
	11.0
	6.93
	0.645
	0.594
	13.7
	2.66


improve the quality of the a-SiGe:H materials through increased ion bombardment has led to improved cell properties.

In studying conditions optimal for a-SiGe:H bottom cell performance (see next section), a new hydrogen dilution recipe was devised and later applied to the middle cell fabrication process at 10 Å/s.   As is shown in Table 8, a significant improvement in the initial middle cell performance was observed with the new dilution recipe.  The cells were prepared without back reflectors and the IV measurements were made using AM1.5 light that was filtered using a 530 cuton filter to simulate absorption by the a-Si:H top cell.  With the new recipe, while there is a small drop in Voc, a large increase in FF is observed leading to a significant increase in Pmax.  

Table 8.

IV data for middle cells prepared using 10 Å/s i-layer deposition rates and the VHF technique.
	H2 recipe

(relative)
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Pmax
(mW/cm2)

	Old
	0.852
	7.97
	0.549
	3.73

	New
	0.824
	8.20
	0.655
	4.43

	New
	0.815
	7.69
	0.684
	4.28

	New
	0.812
	8.22
	0.636
	4.25


Bottom Cell Optimization
To optimize the bottom cell growth conditions, a number of studies similar to those carried for the middle cells were made.  In one case, the combined use of electrical substrate bias and low substrate temperatures was tested.  Previously, it was found that without use of electrical bias, the best a-SiGe:H cells are made using high substrate temperatures, as is done for these materials made using the standard rf frequency.  The thought is that the high temperatures are required to achieve high surface mobilities for the Ge based adatoms and high electrical grade a-SiGe:H material.  However, use of the high temperatures leads to enhanced hydrogen effusion during growth and the less hydrogen to eliminate dangling bonds.  Thus if one was able to increase the Ge-based surface mobilities without raising the substrate temperature, lower defect densities and increased cell performance may be achieved.  In this study, the electrical bias was altered to increase the ion bombardment energy in an attempt to increase the adatom surface mobilities.  

Table 9 compares data for cells with similar i-layer thicknesses prepared using different substrate temperatures and biases. Again, the data was obtained using 630 nm filtered light in order to simulate absorption due to a top a-Si:H cell and a middle a-SiGe:H cell.  The low substrate bias, high temperature conditions presently lead to the best cell performance.  Lowering the substrate temperature leads to significantly lower Jsc and FF values suggesting a poorer i-layer quality.  This decrease in performance is typically attributed to lower adatom surface mobilities at the low substrate temperatures that lead to the formation of heterogeneous microstructures.  Fixing the substrate temperature to the low value and raising the electrical bias leads to a slight increase in Jsc but not to the values achieved when using the high substrate temperatures and low biases.  The FF is relatively unaffected by the substrate bias.
Table 9. 

Properties for a-SiGe:H cells prepared using 10 Å/s i-layer deposition rates and the VHF technique.
	Ts
(relative)
	Substrate Bias

(relative)
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Pmax
(mW/cm2)

	High
	Low
	0.631
	8.31
	0.606
	3.18

	High
	Low
	0.627
	8.46
	0.601
	3.19

	Low
	Low
	0.676
	6.25
	0.567
	2.40

	Low
	Medium
	0.673
	6.91
	0.579
	2.70

	Low
	High
	0.674
	6.73
	0.570
	2.58


Use of different gas flow schemes was also tested to improve a-SiGe:H cell performance.  In particular, use of a fluorine-based gas in order to alter the plasma chemistry was tested.  Table 10 outlines the results of these experiments.  Again, the data was obtained using 630 nm filtered light in order to simulate absorption due to a top a-Si:H cell and a middle a-SiGe:H cell.  The first row of the table contains data for cells made using our standard conditions. Use of low and moderate fluorine-based gas flows led to little change in the cell performance.  At high flows, the i-layers became partially microcrystalline leading to lower FF and Voc.  The lower Voc is related to a lower bandgap for the microcrystalline material.  Thus, we found no benefit to using the fluorine-based gas.  

One encouraging result for the a-SiGe:H cells was found when a different hydrogen dilution scheme was used during i-layer growth.  Data for a cell made using this scheme is shown in the last row of Table 10.  Using this scheme, high Jsc values were obtained for the cells made at the high deposition rates without a large drop in the cell efficiency.  Only a decrease from 3.19 to 3.14 mW/cm2 was observed due to decreases in Voc and FF.  Prior to these experiments, we were not able to obtain such current levels without larger decreases in Voc and FF.  

Table 10. 

Properties for a-SiGe:H cells prepared using 10 Å/s i-layer deposition rates and the VHF technique.

	Fluorine-based Gas Flow
(relative)
	H2 recipe

(relative)
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Pmax
(mW/cm2)

	Very Low
	Old
	0.627
	8.46
	0.601
	3.19

	Low
	Old
	0.640
	8.51
	0.587
	3.19

	Medium
	Old
	0.643
	8.69
	0.580
	3.24

	High
	Old
	0.605
	8.74
	0.515
	2.73

	Very Low
	New
	0.607
	9.33
	0.554
	3.14


During the program period, we also developed new cathode hardware that allows for improved deposition uniformity for a-SiGe:H i-layers over large area cathodes under a variety of deposition conditions in our PVMaT program.  Use of this hardware allows for precise optimization of the deposition parameters without the worry of obtaining non-uniform deposits that can lead to significant decreases in the module performance.  In optimizing the performance of small and large area devices, it was determined that higher currents could be obtained for a-SiGe:H devices made using the new hardware than those for cells made using hardware which mimics the one presently used in our R&D reactor.  With this information and the fact that we have completed a large optimization study with the present hardware, it was decided that a version of this new cathode hardware should be installed into the R&D system to see if this change would lead to an improvement in the VHF, high rate cell performance.  This new hardware was installed in the chamber of our R&D system used for intrinsic layer depositions and a number of devices have been made using this hardware.

In Table 11, data for a-SiGe:H bottom cells made using this new hardware is compared with those made under the best conditions with the previous hardware. The data was obtained using 630 nm filtered light in order to simulate absorption due to a top a-Si:H cell and a middle a-SiGe:H cell.  Comparing cells with similar Jsc values, a significant improvement in the cell efficiencies for the devices made with i-layer deposition rates near 10 Å/s was observed with the installation of the new hardware with the red light Pmax increasing from 3.2 to 3.4 mW/cm2.  The new cathode allows for the achievement of higher currents with thinner i-layers leading to an improvement in the FF.  However, the performance still does not match that obtained for the a-SiGe:H cells made at the standard 1 Å/s.  

Table 11. 

Properties for a-SiGe:H cells made with the different cathode hardwares.
	Freq.

(MHz)
	Dep. Rate

(Å/s)
	Cathode Hardware
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Pmax
(mW/cm2)

	70
	10
	Old
	0.631
	8.31
	0.606
	3.18

	70
	10
	Old
	0.627
	8.46
	0.601
	3.19

	70
	10
	New
	0.640
	8.56
	0.621
	3.40

	70
	10.3
	New
	0.642
	8.55
	0.626
	3.43

	70
	9.8
	New
	0.633
	8.56
	0.625
	3.39

	70
	10.2
	New
	0.640
	8.29
	0.641
	3.40

	70
	9.7
	New
	0.631
	8.98
	0.591
	3.35

	13.56
	0.9
	Old
	0.628
	9.09
	0.615
	3.52

	13.56
	0.9
	Old
	0.611
	9.21
	0.611
	3.50


Several of these high rate bottom cells made using the new cathode hardware have been light soaked for over 600 hrs. and then subsequently measured.  The results of these measurements are shown in Table 12.  Again this data was obtained using 630 nm filtered AM1.5 light.  With the new cathode geometry, stabilized red light powers of 2.8-2.9 mW/cm2 were obtained compared with 2.6 mW/cm2 values obtained with the previously used hardware.  We believe these improvements are specifically related to a change in the plasma chemistry due to the different cathode hardwares. 

In terms of the top cell performance, the cathode hardware change had little effect on the a-Si:H single-junction cell efficiency.  

Table 12.

Properties for a-SiGe:H cells made with the different cathode hardwares 

after over 600 hrs. of light soaking.
	Freq.

(MHz)
	Dep. Rate

(Å/s)
	Cathode Hardware
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Pmax
(mW/cm2)

	70
	10
	Old
	0.624
	8.20
	0.510
	2.61

	70
	10.2
	Old
	0.612
	8.47
	0.492
	2.53

	70
	9.8
	Old
	0.621
	8.21
	0.516
	2.63

	70
	10.5
	New
	0.615
	8.68
	0.538
	2.87

	70
	9.8
	New
	0.619
	8.38
	0.551
	2.86

	70
	9.6
	New
	0.595
	9.04
	0.513
	2.76


Increased Buffer Layer Deposition Rates

While the focus of our studies was been on increasing the deposition rates of the i-layers, some significant decreases in the total triple-junction cell processing time can be achieved by increasing the deposition rates of the other layers.  In order to fully understand the benefit of the high rate growths for each layer, the times required to fabricate triple-junction cells with our R&D system using different layer growth rates are compared in Table 13.  Each time is the sum of times required to complete each layer deposition and do not include other processing times (baking times, cooling times, chamber pump down time, etc.). By increasing the i-layer deposition rates to 10 Å/s, we are able to decrease the total deposition time by nearly 70%, a significant improvement.  The payoff from increasing the rates of the other layers is not nearly as great, but of course beneficial.  For the data in the table, we have taken a conservative approach of increasing the deposition rates for the buffer and doped layers to a high rate of 6 Å/s.  Since we have no experience in depositing these layers at rate above 5 Å/s, we thought this conservative approach was appropriate.  Increasing the buffer layer deposition rate to 6 Å/s leads to nearly a 15 min decrease in the total deposition time while the increase in the n-layer and p-layer deposition rates both decrease the total time by 5 and 5.8 min, respectively.  Thus besides the i-layer growth rates, increasing the buffer layer growth rate has the strongest effect on the deposition time of the triple-junction semiconductor structures. 

Because of this potential benefit with increased buffer layer growth, we have studied the use of VHF to increase not only the i-layer growth rate but also the buffer layer deposition rate.  In Table 14, a summary of the results obtained in this study is given. Listed in the table are data from IV measurements made using unfiltered AM1.5 light.  B1 and B2 in the table refer to the first buffer layer between n- and i-layers and the second buffer layer between the i- and p-layers, respectively.  All of the i-layers were prepared by the VHF technique using deposition rates near 10 Å/s.  

Table 13.  

Deposition times for triple-junction cell fabrication using different layer deposition rates. 
	i-layer deposition rates (Å/s)
	buffer layer deposition rates (Å/s)
	n-layer deposition rates (Å/s)
	p-layer deposition rates (Å/s)
	Total deposition time (min.)

	1
	1
	1
	1
	123.5

	10
	1
	1
	1
	38.5

	10
	6
	1
	1
	23.9

	10
	6
	6
	1
	18.9

	10
	6
	6
	6
	13.1


In the first row of the table, data is listed for a-SiGe:H cells made with buffer layers prepared using the 13.56 MHz and deposition rates near 1 Å/s.  Using the 70MHz frequency and a rate of 3 Å/s to prepare B1, the cell performance surprisingly exceeds that for the standard cell made using the 1 Å/s rate to prepare both buffer layers. Increasing the deposition rate to 6 Å/s leads to a drop in performance of the bottom cells, however the Pmax values are close to those for the standard cells made using the 13.56 MHz frequency and rates near 1 Å/s.  Increasing the B1 deposition rate to 10 Å/s leads to a further drop in performance.  Thus for cells whose B2 layers are made using the 13.56 MHz signal and a 1 Å/s rate, the data suggests that the 70 MHz plasmas can be used to prepare the B1 layer at higher rates as long as the rates are kept at or below 6 Å/s. 

With the B1 layer made using the standard 13.56, 1 Å/s process, the rate of the B2 layer can also be increased to 6 Å/s without a major change in the Pmax value as compared with the standard.  However, when both buffer layers are made using the 70 MHz, 6 Å/s conditions, the cell performance is slightly lower and the fall off in Pmax but a large difference is noted when the rate is increased to 10 Å/s for both layers.  In comparison, when B1 and B2 are deposited using the 13.56 MHz, 3 Å/s process, the Pmax is much lower than when the 70 MHz, 6 Å/s buffer layers are on both sides of the i-layer.  

Table 14. 

Bottom cell properties as a function of buffer layer deposition rates.

Measurements made using AM1.5 white light.
	B1

Freq (MHz)/

Dep Rate (Å/s)
	B2

Freq (MHz)/

Dep Rate(Å/s)
	Voc
(V)


	Jsc
(mA/cm2)


	FF


	Rs
(ohmcm2)


	Pmax
(mW/cm2)



	13.56/1
	13.56/1
	0.682
	20.81
	0.540
	7.7
	7.66

	70/3
	13.56/1
	0.686
	21.98
	0.555
	6.9
	8.36

	70/6
	13.56/1
	0.675
	21.36
	0.536
	7.6
	7.73

	70/10
	13.56/1
	0.675
	21.16
	0.526
	8.0
	7.51

	13.56/1
	70/6
	0.669
	21.11
	0.535
	7.4
	7.55

	13.56/1
	70/10
	0.663
	21.14
	0.505
	8.6
	7.07

	70/6
	70/2
	0.656
	21.48
	0.531
	6.9
	7.50

	70/6
	70/6
	0.659
	21.14
	0.528
	7.4
	7.36

	70/10
	70/10
	0.641
	21.00
	0.482
	9.1
	6.50

	13.56/3
	13.56/3
	0.655
	20.15
	0.514
	7.9
	6.78


In Table 15, data for triple-junction cells made using different buffer layer deposition rates to make both the bottom and middle cells.  The 1 Å/s buffer layers were made using the standard 13.56 MHz frequency while the higher rate buffer layers were made using the 70MHz method.  Increasing the buffer layer rate to 3 Å/s has little effect on the device performance while a further increase to 6 Å/s leads to nearly a 5% decrease in the stabilized efficiency.  Thus, use of the VHF technique to prepare buffer layers allows for the use of a 3 Å/s rate and maintain the performance obtained using the 1 Å/s rate and the 13.56 MHz frequency.

Table 15. 

Data after light soaking for a-Si:H/a-SiGe:H/a-SiGe:H triple-junction cells 

whose i-layers were made by the VHF method at rates near 10 Å/s.

Measurements made using AM1.5 white light.  Active area efficiencies quoted. 

	Buffer layer deposition rate

(Å/s)
	Plasma Frequency

(MHz)
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Rs
(ohmcm2)
	Pmax
(mW/cm2)
	Percentage of Degradation

(%)

	1
	13.56
	2.269
	6.69
	0.652
	37.5
	9.88
	12.3

	3
	70
	2.240
	6.69
	0.649
	38.5
	9.72
	12.3

	6
	70
	2.236
	6.62
	0.636
	40.4
	9.41
	9.9


Triple-Junction Cells 
In terms of optimization of the triple-junction structure, optimization was done through refinement of the tunnel-junctions and the current matching of the component cells.  

Optimization of the Tunnel-Junctions

During this reporting period, a number of deposition conditions used to prepare the p1/n2 tunnel-junction for our high rate triple-junction cells were optimized to improve the cell efficiencies.  To focus on the p1/n2 tunnel-junction, the conditions were optimized using a Middle/Bottom cell tandem structure.   Of the parameters varied, the temperature used to make the n2 layer had the most effect on the tandem cell performance as is shown in Table 16.  Because of the rather high temperatures used to make the middle cell to obtain the required current, a relatively high temperature was used as a standard to make the n2 layer prior to this optimization study.  By decreasing the temperature to moderate values, a significant increase in the tandem cell current (Jsc) was obtained due to an increase in the bottom cell current as well as a slight improvement of the fill factor (FF) that led to a large improvement of the maximum power.  This improvement is a result of the following factors or a combination of these factors: 1) a more transparent n2 layer, 2) a more conductive n2 layer, and/or 3) a higher quality i1 layer due to a smaller amount of post deposition high temperature treatment during n2 fabrication.  Use of even lower temperatures does lead to further increases in the bottom cell current, however no increase in the maximum power due to lower FF and open circuit voltages (Voc).  Alteration of the doping level at the low temperatures does not lead to any improvements.  

In contrast, variation of the p1 temperature from the standard value does not lead to any improvements as can be seen from the data listed in Table 17.  Increasing the doping level of the p1 layer helps in obtaining higher bottom cell currents as can be seen from the data in Table 18.  However lower Voc and FF are obtained with the higher doping leading to relatively no change in Pmax with different doping levels.  Thus, if higher bottom cell currents are required for proper current matching in the triple-junction cell structure, we might increase the doping level to see if the benefit of increased bottom cell current outweighs the poorer FF.

Table 16. 

Middle/Bottom tandem cell properties as a function of N2 substrate temperature.

Measurements made using AM1.5 white light.
	N2 Temperature 
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Rs
(ohmcm2)
	Pmax
(mW/cm2)
	Qtotal
(mA/cm2)

	High (Standard)
	1.38
	5.89
	0.580
	29.2
	4.73
	17.25

	Medium
	1.40
	6.99
	0.595
	25.2
	5.84
	18.27

	Low
	1.36
	7.08
	0.580
	29.5
	5.59
	20.60

	Lowest
	1.32
	7.65
	0.562
	25.5
	5.70
	20.73


Table 17.

 Middle/Bottom tandem cell properties as a function of P1 substrate temperature.

Measurements made using AM1.5 white light.
	P1 Temperature 
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Rs
(ohmcm2)
	Pmax
(mW/cm2)
	Qtotal
(mA/cm2)

	High 
	1.35
	7.03
	0.591
	24.7
	5.63
	21.18

	Medium

(Standard)
	1.35
	6.91
	0.597
	27.0
	5.59
	20.66

	Low
	1.34
	7.05
	0.588
	27.9
	5.56
	20.83


Table 18. 

Middle/Bottom tandem cell properties as a function of P1 doping level.

Measurements made using AM1.5 white light.
	P1 

Doping Level 
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Rs
(ohmcm2)
	Pmax
(mW/cm2)
	Qtotal
(mA/cm2)

	High 
	1.32
	7.65
	0.562
	25.5
	5.70
	20.73

	Medium

(Standard)
	1.35
	7.03
	0.591
	24.7
	5.63
	21.18


Optimization of Current Matching

Initial triple-junction cells made using the conditions determined through optimization of the a-Si:H and a-SiGe:H had stabilized, total area cell efficiencies of 8.5-8.7%.  Deposition conditions were then re-optimized using the triple-junction structure.  In addition to the improvement of the tunnel junctions, it was also discovered that by lowering our i2 processing temperature, the open circuit voltage of the triple-junction cells could be improved without a significant loss in current or fill factor.  With the use of these new deposition conditions, triple-junction cells were fabricated with initial total area cell efficiencies of 10.3-10.4% (active area efficiencies above 11%) as is shown in Table 19 with an IV plot shown in Figure 4.  Figure 5 displays a representative quantum efficiency spectrum.  In the table, data for a typical cell made using the standard higher temperature recipe is compared with a typical cell made using the new lower temperature deposition conditions demonstrating the improved cell performance.  The lowering of the i2 temperature resulted in an improved Voc due to the following reasons.  First, the lower i2 temperature leads to higher hydrogen contents and band gaps for the i2 layer and thus a higher Voc for the middle cell.  Second, the p-layer, deposited at relatively lower temperature than n2 and i2, may degrade during the deposition of these subsequent layers.  This could be partially related to the out-diffusion of hydrogen in the p-layer.  The degradation of p1 during the deposition of n2 and i2 becomes noticeable when n2 and i2 are deposited at much higher temperature then p1.  By lowering the deposition temperature of i2 as well as n2, we recovered the possible loss in Voc due to the p1 degradation, resulting in an increase in the device Voc.  
Table 19.

Pre-light soaked data for a-Si:H/a-SiGe:H/a-SiGe:H triple-junction cells whose i-layers were made 

by the VHF method at rates near 10 Å/s with old and improved deposition conditions.

Measurements made using AM1.5 white light.
	Conditions 
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Rs
(ohmcm2)
	Pmax
(mW/cm2)

	Old Standard
	2.27
	6.65
	0.663
	33.4
	9.98

	New Improved
	2.35
	6.42
	0.687
	33.1
	10.38
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Figure 4. IV curves for triple-junction cells whose i-layers were prepared at 

deposition rates near 10 Å/s using the VHF method.
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Figure 5. Quantum efficiency plot for triple-junction cell made using VHF technique.
Several of these cells with initial efficiencies of 10.3-10.4% were light soaked for 700 hrs. under AM1.5, 50°C conditions in order to achieve stabilized cell efficiencies.  The data for one such cell is shown in Table 20.  On average, the cells degraded by 12-13 % with an average final active area efficiency of 9.6% and a total area efficiency of 9.0%.  The 9% efficiency was confirmed by measurements completed at NREL.  

Table 20.

Data before and after light soaking for a-Si:H/a-SiGe:H/a-SiGe:H triple-junction cells 

whose i-layers were made by the VHF method at rates near 10 Å/s.

Measurements made using AM1.5 white light.  Total area efficiencies quoted. 

	Light Soaking

Time (hrs.)
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Rs
(ohmcm2)
	Pmax
(mW/cm2)
	Percentage of Degradation

(%)

	0
	2.35
	6.09
	0.723
	28.4
	10.34
	-

	700
	2.25
	6.08
	0.661
	36.4
	9.04
	12.6


The low amount of degradation is similar to what is found for high efficiency triple-junction cells made using the standard 13.56 MHz technique, however the stable efficiency is lower.  

Later in the program, the new recipe hydrogen dilution scheme for the middle and bottom cells was used for the triple-junction cell.  In Table 21, properties for cells made using the old and new dilution recipes are compared.  As one can see from the data in the table, the stable cell efficiencies are higher with the new recipe with stable active area cell efficiencies of 9.8-9.9 mW/cm2 and corresponding total area efficiencies of 9.3-9.4 mW/cm2.  The higher efficiencies are related to an increase in the stability of the cells with the average degradation being 10.5% while with the old recipe the average degradation was near 12.5%.  The improved stability is not surprising since the stability of both the bottom and middle cells should be improved with the increased hydrogen dilution.  With the new recipe, the currents for the top cells can be increased and a better FF maintained or with small changes in the bottom and middle cell conditions, the open circuit voltages can be increased without a significant change in the stable FF or Jsc. 

Table 21.

IV Data after 700 hrs. of light soaking for a-Si:H/a-SiGe:H/a-SiGe:H triple-junction 

cells whose i-layers were made by the VHF method at rates near 10 Å/s.

Measurements made using AM1.5 white light.  Total area efficiencies quoted. 

	Deposition Conditions 
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Pmax
(mW/cm2)
	Percent. of Degrad.

(%)

	Old Recipe
	2.25
	6.08
	0.661
	9.04
	12.6

	New Recipe
	2.31
	6.17
	0.658
	9.37
	9.9

	New Recipe
	2.27
	6.58
	0.620
	9.25
	11.3


Towards the end of the program, the new cathode hardware for i-layer depositions had been developed that allows for improved performance for a-SiGe:H bottom and middle cells made using i-layer deposition rates near 10 Å/s.   A number of triple-junction cells were fabricated with some optimization of deposition conditions completed.  In particular, as was typically done for the triple-junction structures, the thicknesses of the i-layers were adjusted to obtain the correct component cell current matching and variations to the substrate temperature, the chamber pressure and the gas flows were made.  The data in Table 22 compares the performance of cells made using the new hardware with those obtained using the old hardware.  Surprisingly, the performance did not improve with the use of the new cathode hardware.  While more complete optimization of the deposition conditions might lead to better cell performance, it is puzzling that the initial performance is not better considering the observed improvement in the middle and bottom cell efficiencies with the new hardware, which was reported earlier in this manuscript.  

Table 22.

Light soaked  (700 hrs.) data for a-Si:H/a-SiGe:H/a-SiGe:H triple-junction cells whose i-layers 

were made by the VHF method at rates near 10 Å/s.  Total area efficiencies quoted.
	Conditions 
	Voc
(V)
	Jsc
(mA/cm2)
	FF
	Rs
(ohmcm2)
	Pmax
(mW/cm2)

	Old Cathode Hardware
	2.31
	6.17
	0.658
	36.4
	9.37

	Old Cathode Hardware
	2.27
	6.58
	0.620
	38.7
	9.25

	New Cathode Hardware
	2.31
	5.85
	0.693
	36.8
	9.36

	New Cathode Hardware
	2.32
	5.92
	0.681
	40.9
	9.38


Materials Studies

Beyond the solar cell optimization, some material studies were completed to qualify the film microstructure as well as studies of the deposition uniformity as a function of deposition conditions.  The results from these studies are discussed in the next sections.

Small-Angle X-ray Scattering Studies of RF and VHF Films

As mentioned earlier, the advantage of using very high frequencies (70-100 MHz) to prepare i-layers for a-Si:H solar cells at deposition rates between 5 and 10 Å/s has been reported by several research groups (Chatham et al. 1989, Shah  et al. 1992, Jones et. al. 1998, Yang et. al. 1998), including work completed earlier in this program.  As the deposition rate for the a-Si:H i-layer growth is increased from 1 to 10 Å/s, virtually no change is observed in the solar cell properties, such as the fill factor (FF), the open circuit voltage (Voc) and the short circuit current (Jsc).  Only a 5% drop in Jsc is noted for a-Si:H cell with the same thickness prepared with current-enhancing Ag/ZnO backreflectors.  In contrast, extensive attempts to increase the i-layer deposition rates using the standard 13.56 MHz PECVD process has led to cells with poor fill factors and cell efficiencies.  This poorer performance is usually attributed to enhanced powder and polyhydride formation in the plasma that leads to i-layers with defect ridden, heterogeneous microstructures.  However, there has not been a correlation between the microstructural changes in the i-layer films and the device performance as the deposition rate is varied.  

In collaboration with the Colorado School of Mines and NREL, a study of the microstructure of a-Si:H films prepared by the 13.56 and 70 MHz frequencies at different deposition rates has been completed in order to identify the microstructural changes of importance.  In particular at the two different frequencies, the plan was to see how the microvoid density, size and shape vary with increasing deposition rate and to correlate any structural changes with changes in the cell performance. Small-angle x-ray scattering (SAXS) was used as the primary technique to characterize the film microstructure.  On a smaller scale, infrared absorption spectroscopy (IR), optical absorption spectroscopy and scanning electron microscopy (SEM) techniques were also used.

Twenty films were deposited on Al substrates for SAXS measurements with the conditions used to deposit each film listed in Table 23.  Rather than varying just one deposition parameter to increase the rate, a large range of parameters were altered to see if a general trend with deposition rate would be observed.  

Table 23. 

Films made for Small-Angle X-ray Scattering measurements.
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The following observations have been made from the SAXS results:

1) For both films made using the RF (13.56 MHz) and VHF (70MHz) methods, the volume fraction of small voids (diameters less than 100Å) increases with increasing deposition rate (see Figure 6).  At the higher deposition rates (6-10 Å/s), the samples made using the RF method typically have a larger percentage of these voids.  
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Figure 6. SAXS signal (nanovoids) versus rate.

2) The Porod slopes for the films made using the 13.56 MHz and deposition rates above the standard 1 Å/s are much higher than those for the 70MHz produced films that remain low independent of deposition rate in the range scanned (see Figure 7).  The Porod slope is related to scattering from larger voids (diameters >200 Å) and/or from a significant amount of surface roughness.  Thus, the RF films made at the higher rates have larger fractions of large voids and/or rougher surfaces.  
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Figure 7. Porod slope versus deposition rate.

Atomic force microscope (AFM) analysis of films deposited at a 10 Å/s rate demonstrate that the film surfaces are rougher when using the RF technique instead of the VHF method (see Figure 8).  However, more analysis of this data is needed in order to prove that the larger Porod slopes are entirely due to enhanced surface roughness.  
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Figure 8. Atomic Force Micrographs of a-Si:H films prepared at 10 Å/s using 70 and 13.56 MHz plasma frequencies.
3) For both the RF and VHF films, the diffuse scattering related to Si-H bonding increases almost linearly with increasing deposition rate with no significant differences in the diffuse scattering values for the RF and VHF produced films prepared at the same rate.  

4) By measuring the SAXS at different tilt angles, one can determine if the scattering centers which cause the SAXS are highly oriented relative to the film surface as they are for films which have columnar-like microstructures (Williamson 1995).  For all of the films measured in this study, relatively small changes in the SAXS were noted as the samples were measured at different tilt angles. The lack of substantial tilt dependence suggests that all of the films have little in the way of a columnar-like microstructure and that the scattering features detected by SAXS is spherical in nature and/or randomly oriented.  The lack of columnar-like structures in the films was confirmed by SEM analysis of the cross-sections of 1 (m-thick films prepared by both techniques at 8-12 Å/s rates (see Figure 9).

In Table 24, the SAXS data is compared with data from IR, SIMS and optical absorption measurements of films made at similar deposition conditions.  As the amount of SAXS detected nanovoids (Qn) increases with increasing deposition rate for films made using the VHF technique, the hydrogen content determined by IR measurements increases as does the microstructure factor (2070 cm-1)/(1970 cm-1+ 2070 cm-1) determined by the integrated areas under the 1970 cm-1 and 2070 cm-1 IR peaks.  With the increase in hydrogen content, the bandgap also increases.  In contrast to these systematic trends for the films produced by the VHF technique, no correlation between the SAXS data and the hydrogen content or the microstructure factor could be made for the samples prepared using the RF method.  Besides the trends for the SAXS data, the only systematic observation in the material properties for the films made using the RF technique was an increase in bandgap energy as the deposition rate increased beyond the 5-6 Å/s range.
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 Figure 9.  SEM photograph of the cross 

 section of a RF film made at a 9 Å/s rate.

       

For comparison of the film properties with device performance, Table 25 lists properties for a-Si:H nip cells whose i-layers were made using conditions identical to those used to prepared certain SAXS samples. All of the cells were made without current-enhancing backreflectors and have i-layer thickness of 1500±150 Å.  While several measurements suggest that there are structural differences (nanovoids, microstructure factors, and hydrogen contents) for the films made by the VHF technique using the low (1-3 Å/s) and high (8-10 Å/s) rates, little variations are observed for the cell properties.  The FF and the amount of cell degradation with light soaking were found to remain constant in this range of deposition rate while only a drop in the Jsc value from 9.5 to 8.9 mA/cm2 lead to a drop in the cell efficiency.  An alternative set of deposition conditions led to the achievement of the 9.6 mA/cm2 value and a high efficiency without a large change in the Qn value or the bandgap energy (see the data in Table 24 for the for the films made at rates of 10 and 10.9 Å/s).  In contrast, lower FF values and large amounts of degradation with light soaking are found for the films prepared using the RF method and deposition rates of 5 Å/s or higher.  Also, the Jsc values are lower at the highest rates, likely due to the same reason that under certain deposition conditions the VHF films prepared at the 10 Å/s also have low currents.  

From careful measurements of the high wavelength region of the quantum efficiency spectra, one is able to calculate Urbach energies (E0) for the i-layer materials using the single-junction cells.  In contrast to the Jsc, FF and Pmax, values listed in the table, the E0 values were obtained after light soaking of the cells.  As can be seen from the data listed in the table, no systematic change in E0 was observed with increasing deposition rate demonstrating that the changes in cell properties are not related to variations in the valence band tail.

Table 25. Properties for a-Si:H cells made using RF and VHF methods. 

	Freq 

(MHz)
	Deposition

Rate (Å/s)
	Jsc
(mA/cm2)
	FF
	Pmax
(mW/cm2)
	% of Degradation with Light Soaking
	Urbach Energy

Eo (meV)

	70
	2.1
	9.38
	0.728
	6.46
	-
	-

	70
	6.1
	9.51
	0.726
	6.45
	13.4
	47

	70
	10
	8.87
	0.732
	6.25
	15.4
	50

	70
	10.9
	9.63
	0.733
	6.63
	12.1
	44

	13.56
	0.9
	9.52
	0.732
	6.47
	12.5
	48

	13.56
	5
	9.57
	0.690
	5.98
	20.2
	46

	13.56
	5
	9.52
	0.674
	5.88
	23.5
	47

	13.56
	8.1
	8.95
	0.671
	5.43
	23.8
	59

	13.56
	8.6
	8.27
	0.684
	5.31
	18.8
	49

	13.56
	9.2
	8.68
	0.680
	5.47
	19.7
	48


In terms of the effect of the structural properties on the device performance, it is surprising that some of the structural changes noted by the film measurements do not seem to affect the solar cell performance.  For the materials made using the VHF technique, all of the structural measurements suggest that as the deposition rate increases, a larger number of randomly oriented nanovoids appear in the films. It seems likely that the surfaces of the nanovoids are coated with hydrogen, leading to the observed increase in the 2070 cm-1 mode in the IR spectra as the deposition rate increases.  Also, it is clear that this increase in void fraction in the films does not correlate with a change in device performance.  It is possible that the change in void fraction is just too small (only about 0.1 vol.%) to have a bearing on the i-layer transport properties.   Also because the IR results suggest that the void surfaces are likely hydrogen coated, the appearance of the additional voids with increasing deposition rate may not lead to an increase in defect density in the i-layers, which may ultimately prove as the determining factor of the cell properties.  Measurements of the defect densities for these materials are presently being made.

For the films made using the RF method, no change in the nanovoid fraction is observed when the deposition rate is changed from 1 to 5 Å/s while in this same range of deposition rate a large change in the cell properties is noted (Table 25).  Since the SAXS films and the i-layers for the cells were made using nominally the same deposition parameters, this would suggest that, at least for these studies, the nanovoid fraction (well below 0.1 vol.% up to 5 Å/s) does not play a significant role in the determination of the cell properties.  However, the larger scale structure (>200 Å) could affect the device performance.  While there is not a one-to-one correlation with the Porod slope and the device efficiency, all of the i-layers for cells with FF below 0.7 were prepared under conditions that lead to high Porod slopes (>10 eu/nm3, Figure 7).  Only the cells prepared using the VHF technique and the cell made using the RF method and a rate near 1 Å/s have FF near 0.73 and each of these conditions lead to low Porod slopes.  As mentioned previously, these large scatterers could be related to non-uniform hydrogen distributions and/or to surface roughness.  While they do not conclusively prove the nature of the larger scatterers, preliminary AFM measurements do suggest that the surfaces for the RF films made at high rates are rougher.  Further measurements are planned to confirm the origin of the large-scale scattering.

Beyond the measurements completed in this study, the defect densities for the i-layer material could primarily dictate the cell properties. A continuation of these studies will include measurements of the defect densities and comparisons of the results with cell properties in order to determine what causes the differences in the cell properties for the films prepared using the 13.56 and 70 MHz frequencies.

a-Si:H VHF near the amorphous/microcrystalline transition

With a great deal of discussion of amorphous films and i-layers made at low deposition rates (1 Å/s) near the amorphous-microcrystalline transition point (protocrystalline materials), we have studied a variety of a-Si:H cells whose i-layers were made near the amorphous-microcrystalline transition region but at high deposition rates using the VHF technique.  Data for such cells is shown in Figures 10-13.  The cells made for this study all were made without Ag/ZnO back reflectors and have similar i-layer thicknesses.  In Figure 10, the Voc values are listed in a plot of hydrogen versus applied rf power conditions.  Two lines in the figure separate data for cells with Voc values greater than 0.920 V from those with Voc less than 0.920 V.  The steep drop in Voc moving away from the lines towards more dilution and higher power conditions has been attributed to the presence of a greater fraction of microcrystals in the i-layers.   Above the lines, there is little difference in the Voc values and the i-layers have been considered to be for the most part amorphous.  X-ray diffraction or Raman measurements have not been completed to confirm that the lines in the figure truly identify the amorphous/microcrystalline transition.  However, the data is consistent with the well known fact that increased hydrogen dilution and power levels lead to microcrystalline materials.  With the data in Figure 10, one can determine conditions where edge protocrystalline material can be made.
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Figure 10. Voc values as a function of dilution and applied power.

Figure 11 displays efficiencies for these cells after 700 hrs. of light soaking under one sun, 50oC conditions.  Following the amorphous side of the lines towards higher powers and less dilution, the cell efficiencies degrade likely due to the increase in deposition rate, as is also shown in the figure.  Thus remaining close to the amorphous/microcrystalline transition does not always lead to high efficiencies.  However, remaining at one power level (see for example the data for a power level of 3), the best amorphous cells are made near the amorphous/microcrystalline transition.  This again may be related to the fact that the deposition rates are lower near the transition region.  One should also note that materials with microcrystals were obtained at rather high rates (14-17 Å/s) using the VHF technique.  No optimization of this material was done in this program.
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Figure 11. Stabilized Pmax and i-layer deposition rate values as a function 

of dilution and applied power.
Figure 12 displays the percentage of degradation in the efficiency for each of the cells.  For the cells with amorphous i-layers, not surprisingly the degradation is lowest for cells made under high dilution, low power conditions where the deposition rates are near 10 Å/s or lower.  At higher deposition rates, the percentage of degradation is fairly constant but the stable efficiencies are lower as the deposition rate increases.  Some of the lowest percentages of degradation were obtained for the cells with microcrystals, but of course these cells had lower stable efficiencies.

Two interesting trends in Voc were also observed and displayed in Figure 13.   In the figure, the change in Voc with light soaking is shown.  For all of the amorphous silicon cells, the Voc degraded with the larger amounts of degradation noted for the cells made at the higher i-layer deposition rates. For the cells containing some amount of microcrystals, the Voc actually increased with light soaking even though the overall efficiency decreased.  This phenomenon is presently not understood nor has it been determined whether the effect is related to the bulk or a doped/intrinsic layer interface.  
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Figure 12. Percentage of degradation of Pmax with 700 hrs. of light soaking

 as a function of dilution and applied power.
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Figure 13. Change in Voc values after light soaking.

Small –Angle X-ray Scattering Measurements of a-Si:H/a-SiGe:H multi-layered structures
The work completed at the Colorado School of Mines has shown that with the addition of Ge to the a-Si:H lattice, a strong signal in the Small-Angle X-ray Scattering (SAXS) data appears which is associated with the presence of highly oriented, elongated voids which are likely related to a “columnar like” microstructure (Jones et al. 1993).  To obtain this information, films that are at least 1 micron thick are required to obtain sufficient SAXS signals for accurate data.  As we know, these thicknesses are at least 5 times greater than those typically used for i-layers in high efficiency cell structures.  Because of thickness dependent effects such as the degree of coarsening of the film microstructure, there has always been a question as to whether the microstructure described by the SAXS data for the thick films truly reflects the microstructure of 1000-2000 Å thick films used in the devices.  

In order to address this issue, we have completed an experiment with Don Williamson at the School of Mines involving the use of a-Si:H/a-SiGe:H multi-layered structures.    Specifically, we fabricated three thin film structures depicted in Figure 14 for SAXS measurements.  In each of the structures, the a-Si:H films were made under similar conditions which lead to high quality i-layer fabrication: deposition rates near 1 Å/s, low powers, moderate substrate temperatures, significant hydrogen dilution, 13.56 MHz frequency.  The a-SiGe:H layers were made under similar conditions except for the substitution of some of the SiH4 source gas with GeH4.  These conditions led to Ge contents near 35 at. %.  In using these conditions, we expected the a-Si:H materials to have few voids and none of the highly oriented voids while the a-SiGe:H films should have a significant amount of the elongated voids.  For the multi-layered film shown in Figure 17C, because the a-Si:H layers are homogenous and should have a less course, smoother structure, insertion of the 500 Å thick a-Si:H layers between the 2000 Å a-SiGe:H layers should inhibit any large scale coarsening affect for the a-SiGe:H material that is usually observed for the thicker films and thus the bulk of the SAXS from this sample should represent the scattering and microstructure of 2000 Å thick a-SiGe:H layers.  

Figure 15 displays the SAXS from the three samples shown above.  As expected, the SAXS from the a-Si:H films is small relative to the large scattering from the a-SiGe:H sample.  The scattering from the
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Figure 14. Samples structures analyzed using small angle x-ray scattering.

multi-layered sample depicted in Figure 17C is very similar to the scattering for the a-SiGe:H single-layer.  The extra scattering for the multi-layered film at the low q values is probably associated with the thin 500 Å thick a-Si:H layers (see the scattering for the a-Si:H single-layer film in this region of q in Figure 18).  The similarity of the SAXS for the a-SiGe:H single-layered film and the multi-layered film suggests that the SAXS data obtained from the measurements of the micron thick films does represent the microstructure of 1000-2000 Å thick films that are used in the solar cells.  Other information concerning the SAXS measurements will be reported by Don Williamson.

[image: image14.png]10 [ T T LU B M A | T Y T T
[ ECD a-Si/a-SiGe materials
e L3165 (a—Si:H)
© L3166 (a-SiGe:H)
A L3167 (multilayer)
3
N
- 10
N
1))
N’
>
=
2 2
-
1)) 10 C
ot -
kS
"
>
<€
n 1
10
2 2 2 P T A B |
101 10°




Figure 15. Small angle x-ray scattering results for a-Si:H, a-SiGe:H and multi-layered structures.

Deposition uniformity across 4” x 4” substrate platform

Our early attempts to improve the efficiencies through systematic variations in the deposition parameters led to difficulties in correctly current matching the cells due to non-uniform deposits.  Figures 16 displays the severity of this uniformity problem.  In the figure, the i-layer deposition rate across the substrate platform area is plotted for two single-junction component cells, the top a-Si:H and the bottom a-SiGe:H cells.  The i-layer thicknesses were determined using standard capacitance techniques.  In both cases, thicker i-layers are observed near the gas inlet side of the substrate platform and the thinnest layers near the pump port side.   A smaller decrease in thickness is seen from the center to the other sides of the platform.  Later experiments have shown that these variations in thickness are not entirely due to gas depletion effects.
These variations in deposition rate obviously lead to variations in the Jsc and FF, which depend strongly on the i-layer thickness, and thus variations in the cell efficiencies.  Figure 17 displays a typical variation in Jsc values for an a-SiGe:H cell with the currents obtained using AM1.5 light filtered with a 630 nm low pass filter.  These large changes in current lead to similar variations in the Jsc for the triple-junction cells (See Figure 17) and the production of low efficiency triple-junction cells across a large region of the substrate platform due to improper component cell current matching.

Figure 18 displays the trends in Voc across the platform for the top and bottom cells.  The figure shows that while Voc is relatively uniform for the top a-Si:H cell, the Voc varies significantly for the a-SiGe:H cells due to variations in the Ge content in the i-layers.  This variation in Voc is also seen for the triple-junction structures. 

Using the same deposition system that was used to obtain the profiles shown in Figures 16-18, one can obtain uniform deposits (within (5%) using either the 13.56 MHz or the 70 MHz frequency by lowering the deposition rate to 1-3 Å/s.  Thus, the poor uniformity is almost exclusively dictated by the high deposition rates, not the very high frequencies.  To further increase the efficiencies of the triple-junction devices, we felt it was necessary to determine a region of deposition parameter space in which fairly uniform deposits could be obtained when high rates were used.  Thus during this reporting period, we studied the effect that a number of deposition parameters had on this deposition uniformity profile.  This study will prove useful to determine the conditions, if any, at which uniform deposits and high rates might be obtainable with the existing large area cathode design which is a scaled-up version of our R&D reactor.

We have found that the changes in deposition uniformity for the a-SiGe:H i-layers follow similar trends to the changes for the a-Si:H i-layer deposits when disilane gas is used as the source gas.  Thus for simplicity, we will discuss in the following sections only changes in the top cell i-layer deposits made with disilane and varying deposition parameters, with the implication that similar trends were noted for the a-SiGe:H i- layers.  In later discussions, we will also mention differences between top cells made using silane and disilane.
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Figure 16. Non-uniform deposition rate distributions across the substrate platform.
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Figure 17. Non-uniform Jsc distributions across the substrate platform.
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                         Figure 18. Variation of Voc across the substrate platform.

In Figure 19, the deposition rate across the center of the substrate platform (see note in Figure 16) is plotted as a function of the distance from the gas inlet side of the platform for a number of a-Si:H i-layers prepared with disilane.  These i-layers were prepared using different applied powers and chamber pressures with all other deposition conditions nominally fixed. In each figure, the average deposition rate for each deposit is listed in the legend.  Figure 19a displays profiles for cells made using moderate chamber pressures and various powers.  As the applied power is decreased under moderate chamber pressure conditions, the uniformity across the platform improves slightly.  But even at low power levels where the average deposition rate dips below our targeted 10 Å/s, there is still over a factor of two difference in the thinnest and thickest deposits in the 4” x 4” area.  

Figure 19b displays the variation of the profile with alterations to the chamber pressure while the applied power is fixed at the moderate value.  Increasing the pressure from low to high values leads to a drop in the deposition rate and some improvement in the deposition uniformity.  However even at the highest pressure, 
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Figure 19. Variations in the deposition rate profiles as power and chamber pressure are varied.

a significant drop in the deposition rate is observed near the gas inlet side of the platform remains (also the deposition rate is too low under these conditions).  This decrease in the deposition rate with increasing pressure is of interest since in the same pressure regime using the same deposition reactor, the deposition rate increases with increasing pressure, as one might expect, when a 13.56 MHz signal and lower deposition rates are used. Decreasing the pressure from low to very low conditions leads to a drop in the deposition rate.  Also at the very low pressure regime, the uniformity is significantly better while high deposition rates are maintained.  Thus, in raising the pressure from very low to low values, the uniformity becomes poor as the deposition rate increases, as one might expect.  Near this low pressure regime, the plasma chemistry must drastically change causing the sudden downward trend in deposition rate.  It is not clear whether this change is related directly to the VHF technique or to the Si radical rich plasmas required for the high deposition rates.
Shown in Figure 20 are profiles for a-Si:H i-layers made in the very low pressure regime using different power levels.  At each of the power levels, the deposit is fairly uniform demonstrating that the use of very low pressures is a key to make uniform, high rate a-Si:H deposits when disilane is used as the Si source gas.  In the moderate-low pressure regime, we have also attempted to improve the deposition uniformity through systematic variation of the active gas flows, the diluent gas flow, and the total gas flow.  While some improvement in the deposition uniformity were observed when these parameters were varied (See Figure 21, for example), the improvements were either small or led to deposition rates below the desired 10 Å/s.  To obtain the desired uniformity and deposition rate, very low pressures are required.

Figure 22 displays the uniform deposition rate over the entire substrate area when the new optimized conditions are used.  As was mentioned previously, the a-SiGe:H deposits behave similarly to the a-Si:H deposits made with disilane in that very low pressures were required to obtain uniform deposits.  Figure 23 demonstrates that the Voc, and thus the Ge content, is also uniform across the substrate area when these new deposition conditions are used.
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Figure 20. Changes in the deposition rate profiles as power

 is varied at very low pressure conditions.
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Figure 21. Changes in the deposition rate profiles as active gas flow is varied

 at moderately low pressure conditions.
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 Figure 22. Deposition rate distribution across the substrate platform at low pressure conditions.
When SiH4 was used to make the a-Si:H i-layers, the 10 Å/s deposition rate could not be obtained using the very low pressures due to the lower decomposition rate.  Through systematic variation of the silane flow, the applied power and the chamber pressure, we are presently optimizing the conditions to obtain the desired uniformity.  However with the work completed in this program, it is clear that the region of parameter space in which this uniformity is obtained is much smaller than the area in which uniform a-Si:H deposits made with disilane are obtained. Thus there is a benefit to using disilane for this high rate deposition technique in terms of a wider range of parameter space to optimize the thin film growth parameters while maintaining uniform substrate coverage.  
 Figure 23. Voc distribution across the substrate platform at low pressure conditions.
Significant improvements to the deposition uniformity came when the cathode hardware was changed, as was previously discussed for the solar cell properties.  Figures 24 and 25 display typical variations across the 4” x 4” substrate area of the Voc and i-layer deposition rate for bottom cells made using this new cathode hardware.  For the use of deposition rates near 10 Å/s, little variation in either parameter is observed across the substrate area.  Also, we were allowed to vary deposition conditions a great deal without having a large change in the deposition uniformity.  Thus, cathode hardware played a large role in the deposition uniformity at high deposition rates and high plasma frequencies.
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Figure 24. Variation of Voc across the substrate platform.
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Figure 25. Variation of i-layer deposition rate across the substrate platform.

Large Area (14” x 28”) VHF

Using the information obtained when optimizing the uniformity for the 4” x 4” VHF depositions, we have designed and constructed new large area cathode hardware which should allow for uniform deposits at high rates (10 Å/s) over the large areas required for full-scale module production.  This new hardware differs from the previous hardware used in ECD production machines for 13.56 MHz PECVD in terms of a different gas delivery system and an electrical connection to the cathode that should lead to improved deposition uniformity.  We have installed this new hardware in a single chamber system and completed initial tests using first the standard 13.56 MHz technique.  Eight single layer deposits were made at a rate of 5 Å/s and good uniformity (±8%) was obtained over the 14” x 28” area.  

When the plasma frequency was initially increased to the desired 70 MHz level, stray plasmas in addition to the plasma between the cathode and the substrate formed near different electrical connections.  It became obvious that the electrical connection to the cathode plate had to be improved.  A new electrical feedthrough was developed and tests proved that the stray plasmas were almost entirely eliminated with this hardware change.  Also because of the small dark spaces associated with the higher frequencies, the probability of striking plasmas between the cathode and the grounded bottom of the chamber underneath the cathode is significantly greater with the use of higher frequencies.  Thus, the cathode design was altered to minimize the chance of these stray plasmas.  With these hardware changes, stray plasmas were completely eliminated. 

One problem encountered during the initial phases of these studies was the inability to obtain stable plasmas over a wide range of deposition conditions.  The data in Figure 26 shows that as the frequency was raised and the pressure increased, the plasma became unstable.  To achieve stable plasmas at the high pressure, high frequency regime, hardware changes were made to the grounding box that surrounds the cathode.   With this change, we are now able to obtain stable 70-90 MHz plasmas at a 2 Torr pressure.  
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Figure 26. Plasma stability as a function of chamber Pressure and Plasma Frequency.
Figures 27 and 28 display profiles obtained using a 70 MHz frequency in which an average deposition rates were 4.5 and 10 Å/s, respectively.  The best profiles obtained thus far have standard deviations of 0.9-1.0 Å/s in the deposition rate for deposits with average rates of 10-11 Å/s.  For a deposit made at a relatively high rate, the uniformity is fairly good.  As can be seen from the data in Figure 28, the 0.9-1.0 Å/s standard deviation is typically a result from a drop in the deposition rate in the center of the profile.  It has been determined that this dip in the profile is related to a fluctuation in the standing waveform.  Future work will include improving the uniformity of the electric fields across the cathode to minimize the dip in the deposition profile.  
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Figure 27. Variation of deposition rate across the film deposit.
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Figure 28. Variation of deposition rate across the film deposit. 

(Average Rate of 10.8, Standard Deviation of 0.93)
Discussion 

In accessing the merits of using the VHF technique as it stands today for preparing a-Si:H-based materials at the high 10 Å/s  rate, there are both positive and negative aspects.  As compared with other PECVD techniques, such as the standard 13.56 MHz and microwave methods, the VHF technique can be used to prepare a-Si:H cells at i-layer deposition rates between 1 and 10 Å/s while maintaining a constant, high light-soaked fill factor.  Only a small drop in current is observed for only the cells made with back reflectors and thick i-layers.  Raising the deposition rates in this same range when using other PECVD techniques has thus far led to significant decreases in the stabilized FF and Jsc leading to lower cell efficiencies at the higher deposition rates.  These lower values are for the most part related to poorer stability.  The differences in stability for the a-Si:H materials may be related to the larger scale structures detected by the SAXS measurements completed in this program.  Thus in terms of producing high efficiency top cells at the 10 Å/s i-layer deposition rate, the VHF technique is a success.

It has also been demonstrated that the VHF technique can also be used to increase the rate at which a-Si:H buffer layers can be produced.  We have shown that these rates can be increased from 1 Å/s to 3-6 Å/s without a significant drop in efficiency.  The exact rate one can use depends on which buffer layer and the number of layers whose rates are increased.  In contrast, a large drop in cell efficiency is observed when the buffer layer deposition rate is increased from 1 to 3 Å/s when using the 13.56 MHz technique.  In this program, only a small amount of time was spent on optimizing the a-Si:H for the buffer layer growth at high rates.  Further optimization will likely lead to even better performance.  Thus again there is a significant advantage to using the VHF technique.

However as we have outlined in the report, preparation of high efficiency, low bandgap a-SiGe:H cells required for high efficiency triple-junction a-Si:H/a-SiGe:H/a-SiGe:H devices at the 10 Å/s rate has yet to be achieved.  The performance of devices made at high frequencies and 10 Å/s are better than those made using the standard 13.56 MHz technique and high deposition rates, but the devices made at lower deposition rates (1-3 Å/s) are still superior.  Triple-junction cells made using the 13.56 MHz technique and the deposition system used for these VHF studies have stable total area cell efficiencies beyond 11% while the cells made using the VHF, 10 Å/s technique only have 9.4% stable efficiencies.  The currents for VHF, 10 Å/s a-SiGe:H cells are rather low and the light degradation large which limit the performance of the triple-junction cells.  Some improvements in the performance of the a-SiGe:H cells were seen when different hydrogen schemes were used and refinements in the cathode hardware were made to improve control of the deposition process.  However, these improvements did not lead to substantial improvements in the triple-junction cell efficiency.  Lower currents and poorer stability are traits typically observed for cells made using the other PECVD techniques (13.56 MHz and Microwave) when deposition rates above 2-3 Å/s are used.  Thus while the a-Si:H materials prepared by the VHF technique behave differently from other PECVD methods, the a-SiGe:H, after optimization of some standard deposition conditions, do not. 

Complications with the addition of GeH4 to the SiH4+H2 plasma have been well documented (For example, see Mackenzie et al, 1985).  As when using the standard 13.56MHz technique and high deposition rates, variation of standard fabrication conditions such as substrate temperature, hydrogen dilution and chamber pressure can lead to some improvements, but not those needed for ground breaking performance to allow for high rate a-SiGe:H deposition in manufacturing.  The relatively poor properties of the a-SiGe:H materials, as compared with a-Si:H, have generally been attributed to the following phenomenon:

1) Poor surface mobility of the Ge-based adatoms on the growing film surface which leads to formation of voids, defects and a heterogeneous microstructure,

2) Preferential attachment of hydrogen to Si rather than Ge which leads to Ge dangling bonds,

3) Plasma chemistries that promote powder or complex, mulit-hydride radical formation.

The surface mobility of the adatoms can be improved through increased substrate temperature and ion bombardment of the film surface during growth.  While some improvement of the cell performance has been observed with increasing substrate temperature, optimization of the temperature or the ion bombardment conditions has not allowed us to reach the program efficiency goals for the a-SiGe:H bottom cells.  It has become apparent that radical changes in the plasma chemistry and/or the treatments used to alter the growing film surface is required in order to achieve the high rate goals for triple-junction solar cell performance.  

It was thought that the change made in the cathode hardware in the third year of the program would give  the desired change in plasma chemistry.  While there was an improvement in the bottom cell performance, but it was not as large as was needed to significantly raise the triple-junction cell efficiencies.  More significant changes in the deposition process beyond a cathode hardware change may be needed to achieve the high rate goals.  These changes may involve the use of alternative gas sources that minimize particle and/or powder formation in the plasma or enhance etching at the film surface.  Elimination of the particles is in effect eliminating a number of the radicals with high sticking coefficients in the plasma that lead to void formation upon reaching the growing film surface.  Use of an array of alternative Si and Ge source gases was not tested in these studies.  Enhanced etching of the film surface made lead to elimination of weakly bound, defective regions in the material.  While we found no benefit in the use of some fluoride based gases, use of other etching gases may benefit a-SiGe:H growth.  Of course with this enhance etching, other deposition conditions will have to be altered to maintain the targeted 10 Å/s rate but we feel that this is possible.  Testing the idea of dividing the deposition process into separate deposition and etching steps could be informative and allow for better control of both processes.  Thus, while the studies in this program did not lead to a recipe for high quality a-SiGe:H cell fabrication at high growth rates, all of the possible fabrication conditions for alloys at high rates using the VHF technique have not yet been tested.
Of course, there is the possibility that the VHF technique is not a desirable technique for high rate a-SiGe:H cell preparation under and deposition conditions.  Considering its use just for a-Si:H growth, the VHF technique can be used for other multi-junction solar cell fabrication.  In the future with the development of high rate deposition processes for microcrystalline Si and/or poly Si growth, one could use the VHF technique to deposit layers for a-Si:H/μc-Si:H or a-Si:H/poly Si:H devices.  

In terms of application the VHF, high rate deposition technique in the ECD’s production machines, cathode hardware has been developed in this program that will deposition of uniform (within ±9%) a-Si:H films over a 14” x 28” area.  Further development of the hardware will likely lead to even better uniformity.  Thus, we believe that in the future, the VHF technique can be implemented, if so desired, into ECD’s manufacturing lines to prepare multi-junction solar cells at high production rates.  
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		Sample #		Power		SiH4		H2		Press		Ts (C)		Used DepRt		Qn		Qt		Porod		Idiff		<R>		Cell		I-layer		dep rate		Voc		Jsc		FF		Rs		Pmax																Dep Rate		RF		VHF		Qn		I-layer		Pmax		Jsc		FF		Qn		Qt		Porod		Idiff		<R>		I-layer		RF		VHF		RF thick		VHF thick		Dep. Rate		RF		VHF		RF thick		VHF thick		RF		VHF		RF thick		VHF thick

		L3396		RF med		med		med		med		med		4.9		0.73		1.4		2.1		11		2.8		3599		1500		5		0.907		9.57		0.69		8.3		5.98																4.9		0.73				0.73		1500		5.98		9.57		0.69		0.73		1.4		2.1		11		2.8		1500		5.98								5		0.69								9.57

		L3397		RF high		med		med		med		med		7.9		3		6.8		12		17		3.2																																7.9		3				0.92		1510		6.45		9.51		0.726		0.92		1.12		0.7		17		2.1		1510				6.45						6.1				0.726								9.51

		L3398		VHF very low		med		med		low		med		1.7		0.76		1.45		2.2		12		3																																1.7				0.76		2		1500		6.25		8.87		0.732		2		3.3		4		14		2.1		1500				6.25						10				0.732								8.87

		L3399		VHF low/med		high		very high		low		med		7		0.92		1.12		0.7		17		2.1		3569		1510		6.1		0.934		9.51		0.726		7		6.45																7				0.92				1800		6.45		9.46		0.714		0.14		0.7		1.7		9		2.5		1510		6.42								0.9		0.734								9.52

		L3400		VHF med		med		med		med		med		10.5		2		3.3		4		14		2.1		3572		1500		10		0.963		8.87		0.732		6.6		6.25																10.5				2		0.14		1510		6.42		9.52		0.734		5.46		10.8		17		18		2.75		1560		5.47								9.2		0.68								8.68

																										3583		1800		10		0.954		9.46		0.714		7.9		6.45																1		0.14				5.46		1560		5.47		8.68		0.68		3.37		9.9		21		19		2.2		1520		5.43								8.1		0.671								8.95

		L3402		RF very low		med		med		low		med		1		0.14		0.7		1.7		9		2.5		3570		1510		0.9		0.919		9.52		0.734		6.8		6.42																9.3		5.46						2200		5.42		9.19		0.634		1.11		13		38		22		2.4		1540		5.31								8.6		0.684								8.27

		L3445		RF high		med		med		med		med		9.3		5.46		10.8		17		18		2.75		3589		1560		9.2		0.928		8.68		0.68		8.6		5.47																5.7		3.37				3.37		1520		5.43		8.95		0.671		0.11		0.58		1.5		10		3.1		1600				6.46						2.1				0.728								9.38

																										3592		2200		10		0.932		9.19		0.634		8.4		5.42																2.9		0.44						1930		5.78		9.67		0.662		2		3.3		4		14		2.1		1800								6.45		10								0.714								9.46

		L3446		RF med/high		med		med		med		med		5.7		3.37		9.9		21		19		2.2		3598		1520		8.1		0.906		8.95		0.671		7.8		5.43																7.9		1.72				1.11		1540		5.31		8.27		0.684		5.46		10.8		17		18		2.75		2200						5.42				10						0.634								9.19

																										3593		1930		8		0.904		9.67		0.662		8.7		5.78																9.1				2.75				2310		5.71		9.39		0.655		3.37		9.9		21		19		2.2		1930						5.78				8						0.662								9.67

		L3447		RF high		med		med		low		med		2.9		0.44		8.5		25.5		12		3.2																																13.3				2.78		0.11		1600		6.46		9.38		0.728		1.11		13		38		22		2.4		2310						5.71				8.6						0.655								9.39

		L3448		RF high		med		high		med		med		7.9		1.72		12		33		15		2.2																																11.7				2.22

		L3449		VHF low		med		med		med		med		1.9																																										6.1		1.11

		L3450		VHF med/high		high		very high		low		med		9.1		2.75		3.78		3.3		14		1.3																																5		0.17

		L3451		VHFmed		high		med		med		med		13.3		2.78		3.7		3		20		2																																2.45				0.11

		L3452		VHF med/high		high		very high		med		med		11.7		2.22		5.34		10		15		1.3																																5.7				0.25

		L3453		RF very high		med		high		med		med		6.1		1.11		13		38		22		2.4		3600		1540		8.6		0.939		8.27		0.684		8.4		5.31																9.6				0.99

																										3601		2310		8.6		0.932		9.39		0.655		8.9		5.71																4		0.2

		L3454		RF very high		med		high		med		high		5		0.17		9.6		26		13																																		9.6		3.23

		L3474		VHF low		med		med		med		med		2.45		0.11		0.58		1.5		10		3.1		3582		1600		2.1		0.946		9.38		0.728		7.4		6.46

		L3475		VHF med/high		high		high		very low		med		5.7		0.25		0.86		2		8		2

		L3476		VHF low/med		med		med		med		med		9.6		0.99		1.24		0.8		12		1.7

		L3477		RF high		med		med		low/med		med		4		0.2		7.2		16		16

		L3595		RF med/high		med		med		med		med		9.6		3.23		6.35		10		16		2.6

		L3651		VHF med		med		med		med		high				2.54		3.32		2.5		10		1.95

																				Pmax														Pmax

																				RF		Qn												VHF		RF-thick		VHF thick

				SIMS results										IR results						5.98		0.77												0		0		0

				H content		Ch						Ch		R						0		1.23												6.45		0		0

		L3399		8.10E+21		13.9				3578		12.4		0.1						0		2.09												6.25		0		0

		L3400		7.67E+21		13.3				3580		16.4		0.22						0		2.09												0		0		6.45

		L3402		6.84E+21		12				3584		13.9		0.16						6.42		0.19												0		0		0

		L3445		8.09E+21		13.9				3585		9.3		0.14						5.47		6.88												0		0		0

		L3453		9.07E+21		15.4				3602		18.6		0.22						0		6.88												0		5.42		0

		L3474		5.77E+21		10.3				3603		10.7		0.15						5.43		4.14												0		0		0

										3604		3.5		0.13						0		4.14												0		5.78		0

										3605		7.5		0.03						0		0.11												6.46		0		0

																				5.31		1.17												0		0		0

																				0		1.17												0		5.71		0

																						3.2												0		0		0

																						3.2												0		5.78		0

		Cell		I-layer		rate		Freq.		Voc		Jsc		FF		Rs		Pmax		R		Qn

		3599		1500		5		RF		0.907		9.57		0.69		8.3		5.98		0.03		0.77

		3569		1510		6.1		VHF		0.934		9.51		0.726		7		6.45		0.16		1.23

		3572		1500		10		VHF		0.963		8.87		0.732		6.6		6.25		0.22		2.09

		3583		1800		10		VHF		0.954		9.46		0.714		7.9		6.45		0.22		2.09

		3570		1510		0.9		RF		0.919		9.52		0.734		6.8		6.42		0.1		0.19

		3589		1560		9.2		RF		0.928		8.68		0.68		8.6		5.47		0.15		6.88

		3592		2200		10		RF		0.932		9.19		0.634		8.4		5.42		0.15		6.88

		3598		1520		8.1		RF		0.906		8.95		0.671		7.8		5.43		0.13		4.14,3.2

		3593		1930		8		RF		0.904		9.67		0.662		8.7		5.78		0.13		4.14,3.2

		3582		1600		2.1		VHF		0.946		9.38		0.728		7.4		6.46		0.14		0.11

		3600		1540		8.6		RF		0.939		8.27		0.684		8.4		5.31		0.22		1.17

		3601		2310		8.6		RF		0.932		9.39		0.655		8.9		5.71		0.22		1.17

						Jsc		Jsc		Jsc		Jsc						Pmax		Pmax		Pmax												Pmax

				rate		RF		VHF		thick RF		thick VHF				rate		RF		thick RF		VHF												thick VHF

				5		9.57		0		0		0				5		5.98		0		0												0

				6.1		0		9.51		0		0				6.1		0		0		6.45												0
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Table 24. Data from SAXS, IR, and optical absorption  


    measurements of films prepared by VHF method.

		Dep.


Rate 


(Å/s)

		Qn

(1023 eu/cm3)

		Vol.


Fract.


(%)

		CH from IR


(at. %)

		Microstr. Factor 


R

		Egap

(eV)



		2.1

		0.11

		0.01

		9.3

		0.14

		1.76



		6.1

		0.92

		0.05

		13.9

		0.16

		1.79



		10.0

		2.00

		0.12

		16.4

		0.22

		1.86



		10.9

		2.54

		0.15

		-

		-

		1.83
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						Run		VHF 013

						x-axis		x-axis								y-axis		y-axis

		Distance		Dep Rate		corr thickness		thickness		Dep Time		Distance		Dep Rate		corr thickness		thickness		Dep Time

		1.5		3.9583333333		285		320		12		1		4.2222222222		304		339		12

		3		4.4166666667		318		353		12		3		4.5833333333		330		365		12

		4.5		4.5694444444		329		364		12		5		4.6527777778		335		370		12

		6		4.4444444444		320		355		12		9		4.3888888889		316		351		12

		8		4.3333333333		312		347		12		11		4.8055555556		346		381		12

		10		4.5833333333		330		365		12		13		4.2222222222		304		339		12

		12		4.625		333		368		12

		14		4.4166666667		318		353		12

		16		4.2083333333		303		338		12

		18		4.125		297		332		12

		20		4.4444444444		320		355		12

		22		4.6527777778		335		370		12

		23.5		4.8472222222		349		384		12

		25		4.9583333333		357		392		12

		26.5		4.7361111111		341		376		12
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						Run		VHF044

						x-axis		x-axis								y-axis		y-axis

		Distance		Dep Rate		corr thickness		thickness		Dep Time		Distance		Dep Rate		corr thickness		thickness		Dep Time

		1.5		11		396		431		6		1		6.9722222222		251		286		6

		3		11.25		405		440		6		3		8.1944444444		295		330		6

		4.5		11.9444444444		430		465		6		5		7.5555555556		272		307		6

		6		12.1111111111		436		471		6		9		8.0555555556		290		325		6

		8		11.5277777778		415		450		6		11		8.1666666667		294		329		6

		10		11.25		405		440		6		13		6.0555555556		218		253		6

		12		11.1388888889		401		436		6

		14		10.1111111111		364		399		6

		16		8.9444444444		322		357		6

		18		9.6388888889		347		382		6

		20		10.1388888889		365		400		6

		22		11.3333333333		408		443		6

		23.5		11		396		431		6

		25		10.7777777778		388		423		6

		26.5		9.4444444444		340		375		6

				10.7740740741

				0.9247995795
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Sheet1

		Sample #		Power		SiH4		H2		Press		Ts (C)		Used DepRt		Qn		Qt		Porod		Idiff		<R>		Cell		I-layer		dep rate		Voc		Jsc		FF		Rs		Pmax																Dep Rate		RF		VHF		Qn		I-layer		Pmax		Jsc		FF		Qn		Qt		Porod		Idiff		<R>		I-layer		RF		VHF		RF thick		VHF thick		Dep. Rate		RF		VHF		RF thick		VHF thick		RF		VHF		RF thick		VHF thick

		L3396		RF med		med		med		med		med		4.9		0.73		1.4		2.1		11		2.8		3599		1500		5		0.907		9.57		0.69		8.3		5.98																4.9		0.73				0.73		1500		5.98		9.57		0.69		0.73		1.4		2.1		11		2.8		1500		5.98								5		0.69								9.57

		L3397		RF high		med		med		med		med		7.9		3		6.8		12		17		3.2																																7.9		3				0.92		1510		6.45		9.51		0.726		0.92		1.12		0.7		17		2.1		1510				6.45						6.1				0.726								9.51

		L3398		VHF very low		med		med		low		med		1.7		0.76		1.45		2.2		12		3																																1.7				0.76		2		1500		6.25		8.87		0.732		2		3.3		4		14		2.1		1500				6.25						10				0.732								8.87

		L3399		VHF low/med		high		very high		low		med		7		0.92		1.12		0.7		17		2.1		3569		1510		6.1		0.934		9.51		0.726		7		6.45																7				0.92				1800		6.45		9.46		0.714		0.14		0.7		1.7		9		2.5		1510		6.42								0.9		0.734								9.52

		L3400		VHF med		med		med		med		med		10.5		2		3.3		4		14		2.1		3572		1500		10		0.963		8.87		0.732		6.6		6.25																10.5				2		0.14		1510		6.42		9.52		0.734		5.46		10.8		17		18		2.75		1560		5.47								9.2		0.68								8.68

																										3583		1800		10		0.954		9.46		0.714		7.9		6.45																1		0.14				5.46		1560		5.47		8.68		0.68		3.37		9.9		21		19		2.2		1520		5.43								8.1		0.671								8.95

		L3402		RF very low		med		med		low		med		1		0.14		0.7		1.7		9		2.5		3570		1510		0.9		0.919		9.52		0.734		6.8		6.42																9.3		5.46						2200		5.42		9.19		0.634		1.11		13		38		22		2.4		1540		5.31								8.6		0.684								8.27

		L3445		RF high		med		med		med		med		9.3		5.46		10.8		17		18		2.75		3589		1560		9.2		0.928		8.68		0.68		8.6		5.47																5.7		3.37				3.37		1520		5.43		8.95		0.671		0.11		0.58		1.5		10		3.1		1600				6.46						2.1				0.728								9.38

																										3592		2200		10		0.932		9.19		0.634		8.4		5.42																2.9		0.44						1930		5.78		9.67		0.662		2		3.3		4		14		2.1		1800								6.45		10								0.714								9.46

		L3446		RF med/high		med		med		med		med		5.7		3.37		9.9		21		19		2.2		3598		1520		8.1		0.906		8.95		0.671		7.8		5.43																7.9		1.72				1.11		1540		5.31		8.27		0.684		5.46		10.8		17		18		2.75		2200						5.42				10						0.634								9.19

																										3593		1930		8		0.904		9.67		0.662		8.7		5.78																9.1				2.75				2310		5.71		9.39		0.655		3.37		9.9		21		19		2.2		1930						5.78				8						0.662								9.67

		L3447		RF high		med		med		low		med		2.9		0.44		8.5		25.5		12		3.2																																13.3				2.78		0.11		1600		6.46		9.38		0.728		1.11		13		38		22		2.4		2310						5.71				8.6						0.655								9.39

		L3448		RF high		med		high		med		med		7.9		1.72		12		33		15		2.2																																11.7				2.22

		L3449		VHF low		med		med		med		med		1.9																																										6.1		1.11

		L3450		VHF med/high		high		very high		low		med		9.1		2.75		3.78		3.3		14		1.3																																5		0.17

		L3451		VHFmed		high		med		med		med		13.3		2.78		3.7		3		20		2																																2.45				0.11

		L3452		VHF med/high		high		very high		med		med		11.7		2.22		5.34		10		15		1.3																																5.7				0.25

		L3453		RF very high		med		high		med		med		6.1		1.11		13		38		22		2.4		3600		1540		8.6		0.939		8.27		0.684		8.4		5.31																9.6				0.99

																										3601		2310		8.6		0.932		9.39		0.655		8.9		5.71																4		0.2

		L3454		RF very high		med		high		med		high		5		0.17		9.6		26		13																																		9.6		3.23

		L3474		VHF low		med		med		med		med		2.45		0.11		0.58		1.5		10		3.1		3582		1600		2.1		0.946		9.38		0.728		7.4		6.46

		L3475		VHF med/high		high		high		very low		med		5.7		0.25		0.86		2		8		2

		L3476		VHF low/med		med		med		med		med		9.6		0.99		1.24		0.8		12		1.7

		L3477		RF high		med		med		low/med		med		4		0.2		7.2		16		16

		L3595		RF med/high		med		med		med		med		9.6		3.23		6.35		10		16		2.6

		L3651		VHF med		med		med		med		high				2.54		3.32		2.5		10		1.95

																				Pmax														Pmax

																				RF		Qn												VHF		RF-thick		VHF thick

				SIMS results										IR results						5.98		0.77												0		0		0

				H content		Ch						Ch		R						0		1.23												6.45		0		0

		L3399		8.10E+21		13.9				3578		12.4		0.1						0		2.09												6.25		0		0

		L3400		7.67E+21		13.3				3580		16.4		0.22						0		2.09												0		0		6.45

		L3402		6.84E+21		12				3584		13.9		0.16						6.42		0.19												0		0		0

		L3445		8.09E+21		13.9				3585		9.3		0.14						5.47		6.88												0		0		0

		L3453		9.07E+21		15.4				3602		18.6		0.22						0		6.88												0		5.42		0

		L3474		5.77E+21		10.3				3603		10.7		0.15						5.43		4.14												0		0		0

										3604		3.5		0.13						0		4.14												0		5.78		0

										3605		7.5		0.03						0		0.11												6.46		0		0

																				5.31		1.17												0		0		0

																				0		1.17												0		5.71		0

																						3.2												0		0		0

																						3.2												0		5.78		0

		Cell		I-layer		rate		Freq.		Voc		Jsc		FF		Rs		Pmax		R		Qn

		3599		1500		5		RF		0.907		9.57		0.69		8.3		5.98		0.03		0.77

		3569		1510		6.1		VHF		0.934		9.51		0.726		7		6.45		0.16		1.23

		3572		1500		10		VHF		0.963		8.87		0.732		6.6		6.25		0.22		2.09

		3583		1800		10		VHF		0.954		9.46		0.714		7.9		6.45		0.22		2.09

		3570		1510		0.9		RF		0.919		9.52		0.734		6.8		6.42		0.1		0.19

		3589		1560		9.2		RF		0.928		8.68		0.68		8.6		5.47		0.15		6.88

		3592		2200		10		RF		0.932		9.19		0.634		8.4		5.42		0.15		6.88

		3598		1520		8.1		RF		0.906		8.95		0.671		7.8		5.43		0.13		4.14,3.2

		3593		1930		8		RF		0.904		9.67		0.662		8.7		5.78		0.13		4.14,3.2

		3582		1600		2.1		VHF		0.946		9.38		0.728		7.4		6.46		0.14		0.11

		3600		1540		8.6		RF		0.939		8.27		0.684		8.4		5.31		0.22		1.17

		3601		2310		8.6		RF		0.932		9.39		0.655		8.9		5.71		0.22		1.17

						Jsc		Jsc		Jsc		Jsc						Pmax		Pmax		Pmax												Pmax

				rate		RF		VHF		thick RF		thick VHF				rate		RF		thick RF		VHF												thick VHF

				5		9.57		0		0		0				5		5.98		0		0												0

				6.1		0		9.51		0		0				6.1		0		0		6.45												0

				10		0		8.87		0		0				10		0		0		6.25												0

				10		0		0		0		9.46				10		0		0		0												6.45

				0.9		9.52		0		0		0				0.9		6.42		0		0												0

				9.2		8.68		0		0		0				9.2		5.47		0		0												0

				10		0		0		9.19		0				10		0		5.42		0												0

				8.1		8.95		0		0		0				8.1		5.43		0		0												0

				8		0		0		9.67		0				8		0		5.78		0												0

				2.1		0		9.38		0		0				2.1		0		0		6.46												0

				8.6		8.27		0		0		0				8.6		5.31		0		0												0

				8.6		0		0		9.39		0				8.6		0		5.71		0												0

						Egap								R				Ch

		Run		Rate		Rf		VHF		Run		Rate		RF		VHF		RF(IR)		VHF(IR)		RF(SIMS)		VHF(SIMS)

		3578		0.73		1.774				3578		0.94		0.1				12.4				12

		3584		4.88				1.787		3580		10.2				0.22				16.4				13.3

		3585		1.22				1.759		3584		6.1				0.16				13.9				13.9

		3602		4.63		1.843				3585		2				0.14				9.3				10.3

		3605		4.11		1.763				3602		7.4		0.22				18.6

		3610		5.13		1.888				3603		9.35		0.15				10.7				13.9

		3613		9.25				1.857		3604		6.8		0.13

				10				1.83		3605		4.8		0.03				7.5				15.4

														R										L3399

												Qn		RF		VHF								L3400

												0.19		0.1										L3402

												2.09				0.22								L3445

												1.23				0.16								L3453

												0.11				0.14								L3474

												1.17		0.22

												6.88		0.15

												4.14		0.13

												0.77		0.03

																Egap						Jsc

		Run		Qn		Qt		Porod		Idiff		<R>		Rate		Rf		VHF		Egap		RF		VHF

		3578		0.14		0.7		1.7		9		2.5		0.73		1.774				1.774		9.52

		3584		0.92		1.12		0.7		17		2.1		4.88				1.787		1.787				9.51

		3585		0.11		0.58		1.5		10		3.1		1.22				1.759		1.759				9.38

		3602		1.11		13		38		22		2.4		4.63		1.843				1.843		8.27

		3605		0.73		1.4		2.1		11		2.8		4.11		1.763				1.763		9.57

		3610		1.11		13		38		22		2.4		5.13		1.888				1.888		8.27

		3613		2		3.3		4		14		2.1		9.25				1.857		1.857				8.87

				2.54				2.5		10				10				1.83
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		L3474		VHF low		med		med		med		med		2		2
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		Distance Across Substrate Platform (cm)		Low Pressure (18.2 A/s)		Moderate Pressure (13.1 A/s)		High Pressure (4.6 A/s)		Very Low Pressure (11.2 A/s)				Distance Across Substrate Platform (cm)		Optimized (9.8 A/s)

		1.27		22.5666666667		21.1		10.4333333333		13.2333333333				1.27		9.7
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		8.89		14.8		8.2		4.0333333333		13.3666666667				8.89		9.7

				18.2		13.119047619		4.5619047619		11.1904761905						9.7904761905
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		Distance Across Substrate Platform (cm)		Low Power (9.8 A/s)		Moderate Power (11.4 A/s)		High Power (16.4 A/s)						Distance Across Substrate Platform (cm)		Optimized (9.8 A/s)

		1.905		9.7		11.5666666667		15.0666666667						1.27		9.7

		2.858		10		11.9333333333		16.4666666667						2.54		9.9666666667

		3.81		9.9		11.8		17.1666666667						3.81		9.9333333333

		4.763		9.9		11.7333333333		17.1333333333						5.08		9.8666666667
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		7.62		9.7		11		15.7333333333						8.89		9.7

		8.573		9.7		11		15.5666666667								9.7904761905

				9.7875		11.4041666667		16.4291666667
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		lambda (nm)		Top		Middle		Bottom		Total

		350		0.3179		0.003		0.0032		0.3241

		360		0.381		0.0025		0.0016		0.3851

		370		0.4297		0.002		0.0013		0.433

		380		0.4826		0.0023		0.0005		0.4854

		390		0.5383		0.0038		0.0021		0.5442

		400		0.5904		0.0062		0.0023		0.5989

		410		0.6377		0.0103		0.0009		0.6489

		420		0.6783		0.0175		0.0008		0.6966

		430		0.7026		0.0285		0.0016		0.7327

		440		0.7088		0.0435		0.0021		0.7544

		450		0.7161		0.0656		0.0016		0.7833

		460		0.7079		0.0924		0.001		0.8013

		470		0.6926		0.1264		0.0022		0.8212

		480		0.6633		0.1654		0.0017		0.8304

		490		0.6317		0.2091		0.0022		0.843

		500		0.5936		0.2596		0.0046		0.8578

		510		0.5517		0.3067		0.0072		0.8656

		520		0.5062		0.3561		0.011		0.8733

		530		0.4572		0.4014		0.0191		0.8777

		540		0.4068		0.4404		0.0302		0.8774

		550		0.3549		0.4677		0.0445		0.8671

		560		0.3094		0.4912		0.065		0.8656

		570		0.2647		0.5074		0.0904		0.8625

		580		0.2244		0.5182		0.1212		0.8638

		590		0.1858		0.5163		0.158		0.8601

		600		0.1505		0.4985		0.1984		0.8474

		610		0.1196		0.4767		0.2416		0.8379

		620		0.0969		0.4518		0.2776		0.8263

		630		0.0775		0.433		0.317		0.8275

		640		0.0607		0.4054		0.3516		0.8177

		650		0.046		0.3666		0.372		0.7846

		660		0.035		0.3347		0.3893		0.759

		670		0.0278		0.3169		0.4225		0.7672

		680		0.0219		0.303		0.4569		0.7818

		690		0.0163		0.2778		0.4761		0.7702

		700		0.0114		0.2411		0.4703		0.7228

		710		0.008		0.2093		0.4621		0.6794

		720		0.0057		0.1878		0.4705		0.664

		730		0.0045		0.1741		0.495		0.6736

		740		0.0034		0.1568		0.5168		0.677

		750		0.0024		0.1309		0.5067		0.64

		760		0.0018		0.1007		0.4653		0.5678

		770		0.0011		0.074		0.4102		0.4853

		780		0.0008		0.0545		0.3675		0.4228

		790		0.0008		0.042		0.3371		0.3799

		800		0.0005		0.0334		0.3228		0.3567

		810		0.0005		0.0275		0.3179		0.3459

		820		0.0004		0.0226		0.307		0.33

		830		0.0004		0.0202		0.3172		0.3378

		840		0.0004		0.016		0.2892		0.3056

		850		0.0004		0.012		0.249		0.2614

		860		0		0.0086		0.198		0.2066

		870		0		0		0.1468		0.1468

		880		0		0		0.1081		0.1081

		890		0		0		0.076		0.076

		900		0		0		0.0546		0.0546

		910		0		0		0.0384		0.0384

		920		0		0		0.0276		0.0276

		930		0		0		0.0204		0.0204

		940		0		0		0.0157		0.0157

		950		0		0		0.0133		0.0133
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L2641

				Light-Soaking								Sample #		L2641

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax(312 Hr)

		11		2200		7.00		5.24		6.40		5.98		-6.56		5.64		-11.88		5.54		-13.44

		12		2180		7.00		5.19		6.36		5.98		-5.97		5.63		-11.48		5.57		-12.42

		13		2200		7.00		5.24		5.98		5.66		-5.35		5.33		-10.87		5.27		-11.87

		14		2060		7.00		4.90		6.00		5.64		-6.00		5.33		-11.17		5.28		-12.00

		21		2240		7.00		5.33		6.11		5.76		-5.73		5.41		-11.46		5.31		-13.09

		22		2190		7.00		5.21		5.97		5.66		-5.19		5.32		-10.89		5.24		-12.23

		23		2160		7.00		5.14		5.78		5.46		-5.54		5.14		-11.07				-100.00

		24		2060		7.00		4.90		5.72				-100.00				-100.00		5.09		-11.01

		31		2130		7.00		5.07		5.95		5.61		-5.71		5.26		-11.60		5.14		-13.61

		32		2140		7.00		5.10		5.80		5.48		-5.52		5.17		-10.86		5.04		-13.10

		33		2070		7.00		4.93		5.58		5.32		-4.66		5.00		-10.39		4.94		-11.47

		34		1960		7.00		4.67		5.65		5.34		-5.49		5.05		-10.62		4.93		-12.74

		41		2000		7.00		4.76		5.78		5.56		-3.81		5.25		-9.17		5.14		-11.07

		42		1960		7.00		4.67		5.72		5.45		-4.72		5.14		-10.14		5.04		-11.89

		43		1910		7.00		4.55		5.50		5.36		-2.55		5.00		-9.09		4.92		-10.55

		44		1780		7.00		4.24		5.59		5.43		-2.86		5.07		-9.30		4.96		-11.27
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L2642

				Light-Soaking								Sample #		L2642

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax(312 Hr)

		11		2880		7.00		6.86		6.45		5.76		-10.70		5.42		-15.97		5.21		-19.22

		12		2780		7.00		6.62		6.39		5.82		-8.92		5.43		-15.02		5.23		-18.15

		13		2620		7.00		6.24		6.20		5.65		-8.87		5.31		-14.35		0		-100.00

		14		2390		7.00		5.69		6.18		5.70		-7.77		5.33		-13.75		5.1		-17.48

		21		2790		7.00		6.64		6.18		5.61		-9.22				-100.00		0		-100.00

		23		2630		7.00		6.26		5.89		5.43		-7.81		5.02		-14.77		4.84		-17.83

		24		2380		7.00		5.67		5.92		5.50		-7.09		5.11		-13.68		4.96		-16.22

		33		2600		7.00		6.19		5.75		5.22		-9.22				-100.00		0		-100.00

		34		2300		7.00		5.48		5.63		5.17		-8.17		4.82		-14.39		4.68		-16.87

		41		2340		7.00		5.57		5.95		5.52		-7.23		5.05		-15.13		0		-100.00

		42		2330		7.00		5.55		5.68		5.39		-5.11		4.95		-12.85		4.79		-15.67

		43		2390		7.00		5.69		5.56		5.22		-6.12		4.80		-13.67		4.67		-16.01

		44		2150		7.00		5.12		5.52		5.17		-6.34		4.73		-14.31		4.6		-16.67
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L2645

				Light-Soaking								Sample #		L2645

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax(312 Hr)

		12		2320		7.00		5.52		5.95		5.42		-8.91		4.95		-16.81		4.4		-26.05

		21		2340		7.00		5.57		5.89		5.33		-9.51		4.85		-17.66		4.34		-26.32

		23		2360		7.00		5.62		5.68		5.17		-8.98		4.77		-16.02		0		-100.00

		24		2400		7.00		5.71		5.64		5.14		-8.87		4.76		-15.60		4.59		-18.62

		31		2260		7.00		5.38		5.86				-100.00				-100.00		0		-100.00

		32		2290		7.00		5.45		5.95				-100.00				-100.00		0		-100.00

		33		2370		7.00		5.64		5.73		5.08		-11.34		4.60		-19.72		0		-100.00

		41		2150		7.00		5.12		6.08		5.51		-9.38		5.10		-16.12		4.95		-18.59

		42		2210		7.00		5.26		5.88		5.18		-11.90		4.73		-19.56		4.07		-30.78

		44		2280		7.00		5.43		5.89		5.21		-11.54		4.85		-17.66		4.64		-21.22
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L2646

				Light-Soaking								Sample #		L2646

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax(337 Hr)

		11		3350		7.00		7.98		7.27		6.55		-9.90		6.11		-15.96		6.07		-16.51

		12		3370		7.00		8.02		7.14		6.47		-9.38		5.99		-16.11		6		-15.97

		13		3220		7.00		7.67		7.04		6.22		-11.65		5.75		-18.32		5.57		-20.88

		14		2740		7.00		6.52		6.83		6.17		-9.66		5.76		-15.67		5.64		-17.42

		21		3440		7.00		8.19		6.86		6.21		-9.48		5.75		-16.18		0		-100.00

		22		3480		7.00		8.29		6.71		6.03		-10.13		5.62		-16.24		5.59		-16.69

		23		3320		7.00		7.90		6.63		5.83		-12.07		5.48		-17.35		5.41		-18.40

		24		2850		7.00		6.79		6.50		5.64		-13.23		5.21		-19.85		5.05		-22.31

		31		3320		7.00		7.90		6.73		5.99		-11.00		5.58		-17.09		5.35		-20.51

		32		3380		7.00		8.05		6.56		5.81		-11.43		5.49		-16.31		5.43		-17.23

		33		3230		7.00		7.69		6.40		5.67		-11.41		5.20		-18.75		5.22		-18.44

		34		2800		7.00		6.67		6.18		5.50		-11.00		5.19		-16.02		5.07		-17.96

		41		3040		7.00		7.24		6.74		6.08		-9.79		5.69		-15.58		5.55		-17.66

		42		3060		7.00		7.29		6.56		5.88		-10.37		5.53		-15.70		5.42		-17.38

		43		2950		7.00		7.02		6.30		5.69		-9.68		5.27		-16.35		5.14		-18.41

		44		2560		7.00		6.10		6.15		5.39		-12.36		5.00		-18.70		4.82		-21.63
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L2650

				Light-Soaking								Sample #		L2650

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax(312 Hr)

		11		3040		7.00		7.24		6.52		6.04		-7.36		5.72		-12.27		5.7		-12.58

		12		3010		7.00		7.17		6.39		5.96		-6.73		5.60		-12.36		5.57		-12.83

		13		2760		7.00		6.57		6.41		5.93		-7.49		5.62		-12.32		5.51		-14.04

		14		2220		7.00		5.29		6.26		5.92		-5.43		5.59		-10.70		5.52		-11.82

		21		3020		7.00		7.19		6.16		5.67		-7.95		5.27		-14.45		5.11		-17.05

		22		2990		7.00		7.12		6.28		5.83		-7.17		5.51		-12.26		5.46		-13.06

		23		2790		7.00		6.64		6.16				-100.00				-100.00		0		-100.00

		24		2270		7.00		5.40		6.08		5.55		-8.72		5.18		-14.80		5.1		-16.12

		31		2860		7.00		6.81		6.28		5.59		-10.99		5.26		-16.24		5.2		-17.20

		32		2850		7.00		6.79		6.09		5.55		-8.87		5.18		-14.94		5.14		-15.60

		33		2650		7.00		6.31		5.99		5.42		-9.52		5.13		-14.36		5.04		-15.86

		34		2140		7.00		5.10		5.95		5.42		-8.91		5.10		-14.29		4.97		-16.47

		42		2470		7.00		5.88		6.01		5.41		-9.98		5.12		-14.81		5.1		-15.14

		43		2290		7.00		5.45		5.73		5.27		-8.03		5.01		-12.57		4.9		-14.49



&A

Page &P



L2651

				Light-Soaking								Sample #		L2651

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax(312 Hr)

		11		3710		5.00		12.37		7.21		6.07		-15.81		5.37		-25.52		5.33		-26.07

		13		3690		5.00		12.30		7.00		5.96		-14.86		5.23		-25.29		5.19		-25.86

		22		3950		5.00		13.17		6.80		5.76		-15.29		5.06		-25.59		4.99		-26.62

		23		3810		5.00		12.70		6.81		5.74		-15.71		5.04		-25.99		5.05		-25.84

		24		3320		5.00		11.07		6.97		5.99		-14.06		5.33		-23.53		5.19		-25.54

		31		3640		5.00		12.13		7.14		6.00		-15.97		5.31		-25.63		5.23		-26.75

		32		3900		5.00		13.00		6.75		5.64		-16.44		4.94		-26.81		4.9		-27.41

		33		3810		5.00		12.70		6.51		5.57		-14.44		4.87		-25.19		4.85		-25.50

		34		3390		5.00		11.30		6.19		5.72		-7.59		5.03		-18.74		0		-100.00

		41		3300		5.00		11.00		7.14		6.02		-15.69		5.36		-24.93		5.32		-25.49

		42		3470		5.00		11.57		6.73		5.77		-14.26		5.11		-24.07		5.11		-24.07

		43		3370		5.00		11.23		6.59		5.64		-14.42		5.02		-23.82		4.99		-24.28

		44		3030		5.00		10.10		6.59		5.76		-12.59		5.11		-22.46		4.94		-25.04
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L2652

				Light-Soaking								Sample #		L2652

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(93 Hr)				Pmax(305 Hr)				Pmax( Hr)

		11		2670		11.50		3.87		7.05		6.41		-9.08		5.89		-16.45		5.91		-16.17				-100.00

		13		2490		11.50		3.61		6.79		6.17		-9.13		5.64		-16.94		5.39		-20.62				-100.00

		14		2290		11.50		3.32		6.96		6.47		-7.04		6.04		-13.22		6.02		-13.51				-100.00

		21		2620		11.50		3.80		6.73		6.23		-7.43		5.77		-14.26		5.81		-13.67				-100.00

		22		2570		11.50		3.72		6.72		6.13		-8.78		5.72		-14.88		5.72		-14.88				-100.00

		23		2470		11.50		3.58		6.56		6.00		-8.54		5.58		-14.94		5.60		-14.63				-100.00

		34		2170		11.50		3.14		6.56		6.07		-7.47		5.64		-14.02		5.61		-14.48				-100.00

		41		2250		11.50		3.26		6.51		5.99		-7.99		5.67		-12.90		5.58		-14.29				-100.00
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L2653

				Light-Soaking								Sample #		L2653

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax(312 Hr)

		12		2720		8.00		5.67		6.07		5.53		-8.90		5.19		-14.50		5.19		-14.50

		13		2700		8.00		5.63		6.02		5.50		-8.64		5.08		-15.61		5.13		-14.78

		14		2630		8.00		5.48		5.95		5.45		-8.40		5.08		-14.62		5.09		-14.45

		21		2700		8.00		5.63		6.04		5.51		-8.77		5.14		-14.90		5.14		-14.90

		22		2680		8.00		5.58		5.88		5.34		-9.18		5.04		-14.29		5		-14.97

		23		2670		8.00		5.56		5.79		5.26		-9.15		4.94		-14.68		4.86		-16.06

		24		2620		8.00		5.46		5.97		5.49		-8.04		5.10		-14.57		0		-100.00

		31		2580		8.00		5.38		5.87		5.31		-9.54		5.05		-13.97		4.98		-15.16

		32		2570		8.00		5.35		5.72		5.23		-8.57		4.90		-14.34		4.87		-14.86

		33		2570		8.00		5.35		5.67		5.13		-9.52		4.84		-14.64		4.77		-15.87

		41		2410		8.00		5.02		5.90		5.42		-8.14		5.10		-13.56		5.02		-14.92

		42		2430		8.00		5.06		5.80		5.29		-8.79		5.03		-13.28		4.87		-16.03

		43		2440		8.00		5.08		5.76		5.23		-9.20		4.92		-14.58		4.82		-16.32
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L2655

				Light-Soaking								Sample #		L2655

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(93 Hr)				Pmax(305 Hr)				Pmax(Hr)

		11		2200		3.00		12.22		6.78		6.10		-10.03		5.59		-17.55		5.45		-19.62				-100.00

		12		2300		3.00		12.78		6.64		5.94		-10.54		5.39		-18.83		5.27		-20.63				-100.00

		13		2240		3.00		12.44		6.46		5.78		-10.53		5.33		-17.49		5.17		-19.97				-100.00

		22		2420		3.00		13.44		6.42		5.67		-11.68		5.16		-19.63		5.04		-21.50				-100.00

		23		2350		3.00		13.06		6.29		5.51		-12.40		5.06		-19.55		4.92		-21.78				-100.00

		24		2060		3.00		11.44		6.21				-100.00		5.14		-17.23		4.96		-20.13				-100.00

		31		2500		3.00		13.89		6.51		5.73		-11.98		5.22		-19.82		5.07		-22.12				-100.00

		32		2420		3.00		13.44		6.28		5.58		-11.15		5.04		-19.75		4.85		-22.77				-100.00

		33		2350		3.00		13.06		6.19		5.41		-12.60		4.96		-19.87		4.77		-22.94				-100.00

		41		2150		3.00		11.94		6.49		5.76		-11.25		5.25		-19.11		5.03		-22.50				-100.00

		42		2170		3.00		12.06		6.28		5.63		-10.35		5.10		-18.79		4.95		-21.18				-100.00

		43		2050		3.00		11.39		6.17		5.55		-10.05		5.03		-18.48		4.91		-20.42				-100.00

		44		1740		3.00		9.67		6.15		5.63		-8.46		5.21		-15.28		5.06		-17.72				-100.00
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L2656

				Light-Soaking								Sample #		L2656

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(93 Hr)				Pmax(305Hr)				Pmax(Hr)

		11		2110		4.50		7.81		6.14		5.73		-6.68		5.43		-11.56		5.35		-12.87				-100.00

		12		2320		4.50		8.59		6.39		5.91		-7.51		5.64		-11.74		5.58		-12.68				-100.00

		13		2330		4.50		8.63		6.59		6.09		-7.59		5.85		-11.23		5.72		-13.20				-100.00

		14		2290		4.50		8.48		6.72		6.24		-7.14		5.96		-11.31				-100.00				-100.00

		21		2140		4.50		7.93		6.15		5.67		-7.80		5.47		-11.06		5.34		-13.17				-100.00

		22		2360		4.50		8.74		6.24		5.84		-6.41		5.58		-10.58		5.43		-12.98				-100.00

		23		2380		4.50		8.81		6.51		6.01		-7.68		5.78		-11.21		5.63		-13.52				-100.00

		24		2340		4.50		8.67		6.63		6.17		-6.94		5.92		-10.71		5.81		-12.37				-100.00

		31		2040		4.50		7.56		6.08		5.72		-5.92		5.43		-10.69		5.27		-13.32				-100.00

		32		2260		4.50		8.37		6.27		5.79		-7.66		5.58		-11.00		5.37		-14.35				-100.00

		33		2280		4.50		8.44		6.41		5.95		-7.18		5.65		-11.86		5.46		-14.82				-100.00

		34		2200		4.50		8.15		6.67		6.18		-7.35		5.88		-11.84		5.79		-13.19				-100.00

		41		1800		4.50		6.67		5.93		5.60		-5.56		5.42		-8.60		5.27		-11.13				-100.00

		42		2020		4.50		7.48		6.12		5.77		-5.72		5.57		-8.99		5.35		-12.58				-100.00

		43		2060		4.50		7.63		6.28		5.86		-6.69		5.64		-10.19		5.46		-13.06				-100.00

		44		2090		4.50		7.74		6.49		6.11		-5.86		5.89		-9.24		5.69		-12.33				-100.00
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L2659

				Light-Soaking								Sample #		L2659

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(93 Hr)				Pmax(305 Hr)				Pmax( Hr)

		11		2290		4.50		8.48		6.34		5.87		-7.41		5.57		-12.15		5.49		-13.41				-100.00

		12		2280		4.50		8.44		6.21		5.75		-7.41		5.45		-12.24		5.38		-13.37				-100.00

		13		2130		4.50		7.89		6.11								-100.00				-100.00				-100.00

		14		1710		4.50		6.33		5.82		5.51		-5.33		5.23		-10.14		5.18		-11.00				-100.00

		21		2300		4.50		8.52		6.25		5.71		-8.64		5.47		-12.48		5.41		-13.44				-100.00

		24		1750		4.50		6.48		5.74		5.38		-6.27		5.11		-10.98		5.13		-10.63				-100.00

		42		1910		4.50		7.07		6.08		5.68		-6.58		5.45		-10.36		5.24		-13.82				-100.00

		43		1810		4.50		6.70		5.80		5.47		-5.69		5.21		-10.17		5.10		-12.07				-100.00
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L2662

				Light-Soaking								Sample #		L2662

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(93 Hr)				Pmax(305 Hr)				Pmax( Hr)

		11		2120		2.50		14.13		6.13		5.47		-10.77		5.07		-17.29		4.86		-20.72				-100.00

		12		2230		2.50		14.87		6.25		5.46		-12.64		4.95		-20.80		4.77		-23.68				-100.00

		13		2300		2.50		15.33		6.06		5.30		-12.54		4.72		-22.11		4.56		-24.75				-100.00

		14		2020		2.50		13.47		5.69		5.08		-10.72		4.60		-19.16		4.45		-21.79				-100.00

		24		2230		2.50		14.87		5.61		4.95		-11.76		4.38		-21.93		4.23		-24.60				-100.00

		31		2460		2.50		16.40		5.66		4.99		-11.84		4.44		-21.55		4.27		-24.56				-100.00

		42		2440		2.50		16.27		5.68		4.96		-12.68		4.32		-23.94		4.13		-27.29				-100.00

		43		2370		2.50		15.80		5.62		4.88		-13.17		4.23		-24.73		4.06		-27.76				-100.00

		44		2130		2.50		14.20		5.42		4.82		-11.07		4.17		-23.06		3.97		-26.75				-100.00
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L2670

												Sample #		L2670

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(92.75 Hr)				Pmax(305.75 Hr)				Pmax( Hr)

		11		2170		2.00		18.08		6.16		5.69		-7.63		5.40		-12.34		5.33		-13.47				-100.00

		12		2240		2.00		18.67		6.12		5.58		-8.82		5.26		-14.05		5.22		-14.71				-100.00

		13		2190		2.00		18.25		6.08		5.50		-9.54		5.17		-14.97		5.11		-15.95				-100.00

		14		1860		2.00		15.50		6.03		5.60		-7.13		5.26		-12.77		5.18		-14.10				-100.00

		21		2250		2.00		18.75		5.95		5.37		-9.75		5.10		-14.29		5.02		-15.63				-100.00

		22		2350		2.00		19.58		5.74		5.24		-8.71		4.89		-14.81		4.83		-15.85				-100.00

		23		2310		2.00		19.25		5.70		5.16		-9.47		4.78		-16.14		4.74		-16.84				-100.00

		41		2200		2.00		18.33		5.55		5.08		-8.47		4.71		-15.14		4.63		-16.58				-100.00

		43		2230		2.00		18.58		5.45				-100.00				-100.00				-100.00				-100.00

		44		1910		2.00		15.92		5.15		4.81		-6.60		4.47		-13.20		4.35		-15.53				-100.00
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L2671

				Light-Soaking								Sample #		L2671

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(92.75 Hr)				Pmax(305.75 Hr)				Pmax( Hr)

		12		2330		7.33		5.30		5.81		5.55		-4.48		5.28		-9.12		5.27		-9.29				-100.00

		13		2200		7.33		5.00		5.80		5.47		-5.69		5.23		-9.83		5.20		-10.34				-100.00

		14		1870		7.33		4.25		5.62		5.41		-3.74		5.15		-8.36		5.09		-9.43				-100.00

		23		2270		7.33		5.16		5.58		5.23		-6.27		5.00		-10.39		4.97		-10.93				-100.00

		24		1960		7.33		4.46		5.50		5.23		-4.91		4.96		-9.82		4.94		-10.18				-100.00

		31		2290		7.33		5.21		5.49		5.21		-5.10		4.96		-9.65		4.88		-11.11				-100.00

		43		1980		7.33		4.50		5.36		5.10		-4.85		4.85		-9.51		4.78		-10.82				-100.00

		44		1720		7.33		3.91		5.22		4.92		-5.75		4.68		-10.34		4.63		-11.30				-100.00
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L2672

				Light-Soaking								Sample #		L2672

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(92.75 Hr)				Pmax(305.75 Hr)				Pmax( Hr)

		11		2410		10.00		4.02		6.87		6.39		-6.99		5.99		-12.81		6.04		-12.08				-100.00

		12		2480		10.00		4.13		6.58		6.17		-6.23		5.77		-12.31		5.78		-12.16				-100.00

		13		2420		10.00		4.03		6.43		5.96		-7.31		5.61		-12.75		5.61		-12.75				-100.00

		14		2050		10.00		3.42		6.26		5.82		-7.03		5.38		-14.06				-100.00				-100.00

		22		2540		10.00		4.23		6.37		5.92		-7.06		5.58		-12.40		5.54		-13.03				-100.00

		23		2440		10.00		4.07		6.15		5.80		-5.69		5.43		-11.71		5.41		-12.03				-100.00

		24		2090		10.00		3.48		6.13		5.74		-6.36		5.44		-11.26		5.40		-11.91				-100.00

		31		2450		10.00		4.08		6.44		5.88		-8.70		5.54		-13.98				-100.00				-100.00

		32		2470		10.00		4.12		6.14		5.69		-7.33		5.39		-12.21		5.45		-11.24				-100.00

		33		2360		10.00		3.93		5.96		5.60		-6.04		5.33		-10.57		5.36		-10.07				-100.00

		34		2070		10.00		3.45		5.91		5.59		-5.41		5.27		-10.83		5.26		-11.00				-100.00

		43		2080		10.00		3.47		6.06		5.74		-5.28		5.44		-10.23		5.45		-10.07				-100.00

		44		1850		10.00		3.08		5.88		5.64		-4.08		5.32		-9.52		5.32		-9.52				-100.00
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L2674

				Light-Soaking								Sample #		L2674

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(92.75 Hr)				Pmax(305.75 Hr)				Pmax( Hr)

		11		1720		1.58		18.14		5.33		4.99		-6.38		4.74		-11.07		4.63		-13.13				-100.00

		12		1760		1.58		18.57		5.31		4.98		-6.21		4.67		-12.05		4.57		-13.94				-100.00

		13		1740		1.58		18.35		5.23		4.87		-6.88		4.56		-12.81		4.47		-14.53				-100.00

		14		1510		1.58		15.93		5.19		4.85		-6.55		4.59		-11.56		4.50		-13.29				-100.00

		22		1880		1.58		19.83		4.90		4.57		-6.73		4.26		-13.06		4.16		-15.10				-100.00

		23		1840		1.58		19.41		4.84		4.50		-7.02		4.21		-13.02		4.12		-14.88				-100.00

		24		1610		1.58		16.98		4.86		4.58		-5.76		4.26		-12.35		4.21		-13.37				-100.00

		33		1860		1.58		19.62		4.67		4.29		-8.14		4.03		-13.70		3.97		-14.99				-100.00

		34		1620		1.58		17.09		4.75		4.41		-7.16		4.21		-11.37		4.09		-13.89				-100.00

		41		1820		1.58		19.20		4.79		4.40		-8.14		4.13		-13.78		4.07		-15.03				-100.00

		42		1840		1.58		19.41		4.65		4.34		-6.67		4.06		-12.69		3.97		-14.62				-100.00

		44		1540		1.58		16.24		4.61				-100.00				-100.00				-100.00				-100.00
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L2679

				Light-Soaking								Sample #		L2679

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(92.75 Hr)				Pmax(305.75 Hr)				Pmax( Hr)

		11		1820		30.00		1.01		6.86		6.36		-7.29		5.93		-13.56		5.87		-14.43				-100.00

		12		1900		30.00		1.06		6.51		6.12		-5.99		5.69		-12.60		5.68		-12.75				-100.00

		13		1880		30.00		1.04		6.38		5.97		-6.43		5.63		-11.76		5.55		-13.01				-100.00

		14		1660		30.00		0.92		6.33		6.02		-4.90		5.67		-10.43		5.60		-11.53				-100.00

		21		1850		30.00		1.03		6.62		6.26		-5.44		5.80		-12.39				-100.00				-100.00

		22		1940		30.00		1.08		6.40		5.99		-6.41		5.55		-13.28		5.54		-13.44				-100.00

		23		1940		30.00		1.08		6.24		5.86		-6.09		5.44		-12.82		5.37		-13.94				-100.00

		24		1800		30.00		1.00		6.29		5.91		-6.04		5.48		-12.88		5.46		-13.20				-100.00

		31		1960		30.00		1.09		6.32		5.93		-6.17		5.56		-12.03		5.54		-12.34				-100.00

		32		2010		30.00		1.12		6.28		5.81		-7.48		5.45		-13.22		5.43		-13.54				-100.00

		41		1970		30.00		1.09		6.32		5.90		-6.65		5.54		-12.34		5.42		-14.24				-100.00

		42		2010		30.00		1.12		6.19		5.72		-7.59		5.37		-13.25		5.26		-15.02				-100.00

		44		1920		30.00		1.07		6.12		5.66		-7.52		5.34		-12.75		5.24		-14.38				-100.00
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L2680

				Light-Soaking								Sample #		L2680

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax( Hr)

		11		2150		12.00		2.99		6.77		6.11		-9.75		5.83		-13.88				-100.00

		12		2130		12.00		2.96		6.67		6.05		-9.30		5.83		-12.59				-100.00

		13		2320		12.00		3.22		6.36		5.82		-8.49		5.56		-12.58				-100.00

		14		1930		12.00		2.68		6.31		5.80		-8.08		5.57		-11.73				-100.00

		22		2170		12.00		3.01		6.29		5.76		-8.43		5.51		-12.40				-100.00

		24		1940		12.00		2.69		6.07		5.49		-9.56		5.38		-11.37				-100.00

		31		2030		12.00		2.82		6.34		5.82		-8.20		0		-100.00				-100.00

		32		2070		12.00		2.88		6.17		5.64		-8.59		5.46		-11.51				-100.00

		33		2040		12.00		2.83		5.94		5.41		-8.92		5.26		-11.45				-100.00

		41		1780		12.00		2.47		6.39		5.87		-8.14		5.61		-12.21				-100.00

		42		1860		12.00		2.58		6.11		5.64		-7.69		5.45		-10.80				-100.00

		43		1850		12.00		2.57		6.02				-100.00		0		-100.00				-100.00

		44		1720		12.00		2.39		5.95		5.48		-7.90		5.31		-10.76				-100.00
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L2697

				Light-Soaking								Sample #		L2697

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(93 Hr)				Pmax(243 Hr)

		11		2590		13.50		3.20		7.16		6.49		-9.36		6.05		-15.50		6.12		-14.53

		12		2560		13.50		3.16		6.96		6.31		-9.34		5.92		-14.94		5.98		-14.08

		13		2400		13.50		2.96		6.75		6.11		-9.48		5.80		-14.07		5.89		-12.74

		14		2090		13.50		2.58		6.49		5.93		-8.63		5.63		-13.25		5.68		-12.48

		21		2610		13.50		3.22		6.89		6.31		-8.42		5.91		-14.22		5.99		-13.06

		23		2440		13.50		3.01		6.54		5.99		-8.41		5.61		-14.22		5.72		-12.54

		24		2120		13.50		2.62		6.41		5.92		-7.64		5.56		-13.26		5.63		-12.17

		31		2520		13.50		3.11		6.91		6.25		-9.55		5.53		-19.97		5.44		-21.27

		33		2420		13.50		2.99		6.44		5.97		-7.30		5.59		-13.20		5.68		-11.80

		34		2160		13.50		2.67		6.30		5.86		-6.98		5.53		-12.22		5.54		-12.06

		42		2400		13.50		2.96		6.86		6.30		-8.16		5.90		-13.99		5.93		-13.56

		43		2330		13.50		2.88		6.56		6.11		-6.86		5.74		-12.50		5.77		-12.04

		44		2050		13.50		2.53		6.49		5.95		-8.32		5.66		-12.79		5.66		-12.79
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L2698

				Light-Soaking								Sample #		L2698

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(93 Hr)				Pmax(243 Hr)

		12		2790		2.50		18.60		6.09		5.22		-14.29				-100.00		0		-100.00

		13		2920		2.50		19.47		5.97		5.07		-15.08		4.23		-29.15		4.25		-28.81

		14		2670		2.50		17.80		5.84		4.97		-14.90		4.17		-28.60		4.21		-27.91

		22		2800		2.50		18.67		5.82		5.06		-13.06		4.28		-26.46		4.3		-26.12

		23		2900		2.50		19.33		5.68		4.91		-13.56		4.13		-27.29		4.18		-26.41

		24		2620		2.50		17.47		5.68		4.93		-13.20		4.16		-26.76		4.17		-26.58

		31		2430		2.50		16.20		5.79		5.18		-10.54		4.42		-23.66		0		-100.00

		32		2640		2.50		17.60		5.74		5.05		-12.02		4.24		-26.13		0		-100.00

		34		2380		2.50		15.87		5.63		4.92		-12.61		4.12		-26.82		0		-100.00

		41		2020		2.50		13.47		5.67		5.13		-9.52		4.46		-21.34		4.55		-19.75

		42		2200		2.50		14.67		5.68		5.06		-10.92		4.36		-23.24		4.45		-21.65

		43		2220		2.50		14.80		5.62		5.02		-10.68		4.30		-23.49		4.39		-21.89
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L2699

				Light-Soaking								Sample #		L2699

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(93 Hr)				Pmax(243 Hr)

		11		2480		10.00		4.13		6.81		6.35		-6.75		5.86		-13.95		5.75		-15.57

		12		2340		10.00		3.90		6.66		6.15		-7.66		5.70		-14.41		5.61		-15.77

		13		2130		10.00		3.55		6.37		5.89		-7.54		5.48		-13.97		5.45		-14.44

		14		1810		10.00		3.02		6.13		5.76		-6.04		5.37		-12.40		5.27		-14.03

		21		2400		10.00		4.00		6.65		6.23		-6.32		5.76		-13.38		5.75		-13.53

		22		2290		10.00		3.82		6.38		5.94		-6.90		5.53		-13.32		5.44		-14.73

		24		1800		10.00		3.00		6.10		5.74		-5.90		5.35		-12.30		5.28		-13.44

		31		2240		10.00		3.73		6.47		6.07		-6.18		5.56		-14.06		5.59		-13.60

		32		2160		10.00		3.60		6.18		5.82		-5.83		5.44		-11.97		5.35		-13.43

		34		1730		10.00		2.88		6.08		5.75		-5.43		5.40		-11.18		5.36		-11.84

		42		1920		10.00		3.20		6.17		5.90		-4.38		5.46		-11.51		5.42		-12.16

		43		1780		10.00		2.97		6.12		5.83		-4.74		5.42		-11.44		5.34		-12.75
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L2700

				Light-Soaking								Sample #		L2700

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(51.5 Hr)				Pmax( Hr)

		11		3540		3.50		16.86		6.13		5.43		-11.42		4.93		-19.58		4.60		-24.96

		12		4000		3.50		19.05		6.13		5.26		-14.19		4.72		-23.00		4.25		-30.67

		13		4290		3.50		20.43		5.96		5.05		-15.27		4.48		-24.83		4.03		-32.38

		14		3930		3.50		18.71		5.97		5.05		-15.41		4.45		-25.46		4.04		-32.33

		21		3560		3.50		16.95		6.09		5.36		-11.99		4.92		-19.21		4.40		-27.75

		22		4010		3.50		19.10		5.97		5.14		-13.90		4.64		-22.28		4.13		-30.82

		23		4220		3.50		20.10		5.82		4.96		-14.78		4.45		-23.54		3.97		-31.79

		24		3790		3.50		18.05		5.90		5.05		-14.41		4.52		-23.39		4.09		-30.68

		31		3450		3.50		16.43		5.94		5.31		-10.61		4.80		-19.19		4.45		-25.08

		32		3730		3.50		17.76		5.83		5.07		-13.04		4.63		-20.58		4.14		-28.99

		33		3890		3.50		18.52		5.73		4.95		-13.61		4.45		-22.34		3.96		-30.89
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L2701

				Light-Soaking								Sample #		L2701

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(51.5 Hr)				Pmax(300 Hr)

		11		1200		21.00		0.95		5.42				-100.00				-100.00				-8.67

		12		1580		21.00		1.25		5.82		5.44		-6.53		5.20		-10.65		4.95		-10.48

		13		2060		21.00		1.63		6.18		5.66		-8.41		5.46		-11.65		5.21		-13.92

		14		2370		21.00		1.88		6.42		5.89		-8.26		5.54		-13.71		5.32		0.00

		24		2420		21.00		1.92		6.35		5.90		-7.09		5.54		-12.76		5.32		-16.22

		31		1230		21.00		0.98		5.05		4.92		-2.57		4.72		-6.53		4.52		-10.50

		32		1610		21.00		1.28		5.47		5.18		-5.30		4.97		-9.14		4.48		-18.10

		33		2080		21.00		1.65		5.84		5.50		-5.82		5.21		-10.79		4.94		-15.41

		34		2400		21.00		1.90		6.31		5.83		-7.61		5.46		-13.47		5.14		-18.54

		41		1180		21.00		0.94		5.14				-100.00		4.79		-6.81				0.00

		42		1560		21.00		1.24		5.60		5.42		-3.21		5.15		-8.04		4.89		-12.68

		43		1980		21.00		1.57		6.09		5.69		-6.57		5.40		-11.33		5.12		-15.93

		44		2290		21.00		1.82		6.29		5.85		-7.00		5.53		-12.08		5.28		-16.06
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L2702

				Light-Soaking								Sample #		L2702

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(51.5 Hr)				Pmax(300 Hr)

		22		2480		3.50		11.81		5.93		5.61		-5.40		5.33		-10.12		5.11		-13.83

		31		2150		3.50		10.24		5.77		5.49		-4.85		5.21		-9.71		5.05		-12.48

		32		2330		3.50		11.10		5.80		5.45		-6.03		5.13		-11.55		4.85		-16.38

		33		2370		3.50		11.29		5.60		5.33		-4.82		5.04		-10.00		4.77		-14.82

		34		2160		3.50		10.29		5.59		5.24		-6.26		5.02		-10.20		4.83		-13.60

		42		1890		3.50		9.00		5.58		5.40		-3.23		5.09		-8.78		4.91		-12.01

		43		1760		3.50		8.38		5.42				-100.00				-100.00				-100.00
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L2703

				Light-Soaking								Sample #		L2703

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax(300 Hr)

		14		3780		80.00		0.79		6.56		5.88		-10.37		5.4		-17.68				-100.00

		23		3070		80.00		0.64		6.32		5.69		-9.97		5.25		-16.93				-100.00

		32		2360		80.00		0.49		6.05		5.55		-8.26		5.24		-13.39				-100.00

		33		3430		80.00		0.71		6.24		5.61		-10.10		5.24		-16.03				-100.00

		34		4430		80.00		0.92		6.31		5.50		-12.84		5.1		-19.18				-100.00

		43		3710		80.00		0.77		6.27		5.66		-9.73		5.23		-16.59				-100.00

		44		4540		80.00		0.95		6.10		5.47		-10.33		5.04		-17.38				-100.00
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L2704

				Light-Soaking								Sample #		L2704

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax( Hr)

		11		2480		2.33		17.74		6.05		5.36		-11.40		4.86		-19.67				-100.00

		14		3040		2.33		21.75		5.71		4.84		-15.24		4.06		-28.90				-100.00

		23		3090		2.33		22.10		5.63				-100.00		0		-100.00				-100.00

		24		2930		2.33		20.96		5.61				-100.00		0		-100.00				-100.00

		31		2410		2.33		17.24		5.51		4.92		-10.71		4.43		-19.60				-100.00

		32		2680		2.33		19.17		5.46		4.85		-11.17		4.23		-22.53				-100.00

		42		2250		2.33		16.09		5.24		4.77		-8.97		4.24		-19.08				-100.00

		43		2330		2.33		16.67		5.17		4.62		-10.64		4.1		-20.70				-100.00

		44		2110		2.33		15.09		5.15		4.70		-8.74		4.18		-18.83				-100.00
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L2705

				Light-Soaking								Sample #		L2705

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(100 Hr)				Pmax( Hr)

		11		1660		10.00		2.77		6.08		5.80		-4.61		5.35		-12.01				-100.00

		12		1840		10.00		3.07		6.13		5.78		-5.71								-100.00

		13		1980		10.00		3.30		6.21		5.76		-7.25		5.43		-12.56				-100.00

		14		1930		10.00		3.22		6.12		5.71		-6.70		5.3		-13.40				-100.00

		21		1610		10.00		2.68		5.89		5.60		-4.92				-100.00				-100.00

		22		1780		10.00		2.97		5.91		5.52		-6.60		5.33		-9.81				-100.00

		31		1460		10.00		2.43		5.76		5.43		-5.73		5.19		-9.90				-100.00

		42		1360		10.00		2.27		5.60				-100.00				-100.00				-100.00

		43		1480		10.00		2.47		5.58		5.27		-5.56				-100.00				-100.00
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L2706

				Light-Soaking								Sample #		L2706

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(100 Hr)				Pmax( Hr)

		11		2260		3.83		9.83		5.60		5.21		-6.96		4.91		-12.32				-100.00

		12		2210		3.83		9.62		5.59		5.20		-6.98		4.88		-12.70				-100.00

		14		2070		3.83		9.01		5.05		4.77		-5.54		4.60		-8.91				-100.00

		22		2560		3.83		11.14		5.55		5.11		-7.93		4.89		-11.89				-100.00

		23		2340		3.83		10.18		5.37		4.95		-7.82		4.71		-12.29				-100.00

		24		1810		3.83		7.88		5.21		4.94		-5.18		4.70		-9.79				-100.00

		31		2530		3.83		11.01		5.92		5.46		-7.77		5.24		-11.49				-100.00

		32		2540		3.83		11.05		5.60		5.21		-6.96		4.90		-12.50				-100.00

		34		1840		3.83		8.01		5.22		4.92		-5.75		4.71		-9.77				-100.00

		41		2400		3.83		10.44		5.94		5.51		-7.24		5.26		-11.45				-100.00

		42		2390		3.83		10.40		5.88		5.42		-7.82		5.23		-11.05				-100.00

		43		2180		3.83		9.49		5.65		5.28		-6.55		4.99		-11.68				-100.00

		44		1760		3.83		7.66		5.29		5.01		-5.29				-100.00				-100.00
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L2707

				Light-Soaking								Sample #		L2707

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(100 Hr)				Pmax( Hr)

		11		2830		5.83		8.09		6.66		5.96		-10.51		5.62		-15.62				-100.00

		12		3010		5.83		8.60		6.61		5.89		-10.89		5.51		-16.64				-100.00

		13		2990		5.83		8.55		6.46		5.77		-10.68		5.40		-16.41				-100.00

		14		2650		5.83		7.58		6.19		5.62		-9.21		5.25		-15.19				-100.00

		21		2860		5.83		8.18		6.48		5.82		-10.19		5.48		-15.43				-100.00

		22		3060		5.83		8.75		6.33		5.69		-10.11		5.25		-17.06				-100.00

		23		3020		5.83		8.63		6.24		5.59		-10.42		5.12		-17.95				-100.00

		24		2670		5.83		7.63		6.16		5.50		-10.71		5.14		-16.56				-100.00

		31		2690		5.83		7.69		6.30		5.74		-8.89		5.36		-14.92				-100.00

		32		2850		5.83		8.15		6.24		5.57		-10.74		5.16		-17.31				-100.00

		33		2830		5.83		8.09		6.09		5.46		-10.34		5.17		-15.11				-100.00

		34		2500		5.83		7.15		6.06		5.49		-9.41		5.31		-12.39				-100.00

		41		2240		5.83		6.40		6.21		5.75		-7.41		5.48		-11.76				-100.00

		42		2340		5.83		6.69		6.16		5.65		-8.28		5.32		-13.64				-100.00

		43		2400		5.83		6.86		5.92		5.47		-7.60		5.11		-13.68				-100.00
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L2708

				Light-Soaking								Sample #		L2708

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(100 Hr)				Pmax( Hr)

		11		2000		1.50		22.22		6.29		5.69		-9.54		5.37		-14.63				-100.00

		12		2230		1.50		24.78		6.39		5.86		-8.29		5.39		-15.65				-100.00

		13		2580		1.50		28.67		5.97		5.27		-11.73		4.82		-19.26				-100.00

		14		2710		1.50		30.11		5.57		4.91		-11.85		4.38		-21.36				-100.00

		21		2290		1.50		25.44		5.79		0		-100.00		0.00		-100.00				-100.00

		22		2410		1.50		26.78		5.70		5.2		-8.77		4.78		-16.14				-100.00

		24		2660		1.50		29.56		5.47		4.9		-10.42		4.37		-20.11				-100.00

		31		2050		1.50		22.78		5.43		4.98		-8.29		4.76		-12.34				-100.00

		32		2350		1.50		26.11		5.37		4.91		-8.57		4.50		-16.20				-100.00

		34		2450		1.50		27.22		5.39		4.89		-9.28		4.37		-18.92				-100.00

		41		1660		1.50		18.44		5.33		5.06		-5.07		4.73		-11.26				-100.00

		42		1940		1.50		21.56		5.37		5.07		-5.59		4.68		-12.85				-100.00

		43		2110		1.50		23.44		5.30		4.95		-6.60		4.58		-13.58				-100.00

		44		1980		1.50		22.00		5.34		4.96		-7.12		4.61		-13.67				-100.00
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L2709

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax( Hr)

		11		2640		1.50		29.33		6.79		6.54		-3.68				-100.00				-100.00

		12		2550		1.50		28.33		6.61		6.35		-3.93				-100.00				-100.00

		13		2340		1.50		26.00		6.39		6.2		-2.97				-100.00				-100.00

		23		2300		1.50		25.56		6.31		6.21		-1.58				-100.00				-100.00

		24		1940		1.50		21.56		6.10		6.03		-1.15				-100.00				-100.00

		31		2400		1.50		26.67		6.43		6.33		-1.56				-100.00				-100.00

		33		2220		1.50		24.67		6.13		6.07		-0.98				-100.00				-100.00

		34		1870		1.50		20.78		5.88		5.87		-0.17				-100.00				-100.00

		42		2090		1.50		23.22		6.10		6.07		-0.49				-100.00				-100.00
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L2710

				Light-Soaking								Sample #		L2707

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(100 Hr)				Pmax( Hr)

		11		2390		64.00		0.62		6.65		6.16		-7.37		5.87		-11.73				-100.00

		13		2060		64.00		0.54		6.25		5.89		-5.76		5.66		-9.44				-100.00

		14		1700		64.00		0.44		5.83		5.6		-3.95		5.28		-9.43				-100.00

		22		2270		64.00		0.59		6.31		5.92		-6.18		5.58		-11.57				-100.00

		43		1760		64.00		0.46		5.85		5.58		-4.62		5.36		-8.38				-100.00
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L2711

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax( Hr)

		11		2550		1.50		28.33		7.22		6.57		-9.00				-100.00				-100.00

		12		2690		1.50		29.89		7.23		6.53		-9.68				-100.00				-100.00

		13		2700		1.50		30.00		7.13		6.45		-9.54				-100.00				-100.00

		14		2650		1.50		29.44		7.04		6.4		-9.09				-100.00				-100.00

		21		2190		1.50		24.33		7.06		6.69		-5.24				-100.00				-100.00

		22		2630		1.50		29.22		7.06		6.5		-7.93				-100.00				-100.00

		24		2490		1.50		27.67		7.07		6.41		-9.34				-100.00				-100.00

		31		1990		1.50		22.11		6.76		6.41		-5.18				-100.00				-100.00

		33		2310		1.50		25.67		6.92		6.4		-7.51				-100.00				-100.00

		34		2220		1.50		24.67		6.88		6.37		-7.41				-100.00				-100.00

		42		1830		1.50		20.33		6.63		6.18		-6.79				-100.00				-100.00

		43		1930		1.50		21.44		6.70		6.27		-6.42				-100.00				-100.00

		44		1860		1.50		20.67		6.68		6.21		-7.04				-100.00				-100.00
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L2712

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax( Hr)

		11		2340		1.50		26.00		6.50		5.82		-10.46				-100.00				-100.00

		12		2750		1.50		30.56		6.10		5.34		-12.46				-100.00				-100.00

		13		2850		1.50		31.67		6.20		5.42		-12.58				-100.00				-100.00

		14		2740		1.50		30.44		5.94		5.12		-13.80				-100.00				-100.00

		21		2410		1.50		26.78		6.19		5.55		-10.34				-100.00				-100.00

		22		2730		1.50		30.33		5.92		5.42		-8.45				-100.00				-100.00

		24		2680		1.50		29.78		5.83		5.22		-10.46				-100.00				-100.00

		32		2570		1.50		28.56		5.85		5.24		-10.43				-100.00				-100.00

		33		2650		1.50		29.44		5.80		5.12		-11.72				-100.00				-100.00

		34		2430		1.50		27.00		5.73		5.16		-9.95				-100.00				-100.00

		41		1810		1.50		20.11		5.68		3.88		-31.69				-100.00				-100.00

		43		2140		1.50		23.78		5.57		5.26		-5.57				-100.00				-100.00
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L2713

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax( Hr)

		11		1030		1.50		11.44		5.31		4.82		-9.23				-100.00				-100.00

		12		1710		1.50		19.00		6.12		5.54		-9.48				-100.00				-100.00

		13		2710		1.50		30.11		6.64		5.87		-11.60				-100.00				-100.00

		14		3610		1.50		40.11		6.54		5.95		-9.02				-100.00				-100.00

		22		1860		1.50		20.67		6.17		5.74		-6.97				-100.00				-100.00

		23		2900		1.50		32.22		6.44		5.91		-8.23				-100.00				-100.00

		24		3770		1.50		41.89		6.55		5.85		-10.69				-100.00				-100.00

		32		2080		1.50		23.11		6.20		5.71		-7.90				-100.00				-100.00

		33		3130		1.50		34.78		6.32		5.76		-8.86				-100.00				-100.00

		34		3980		1.50		44.22		6.28		5.73		-8.76				-100.00				-100.00

		41		1350		1.50		15.00		5.70		5.3		-7.02				-100.00				-100.00

		43		3160		1.50		35.11		6.26		5.79		-7.51				-100.00				-100.00
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L2714

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax( Hr)

		11		3610		1.50		40.11		6.84		6.27		-8.33				-100.00				-100.00

		12		3460		1.50		38.44		6.72		6.08		-9.52				-100.00				-100.00

		13		3150		1.50		35.00		6.67		6.09		-8.70				-100.00				-100.00

		22		3460		1.50		38.44		6.63		6.15		-7.24				-100.00				-100.00

		23		3150		1.50		35.00		6.51		6		-7.83				-100.00				-100.00

		24		2690		1.50		29.89		6.36		5.95		-6.45				-100.00				-100.00

		31		3300		1.50		36.67		6.70		0		-100.00				-100.00				-100.00

		32		3240		1.50		36.00		6.47		6.07		-6.18				-100.00				-100.00

		41		2830		1.50		31.44		6.45		6.18		-4.19				-100.00				-100.00
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L2715

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax( Hr)

		11		2710		1.50		30.11		5.30		4.46		-15.85				-100.00				-100.00

		12		2290		1.50		25.44		5.27		4.47		-15.18				-100.00				-100.00

		13		1760		1.50		19.56		5.14		4.41		-14.20				-100.00				-100.00

		14		1380		1.50		15.33		4.82		4.24		-12.03				-100.00				-100.00

		21		2640		1.50		29.33		5.35		4.51		-15.70				-100.00				-100.00

		22		2290		1.50		25.44		5.28		4.44		-15.91				-100.00				-100.00

		23		1820		1.50		20.22		5.07		4.41		-13.02				-100.00				-100.00

		24		1410		1.50		15.67		4.87		0		-100.00				-100.00				-100.00

		32		2170		1.50		24.11		5.13		4.4		-14.23				-100.00				-100.00

		33		1780		1.50		19.78		4.94		4.26		-13.77				-100.00				-100.00

		34		1450		1.50		16.11		4.80		4.18		-12.92				-100.00				-100.00

		41		2210		1.50		24.56		3.72		4.41		18.55				-100.00				-100.00

		42		2030		1.50		22.56		2.74		4.34		58.39				-100.00				-100.00

		44		1460		1.50		16.22		4.98		4.15		-16.67				-100.00				-100.00
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L2716

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax( Hr)

		11		3160		1.50		35.11		6.85		6.29		-8.18				-100.00				-100.00

		12		3460		1.50		38.44		7.61		6.09		-19.97				-100.00				-100.00

		13		3680		1.50		40.89		6.98		6.04		-13.47				-100.00				-100.00

		14		3530		1.50		39.22		6.77		5.78		-14.62				-100.00				-100.00

		21		3090		1.50		34.33		7.33		6.33		-13.64				-100.00				-100.00

		22		3380		1.50		37.56		6.92		6.14		-11.27				-100.00				-100.00

		23		3550		1.50		39.44		6.87		6		-12.66				-100.00				-100.00

		24		3430		1.50		38.11		6.95		5.96		-14.24				-100.00				-100.00

		31		4710		1.50		52.33		7.04		6.28		-10.80				-100.00				-100.00

		32		5709		1.50		63.43		6.87		6.08		-11.50				-100.00				-100.00

		33		4180		1.50		46.44		6.41		5.91		-7.80				-100.00				-100.00

		34		4060		1.50		45.11		6.58		5.99		-8.97				-100.00				-100.00

		41		2440		1.50		27.11		6.67		6.25		-6.30				-100.00				-100.00

		42		2570		1.50		28.56		6.43		6.13		-4.67				-100.00				-100.00

		43		3140		1.50		34.89		6.55		6.05		-7.63				-100.00				-100.00
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L2717

				Change in  Pmax

		Cell Number		Thickness(A)		Dep.Time(Min)		D-Rate (A/Sec)		Pmax(0 Hr)		Pmax(3 Hr)				Pmax(73 Hr)				Pmax( Hr)

		12		3060		1.50		34.00		7.41		6.64		-10.39				-100.00				-100.00

		13		3200		1.50		35.56		7.24		6.58		-9.12				-100.00				-100.00

		14		3050		1.50		33.89		6.89		6.31		-8.42				-100.00				-100.00

		21		2710		1.50		30.11		7.25		6.61		-8.83				-100.00				-100.00

		23		3060		1.50		34.00		7.17		6.62		-7.67				-100.00				-100.00

		24		2910		1.50		32.33		6.87		6.36		-7.42				-100.00				-100.00

		31		2430		1.50		27.00		7.05		6.57		-6.81				-100.00				-100.00

		32		2640		1.50		29.33		7.02		6.54		-6.84				-100.00				-100.00

		33		2750		1.50		30.56		6.99		6.55		-6.29				-100.00				-100.00

		34		2610		1.50		29.00		6.85		6.37		-7.01				-100.00				-100.00

		42		2120		1.50		23.56		6.89		6.56		-4.79				-100.00				-100.00

		43		2240		1.50		24.89		6.87		6.49		-5.53				-100.00				-100.00

		44		2110		1.50		23.44		6.64		6.38		-3.92				-100.00				-100.00
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GRAPH

		sample #		cell #		Jsc		Thickness		Dep Rate		P int

		L2674		44		7.09		1540		16.24		4.61		-100.00		-100.00		-100.00

		L2674		42		7.25		1840		19.41		4.65		-6.67		-12.69		-14.62

		L2674		34		7.27		1620		17.09		4.75		-7.16		-11.37		-13.89

		L2674		33		7.31		1860		19.62		4.67		-8.14		-13.70		-14.99

		L2674		24		7.36		1610		16.98		4.86		-5.76		-12.35		-13.37

		L2674		41		7.41		1820		19.20		4.79		-8.14		-13.78		-15.03

		L2671		44		7.43		1720		3.91		5.22		-5.75		-10.34		-11.30

		L2674		23		7.49		1840		19.41		4.84		-7.02		-13.02		-14.88

		L2706		14		7.54		2070		9.01		5.05		-5.54		-8.91

		L2674		22		7.56		1880		19.83		4.90		-6.73		-13.06		-15.10

		L2674		14		7.71		1510		15.93		5.19		-6.55		-11.56		-13.29

		L2701		31		7.81		1230		0.98		5.05		-2.57		-6.53		-10.50

		L2674		11		7.83		1720		18.14		5.33		-6.38		-11.07		-13.13

		L2706		34		7.85		1840		8.01		5.22		-5.75		-9.77

		L2670		44		7.86		1910		15.92		5.15		-6.60		-13.20		-15.53

		L2706		24		7.87		1810		7.88		5.21		-5.18		-9.79

		L2706		44		7.88		1760		7.66		5.29		-5.29		-100.00

		L2674		13		7.89		1740		18.35		5.23		-6.88		-12.81		-14.53

		L2671		43		7.9		1980		4.50		5.36		-4.85		-9.51		-10.82

		L2713		11		7.92		1030		11.44		5.31		-9.23

		L2715		14		7.93		1380		15.33		4.82		-12.03

		L2701		41		7.95		1180		0.94		5.14		-100.00		-6.81

		L2674		12		7.96		1760		18.57		5.31		-6.21		-12.05		-13.94

		L2671		24		7.99		1960		4.46		5.50		-4.91		-9.82		-10.18

		L2702		43		8.13		1760		8.38		5.42		-100.00		-100.00		-1293.18

		L2715		24		8.15		1410		15.67		4.87		-100.00

		L2706		23		8.2		2340		10.18		5.37		-7.82		-12.29

		L2671		14		8.22		1870		4.25		5.62		-3.74		-8.36		-9.43

		L2701		11		8.24		1200		0.95		5.42		-100.00		-100.00		-8.67

		L2671		31		8.25		2290		5.21		5.49		-5.10		-9.65		-11.11

		L2704		44		8.33		2110		15.09		5.15		-8.74		-18.83

		L2708		41		8.34		1660		18.44		5.33		-5.07		-11.26

		L2706		12		8.38		2210		9.62		5.59		-6.98		-12.70

		L2659		24		8.39		1750		6.48		5.74		-6.27		-10.98		-10.63

		L2659		14		8.4		1710		6.33		5.82		-5.33		-10.14		-11.00

		L2670		43		8.41		2230		18.58		5.45		-100.00		-100.00		-100.00

		L2702		42		8.42		1890		9.00		5.58		-3.23		-8.78		-197.57

		L2671		23		8.42		2270		5.16		5.58		-6.27		-10.39		-10.93

		L2659		43		8.44		1810		6.70		5.80		-5.69		-10.17		-12.07

		L2708		44		8.46		1980		22.00		5.34		-7.12		-13.67

		L2702		34		8.46		2160		10.29		5.59		-6.26		-10.20		-199.14

		L2701		32		8.47		1610		1.28		5.47		-5.30		-9.14		-18.10

		L2704		43		8.47		2330		16.67		5.17		-10.64		-20.70

		L2705		42		8.48		1360		2.27		5.60		-100.00		-100.00

		L2706		22		8.5		2560		11.14		5.55		-7.93		-11.89

		L2706		11		8.51		2260		9.83		5.60		-6.96		-12.32

		L2708		43		8.52		2110		23.44		5.30		-6.60		-13.58

		L2670		41		8.52		2200		18.33		5.55		-8.47		-15.14		-16.58

		L2705		43		8.54		1480		2.47		5.58		-5.56		-100.00

		L2706		43		8.54		2180		9.49		5.65		-6.55		-11.68

		L2672		44		8.55		1850		3.08		5.88		-4.08		-9.52		-9.52

		L2704		42		8.55		2250		16.09		5.24		-8.97		-19.08

		L2715		44		8.58		1460		16.22		4.98		-16.67

		L2641		43		8.59		1910		4.55		5.50		-2.55		-9.09		-10.55

		L2662		44		8.6		2130		14.20		5.42		-11.07		-23.06		-26.75

		L2708		42		8.61		1940		21.56		5.37		-5.59		-12.85

		L2641		44		8.62		1780		4.24		5.59		-2.86		-9.30		-11.27

		L2708		31		8.63		2050		22.78		5.43		-8.29		-12.34

		L2672		34		8.63		2070		3.45		5.91		-5.41		-10.83		-11.00

		L2642		44		8.63		2150		5.12		5.52		-6.34		-14.31		-16.67

		L2715		33		8.65		1780		19.78		4.94		-13.77

		L2662		14		8.65		2020		13.47		5.69		-10.72		-19.16		-21.79

		L2662		24		8.65		2230		14.87		5.61		-11.76		-21.93		-24.60

		L2705		31		8.66		1460		2.43		5.76		-5.73		-9.90

		L2702		33		8.66		2370		11.29		5.60		-4.82		-10.00		-188.61

		L2706		32		8.68		2540		11.05		5.60		-6.96		-12.50

		L2671		13		8.69		2200		5.00		5.80		-5.69		-9.83		-10.34

		L2641		33		8.7		2070		4.93		5.58		-4.66		-10.39		-11.47

		L2715		13		8.71		1760		19.56		5.14		-14.20

		L2656		41		8.71		1800		6.67		5.93		-5.56		-8.60		-11.13

		L2670		23		8.71		2310		19.25		5.70		-9.47		-16.14		-16.84

		L2715		23		8.72		1820		20.22		5.07		-13.02

		L2641		34		8.72		1960		4.67		5.65		-5.49		-10.62		-12.74

		L2708		34		8.72		2450		27.22		5.39		-9.28		-18.92

		L2715		34		8.73		1450		16.11		4.80		-12.92

		L2671		12		8.76		2330		5.30		5.81		-4.48		-9.12		-9.29

		L2712		41		8.78		1810		20.11		5.68		-31.69

		L2670		14		8.78		1860		15.50		6.03		-7.13		-12.77		-14.10

		L2670		22		8.78		2350		19.58		5.74		-8.71		-14.81		-15.85

		L2708		32		8.78		2350		26.11		5.37		-8.57		-16.20

		L2642		43		8.8		2390		5.69		5.56		-6.12		-13.67		-16.01

		L2710		14		8.81		1700		0.44		5.83		-3.95		-9.43

		L2641		42		8.81		1960		4.67		5.72		-4.72		-10.14		-11.89

		L2702		31		8.81		2150		10.24		5.77		-4.85		-9.71		-194.80

		L2698		34		8.81		2380		15.87		5.63		-12.61		-26.82		-100.00

		L2704		31		8.81		2410		17.24		5.51		-10.71		-19.60

		L2698		43		8.82		2220		14.80		5.62		-10.68		-23.49		-21.89

		L2712		43		8.83		2140		23.78		5.57		-5.57

		L2698		24		8.83		2620		17.47		5.68		-13.20		-26.76		-26.58

		L2670		21		8.84		2250		18.75		5.95		-9.75		-14.29		-15.63

		L2713		41		8.85		1350		15.00		5.70		-7.02

		L2650		34		8.85		2140		5.10		5.95		-8.91		-14.29		-16.47

		L2701		42		8.86		1560		1.24		5.60		-3.21		-8.04		-12.68

		L2650		43		8.86		2290		5.45		5.73		-8.03		-12.57		-14.49

		L2698		41		8.87		2020		13.47		5.67		-9.52		-21.34		-19.75

		L2642		34		8.87		2300		5.48		5.63		-8.17		-14.39		-16.87

		L2704		32		8.87		2680		19.17		5.46		-11.17		-22.53

		L2709		34		8.88		1870		20.78		5.88		-0.17

		L2701		12		8.89		1580		1.25		5.82		-6.53		-10.65		-10.48

		L2680		44		8.89		1720		2.39		5.95		-7.90		-10.76

		L2659		42		8.89		1910		7.07		6.08		-6.58		-10.36		-13.82

		L2702		32		8.89		2330		11.10		5.80		-6.03		-11.55		-204.11

		L2641		41		8.9		2000		4.76		5.78		-3.81		-9.17		-11.07

		L2672		24		8.91		2090		3.48		6.13		-6.36		-11.26		-11.91

		L2672		33		8.91		2360		3.93		5.96		-6.04		-10.57		-10.07

		L2712		34		8.91		2430		27.00		5.73		-9.95

		L2710		43		8.92		1760		0.46		5.85		-4.62		-8.38

		L2705		22		8.92		1780		2.97		5.91		-6.60		-9.81

		L2705		21		8.94		1610		2.68		5.89		-4.92		-100.00

		L2698		42		8.94		2200		14.67		5.68		-10.92		-23.24		-21.65

		L2650		24		8.94		2270		5.40		6.08		-8.72		-14.80		-16.12

		L2706		42		8.94		2390		10.40		5.88		-7.82		-11.05

		L2699		24		8.95		1800		3.00		6.10		-5.90		-12.30		-13.44

		L2641		24		8.95		2060		4.90		5.72		-100.00		-100.00		-11.01

		L2662		43		8.95		2370		15.80		5.62		-13.17		-24.73		-27.76

		L2699		14		8.96		1810		3.02		6.13		-6.04		-12.40		-14.03

		L2715		42		8.96		2030		22.56		2.74		58.39

		L2672		14		8.96		2050		3.42		6.26		-7.03		-14.06		-100.00

		L2672		43		8.96		2080		3.47		6.06		-5.28		-10.23		-10.07

		L2659		13		8.96		2130		7.89		6.11		-100.00		-100.00		-100.00

		L2708		24		8.96		2660		29.56		5.47		-10.42		-20.11

		L2656		11		8.97		2110		7.81		6.14		-6.68		-11.56		-12.87

		L2699		34		8.98		1730		2.88		6.08		-5.43		-11.18		-11.84

		L2680		43		8.98		1850		2.57		6.02		-100.00		-100.00

		L2662		31		8.98		2460		16.40		5.66		-11.84		-21.55		-24.56

		L2704		24		8.98		2930		20.96		5.61		-100.00		-100.00

		L2680		33		8.99		2040		2.83		5.94		-8.92		-11.45

		L2656		31		9		2040		7.56		6.08		-5.92		-10.69		-13.32

		L2641		32		9		2140		5.10		5.80		-5.52		-10.86		-13.10

		L2641		23		9.01		2160		5.14		5.78		-5.54		-11.07		-100.00

		L2706		41		9.01		2400		10.44		5.94		-7.24		-11.45

		L2706		31		9.01		2530		11.01		5.92		-7.77		-11.49

		L2670		13		9.03		2190		18.25		6.08		-9.54		-14.97		-15.95

		L2662		42		9.03		2440		16.27		5.68		-12.68		-23.94		-27.29

		L2650		33		9.03		2650		6.31		5.99		-9.52		-14.36		-15.86

		L2642		42		9.04		2330		5.55		5.68		-5.11		-12.85		-15.67

		L2656		21		9.05		2140		7.93		6.15		-7.80		-11.06		-13.17

		L2670		11		9.05		2170		18.08		6.16		-7.63		-12.34		-13.47

		L2670		12		9.05		2240		18.67		6.12		-8.82		-14.05		-14.71

		L2653		33		9.05		2570		5.35		5.67		-9.52		-14.64		-15.87

		L2698		32		9.06		2640		17.60		5.74		-12.02		-26.13		-100.00

		L2708		14		9.06		2710		30.11		5.57		-11.85		-21.36

		L2698		31		9.07		2430		16.20		5.79		-10.54		-23.66		-100.00

		L2653		43		9.08		2440		5.08		5.76		-9.20		-14.58		-16.32

		L2698		23		9.08		2900		19.33		5.68		-13.56		-27.29		-26.41

		L2642		33		9.09		2600		6.19		5.75		-9.22		-100.00		-100.00

		L2680		42		9.1		1860		2.58		6.11		-7.69		-10.80

		L2650		14		9.1		2220		5.29		6.26		-5.43		-10.70		-11.82

		L2653		42		9.1		2430		5.06		5.80		-8.79		-13.28		-16.03

		L2698		14		9.1		2670		17.80		5.84		-14.90		-28.60		-27.91

		L2712		24		9.1		2680		29.78		5.83		-10.46

		L2653		32		9.11		2570		5.35		5.72		-8.57		-14.34		-14.86

		L2699		43		9.12		1780		2.97		6.12		-4.74		-11.44		-12.75

		L2708		21		9.12		2290		25.44		5.79		-100.00		-100.00

		L2656		42		9.13		2020		7.48		6.12		-5.72		-8.99		-12.58

		L2650		42		9.13		2470		5.88		6.01		-9.98		-14.81		-15.14

		L2646		44		9.13		2560		6.10		6.15		-12.36		-18.70		-21.63

		L2704		14		9.13		3040		21.75		5.71		-15.24		-28.90

		L2705		14		9.14		1930		3.22		6.12		-6.70		-13.40

		L2701		33		9.14		2080		1.65		5.84		-5.82		-10.79		-15.41

		L2659		12		9.14		2280		8.44		6.21		-7.41		-12.24		-13.37

		L2680		24		9.15		1940		2.69		6.07		-9.56		-11.37

		L2707		43		9.16		2400		6.86		5.92		-7.60		-13.68

		L2659		21		9.17		2300		8.52		6.25		-8.64		-12.48		-13.44

		L2704		23		9.17		3090		22.10		5.63		-100.00		-100.00

		L2705		11		9.18		1660		2.77		6.08		-4.61		-12.01

		L2641		31		9.18		2130		5.07		5.95		-5.71		-11.60		-13.61

		L2712		32		9.19		2570		28.56		5.85		-10.43

		L2702		22		9.2		2480		11.81		5.93		-5.40		-10.12		-185.68

		L2712		33		9.2		2650		29.44		5.80		-11.72

		L2709		24		9.21		1940		21.56		6.10		-1.15

		L2641		14		9.21		2060		4.90		6.00		-6.00		-11.17		-12.00

		L2698		22		9.21		2800		18.67		5.82		-13.06		-26.46		-26.12

		L2645		33		9.22		2370		5.64		5.73		-11.34		-19.72		-100.00

		L2672		32		9.22		2470		4.12		6.14		-7.33		-12.21		-11.24

		L2715		32		9.23		2170		24.11		5.13		-14.23

		L2672		23		9.23		2440		4.07		6.15		-5.69		-11.71		-12.03

		L2707		34		9.23		2500		7.15		6.06		-9.41		-12.39

		L2705		12		9.24		1840		3.07		6.13		-5.71

		L2662		13		9.24		2300		15.33		6.06		-12.54		-22.11		-24.75

		L2653		23		9.24		2670		5.56		5.79		-9.15		-14.68		-16.06

		L2659		11		9.25		2290		8.48		6.34		-7.41		-12.15		-13.41

		L2653		41		9.25		2410		5.02		5.90		-8.14		-13.56		-14.92

		L2650		32		9.25		2850		6.79		6.09		-8.87		-14.94		-15.60

		L2680		32		9.26		2070		2.88		6.17		-8.59		-11.51

		L2699		42		9.28		1920		3.20		6.17		-4.38		-11.51		-12.16

		L2641		13		9.28		2200		5.24		5.98		-5.35		-10.87		-11.87

		L2642		41		9.28		2340		5.57		5.95		-7.23		-15.13		-100.00

		L2708		22		9.28		2410		26.78		5.70		-8.77		-16.14

		L2650		23		9.28		2790		6.64		6.16		-100.00		-100.00		-100.00

		L2699		32		9.3		2160		3.60		6.18		-5.83		-11.97		-13.43

		L2679		44		9.31		1920		1.07		6.12		-7.52		-12.75		-14.38

		L2705		13		9.31		1980		3.30		6.21		-7.25		-12.56

		L2641		22		9.31		2190		5.21		5.97		-5.19		-10.89		-12.23

		L2707		24		9.31		2670		7.63		6.16		-10.71		-16.56

		L2656		43		9.32		2060		7.63		6.28		-6.69		-10.19		-13.06

		L2642		24		9.32		2380		5.67		5.92		-7.09		-13.68		-16.22

		L2653		31		9.32		2580		5.38		5.87		-9.54		-13.97		-15.16

		L2653		22		9.32		2680		5.58		5.88		-9.18		-14.29		-14.97

		L2645		23		9.33		2360		5.62		5.68		-8.98		-16.02		-100.00

		L2656		22		9.33		2360		8.74		6.24		-6.41		-10.58		-12.98

		L2704		11		9.33		2480		17.74		6.05		-11.40		-19.67

		L2679		42		9.34		2010		1.12		6.19		-7.59		-13.25		-15.02

		L2642		23		9.34		2630		6.26		5.89		-7.81		-14.77		-17.83

		L2656		32		9.35		2260		8.37		6.27		-7.66		-11.00		-14.35

		L2645		44		9.35		2280		5.43		5.89		-11.54		-17.66		-21.22

		L2645		24		9.35		2400		5.71		5.64		-8.87		-15.60		-18.62

		L2712		22		9.35		2730		30.33		5.92		-8.45

		L2707		14		9.36		2650		7.58		6.19		-9.21		-15.19

		L2680		14		9.37		1930		2.68		6.31		-8.08		-11.73

		L2662		11		9.37		2120		14.13		6.13		-10.77		-17.29		-20.72

		L2646		34		9.37		2800		6.67		6.18		-11.00		-16.02		-17.96

		L2698		13		9.39		2920		19.47		5.97		-15.08		-29.15		-28.81

		L2679		14		9.4		1660		0.92		6.33		-4.90		-10.43		-11.53

		L2679		23		9.4		1940		1.08		6.24		-6.09		-12.82		-13.94

		L2645		32		9.42		2290		5.45		5.95		-100.00		-100.00		-100.00

		L2656		12		9.42		2320		8.59		6.39		-7.51		-11.74		-12.68

		L2712		14		9.42		2740		30.44		5.94		-13.80

		L2645		42		9.43		2210		5.26		5.88		-11.90		-19.56		-30.78

		L2679		24		9.44		1800		1.00		6.29		-6.04		-12.88		-13.20

		L2699		13		9.44		2130		3.55		6.37		-7.54		-13.97		-14.44

		L2715		12		9.44		2290		25.44		5.27		-15.18

		L2655		24		9.45		2060		11.44		6.21		-100.00		-17.23		-20.13

		L2707		33		9.45		2830		8.09		6.09		-10.34		-15.11

		L2713		12		9.46		1710		19.00		6.12		-9.48

		L2679		41		9.46		1970		1.09		6.32		-6.65		-12.34		-14.24

		L2641		21		9.46		2240		5.33		6.11		-5.73		-11.46		-13.09

		L2707		41		9.46		2240		6.40		6.21		-7.41		-11.76

		L2680		41		9.47		1780		2.47		6.39		-8.14		-12.21

		L2650		22		9.47		2990		7.12		6.28		-7.17		-12.26		-13.06

		L2679		32		9.48		2010		1.12		6.28		-7.48		-13.22		-13.54

		L2709		42		9.48		2090		23.22		6.10		-0.49

		L2697		34		9.48		2160		2.67		6.30		-6.98		-12.22		-12.06

		L2680		22		9.48		2170		3.01		6.29		-8.43		-12.40

		L2709		33		9.48		2220		24.67		6.13		-0.98

		L2653		14		9.48		2630		5.48		5.95		-8.40		-14.62		-14.45

		L2710		13		9.49		2060		0.54		6.25		-5.76		-9.44

		L2715		22		9.49		2290		25.44		5.28		-15.91

		L2712		12		9.49		2750		30.56		6.10		-12.46

		L2697		14		9.5		2090		2.58		6.49		-8.63		-13.25		-12.48

		L2697		24		9.5		2120		2.62		6.41		-7.64		-13.26		-12.17

		L2680		13		9.5		2320		3.22		6.36		-8.49		-12.58

		L2672		31		9.5		2450		4.08		6.44		-8.70		-13.98		-100.00

		L2680		31		9.51		2030		2.82		6.34		-8.20		-100.00

		L2672		13		9.52		2420		4.03		6.43		-7.31		-12.75		-12.75

		L2653		24		9.52		2620		5.46		5.97		-8.04		-14.57		-100.00

		L2679		13		9.53		1880		1.04		6.38		-6.43		-11.76		-13.01

		L2707		42		9.53		2340		6.69		6.16		-8.28		-13.64

		L2672		22		9.53		2540		4.23		6.37		-7.06		-12.40		-13.03

		L2698		12		9.53		2790		18.60		6.09		-14.29		-100.00		-100.00

		L2650		31		9.53		2860		6.81		6.28		-10.99		-16.24		-17.20

		L2679		31		9.54		1960		1.09		6.32		-6.17		-12.03		-12.34

		L2645		41		9.54		2150		5.12		6.08		-9.38		-16.12		-18.59

		L2646		43		9.54		2950		7.02		6.3		-9.68		-16.35		-18.41

		L2656		44		9.55		2090		7.74		6.49		-5.86		-9.24		-12.33

		L2715		41		9.55		2210		24.56		3.72		18.55

		L2662		12		9.55		2230		14.87		6.25		-12.64		-20.80		-23.68

		L2655		44		9.57		1740		9.67		6.15		-8.46		-15.28		-17.72

		L2679		22		9.57		1940		1.08		6.40		-6.41		-13.28		-13.44

		L2701		43		9.57		1980		1.57		6.09		-6.57		-11.33		-15.93

		L2701		13		9.59		2060		1.63		6.18		-8.41		-11.65		-13.92

		L2645		31		9.59		2260		5.38		5.86		-100.00		-100.00		-100.00

		L2712		21		9.59		2410		26.78		6.19		-10.34

		L2655		33		9.6		2350		13.06		6.19		-12.60		-19.87		-22.94

		L2653		21		9.6		2700		5.63		6.04		-8.77		-14.90		-14.90

		L2713		22		9.61		1860		20.67		6.17		-6.97

		L2653		13		9.61		2700		5.63		6.02		-8.64		-15.61		-14.78

		L2655		43		9.62		2050		11.39		6.17		-10.05		-18.48		-20.42

		L2656		33		9.62		2280		8.44		6.41		-7.18		-11.86		-14.82

		L2650		13		9.62		2760		6.57		6.41		-7.49		-12.32		-14.04

		L2708		11		9.63		2000		22.22		6.29		-9.54		-14.63

		L2645		21		9.63		2340		5.57		5.89		-9.51		-17.66		-26.32

		L2699		22		9.64		2290		3.82		6.38		-6.90		-13.32		-14.73

		L2653		12		9.64		2720		5.67		6.07		-8.90		-14.50		-14.50

		L2656		23		9.66		2380		8.81		6.51		-7.68		-11.21		-13.52

		L2642		14		9.66		2390		5.69		6.18		-7.77		-13.75		-17.48

		L2707		23		9.66		3020		8.63		6.24		-10.42		-17.95

		L2700		33		9.66		3890		18.52		5.73		-13.61		-22.34		-30.89

		L2646		24		9.68		2850		6.79		6.5		-13.23		-19.85		-22.31

		L2707		32		9.68		2850		8.15		6.24		-10.74		-17.31

		L2650		12		9.68		3010		7.17		6.39		-6.73		-12.36		-12.83

		L2655		23		9.69		2350		13.06		6.29		-12.40		-19.55		-21.78

		L2646		33		9.69		3230		7.69		6.4		-11.41		-18.75		-18.44

		L2707		31		9.7		2690		7.69		6.30		-8.89		-14.92

		L2679		12		9.72		1900		1.06		6.51		-5.99		-12.60		-12.75

		L2656		13		9.73		2330		8.63		6.59		-7.59		-11.23		-13.20

		L2700		32		9.73		3730		17.76		5.83		-13.04		-20.58		-28.99

		L2697		44		9.74		2050		2.53		6.49		-8.32		-12.79		-12.79

		L2708		13		9.74		2580		28.67		5.97		-11.73		-19.26

		L2710		22		9.76		2270		0.59		6.31		-6.18		-11.57

		L2655		42		9.77		2170		12.06		6.28		-10.35		-18.79		-21.18

		L2709		23		9.77		2300		25.56		6.31		-1.58

		L2655		32		9.77		2420		13.44		6.28		-11.15		-19.75		-22.77

		L2672		12		9.77		2480		4.13		6.58		-6.23		-12.31		-12.16

		L2700		31		9.77		3450		16.43		5.94		-10.61		-19.19		-25.08

		L2656		14		9.78		2290		8.48		6.72		-7.14		-11.31		-100.00

		L2697		33		9.79		2420		2.99		6.44		-7.30		-13.20		-11.80

		L2712		13		9.79		2850		31.67		6.20		-12.58

		L2650		21		9.79		3020		7.19		6.16		-7.95		-14.45		-17.05

		L2655		13		9.8		2240		12.44		6.46		-10.53		-17.49		-19.97

		L2656		24		9.8		2340		8.67		6.63		-6.94		-10.71		-12.37

		L2642		13		9.8		2620		6.24		6.20		-8.87		-14.35		-100.00

		L2700		24		9.81		3790		18.05		5.90		-14.41		-23.39		-30.68

		L2699		31		9.82		2240		3.73		6.47		-6.18		-14.06		-13.60

		L2703		32		9.82		2360		0.49		6.05		-8.26		-13.39

		L2642		21		9.82		2790		6.64		6.18		-9.22		-100.00		-100.00

		L2713		32		9.83		2080		23.11		6.20		-7.90

		L2707		22		9.83		3060		8.75		6.33		-10.11		-17.06

		L2700		23		9.83		4220		20.10		5.82		-14.78		-23.54		-31.79

		L2645		12		9.84		2320		5.52		5.95		-8.91		-16.81		-26.05

		L2697		23		9.84		2440		3.01		6.54		-8.41		-14.22		-12.54

		L2646		42		9.84		3060		7.29		6.56		-10.37		-15.70		-17.38

		L2709		13		9.85		2340		26.00		6.39		-2.97

		L2650		11		9.85		3040		7.24		6.52		-7.36		-12.27		-12.58

		L2700		14		9.85		3930		18.71		5.97		-15.41		-25.46		-32.33

		L2652		41		9.86		2250		3.26		6.51		-7.99		-12.90		-14.29

		L2707		13		9.87		2990		8.55		6.46		-10.68		-16.41

		L2701		34		9.88		2400		1.90		6.31		-7.61		-13.47		-18.54

		L2655		22		9.9		2420		13.44		6.42		-11.68		-19.63		-21.50

		L2656		34		9.91		2200		8.15		6.67		-7.35		-11.84		-13.19

		L2715		11		9.91		2710		30.11		5.30		-15.85

		L2679		21		9.92		1850		1.03		6.62		-5.44		-12.39		-100.00

		L2680		12		9.92		2130		2.96		6.67		-9.30		-12.59

		L2641		12		9.92		2180		5.19		6.36		-5.97		-11.48		-12.42

		L2700		22		9.92		4010		19.10		5.97		-13.90		-22.28		-30.82

		L2646		32		9.93		3380		8.05		6.56		-11.43		-16.31		-17.23

		L2641		11		9.94		2200		5.24		6.40		-6.56		-11.88		-13.44

		L2700		13		9.94		4290		20.43		5.96		-15.27		-24.83		-32.38

		L2700		21		9.95		3560		16.95		6.09		-11.99		-19.21		-27.75

		L2712		11		9.96		2340		26.00		6.50		-10.46

		L2646		14		9.96		2740		6.52		6.83		-9.66		-15.67		-17.42

		L2699		12		9.97		2340		3.90		6.66		-7.66		-14.41		-15.77

		L2701		24		9.97		2420		1.92		6.35		-7.09		-12.76		-16.22

		L2700		11		9.97		3540		16.86		6.13		-11.42		-19.58		-24.96

		L2655		41		9.98		2150		11.94		6.49		-11.25		-19.11		-22.50

		L2701		14		9.98		2370		1.88		6.42		-8.26		-13.71

		L2680		11		9.99		2150		2.99		6.77		-9.75		-13.88

		L2701		44		9.99		2290		1.82		6.29		-7.00		-12.08		-16.06

		L2715		21		10		2640		29.33		5.35		-15.70

		L2646		23		10		3320		7.90		6.63		-12.07		-17.35		-18.40

		L2697		13		10.02		2400		2.96		6.75		-9.48		-14.07		-12.74

		L2655		12		10.03		2300		12.78		6.64		-10.54		-18.83		-20.63

		L2707		21		10.03		2860		8.18		6.48		-10.19		-15.43

		L2655		31		10.05		2500		13.89		6.51		-11.98		-19.82		-22.12

		L2646		41		10.05		3040		7.24		6.74		-9.79		-15.58		-17.66

		L2697		43		10.06		2330		2.88		6.56		-6.86		-12.50		-12.04

		L2679		11		10.09		1820		1.01		6.86		-7.29		-13.56		-14.43

		L2652		34		10.09		2170		3.14		6.56		-7.47		-14.02		-14.48

		L2714		24		10.09		2690		29.89		6.36		-6.45

		L2700		12		10.11		4000		19.05		6.13		-14.19		-23.00		-30.67

		L2699		21		10.12		2400		4.00		6.65		-6.32		-13.38		-13.53

		L2709		31		10.12		2400		26.67		6.43		-1.56

		L2642		12		10.12		2780		6.62		6.39		-8.92		-15.02		-18.15

		L2672		11		10.13		2410		4.02		6.87		-6.99		-12.81		-12.08

		L2642		11		10.13		2880		6.86		6.45		-10.70		-15.97		-19.22

		L2707		11		10.14		2830		8.09		6.66		-10.51		-15.62

		L2646		22		10.16		3480		8.29		6.71		-10.13		-16.24		-16.69

		L2707		12		10.17		3010		8.60		6.61		-10.89		-16.64

		L2708		12		10.19		2230		24.78		6.39		-8.29		-15.65

		L2655		11		10.21		2200		12.22		6.78		-10.03		-17.55		-19.62

		L2652		23		10.23		2470		3.58		6.56		-8.54		-14.94		-14.63

		L2646		31		10.23		3320		7.90		6.73		-11.00		-17.09		-20.51

		L2699		11		10.32		2480		4.13		6.81		-6.75		-13.95		-15.57

		L2709		12		10.34		2550		28.33		6.61		-3.93

		L2652		22		10.34		2570		3.72		6.72		-8.78		-14.88		-14.88

		L2711		42		10.36		1830		20.33		6.63		-6.79

		L2710		11		10.36		2390		0.62		6.65		-7.37		-11.73

		L2646		21		10.38		3440		8.19		6.86		-9.48		-16.18		-100.00

		L2717		44		10.4		2110		23.44		6.64		-3.92

		L2703		23		10.4		3070		0.64		6.32		-9.97		-16.93

		L2711		44		10.44		1860		20.67		6.68		-7.04

		L2652		21		10.46		2620		3.80		6.73		-7.43		-14.26		-13.67

		L2697		42		10.48		2400		2.96		6.86		-8.16		-13.99		-13.56

		L2716		42		10.51		2570		28.56		6.43		-4.67

		L2713		23		10.52		2900		32.22		6.44		-8.23

		L2652		14		10.53		2290		3.32		6.96		-7.04		-13.22		-13.51

		L2697		12		10.53		2560		3.16		6.96		-9.34		-14.94		-14.08

		L2711		31		10.54		1990		22.11		6.76		-5.18

		L2697		21		10.54		2610		3.22		6.89		-8.42		-14.22		-13.06

		L2711		43		10.56		1930		21.44		6.70		-6.42

		L2646		13		10.56		3220		7.67		7.04		-11.65		-18.32		-20.88

		L2652		13		10.59		2490		3.61		6.79		-9.13		-16.94		-20.62

		L2713		33		10.63		3130		34.78		6.32		-8.86

		L2703		33		10.66		3430		0.71		6.24		-10.10		-16.03

		L2713		13		10.69		2710		30.11		6.64		-11.60

		L2714		41		10.73		2830		31.44		6.45		-4.19

		L2646		12		10.73		3370		8.02		7.14		-9.38		-16.11		-15.97

		L2697		31		10.76		2520		3.11		6.91		-9.55		-19.97		-21.27

		L2714		23		10.77		3150		35.00		6.51		-7.83

		L2717		42		10.78		2120		23.56		6.89		-4.79

		L2716		41		10.78		2440		27.11		6.67		-6.30

		L2652		11		10.78		2670		3.87		7.05		-9.08		-16.45		-16.17

		L2713		43		10.78		3160		35.11		6.26		-7.51

		L2646		11		10.8		3350		7.98		7.27		-9.90		-15.96		-16.51

		L2697		11		10.81		2590		3.20		7.16		-9.36		-15.50		-14.53

		L2716		43		10.82		3140		34.89		6.55		-7.63

		L2709		11		10.83		2640		29.33		6.79		-3.68

		L2717		34		10.85		2610		29.00		6.85		-7.01

		L2717		43		10.86		2240		24.89		6.87		-5.53

		L2716		34		10.86		4060		45.11		6.58		-8.97

		L2714		13		10.87		3150		35.00		6.67		-8.70

		L2714		32		10.9		3240		36.00		6.47		-6.18

		L2651		41		10.9		3300		11.00		7.14		-15.69		-24.93		-25.49

		L2716		33		10.91		4180		46.44		6.41		-7.80

		L2711		34		10.93		2220		24.67		6.88		-7.41

		L2717		24		10.96		2910		32.33		6.87		-7.42

		L2717		14		10.99		3050		33.89		6.89		-8.42

		L2711		33		11.01		2310		25.67		6.92		-7.51

		L2711		24		11.04		2490		27.67		7.07		-9.34

		L2711		21		11.07		2190		24.33		7.06		-5.24

		L2703		43		11.08		3710		0.77		6.27		-9.73		-16.59

		L2716		14		11.1		3530		39.22		6.77		-14.62

		L2703		14		11.12		3780		0.79		6.56		-10.37		-17.68

		L2711		14		11.13		2650		29.44		7.04		-9.09

		L2711		22		11.15		2630		29.22		7.06		-7.93

		L2713		34		11.16		3980		44.22		6.28		-8.76

		L2714		22		11.17		3460		38.44		6.63		-7.24

		L2717		33		11.18		2750		30.56		6.99		-6.29

		L2717		32		11.21		2640		29.33		7.02		-6.84

		L2717		31		11.23		2430		27.00		7.05		-6.81

		L2651		32		11.23		3900		13.00		6.75		-16.44		-26.81		-27.41

		L2713		14		11.25		3610		40.11		6.54		-9.02

		L2703		34		11.25		4430		0.92		6.31		-12.84		-19.18

		L2651		23		11.3		3810		12.70		6.81		-15.71		-25.99		-25.84

		L2714		31		11.32		3300		36.67		6.70		-100.00

		L2714		12		11.32		3460		38.44		6.72		-9.52

		L2651		22		11.32		3950		13.17		6.80		-15.29		-25.59		-26.62

		L2703		44		11.34		4540		0.95		6.10		-10.33		-17.38

		L2711		11		11.37		2550		28.33		7.22		-9.00

		L2711		13		11.4		2700		30.00		7.13		-9.54

		L2713		24		11.41		3770		41.89		6.55		-10.69

		L2651		24		11.42		3320		11.07		6.97		-14.06		-23.53		-25.54

		L2716		32		11.43		5709		63.43		6.87		-11.50

		L2651		13		11.46		3690		12.30		7.00		-14.86		-25.29		-25.86

		L2716		23		11.48		3550		39.44		6.87		-12.66

		L2711		12		11.49		2690		29.89		7.23		-9.68

		L2716		24		11.5		3430		38.11		6.95		-14.24

		L2716		31		11.51		4710		52.33		7.04		-10.80

		L2717		23		11.54		3060		34.00		7.17		-7.67

		L2716		22		11.54		3380		37.56		6.92		-11.27

		L2651		11		11.62		3710		12.37		7.21		-15.81		-25.52		-26.07

		L2714		11		11.66		3610		40.11		6.84		-8.33

		L2717		13		11.7		3200		35.56		7.24		-9.12

		L2716		13		11.7		3680		40.89		6.98		-13.47

		L2717		21		11.71		2710		30.11		7.25		-8.83

		L2651		31		11.77		3640		12.13		7.14		-15.97		-25.63		-26.75

		L2651		42		11.8		3470		11.57		6.73		-14.26		-24.07		-24.07

		L2717		12		12		3060		34.00		7.41		-10.39

		L2716		11		12.05		3160		35.11		6.85		-8.18

		L2716		21		12.09		3090		34.33		7.33		-13.64

		L2716		12		12.68		3460		38.44		7.61		-19.97

		L2651		43		12.8		3370		11.23		6.59		-14.42		-23.82		-24.28

		L2651		44		14.7		3030		10.10		6.59		-12.59		-22.46		-25.04

		L2651		33		14.7		3810		12.70		6.51		-14.44		-25.19		-25.50

		L2651		34		16.5		3390		11.30		6.19		-7.59		-18.74		-100.00
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		sample #		cell #		Jsc		Thickness		Dep Rate		P int

		L2641		33		8.7		2070		4.93		5.58		-4.66		-10.39		-11.47

		L2715		13		8.71		1760		19.56		5.14		-14.20

		L2656		41		8.71		1800		6.67		5.93		-5.56		-8.60		-11.13

		L2670		23		8.71		2310		19.25		5.70		-9.47		-16.14		-16.84

		L2715		23		8.72		1820		20.22		5.07		-13.02

		L2641		34		8.72		1960		4.67		5.65		-5.49		-10.62		-12.74

		L2708		34		8.72		2450		27.22		5.39		-9.28		-18.92

		L2715		34		8.73		1450		16.11		4.80		-12.92

		L2671		12		8.76		2330		5.30		5.81		-4.48		-9.12		-9.29

		L2712		41		8.78		1810		20.11		5.68		-31.69

		L2670		14		8.78		1860		15.50		6.03		-7.13		-12.77		-14.10

		L2670		22		8.78		2350		19.58		5.74		-8.71		-14.81		-15.85

		L2708		32		8.78		2350		26.11		5.37		-8.57		-16.20

		L2642		43		8.8		2390		5.69		5.56		-6.12		-13.67		-16.01

		L2710		14		8.81		1700		0.44		5.83		-3.95		-9.43

		L2641		42		8.81		1960		4.67		5.72		-4.72		-10.14		-11.89

		L2702		31		8.81		2150		10.24		5.77		-4.85		-9.71		-194.80

		L2698		34		8.81		2380		15.87		5.63		-12.61		-26.82		-100.00

		L2704		31		8.81		2410		17.24		5.51		-10.71		-19.60

		L2698		43		8.82		2220		14.80		5.62		-10.68		-23.49		-21.89

		L2712		43		8.83		2140		23.78		5.57		-5.57

		L2698		24		8.83		2620		17.47		5.68		-13.20		-26.76		-26.58

		L2670		21		8.84		2250		18.75		5.95		-9.75		-14.29		-15.63

		L2713		41		8.85		1350		15.00		5.70		-7.02

		L2650		34		8.85		2140		5.10		5.95		-8.91		-14.29		-16.47

		L2701		42		8.86		1560		1.24		5.60		-3.21		-8.04		-12.68

		L2650		43		8.86		2290		5.45		5.73		-8.03		-12.57		-14.49

		L2698		41		8.87		2020		13.47		5.67		-9.52		-21.34		-19.75

		L2642		34		8.87		2300		5.48		5.63		-8.17		-14.39		-16.87

		L2704		32		8.87		2680		19.17		5.46		-11.17		-22.53

		L2709		34		8.88		1870		20.78		5.88		-0.17

		L2701		12		8.89		1580		1.25		5.82		-6.53		-10.65		-10.48

		L2680		44		8.89		1720		2.39		5.95		-7.90		-10.76

		L2659		42		8.89		1910		7.07		6.08		-6.58		-10.36		-13.82

		L2702		32		8.89		2330		11.10		5.80		-6.03		-11.55		-204.11

		L2641		41		8.9		2000		4.76		5.78		-3.81		-9.17		-11.07

		L2672		24		8.91		2090		3.48		6.13		-6.36		-11.26		-11.91

		L2672		33		8.91		2360		3.93		5.96		-6.04		-10.57		-10.07

		L2712		34		8.91		2430		27.00		5.73		-9.95

		L2710		43		8.92		1760		0.46		5.85		-4.62		-8.38

		L2705		22		8.92		1780		2.97		5.91		-6.60		-9.81

		L2705		21		8.94		1610		2.68		5.89		-4.92		-100.00

		L2698		42		8.94		2200		14.67		5.68		-10.92		-23.24		-21.65

		L2650		24		8.94		2270		5.40		6.08		-8.72		-14.80		-16.12

		L2706		42		8.94		2390		10.40		5.88		-7.82		-11.05

		L2699		24		8.95		1800		3.00		6.10		-5.90		-12.30		-13.44

		L2641		24		8.95		2060		4.90		5.72		-100.00		-100.00		-11.01

		L2662		43		8.95		2370		15.80		5.62		-13.17		-24.73		-27.76

		L2699		14		8.96		1810		3.02		6.13		-6.04		-12.40		-14.03

		L2715		42		8.96		2030		22.56		2.74		58.39

		L2672		14		8.96		2050		3.42		6.26		-7.03		-14.06		-100.00

		L2672		43		8.96		2080		3.47		6.06		-5.28		-10.23		-10.07

		L2659		13		8.96		2130		7.89		6.11		-100.00		-100.00		-100.00

		L2708		24		8.96		2660		29.56		5.47		-10.42		-20.11

		L2656		11		8.97		2110		7.81		6.14		-6.68		-11.56		-12.87

		L2699		34		8.98		1730		2.88		6.08		-5.43		-11.18		-11.84

		L2680		43		8.98		1850		2.57		6.02		-100.00		-100.00

		L2662		31		8.98		2460		16.40		5.66		-11.84		-21.55		-24.56

		L2704		24		8.98		2930		20.96		5.61		-100.00		-100.00

		L2680		33		8.99		2040		2.83		5.94		-8.92		-11.45

		L2656		31		9		2040		7.56		6.08		-5.92		-10.69		-13.32

		L2641		32		9		2140		5.10		5.80		-5.52		-10.86		-13.10

		L2641		23		9.01		2160		5.14		5.78		-5.54		-11.07		-100.00

		L2706		41		9.01		2400		10.44		5.94		-7.24		-11.45

		L2706		31		9.01		2530		11.01		5.92		-7.77		-11.49

		L2670		13		9.03		2190		18.25		6.08		-9.54		-14.97		-15.95

		L2662		42		9.03		2440		16.27		5.68		-12.68		-23.94		-27.29

		L2650		33		9.03		2650		6.31		5.99		-9.52		-14.36		-15.86

		L2642		42		9.04		2330		5.55		5.68		-5.11		-12.85		-15.67

		L2656		21		9.05		2140		7.93		6.15		-7.80		-11.06		-13.17

		L2670		11		9.05		2170		18.08		6.16		-7.63		-12.34		-13.47

		L2670		12		9.05		2240		18.67		6.12		-8.82		-14.05		-14.71

		L2653		33		9.05		2570		5.35		5.67		-9.52		-14.64		-15.87

		L2698		32		9.06		2640		17.60		5.74		-12.02		-26.13		-100.00

		L2708		14		9.06		2710		30.11		5.57		-11.85		-21.36

		L2698		31		9.07		2430		16.20		5.79		-10.54		-23.66		-100.00

		L2653		43		9.08		2440		5.08		5.76		-9.20		-14.58		-16.32

		L2698		23		9.08		2900		19.33		5.68		-13.56		-27.29		-26.41

		L2642		33		9.09		2600		6.19		5.75		-9.22		-100.00		-100.00

		L2680		42		9.1		1860		2.58		6.11		-7.69		-10.80

		L2650		14		9.1		2220		5.29		6.26		-5.43		-10.70		-11.82

		L2653		42		9.1		2430		5.06		5.80		-8.79		-13.28		-16.03

		L2698		14		9.1		2670		17.80		5.84		-14.90		-28.60		-27.91

		L2712		24		9.1		2680		29.78		5.83		-10.46

		L2653		32		9.11		2570		5.35		5.72		-8.57		-14.34		-14.86

		L2699		43		9.12		1780		2.97		6.12		-4.74		-11.44		-12.75

		L2708		21		9.12		2290		25.44		5.79		-100.00		-100.00

		L2656		42		9.13		2020		7.48		6.12		-5.72		-8.99		-12.58

		L2650		42		9.13		2470		5.88		6.01		-9.98		-14.81		-15.14

		L2646		44		9.13		2560		6.10		6.15		-12.36		-18.70		-21.63

		L2704		14		9.13		3040		21.75		5.71		-15.24		-28.90

		L2705		14		9.14		1930		3.22		6.12		-6.70		-13.40

		L2701		33		9.14		2080		1.65		5.84		-5.82		-10.79		-15.41

		L2659		12		9.14		2280		8.44		6.21		-7.41		-12.24		-13.37

		L2680		24		9.15		1940		2.69		6.07		-9.56		-11.37

		L2707		43		9.16		2400		6.86		5.92		-7.60		-13.68

		L2659		21		9.17		2300		8.52		6.25		-8.64		-12.48		-13.44

		L2704		23		9.17		3090		22.10		5.63		-100.00		-100.00

		L2705		11		9.18		1660		2.77		6.08		-4.61		-12.01

		L2641		31		9.18		2130		5.07		5.95		-5.71		-11.60		-13.61

		L2712		32		9.19		2570		28.56		5.85		-10.43

		L2702		22		9.2		2480		11.81		5.93		-5.40		-10.12		-185.68

		L2712		33		9.2		2650		29.44		5.80		-11.72

		L2709		24		9.21		1940		21.56		6.10		-1.15

		L2641		14		9.21		2060		4.90		6.00		-6.00		-11.17		-12.00

		L2698		22		9.21		2800		18.67		5.82		-13.06		-26.46		-26.12

		L2645		33		9.22		2370		5.64		5.73		-11.34		-19.72		-100.00

		L2672		32		9.22		2470		4.12		6.14		-7.33		-12.21		-11.24

		L2715		32		9.23		2170		24.11		5.13		-14.23

		L2672		23		9.23		2440		4.07		6.15		-5.69		-11.71		-12.03

		L2707		34		9.23		2500		7.15		6.06		-9.41		-12.39

		L2705		12		9.24		1840		3.07		6.13		-5.71

		L2662		13		9.24		2300		15.33		6.06		-12.54		-22.11		-24.75

		L2653		23		9.24		2670		5.56		5.79		-9.15		-14.68		-16.06

		L2659		11		9.25		2290		8.48		6.34		-7.41		-12.15		-13.41

		L2653		41		9.25		2410		5.02		5.90		-8.14		-13.56		-14.92

		L2650		32		9.25		2850		6.79		6.09		-8.87		-14.94		-15.60

		L2680		32		9.26		2070		2.88		6.17		-8.59		-11.51

		L2699		42		9.28		1920		3.20		6.17		-4.38		-11.51		-12.16

		L2641		13		9.28		2200		5.24		5.98		-5.35		-10.87		-11.87

		L2642		41		9.28		2340		5.57		5.95		-7.23		-15.13		-100.00

		L2708		22		9.28		2410		26.78		5.70		-8.77		-16.14

		L2650		23		9.28		2790		6.64		6.16		-100.00		-100.00		-100.00

								dep rate (A)												dep rate (A)

				L2641		33		4.93		-4.66		-10.39		-11.47						4.93		-11.47

				L2715		13		19.56		-14.20										19.56

				L2656		41		6.67		-5.56		-8.60		-11.13						6.67		-11.13

				L2670		23		19.25		-9.47		-16.14		-16.84						19.25		-16.84

				L2715		23		20.22		-13.02										20.22

				L2641		34		4.67		-5.49		-10.62		-12.74						4.67		-12.74

				L2708		34		27.22		-9.28		-18.92								27.22

				L2715		34		16.11		-12.92										16.11

				L2671		12		5.30		-4.48		-9.12		-9.29						5.30		-9.29

				L2670		14		15.50		-7.13		-12.77		-14.10						15.50		-14.10

				L2670		22		19.58		-8.71		-14.81		-15.85						19.58		-15.85

				L2708		32		26.11		-8.57		-16.20								26.11

				L2642		43		5.69		-6.12		-13.67		-16.01						5.69		-16.01

				L2710		14		0.44		-3.95		-9.43								0.44

				L2641		42		4.67		-4.72		-10.14		-11.89						4.67		-11.89

				L2702		31		10.24		-4.85		-9.71								10.24

				L2698		34		15.87		-12.61		-26.82								15.87

				L2704		31		17.24		-10.71		-19.60								17.24

				L2698		43		14.80		-10.68		-23.49		-21.89						14.80		-21.89

				L2712		43		23.78		-5.57										23.78

				L2698		24		17.47		-13.20		-26.76		-26.58						17.47		-26.58

				L2670		21		18.75		-9.75		-14.29		-15.63						18.75		-15.63

				L2713		41		15.00		-7.02										15.00

				L2650		34		5.10		-8.91		-14.29		-16.47						5.10		-16.47

				L2701		42		1.24		-3.21		-8.04		-12.68						1.24		-12.68

				L2650		43		5.45		-8.03		-12.57		-14.49						5.45		-14.49

				L2698		41		13.47		-9.52		-21.34		-19.75						13.47		-19.75

				L2642		34		5.48		-8.17		-14.39		-16.87						5.48		-16.87

				L2701		12		1.25		-6.53		-10.65		-10.48						1.25		-10.48

				L2680		44		2.39		-7.90		-10.76								2.39

				L2659		42		7.07		-6.58		-10.36		-13.82						7.07		-13.82

				L2702		32		11.10		-6.03		-11.55								11.10

				L2641		41		4.76		-3.81		-9.17		-11.07						4.76		-11.07

				L2672		24		3.48		-6.36		-11.26		-11.91						3.48		-11.91

				L2672		33		3.93		-6.04		-10.57		-10.07						3.93		-10.07

				L2712		34		27.00		-9.95										27.00

				L2710		43		0.46		-4.62		-8.38								0.46

				L2705		22		2.97		-6.60		-9.81								2.97

				L2705		21		2.68		-4.92										2.68

				L2698		42		14.67		-10.92		-23.24		-21.65						14.67		-21.65

				L2650		24		5.40		-8.72		-14.80		-16.12						5.40		-16.12

				L2706		42		10.40		-7.82		-11.05								10.40

				L2699		24		3.00		-5.90		-12.30		-13.44						3.00		-13.44

				L2662		43		15.80		-13.17		-24.73		-27.76						15.80		-27.76

				L2699		14		3.02		-6.04		-12.40		-14.03						3.02		-14.03

				L2672		14		3.42		-7.03		-14.06								3.42

				L2672		43		3.47		-5.28		-10.23		-10.07						3.47		-10.07

				L2708		24		29.56		-10.42		-20.11								29.56

				L2656		11		7.81		-6.68		-11.56		-12.87						7.81		-12.87

				L2699		34		2.88		-5.43		-11.18		-11.84						2.88		-11.84

				L2662		31		16.40		-11.84		-21.55		-24.56						16.40		-24.56

				L2680		33		2.83		-8.92		-11.45								2.83

				L2656		31		7.56		-5.92		-10.69		-13.32						7.56		-13.32

				L2641		32		5.10		-5.52		-10.86		-13.10						5.10		-13.10

				L2641		23		5.14		-5.54		-11.07								5.14

				L2706		41		10.44		-7.24		-11.45								10.44

				L2706		31		11.01		-7.77		-11.49								11.01

				L2670		13		18.25		-9.54		-14.97		-15.95						18.25		-15.95

				L2662		42		16.27		-12.68		-23.94		-27.29						16.27		-27.29

				L2650		33		6.31		-9.52		-14.36		-15.86						6.31		-15.86

				L2642		42		5.55		-5.11		-12.85		-15.67						5.55		-15.67

				L2656		21		7.93		-7.80		-11.06		-13.17						7.93		-13.17

				L2670		11		18.08		-7.63		-12.34		-13.47						18.08		-13.47

				L2670		12		18.67		-8.82		-14.05		-14.71						18.67		-14.71

				L2653		33		5.35		-9.52		-14.64		-15.87						5.35		-15.87

				L2698		32		17.60		-12.02		-26.13								17.60

				L2708		14		30.11		-11.85		-21.36								30.11

				L2698		31		16.20		-10.54		-23.66								16.20

				L2653		43		5.08		-9.20		-14.58		-16.32						5.08		-16.32

				L2698		23		19.33		-13.56		-27.29		-26.41						19.33		-26.41

				L2642		33		6.19		-9.22										6.19

				L2680		42		2.58		-7.69		-10.80								2.58

				L2650		14		5.29		-5.43		-10.70		-11.82						5.29		-11.82

				L2653		42		5.06		-8.79		-13.28		-16.03						5.06		-16.03

				L2698		14		17.80		-14.90		-28.60		-27.91						17.80		-27.91

				L2712		24		29.78		-10.46										29.78

				L2653		32		5.35		-8.57		-14.34		-14.86						5.35		-14.86

				L2699		43		2.97		-4.74		-11.44		-12.75						2.97		-12.75

				L2656		42		7.48		-5.72		-8.99		-12.58						7.48		-12.58

				L2650		42		5.88		-9.98		-14.81		-15.14						5.88		-15.14

				L2704		14		21.75		-15.24		-28.90								21.75

				L2705		14		3.22		-6.70		-13.40								3.22

				L2701		33		1.65		-5.82		-10.79		-15.41						1.65		-15.41

				L2659		12		8.44		-7.41		-12.24		-13.37						8.44		-13.37

				L2680		24		2.69		-9.56		-11.37								2.69

				L2707		43		6.86		-7.60		-13.68								6.86

				L2659		21		8.52		-8.64		-12.48		-13.44						8.52		-13.44

				L2705		11		2.77		-4.61										2.77

				L2641		31		5.07		-5.71		-12.01								5.07

				L2712		32		28.56		-10.43		-11.60		-13.61						28.56		-13.61

				L2702		22		11.81		-5.40										11.81

				L2712		33		29.44		-11.72		-10.12		87.50						29.44		-645.64

				L2641		14		4.90		-6.00										4.90

				L2698		22		18.67		-13.06		-11.17		-12.00						18.67		-12.00

				L2672		32		4.12		-7.33		-19.72								4.12

				L2715		32		24.11		-14.23		-12.21		-11.24						24.11		-11.24

				L2672		23		4.07		-5.69										4.07

				L2707		34		7.15		-9.41		-11.71		-12.03						7.15		-12.03

				L2705		12		3.07		-5.71		-12.39								3.07

				L2662		13		15.33		-12.54										15.33

				L2653		23		5.56		-9.15		-22.11		-24.75						5.56		-24.75

				L2659		11		8.48		-7.41		-14.68		-16.06						8.48		-16.06

				L2653		41		5.02		-8.14		-12.15		-13.41						5.02		-13.41

				L2650		32		6.79		-8.87		-13.56		-14.92						6.79		-14.92

				L2680		32		2.88		-8.59		-14.94		-15.60						2.88		-15.60

				L2699		42		3.20		-4.38		-11.51								3.20

				L2641		13		5.24		-5.35		-11.51		-12.16						5.24		-12.16

				L2642		41		5.57		-7.23		-10.87		-11.87						5.57		-11.87

				L2708		22		26.78		-8.77		-15.13								26.78
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D Pmax(300)

Deposition Rate (A/s)

Percentage of Degradation (%)

Light Degradation after 300 hrs. of Light Soaking  Jsc=9 mA/cm2
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jsc=10

		sample #		cell #		Jsc		Thickness		Dep Rate		P int		P1000

		L2679		12		9.72		1900		1.06		6.51		5.60

		L2656		13		9.73		2330		8.63		6.59		5.69

		L2700		32		9.73		3730		17.76		5.83		4.25

		L2697		44		9.74		2050		2.53		6.49		5.43

		L2708		13		9.74		2580		28.67		5.97		4.72

		L2710		22		9.76		2270		0.59		6.31		5.58

		L2655		42		9.77		2170		12.06		6.28		5.16

		L2655		32		9.77		2420		13.44		6.28		5.06

		L2672		12		9.77		2480		4.13		6.58

		L2700		31		9.77		3450		16.43		5.94		4.49

		L2656		14		9.78		2290		8.48		6.72		5.62

		L2697		33		9.79		2420		2.99		6.44		5.46

		L2712		13		9.79		2850		31.67		6.20		4.23

		L2655		13		9.8		2240		12.44		6.46		5.34

		L2656		24		9.8		2340		8.67		6.63		5.65

		L2700		24		9.81		3790		18.05		5.90		4.25

		L2699		31		9.82		2240		3.73		6.47		5.60

		L2703		32		9.82		2360		0.49		6.35		5.33

		L2707		22		9.83		3060		8.75		6.33		5.34

		L2700		23		9.83		4220		20.10		5.82		3.96

		L2697		23		9.84		2440		3.01		6.54		5.67

		L2646		42		9.84		3060		7.29		6.56		5.23

		L2650		11		9.85		3040		7.24		6.52		5.53

		L2700		14		9.85		3930		18.71		5.97		4.22

		L2652		41		9.86		2250		3.26		6.51		5.46

		L2707		13		9.87		2990		8.55		6.46		5.38

		L2701		34		9.88		2400		1.90		6.31		5.63

		L2656		34		9.91		2200		8.15		6.67		5.52

		L2715		11		9.91		2710		30.11		5.30		3.61

		L2679		21		9.92		1850		1.03		6.62		5.55

		L2680		12		9.92		2130		2.96		6.67		5.53

		L2641		12		9.92		2180		5.19		6.36		5.52

		L2700		22		9.92		4010		19.10		5.97		4.22

		L2700		13		9.94		4290		20.43		5.96		4.40

		L2700		21		9.95		3560		16.95		6.09		4.49

		L2712		11		9.96		2340		26.00		6.05		4.29

		L2646		14		9.96		2740		6.52		6.83		5.36

		L2699		12		9.97		2340		3.90		6.66		5.69

		L2701		24		9.97		2420		1.92		6.35		5.40

		L2700		11		9.97		3540		16.86		6.13		4.63

		L2655		41		9.98		2150		11.94		6.49		5.23

		L2701		14		9.98		2370		1.88		6.42		5.35

		L2680		11		9.99		2150		2.99		6.77		5.62

		L2701		44		9.99		2290		1.82		6.29		5.62

		L2715		21		10		2640		29.33		5.35		3.72

		L2646		23		10		3320		7.90		6.63		5.14

		L2655		12		10.03		2300		12.78		6.64		5.45

		L2707		21		10.03		2860		8.18		6.48		5.41

		L2655		31		10.05		2500		13.89		6.51		5.32

		L2646		41		10.05		3040		7.24		6.74		5.32

		L2697		43		10.06		2330		2.88		6.56		5.52

		L2679		11		10.09		1820		1.01		6.86		5.59

		L2652		34		10.09		2170		3.14		6.56		5.54

		L2700		12		10.11		4000		19.05		6.13		4.40

		L2699		21		10.12		2400		4.00		6.65		5.63

		L2672		11		10.13		2410		4.02		6.87

		L2707		11		10.14		2830		8.09		6.66		5.40

		L2646		22		10.16		3480		8.29		6.71		5.40

		L2707		12		10.17		3010		8.60		6.61		5.28

		L2708		12		10.19		2230		24.78		6.09		4.21

		L2655		11		10.21		2200		12.22		6.78		5.53

		L2652		23		10.23		2470		3.58		6.56		5.51

		sample #		cell #		Dep Rate

		L2707		31		7.69

		L2679		12		1.06		-12.75

		L2656		13		8.63		-13.20

		L2700		32		17.76		-28.99

		L2697		44		2.53		-12.79

		L2708		13		28.67

		L2710		22		0.59

		L2655		42		12.06		-21.18

		L2709		23		25.56

		L2655		32		13.44		-22.77

		L2672		12		4.13		-12.16

		L2700		31		16.43		-25.08

		L2656		14		8.48		-100.00

		L2697		33		2.99		-11.80

		L2712		13		31.67

		L2650		21		7.19		-17.05

		L2655		13		12.44		-19.97

		L2656		24		8.67		-12.37

		L2642		13		6.24		-100.00

		L2700		24		18.05		-30.68

		L2699		31		3.73		-13.60

		L2703		32		0.49

		L2642		21		6.64		-100.00

		L2713		32		23.11

		L2707		22		8.75

		L2700		23		20.10		-31.79

		L2645		12		5.52		-26.05

		L2697		23		3.01		-12.54

		L2646		42		7.29		-17.38

		L2709		13		26.00

		L2650		11		7.24		-12.58

		L2700		14		18.71		-32.33

		L2652		41		3.26		-14.29

		L2707		13		8.55

		L2701		34		1.90		-18.54

		L2655		22		13.44		-21.50

		L2656		34		8.15		-13.19

		L2715		11		30.11

		L2679		21		1.03		-100.00

		L2680		12		2.96

		L2641		12		5.19		-12.42

		L2700		22		19.10		-30.82

		L2646		32		8.05		-17.23

		L2641		11		5.24		-13.44

		L2700		13		20.43		-32.38

		L2700		21		16.95		-27.75

		L2712		11		26.00

		L2646		14		6.52		-17.42

		L2699		12		3.90		-15.77

		L2701		24		1.92		-16.22

		L2700		11		16.86		-24.96

		L2655		41		11.94		-22.50

		L2701		14		1.88

		L2680		11		2.99

		L2701		44		1.82		-16.06

		L2715		21		29.33

		L2646		23		7.90		-18.40

		L2697		13		2.96		-12.74

		L2655		12		12.78		-20.63

		L2707		21		8.18

		L2655		31		13.89		-22.12

		L2646		41		7.24		-17.66

		L2697		43		2.88		-12.04

		L2679		11		1.01		-14.43

		L2652		34		3.14		-14.48

		L2714		24		29.89

		L2700		12		19.05		-30.67

		L2699		21		4.00		-13.53

		L2709		31		26.67

		L2642		12		6.62		-18.15

		L2672		11		4.02		-12.08

		L2642		11		6.86		-19.22

		L2707		11		8.09

		L2646		22		8.29		-16.69

		L2707		12		8.60

		L2708		12		24.78

		L2655		11		12.22		-19.62

		L2652		23		3.58		-14.63

		L2646		31		7.90		-20.51
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D Pmax(300)

Deposition Rate (A/s)

Percentage of Degradation (%)

Light Degradation after 300 hrs. of Light Soaking  Jsc=10 mA/cm2
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