September 22, 2003

Dr. Harin Ullal, Technical Monitor

National Renewable Energy Laboratory

1617 Cole Boulevard

Golden, CO 80401

Dear Harin,

This is the second quarterly report for Phase II for EPV’s cost-shared subcontract RDJ-2-30630-21 Advanced CIGS Photovoltaic Technology awarded under the Thin Film Photovoltaics Partnership Program.  The nominal period covered by the report is 6/1/03 - 8/31/03.  

As mentioned previously, the core CIGS group consists of Dr. Alan Delahoy, Dr. Leon Chen, Dr. Baosheng Sang, Dr. Masud Akhtar, John Cambridge, Frank Ziobro, Ramesh Govindarajan, and Renata Saramak.  Dr. Sheyu Guo assists with hollow cathode sputtering.  

This report deals with the following areas of activity: 

1) Hybrid CIGS (normal and all-Zeus)

2) Hybrid CIGS with IGS compound evaporation in Hercules 

3) ZnO performance improvement at elevated substrate temperature in in-line sputtering system 

4) New ZnO configuration for interconnection 

5) Mo peeling (and solution) and laser scribe improvement

6) New window layer/TCOs

7) Preliminary experiments concerning the temperature resistance of junctions

8) Module reliability test

9) Optical ripple reduction

10) Plans for next quarter

11) Other news

1) Hybrid CIGS (normal and all-Zeus) 

A hybrid CIGS deposition process has been operated at EPV for more than a year.  It includes evaporation of In and Ga, and sputtering of Cu to take advantage of better uniformity.  It was developed in Hercules, an R&D bell jar system, and the process was then transferred to Zeus for large area CIGS deposition.  The basic process concept is similar to the NREL three-stage process. We evaporate the first In and Ga layer with Se presence in the Zeus or Hercules system, and then the substrate is moved into an in-line sputtering system for Cu deposition.  Finally, the substrate is moved back to Zeus or Hercules for Cu selenization followed by a third stage In and Ga finishing layer evaporation.  In our original (normal) three-stage hybrid process, vacuum has to be broken twice, i.e. before and after sputtering Cu in the in-line system.  There is, naturally, the concern that oxidation of the IGS film before sputtering Cu and/or oxidation of the Cu film after sputtering Cu might occur (while the substrate is in air), and that such oxidation might have a negative impact on CIGS device performance.  If, on the other hand, we could eliminate the vacuum breaks by depositing all of the layers in the Zeus, then oxidation would be avoided.  In addition, we would expect that the process throughput could be drastically increased.

In this quarter, to eliminate such vacuum breaks, we designed and installed a magnetron sputtering cathode fitted with a Cu target in the ante-chamber of the Zeus system so that all three stages could be processed in Zeus.  Initially, arcing led to the extinguishing of the Ar plasma.  Various steps were taken to solve these teething problems, and sputtering of Cu can now be conducted in the Zeus.   Mid-frequency sputtering is used, and operating conditions are different from those used in the in-line sputtering system.  The conductivity of sputtered Cu films produced in Zeus is almost as good as that of films produced in the in-line sputtering system.  It is also encouraging that Zeus-sputtered Cu films made on large-area glass plates show excellent uniformity.  The sheet resistance of a typical film is plotted in Fig. 1. 
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Fig. 1.  Sheet resistance uniformity of Cu sputtered in the Zeus system

Listed in Table I is the performance of some devices cut from large plates fully processed in the Zeus system.  The plates were coated in some of the first runs using this technique. 

Table I.    Device performance from all-Zeus hybrid process

	ID
	Process
	Voc
	FF
	Jsc
	η

	Z1575-1 A1
	All-Zeus
	558
	67.8
	24.2
	9.2

	Z1575-1 C1
	All-Zeus
	538
	67.1
	24.9
	9.0

	Z1580-7 B5
	All-Zeus
	613
	63.0
	25.8
	10.0

	Z1580-7 A1
	All-Zeus
	659
	63.9
	23.9
	10.0


The results demonstrate great potential for our hybrid process with all-Zeus processing.  We are confident that these parameters can be further improved .

Our ‘normal’ hybrid process has also yielded some very exciting results recently.  Never seen before, some devices show very high Voc of 636 mV as well as excellent FF of 72.4%.  Plotted in Fig. 2 is one of device J-V curves.
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Fig.2. J-V from device made from Zeus CIGS (normal hybrid process) 

2) Hybrid CIGS with IGS compound evaporation in Hercules

We have reduced the number of evaporation sources from three (Cu, In and Ga) to two (In and Ga) in addition to Se in our hybrid process.  A further simplification of the hybrid process is to use the compound source material (In,Ga)2Se3 (here denoted by In/Ga/Se or IGS), synthesized at EPV, as a single evaporation source material to replace the individual evaporation elements In and Ga.  The merits for such a process include: 

· Fixed Ga ratio in starting material 

· Lower process temperature due to higher vapor pressure for IGS compound

· Reduced number of control parameters

· Elimination of interaction between multiple evaporation sources at different temperatures

We started by measuring the ratios of Ga/III and Se/III in the IGS compound by ICP AES.  As hoped for, the Ga/III ratio is 0.31-0.33 while the Se/III ratio is 1.48-1.51.  This indicates that our home-made In/Ga/Se compound is stochiometric (In 0.68, Ga 0.32)2Se3.  An In/Ga/Se film evaporated from the compound at a substrate temperature 350(C without Se presence exhibits a similar Ga/III ratio.  However, the Se/III ratio of the film drops to 1.2-1.3, which some Se loss due to compound decomposition (either of the source material or of the material on the heated substrate).  It is very interesting to find that the Se/III ratio for the film on the heated substrate becomes close to 1.5 once again when the IGS compound is evaporated with co-evaporation of additional Se. 

The performance of some of the devices made from CIGS prepared using this hybrid process (IGS compound evaporation and sputtered Cu) is rather encouraging.  The performance parameters are listed in Table II.

Table II.  Device performance from hybrid process with IGS compound evaporation

	ID
	Process
	Voc (mV)
	FF
	Jsc
	η

	H193-2 A
	IGS compound 
	527.4
	59.47
	32.32
	10.14

	H193-2 B
	IGS compound
	559.8
	57.96
	31.28
	10.15


An excellent current density was achieved.  The modest values of Voc and FF leave plenty of room for further process optimization.

3) ZnO performance improvement at elevated substrate temperature in in-line sputtering system

For quite some time in the past we have known that one of the best ways to improve our large area ZnO film properties, for ZnO produced by mid-frequency sputtering of a ceramic target, is to preheat the substrate. However, because of the very short inner vertical dimension of the sputter chambers, this had never been properly implemented.  In this quarter we successfully designed, built, and installed a large area heater with temperature control in the in-line sputtering system. This has enabled us to produce a much better quality ZnO on 0.43 m2 glass substrates, and the hope is that this advance can be successfully applied to our module processing.  Much effort was devoted to re-optimizing the process parameters for ZnO, the parameters including sputter power, plate moving speed, gas ratio of Ar to O2, number of scans, and preheating temperature.  Finally, we settled upon a set of parameters except preheating temperature, which we are using as the last fine tuning parameter to optimize ZnO properties as well as device performance.  Plotted in Fig. 3 are the ZnO film properties as a function of preheating temperature.
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Fig.3.  Improved ZnO properties at elevated substrate temperature

The data in Fig. 3 shows that ZnO properties keep improving at elevated temperature, which is consistent with what we have reported earlier.  However, to determine final process conditions, optimization should be conducted with respect to the performance of CIGS modules, or at least performance of CIGS devices, rather than just the ZnO film on plain glass.  With this in mind, a series of CIGS devices was processed at different elevated temperatures for ZnO deposition.  The results are shown in Table III.

Table III.  Device performance as a function of preheating temperature

	Sample
	Preheating T 

((C)
	Voc (mV)
	Jsc

(mA/cm2)
	Jsc (-1V)

(mA/cm2)
	FF

(%)
	Eff

(%)

	Z1575-2
	30
	567.8
	23.27
	25.49
	39.24
	5.18

	Z1575-6
	30
	526.6
	22.08
	25.04
	26.62
	3.10

	Z1575-1A
	100
	562.3
	20.91
	24.66
	58.9
	6.93

	Z1575-5A
	100
	562.4
	20.71
	24.67
	58.34
	6.80

	Z1575-3A
	125
	531.9
	19.83
	25.44
	52.71
	5.56

	Z1575-6A
	125
	552.2
	19.78
	25.58
	50.08
	5.47

	Z1575-3
	150
	553.3
	16.37
	26.46
	43.6
	3.95

	Z1575-5
	150
	497.9
	17.88
	27.2
	43.93
	3.91


Table III strongly suggests that device performance deteriorates at a preheating temperature at 150(C.  The main indication is that Jsc at zero bias drops severely despite being recoverable at a reverse bias of -1V.  This is probably caused by junction damage at high temperature.  The best device performance emerges at a preheating temperature of 100(C.  It may be noted that the ‘real’ CIGS temperature under the sputtering target is probably higher than the substrate preheating temperature.

4) New ZnO configuration for interconnection

The disadvantage of using the conventional i-n, two-layer ZnO structure in conjunction with the interconnection between the ZnO front contact and the Mo back contact is that we have to break vacuum for the 2nd (CIGS) scribe after depositing the i-ZnO and before depositing the n-ZnO.  This awkward vacuum break is the least time-effective process during the entire module production sequence.  Many other organizations, such as ZSW (see their paper at the 30th IEEE), are also actively seeking a better process.  In our last quarterly report, we mentioned trying scribe #2 followed by direct i-ZnO+n-ZnO as an alternative.  However, the FF of mini-modules with such an interconnection appears much worse than that with a n-ZnO interconnection.  This is due to a larger series resistance at the interconnect, as reflected in the J-V curve.  This large interconnection resistance was also confirmed by directly measuring the ZnO/Mo voltage drop over the interconnection line with the module forward biased (see Table IV(A) below). 

In this quarter, a new type of ZnO configuration was successfully developed at EPV for use in an interconnection process without vacuum break.  It not only maintains device performance at the level of the normal two-layer ZnO, but it also yields a small interconnect resistance like n-ZnO.  Thus the processing sequence now is CBD CdS, followed right away by the CIGS scribe, followed by the new type of ZnO without vacuum break, followed by the ZnO scribe.  

Listed in Table IV are two set of J-V test data comparing the new type of ZnO with the normal two-layer ZnO.  There are eight pairs of devices in Table IV altogether.  The two devices in each pair have the normal and new ZnO for comparison.  The devices in each pair are spaced only 1mm apart to eliminate any effect of CIGS non-uniformity.

Table IV(A).  Performance comparison of Z1559-51

	 
	Voc

 
	FF

 
	Roc (norm)



	Z1559-51
	Normal
	New
	Normal
	New
	Normal
	New

	1
	525.8
	549.9
	58.96
	67.86
	0.156
	0.123

	2
	555.6
	555.7
	65.09
	66.96
	0.127
	0.113

	3
	554.4
	561.4
	59.97
	66.42
	0.137
	0.118

	4
	541.4
	 
	60.71
	 
	0.142
	

	Average
	544.3
	555.7
	61.2
	67.1
	0.141
	0.118


Table IV(B).  Performance comparison of Z1559-32

	 
	Voc

 
	FF

 
	Roc (norm)



	Z1559-32
	Normal
	New
	Normal
	New
	Normal
	New

	1
	460.5
	468.9
	60.01
	63.76
	0.163
	0.12

	2
	454.6
	470.8
	56.63
	62.53
	0.208
	0.137

	3
	456.9
	460.2
	58.71
	62.33
	0.152
	0.142

	4
	453
	458.2
	60.75
	60.73
	0.162
	0.139

	Average
	456.3
	464.5
	59.0
	62.3
	0.171
	0.135


The data in Table IV clearly show that the device performance obtained with the new type of ZnO is at least as good as that with normal two-layer ZnO.  In fact, an improvement of FF is apparent, and Voc is a little higher, too.  The improved FF is due mainly to the lower series resistance, as reflected in the value of Roc(normalized) shown in the far right column.

Encouraged by its performance, we used the new type of ZnO to form the interconnects in mini-modules.  Listed in Table V are seven mini-modules processed with three different processes for the ZnO interconnection, namely, the normal process (H188-2, H190-4 and H190-5), the new type of ZnO (H188-4, H190-2 and H190-3), as well as the failed process (H188-3) with the i-ZnO+n-ZnO interconnection mentioned earlier in section 3.  Their interconnection resistances were measured by voltage drop at forward bias over modules.

Table V.  Interconnect resistance for seven mini-modules 

	Sample ID
	ZnO type
	CIGS scribe after
	Interconnection
	Resistance

 (Ω)

	H188-2
	Normal process
	i-ZnO
	n-ZnO
	0.4

	H188-3
	Failed Process
	CdS
	i-ZnO/n-ZnO
	10

	H188-4
	New Process
	CdS
	New type ZnO
	0.13

	H190-2
	New Process
	CdS
	New type ZnO 
	0.36

	H190-3
	New Process
	CdS
	New type ZnO 
	0.36

	H190-4
	Normal process
	i-ZnO
	n-ZnO
	0.44

	H190-5
	Normal process
	i-ZnO
	n-ZnO
	1.28


The interconnect resistance for all three mini-modules in the new process group is in the range of 0.13-0.36 ohm, which is as good or better than that for the normal group (0.4-1.28 ohm) within experimental error.  The resistance yielded by the failed process using i-ZnO plus n-ZnO jumps to 10 ohm, more than an order of magnitude higher.  Similar experiments, both at the device level and module level, have now been repeated several times at EPV.  We are confident that the new type of ZnO configuration stands ready to replace the conventional two-layer ZnO (and to eliminate the vacuum break) in large area module production. 

5) Mo peeling (and solution) and laser scribe improvement

We recently found that Mo films sputtered in the in-line system tended to peel off during the laser scribe process.  This was quite abnormal.  It was realized that the peeling materialized after the Cr target had been moved to a new position to make room for the installation of a large area heater.  Having checked many process parameters such as glass side, cleaning procedure, laser condition, Mo power etc., we eventually found the plasma voltage in the Cr sputtering step to be about 40-50 V higher than normal, which we took to imply that the Cr target was somehow contaminated.  After thoroughly pre-sputtering the Cr target at a higher power and for a substantially longer time than that normally used in our operations, we were able to restore the plasma voltage to its original value around 270V.  The exercise confirmed our previous experience that a thin underlayer is essential to maintain good adhesion of the Mo. 

As a by-product of these investigations, we found that the laser used for Mo scribing was cutting about 3000 A deep into the glass when ‘normal’ Mo scribing conditions were used.  It was feared that this could cause module breakage during lamination.  After carefully optimizing the laser power, we found that 80% of the original power is sufficient to separate the Mo quite well, while the depth of cutting into the glass is much shallower.  Listed in Table VI are some experiments regarding laser power optimization.

Table VI.  Laser power and cutting depth in glass

	Laser Power
	100 %
	90 %
	80 %
	70 %

	Cutting depth into glass
	3 kA
	2 kA
	500 A
	None


6) New window layer/TCOs

The hollow cathode (HC) sputtering system developed under EPV’s ATP award with NIST has been used to prepare several types of transparent conducting oxide.  These TCOs have been applied to CIGS with various buffer layers to fabricate devices.  Some of the results are collected in Table VII.  In the “Buffer” column, T denotes a CIGS post-deposition treatment.  

Table VII.  Selected results using HC-sputtered TCO

	HC

run
	CIGS

sample #
	TCO
	Buffer
	i layer
	Power

(W)
	T

(°C)
	VOC
	JSC
	FF (%)
	η

(%)

	148
	H146
	ZnO
	No CdS
	N
	300
	100
	444
	31
	56
	7.7

	539
	NREL
	ZnO:B
	T/No CdS
	Y
	300
	155
	564
	36
	63
	12.7

	547
	CIGS
	ZnO:B
	CdS
	Y
	300
	120
	510
	29
	65.5
	9.6

	554
	H224
	ZnO:B
	T/ZIS+
	Y
	300
	120
	428
	32
	48
	6.6

	786
	Z1574-I
	In2O3:Mo
	T/CdS
	N
	180
	150
	322
	25
	45
	3.6


The first two entries in Table VII have been reported previously.  The third entry shows a 9.6% cell using HC-sputtered ZnO:B using a CdS buffer, and the fourth entry 6.6% using a ZnIn2Se4 buffer.  Excellent In2O3:Mo TCO layers have been produced by HC sputtering, but cell results are usually disappointing (fifth entry, 3.6%).        

7) Preliminary experiments concerning the temperature resistance of junctions

What are the maximum temperature/time exposures a CIGS junction can sustain?  This kind of information is needed for ZnO deposition optimization at elevated temperature, as mentioned in section 3 above.  Similar information and testing is required to design a process for top junction deposition in a tandem structure for advanced high performance cells.

In this period, two more annealing experiments were conducted.  First, a normal CBD CdS layer was deposited on CIGS samples to form the device junction.  Then the samples were annealed for half an hour at elevated temperatures in either a vacuum or N2 environment. Finally, the devices were finished with normal RF sputtered, two-layer ZnO.  In both environments the devices’ performance deteriorated at high temperature.  However, the observed threshold was quite different.  As can be seen in Fig. 4, the performance of devices annealed in N2 was maintained even at annealing temperatures as high as 200°C, while that of devices annealed in vacuum declined dramatically between 140-170°C.  Thus far, it is not clear what causes the difference. 
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Fig. 4.  VocFF product for junctions annealed at various temperatures before ZnO deposition 

8) Module reliability test 

Module reliability is an important concern of the PV industry, and the various thin films face particularly challenging issues in order to demonstrate reliability.  A recently-organized  National Team (Thin Film Module Reliability National Team) is focused on these issues, and EPV is one of the active contributors in both the Si thin film and polycrystalline thin film areas.  In the former area, EPV has reported a laboratory technique for TCO delamination testing.  EPV is also active in studying and reporting on glass breakage susceptibility, an effort that is applicable to both thin film areas.

In the CIGS group of EPV, we recently started a damp heat (DH) program for various TCOs (including ZnO, SnO2 and In2O3) with the intention of extending the work to devices and modules.  The motivation is to study how DH impacts TCO properties, especially resistivity.  As a first step, we investigated the effect of water immersion.   All films were deposited on plain glass.  The ZnO:Al was prepared by RF sputtering, the In2O3:Mo by hollow cathode sputtering, and the SnO2:F was procured commercially.   Most of the samples were un-laminated except for one ZnO sample that was laminated with EVA and a top glass sheet.  De-ionized water temperatures of 25°C and 60°C were selected.  Plotted in Fig. 5 is the measured CTO sheet resistance as a function of immersion time.  As can be seen from the figure, the resistivity of un-laminated ZnO keeps increasing with immersion time, while that of laminated ZnO basically doesn’t change even at 60°C.  In contrast to un-laminated ZnO, the resistivity for un-laminated SnO2:F and for In2O3:Mo both appear stable even for immersion at 60°C.  
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Fig. 5.  Sheet resistance of various TCO samples versus water immersion time 

9) Optical ripple reduction

Until recently, the lamps used for irradiating our CIGS modules so that I-V curves can be obtained were powered directly off the AC line.  The optical ripple in light intensity led to annoying undulations in the I-V trace.  To eliminate the optical ripple, a DC power supply was designed and built.  It uses three-phase power, which greatly reduces the filtering that is necessary.  The resulting I-V curves are now smooth, with data of publishable quality.  

10) Plans for the next quarter

A highly-targeted three-month program has been put in place, with realistic assignment of manpower, to fabricate large-area CIGS modules incorporating improved processing in almost all areas.  Improved fixturing will allow reduction of dead area due to scribing; new CBD tanks should enable better control, and more streamlined and safer operations; we are hoping that the all-Zeus hybrid process will prove itself during this period; and finally, improved ZnO on modules will be realized through substrate heating.  

11)  Other news

EPV has been awarded a one-year $500,000 R&D grant under the State of New Jersey’s Clean Energy Program.  EPV’s goal is to stimulate greater market penetration of thin-film PV modules through improvements in product performance, reduction in product cost, and enhanced certification.  Work under this award will be in the thin Si area.

EPV has received and accepted an order from a German entity for 3,000 40-watt EPV-40 modules.  On the basis of this order, EPV has started to recall some of its production workers that were furloughed last year.

All of the equipment needed for the module manufacturing facility in Tianjin, China has been shipped, and installation has begun.  EPV has started to ship equipment to Greece for the Heliodomi joint venture project.

EPV was the cover story in the June 30, 2003 issue of NJBIZ, a weekly publication that focuses on business in New Jersey.  

Sincerely,
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Alan E. Delahoy 


Leon Chen

Principal Investigator


Senior Scientist
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Run

																																		Rd (quartz)														Measurement

		Run ID		Objective		Date				Tsub						Tse						Tin						Tga				Pressure		Se (Rd)		Se (Thick)		In (Rd)		In (Thick)		Ga (Rd)		Ga (Thick)		Time		Thickness		Se ratio		Cu ratio		Ga rario		Comment		Conclusions

								SP		TC1		TC3		SP		TC5		TC9		SP		TC17		TC18		SP		TC25		TC26

		041703SeTest-1		Se test on glass substrate		4/17/03								320																		7.30E-05		3.1-3.3		3.9-4.0										19.4		10722								Se Controlled on Eurotherm

		041703SeTest-2		Se test on glass substrate		4/17/03								320																		7.20E-05		3.3-3.4		4.132										19.59		11661								Se Controlled on Eurotherm

		041703InSeTest		InSe test on glass substrate		4/17/03		350						320						1100												1.10E-04		Wild				3.9-3.7		4.38						20.07										In; Se Controlled on Eurotherm

		041803SeTest		Se test on glass substrate		4/18/03		350						320																		6.00E-05		3.4		3.9										20										Se Controlled on Eurotherm

		041803InTest		In test on glass substrate/ Al carrier		4/18/03		280						224: not intentional						1100												1-1.3E-4						not stable		4.33																Se Controlled on Eurotherm

		042103IntTest		In test on glass substrate/ Al carrier		4/21/03														1100																		2.8-4.7		4.7						20										Se Controlled on Eurotherm

		042103InGaSeTest		InGaSe test on glass substrate		4/21/03		350(380-420)						320 (323)						1100						1175						1.9-1.5E04		Fail				3.8-4.3		6.48		4.5-5.4		8.36		30				1.59				0.39		In; Se Controlled on Eurotherm

		042203InSeTest-1		InSe test on glass substrate		4/22/03		350						320						1100												5-6.4E-5		Fail				3.0-3.6		4.9						20		4862		1.51						In; Se Controlled on Eurotherm

		042203InSeTest-2		InSe test on glass substrate		4/22/03		350						320						1150												7.20E-05		Fail				6.6-6.7		7.9						20		10595		1.52						In; Se Controlled on Eurotherm

		042303InTest-1		In test on glass substrate/Glass carrier		4/23/03														1100												9.8-14E-5						2.3-2.8		3.15						20		2174								In Controlled on Eurotherm

		012303InTest-2		In test on glass substrate/Glass carrier		4/23/03														1135												5.9-7.4E-5						3.8-3.6		4.08						20		3086								In Controlled on Eurotherm

		042403SeTest		Se test on glass substrate		4/24/03								320																		1.10E-04		Fail												10		4712								Se Controlled on Eurotherm

		042403InSeTest		InSe test on glass substrate		4/24/03		350						320						1135												11-9.7E-5		Fail				3.0-3.2		3.07						20		4043		1.4						In; Se Controlled on Eurotherm

		042403InSe		InSe on Mo		4/24/03		350						320						1135												5.0-9.4E-5		Fail				3.5-3.6		7.6						40				1.62						In; Se Controlled on Eurotherm

		042503GaTest-1		Ga test on glass substrate/glass carrier		4/25/03																				1170						1.40E-04										0.9		0.6		11		1300

		042503Se-InSe		Se treatment and InSe on 042303InSe		4/25/03		350-550						320																		7.5-14E-5		Fail												15+30				0.86		2.18				Substrate was introduced at Tsub.: 350oC , stayed for 7.5 min and ramped up to 550oC with 7.5 min.

								550						320						1135												1.4-2.4E-4		Fail				2.8		2.8						15										Substrate was ramped down to 410oC at Se on (320oC) for 55min and sent to ante-chamber

		042803SeTest		Se test on glass substrate		4/28/03								320																		9.5-9.8E-5		Fail												10		~0								Se was used up, need to refill.

				In,Se Refilled

		050203IGS-1		InGaSe test on glass substrate		5/2/03		350		383-417		386-420		320		325-329		317-322		1105		1105-1106		1049-1068		1150		1118-1150		1165-1183		9.7-25e-5		1.5-4.0		2.93		1.8-2.6		2.6		1.2-2.0		1.86		20		22000		1.49				0.31		In,Se controlled by Eurothermo

		050203IGS-2		InGaSe test on glass substrate		5/2/03		350		396-429		396-430		320		349-344		348-336		1105		1105-1110		1057-1065		1150		1150		1196-1186		5.2-13e-5		14.1-13.3		15.3		6.4-5.2		6.2		3.4-3.1		3.64		20		10076		1.45				0.37		In,Se controlled by Eurothermo

		050203IGS-3		InGaSe test on glass substrate		5/2/03		350		389-423		388-423		320		324-325		320-313		1100		1098-1102		1049-1056		1140		1152-1140		1175-1173		6.5-10E-5		12.3-13.5		14.8		5.3-5.1		6.3		2.1-2.7		3.1		20		13758		1.5				0.37		In,Se controlled by Eurothermo

		Z1554IGS		InGaSe test on glass substrate		5/5/03		350		376-413		378-415		320		322		313-309		1100		1098-1103		1042-1056		1140		1131-1136		1171		9.3/19e-05		1.2-2.2		4.67		2.9-3.8		1.0/5.04		1.3-1.9		0.7/2.62		20		22445		1.42				0.35		In,Se controlled by Eurothermo

		Z1555IGS		InGaSe test on glass substrate		5/5/03		350		381-414		380-413		320		333-339		322-316		1100		1101		1037-1058		1160		1158-1161		1119-1125		5.5/8.7e-5		7.7-9.2		15.6		5.1-5.3		1.7/8		1.9-2.0		0.86/3.3		20		10029		1.52				0.34		In,Se controlled by Eurothermo, Ga controlled TC was changed, using more clean galss

		Z1556IGS		InGaSe test on glass substrate		5/6/03		350		367-394		366-393		320		323		303		1090		1090-1094		1036-1047		1145		1141-1145		1108-1114		8.4/14e-5		1.2-6.1		3.7		2.3-3.4		0.88/4.3		0.9-1.5		0.65/2		20		13457		1.55				0.31		In,Se controlled by Eurothermo, Ga controlled TC was changed, using more clean galss

		Z1557A		InGaSe on Mo		5/6/03		350		368-400		367-399		320		326-327		313-308		1090		1090-1093		1030-1048		1145		1138-1142		1104-1110		4.5/e-5		5		5.4		3.8-4.0		1.30/6.05		1.5-1.6		0.86/2.7		20		12590		1.5				0.25-0.39		Thickness includes last 5 min growth

		Z1557B		Se Treatment and InGaSe on Z1557A		5/6/03		350-550						320		346-323																														15+30										Substrate was introduced at Tsub.: 350oC , stayed for 5 min and ramped up to 550oC with 10 min.

								550		550		550		320		322-319		320-316		1090		1090		1020-1032		1145		1144-1140		1104		4.0/16e-5		4.5-3.9		24.65		3.4-3.2		1.4		1.3-2.0		1.8/2.2		5		18409		1.1		0.68-0.96		0.25-0.39

																																																								Switch Se controlling to Lower TC

				Se test on glass		5/9/03																																										280000								About 130g was estimatedly evaporated during this test

		Z1558Se		Se test on glass		5/14/03		0						325		325		336														4.0/10e-5		2.4		1.2										10		7398

		Z1559A		InGaSe on Mo		5/14/03		350		372-414		373-417		320		320		355-368		1090		1090		1045-1057		1145		1140-1144		1103-1100		7.0/30e-4		4.9-13.2		20.1		1.7-3.3		0.72/5.80		1.5-2.1		0.92/4.3		32		11000						0.3

				In,Ga,Se Refilled

		Z1560IGS		InGaSe test on glass substrate		5/19/03		350		374-404		372-405		320		320		316-311		1090		1089-1092		1006-1032		1145		1141		1100-1102		1.6/3.9e-4		0.5-0.7		1.772		1.4-2.5		0.85/3.1		0.9-1.4		0.9/2.2		20		10130		1.53				0.18-0.32		First run after sources was refilled

		Z1559C1		Se Treatment on Z1559A-4		5/19/03		350/550		553		540		320		320		320														1.6/1.8e-4		1.7-1.1		4.27										15+30										Sample was not sent to the main chamber due to too high clippers

		Z1559C2		Se Treatment and InGaSe on Z1559A-1		5/27/03		350/550						320																																15+30(38)

								550		551		556		320		320		315		1090		1090		1006		1145		1127-1145		1098		8.6/36e-5		0.1		2.2/2.21		1.2		0.57/0.84		0.6		0.51/0.68		5		21299				0.55-0.63		0.22-0.31

		Z1559C3		Se Treatment and InGaSe on Z1559A-3		5/27/03		350/525						320																				0.6-0.8												15+30(35)

								525		525		525-527		320		320		321-322		1090		1089-1092		1002-1007		1145		1120-1140		1087-1108		1.6/2.5e-4		0.5-0.4		18.91/20.20		2.8-2.5		0.977/1.764		1.3		0.763/1.149		5		21049

		Z1559C4		Se Treatment of Z1559A-2		5/28/03		350/550						320																				0.2-0.4												15+35		15284

		Z1559C5		Se Treatment and InGaSe on Z1559A-5		5/28/03		350/550						320																				0.4												15+30

								550		550		552		320		320		320-322		1090		1090		1000		1145		1145		1115		1.6/2.0e-4		0.3		1.28/1.40		2.8-2.6		1.158/2.41		1.1-1.4		1.148/1.79		8		25758

		Z1561A		InGaSe on Scribed Mo		5/28/03		350		367-		366-		320		320		327-329		1090		1090		1010-1017		1145		1138-1145		1111-1115		1.2/2.5e-4		0.2-0.9		0.626/1.077		1.8-2.0		0.812/3.03		0.9-1.8		0.619/2.103		20		15701								Thickness in the middle of plate

		Z1561B		Se Treatment and InGaSe on Z1561A-1,2		5/29/03		350/550						320																				0.2												15+30

								550		551		551		320		320		332		1090		1090		1000		1145		1119-1145		1089-1111		8.3/23e-5		0.1		0.491/0.517		1.7-1.8		0.549/1.105		0.7-1.0		0.442/0.697		5		26849

		Z1559C6		Se Treatment and InGaSe on Z1559A-6		5/30/03		350/525						320																				0.2												15+30

								525		525		526		320		320		328-330		1090		1090		991-1000		1145		1120-1145		1091-1113		6.5/20e-5		0.1		0.581/0.621		1.7-1.8		0.519/1.405		0.7-1.1		0.404/0.866		8		25681

		Z1559C7		Se Treatment and InGaSe on Z1559A-7		5/30/03		350/500						320																				0.3												15+30

								500		502		501		320		320		323		1090		1088		989		1145		1130-1145		1104		1.5/1.9e-4		0.2		0.658/0.720		2.6-2.4		1.223/2.239		0.9/1.3		1.587/2.047		8		27208

		Z1559C8		Se Treatment and InGaSe on Z1559A-8		6/2/03		350/550						320																				0.0?												15+60

								550		550		553		320		320		315		1090		1079-1085		992		1145		1135-1140		1110		4.8/23e-5		0.1-0.2		0.198/0.232		1.6		0.68/1.069		1.2-1.4		0.795/1.117		4		26006

		Z1562A		InGaSe on Scribed Mo		6/2/03		350		368-406		365-404		320		320		313-303		1090		1090		990-1022		1145		1129-1141		1104-1122		1.5/1.9e-4		0.1		0.218		2.0-2.4		0.856/3.51		0.9-1.2		0.756/2.29		20		13008

		Z1563Se		Se test on glass		6/3/03		0						320		320		283														6.40E-05		0.0-0.1												10		Very thin

		Z1564Se		Se test on glass		6/3/03		0						320		316		320														6.90E-05		0.3-0.9												10		3964								Change controlled from TC5 to TC9

		Z1562B		Se Treatment and InGaSe on Z1562A(1,2,3)		6/4/03		350/550						320																																15+45

								550		551		552		320		322		320		1090		1087-1090		992-		1145		1121-1140		1094-1111		4.2/21e-5		0		0.271/0.281		1.5		0.529		0.9		0.335		3		27950

		Z1565A		InGaSe on Scribed Mo		6/4/03		350		369-		366-		320		337		320		1090		1084-1090		986-		1145		1140-		1112-		1.5/1.8e-4		0.1		0.161/0.25		2.5		0.967/3.52		1.1-1.3		0.986/2.45		20		10372

		Z1565B1		Se Treatment and InGaSe on Z1565A-1;2		6/5/03		350/550						325																																15+45

								550		550		553		325		323-330		325		1090		1083-1088		987-1002		1145		1119-1141		1096-1122		5.9/22e-5		0.1-0.4		0.121/0.154		1.4-1.5		0.462/1.251		0.5-1.6		0.413/0.8		8		28865

		Z1565B2		Se Treatment and InGaSe on Z1559A-3		6/5/03		350/565						325																														.		15+45

								565		567		567		325		336-338		325		1090		1078-1087		979-1002		1145		1132-1142		1109-1122		1.4/1.9e-4		0.1		0.241/0.264		2.1-2.2		0.861/1.917		1.0-1.3		0.979/1.604		8		27779

		Z1565B3		Se Treatment and InGaSe on Z1565A-4		6/6/03		350/550						325																																15+45

								550		551		553		325		329		325		1090		1083-1083		982-990		1145		1115-1135		1091-1097		6.0/20e-5						1.5		0.485/0.861		0.5-1.2		0.457/0.624		4

		Z1565B4		Se Treatment and InGaSe on Z1559A-5		6/6/03		350/565						325																																15+45

								565		565		566		325		332		325		1090		1082-1088		977-995		1145		1116-1141		1098-1124		1.4/2.0e-4						2.2-2.3		0.689/1.213		0.7-1.1		0.785/1.043		4

		Z1566IG		InGa test on glass		6/12/03		0						0						1090						1145																				20										Change TC controlling of Ga to Eurotherm

		Z1567A		InGaSe on Scribed Mo		6/13/03		350		360-393		360-395		325		339-351		325		1090		1090-1093		996-1016		1150		1150		1105		4.7/21e-5		0.1		0.036/0.094		1.5-2.4		0.425/2.690		0.9-1.5		0.484/1.730		20

		Z1567B		Se Treatment and InGaSe on Z1567A		6/16/03		350/575						325																																15+45		22107								Sample was stuck in the main chamber in the 1st and 3rd stage due to the ANTE chamber drive

								575		576		579		325		327		325		1090		1089		992		1150		1147		1108		5.3/21e-5		0.1		0.045		1.5-1.6		0.582/1.035		0.9-1.3		0.498/0.755		5

		Z1568Se		Se Test on Glass		6/18/03								330																																30

														340																																30

														350																																60+210		170000								About 80g was estimatedly evaporated during this burnning out

				In,Ga,Se Refilled

		Z1569IGS		InGaSe on test glass		6/25/03		350		361-396		369-396		320		320		326		1090		1089-109		960-992		1150		1148		1035-1042		7.9/37E-4		1.5-11.6		14.34		1.1-2.0		0.298/2.43		0.9-2.5		0.421/2.51		20		10500						0.34;0.26;0.20;0.15		Se controlled from TC5

		Z1570IGS		InGaSe on test glass		7/15/03		350						320						1090						1150																				20

				Maintenance

		Z1571IGS		InGaSe on test Glass		7/30/03		350		363-398		364-396		320		320		351-341		1090		1090		960-998		1150		1150		1031-1043		6.9/24e-5		0.4-1.9		2.29/3.10		0.9-1.8		0.38/1.65		0.4-0.8		0.33/1.01		20		12501		1.5				0.13-0.31

		Z1572A		InGaSe on Scribed Mo		8/1/03		350		363-406		363-406		320		320		339-333		1090		1090		964-994		1155		1152-54		1045-1055		4.6/12e-5		2.2-4.1		4.6/9.5		2.6-2.7		1.12/4.29		1.5-1.3		0.69/2.3		20										Cu-sputtered at Zeus

		Z1572B		Se treatment of Z1572A		8/1/03		350/565																																						15+45

								565		565		565		320		320		343		1090		1090		956		1155		1156		1065		5.4/17e-5		4.3				3.2-2.8		1.24/2.22		1.5-1.4		1.21/1.63		5		28697		1		0.76-1.25		0.16-0.33

		Z1573A		InGaSe on scribed Mo		8/4/03		350		366-403		358-399		320		320		341-335		1090		1090		962-1000		1155		1155		1040-1051		5.8/11e-5		2.0-7.2		6.7/11.4		2.4-3.1		0.99/4.39		1.3-1.7		0.75/2.39		20										Speed: 1600; Cu Sputtered at Zeus

		Z1573B		Se treatment of Z1573A		8/4/03		350/565																																						15+45

								565		565		565		320		320		340		1090		1090		968		1155		1155		1066		4.7/10e-5		3.3		7.82		3.7		1.53/2.27		1.1		1.68/1.97		3		23705				0.58-0.99		0.16-0.34

		Z1574A		InGaSe on scribed Mo		8/6/03		350		369-403		366-403		320		320		343-336		1090		1090		973-1004		1160		1160		1045-1060		4.5/10e-5		1.8-7.0		6.84/10.8		2.5-3.0		1.04/4.32		1.2-1.7		0.74/2.47		20		12900

		Z1574B		Se treatment of Z1574A		8/7/03		350/565																																						15+45

								565		565		565		320		320		353		1090		1090		963		1160		1160		1057		6.9/15e-5		1.8		10.23		2.3		0.92/1.50		1.4		0.88/1.26		4		26222

		Z1575A		InGaSe on scribed Mo		8/11/03		350		368-		371-		320		320		318		1090		1090		971-1002		1160		1160		1053-1064		3.0/11e-5		1.7-4.3		5.16/8.82		2.3-2.7		1.04/4.01		1.2-1.4		0.81/1.40		20

		Z1575B		Se Treatment of Z1575A		8/12/03		350/550						320																																15+45										Change controlled from TC5 to TC9

								550		552		551		325		319		325		1090		1090		957-975		1160		1160		1052-1060		2.9/12e-5		2.2-2.0		9.3/9.96		2.2		0.87/1.57		1.3-1.4		0.92/1.26		5		32538

		Z1576A		InGaSe on scribed Mo		8/14/03		350		368-412		361-409		325		330		325		1090		1090		969-1000		1170		1170		1074-1070		2.7/10e-5		0.7-2.6		1.4/3.27		2.2-2.5		0.76/3.64		1.5-1.4		0.56/2.2		20

		Z1576B		Se Treatment of Z1576A				350/550						325																																15+45

								550		550		550		325		314		325		1090		1090		960		1170		1170		1070		2.9/8.9e-5		2.9				3.0-3.1		1.12/1.77		1.6-1.9		1.38/1.75		3		33919				0.57-0.89		0.22-0.44

				Chamber Opened for Gas Test		8/15/03

		Z1577IGS		InGaSe on Glass		8/19/03		350		372-412		369-409		325		340		332-327		1090		1090		962-1000		1160		1160		1080-1083		2.7/21e-05		1.1-2.3		4.6/6.7		1.1-2.4		0.85/3.12		1.4-1.5		1.73/3.11		20		11919

		Z1578IGS		InGaSe on Glass		8/20/03		350		370-409		367-405		325		332-340		325		1090		1090		967-1006		1160		1160		1064		2.7/9.7e-5		0.7-3.3		1.7/3.75		2.0-2.8		0.53/3.4		1.2-3.5		0.84/2.28		20		14392

		Z1579A		InGaSe on Scribed Mo		8/22/03		350						325						1090						1160																				16

		Z1579B1		Se Treatment of Z1579A-1		8/26/03		350/550						320																																15+45

								550		550		550		325		319		325		1090		1090		980-		1160		1160		1050-		2.8/14E-5		2.6-2.9		13.9/14.7		1.5-1.9		0.45/0.91		1.5-1.3		1.2/1.56		5

		Z1579B2		Se Treatment of Z1579A-2		8/26/03		350/550						320																																15+45

								550		550		550		325		319		325		1090		1090		957		1160		1160		1050-		1.2/E-5		2.2-2.0												0

		Z1579B3		Se Treatment of Z1579A-3		8/27/03		350/550						320																																15+45

								550		550		550		325		315		325		1090		1090		958-980		1160		1160		1084-1078		2.5/4.5E-5		3.6		11.3/		1.8-2.0		0.99/1.7		2		1.29/1.86		7

		Z1579B4		Se Treatment of Z1579A-5		8/28/03		350/550						320																																15+45

								550		550		550		325		316		325		1090		1090				1160		1160				1.0/2.9E-5						1.8-1.4		1.83/2.26		1.1		2.14/2.27		10										Ga: only 8 minute

		Z1579B5		Se Treatment of Z1579A-6		8/28/03		350/550						320																																15+45

								550		550		550		325		319		325		1085		1085		960-		1153		1153		1078		2./22E-4		1.8				0.8-1.1		0.513/1.36		1.3-0.9		1.7/2.1		10

		Z1580A		InGaSe on Scribed Mo		9/2/03		350						325						1090						1160																				17

		Z1580B		Se Treatment of Z1580A		9/3/03		350						325																																15+65

								550						325						1090						1160																				8

		Z1581A		InGaSe on Scribed Mo		9/3/03		350						325						1090						1160																				17

		Z1581B		Se Treatment of Z1581A		9/4/03		350						325																																15+45

								550						325						1090						1160																				5

				In test on glass		9/5/03														1090																										20										looks uniform

				Waste Se		9/5/03								325																																20

						9/8/03





Cu Sputtering

		Date		Run		Purpose		Base Pressure		Ar Flow		Ar Flow		Pressure		Power		Frequency		Pulse time		Voltage		Current		Speed		Time		Thickness		Sheet		Resistivity

								10-6Torr		V		sccm		mTorr				[kHz]		nm		V		A		2000		[min]		[nm]		[ohm]		ohm.cm

		7/29/03		Cu-2		Presputtering				1.5		50		15-20		900		200		1936				1.9				180		420		2.4		1.01E-04

		7/30/03		Cu-3		Presputtering				1.55		52		18		950		200		1936		499		1.9				18

										1.65		55		19												2000		12		120		15		1.80E-04

		7/31/03		Cu-4		Presputtering				1.66		55		19		1000		200		1936		499		2		100		30		190		0.5		9.50E-06

		7/31/03		Cu-5		Presputtering				1.6		53		19		950		200		1936		492		1.93		100		36		205		0.45		9.23E-06

		8/1/03		Cu-6		Z1572A				1.6		53		18		950		200		1936		492		1.92		100		36		210

		8/4/03		Cu-7		Z1573A				1.6		53		18		950		200		1936		492		1.92		100		30		180

		8/8/03		Cu-8		Test		8.2		1.65		55		18		950		200		1936		485		1.95		100		48		327		0.22		7.19E-06		6 cycles

		8/12/03		Cu-9		Z1575A		7.3		1.7		57		18		950		200		1936		485		1.95		100		32								4 cycles

																										200		2		230						0.5 cycle

		8/13/02		Cu-10		Test		7.5		1.64		55		14.5-15		950		200		1936		497		1.91		100		32		170		0.4		6.80E-06		4 cycles

																										200		2		120		0.6		7.20E-06		0.5 cycle

		8/14/02		Cu-11		Z1576A		8.5		1.64				18		950		200		1936		485		1.95		100		40		270						5Cycles

		8/18/02		Cu-12		Test		15		1.66				18		950		200		1936		490		1.93		100		40		264		0.29		7.66E-06		5 Cycles		Repeat Cu-11

		8/21/03		Cu-13		Test		4.6		1.66				18		950		200		1936		487		1.95		100		36		256		0.3		7.68E-06		4.5 Cycles

		8/22/03		Cu-14		Z1579A		8.1		1.65				18		950		200		1936		485		1.95		100		36		256						4.5 Cycles

		8/25/03		Cu-15		Z1579A		9.5		1.64				18		950		200		1936		487		1.95		100		12		85						1.5 Cycles		Resputtering

		9/2/03		Cu-16		Z1580A				1.8				18		950		200		1936		487		1.95		100		40								5 Cycles

		9/4/03		Cu-17		Z1581A		5.1		1.8				18		950		200		1937		487		1.95		100		36								4.5 Cycles





Device

										Composition								(kΩ)		A		After lightsoaking														Ratio to Best						Ratio to Best		Module																												Big		Module

		ID		Row		Column		Se/(CIG)		Cu/(IG)		G/(IG)		Ga/Cu		In/Cu		R		Thickness		Voc		FF		Jsc(Qe)		Efii.		Qe(-1)		Voc		FF		Voc*FF		Voc		FF		Voc*FF		Voc		Voc/seg		FF		Jsc		Jsc(act)		Eff (aper).		Eff(Act)		Area		Cells

		Z1557		3		6		1.10		0.80		0.39		0.49		0.76		700		17917		492.1		60.08		24.15		7.14		27.78		475		56.8		0.9125541749		478		59.8		0.966820369				×

				7		6		1.13		0.68		0.33		0.49		0.99		650		19661		475.9		59.96		27.8		7.93		31.98		469		60		0.9861585948		453		60.2		0.9556907098		specular		×

				11		6		1.12		0.74		0.28		0.38		0.98		15		19307		455		62.2		27.88		7.89		31.49		450		62		0.9858308894		445		61.1		0.9607257694		specular		×

				15		6		1.08		0.96		0.25		0.26		0.78		0.9		18201		436.4		57.38		28.08		7.03				441		55		0.968625712		391		56.6		0.8837875977				×

		Z1557-11		B3																		472.8		64.18		27.45		8.33		29.88						0						0		Masud Experiment

		Z1557-12		C2																		449.7		64.55		29.42		8.54		30.72						0						0

		Z1557-13		C2																		456.5		64.44		28.01		8.24		30.01						0						0

		Z1557-14		C2																		437		64.11		29.63		8.3		31.3						0						0

		Z1557-15		B1																		448.5		64.67		29.01		8.41		30.72						0						0

		Z1557-16		B3																		442.6		64.45		30.77		8.78		32.3						0						0

		Z1557-32		C2																		459		63.82		28.5		8.35		30.32						0						0		Without pretreatment

		Z1567		3		6		1.11		0.67		0.22		0.32		1.16		0.2		21732																0				0		0

				7		6		1.08		0.75		0.25		0.33		1.00		5		22674		427		62.2		27.4		7.2772756		28.44		409		59.4		0.9147269893		431		61.1		0.9915171276

				11		6		1.08		0.64		0.30		0.46		1.10		10		22450								0								0				0		0

				15		6		1.05		0.85		0.36		0.43		0.76		8		20899		471		61.5		25.7		7.4443905		28.25		474				0		454		59.2		0.9278580429

		Z1572		3		6		1.07		0.86		0.33		0.39		0.78				29373		450		56.94		32.16		8.2403568		34.15		417.8		54.16		0.8831147016								6.65		0.475		30.14		23.24		26.41		3.33		3.78		39.5		14		Z1572-2				Scribed after CdS				1/1/13 ZnO n/i/n

				7		6		1.11		0.76		0.25		0.33		0.98				27674		456.4		56.39		31.78		8.1790266488		32.4		472.6		44.77		0.8221159637								6.93		0.494		31.78		20.34		23.11		3.2		3.64		39.5		14		Z1572-3				Scibed after i-ZnO				2/13 ZnO		i/n

				11		6		1.06		0.87		0.19		0.22		0.92				29216		465.4		57.37		30.36		8.1061193928				464.4		47.25		0.8218315222								6.7		0.478		30.44		20.73		23.55		3.02		3.43		39.5		14		Z1572-4				Scribed after CdS				1/1/13 ZnO n/i/n

				15		6		1.00		1.25		0.16		0.12		0.67				28451		488.5		53.88		29.45		7.75135191		33.53		466.1		54		0.9562703882								7.02		0.501		31.32		22.19		25.22		3.49		3.96		39.5		14		Z1572-5				Scibed after i-ZnO				2/13 ZnO		i/n

		Z1573		3		6		1.14		0.67		0.34		0.50		0.98				23078		495.1		54.71		27.11		7.3432642831				485.6		55.08		0.9874451216																										Z1573-1				Scribed after CdS				1/1/13 ZnO n/i/n

				7		6		1.16		0.58		0.26		0.46		1.28				24281		434		52.6		27.99		6.38966916		33.78		479.8		44.17		0.9283509138								7.19		449		37.55		21.9		24.89		3.69		4.2		39		16		Z1573-2				Scibed after i-ZnO				2/13 ZnO		i/n

				11		6		1.13		0.68		0.20		0.29		1.17				23622		494.7		57.99		27.37		7.8518106261		34.55						0								7.45		0.465		41.09		24.03		27.31		4.59		5.22		39		16		Z1573-3				Scribed after CdS				1/1/13 ZnO n/i/n

				15		6		1.03		0.99		0.16		0.16		0.85				23838		457.1		58.81		30.11		8.0941855561		33.29		501.1		52.84		0.9849741004								7.55		0.471		42.59		23.53		26.74		4.73		5.37		39		16		Z1573-4				Scibed after i-ZnO				2/13 ZnO		i/n

		Z1574		6		2		1.12		0.67		0.36		0.53		0.95				26602		447.7		59.77		23.03		6.1626043787		27.46		448.4		60		1.005417648				Z1475-2A				3 min i/13 nZnO

				10		2		1.16		0.58		0.29		0.49		1.22				26252		450.2		58.12		22.31		5.8375507144				420.5		53.65		0.8621932731		448.1		58.1		0.994992896																				Z1574-2				1/1/13 ZnO n/i/n

				13		2		1.09		0.63		0.21		0.34		1.24				25812		430.6		45.27		25.15		4.902555393		28.06		395		38.32		0.7764939496								6.22		0.388		34.52		17.27		19.63		2.31		2.63		43.6		16		Z1574-3				Scribed after CdS				1/1/13 ZnO n/i/n

								1.05		0.84		0.18		0.21		0.99												0								0

		Z1575		3		6		1.12		0.57		0.38		0.66		1.08				32724		557.8		67.75		24.16		9.13029352		25.69						0				Z1575-1 A1

				7		6		1.15		0.50		0.31		0.63		1.39				33115		480.3		46.9		25.81		5.813978667		27.76		469.2		38.74		0.8069231783								7.45		465		38.81		26.13		29.69		4.72		5.37						Z1575-2

				11		6		1.12		0.54		0.24		0.44		1.40				32538		480.4		55.52		26.31		7.0173526848				394.1		57.74		0.8531605356								6.94		462		50.12		23.28		26.46		5.39		6.13						Z1575-3

				15		6		1.06		0.78		0.18		0.24		1.05				30118								0								0

		Z1576		3		6		1.06		0.66		0.44		0.67		0.84				34171		424.1		42.85		26.39		4.7957715715		30.13		435.1		37.69		0.90239384								6.15		410		27.62		19.74		22.44		2.23		2.54						Z1576-1

				7		6		1.09		0.57		0.37		0.65		1.11				34528		411.4		29.84		25.35		3.112010616		29.02		365		21.34		0.6344891113								6.64		390		25.83		15.64		17.78		1.57		1.79						Z1576-2

				11		6		1.06		0.63		0.28		0.45		1.15				33919		387.8		24.14		28.99		2.7138965308		31.92		320.6		30.87		1.0571949429																										Z1576-3

				15		6		0.98		0.89		0.22		0.24		0.88						525		42.2		22.74		5.038047		28.53		533		40.27		0.9688065899																										Z1576-4

		Z1580		3		6		1.03		0.94		0.43		0.45		0.61				28600

				7		6		1.05		0.85		0.34		0.41		0.77				27864

				11		6		1.01		1.01		0.27		0.27		0.72				27167

				15		6		0.94		1.39		0.23		0.16		0.56





Refilling

		Date		Se[g]		In[g]		Ga[g]

		4/29/03		1400		40

		5/16/03		1400		40

		6/20/03





Cu-uniformity

		Run Cu-12						Run Cu-13

		Position		Thickness [nm]		Sheet		Position		Thickness		Sheet

		0.5		255				2		260		0.30

		1.5		284		0.3		5		239		0.30

		2.5		247				8		245		0.30

		3.5		284				12		252		0.30

		4.5		257		0.3		15		282		0.30

		5.5		295				Average:		256		0.30

		6.5		285				Stdev		17		0.00

		7.5		253		0.3

		8.5		248

		9.5		269

		10.5		256		0.3

		11.5		256

		12.5		284

		13.5		257		0.3

		14.5		231

		15.5		273

		16.5		234		0.25

		17.5		286

		Average:		264		0.29

		Stdev		19		0.02





Cu-uniformity
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		Ratio of  ramp up to duration																		Rate of third stage

				In						Ga

		Run		Ramp up		Toatal		Ratio		Ramp up		Toatal		Ratio				Run		time		Plus ramp		thickness

		Z1554IGS		1		5.04		0.1984126984		0.7		2.62		0.2671755725				Z1565B2		8		14		10924

		Z1555IGS		1.7		8		0.2125		0.86		3.3		0.2606060606				Z1565B3		8		14		9919

		Z1556IGS		0.88		4.3		0.2046511628		0.65		2		0.325				Z1565B4		4		10		7712

		Z1557A		1.3		6.05		0.2148760331		0.86		2.7		0.3185185185				Z1565B5		4		10		7962

		Z1560IGS		0.85		3.1		0.2741935484		0.9		2.2		0.4090909091				Z1559C1		5		11		5471

		Z1561A		0.812		3.03		0.2679867987		0.619		2.108		0.2936432638				Z1559C3		5		11		5489

		Z1562A		0.856		3.51		0.2438746439		0.756		2.29		0.3301310044				Z1559C5		8		14		8808

		Z1565A		0.967		3.52		0.2747159091		0.986		2.45		0.4024489796				Z1559C6		8		14		8996

																		Z1559C7		8		14		9996

								0.2364013493		6min				0.3258267886		10min		Z1559C8		4		10		9265

																		Z1562		3		9		7100

																		Z1561
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