
ihese smaller cells, and show automation capability for finishing the small high-voltage module. This 
task is expected to result in the demonstration of a manufacturi ng process capable of producing a high 
voltage, small module product. 

3.24 Task 24 Debu g And Test M odule Manufacturing Equipment Used To Produ ce Frameless, 
Monolithic Modules 

EVERGREEN shall develop, debug, and test production size module manufacturing equipment used to 
produce frameless, monolithic modules. Evergreen shall demonstrate production worthy speed (time to 
foml a completed module) and quality with a yield of 99%. This task is expected to resu lt in 
demonstration of speed, quali ty, and yield for the processes and equipment developed in Tasks 15, 16, and 
17. 

3.25 Task 25 Develop, Debu g, And Test Robotic Pick And Place Machin e 

EVERGREEN shall develop, debug, and test the roboti c pick and place machine designed in task 18. 
Evergreen shall demonstrate positional accuracy estimated to be plus or minus 0.005" or as determined 
from add itional tests with actual equipment. This task is expected to result in a robotic pick and place 
machine satisfying manufacturing requirements 

3.26 Task 26 In Line Diagnostics-3 

EVERGREEN shall continue improved automation of their manufacturing line with design, development, 
and testing of a network fo r collection of all data at a central point for advanced in-line diagnostics. To 
accomplish this task, Evergreen shall bring together the inputs from RSView on all the machines used to 
make frameless and monol ithic modules and integrate these inputs into a real-t ime response system for 
machine control. This task is expected to result in in-line diagnostics for real time control for frameless 
and monolithic module manufacturing. 

3.27 Task 27 Demonstrate State Of The Art Si Ribbon Manufacturing Capability To Make 
Mon olithic Modules 

EVERGREEN shall demonstrate the automated production of monolithic modules through the delivery of 
test resu lts from the manufacturing line based on process improvements developed in the subcontract. The 
test shall be an actual run and the goal shall be a 99% yield from a run of 100 consecutive modules. This 
task is expected to result in a demonstration of the production of a frameless, monolithic module produced 
from highly automated, cost-effective high yield string ribbon Si manufacturing equipment and provide 
NREL data to characterize the improvements made by Evergreen under this subcontract. 

4.0 PROGRAM PLAN 

The subcontracted research shall be conducted at EVERGREEN. The research shall be carried out 
according to the Task Schedule outlined below. All Milestones, Deliverables, and Reporting 
Requirements shall be met by EVERGREEN according to the schedules detailed in the appropriate 
sections that follow. 
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4. 1 TASKSCI-I EDULE 

Task Schedules are broken down into separate Phase I, Phase II, and Phase ill efforts to correspond to the 
three one-year phases of the subcontract. EVERGREEN shall perform these tasks according to the 
following phased schedules: 

PHASE I 
EVERGREEN shall perfOnll and complete Tasks 1 through 9 during the first year, Phase I, of thi s 
subcontract according to the following schedule: 

Months J A S 0 N D J F M A M J J A 

Task 1 X X X X X X 
Task 2 X X X X X 
Task 3 X X X X X X X X X 
Task 4 X X X 
Task 5 X X X X X X X X X X X X 
Task 6 X X X X X X X 
Task 7 X X X X X X X 
Task 8 X X X X X X X X X X X X 
Task 9 X X X X X X X X X X X X 
Monthty 
Reports 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 
Annual draft final 
Report 15th 30th 

PHASE II 
EVERGREEN shall perform and complete Tasks 10 through 19 during the second year, Phase n, of this 
subcontract according to the following schedule: 

Months J A S 0 N D J F M A M J J A 

Task 10 X X X X X X X X X X X X 
Task 11 X X X X X X 
Task 12 X X X X X X X 
Task 13 X X X X X X X X X X X X 
Task 14 X X X X X X X 
Task 15 X X X X X X X X X 
Task 16 X X X X X X X X 
Task 17 X X X X X X 
Task 18 X X X X X X 
Task 19 X X X X X X 
Monthly 
Reports 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 
Annual draft final 
Report 15th 30th 
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Ph ase III 
EVERGREEN shall perform and complete Tasks 20 through 27 during the third year, Phase III, of thi s 
subcontract according to the following schedule: 

Months J A S 0 N D J F M A M J J A 

Task 20 X X X X X X 
Task 21 X X X 
Task 22 X X X X X X X X X X X X 
Task 23 X X X X X X 
Task 24 X X X X X X X X X X 
Task 25 X X X X X X 
Task 26 X X X X 
Task 27 X X X X 
Monthly 
Reports 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 
Annual draft final 
Report 15th 30th 

4.2 MILESTONES 

Milestones are broken down into Phase 1, Phase ll , and Phase III milestones to correspond to the three one­
year phases of the subcontract. EVERGREEN shall perfoml tasks I through 27 in order to meet 
milestones and del iverables accord ing to the following schedule: 

I'HASE I 

Milestones due on September 30, 2002 

m-l.I.1 Demonstrate process steps for uniform mixing of dopant 

m-I . 1.2 Grow ribbon with doped feedstock using demonstrated mixing procedure 

m -I . 1.3 Demonstrate a suitab le solvent drying procedure 

m- l .1.4 Show suitable transport in feeder 

m-I . 1.5 Complete chemical and optical characterization of surface oxide 

(Task I) 

(Task I) 

(Task I) 

(Task 1) 

(Task 2) 

m-I . 1.6 Demonstrate feasibility of a simple optical method for oxide detennination (Task 2) 

m- l. 1.7 Concept for prototype decal application machine completed 

m-l . 1.8 Design for prototype machine completed 

m-l .I.9 Thinner backskin sheets formulated 

(Task 6) 

(Task 6) 

(Task 8) 
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Milestones due on December 31, 2002 

m-1.2.1 1J1stall111ixing equipment 

m-I.2.2 Grow ribbon using feedstock mixed in new equipment 

m-\.2.3 Show no negative impact on efficiency from new doping process 

m-1.2.4 Identify contact cross section changes for screen printing 

m-I.2.5 Decision on whether or not to study alternative printing method 

m-I.2.6 Dielectric layers selected 

m-1.2.7 Prototype machine developed and tested 

m-I.2.8 Demonstrate cross-linked thinner backskin sheets 

m-1.2.9 Choose conductive ink for printing onto backskin 

m-I.2.10 Demonstrate ease of printing of conductive material 

Milestones due on March 31,2003 

m-1.3.1 Demonstrate coating with reduced permeability 

m- 1.3.2 Network for all new crystal growth machines established 

m-I.3 .3 Bulk resistivity and laser cutting data connected to the network 

111-1.3.4 Initiate qualification tests 

m- I.3.5 illitiate in-house accelerated testing 

m- I. 3.6 Demonstrate adequate performance under thermal cycling 

111-1.3 .7 Demonstrate adequate perfonnance under humidity freeze 

Milestones due on June 31,2003 

m-l.4.1 Test graphite parts for improved purification 

m-1.4.2 Test novel hot zone parts' configurations 

m-1.4.3 Demonstrate lifetime gains from M-1.3.I -M - l.3.3 

m-1.4.4 Verify M-1.3.4 with DLTS 

m-1.4.5 Rand D cells from Ga. Tech with efficiency> 15.5% 

m-1.4.6 Optimize plasma nitride process 

m-I.4.7 Optimize metallization firing process 

m-1.4.8 Demonstrate fabrication of 120 sq. cm., 12% wrap-around cells 

m- 1.4.9 Demonstrate reduced series resistance 

m- 1.4.1 0 Demonstrate increased shunt resistance 

m-1.4.11 Demonstrate process monitoring using SPC charts 

m-1.4.12 Complete accelerated testing 

(Task 1) 

(Task 1) 

(Task I) 

(Task 5) 

(Task 5) 

(Task 5) 

(Task 6) 

(Task 8) 

(Task 9) 

(Task 9) 

(Task 3) 

(Task 7) 

(Task 7) 

(Task 8) 

(Task 8) 

(Task 9) 

(Task 9) 

(Task 3) 

(Task 3) 

(Task 3) 

(Task 3) 

(Task 3) 

(Task 4) 

(Task 4) 

(Task 4) 

(Task 5) 

(Task 5) 

(Task 7) 

(Task 8) 
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m- 1.4.l3 Complete accelerated tests 

PHASE II 

Milestones due on September 30, 2003 

m-2. I .l Demonstrate reduced oxygen in hot zone 

m-2.l.2 Design for alternate method to introduce As into the hot zone 

m-2 .1 .3 Production-worthy decal application machine designed 

m-2.l.4 Establish parameters for glass/encapsulant lamination 

m-2.l.5 Identify method to modify backskin for higher impermeability 

Milestones due on December 31,2003 

m-2 .2. 1 Establish hot zone redesign 

m-2.2 .2 Demonstrate growth of oxide free ribbon 

m-2.2.3 Establish parameters for celllbackskin lamination 

m-2.2.4 Develop method to modify backskin 

m-2.2.5 Complete des ign of backs kin modification machine 

m-2 .2.6 Complete identification of pick and place robot 

Milestones due on March 31,2004 

m-2.3.1 Complete des ign and implementation of vibration damping 

m-2.3.2 Complete design and deployment of boat for doub le sided passivation 

m -2.3.3 Demonstrate adequate firing through of Al paste 

m-2.3.4 Decal application machine developed and tested 

m-2.3.5 Establ ish process for full module lamination 

m-2.3 .6 Identi fy method to form backskin edge 

m-2.3.7 Complete development of backskin modification machine 

m-2.3 .S Decision on monolithic module manufacturing method 

m-2.3.9 Complete design of pick and place machine 

m-2.3.10 Complete design for automaticbulk resistivity measurement 

Milestones due on June 31,2004 

m-2.4. 1 Complete dislocation maps 

m-2.4.2 Demonstrate fabrication of 13% cells 

(Task 9) 

(Task II) 

(Task I I) 

(Task 13) 

(Task 14) 

(Task 15) 

(Task 10) 

(Task 11) 

(Task 14) 

(Task 15) 

(Task 16) 

(Task IS) 

(Task 10) 

(Task 12) 

(Task 12) 

(Task 13) 

(Task 14) 

(Task 15) 

(Task 16) 

(Task 17) 

(Task IS) 

(Task 19) 

(Task 10) 

(Task 12) 

Page 12 



m-2.4.3 Establish data processing for decal application machine 

m-2.4.4 Develop method to foml backskin edge 

m-2.4 .5 Complete des ign of machine to fonn sealed leads 

m-2.4.6 Complete development of machi ne to foml sealed leads 

m-2.4.7 Complete development of monolithic module manufacturing method 

m-2.4. 8 Complete development of automatic bulk resistivity measurement 

m-2.4.9 Complete incorporation ofRS Vi ew in module machine designs 

PHASE 1II 

Mi lestones due on September 30, 2004 

111-3. 1.1 Complete debug of robotic pick and place machine 

Milestones due on December 31, 2004 

m-3.2 .1 Complete debug of wrap-around decal application machine 

m-3.2.2 Demonstrate viability oflaser cutting small cells from large cells 

m-3.2 .3 Complete running of robotic pick and place machine 

m-3.2 .4 Complete demonstration of pos itional accuracy and repeatability 

Milestones due on March 31,2005 

m-3.3.1 Demonstrate impurity reduction on production machine 

m-3.3.2 Demonstrate dislocation reduction on production machine 

111-3.3.3 Complete reli ability studi es on high-voltage small modules 

m-3.3.4 Complete automation for high-voltage small modules 
Complete speed and quality demonstration for manufacture of fram eless, 

m-3.3.5 monolithic module 

Milestones due on June 31, 2005 

m-3.4. 1 Demonstrate starting lifetimes of 5 to >10 microseconds 

m-3.4.2 Advances made in Tasks 12 and 20 brought together 

m-3.4.3 Demonstrate 14% wrap-around contact cells 

m-3.4.4 Complete testing of wrap-around decal application machine 
Complete yield demonstration for manufacture of frameless, monolith ic 

m-3.4.5 module 

(Task 13) 

(Task IS) 

(Task 16) 

(Task 16) 

(Task 17) 

(Task 19) 

(Task 19) 

(Task 25) 

(Task 22) 

(Task 23) 

(Task 25) 

(Task 25) 

(Task 20) 

(Task 20) 

(Task 23) 

(Task 23) 

(Task 24) 

(Task 20) 

(Task 21) 

(Task 21) 

(Task 22) 

(Task 24) 

m-3.4 .6 Complete development ofRS View on all automated machines for modules (Task 26) 

m-3.4.7 Complete integration of all inputs into a central collection point (Task 26) 
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m-3.4.8 Complete demonstration of manufacturing capability 

m-3.4.9 Demonstrate capability to make 100 modules at a yield 99% 

5.0 DELIVERABLES/REPORTING REQUIREMENTS 

(Task 27) 

(Task 27) 

EVERGREEN shall prepare and submit reports and deliverables in accordance with the fo llowing 
Sections. EVERGREEN shall also supply NREL with samples of EVERGREEN cells and modules for 
collaborative and analytical efforts with NREL as directed by the technical monitor. In addi tion, 
EVERGREEN shall supply, according to the schedule indicated, the following representative samples of 
the current best device/materi al design and fabrication procedures : 

5.1 DELIVERABLES 

The Deliverables under this subcontract are divided into Phase I, Phase II, and Phase III deliverab les to 
correspond to the three one-year phases of the subcontract. EVERGREEN shall provide deliverables 
according to the fo llowing schedule: 

PHASE J 

No. 
D-l. l.! 

D-l. 1.2 

Deliverable Description 
Report on process steps for unifoffil 
mixing of dopant. (Task I) 
One sample 0[3" wide ribbon grown per 
M-l. 1.2. (Task I) 

D-l. l.3 Report on a suitable solvent drying 
procedure. (Task I) 

D-l. 1.4 Report on suitable transport of doped 
feedstock in feeder. (Task l ) 

D-I. I .S Report on chemical and optical 
characterization of surface oxide. (Task 
2) 

D-l. l.6 Report on feasibility of a simple optical 
method for oxide determination. (Task 
2) 

D-l. l.7 Ribbon sample grown without any 
surface oxide. (Task 2) 

D-I. I.8 Report describing concept for prototype 
decal application machine. (Task 6) 

D-I .I.9 Report describing design for prototype 
machine. (Task 6) 

D-I. I .10 Example of thirlller backskin sheets. 
(Task 8) 

Quantity Due Date 
End of First Quarter 

I End of First Quarter 

End 0 f Firs t Quarter 

End of First Quarter 

End of First Quarter 

End of First Quarter 

End of First Quarter 

End of First Quarter 

End of First Quarter 

End of First Quarter 
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0-1.2 .1 Report on installation of mixing End of Second Quarter 
equipment. (Task 1) 

0-1.2.2 One sample of 3" wide doped ribbon. 1 End of Second Quarter 
(Task 1) 

0-1.2.3 Two 12% cells made with feedstock 2 End of Second Quarter 
doped with new doping process. (Task 
I) 

0-1.2.4 Report on finger cross section through End of Second Quarter 
screen-printing. (Task 5) 

0-1.2.5 Report on decision to study altemative End of Second Quarter 
printing methods. (Task 5) 

0-1.2.6 Report on dielectric layers selected. End of Second Quarter 
(Task 5) 

0-1.2.7 Report on development and testing of End of Second Quarter 
prototype machine. (Task 6) 

0-1.2.8 One cell from prototype machine. (Task End of Second Quarter 
6) 

0-1.2.9 Example of cross-linked thinner End of Second Quarter 
backskin . (Task 8) 

0-1.2. 10 Report on ink choice. (Task 9) End of Second Qualter 

0-1.2.11 One sample of printed conductive End of Second Qualter 
material on backskin. (Task 9) 

0-1.3.1 Report on coating with reduced End of Third Quarter 
penneabi lity. (Task 3) 

0-1.3.2 Report on establishment of network for End of Third Quarter 
new crystal growth machines. (Task 7) 

0-1.3.3 Report on resistivity and laser cutting End of Third Quarter 
data added to the network. (Task 7) 

0-1.3.4 Report on initiation of in-house End of Third Quarter 
accelerated tests and qualification tests . 
(Task 8) 

0-1.3.5 One backskin sample. (Task 8) End of Third Quarter 

0-1.3.6 Report on perfonnance under thennal End of Third Quarter 
cycling and humidity freeze. (Task 9) 

0-1.3.7 Report on completed accelerated tests. End of Third Quarter 
(Task 9) 

0-1.4.1 Report on tests of improved puri fication End of Fourth Quarter 
graphite parts. (Task 3) 

0-1.4.2 Report on novel hot zone parts' End of Fourth Quarter 
configurations. (Task 3) 

0-1.4.3 RepOli on lifetime gains (and OLTS End of Fourth Quarter 
verification) from M-1.3.I-M-1.3.3. 
(Task 3) 

0-1.4.4 One> 15% R&O cell. (Task 3) End of Fourth Quarter 
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D-1.4.S Report on optimization of plasma nitride End of Fourth Qualier 
process. (Task 4) 

D-IA.6 Report on optimization of metallization End of Fourth QUaIier 
fi ring process. (Task 4) 

D-IA.7 One 120 sq. cm., 12% wrap-around cell End of Fourth Quarter 
and I-V Data. (Task 4) 

D-IA.8 Report on reduced series and shunt End of Fourth Quarter 
resistance. (Task S) 

D-IA.9 One cell demonstrating device End of Fourth Quarter 
improvements due to contact 
improvements. (Task S) 

D-I.4.IO Report on real time process monitoring End of Fourth Quarter 
using SPC charts. (Task 7) 

D-I.4.ll One sample of printed conductive End of Fourth Quarter 
material on backskin. (Task 9) 

PHASE II 

No. Deliverable DescriQtion Quantity Due Date 

D-2.1.1 Report on reduced oxygen in hot zone. End of Fifth QuaIier 
(Task 11) 

D-2.1.2 Report on design for alternate method to End of Fifth Quarter 
introduce AI. (Task 11) 

D-2.1.3 Report on design of production-worthy End of Fifth Quarter 
decal application machine. (Task 13) 

D-2 .1.4 Report on parameters for End of Fifth Quarter 
glass/encapsulant lamination. (Task 14) 

D-2.I.S Report on choice of method to modify End of Fifth Quarter 
backskin. (Task IS) 

D-2.2.1 Report on ho! zone redesign. (Task 10) End of Sixth Quarter 

D-2.2 .2 Report on redesign of ambient gas flow End of Sixth Quarter 
pattern. (Task 11) 

D-2.2 .3 One oxide free ribbon sample. (Task 12) I End of Sixth Quarter 

D-2.2.4 Report on parameters for celllbackskin End of Sixth Quarter 
lamination. (Task 14) 

D-2 .2 .S Report on method to modify backskin. End of Sixth Quarter 
(Task IS) 

D-2.2.6 Report on design of backs kin End of Sixth Qualier 
modification machine. (Task 16) 

D-2 .2.7 Report on identification of pick and End of Sixth Quarter 
place robot. (Task 18) 

D-2.3 .1 Report on design and implementation of End of Seventh Quarter 
vibration damping. (Task 10) 
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D-2.3.2 Report on design and deployment of End of Seventh Quarter 
boat for double sided passivation. (Task 
12) 

D-2.3 .3 Report on adequate firing through of Al End of Seventh Quarter 
paste. (Task 12) 

D-2.3.4 Report on development and testing of End of Seventh Quarter 
decal application machine. (Task 13) 

D-2.3.S Report on hot roll lamination process for End of Seventh Quarter 
full module. (Task 14) 

D-2.3 .6 One typical full module produced with End of Seventh Quarter 
hot roll lamination process. (Task 14) 

D-2.3.7 Report on choice of method to form End of Seventh Quarter 
backskin edge. (Task IS) 

D-2.3.8 Report on development of backs kin End of Seventh Quarter 
modification machine. (Task 16) 

D-2.3.9 Report on design of a machine to fonn End of Seventh Quarier 
sealed leads. (Task 16) 

D-2.3.l 0 Report on decision for monolithic End of Seventh Quarter 
module manufacturing method. (Task 
17) 

D-2.3.11 RepOli on pick and place machine End of Seventh Quarter 
design. (Task IS) 

D-2.3.l2 Report on design of automatic bulk End of Seventh Quarter 
resistivity measurement. (Task 19) 

D-2.4.1 Report on improved lifetimes and End of Eighth Quarter 
di slocation maps. (Task 10) 

D-2.4.2 One 13% wrap-around cell. (Task 12) End of Eighth Quarter 

D-2.4.3 One sample from and report on decal End of Eighth Quarter 
application machine with data 
processing. (Task 13) 

D-2.4.4 One sample from and report on decal End of Eighth Quatier 
application machine with data 
processing. (Task 13) 

D-2.4.S Report on process to make frameless End of Eighth Quarter 
modules. (Task 15) 

D-2.4.6 Report on manufacturing equipment for End of Eighth Quarter 
frameless modules. (Task 16) 

D-2.4 .7 RepOli on development of monolithic End of Eighth Quarter 
module manufacturing method for 
shrinkage control. (Task 17) 

D-2.4.S One sample demonstrating monolithic End of Eighth Quarter 
module manufacturing method for 
shrinkage control. (Task 17) 

D-2.4.9 Report on development of automatic End of Eighth Quarter 
bulk resistivity measurement. (Task 19) 
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D-2.4.10 Report on incorporation ofRS View in 
module machine designs. (Task 19) 

PHASE J]J 

No. Deliverable Descrij2tion 

D-3.1.1 Report on debug of robotic pick and 
place machine. (Task 25) 

D-3.2.1 Report on debug of wrap-around decal 
applicationmachine. (Task 22) 

D-3.2 .2 Small cells cut from larger cell with 
laser. (Task 23) 

D-3.2.3 Report on running of robotic pick and 
place machine. (Task 25) 

D-3.2.4 Report on demonstration of positional 
accuracy and repeatability. (Task 25) 

D-3.3.1 Report on impurity reduction on 
production machine. (Task 20) 

D-3.3.2 Report on dislocation reduction on 
production machine. (Task 20) 

D-3.3.3 Report on reliability of high-voltage 
small modules. (Task 23) 

D-3.3.4 Report on completion of automation for 
high-voltage small modules. (Task 23) 

D-3.3.4 Two prototype high-voltage small 
modules. (Task 23) 

D-3.3.5 Report on speed and quality 
demonstration. (Task 24) 

D-3.4. L Report on starting material lifetimes of 5 
to >10 microseconds. (Task 20) 

D-3.4.1 One sample of starting material with 
lifetimes of 5 to >10 microseconds. 
(Task 20) 

D-3.4.2 Report on advances made in Tasks 12 
and 20 brought together. (Task 21) 

D-3.4.3 Report on 14% wrap-around contact 
cells . (Task 21) 

D-3.4 .3 Two typical cells characterizing efforts 
for 14% wrap-around cells . (Task 21) 

D-3.4.4 Report on testing (yield and throughput) 
of wrap-around decal application 
machine. (Task 22) 

D-3.4.5 Report on yield demonstration. (Task 
24) 

End of Eighth Quarter 

Quantity Due Date 

End of Ninth Quarter 

End of Tenth Quarter 

6 End of Tenth Quarter 

End of Tenth Quarter 

End of Tenth Quarter 

End of Eleventh Quarter 

End of Eleventh Quarter 

End of Eleventh Quarter 

End of Eleventh Quarter 

2 End of Eleventh Quarter 

End of Eleventh Quarter 

End of Twelfth Quarter 

End ofTwelfth Quarter 

End of Twelfth Quarter 

End of Twelfth Quarter 

2 End of Twelfth Quarter 

End of Twelfth Quarter 

End of Twelfth Quarter 
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D-3.4.6 RepOli on development ofRS View on End of Twelfth Quarter 
all automated machines for modules. 
(Task 26) 

D-3.4.7 Report on integration of all inputs into a End of Twelfth Quarter 
central collection point. (Task 26) 

D-3.4 .8 Report on demonstration of End of Twelfth Quarter 
manufacturing capabi lity. (Task 27) 

D-3.4.9 Report on module fabrication yield. End of Twelfth Quarter 
(Task 27) 

D-3.4.10 Two monolithic modules typical of 100 2 End of Twelfth Quarter 
module run sent to NREL. (Task 27) 

Deliverables that are not reports shall be sent to the Technical Monitor at the fo llowing address: 

National Renewable Energy Laboratory 

ATTENTION: C. Edwin Witt, MS#3214 

1617 Cole Boulevard 

Golden, Colorado 80401 

with a copy of the transmittal letter sent to the Contract Administrator at: 

National Renewable Energy Laboratory 

ATTENTION: Christie Johnson, MS#2713 

1617 Cole Boulevard 

Golden, Colorado 80401 

Deliverables identified as reports in the above schedule in this section maybe delivered as attachments to 
the Monthly Technical Status Report (MTSR) corresponding to the final month for the quarter in which 
that report deliverable is due. If an MTSR is not due in the final month of the qualier (as is the case at the 
end of each phase when an annual or the final report is due), the del iverable reports due at that time shall 
be delivered one item with separate sections. In any of these cases, each deliverable report shall be clearly 
identifiable as a distinct section. 

5.2 PRES ENTATIONS AND PUBLICATIONS 

EVERGREEN shall attend NREL Subcontractor Almual Review Meetings to be held at a place and time 
specified by NREL. EVERGREEN shall present a complete discussion of work performed under this 
subcontract at such meetings and submit one reproducible master copy ofthe presentation material prior to 
this review, as specifled by the NREL Technical Monitor. 
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Presentations at scientific meetings and publications of research results in scientific journals are encouraged 
by the PV Manufacturing R&D Project, but must be approved in advance by the NREL Subcontract 
Adminis::-ator. Any costs to NREL that are to be incu rred as a result of such presentations/publications 
must be included in the negotiated cost of the subcontract. The subcontractor is responsible for obtaining 
NREL's technical approval. Before a representative of EVERGREEN submits or presents a publication 
concerning the research effort under this subcontract (e .g., abstract, reprint of manuscript, etc.), 
EVERGREEN shall submit two (2) copies to the NREL T echnical Monitor, one (l) copy t o each of 
th e Technical Monitoring Team (TMT) members, and one (I) copy to the Contract Administrator. If 
EVERGREEN is other than a small business concern, educational institution, or non-profit organization 
who qualifies under P.L. 98-620, the subcontractor must also obtain DOE patent clearance in accordance 
with Clause 1- Patent Rights (Long Form), prior to any publication or presentation concerning this 
subcontract effort. EVERGREEN should allow at least sixty (60) days to obtain the appropriate technical 
and patent clearances for the publication or presentation. 

EVERGREEN is reminded that the technical approval and the paten t clearance requirements, as 
specified above, also apply to reports requiring distribution outside ofNREL. 

EVERGREEN shall also be prepared to respond to requests for written information in summary [orn1 as 
required by the Technical Monitor to meet obligations to DOE. Such requests include, but are not limited 
to, Program Summaries (arumally, 1-2 pages) and Sununary Annual Reports (2-3 pages). These are the 
usual requested annually, and NREL does not at thi s time expect any others during the contract. They are 
in addit ion to other reporting requirements (below). 

5.3 REI'ORTING REQUIREMENTS 

EVERGREEN shall furni sh reports in accordance with the "Required Reports," Section 5.4. These reports 
shall be sent to the Technical Monitor at the fo llowing address: 

National Renewable Energy Laboratory 

ATTENTION: C. Edwin Witt, MS#3214 

1617 Cole Boulevard 

Golden, Colorado 80401 

with one copy of the report, and a copy of the transmittal letter to the Technical Monitor, being sent to the 
Contract Administrator at: 

National Renewable Energy Laboratory 

ATTENTION: Christie Johnson, MS#2713 

1617 Cole Boulevard 

Golden, Colorado 8040 I 

Technical monitoring wi ll be perfornled by NREUSandia Personnel and will be in compliance with DOE 
PVMaT and NREL Procurement requirements. One copy of these reports shall also be sent to the 
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Technical Monitoring Team Members as described in Section 5.4, with a copy oftheir transmittal letters 
sent to the Technical Monitor. 

S.4 REQUIRED REPORTS 

EVERGREEN shal1 be required to prepare and submit the [ol1owing reports indicated below. If the period 
of perfonnance for this subcontract begins during the first through the fift eenth of a month, then that 
month is considered the first ful1 month of the subcontract fo r reporting purposes. If the period of 
perfonnance for this subcontract begins during the sixteenth through the end of the month, then the first 
fu l1 month of the subcontract for reporting purposes is the fol1owing month. For example, if the period of 
perfonnance start date is January 10, then January is the first fu l1 month for reporting purposes: whereas, if 
the period of perfonnance start date is January 20, then February is the first ful1 month for reporting 
purposes. 

A. MONTHLY TECHNICAL STATUS REPORT: 

The Monthly Technical Status Report is to be fomlatted to communicate to NREL an assessment of 
subcontract status, explain variances and problems, report on the accomplishment of perfomlance 
mi lestones and/or program deliverables, and discuss any other achievements or areas of concern. 
Thi s report should be three to six pages written in a letter fonnat with emphasis placed on the status 
rather than a description of the progress. An introductory paragraph wil1 be included in each 
monthly report that provides a highlight ofthe month' s activities. Copies of this r eport are du e on 
0 1- b efore fift een (I S) days after completion of each month [two (2) copies to the NREL Teclmical 
Monitor (TM), one (I) copy to each of the Technical Monitoring Team (TMT) members, and one ( I) 
copy to the NREL Contract Administrator]. 

B. ANNUAL TECHNICAL PR OGRESS REPORT 

The Annual Technical Progress Reports are to be structured as fonnal teclmical reports, both in draft 
and fi nal version, which describe al1 signi fi cant work perfonned during each year ofthe subcontract. 
Copies of the draft Annual Technical Progress Report a re du e on or befo re fifteen (IS) days 
pdor to the completion date fo r each year 's research effor t under this suhcontract [two (2) 
copies for the NREL Teclmical Monitor (TM), one (I) copy for each of the Technical Monitoring 
Team (TMT) members, one (I) copy for the NREL TMT member, and one (I) copy for the NREL 
Contract Administrator]. The subcontractor shal1 make any corrections or revisions per NREL 
direction, which may include technical or editori al comments. The subcontractor shal1 be al10wed 
fifteen (15) days after receipt of NREL's recommendations and/or comments to make these 
corrections and submit copies of the final version to NREL. The final version shal1 consist ofthree 
(3) copies of th e Annu al Technical P rogress Report [one (I) master copy with original graphics, 
one (I) electronic copy with graphics (for posting on NREL's web site, see BI Guidelines below), 
and one (I) reproducible copy] for the NREL Technica l Monitor (TM), and one (1) reprodu cible 
copy for the NREL Contract Ad min istrato r. If the subcontracted effort in the fol1owing year is 
not authorized and funded by NREL, then that year's Annual Technical Progress Report shal1 be 
designated as the Final Teclmical Report (see description below) and the period ofperfonnance for 
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that year shall be extended by three months to allow for the completion of this report as the Final 
lechnical Report. 

BI - Electronic Format G uidelin es: 

List of fonnat options to choose from for the electronic master. 

(1) Preferably, reports should include embedded graphics, such that they can be easi ly 
converted to a PDF fonnat. Submit a word processing fil e prepared by one of 
the following: (a) Word perfect or (b) MS Word (Mac, DOS, or windows). 

(2) If graphics cannot be embedded in the report fil e we prefer one of the following 
graphics fomlats: EPS, TIF, GIF, WPG, CGM, WMF, or PCT. 

(3) Ifpresenting a portable document fil e (.PDF) fonnat, please keep the fil e manageable, 
not beyond 1MB , 

C. FINAL TECH NICAL REPOR T 

The Final Technical Report is to be structured as a fonna l tec1mical report, both in draft and final version, 
whi ch describes all signi fi cant work perfonned during the entire subcontract's period of perfonnance, 
Copies of the draft Fiu a l T echuical R ep ort are du e on or befor e fifteen (lS) days after th e fin al 
year 's completion date fo r active research nnder this subcontract [two (2) copies for the NREL 
Technical Monitor (TM), one (I) copy for each ofthe Technical Monitoring Team members, and one (1) 
copy for the NREL Contract Administrator). The subcontractor shall make any corrections or revisions 
per NREL direction, which may include technical or editorial comments , The subcontractor shall be 
allowed fifteen (15) days after receipt ofNREL's recommendations and/or comments to make corrections 
and submit copies of the fina l version to NREL. The final version shall consist ofthree (3) copies of the 
Fin a l Technical Rep ort [one (1) master copy with original graphics, one (1 ) electronic copy with graphics 
(for posting on NREL's web site), and one (1) reproducible copy] for th e NREL Technical M onitor 
(TM), and one (1) "eproduci ble copy for th e NREL Cont ract Administrator . The subcontractor shall 
follow one of the fonnats (li sted above in Section B 1, Annual Technical Progress Report) for the 
Electronic Copies of the final version of thi s report, 

D, SMALL BUSI NESS/SMALL DISADVANTAGED BUSINESS 

SUBCONTRACTING PLAN AND REPORTS 

The subcontractor shall submit the "Subcontracting Report for Individual Contracts" (Standard Fom1294) 
semi-annually based upon the United States Govenmlent's fiscal year (October 1 through September 30), 
This report is due on or before the twenty-fifth (25th) day of the month following the close o f the 
applicable month, This report shall be prepared in accordance with Standard Fonn 294 instructions , The 
original plus two (2) copies of this report shall be submitted to the Subcontract Associate, The 
subcontractor shall submit the "Summary Subcontract Report" (Standard Fonn 295) arulUally, This report 
is due on or before the twenty-fi fth (25th

) day of the 1110nth following the close ofthe applicable year, This 
report shall be prepared in accordance with Standard Fonn 295 instructions. The original plus two (2) 
copies of this report shall be submitted to the Subcontract Associate. 
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6.0 PERFORMANCE EVALUATION 

The perfom1ance of EVERGREEN wi ll be monitored and evaluated by the fo llowing means: 

i) Monthly Technical Status Reports consisting of a report of program status relative to 
milestone and program sched ules (3-6 pages); 

ii) Annual Technical Progress Reports; 

iii) A Final Technical Report covering work done under the subcontract; 

iv) Monthly Subcontract Management Summary Reports prepared on NREL Fom1 619A; 

v) Up to two On-Site Visits by a PVMaT-selected evaluation team to EVERGREEN per phase 

- these visits shall entail presentations and demonstrations by EVERGREEN; and 

vi) Participation by EVERGREEN in up to two contractor Program Review Meetings per Phase 
as designated by PV Manufacturing R&D (PVM R&D) proj ect management personnel. 

During the subcontract, on-site presentations and demonstration reviews will be conducted by a PVM 
R&D review committee consisting of members selected by PVM R&D proj ect management staff. These 
meetings wi ll be critical program evaluation points. The progress of EVERGREEN will be assessed at this 
time by reviewing past accomplislunents and future program plans. 

The progress of EVERGREEN will also be monitored by telephone conversations and by possible 
additional on- si te visits by the NREL teclmical evaluation team at the di scretion of the NREL teel-mical 
monitor for the subcontract. 
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Appendix A 
Statement of Work for Evergreen Solar, Inc. 

Innovative Approaches to Low Cost Module Manufacturing 
of String Ribbon Si PV Modules 

ZDO-2-30628-09 
September 18, 2002 

1.0 BACKGROUND 

The U.S. Department of Energy (DOE), in cooperation with the U.S. Photovoltaics (PV) 
Industry, has the objective of retaining and enhancing U.S. leadership in the world market. 
To further this objective, the Photovoltaic Manufacturing Technology (PVMaT) project was 
initiated in FY 1990 to form a partnership between DOE and the U.S. PV industry, assisting 
in the improvement of module manufacturing processes and in the substantial reduction of 
module manufacturing cost. The goals of the project were to improve PV manufacturing 
processes and products for terrestrial applications, accelerate PV manufacturing cost 
reduction, lay the foundation for significantly increased production capacity, and assist the 
U.S. industry in retaining and enhancing its world leadership role in the commercial 
development and manufacture of terrestrial PV systems. The focus of the program 
emphasized research and development (R&D) manufacturing process issues. 

Four solicitations have been completed since inception of the PVMaT Project and a fifth 
solicitation is near completion. These solicitations addressed, respectively: (1) process­
specific R&D on PV module manufacturing (open only to companies that completed 
successfully a preliminary problem-definition phase; (2) generic research on problems of 
interest to all , or to a large portion of the PV industry; (3) process-specific R&D on PV module 
manufacturing; (4) product-driven PV manufacturing R&D addressing process-specific 
problems, as well as manufacturing improvements for balance-of-systems (BOS) 
components and system design improvements; and (5) PV module manufacturing technology 
and PV system and component technology. 

The FY2000 solicitation, "PV Manufacturing R&D -In-Line Diagnostics and Intelligent 
Processing in Manufacturing Scale-Up," was a continuation of the PV Manufacturing R&D 
Project that focused on further accelerating the PVMaT achievements and was designed to 
be impartial to various PV technologies and manufacturing approaches. The goals are to 
improve PV manufacturing processes and products while reducing costs and providing a 
technology foundation that supports significant manufacturing scale-up (1 OO-MW level) . 
Letters of Interest under this solicitation were to address areas of work that could include, but 
were not be limited to, issues such as improvement of module manufacturing processes; 
system and system component packaging, system integration, manufacturing and assembly; 
product manufacturing flexibility; and balance-of-system development including storage and 
quality control. The primary emphasis was on new and improved in-line diagnostics and 
monitoring with real-time feedback for optimal process control and increased yield in the 
fabrication of PV modules, systems, and other system components. 

Page 1 



, During this subcontract, Evergreen Solar, Inc. (hereafter referred to as "Evergreen" in this 
document) will address the goals of improved PV manufacturing processes and products 
while reduci ng costs and providing a technology foundation that supports significant 
manufacturing scale-up. To accomplish these goals, EVERGREEN will focus their efforts on 
their second-generation technology. These advances would be: further cost reduction in the 
production of wafers by the String Ribbon technique; high efficiency wrap-around contact 
solar cells; development and deployment of the manufacturing technology to make frameless 
modules based on polymers developed in Evergreen Solar's first PVMaT contract (1995 -
1997); and the culmination of all these developments- monolithic modules. Th ese 
developments wi ll be accompanied with extensive use of manufacturing science techniques 
especially in the areas of diagnostics and statistical process control. EVERGREEN will also 
work toward PVMaT goals by developing quality assurance and ES&H programs in keeping 
wi th local, State, and Federal regulations as applicable. 

2.0 OBJECTIVE 

The objective of this subcontract over its three-phase duration is to continue the development 
of EVERGREEN's String Ribbon Si PV technology resulting in an advanced generation of 
crystall ine silicon PV module manufacturing technology applied to a virtually continuous fully 
integrated manufacturing line. The final goal of th is line will be the production of frameless 
modules using wrap-around contacts on String Ribbon solar cells and made in a monolithic 
module configuration. Specif ic objectives include methods for improving surface and bulk 
quality of as-grown ribbon, techniques for wrap-around solar cell efficiency improvement, 
extensive reliability testing under accelerated conditions, developing low cost manufacturing 
to make frameless modules in general and monoli thic modules in particular, and in line 
diagnostics throughout the production line. To furth er the high efficiency work, close 
interaction with Prof. Rohatgi 's group at Georgia Tech will be pursued. 

3.0 SCOPE OF WORK 

The subcontract shall consist of three phases and will be incrementally funded. 
EVERGREEN shall complete the investigations described in the following tasks and provide 
a detailed summary of th is work in its reports and deliverables. 

PHASE I 
During Phase I, EVERGREEN shall perform R&D needed to affect improvements in ribbon 
growth and cell and module manufacture. These efforts shall address development of a 
production worthy doping method, growth of surface oxide free ribbon , improved starting 
lifetime of as-grown string ribbon , '1"2% efficient wrap-around cells, and device improvements 
on 'wrap-around cells. EVERGREEN shall design and develop a prototype machine to apply 
wrap-around decals. They shall develop necessary in-line diagnostics to support crystal 
grow1h . Evergreen shall also perform work leading to backskin materials cost reduction and 
develop and use methods for accelerated testing of monol ithic modules to demonstrate 
desired stability. For all of these efforts Evergreen shall develop the quality assurance and 
ES&H programs required in keeping with local, state, and federal regulations as applicable. 
EVERGREEN shall report all progress from this Phase I task-oriented research through 
reporting requirements detai led in Sections 4, 5, and 6. 
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· :> .1 Task 1 Development Of A Production Worthy Doping Method 

EVERGREEN shall develop a new doping method for feedstock silicon using liquid spin-on 
dopants. To accomplish this task, Evergreen shall demonstrate a mixing method with 
satisfactory uniformity, develop a suitable solvent drying procedure and develop equipment 
which will not contaminate the feedstock silicon. This task is expected to result in a 
production worthy doping method and apparatus that produces satisfactory ribbon growth 
and cell efficiencies. 

3.2 Task 2 Growth Of Surface Oxide Free Ribbon-1 

EVERGREEN shall find a simple optical method to detect surface oxide on Si ribbon as it 
grows and develop an easily implementable method that provides data needed for in-situ 
correction. To accomplish th is task, Evergreen shall develop a detailed characterization of 
surface oxide layers and develop a simple method for optical detection. This task is 
expected to result in the development of an optical method for collecting data needed to 
implement real-time corrective action during crystal growth (see task 11 in Phase II) that can 
eliminate all etch steps between growth and diffusion for Si ribbon. 

3.3 Task 3 Improve Starting Lifetime Of As-Grown String Ribbon -1 

EVERGREEN shall improve the starting lifetime of as-grown string ribbon through better 
purification of hot zone component materials to reduce transition metals and the development 
of coatings that are more impermeable for hot zone components. DL TS shall be used to 
verify the lifetime improvements. To accomplish this task, Evergreen shall investigate 
coatings to reduce permeability, investigate improved purification methods for graphite parts, 
investigate new configurations in hot zone parts , perform in-house lifetime measurements, 
obtain DL TS results through university contacts, and obtain string ribbon characterization 
through interaction with Georgia Tech. This task is expected to result in improvement in 
starti ng lifetime through reduced transition metals in string ribbon . 

3.4 Task 4 12% Efficient Wrap-around Cell 

EVERGREEN shall improve cell-processing leading to a 12% efficient wrap-around cell. 
Evergreen will achieve the efficiency gains in this task by both improvements in starting 
lifetime (Task 3) and advances in cell processing, especially plasma nitride passivation and 
firing through contacts. To accomplish this task, Evergreen shall perform cell processing of 
higher lifetime material, optim ization of plasma nitride processes, and optimization of 
metallization firing processes. This task is expected to result in 12% wrap-around cells. 
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3.5 Task 5 Improve Devices Through Lowered Series Resistance And 
Increased Shunt Resistance 

EVERGREEN shall develop techniques to improve their wrap-around cell by achieving 
lowered series resistance through changes in finger cross section and increased shunt 
resistance through materials science studies on pastes and dielectric layers. To 
accomplish th is task, Evergreen will develop methods to improve linger cross section, 
perform Ag paste studies to improve wrap around ribbon edge, investigate appropriate 
dielectric layers, and develop methods for reduction of edge leakage. This task is 
expected to result in improved fill factors for 120 sq. cm. wrap-around contact cells 

3.6 Task 6 Design And Develop A Prototype Machine To Apply Wrap-around 
Decals 

EVERGREEN shall develop a concept and prototype machine for applying wrap-around 
solar cells that will lead higher manufacturing line volume and yield . To accomplish th is 
task, Evergreen shall develop a concept for prototype machine, design a prototype 
machine, develop the prototype machine, and test the prototype machine. This task is 
expected to result in the testing of a prototype decal application machine that will be the 
basis for development of a high volume production machine. 

3.7 Task 7 In-Line Diagnostics-1 

EVERGREEN shall develop a central database for in-line diagnostics in the crystal 
growth area to automatically generate SPC charts using th e software package cal led 
RS View 32. To accomplish this task, Evergreen shall develop a data network for all 
new crystal growth machines, add bulk resistivity and laser cutter data to the network, 
and develop real time process monitoring using SPC charts. This task is expected to 
result in improved process control in the crystal growth area. 

3.8 Task 8 Backskin Materials Cost Reduction 

EVERGREEN shall develop processes to reduce cost of the backskin material by 
formulating thinner sheets of th is material and then apply appropriate qualification tests, 
as well as in house accelerated tests, to the th inner sheets. To accomplish this task, 
Evergreen shall formulate thinner backskin, cross-link th inner backs kin sheets, conduct 
qualification tests with thinner material, and perform in-house accelerated testing This 
task is expected to result in the development of a process to reduced backskin cost. 

3.9 Task 9 Accelerated Testing Of Monolithic Modules 

EVERGREEN shall study appropriate inks and printing properties and perform 
accelerated testing to establish the long term stability of the electrical bonds for material 
used in adhesive and conducting bars. To accomplish this task, Evergreen shall study 
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various conductive inks, establish su itable printing properties for conductive material , 
and conduct accelerated testing of conductive material contacts. This task is expected 
to result in the development of practical printing method for the conductive material 
chosen, the demonstration of long term stabili ty for contacts, and the demonstration of 
long term viability by the monolithic module. 

PHASE II 
During Phase II , EVERGREEN shall continue to perform R&D needed to affect 
improvements in ribbon growth and cell and module manufacture. Evergreen's Phase II 
efforts shall address further improvement in the starting lifetime of as-grown string 
ribbon, continued work on growth of su rface oxide free ribbon, continued improvements 
on wrap-around cells leading to 13% efficiency, the design, development, and initial 
testing of a machine to apply wrap-around decals, development of a continuous 
lamination process, design and development of manufacturing processes and 
equipment to make frameless modules, development of a manufacturing process to 
make monolithic modules, and the design of a robotic pick and place machine. In 
addition, Evergreen shall continue improving their in-line diagnostics capability through 
completion of the design for automating the collection and analysis of bulk resistivity 
measurements and the monitoring of module making machines. For all of these efforts 
Evergreen shall develop the quality assurance and ES&H programs requi red in keeping 
with local, state, and federal regulations as applicable. Evergreen shall report all 
progress from this Phase II task-oriented research through reporting requi rements 
detailed in sections 4, 5, and 6. 

3.10 Task 10 Improve Starting Lifetime Of As-Grown String Ribbon-2 

EVERGREEN shall continue to improve the starting lifetime of as-grown string ribbon 
through better control of thermal and mechanical perturbations to minimize dislocation 
formation. To accomplish this task, Evergreen shall make use of vibration control and 
more uniform thermal environment to obtain lower dislocation content. Evergreen shall 
redesign their crystal growth hot zone to improve the thermal uniformity, design and 
develop techniques for vibration damping during growth, and perform dislocation density 
mapping to guide other efforts in this task. This task is expected to result in higher 
starting lifetimes th rough reduced dislocation density. 

3.11 Task 11 Growth Of Surface Oxide Free Ribbon-2 

EVERGREEN shall develop a better understanding of oxygen ingress from the exit slits 
and convection in the region around the hot zone through a better understanding of 
convection in the hot zone. In addition, Evergreen shall design new techniques to 
utilize the improved understanding of oxygen ingress and reduce the oxygen avai lable 
that creates undesired oxide on newly grown ribbon. To accomplish th is task, 
Evergreen shall redesign their Ar introduction techniques and develop methods to 
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reduce convection in the hot zone region . This task is expected to result in oxide free 
ribbon and eliminate all etch steps between growth and diffusion for Si ribbon. 

3.12 Task 12 13 % Wrap-around Cells 

EVERGREEN shall improve efficiency through optimized nitride passivation for both 
front and rear surfaces and development of a method to form a good back contact. To 
accomplish this task, Evergreen shall develop, deploy, and test a boat for double sided 
passivation and develop and test AI paste that can fire through nitride. This task is 
expected to result in 13 % wrap-around cells. 

3.13 Task 13 Design , Develop, and Test a Production-worthy Machine to Apply 
Wrap-around Decals 

EVERGREEN shall design, develop, and test a machine to apply wrap-around decals 
for high volume production rates on the order of 1000 cells/hr. The design shall make 
use of an Al len Bradley PLC that will feed process data into a central computer. This 
task is expected to result in the development of a production-worthy machine that 
automates the application of wrap-around decals. 

3.14 Task 14 Continuous Lamination Process 

EVERGRE EN shall develop a continuous, non-vacuum lamination process that 
eliminates cell cracking and which is suitable for high volume production. To 
accomplish this task, Evergreen shall find process conditions (such as roller 
temperature, pre heat temperature, speed, and roller pressure) whereby cell cracking is 
eliminated . Evergreen shall then develop suitable process conditions for high volume 
manufacturing. This task is expected to resu lt in a high volume, continuous non­
vacuum lamination process. 

3.15 Task 15 Develop a Manufacturing Process to Make Frameless Modules 

EVERGREEN shall develop a low-cost, manufacturable technique to make frameless 
modules though close interaction with vendors and manufacturing personnel. To 
accomplish this task, Evergreen shall study alternative methods to modify thei r backskin 
for higher impermeability and study alternative methods to form a backskin edge. This 
task is expected to result in the development of a viable manufacturing process for 
frameless modules. 

3.16 Task 16 Des ign Manufacturing Equipment to Make Frameless Modules 

EVERGREEN shall design, develop and test low-capital cost equipment for high volume 
manufacturing of frameless modules. To accomplish this task, Evergreen shall design a 
suitable backskin modification machine for improved impermeability backskin, test the 
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backskin modification machine for output with improved impermeability, design a 
machine to form sealed leads from the module, and test the machine to form the sealed 
leads. This task is expected to result in the design, development and testing of a 
backskin modification machine and design, development, and testing of a machine to 
form sealed electrical leads from the module. 

3.17 Task 17 Develop a Manufacturing Process to Make Monolithic Modules 

EVERGREEN shall develop a cost-effective, manufacturing method to control backskin 
shrinkage. To accomplish this task, Evergreen shall explore possible methods to 
control shrinkage, identify and select a promising method, and develop and test this 
method for adequacy in a manufacturing process. This task is expected to result in a 
method to control backs kin shrinkage suitable for manufacturing. 

3.18 Task 18 Design a Robotic Pick and Place Machine 

EVERGREEN shall design a robotic pick and place machine that can accurately 
position a wrap-around cell on the printed backskin. To accomplish this task, Evergreen 
shall identify a robot with desired properties and design a machine with that robot to 
perform the required pick and place activities needed to position the cellon the 
backskin . This task is expected to resu lt in a pick and place machine with positional 
accuracy of plus or minus 0.005". 

3.19 Task 19 In-Line Diagnostics-2 

EVERGREEN shall develop the necessary processes and equipment to incorporate 
bulk resisti vity measurement into the automatic laser cutting station. Such equipment to 
perform the measurements, done manually during the Phase I, shall be designed to 
automatically perform the required measurements on the as grown wafers. In the 
module area, processes and equipment necessary to incorporate RSView into the 
machine designs shall also be developed and tested . This task is expected to result in 
in-line diagnostics for bulk resistivity measurement and automated monitoring of module 
making machines. 

PHASE III 
During Phase III , EVERGREEN shall continue to perform R&D needed to affect 
improvements in ribbon growth and cell and module manufacture. Evergreen's Phase 
III efforts shall address the demonstration of improved starting lifetime of as-grown 
string ribbon from a production-capable system, continued improvements on wrap­
around cells leading to 14% efficiency, continued testing and fine tuning to demonstrate 
manufacturing line worthiness for a decal application machine. Evergreen shall also 
design and develop an improved small high voltage module, debug, test, and fine-tune 
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module manufacturing equipment used for frameless, monolithic modules, debug, test, 
and fine-tune a robotic pick and place machine for automated monolithic module layout, 
and continue improved automation of their manufacturing line with design, development, 
and testing of a network for collection of all data at a central point for advanced in-line 
diagnostics. And finally Evergreen shall demonstrate their state of the art 
manufacturing capability to make monolithic modules. EVERGREEN shall report all 
progress from this Phase III task-oriented research through reporting requirements 
detailed in Sections 4, 5, and 6. 

3.20 Task 20 Demonstrate Improved Starting Lifetime On Production-Capable 
System 

EVERGREEN shall demonstrate the results ofJhe work on impurity reduction (Task 3) 
and dislocation reduction (Task 10) on a production crystal growth system so as to 
produce a higher average and tighter distribution of starting lifetime. Presently the 
lifetimes vary from <1 to > 10 microseconds. The goal here will to eliminate the lower 
end of the distribution. Th is task is expected to resu lt in starting lifetimes of 5 to >10 
microseconds. 

3.21 Task 21 14% Effi cient Wrap-around Contact Cells 

EVERGREEN shall combine advances made in Tasks 12 and 20 to routinely make 14% 
cells. To accomplish this task, Evergreen shall make cells utilizing the advances 
developed during Phase II to produce cells on production-worthy equipment developed 
for performing tasks 12 and 20. This task is expected to resu lt in 14% wrap-around 
contact cells. 

3.22 Task 22 Fine-Tune And Test Wrap-around Decal Application Machine 

EVERGREEN shall demonstrate, fine-tune, and test a production worthy wrap-around 
decal application machine with a goal of achieving throughput of 1000 cells/hr at > 95% 
yield. To accomplish this task, Evergreen shal l execute an iterative process of fine­
tuning and testing their wrap-around decal application machine at high volume. This 
task is expected to result in a complete debugging of their wrap-around decal 
application machine and a demonstration of production -worthiness. 

3.23 Task 23 Design And Develop An Improved Small , High Voltage Module 

EVERGREEN shall design and develop a high voltage small monolithic module suitable 
for automated production. To accomplish this task, Evergreen shall demonstrate the 
viability of laser cutting large wrap-around cells into smaller wrap-around cells, 
demonstrate adequate reliability for these smaller cells, and show automation capability 
for finishing the small high-voltage module. This task is expected to result in the 
demonstration of a manufacturing process capable of producing a high voltage, small 
module product. 
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3.24 Task 24 Debug And Test Module Manufacturing Equipment Used To 
Produce Frameless, Monolithic Modules 

EVERGREEN shall develop, debug, and test production size module manufacturing 
equ ipment used to produce frameless, monolithic modules. Evergreen shall 
demonstrate production worthy speed (time to form a completed module) and quality 
wi th a yield of 99%. This task is expected to result in demonstration of speed, quality, 
and yield for the processes and equipment developed in Tasks 15, 16, and 17. 

3.25 Task 25 Develop, Debug, And Test Robotic Pick And Place Machine 

EVERGREEN shall develop, debug, and test the robot ic pick and place machine 
designed in task 18. Evergreen shall demonstrate positional accuracy estimated to be 
plus or minus 0.005" or as determined from additional tests with actual equipment. This 
task is expected to result in a robotic pick and place machine satisfying manufacturing 
requirements 

3.26 Task 26 In Line Diagnostics-3 

EVERGREEN shall continue improved automation of their manufactu ring line with 
design, development, and testing of a netwo rk for collection of all data at a central point 
for advanced in-line diagnostics. To accomplish this task, Evergreen shall bring 
together the inputs from RSView on all the machines used to make frameless and 
monol ith ic modules and integrate these inputs into a real-time response system for 
machine control. This task is expected to result in in-line diagnostics for real time 
control for frameless and monolithic module manufacturing. 

3.27 Task 27 Demonstrate State Of The Art Si Ribbon Manufacturing Capability 
To Make Monolithic Modules 

EVERGREEN shall demonstrate the automated production of monolithic modules 
through the delivery of test results from the manufacturing line based on process 
improvements developed in the subcontract. The test shall be an actual run and the 
goal shall be a 99% yie ld from a run of 100 consecutive modules. This task is expected 
to resul t in a demonstration of the production of a frameless , monolithic module 
produced from highly automated, cost-effective high yield string ribbon Si manufacturing 
equipment and provide NREL data to characterize the improvements made by 
Evergreen under this subcontract. 
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4.0 PROGRAM PLAN 

The subcontracted research shall be conducted at EVERGREEN , The research shall 
be carried out according to the Task Schedule outlined below, All Milestones, 
Deliverables, and Reporting Requirements shall be met by EVERGREEN according to 
the schedules detailed in the appropriate sections that follow, 

4.1 TASK SCHEDULE 

Task Schedules are broken down into separate Phase I, Phase II , and Phase III efforts 
to correspond to the three phases of the subcontract. EVERGREEN shall perform 
these tasks according to the following phased schedules: 

PHASE I 
EVERGREEN shall perform and complete Tasks 1 through 9 during Phase I of this 
subcontract according to the following schedule: 

Months S 0 N D J F M A M 
Task 1 X X X X X 
Task 2 X X X X 

Task 3 X X X X X X 'V 
Task 4 
Task 5 X X X X X X 'V 

Task 6 X X X X X X 
Task 7 X X X X X X 'V 

Task 8 X X X X X X 'V 

Task 9 X X X X X X 'V 

Monthly 
Reoorts 15th 15th 15th 15th 15th 15th 
Annual draft Final 
Reoort 15th 30th 
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PHASE II 
EVERGREEN shall perform and complete Tasks 10 through 19 during Phase II of th is 
subcontract accord ing to the following schedule: 

Months A M J J A S 0 N 0 J F M A M 
Task 10 X X X X X X X X X X X \l 

Task 11 X X X X X X 
Task 12 X X X X X X \l 

Task 13 X X X X X X X X X X X \l 

Task 14 X X X X X X X 
Task 15 X X X X X X X X X 
Task 16 X X X X X X X \l 

Task 17 X X X X X X 
Task 18 X X X X X X 
Task 19 X X X X X \l 

Monthly 
Reports 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 
Annual draft final 
Report 15th 30th 

Phase III 
EVERGREEN shall perform and complete Tasks 20 through 27 during Phase III of this 
subcontract according to the following schedule: 

Months A M J J A S 0 N 0 J F M A M 
Task 20 X X X X X \l 

Task 21 X X \l 

Task 22 X X X X X X X X X X X \l 

Task 23 X X X X X X 
Task 24 X X X X X X X X X \l 

Task 25 X X X X X X 
Task 26 X X X \l 

Task 27 X X X \l 

Monthly 
Reports 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 15th 
Annual draft Final 
Report 15th 30th 
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4.2 MILESTONES 

Milestones are broken down into Phase I, Phase II , and Phase III milestones to 
correspond to the three phases of the subcontract. EVERGREEN shall perform tasks 1 
through 27 in order to meet milestones and deliverables according to the below 
schedule. Although Milestones are shown as due by the end of th ree month periods, 
Everg reen shall regularly report on Milestone progress in its Monthly Reports due on the 
15th of each month . 

PHASE I 

Milestones due no later th an October 31 , 2002 

m-1 .1.1 Demonstrate process steps for uniform mixing of dopant 
Grow ribbon wi th doped feedstock using demonstrated mixing 

m-1 .1.2 procedure 

m-1.1 .3 Demonstrate a suitable solvent drying procedure 

m-1 .1.4 Show suitable transport in feeder 

m-1 .1.5 Complete chemical and optical characterization of surface oxide 
Demonstrate feasibility of a simple optical method for oxide 

m-1.1 .6 determination 

m-1 .1.7 Concept for prototype decal application machine completed 

m-1 .1 .8 Design for prototype machine completed 

m-1.1 .9 Thinner backskin sheets formulated 

Milestones due no later than October 31. 2002 

m-1 .2. 1 Install mixing equipment 

m-1 .2.2 Grow ribbon using feedstock mixed in new equipment 

m-1 .2.3 Show no negative impact on eff iciency from new doping process 

m-1 .2.4 Identify contact cross section changes for screen printing 

m-1.2.5 Decision on wheth er or not to study alternative printing method 

m-1.2.6 Dielectric layers selected 

m-1.2.7 Prototype machine developed and tested 

m-1.2.8 Demonstrate cross-linked thinner backskin sheets 

m-1.2.9 Choose conductive ink for printing onto backskin 

m-1.2. 1 0 Demonstrate ease of printing of conductive material 

(Task 1) 

(Task 1) 

(Task 1) 

(Task 1) 

(Task 2) 

(Task 2) 

(Task 6) 

(Task 6) 

(Task 8) 

(Task 1) 

(Task 1) 

(Task 1) 

(Task 5) 

(Task 5) 

(Task 5) 

(Task 6) 

(Task 8) 

(Task 9) 

(Task 9) 
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Milestones due no later than January 31, 2003 

m-1.3.1 Demonstrate coating with reduced permeability 

m-1.3.2 Network for all new crystal growth machines established 

m-1.3.3 Bulk resistivi ty and laser cutting data connected to the network 

m-1 .3.4 Initiate qualif ication tests 

m-1.3.5 Initiate in-house accelerated testing 

m-1.3.6 Demonstrate adequate performance under thermal cycling 

m-1 .3.7 Demonstrate adequate performance under humidity freeze 

Milestones due no later than, March 31 , 2003 

m-1 .4.1 Test graphite parts for improved purification 

m-1.4.2 Test novel hot zone parts' configurations 

m-1.4.3 Demonstrate lifetime gains from M-1 .3.1-M-1 .3.3 

m-1.4.4 Verify M-1.3.4 with DL TS 

m-1.4.5 Rand D cells from Ga. Tech with efficiency> 15.5% 

m-1.4.6 Optimize plasma nitride process 

m-1.4.7 Optimize metallization firing process 

m-1.4.8 Demonstrate fabrication of 120 sq. cm., 12% wrap-around cells 

m-1.4.9 Demonstrate reduced series resistance 

m-1.4.10 Demonstrate increased shunt resistance 

m-1.4 .11 Demonstrate process monitoring using SPC charts 

m-1.4.12 Complete accelerated testing 

m-1.4.13 Complete accelerated tests 

PHASE II 

Milestones due no later th an June 30, 2003 

m-2.1.1 Demonstrate reduced oxygen in hot zone 

m-2.1.2 Design for alternate method to introduce Ar in to the hot zone 

m-2.1 .3 Production-worthy decal application machine designed 

m-2.1.4 Establish parameters for glass/encapsulant tamination 

m-2.1.5 Identify method to modify backskin for higher impermeability 

(Task 3) 

(Task 7) 

(Task 7) 

(Task 8) 

(Task 8) 

(Task 9) 

(Task 9) 

(Task 3) 

(Task 3) 

(Task 3) 

(Task 3) 

(Task 3) 

(Task 4) 

(Task 4) 

(Task 4) 

(Task 5) 

(Task 5) 

(Task 7) 

(Task 8) 

(Task 9) 

(Task 11 ) 

(Task 11) 

(Task 13) 

(Task 14) 

(Task 15) 
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Milestones due no later than September 30, 2003 

m-2.2.1 Establish hot zone redesign 

m-2.2.2 Demonstrate growth of oxide free ribbon 

m-2.2.3 Establish parameters for celi/backskin lamination 

m-2.2.4 Develop method to modify backskin 

m-2.2.5 Complete design of backskin modification machine 

m-2.2.6 Complete identif ication of pick and place robot 

Milestones due no later than December 31,2003 

m-2.3. 1 Complete design and implementation of vibration damping 
Complete design and deployment of boat for double sided 

m-2.3.2 passivation 

m-2.3.3 Demonstrate adequate firing through of AI paste 

m-2.3.4 Decal application machine developed and tested 

m-2.3.5 Establish process for full module lamination 

m-2.3.6 Identify method to form backskin edge 

m-2.3.7 Complete development of backskin modification machine 

m-2.3.8 Decision on monolithic module manufacturing method 

m-2.3.9 Complete design of pick and place machine 

m-2.3.10 Complete design for automatic bulk resistivity measurement 

Milestones due no later than March 31 , 2004 

m-2.4.1 Complete dislocation maps 

m-2.4.2 Demonstrate fabrication of 13% cells 

m-2.4.3 Establish data processing for decal application machine 

m-2.4.4 Develop method to form backskin edge 

m-2.4.5 Complete design of machine to form sealed leads 

m-2.4.6 Complete development of machine to form sealed leads 
Complete development of monolithic module manufacturing 

m-2.4 .7 method 

m-2.4.8 Complete development of automatic bulk resistivity measurement 

m-2.4.9 Complete incorporation of RS View in module machine designs 

(Task 10) 

(Task 11 ) 

(Task 14) 

(Task 15) 

(Task 16) 

(Task 18) 

(Task 10) 

(Task 12) 

(Task 12) 

(Task 13) 

(Task 14) 

(Task 15) 

(Task 16) 

(Task 17) 

(Task 18) 

(Task 19) 

(Task 10) 

(Task 12) 

(Task 13) 

(Task 15) 

(Task 16) 

(Task 16) 

(Task 17) 

(Task 19) 

(Task 19) 

Page 14 



PHASE III 

Milestones due no later than June 30, 2004 

m-3.1.1 Complete debug of robotic pick and place machine (Task 25) 

Milestones due no later than September 30, 2004 

m-3.2.1 Complete debug of wrap-around decal application machine (Task 22) 

m-3.2.2 Demonstrate viability of laser cutting small cells from large cells (Task 23) 

m-3.2.3 Complete running of robotic pick and place machine (Task 25) 

m-3.2.4 Complete demonstration of positional accuracy and repeatability (Task 25) 

Milestones due no later than December 31, 2004 

m-3.3.1 Demonstrate impurity reduction on production machine 

m-3.3.2 Demonstrate dislocation reduction on production machine 

m-3.3.3 Complete reliability studies on high-voltage small modules 

m-3.3.4 Complete automation for high-voltage small modules 
Complete speed and quality demonstration for manufacture of 

m-3.3.5 frameless, monolithic module 

Milestones due no later than March 31, 2005 

(Task 20) 

(Task 20) 

(Task 23) 

(Task 23) 

(Task 24) 

m-3.4.1 Demonstrate starting lifetimes of 5 to >10 microseconds (Task 20) 

m-3.4.2 Advances made in Tasks 12 and 20 brought together (Task 21) 

m-3.4.3 Demonstrate 14% wrap-around contact cells (Task 21) 

m-3.4.4 Complete testing of wrap-around decal application machine (Task 22) 
Complete yield demonstration for manufacture of frameless , 

m-3.4.5 monolithic module (Task 24) 
Complete development of RS View on all automated machines for 

m-3.4.6 modules (Task 26) 

m-3.4.7 Complete integration of all inputs into a central collection point (Task 26) 

m-3.4.8 Complete demonstration of manufacturing capability (Task 27) 

m-3.4.9 Demonstrate capability to make 100 modules at a yield 99% (Task 27) 
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5.0 DELIVERABLES/REPORTING REQUIREMENTS 

EVERGREEN shall prepare and submit reports and deliverables in accordance with the 
following Sections. EVERGREEN shall also supply NREL with samples of 
EVERGREEN cells and modules for collaborative and analytical efforts with NREL as 
directed by the technical monitor. In addition, EVERGREEN shall supply, according to 
the schedule indicated, the following representative samples of the current best 
device/material design and fabrica tion procedures: 

5.1 DELIVERABLES 

The Oeliverables under this subcontract are divided into Phase I, Phase II, and Phase 
III deliverables to correspond to the three phases of the subcontract. EVERGREEN 
shall provide deliverables according to the following schedule : 

PHASE I 

No. Deliverable Oescril2tion Quantit:l Due Date 
0·1.1 .1 Report on results for scaling up 2 October 31, 2002 

process for uniform mixing of 
dopant. (Task 1) 

0-1 .1.2 One sample of 3" wide ribbon grown 1 October 31 , 2002 
per M-1. 1.2. (Task 1) 

0-1.1.3 Report on a suitable solvent drying October 31 , 2002 
procedure. (Task 1) 

0-1.1.4 Report on suitable transport of Octobe r 31,2002 
doped feedstock in feeder. (Task 1) 

0-1 .1.5 Report on chemical and optical October 31 , 2002 
characterization of surface oxide. 
(Task 2) 

0-1.1.6 Report on feasibility of a simple October 31,2002 
optical method for oxide 
determination. (Task 2) 

0-1 .1.7 Ribbon sample grown without any 1 October 31,2002 
surface oxide. (Task 2) 

0-1.1.8 Report describing concept for October 31 , 2002 
prototype decal application machine. 
(Task 6) 

0-1.1 .9 Report describing design for October 31,2002 
prototype machine. (Task 6) 

0-1.1 .10 Example of thinn er backskin sheets. October 31 , 2002 
(Task 8) 
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0-1.2 .1 Report on installation of mixing October 31, 2002 
equipment. (Task 1) 

0 -1 .2.2 One sample of 3" wide doped 1 October 31,2002 
ribbon. (Task 1) 

0 -1 .2.3 Two 12% cells made with feedstock 2 October 31 , 2002 
doped wi th new doping process . 
(Task 1) 

0 -1 .2.4 Report on finger cross section October 31 , 2002 
through screen-printing. (Task 5) 

0 -1 .2.5 Report on decis ion to study October 31,2002 
alternative printing methods. (Task 
5) 

0 -1.2.6 Report on dielectric layers selected. October 31,2002 
(Task 5) 

0 -1 .2.7 Report on development and testing October 31, 2002 
of prototype machine. (Task 6) 

0 -1.2.8 One cell from prototype mach ine. 1 October 31, 2002 
(Task 6) 

0 -1.2.9 Example of cross-l inked th inner October 31,2002 
backskin . (Task 8) 

0-1 .2. 10 Report on ink choice. (Task 9) October 31, 2002 

0 -1.2. 11 One sample of printed conductive October 31, 2002 
material on backskin . (Task 9) 

0-1 .3.1 Report on coating with reduced January 31, 2003 
permeability. (Task 3) 

0 -1.3.2 Report on establishment of network January 31, 2003 
for new crystal growth mach ines. 
(Task 7) 

0 -1.3.3 Report on resistivity and laser January 31, 2003 
cutting data added to the network. 
(Task 7) 

0 -1.3.4 Report on initiation of in-house January 31, 2003 
accelerated tests and qualification 
tests. (Task 8) 

0 -1.3.5 One backskin sample. (Task 8) 1 January 31, 2003 

0 -1.3.6 Report on performance under January 31, 2003 
thermal cycling and humidi ty freeze. 
(Task 9) 

0 -1 .3.7 Report on completed accelerated January 31, 2003 
tests. (Task 9) 

0 -1.4.1 Report on tests of improved March 31, 2003 
purification graphite parts. (Task 3) 
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0-1.4.2 Report on novel hot zone parts' March 31, 2003 
configurations. (Task 3) 

0-1.4.3 Report on lifetime gains (and OL TS March 31, 2003 
veri fication) from M-1.3.1-M-1.3.3. 
(Task 3) 

0-1.4.4 One > 15% R&O cell. (Task 3) March 31 , 2003 

0-1.4.5 Report on optimization of plasma March 31, 2003 
nitride process. (Task 4) 

0-1.4.6 Report on optimization of March 31, 2003 
metallization firing process. (Task 4) 

0-1.4 .7 One 120 sq. cm. , 12% wrap-around 1 March 31 , 2003 
cell and I-V Oata. (Task 4) 

0-1.4.8 Report on reduced series and shunt March 31, 2003 
resistance. (Task 5) 

0-1.49 One cell demonstrating device 1 March 31, 2003 
improvements due to contact 
improvements. (Task 5) 

0-1.4.10 Report on real time process March 31, 2003 
monitoring using SPC charts. (Task 
7) 

0-1 .4 11 One sample of printed conductive 1 March 31 , 2003 
material on backskin. (Task 9) 

PHASE II 
No. Oeliverable Oescril2tion Quantit',' Oue Oate 

0-2.1 .1 Report on reduced oxygen in hot June 30, 2003 
zone. (Task 11) 

0-2.1 .2 Report on design for alternate June 30, 2003 
method to introduce Ar. (Task 11 ) 

0-2.1 .3 Report on design of production- June 30, 2003 
worthy decal application machine. 
(Task 13) 

0-2.1.4 Report on parameters for June 30, 2003 
glass/encapsulant lamination. (Task 
14) 

0-2.1 .5 Report on choice of method to June 30, 2003 
modify backskin. (Task 15) 

0-2.2.1 Report on hot zone redesign. (Task September 30, 2003 
10) 

0-2.2 .2 Report on redesign of ambient gas September 30, 2003 
flow pattern. (Task 11) 
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D-2.2.3 One oxide free ribbon sample. (Task 1 September 30, 2003 
12) 

D-2.2.4 Report on parameters for September 30, 2003 
cell/backs kin lamination. (Task 14) 

D-2.2.5 Report on method to modify September 30, 2003 
backskin. (Task 15) 

D-2.2.6 Report on design of backskin September 30, 2003 
modification machine. (Task 16) 

D-2 .2.7 Report on identification of pick and September 30, 2003 
place robot. (Task 18) 

D-2.3.1 Report on design and December 31,2003 
implementation of vibration damping. 
(Task 10) 

D-2.3.2 Report on design and deployment of December 31,2003 
boat for double sided passivation. 
(Task 12) 

D-2.3.3 Report on adequate firing through of December 31,2003 
AI paste. (Task 12) 

D-2 .3.4 Report on development and testing December 31, 2003 
of decal application machine. (Task 
13) 

D-2.3.5 Report on hot roll lamination process December 31, 2003 
for full module. (Task 14) 

D-2 .3.6 One typical full module produced 1 December 31, 2003 
with hot roll lamination process. 
(Task 14) 

D-2.3.7 Report on choice of method to form December 31,2003 
backskin edge. (Task 15) 

D-2 .3.8 Report on development of backskin December 31 , 2003 
modification machine. (Task 16) 

D-2.3.9 Report on design of a machine to December 31, 2003 
form sealed leads. (Task 16) 

D-2.3.10 Report on decision for monolithic December 31 , 2003 
module manufacturing method. 
(Task 17) 

D-2.3.11 Report on pick and place machine December 31, 2003 
design. (Task 18) 

D-2.3.12 Report on design of automatic bulk December 31,2003 
resistivity measurement. (Task 19) 

D-2.4.1 Report on improved lifetimes and March 31 , 2004 
dislocation maps. (Task 10) 

D-2.4.2 One 13% wrap-around cell. (Task 1 March 31 , 2004 
12) 
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0-2.4.3 One sample from and report on March 31, 2004 
decal application machine with data 
processing. (Task 13) 

0-2.4.4 One sample from and report on 1 March 31 , 2004 
decal application machine with data 
processing. (Task 13) 

0-2.4.5 Report on process to make March 31 , 2004 
frameless modules. (Task 15) 

0-2.4.6 Report on manufacturing equipment March 31,2004 
for frameless modules. (Task 16) 

0-2.4.7 Report on development of monolithic March 31,2004 
module manufacturing method for 
shrinkage control. (Task 17) 

0-2.4.8 One sample demonstrating 1 March 31,2004 
monolithic module manufacturing 
method for shrinkage control. (Task 
17) 

0-2.4.9 Report on development of automatic March 31, 2004 
bulk resistivity measurement. (Task 
19) 

0-2.4.10 Report on incorporation of RS View March 31,2004 
in module machine designs. (Task 
19) 

PHASE III 

No. Oeliverable Oescription Quantity Oue Oate 

0-3.1.1 Report on debug of robotic pick and June 30, 2004 
place machine. (Task 25) 

0-3.2.1 Report on debug of wrap-around September 30, 2004 
decal application machine. (Task 22) 

0-3.2.2 Small cells cut from larger cell with 6 September 30, 2004 
laser. (Task 23) 

0-3.2.3 Report on running of robotic pick September 30, 2004 
and place machine. (Task 25) 

0-3.2.4 Report on demonstration of September 30, 2004 
positional accuracy and 
repeatability. (Task 25) 

0-3 .3.1 Report on impurity reduction on Oecember 31,2004 
production machine. (Task 20) 

0 -3.3.2 Report on dislocation reduction on Oecember 31 , 2004 
production machine. (Task 20) 
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0-3.3.3 Report on reliability of high-voltage December 31,2004 
small modules. (Task 23) 

0-3.3.4 Report on completion of automation December 31 , 2004 
for high-voltage small modules . 
(Task 23) 

0-3.3.4 Two prototype high-voltage small 2 December 31 , 2004 
modules. (Task 23) 

0-3.3.5 Report on speed and quality December 31 , 2004 
demonstration. (Task 24) 

0-3.4.1 Report on starting material li fetimes March 31,2005 
of 5 to >10 microseconds. (Task 20) 

0 -3.4 .1 One sample of starting material with 1 March 31 , 2005 
lifetimes of 5 to >10 microseconds. 
(Task 20) 

0 -3.4.2 Report on advances made in Tasks March 31, 2005 
12 and 20 brought together. (Task 
21 ) 

0 -3.4.3 Report on 14% wrap-around contact March 31 , 2005 
cel ls. (Task 21) 

0 -3.4.3 Two typical ce lls characterizing 2 March 31,2005 
efforts for 14% wrap-around cells. 
(Task 21) 

0-3.4.4 Report on testing (yield and March 31 , 2005 
throughput) of wrap-around decal 
application machine. (Task 22) 

0-3.4.5 Report on yield demonstration. March 31, 2005 
(Task 24) 

0 -3.4.6 Report on development of RS View March 31 , 2005 
on all automated machines for 
modules. (Task 26) 

0-3.4.7 Report on integration of all inputs March 31,2005 
into a central collection point. (Task 
26) 

0-3.4.8 Report on demonstration of March 31 , 2005 
manufacturing capabil ity. (Task 27) 

0-3.4.9 Report on module fabrication yield. March 31,2005 
(Task 27) 

0-3.4 .10 Two monolithic modules typical of 2 March 31 , 2005 
100 module run sent to NREL. (Task 
27) 
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Deliverables that are not reports shall be sent to the Technical Monitor at th e following 
address: 

National Renewable Energy Laboratory 
ATTENTION: David Mooney, MS#32 14 
1617 Cole Bouleva rd 

Golden, Colorado 80401 

wi th a copy of the transmittal letter sent to the Contract Administrator at: 

National Renewable Energy Laboratory 

ATTENTION: Christie Johnson, MS#2713 
1617 Cole Boulevard 

Golden, Colorado 80401 

Deliverables identified as reports in th e above schedule in th is section may be delivered 
as attachments to the Monthly Technical Status Report (MTSR) corresponding to the 
final month for the quarter in which that report deliverable is due. If an MTSR is not due 
in the final month of the quarter (as is the case at the end of each phase when an 
annual or the final report is due) , the deliverable reports due at that time shall be 
delivered one item with separate sections. In any of these cases, each deliverable 
report shall be clearly identifiable as a distinct section. 

5.2 PRESENTATIONS AND PUBLICATIONS 

Evergreen Solar, Inc. shall attend NREL Subcontractor Annual Review Meetings to be 
held at a place and time specified by NREL. Evergreen Solar, Inc. shall present a 
complete discussion of work performed under this subcontract at such meetings and 
submit one reproducible master copy of the presentation material prior to this review, as 
specified by the NREL Technical Monitor. 

Presentations at scientific meetings and publications of research results in scientifi c 
journals are encouraged by the PV Manufacturing R&D Project, but must be approved 
in advance by th e NREL Subcontract Administrator. Any costs to NREL that are to be 
incurred as a resu lt of such presentations/publications must be included in the 
negotiated cost of the subcontract. The subcontractor is responsible for obtaining 
NREL's technical approval. Before a representative of Evergreen Solar, Inc. submits or 
presents a publication concerning the research effort under this subcontract (e.g., 
abstract, reprint of manuscript, etc.) , Evergreen Solar, Inc. shall submit two (2) copies 
to the NREL Technical Monitor, one (1) copy to each of the Technical Monitoring 
Team (TMT) members, and one (I) copy to the Contract Administrator. 
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Evergreen Solar, Inc. is reminded that the technical approval requirements , as 
specified above, also apply to reports requiring distribution outside of NREL. 

Evergreen Solar, Inc. shall also be prepared to respond to requests for written 
information in summary form as required by the Technical Monitor to meet obligations to 
DOE. Such requests include, but are not limited to, Program Summaries (annually, 1-
2 pages) and Summary Annual Reports (2-3 pages). These are the usual requested 
annually, and NREL does not at this time expect any others during the contract. They 
are in addition to other reporting requirements (below). 

5.3 REPORTING REQUIREMENTS 

Evergreen Solar, Inc. shall furnish reports in accordance with the "Required Reports," 
Section 5.4. These reports shall be sent to the NREL Technical Monitor at the following 
address: 

National Renewable Energy Laboratory 
ATTENTION: David Mooney, MS#3214 
1617 Cole Boulevard 
Golden, Colorado 80401 

with one copy of the report, and a copy of the transmittal letter to the Technical Monitor, 
being sent to the Contract Administrator at: 

National Renewable Energy Laboratory 
ATTENTION: Christie Johnson, MS#2713 
1617 Cole Boulevard 
Golden, Colorado 80401 

Technical monitoring will be performed by NREUSandia Personnel and will be in 
compliance with DOE PV Manufacturing R&D project and NREL Procurement 
requirements. One copy of these reports shall also be sent to the Technical Monitoring 
Team Members as described in Section 5.4, with a copy of their transmittal letters sent 
to the Technical Monitor. 

5.4 REQUIRED REPORTS 

Evergreen Solar, Inc. shall be required to prepare and submit the following reports 
indicated below. If the period of performance for this subcontract begins during the first 
through the fifteenth of a month, then that month is considered the first full month of the 
subcontract for reporting purposes. If the period of performance for this subcontract 
begins during the sixteenth through the end of the month, then the first full month of the 
subcontract for reporting purposes is the following month. For example, if the period of 
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performance start date is January 10, then January is the first full month for reporting 
purposes: whereas, if the period of performance start date is January 20, then February 
is the first full month for reporting purposes. 

A. MONTHLY TECHNICAL STATUS REPORT: 

The Monthly Technical Status Report shall be formatted to communicate to NREL 
an assessment of subcontract status, explain variances and problems, report on 
the accomplishment of performance milestones and/or program deliverables, and 
discuss any other achievements or areas of concern . This report should be three 
to six pages written in a letter format with emphasis placed on the status rather 
than a description of the progress. An introductory paragraph will be included in 
each monthly report that provides a highlight of the month's activities. Copies of 
this report are due on or before fifteen (15) days after completion of each 
month [two (2) copies to the NREL Technical Monitor (TM), one (1) copy to each 
of the Technical Monitoring Team (TMT) members, and one (1) copy to the NREL 
Contract Administrator]. 

B. ANNUAL TECHNICAL PROGRESS REPORT 

The Annual Technical Progress Reports shall be structured as formal technical 
reports, both in draft and final version, which describe all significant work 
performed during each phase of the subcontract. Copies of the draft Annual 
Technical Progress Report are due on or before fifteen (15) days prior to the 
completion date for each phase's research effort under this subcontract [two 
(2) copies for the NREL Technical Monitor (TM), one (1) copy for each of the 
Technical Monitoring Team (TMT) members, one (1) copy for the NREL TMT 
member, and one (1) copy for the NREL Contract Administrator]. The 
subcontractor shall make any corrections or revisions per NREL direction, which 
may include technical or editorial comments. The subcontractor shall be allowed 
fifteen (15) days after receipt of NREL's recommendations and/or comments to 
make these co rrections and submit copies of the final version to NREL. The final 
version shall consist of three (3) copies of the Annual Technical Progress 
Report [one (1) master copy with original graphics, one (1) electronic copy with 
graphics (for posting on NREL's web site, see B1 Guidelines below), and one (1) 
reproducible copy] for the NREL Techn ical Monitor (TM), and one (1) 
reproducib le copy for the NREL Contract Administrator. If the subcontracted 
effort in the following phase is not authorized and funded by N REL, then that 
phase's Annual Technical Progress Report shall be designated as the Final 
Technical Report (see description below) and the period of performance for that 
phase shall be extended by three months to allow for the completion of this report 
as the Final Technical Report. 
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81 - Electronic Format Guidelines: 
List of format options to choose from for the electronic master. 

(1) Preferably, reports should include embedded graphics, such that th ey 
can be easily converted to a PDF format. Submit a word processing 
file prepared by one of the following: (a) WordPerfect or (b) MS Word 
(Mac, DOS, or windows). 

(2) If graphics cannot be embedded in the report fil e NREL prefers one of the 
following graphics formats: EPS, TIF, GIF, WPG, CGM, WMF, or 
PCT. 

(3) If presenting a portable document file (.PDF) format, please keep the fil e 
manageable, not beyond 1 MB. 

C. FINAL TECHNICAL REPORT 

The Final Technical Report is to be structured as a formal technical report, both in draft 
and final version, which describes all significant work performed during the entire 
subcontract's period of performance . Copies of the draft Final Technical Report are 
due on or before fifteen (15) days after the final phase's completion date for 
active research under this subcontract [two (2) copies for the NREL Technical 
Monitor (TM), one (1 ) copy for each of the Technical Monitoring Team members, and 
one (1) copy for the NREL Contract Administrator]. The subcontractor shall make any 
corrections or revis ions per NREL direction , which may include technical or editorial 
comments. The subcontractor shall be allowed fifteen (15) days after receipt of NREL's 
recommendations and/or comments to make corrections and submit copies of the final 
version to NREL. The final version shall consist of three (3) copies of the Final 
Technical Report [one (1) master copy with original graphics, one (1) electronic copy 
with graphics (for posting on NREL's web site), and one (1) reproducible copy] for the 
NREL Technical Monitor (TM), and one (1) reproducible copy for the NREL 
Contract Administrator. The subcontractor shall follow one of th e formats (listed 
above in Section B1 , Annual Technical Progress Report) for the electronic copies of the 
final version of th is report. 

6.0 PERFORMANCE EVALUATION 

The performance of Evergreen Solar, Inc. will be monitored and evaluated by the 
following means: 
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i) Monthly Technical Status Reports consisting of a report of program status 
relative to milestone and program schedules (3-6 pages); 

ii) Annual Technical Progress Reports; 
iii) A Final Technical Report covering work done under the subcontract; 
iv) Up to two On-Site Visits by a PV Manufacturing R&D project selected 

evaluation team to Evergreen Solar, Inc. per phase - these visits shall 
entail presentations and demonstrations by Evergreen Solar, Inc.; and 

v) Participation by Evergreen Solar, Inc. in up to two contractor Program 
Review Meetings per Phase as designated by PV Manufacturing R&D 
project management personnel. 

During the subcontract, on-si te presentations and demonstration reviews will be 
conducted by a PV Manufacturing R&D project review committee consisting of 
members selected by PV Manufacturing R&D project management staff. These 
meetings will be critical program evaluation points. The progress of Evergreen 
Solar, Inc. will be assessed at this time by reviewing past accomplishments and 
future program plans. 

The progress of Eve rgreen Solar, Inc. wil l also be monitored by telephone 
conversations and by possible add itional on-site visits by the NREL technical 
evaluation team at the discretion of the NREL technical monitor for the 
subcontract. 
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