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Spectrolab Overview

« Established in 1956
m » 53 years in the solar business
|+ Acquired by Hughes in 1975
* Acquired by Boeing in 2000
L > Wholly owned subsidiary
> Merchant supplier to aerospace industry
= Processed wafers, cells, CICs & panels
= Solar simulation equipment
= High intensity searchlights
> Rapidly growing CPV business
= Solar America Initiative (DOE) program
s = Boeing capitalization of factory
sl ~175,000 sq. ft. located in Sylmar, CA
- 1 Most experienced MJ cell manufacturer
» Space: ~680kW (equivalent to ~300 MW CPV)
o« CPV: ~27 MW
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US DOE Solar America Initiative

Participating in Technology Pathway Partnerships led by Boeing, Amonix and
Soliant

Program Goals and Achievements
* Improve average production efficiency from 36.5% to 40%

* Reduce cost by >50%
« Demonstrate reliability through qualification tests and field trials

2007 2008 2009 2010
C1MJ )| C2MJ )| C3IMJ )| C4MJ
36.5% 37.5% 38.5% 40.0%
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ﬁ ﬁ ﬁ The Spectrolab Solar America

Initiative program delivers
Qualification Qualification Qualification [ costl?higher efficiency

completed completed completed and proven reliability to the
June 2007 Nov 2008 Sept 2009 CPV industry
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Spectrolab Cell Generations
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Multi-Junction Solar Cell
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Efficiency Improvement Strategies

Long-Term

Now in Product Implementation Phase: Mid-Term
C2MJ cell (Gen 2, 37.5%) and
C3MJ (Gen 3, 38.5%)
Evolutionary approach:

3J lattice-matched (LM) cell
Wafer process optimization
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Lattice-Matched (LM)

Spectrolab has established multiple approaches to achieve long term efficiency goal
© 2009 Spectrolab, Inc. All rights reserved.

C4MJ (Gen 4, 40%) cells
Evolutionary:

3J lattice-matched (LM) cell

Revolutionary:

3J upright metamorphic (MM) cell
4] lattice-matched cell
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Metamorphic (MM)

Phase II cell (43%)
Revolutionary:

Inverted metamorphic (IMM)

cells

5-6J lattice-matched cells
4-6J metamorphic cells
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Factory Automation Upgrades
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Automated Wafer
Probe Tester

Next Generatjon
MOVPE Reactor

Epitaxial wafer

=3 | R 36% Epitaxial
| E | Cell Wafer
: — Support Processing 56%
tomated Welder 15% 12%

Support Cell

379, 6% Processing

Interconnect/ 14%
Test 24%

Interconnect/Test

: 2007-2008 2010
Automated Tester
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Roadmap
CDO'1_09'IC « DOE/Spectrolab jointly
Cell Cost and Efficiency Roadmap funded development in the
120% 46% SAI
C2MJ C3MJ C4MJ | « The SAl efficiency targets
100% | A% are ones we have high
| P confidence of being able to
800 > meet
N [40% & + Costreductions are driven
® 2 by implementation of
2 o0 | 38% & automation, upgrade to
| 260 150mm wafer line, and
40% | growth of production
| capacity
Projected $/Watt
20% |
= Average Production 1 32%
Conversion Efficiency
0% ® O O DHDD OO O O AN M T I 30%
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Multijunction Concentrator Cells

35 Hermannsburg - Average of all MJ Receivers

30 -

Courtesy of Solar
Systems Pty. Ltd.,
Australia

25 -

20 | |Average EPR =27.4 m* P.J. Verlinden and J.B
_ 2 o Ja . .

o =1.4m" (5%) Lasich, International

Conference sor Solar

Concentrators 5

corresponding to
an annualized DC efficiency of 21.1%,

(kWh/kWh/m? or m ?)
o
|

Specific Energy Production Rate (EPR)

10 | | -
or annualized AC efficiency of 19.2% (IC.SC 5.)’ Palm Desert,
—— California, November,
5 | 2008
0 1 1 1 1 : — 1 -

24-Mar-06 21-Aug-06 18-Jan-07 17-Jun-07 14-Nov-07 12-Apr-08 9-Sep-08 6-Feb-09

EPR Energy generated by dish system per day

Solar energy incident on one m? of collector per day

Reliable performance of Spectrolab solar cells for ~3 years in actual field conditions
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Confidence to Terrestrial Products

Environment Unit Space Terrestrial . gn . . .
Mission duration vr 15 o5 » Existing qualification testing and space
Sun hrs per year hr 8,760 2700t03400 heritage mitigate many CPV reliability risks
Operating Temp °C -180to 70 -20 t0 100 . .
cquivalent life @ 70°C vt 15 2 to 36° Flr_s_t ge_neratlon CPV cells have passed
Thermal cycle qualification
# of cycles 20,000--80,000 60,000 . cee il -
o Ten Rande 7 L00°C {0 + 100 =N A qualification/reliability standard is r\eeded
Substrate CTE__|ppm 2106 5108 to cover products offered by cell suppliers
. 2 .
UVA W/m 85 22 121790 _ N
UVB Win? 17.4 021 | 210 — High temperature durability has been
uvC W/m’ 6.9 0 0 demonstrated by qualification test
: Indoor air -5 yr , . .
Ambient Vacuum - 15 zr Outdoor air — Space qualification test results
Moisture indoor, outdoor, demonstrate reliability of multijunction
| contralled | uncontrolled cells in terrestrial applications
Current Density Alcm 0.017 6to14 ]
1. GEO mission used for duration & operating temp. LEO orbit used — Bare cells degrade under moisture —
for thermal cycling Good design at cell packaging and
2. Calculated from TMY2 data for Phoenix, AZ, Dagget, CA and system levels will be required to ensure

Pueblo, CO. Assumes cell temp = T,+50°C & cellE, = 0.8 to 1.2
3. 1,000 sun concentration

reliability

Existing qualification testing and space heritage address many reliability concerns
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Spectrolab has a focused, funded plan to drive down the cost and
Increase efficiency of MJ cells

— Greatly improving the economics of CPV systems
— Multiple promising paths for efficiency improvement exist

Proven reliability in space applications has been extended to CPV
through field demonstrations

— Now >3 years continuous operation
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