atheson Tri-Gas and Taiyo
Ippon Sanso Corporation

Terry A Francis
. Chief Technologist
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Drivers

Cost Reductions

— Need to reduce material costs, specifically substrate
— Reduce waste

— Improve yield and efficiency

Increase Conversion efficiencies
— Full Spectra efficiency
— Improve performance and tighten distribution

Improve Manufacturing and throughput

Improve Quality and Reliability
— Leakage / stability/lifetime/Environmental challenge

Perceived to be environmentally green
Achieve Grid Parity

/psemr
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PV Roadmap vs. ITRS Roadmap

PV ITRS
Substrate FEOL

Interconnect Interconnect
Passivation

Contacts Factory Integration
Manufacturing Metrology

Metrology Lithography

Absorber/Efficiency Packaging
Light trapping TodEk
Antireflection 9

Packaging ESH

Testing

ESH

/psemr
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NEDO Japan

Targets of PV R&D
(PV2030)

7 NEDO
L] h [Ed (L]
Improvement of economic efficiency: Realization of similar cost as that for industrial use (7 yen/kKWh)
) R&D Targets ) (Milestones) 2010: 23 yen/lkWh; 2020: 14 yen/EWh; 2030: <7 ven/kWh
Enlargement of PV application area: Cost reduction and stand-alone capahbilities of PV systems for
inverter and accumulator hattery

@ Technological Targets Toward 2030

Item

Present Status Target by 2010 - 2030

Production cost of PV module | Production: 100 yen/W (2010)
230 yew'W (2003) 75 yen/W (2020) v
Conversion-efficiency of PV Expected development:

L

conver 14 yen W (2007) <50 yen/W (2030) :

-

Durability of PV module 20 years

Service life 30 years (2020)

Silicon feedstock consumption 10~13 g 1 2W (2030)

Inverter (power conditioner unit) | ~30.000 ven/EW 15,000 yen kW (2020)

Accumulator battery ~10 yen/Wh

10 yen/Wh (2020)
Durability: 10 years

(for automobile)

_ High Efficiency

® PV module conversion efficiency targets (cell efficiency targets)

Solar Cell Type

Present Status Conversion efficiency target (%)

2010 2020 2030
13~14.8 (18.4) 16 (20) 19 (25)

Crystalline silicon solar cell 22 ¢25)
18 200
18 ¢25) 2223}

35 (45) 40 (50)
(10.5) 6(10) 10 (15)

Thin-film silicon solar cell 10 (14.7) 12 (15) 14 (18)

10~12 j18.9) 13 719}
Concentrator (38.9) 28 40)

“CulnSe™ solar cell

“III-W solar cell

Drye-sensitized solar cell

15 (18)

U.S. Department of Energy/SEMI PV Group PV Technology Roadmap Workshop SF2009




PV Technology

Technology Areas
{NREL PV Roadmap)

Core Application(s)

* Stephe

Wafer-5ifMonocrystalline

Wafer-SifMulticrystallime

Solar panels — utility,
commercial, resid.

Film-SifAmorphous

Film-Sif Crystalline

=5olar panels,
=Building integrated PV
(BIPYV]) materials

Film -CdTe

Large scale PV
platforms for utility
and commercial

Film-CIGS

Broad, incl. Building
Integrated PV materials

(BIPV)

Drganic PV

Evolving

Concentrator PV

=Residential, BIPWY

Dye-Sensitized Solar Cells

=BIPY, incl. windows
=Portable power

/®semr

Evolwving Position/Pipeline

Slide 4

n A. Costantino, PhD

Maiella Enterprises, Inc
May &, 2009
Pilot/Early
Comm.

Amaorphous/na
noencrystalline
tandem cells

Film on glass,
potential near
term Epi 5ion 5i

Full Comm.

(]
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Emerging Technologies (Materials)

Class

Technology

Materials synthesis

Matenals analysis

Advanced inorganic
solar cell
technologies

Spheral CIS (on
glﬁ beads)

Efficient coating methods

Local analysis

Polyoryszalline Si
solar cells

Low-cost seed laver procedurss
Reduding intra-grain defect densities
Fassivation o defects

Local int-a-grain analysis
Imorpheological and opto-
elactrical]

Organic solar ceall
technologies

Dye sensitized
solar cells

Dve development for longer wavelengths
QD's as sensitizer

Solid state electrolytes

Methods for contrel and reduction of interface

recombination

Local morpho'ogical and opto-
electrical analysis

Full-grganic bilayer
and bulk dong-
accepror
heterojunction
STIUCTUrRS

Low-bandgap crganic materials

QD's and mezallic nanoparticles

Improved intrinsic stability

Improved stability of nanomorphology

Low-cost deposition methods (printing, organic vapor
phase deposition)

Low-cost TCO's with controllable workfunction
Low-permezbility barriers (H.O, O]

Local morphe'ogical and opto-
electrical analysis

Exciton dissociation

Interface recombination

Mezal-organic semiconductos
interfaces and their stability

TRV Cells &
Modules (Ge,
GaSbh, ...)

Growth of low-E, antimonide materials (InGaAsSh, ...)
Window lavers

32 with adapted specs
Ge on 50 with buried IR-refector

Measuremant systems to make
comparable measuremeants

under we'l-dened high IR-

Auxes

Selective emitters

Low-cost methods ceramic and selective rear-earth
emitters containing Er,0y, YhO. .
Photonic structures withstanding high temperatures

Standards to oo
performance of

emittars

re amission
eClive
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Comments

How do you measure performance?
You can’t fix what you don’'t measure

Material cost driven but does that mean low guality
materials.

Impurities are similar but different
You are dealing with light
Optical impurities, Metallic Impurities,
Dislocation,
Interfacial problems.
Any road is the right road when you don’t know
where you are going

/psemr
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