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24th European Photovoltaic Solar Energy Caonference and Exhibition

> 4,000 registered Conference Delegates from 73 countries
status as of 20th September 2009

Canada
1%
Czech Republic

. : 1%
Russian Federation

o i India  Further Countries
1%  Austria 1% 704

Australia Taiwan Germany
2% 1% R 39%
i China
Korea, F'gpubllc of oo
United Kingdom
3% Belgium
3%
Switzerland
(l
The Netherlands
204
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24th European Photovoltaic Solar Energy Conference and Exhibition

Exhibition - 943 E.Xhlbltlng c .mpanles m 34 countries

South Korea Canada
2% 1%
Taiwan Austria Belgium
1% 1%
India Others
1% 59

Switzerand y Germany
3% y % 48%

The Metherdands
3%

France 2% Japan
3% 2%

Spain
3% ]
Italy
3%
United Kingdom USA China
4% 8% 10%
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1. £ % k7 = i (Advanced Photovoltaics) ~

2. F fs S B R ¥ 8 H & (Wafer-Based Silicon Solar Cells
and Materials Technology) ~

3. # %% B % % (Thin Films) -

h
P

Bk 7 & itk 2 (Components for PV Systems) »
5. X Bk F k5% (PV Systems) ~
6. ~HEFTF T KEZ 7 H(PV Market and Deployment)
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42 P % T Structural and Electrical Properties of Hydrogenated

Polycrystalline Germanium Thin Films Prepared by RF Magnetron

Sputtering for Thin-Film Photovoltaics |

24th European Photovoltaic Solar Energy Conference and Exhibition

Papers received by topics
(Percentages rounded off)

6. PV Deployment

79=5%
5.PV lems
1795:152% 1. Advanced Photovoltaics

350 = 22%
4_ Components for PV Systems \
216 =14% '

2. Warer-Based Silicon Solar
Cells and Materials Technology
3. Thin Films Solar Cells 440 =28%
319=20%

Topic 1: Advanced Photovoliaics Topic 4: Components for PV Systems
Topic 2: Wafer-Based Silicon Solar Cells and Materials Technology Topic 5: PV Systems
Topic 3: Thin Film Solar Cells Topic 6: PV Deployment Total: 1583
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24th European Photovoltaic Solar Energy Conference and Exhibition

Papers received by countries
(Percentages rounded off)
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it g B RS ® ME A David Nelson % % % 42
% 3 ‘Sustainability and the Future of the City’ » 4 % i & F AP # i 1 e
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Masdar & £ 7 12 53 A R eh ¥ FH B KPR Lirh g &

EPIA # 2 % ¢ | pF & " 23 p # 9+ 6" European PV Industry
Forum > 3% €n‘n i %2 % “Solar Photovoltaic Electricity: A mainstream power
source in Europe by 2020” * 7 & B B >t ”SET FOR 2020”5z i /% » 3

# » SET FOR 2020 7 Roadmap &_& # 2020 # 4 @] i &

D% MR EOF BB % R b 1990 g ok ok T 20%.

EU 27 Greenhouse gas emission trends and projections until 2020

10
105
10
§ 5 o
a9 —i— 3 s s @ =
8 = e e
b —
E 75
g§
- 65
" 80 @ EU 27 GHG emissions
.g- % -0 EU 27 GHG emissions with existing measures
g & 8- EL 27 GHG emissions with additional measures.
£ ;g O -20% unilateral 2020 EU target
30 T T T 1
1990 1995 2000 2005 2010 205 2020
Source: EEA *Grienhouss gis omission trands mnd propctions in Europe”, 2008, © EPIA 2009 - www,sotior2020.0u

i) £ A Ren@ o Gl R Y 0 20% 0 L RiE PV
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EU 27 policy target for total final energy consumption vs. likely RES Scenario
20% of the Final Gap
3,500 Energy Consumption 1,244

- s -
share at 12%

& 250 782 O
E 20004 0000 e S s PO
§ 150 228

1,000 1,961

o 1,225

i — . L — : — .
Status 2005 Projection based on Reference EU Target 2020 Gap
case 2020 EU Energy and Transport®

* Thase projectons include 75 TWh or “Solar and other RES® which make up a portion of the overall PV share,
Sources: EREC "Renewabls Energy Technology Roadmap® -
EL DG TREN “European Energy and Transport: trends 1o 2030 - update 2007" © EFA 2009 - www.satior2020.8u
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Advanced
Photovoltaics
(59)

/Advanced Characterisation Tools and Methods

Novel Insights in Advanced Materials and Cell Design

Organic-Based PV — Materials and Stability

Space and Concentrator PV Technology

Organic-Based PV — Processing and Production

Concentrator Systems and Technology

Novel Solar Cells

Theory and Techology for Novel Concepts

Advanced Photonics

Wafer-Based
Silicon Solar Cells
and Materials

Characterization and Modeling

Advanced Devices

Defects

Metallization

Silicon Feedstock Production and Analysis

Impurities in c-Si and Wafer Technology

Technology  [Surface Passivation
(82) Emitters
Efficient Manufacturing of Crystalline Silicon PV
Surface Preparation and Heterojunctions
Novel Materials and Advanced Processing
Industrial Type Solar Cells
TCO and Light Scattering
Deposition Technologies
Thin Film Crystalline Silicon Solar Cells
Thin Film \Wafer-Equivalent Solar Cells
Solar Cells Amorphous and Microcrystalline Silicon Solar Cells and Modules (1)
(59) Amorphous and Microcrystalline Silicon Solar Cells and Modules (2)

IAdvanced CIGS Devices

Modeling and Characterization for Multinary Thin Film Solar Cells

Industrial Approach for CIGS Manufacturing
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Components for
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Engineering and System Integration (1)

Engineering and System Integration (2)

PV Module Performance and Energy Yield

PV S(ﬁ;ems Manufacturing, Technology and Reliability of PV Modules (1)
Manufacturing, Technology and Reliability of PV Modules (2)
Balance of System Components
PV Power Plants — Grid Integration Issues
PV Power Plants — Operation and Performance
PV Systems [PV and Architecture
(41) Off-grid Applications and Rural Electrification

PV Technology for Developing Countries

Europe — Developing Countries Cooperation

PV Deployment
(17)

Markets for PV Systems

Enablers for PV Deployment and Benefits of PV
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A i x Bk § < 2 (Advanced Photovoltaics)
* New Triple Junction Concentrator cell record 41.1% @ 450%, (Fraunhofer
ISE, DE) ~ Spectrolab 41.6% (Last Conference: 40.8%)



* Tandem Cells Using Quantum Dots All QD-Devices Mostly SiO,, but also
Si3N4, SiC (Green/ UNSW, AU)

* Strain-balanced Quantum-Well cells InGaAs, but also Si with 28%
(Imperial College, QuantoSol UK)

* 34.1%, 4 sub-cells with spectrum splitting (Fraunhofer ISE, DE)

* Optimising cells for site-specific spectra can increase energy yield by 10%
(Fraunhofer ISE, DE)

* 20% AC energy efficiency with Flatcon Modules (Concentrix, DE)

* MW installations (ISFOC, ES)

* Organic Cells TPT Based Polymers (Thiophene-Phenylene), eta around 6%
(Uni Cung-Yuan, TW)

* Commercialisation & start-ups for DSSC (Konarka, US, 3GSolar, IL,
Dyesol, AU)

* 7%, 7-yr life targeted by by 2011 (3GSolar, AU)

« Still test standards urgently needed, organic cell tandems in particular

Ff B R ¥ 8 HHEf HE (Wafer-Based Silicon Solar Cells
and Materials Technology)

* Selective Emitter in mass production, 17.2% avg. in production, module
16.5% (Suntech, CN)

* 96% waste water recovery (SAITA, IT)

* Continued Improvements of Materials, processing, costs, efficiency

* Honeycomb textured mc-Si cells, nanoimprint lithography (FhG-ISE, DE)
* Rear-contact amorphous/crystalline (HHZ, DE),

* Upgraded-MG Solar Cells 16% (CaliSolar, US)

FPRIBLAEEAEY

LEF RSB GS HAE M x)
—Ep f F W id B

+ Kerf-free c-Si wafer for Thin PV Manufacturing
PARAEREEL B P AEL v EREDE
# B ISE & A3 12 120 um C-Si wafer @ iveh~ B § 5 (4
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e A A= ZA? > 40 K Fraunhofer ISE 7 % N 3| £ # 5 =
ek hx B R s o B cFEs 234% 0 *HaT#
¥ <5 7}% % 2cm?’e Fraunhofer ISE 3 B~ ch¥t § £ & 1 § 1
R 0F A o 1B R B it K %Hw’dwﬂ%?ﬁ%%ﬁ
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A
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SRR Fl T ORI Y N AL EM L AF DR
Fraunhofer ISE % 7= # ¥ it é_iﬁ faf‘r*‘ ’T"t.’::iﬂ'-a,ﬁﬁ}
# (SANYO) 4 i e B F e 3 s X # H ~ B o © # (HIT

solar cell)) s & -

Life time imaging & iB| $ i
HiBLrag o "ERPFHEEEHHPLTFTHFE
(X P REFFE) p A2 I @Lr@iﬁmfﬁ)‘"“‘o*fniﬂﬂl
BEd PR EAEATLEBRPENIB RS a9 VocFERE S 4 6
FHAXE Voc A F o
B xop £ life time ¢ § fh & #F 5 u-PCD(Microwave
Photo-Conductance Decay)if] £ #r 7 BF B 500s
FTH e 7
— Carema-Based Photo luminescence (PL)
%% B Fraunhofer ISE & & F % chirH ik > B 73 BF R
<IS’?J'1E«‘J’%-%‘%‘FI 'Eﬁlz»/?’a‘l‘%;fﬂ-ﬁﬁ"f B g rsen
Voc it » ¥ X g% B/ Az Ttk B~ 47 e
— Dynamic Infrared Ray
#% B ISFH ( Institut fiir Solarenergieforschung -
Hameln/Emmerthal )& #7723 chir i » Bl £ 97§ B B <5

S.

% % Bk T (Thin Films)
* 15.7% on 30x30 CIS module. Plans for expansion up to IGW (Showa Shell,

JP)

« 12.3% CIGS in Production, 0.75m” (Solibro, DE)
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* Electron-beam deposited CSG minimodule with 7.8% (CSG, AU-DE)

« Very large (5.7 m?) a-Si/p-Si 8.24% efficient (Sontor, DE), 8.75% (Sunfilm)
* Single Junction a-Si Records, 10.09% and 10.06% depending on 2 different
types of ZnO LPCVD, 1 cm? (Oerlikon, CH)

* 9% by fast PECVD (UNSW, AU)

* Tandem a-Si/p-Si up to 12% (Sanyo, JP)

* Epitaxial TF concepts for up to 16.8% (IMEC, BE)

EW BT R RAR
I. Micromorph (a-Si/pc-Si) Si thin film solar cells

T # % ¢ a-Si top cell/intermediate reflector/pc-Si bottom
cell#*r = (RIS) ¢ - BH L3 1994# J IMT#H 3 B Ff #7 3k
B> H ke (10x10 cm® module) 48 #»x F i $18~10% - 4p
WP E R F5~6%F {3 BT RE T > Y
AP VAR NG P s L BT B S p E X
Bt o Es > A% sBFa s I8 EY &L
& - 38 R o p AKaneka 74 M R L @I
“hybrid” thin film solar cell » ¥ 7 fF # & 1T # #& & 5
1.22m* ~ 125Wpih § # e o

Al Grid
TCO layer

eesii-layer a-Si Cell

Bl B>

i-layer c-Si Cell

LEN s 5 prlayer
\ % /% Cos s, 210

Back Reflector
(Al)

Bl5 Micromorph = % 7 »# % ’}]&i
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e Kaneka@ A2 £ jiF ¥ 3 238 M 42358 5 F R D)7 7 2
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Micromorph (a-Si/pc-Si) Si thin film solar cellsinw §f ™ #
* PECVD# # % # > Plasmaeh & 2 #f & §.13.56 MHz> 2 RF
PECVD™ i i ff 425> d % T % & 3§ (~10° em™)> & &
A B YT RE RS AT ARG E e D
THAF o mpr A F R 245 & F (lon
Bombardment) & 2 4 Kam BRI B L # T B o FIP 5~
i # 5 ECR& MW-PECVD% % % & T # (10" ~10"* cm™
S iig ‘e F 49 ¢ f2 3 ¥ (Ionization Rate)#t % éﬁ:’ii-‘ii o
o ﬁ * ;2 > Removed Plasmaid -7 ¢ < ~ £ 15 &
2K ¥ - 83 BART 315(59}*:”3-‘& \T‘{HVHF -PECVD
2 K i 4% > VHF-PECVD : %@ * 40MHze T R A 2
Bk g Agy 1356MHZE/}EIE4PP’ L % % RF-PECVD
3 ¥ , + 5 H S oA
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Hot Wire-CVD — Utrecht

LPC-CVD — SANYO

MW-CVD—TAT

ECR-CVD —InESS

YR EUHR t'i%f%ﬁﬂ{",% B HAER ’iﬁéﬁ”i‘#iﬁi sy
fl* % + & (FEP,Fraunhofer) i # & " iF i ¢ X ° &

2o R BF R 270 nm/sp AN TR AOHESF > TR
4o SANYO = & 1B % chLPC-CVD ( Localize Plasma
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Confinement CVD) @ 42 2. it # # & 5 @ *%LPECVDe10#& -
Hig Fo i <3nm/se fﬂt“ TR TAR HT o B R
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Contact Surface
Elasmons

*

p+ BSF

p- Absorber I \

n+ Emitter

Borofloat glass,

3.3 mm thick
Tttt it B

N R
§ ¥ a-Sidhk B R okl T

;5
v L
THRTRFEMALIBRTA T AL T E R T
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i, AR 2 4 ¥
AA BTN EDFTRETEF > FP AR TLHABTE
A o H e R TR R T R Ma-Sich R R 0 4 T
# B AR T T Arx g E P g ek oo
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4. *H % F % i@ (Components for PV Systems)
* Solutions for smart PV energy management are coming, smart Energy
Management, better integration of PV (INES et al , FR)
* European Standard EN 50530 for Inverters !!
* Finally a good comparison of outdoor performance of thin-film vs
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crystalline technologies for different European Sites (DG JRC, EU)
* CrystalClear: Novel module design good for 16% (EU)

* Li-Ion Batteries Arrive! Higher 1 than PB — (Conergy, DE)

* Performance of LEDs for Small Lanterns — (ISE Freiburg, DE)

* The large European “Performance” Project Results maybe next year?

* Bk g % 3 (PV Systems)

* Ever increasing number of LED-PV combinations, many application fields,
including developing countries but also street lighting

* Li-Ion technology ready to surpass Lead-Acid? (Hokkaido Electric, JP)

* Practical results in Guadeloupe (SAFT, FR)

* Quality assurance for rural electrification addressed by some presentations
* We have good guidelines for PV System Performance Monitoring, Project

Performance (many, EU)

B EETF T RKEZ D BH(PV Market and Deployment)
* The EU directive: shining or casting shadows on PV? ¢ 2.5% - 4% - 6% or
12% by 2020?

* 9 months to go to get PV into the National Renewable Energy Action Plans!
A lot depends on DE, IT, ES and FR:
* [taly: total today 650 MW, end of the year 750MW

* France: strong growth expected with the new FIT
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Typical Components of a Radioscopic Inspection System

= x
|
X-ray Source Manipulator Detector System Image Enhancement Monitor
ERESCO with VISTALUK System to examine the
ar fised workpiece or VISTAPLUS Radioscopic Image
ISOVOLT DIGILUX loptional)
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Flat Panel 1 jp| B fr PF & {7 14 A 37 o
N S
Application system : DP489
X-ray generator : ISOVOLT Titan 225kV
X-ray tube : ISOVOLT 225MM2 HP
Detector : Vistalux 9S HR (II+CCD ) ~ DXR 250RT-E (FP)
X-ray parameter : max. 225kV, 8mA

FDD : 1000 mm

M : 1.5-3.5

Focus : 1.0 mm/0.4 mm ( EN12543 )
Prefilter : up to 0.9 mm Brass

« GE # F * X bf 2 g th Bl g 5
BladeO1-1
Detector : 225kV Detector 1| 225kV
DXR 250RT-E | 6mA Vistalux 9SHR | 6mA
64Integration 64Integration

Blade01-2
Detector : 225kV Detector o | 225kV
DXR 250RT-E | 6mA Vistalux 9SHR | 6mA
64Integration 64Integration
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Blade01-3

Detector : 225kV Detector -
DXR 250RT-E 6mA Vistalux 9SHR
64Integration
Blade02-1
Detector : 225kV Detector 165kV
DXR 250RT-E 8mA Vistalux 9SHR | 6mA
64Integration 64Integration

Blade02-1
Detector : 185kV Detector 175kV
DXR 250RT-E | 6mA Vistalux 9SHR| 6mA
64Integration 64Integration
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E Fraunhofer-Gesellschaft
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100% public 100% private

Financing
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— spotless arc activated deposition (SAD process)

substrate
vapor steam

== I dense

plasma
y

plasma

electon gun
9 electode

crucible

— hollow cathode arc activated deposition (HAD process) :

Electron beam evaporator/boat evaporator

+ substrate _ + substrate
== o e =
R \ cahode vapor steam nod
feeder cathode
electon gun dense
plasma dense
plasma

crucible boat evaporator

— directed vapor deposition (DVD)

30 60RV/0 J0KW
alectron qur

/

e tenival
ghamber
pump
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Fraunhofer FEP eh{% w e jird 6 * T X2 H 2% E R * >
6 ~ ¥ ¥ H x4 w i Coating of flat substrates with optical layers
and layer systems ~ Coating of flexible products ~ Coating of sheets
and metals strips ~ Surface modification and treatment with
electron beam -~ Coating of machine parts and tools ~ Coating of
optic, electronic and magnetic components  H & * Af 3 & F | *
THFREFZ2 0 T2 B -BRALZIL08KEY - 25
FH SR A e K E R TR AP XN

FEP e "o i A 2 £ 73 4p B A By 2T AoaE
® Photovoltaic

Thin film based photovoltaics : plasma molybdenum back contact by
plasma activated EB-evaporation (CIGS-cells) / inorganic insulation layers
by plasma activated EB-evaporation / deposition of a-Si on large areas by
EB-evaporation / melting and solidification of Si-layers with crystalline

structure (zone melting re-crystallisation)

~—Zn0
Cds
cIs
Mo

polyimide

Mo

Wafer based photovoltaics : rear side Al contact by high-rate deposition

Development on multi-layer stacks as transparent electrodes
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® Hard coatings

Hard coatings (TiC / WC) : deposited with plasma activated high-rate

deposition / SAD or HAD process onto large areas.

amorphous carbon 14 20 (HAD)
Al203 33 (y nano crystalline) 50 (HAD)

CrN 20 10 (HAD)
CrZrN 35 30 (SAD)
SiOX 15 (with nano crystalline Si) 150 (HAD)

Ti— C (a-C:H:Ti) 33 100 (SAD)
TiN 40 40 (SAD)

W - C (a-C:H:W) 30 200 (SAD)

® “Superhard” coatings
1.7 pm TiAIN layer on 100Cr6 steel —
Hardness : 38 GPa/Young’s modulus: 436 GPa

Application : wear resistance of tools and parts

4.9 um ZrNbN layer on 100Cr6 steel :
Hardness : 41 GPa/Young’s modulus: 445 GPa

Application : scratch resistance and anti-adhesion function at
high temperature
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® Welding

Product propertics

= nurrow weld seam without pollution

and capillary
* no componcnt distortion
= near net shape componeats
*» pure material joining
= refiable and pure joining of
matenial combinations
= precise weld seam

= reproducible quality

31
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