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* Brief company portray

* Different kinds of equipment
* Driver of cost's for a thin film production
* Advantages of rotatable magnetrons

* Example for metal or TCO coating

Different sizes of substrates
The effort of substrate scaling

®* Conclusions
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Corporate Expertise

Technologies

Plasma

Electron Beam
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VA-Introduction-2007
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Industrial Vacuum Processes

Customized Equipment for

Production
Pilot
R&D
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Architectural Glass

Photovoltaics

VA-Introduction-2007

Metal Strip




VA-Introduction-2007

Architectural Glass

Photovoltaics

Automotive

Display

HR Mirror

Solar Absorbers




Metal Strip
18%

Architectural Glass
12%

Business 2006

Special Equipment
11%

Photovoltaics
46%

Modular
Process Systems
4%

Components/Other
9%




Business 2007

Photovoltaics
58%

Metal Strip
24%

Architectural Glass
7%

EF WB
4% 3%




Turnover: 130 Mio EUR

Staff: 500 employees




Characteristic Differences
between wafer based and thin film Solar Cells

Wafer based solar cells Thin film solar cells

Substrate size [m 2] 0,024 0,72..5,7

Cycle time per substrate [sec] 60...600

Efficiencies [%0] 14...20 5...13

Contact layers screen print plating vacuum coating

thermal and chemical
Absorber processes mainly vacuum coating

Passivation- and antireflexion
layer vacuum coating

iIntegrated
Modul concept connection in series connection in series




Vacuum Process Technology

Electrical
contacts

Al, Ag, NiV,

Mo, Sb,Te,,

ITO, ZnO:Al
I-ZnO

Sputtering
Evaporation

Absorber

a-Si:H,
uc-Si:H,
CuGa, In,

Se, S,

CdTe
PECVD

Evaporation
Sputtering

PassiviationA
ntireflection

SIN,:H

PECVD
(Sputtering)




Examples of glass coating machines
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Substrate 10x10cm 2

FVS-Jahrestagung 2007




Substrate 30x30cm 2
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Substrate 60x120cm 2
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Substrate 60x120cm 2
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Substrate 60x120cm 2
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Substrate 120x120cm 2
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Substrate size: 120x120cm 2
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Substrate size: 175x175¢cm 2

Substrate size: 120x120cm 2
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Substrate size: 3,20x 6,00 m 2
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Substrate size: 3,21 x6,00m 2
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Driver of cost's for a thin film production

60 to 70% target material

Consumption of high purity medias
Clean room area
DI water
Process gases

High skilled people
Maintenance of coating machines

What can we do to reduce the operational cost s?




What can we do to reduce the operational cost s?

Increasing of utilization of the target material
Longer campaign time without interruption
Bigger substrate formates

Carrier free transport

Low maintanance times
High avallibilty of the coater
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Utilization: 45%

Usable width up to 4m

FVS-Jahrestagung 2007
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Advantages with Rotatable Magnetrons

e Large material stock for long campaign durations
* High power density for high deposition rates

* No compound debris / flaking from target surface
* Very high target utilization (80%)

FVS-Jahrestagung 2007
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Utilization: 80%

Usable width up to 4m

FVS-Jahrestagung 2007
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Reservoir of target material
Tube

Circumference=3,14 * diameter

In Reallity 3,5 times more




Comparison planar Magnetron and Tube Magnetron
ceramic ZnO:Al ,0, Target

B planar magnetron WSM 17008 Rotatabel magnetron RSM 1700

relative Einheiten

Lifetime

tube cathode: high pool of material and high utilizat ion of the target (70...80%)
lead to high cost reduction compared to the planar target




Scale of Production Processes on large Surfaces
Development of Costs

Example: deposition of ZnO:Al from ceramic tube target
Process: sputtering with tube magnetrons in horizontal systems
Substrates: 1,4m? (Gen 5)® 5,7m? (Gen 8.5)

® 19,8m? (,Jumbo-Format“ in architectural glass coating)
Layer thickness: 1000nm
Cycle time: 60sec
Substrate temperature: 200C

Investment write-off. linear, 7 years

10% efficiency for estimation of anual production capacity (MW )

Target cost reduction by using large guantities in mass production is
not considered




Cost Reduction by Extension of Substrate Surfaces
Sputtering of ZnO:Al

30% cost reduction
by scaling on
large surfaces

60 — 70% costs for
Targets

10 - 15% investment costs
In vacuum coating system

possibility of further cost
reduction via thicker
ceramic or metallic
targets

O Investition @ Targettd Elektrizitat] Personalkosten

Kosten [relativ]
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Summary

Scaling of large substrate formats shows a further possibility to cut
production costs (if the technologies allow it)

Example: production technology to deposit transparent conductible contact
layers basing on ZnO:Al

In mass production operating costs (targets) define production costs up to 60 to
70% (Co0O)

Scaling of large surfaces allow cost savings of more than 30%

Sputtering of thicker ceramic targets or metallic ZnAl-Targets could lead to further
cost reductions

Scalable, quick and in consumables well-priced production technologies
can make an important contribution to further cost reduction in the mass
production of solar cells




Substrate Sizes

330 x 600 cm?2
Jumbo-Format”

220 x 260 cm?2
Gen 8.5

110 x 130 cm?
Gen 5

10 x 10 cm?




Substrate Formate

Company

Technology

actual substrate
format in mm

futural substrate
format in mm

Antec Solar Energy

CdTe

1200x600

Calyxo

CdTe

First Solar

CdTe

1200x600

CSG

TF-c-Si

1250x1100

ErSol Thin Film

a-Si

1200x1100

Brilliant 234

a-Si

NUON

a-Si

Schott Solar

a-Si

1300x1100

Signet solar

a-Si

2.2x2.6

VHF Technologies GmbH

a-Si

Avancis

CIS

1220x305

Johanna Solar

CIS

1200x500

Odersun

CIS

Scheuten Solar

CIS

Solibro GmbH

CIS

Sulfurcell Solartechnik Gmbh

CIS

1200x600

Wiirth Solar

CIS

1200x600




Thank you for your

attention!




