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Thin Films are taking off in PV

“Thin Film production capacities are increasing rapidly*

due to:

 After 25 years of development Thin Films have gained enough
technological maturity and proven quality with calculable risk

e performance and life time expectations proven
e High cost reduction potential, just starting learning curve

Additionally accelerated by
PV market volume increase and Silicon shortage
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Thin Films in PV

Thin films PV have the highest cost reduction poten tial of all PV
technologies today.

The emerging materials are: - amorphous / microcrystalline Silicon
- CadmiumTelluride (CdTe)
- CIS: Cu(In,Ga)(Se,S) ,

All are starting with several large volume factorie S with good prospects
to reduce costs of PV modules

Lacks of thin Film Technologies:

* Material knowledge (at least for CdTe and CIS) still  low
* maturity of production technology still low, protot ype
equipment

* no standards in manufacturing and product up to now

3 © Bernhard Dimmler / Wrth Solar / November 22"4/231d 2007, JRC/IES Ispra, Italy




3rd International Photovoltaic Industry Workshop

EULJRC on Thin Films

Advantages of Thin Films
general aspects

high product quality, efficiency : outstanding CIS
CIS: cell max. 19,9 %; module 11 up to 14% today,

potential module efficiency 15-17% in mid/long term
CdTe and a-Si: 2 — 4 % less respectively

low material consumption: solar cell thickness 2 - 5 um
further huge potential esp. in module design (material costs)

low energy needs: energy pay back time: today £ 1.5 years,
long term £ 0.5 year

high energy ratings in application
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Advantages of Thin Films
In production

“large area production technology”

In-line continuous and large area deposition
-glass: 0.6 x1.2 14x1.4 3.2x6.0m?

- rolled foils (metal and polymer) of 30cm x km:
low process temperatures :  ~500<C for CIS/CdTe, all other processes < 200C
Integrated electrical interconnects

High production depth: from the raw material to the final product

high grade of automation, high yield

high cost reduction potentials
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Expected Evolution of Thin Film Module
Production Capacities (as of Oct. 2007)

counting existing, announced and expected* production s worldwide
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Manufacturing costs:
Driven by production volume

Source : PV Technology Platform

experts Thin Films

direct manufacturing cost
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Manufacturing costs:
Driven by innovations

>

Increase of production volumes

Increase of efficiency
Reduction of material costs

Learning effects: process yield, cycle times,
up-time, availability of equipment

Source : PV Technology Platform

Improvement of productivity

Innovative processes

Innovations: foils, barriers

Increase of efficiency

Reduction of material costs (modified materials)
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Thin Films: cost compete with quality
Two main routes of development

In the mid future there will be 2 types of products of Thin Films:

1) Very low cost, low quality:

 Very large substrates based on glass:
from square-meter to 20 m2 (see FPD or architectural glass)

 Foils of km’s lenght, roll-to-roll coating + sealing barriers

* Innovative deposition processes vaccum less like electrodeposition and
printing of nanoparticles, glass beads, etc.

2) Mid cost, very high quality:

e Larger area, high productivity

 Application and transfer of in laboratory already proven technologies
 Monolithic integration, series interconnect, hermetic sealing

 New concepts: multitjunction, spectrum conversion, modified materials
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Improvements in Production
Technological Roadmap

Product quality : average module efficiency
by continuous process optimization, stabilization and innovations

Productivity: - improvement of overall process yield:
by continuous process optimization and improved process control

- reduction of cycle time,

Materials: reduction amount of material (yield, thick ness),
recycling of production waste,
longer term:  new module concepts (foils)
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Thursday 2007-11-22

14:00
14:10
14:20

Topic 1.
~14:30-18.30h

30min.

30min.

30min.

30min.

5-10min. each

19:30

Welcome
Introduction
TF international overview

Scaling Effects on ROI, Glass (foil) size in produc  tion

How are the status and the technical roadmaps of the vacuum equipment and/or
process suppliers? Are there synergies from the glass coating or FPD production or
other fields? What are feasible sizes? With what steps of glass (foil) size there could
be an optimum in gain of ROl and low productivity risk? How vyield and
availability could be influenced? Etc.

Applied Materials

Oerlikon

Leybold Optics

vonArdenne

short presentations of each manufacturing company if possible with roadmaps with
respect to scaling, glass size, state of the art and future, etc.

Dinner organized by EPIA

tbc Heinz Ossenbrink
Bernhard Dimmler

Arnulf Jager-Waldau
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Friday 2005-11-23

Topic 2 PV-Cycle: presentation of the activities going on in this topic, ongoing plans

~9-10.30h

15 min. PV Cycle: history and political background, further steps, message to new players Daniel Fraile

15 min. PV Cycle: the technical view Raymund Schaffler
Other short notes and discussion all

Topic 3 Standardization: EPIA together with SEMI is trying to support and install standardization in PV

~10.30-12.30h manufacturing; can that support thin film PV? How could the roadmap on standardization be?

10 min. Standardization: what have been already and what should be done from the sight of EPIA Daniel Fraile

45 min. “How can a new and emerging technology as Thin Film PV profit from Standardization?” Prof. W. Bergholz, Univ.

Bremen

Other short notes and discussion all

Topic 4 EC Integrated Project PERFORMANCE

~14.00-16.00h Presentation of the project and already done results of work, further plans; lifetime and module
certification; offer to all thin film manufactures to participate
Project Structure Daniel Fraile
Results, actual status and further work to be done of the subprojects Ewan Dunlop
Other short notes and discussion all

16 h End of workshop
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