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Fraunhofer IPA – Ultraclean Technology and 

Micromanufacturing at a glance

 Applied research and development in 

cleanroom manufacturing

 More than 25 years of experience and know-

how

 45 scientists and 30 students (assistants, 

interns, technicians)

 Average turnover Ø 5,1 Mio. € :

 Institutional funding: Ø 12 %

 Publicly-funded revenues: Ø 39 %

 Industry revenues: Ø 49 %

 More than 40 patents and patent applications 

in the past 25 years

Automotive

Biomedicine, 

Pharmaceutics

Semiconductor, 

Microelectronics

IT and Communication 

Technologies

Mechanical Engineering

Microsystem 

Technology

Photovoltaics
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Our Services

PROCESS

• Contamination control

• Local cleaning

• Micro assembly and

dispensing

• Transport and feeding

EQUIPMENT

• Cleanroom suitable

equipment design

• Development of 

components, tools and 

test equipment

• Automation

• Qualification and

certification

• Analysis of process

chains, production 

sequences, and 

contamination sources

• Layout planning and

IT concepts

• Equipment procurement 

and ramp-up

• Production optimization

MANUFACTURING 

LINE

Shop floor
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International Technology Roadmap for Photovoltaics 

Results 2010

 Wafer thickness:

 The thickness of future substrates (wafers) will decrease, 

although not that dramatically as it has been forecasted earlier

Wafer thickness in  

mass manufacturing

source:

ITRPV 2010 Results 

2nd Edition March 2011
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 Throughput:

 The throughput of lines has to double in 7 years

International Technology Roadmap for Photovoltaics 

Results 2010

Throughput

front-end / back-end

source:

ITRPV 2010 Results 

2nd Edition March 2011
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 Yield:

 The yield of a production line is one of its major KPIs and therewith in 

focus of optimization efforts

International Technology Roadmap for Photovoltaics 

Results 2010

Yield in module 

production

source:

ITRPV 2010 Results 

2nd Edition March 2011
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Summary of future demands

Wish list

 Conclusions: 

 The handling has to be adapted to changing boundary conditions to 

avoid breakage

 To achieve higher throughputs, the handling and transportation has to 

be speed up

 Simulation-based material flow planning helps determine possible bottle 

necks in production

Time

QualityCost

 Triple constraint:
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Handling in Slow Motion

 Save handling is very much conditioned by the set of parameter and boundary 

conditions

 There is no overall „Best in Class“ Gripper available, each system has its pros 

and cons, related to the dedicated needs
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Flipping Carrier Loadingµ-crack Detection

PV – Lab at Fraunhofer IPA

Pick-and-placePre-Seperation Conveyor-Testing
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Handling and Automation in PV:

Pre-Seperation

 Enormous potential of harming the 

substrate

 Pre-Seperation as it should look like:

 Reality:
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Handling and Automation in PV:

Pick-n-Place via gripping

 Multi-Variant case studies

 Acceleration (pos./neg.)

 Air pressure

 Pick-up / Placing height

 Dwell period

 … 

 Measured KPIs:

 Sucking forces

 Accuracy of positioning

 Damaging

 …
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Handling and Automation in PV:

Conveyor belt transportation

 Commonly used method of transportation

 KPIs, determined by experiments:

 Accuracy of positioning

 Slip

 Combination of materials

 …

 Aims: 

 Minimal transportation times, because they are 

no value adding

 Minimal effort of installation / maintenance

 …
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Contamination Control

 Due to thinner functional layers, tiny little particles can have big influences on 

the overall effectivness of substrates

SEM-photos source:  Fraunhofer IPA, Ultraclean Technology and Micromanufacturing
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 Cross-contamination due to handling

 Case studies with glass sheets illustrated the effect 

of emission of particles due to friction

 Similar experiments with the set of materials silicon 

- rubber are equivalent 

Cross-contaminations

100 µm

1
0
0
 µ

m

100 µm100 µm

1
0
0
 µ

m
1
0
0
 µ

m

100 µm

1
0
0
 µ

m

100 µm100 µm

1
0
0
 µ

m
1
0
0
 µ

m

100 µ m100 µ m

1
0

0
 µ

m
1

0
0

 µ
m

Pin-Auf lagepunkt

R
e
ib

st
re

ck
e

 



© Fraunhofer

Thank you for your attention

Roland Wertz

wertz@ipa.fraunhofer.de


