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1992~1996： Technical advisor in Belgium glass company
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Coordination of EU-Japan Collaboration for Organic Electronics
＜Device＞ ＜Coatings＞ ＜Evaluation＞
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Fraunhofer FEP

Foundation:  1991
Staffs： 216

＊World top level in vacuum coating
＊Development for 2 years ahead
＊Technology package with hardware
＊OLED 

for Organic Electronics, electron beam, plasma technology

Coatings Organic Electronics



R2R coating technologies

What FEP can do for various industries?

for flexible organic electronics



FEP’s business field based on R2R coating technologies 



FEP’s key component technologies for pilot and production

1. Hollow cathode discharge Assisted 

high rate Deposition (HAD)

2.   High rate PECVD (magPECVD, arcPECVD)

3.   High rate sputtering for precision optics(RM)

with pulsed powering & process control



Discharge current ~ 200A/gun

Extremely high density plasma

Dense coating with high rate
> 2000nm.m/min

1, Hollow cathode discharge Assisted high rate Deposition (HAD)

<Similar plasma gun>
*UR gun in Japan

(Pressure gradient arc plasma gun)

*ETP source in The Netherlands
(Cascade arc plasma gun)       

Strong ion bombardment



Effect of Plasma Activation

Example: Al2O3 on PET at 100 nm/s

Al2O3 by reactive 

evaporation

Discharge current: 0 A

Layer hardness: 3.2 GPa

Al2O3 by reactive 

evaporation

Discharge current: 400 A

Layer hardness: 6.3 GPa

Al2O3 by reactive 

evaporation

Discharge current: 200 A

Layer hardness: 5.0 GPa

Dense amorphous layer morphology by plasma activation 



Hardware
ready for production!

Application also to
 arcPECVD !!

Current application
Food packaging

(~20nmAlOx, 9m/s)

Linear plasma gun for large area high rate deposition

310cm 



2, Ultra High Rate PECVD



Application of magPECVD and arcPECVD

Barrier film

Solar control



3, FEP’s RM sputtering technology 

with pulsed powering & process control 

1. High rate
2. Excellent uniformity 

<+-0.5% 
3.  Long term stability 
4.  Low temp. & Low damage

1. Large area 
precision optics

2. Thin film encapsulation 
for OLED

3. Inorganic barrier film

4. Plastic substrate

DMS
C-mag





Pulsed powering in RM 

Unipolar mode Bipolar mode

Low temperature
Low damage

High ion bombardment, 
High thermal load

Hidden 
Anode







New approach to adjust film property in RM 

Unipolar mode Bipolar mode

Switching
At 1kHz



Hybrid Pulse Mode

Plasma density & film quality control 
independent from the input power !!



Coatings on flexible ultra thin glass



Corning, Schott, NEG, AGC, etc. ~30μmｔ









POLO film (PET)+ITO(35Ω/sq)
 90% reduction in brightness

Ultra thin glass+ITO(12Ω/sq)
 Uniform brightness in 10cm2

TCO electrode for flexible OLED lighting



*Substrate width: 330mm 
*Heating: ＜ 350℃
*Thickness : >50 μm

*4 coating zones
*Dual anode sputtering
*Front-side touchless

Vacuum R2R coater for flexible ultra thin glass



Flexible OLED lighting











Ex.： Effect of vacuum drying of barrier film on OLED life

80°C、1 week 80°C、160hrs 80°C、100min

Current challenges in flexible OLED with  plastic barrier film

Factors to affect on OLED life：
WVTR +  ＊Residual water and drying method

＊Particles
＊Handling and mechanical strength
＊Residual stress, adhesion
＊Residual organic solvent & reaction
＊Device structure & optical property

How to stop black spot formation!!





Special functions Cost Reduction Longer life



Necessity of killer application!!





For visual communication with humans !!







Defect 
Water content

Patterning Deposition Lamination

Life test 
Storage test
Defect check
Performance

Collaboration with Japanese companies

Evaluation of barrier films using FEP’s OLED pilot line

Japanese barrier film manufacturers



Other collaborations with Japanese companies

1. Test coating of FEP’s barrier layers on the customer’s substrate

ex. ZnSnOx by sputtering

2. Test coatings to evaluate FEP’s key component

ex. magPECVD, HAD, RM

3. Introduction of key component

ex. RM with process control & pulse power supply,

magPECVD, HAD

4. Development of new products using FEP facilities



Summary

*FEP covers from coating to OLED device manufacturing

-Material and layer stack development

-Process & hardware development

-Evaluation of customers products

-Device development     

-Technology package with hardware!! 

*There are many available pilot or production technologies

which might be useful also for GPD participants!!


