
Plastic electronics: Outline of the course

· Introduction

· Electronic structure of organic (macro)molecules

· Optical properties of organic semiconductors

· Electronic transport

· Light emitting diodes

Part I: Device operation (Layer structure)
Part II: Device optimization, Color tuning
Part III: Device stability/Degradation

· Organic solid state lasers
Part I
Part II



- Xerography

- Photovoltaic cells

· Organic field effect transistors

· Organic electroluminescent displays

· Device fabrication

Plastic electronics: Outline of the course

- Photodetecting devices



Organic FETs: Applications

- low cost RF-id-tags

- chemical sensors



Transistor Chemical Sensors
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Semiconductor / Odor

• Odors in end-groups 
perturb core, change µ.

• Immobile charges will 
shift VT.

• Grain boundaries 
dominate transport.

• Odors in grain 
boundaries will change µ.



Water-based sensing: Biosensing
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Organic FETs: Applications

- low cost RF-id-tags

- chemical sensors

- display driver circuitry



- Xerography

- Photovoltaic cells

· Organic field effect transistors

· Organic electroluminescent displays

· Device fabrication

Plastic electronics: Outline of the course

- Photodetecting devices









-actual driving schemes are 
much more complicated

to realize grey scale
and fast switching times







Angular Evaporation

1. ITO Patterning

2. Vertical shadow mask

3. Organic Deposition

4. Oblique Cathode Deposition





Passive matrix OLED-displays: Problems

-required luminance might 
not be possible

- high voltages are required

- duty cycle is < 1/#rows

-need 200 cd/m2

*768 (for XGA)
>105 cd/m2 

- reduced efficiencies
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Basic Pixel for LCD and OLED Display



( )2

2
1

thGSOXoled VV
L

W
CµI −⋅⋅⋅=

Dat al i ne

Scanl i ne
Vdd

TFT1
TFT2

Cs OLED

Characteristics Variation of TFT

Variation of µ or Vth between pixels
can result in non-uniform brightness
in AM-OLED.
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OLED-display-markets



Multichrome ↔
Monochrome

Passive-Matrix ↔
Aktive-Matrix

Conjugated polymers ↔
evaporated small molecules

rigid substrate ↔
flexible substrate

OLED-
Displays

The OLED-display-family











The OLED industry as seen from asia









Spin Coating

Doctor Blade

Ink Jet Printing

Dipping

Polymer film deposition

Roll printing, Micromolding, etc



Multichrome OLED-Displays: Polymere



OLED displays: towards full color and active matrix displays

- Reproduzierbarkeit ?
- massenproduktionstauglich ?
-...



Multichrome OLED-Displays: 

- the polymer is a semiconductor and a photoresist



OLED-fabrication: Cluster tools



OLED-fabrication: in line equipment





Thin film barrier layers for creating ultra thin OLED Thin film barrier layers for creating ultra thin OLED 
displays on glass and plasticdisplays on glass and plastic

L.L. Moro, N.M. Rutherford, R.F. Praino, O. Phillips, L.L. Moro, N.M. Rutherford, R.F. Praino, O. Phillips, M.ClausonM.Clauson, , 
R.J.VisserR.J.Visser

M. E. Gross*, P.E. Burrows*, G.L. Graff*M. E. Gross*, P.E. Burrows*, G.L. Graff*



Barix™ encapsulation

• Transparent
• Ultra-high barrier
• Applied at low temperature

Metal or glass can

desiccant

Epoxy adhesive
membrane

Glass

ITO
OLED layers

OLED: an ideal display but extremely moisture OLED: an ideal display but extremely moisture 
sensitivesensitive

The market seeks a solid state solution

Vitex goals:

1. Replace metal can

2. Replace glass substrate with 
‘Flexible Glass’ Tm



OLED

High Speed, Large Area…

Monomer
Liquid Cure

Ceramic
Deposition

Multilayer Barrier Deposition:



OLED

ððPolymer film planarizes surface to reduce substrate defectsPolymer film planarizes surface to reduce substrate defects

ðð Inorganic film provides barrier propertiesInorganic film provides barrier properties

ððOrganic film protects barrier layer from mechanical damageOrganic film protects barrier layer from mechanical damage

ððMultiple Barix layers yield an enhanced barrier by decoupling Multiple Barix layers yield an enhanced barrier by decoupling 
defectsdefects

A transparent A transparent MultilayerMultilayer barrier: barrier: suitable for top emission suitable for top emission 
OLED’sOLED’s

Hard coat

Barix™ 200 Coating

Glass 



The Calcium TestThe Calcium Test

2Ca + O2 + H2Oà Ca(OH)2 + CaO

Barix coating
Calcium

Glass Substrate

H2O



Basic Barrier performance: Calcium testBasic Barrier performance: Calcium test transmission transmission 
coefficient at RT:coefficient at RT: <2 10<2 10--7 7 gr/mgr/m22/day/day
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Tokki and Vitex have developed an 
encapsulation tool: G200
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Cost - Materials

$0.00

$0.25

$0.50

$0.75

$1.00

$1.25

Metal Can Glass Lid Barix™
encapsulation

Metal Can Glass Lid Desiccant Glue Barix™

Based on a 2” diagonal display


