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Methods of Full Color Display Fabrication

RGB method Color conversion method Color filter method
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AM OLED Process Map
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Source: B. D. Chin (KIST), IMID 2006
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TFT Backplane Technology

Features Issues

LTPS
TFT

High mobility (> 10’s cm2/Vs), Operational stability
n- and p-type possible, Complex circuit integration
Vacuum process only, Indirect patterning for roll to roll

Uniformity over large area
Expensive process
Developing technology

a-Si:H
TFT

Low mobility (< 1 cm2/Vs), Vacuum process only
Very matured technology
Low temp (< 150 °C) process available
Indirect patterning for roll to roll

Uniform over large area
Operational instability

Organic
TFT

Low to medium mobility (< 10 cm2/Vs)
Both vacuum and solution process
Low temp (< 100 °C) process available
Direct patterning possible for roll to roll
Low mobility (< 1 cm2/Vs) for solution device

Patterning and encapsulation
Immature technology
Operational instability

Metal 
Oxide
TFT

Medium mobility (< 10’s cm2/Vs)
Both vacuum and solution process
Direct patterning possible for roll to roll
Low mobility (< 1 cm2/Vs) for solution device
High temp annealing (> 200 °C) for solution device

Very immature technology
Operational instability
High OFF current (nA~pA)

Source: Y. T. Hong, SNU
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LTPS vs a-Si TFTs
LTPS –TFT (ELA)

– Expensive process (~2 x a-Si TFT)
– Poor Uniformity

– Max out at 4th Gen Tools

a-Si –TFT
– Low mobility (< 1 cm2/Vs)

– Operational instability (Vth shift)

Gate

Source

LDD: n- poly-Si Glass

Interlayer 
Insulator

Drain

n+ poly-Si n+ poly-Si
Gate Insulator

Blocking Layer

LTPS TFT
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AMOLED Brightness Nonuniformity
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Source: J.H. Kwon, Kyung Hee Univ.

Switching – operates in linear regime
Driving – typically operates in saturation regime

Vgs (= VData – VT)

If ΔVT_TFT,
ΔId
ΔLOLED

If ΔVT_OLED,
ΔId ΔLOLED
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metallization

n+μc-Si:H layers

a-Si:H layer

a-SiNx:H layers

substrate

Gate

Source Drain

Vth

• Long term bias stress leads to threshold voltage shift (ΔVth).
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Threshold voltage shift of a-Si TFT
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Organic LEDs - Structure

Organic Semiconductor LEDs
(polymers or small molecules)
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OLED deposition system (Lab. scale)
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Items
Evaporation

(Precision Shadow Mask)
Ink-Jet
Printing

Laser-Induced
Thermal Imaging (LITI)

Materials

Molecular Materials Only Polymer (LEP) Polymer (LEP)
Molecular Materials
Hybrids (Blend)

Printing 
Accuracy ± 15㎛ ± 15㎛ ± 2.5㎛

Resolution ~180ppi ~150ppi ~300ppi

Aperture Ratio
(Top Emission)

40~50% ~60% 70~80%

Materials Usage - Smallest -
Glass Size 730x460mm (~2005) 730x920mm 730x920mm (~2005)

Machine Price Very Expensive Cheapest Middle

Comparison of OLED color patterning methods

Source: Samsung SDI, FPD int. 2004
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Vacuum evaporation

Vacuum Deposition

Fine Metal Shadow Mask

Substrate

Source

Point Source

Linear Source
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Ink-jet
cartridge

Glass

Transparent electrode: ITO

Polyimide bank

Conducting polymer (PEDOT/PSS)

Red ink

Green ink

Cathode (Al/Ca)

Blue ink

Inkjet
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Meniscus
withdraw

Deformation of 
Meniscus
by pressure

Initial state of
Ink dropping

Formation of droplet
by the surface tension 

Difference of surface 
tension and viscosity : 
Migration of Droplet 
Ink

Driver

Input signal

Piezo Actuator

Supply of ink

Deformation of 
piezo actuator

Nozzle

Printing media

Dropping of 
printing ink

Jetting Principle of Piezo Ink Jet

Epson/ Tektronix/ Hitachi

15



Changhee Lee, SNU, Korea

전자물리특강
2007. 2학기

Organic Semiconductor Lab

LITI

glass

Color donor sheets
Laser

LITI Process (Contact transfer in ambient condition)
Samsung SDI / 3M

Samsung SDI, 17” UXGA (1,600×1,200) AMOLED 
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Blanchet et al. Appl. Phys. Lett.,2003, 463
(Du Pont)E. Elizur (CREO) / SID 02 DIGEST

- Laser Transfer

Laser Imager (CREO)
CW w/modulation,   NIR,
Raster scan

Donor Film
Base Film / Absorbing Layer
/ Ejection Layer / Transfer Layer
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RIST: Non-Contact transfer

Color patterning method
without shadow mask
: transfer in a vacuum chamber

Boroson et al. SID 2005 Digest p172 
(Eastman Kodak)
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Other Printing Methods: Gravure, Screen or R2R Printing

Gravure Printing
(Dai Nippon Printing Co, SID 05 DIGEST, pg. 1196 (2005)

Screen Printing
H. Antoniadis, IMID’05Roll-to-Roll Process


