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Atomic layer deposition (ALD)

Å Gas-phasethin 
film deposition 
technique

Å Cyclic process of 
self-limiting 
surface reactions
Ą layer-by-layer 
growth

Example :
ALD growth of Al2O3

from trimethyl
aluminum (TMA) and 
H2O

TMA pulse Self-saturated
chemisorption

One (sub)monolayer of Al2O3

New OH groups at the surface
Water pulse
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Atomic layer deposition (ALD)

Self-saturating surface reactions enable

- Atomic level thickness control

- Conformal deposition onto 3D surfaces
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ALD is ideal for coating at the nanoscale

TiO2/V 2O5/TiO 2 multilayer coating of a carbon nanotube



Advantages of ALD

Á Atomic level thickness control

Á Conformal deposition 3D substrates

Á Excellent control of stoichiometry

Á Highly uniform

Á Easily upscalable

Limitations of ALD

ÁSlow ςlimited to nanocoatings 
and surface engineering
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Advantages and limitations of ALD

Layer-by-layer deposition

Growth rate per cycle 
from linear fit 

0.85 Angstrom/cycle
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Applications of ALD

ÅElectronics

ÅFunctional nanocoatingsin micro-electronics

ÅCoatings in photovoltaics

ÅEncapsulation of (O)LEDs

ÅEnergy applications

ÅCoating of batterymaterials

ÅCoating nanoporousmaterials for catalysis



Since 2007: ALD crucial for high-k gate oxides



ALD is a key technology for micro-electronics

Market forecast from presentation by ASM

http://www.asm.com/images/stories/products/himg_ci79.jpg
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Applications of ALD

ÅElectronics

ÅFunctional nanocoatingsin micro-electronics

ÅCoatings in photovoltaics

ÅEncapsulation of (O)LEDs

ÅEnergy applications

ÅCoating of batterymaterials

ÅCoating nanoporousmaterials for catalysis



ALD for passivation of solar cells

B. Hoex et al, Appl . Phys. Lett . 89, 042112 (2006) 



Beneq

Upscaling of ALD reactors ςbatch reactors

2000 wafers/ hour



SpatialALD
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Dedicated reactor concepts for spatial ALD

4500 wafers/ hour



Dedicated reactor concepts for spatial ALD
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Applications of ALD

ÅElectronics

ÅFunctional nanocoatingsin micro-electronics

ÅCoatings in photovoltaics

ÅEncapsulation of (O)LEDs

ÅEnergy applications

ÅCoating of battery materials

ÅCoating nanoporousmaterials for catalysis



ALD for encapsulationof OLEDs

S. H. K. Park et al., Electrochem . Solid -State Lett. , 8 , H21 2005 .
M.D. Groner et al., Appl. Phys. Lett., 88, 051907 2006 .



ALD for encapsulationof OLEDs

J. Meyer et al., Appl. Phys. Lett. , 94 , 233305 2009.


