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Atomic layer deposition (ALD)

A Gasphasethin
film deposition
technique

A Cyclic process of
self-limiting
surface reactions
A layerby-layer
growth

Example :
ALD growth of AD,

from trimethyl
aluminum (TMA) and
H,O

TMA pulse

One (sub)monolayer of AD,
New OH groups at the surface

Selfsaturated
chemisorption
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Atomic layer deposition (ALD)

chemisorption

Self-saturating surface reactions enable

- Atomic level thickness control . Y
One (subjmonolayer of Al,O;

New OH groups at the surface
- Conformal deposition onto 3D surfaces

A,0,20A — 1}
Al,O;HfO, 15%:85% 50 A —
Al,O;HIO, 80%:20% 30 A
Al,O5 HO,, 20%:80% 40 A
AlO;HIO, 65%:35% 20 A
Al,O5HIO, 35%:65% 30 A
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ALD is ideal for coating at the nanoscale

TiO,/V ,0./TiO , multilayer coating of a carbon nanotube
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Advantages and limitations of ALD

. . 44 ' ' ' '
Layerby-layer deposition 1501, o
g ] 40 /D/
Advantages of ALD A L
g M=l
A Atomic level thickness control é PR
A Conformal deposition 3D substrates £ -
, o = Growth rate per cycle
A Excellent control oftoichiometry ! from linear fit
A Highly uniform o ' | '0.85IAng§tromI/cycI('e
< . 0 50 100 150 200
A Easilyupscalable Cycle number
Limitations of ALD

A Slowc limited to nanocoatings
and surface engineering
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Applications of ALD

A Electronics
A Functionahanocoatingsn microelectronics
A Coatings in photovoltaics
A Encapsulation of (O)LEDs
A Energy applications
A Coating of batterynaterials

A Coatingnanoporousmaterials for catalysis
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Since 2007: ALD crucial for higllgate oxides

Jan. 2007 Working 45-nm
HK+MG microprocessors
demonstrated in systems

2nd half 2007 High-volume
production of 45-nm HK+MG
microprocessors begins
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Late 1990s Si0,’s Nov. 2003 Working Jan. 2006 Fully
limits realized. Search high-k plus metal gate functional I-billion-
begins for a high-k (HK+MG) research transistor 45-nm
dielectric to replace it transistors H':?'MG memory

chips
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ALD Is a key technology for miestectronics

ALD MARKET SINGLE WAFER / MINIBATCH
(UsD milllan)
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) Approximately doubling over the next three to four years

Market forecast from presentation by ASM
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Applications of ALD

A Electronics
A Functionahanocoatingsn microelectronics
A Coatings in photovoltaics
A Encapsulation of (O)LEDs
A Energy applications
A Coating of batterynaterials

A Coatingnanoporousmaterials for catalysis
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ALD for passivation of solar cells

Plasma-assisted Al,O, greatly improved the efficiency of two types of c-Si solar cells:
passivated emitter and rear cell (PERC) and passivated emitter rear locally (PERL) cells.

Front metal grid Random pyramids
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1-2 Qcm FZ p-Si ]

AlOs or AlLOJ/SIO, stack

Aluminium

- p-type Si base material

- Excellent rear surface passivation
(as good as thermal SiO,)

» Confirmed efficiency: 20.6%

Velocity S ¢ (cm/s)
o
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Surface passivation of high-efficiency silicon solar cells by atomic-layer-deposited Al,0;,
Schmidt et al., Prog. Photovolt. Res. Appl. 16, 461 (2008)
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B. Hoex etal, Appl.Phys. Lett.89, 042112 (2006)



Upscaling of ALD reactordatch reactors

2000wafers/ hour

Beneq



SpatialALD

v v
One (subjmonolayer of Al,o,*

New OH groups at the surface
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Dedicated reactor concepts for spatial ALD

4500wafers/ hour




Dedicated reactor concepts for spatial ALD
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Applications of ALD

A Electronics
A Functionahanocoatingsn microelectronics
A Coatings in photovoltaics
A Encapsulation of (O)LEDs
A Energy applications
A Coating of battery materials

A Coatingnanoporousmaterials for catalysis
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ALDfor encapsulatiorof OLEDs
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Figure 5. Photographs of the emitting areas of the devices (a) uncoated, (b)

coated with SiN, /AlO, . and (c) encapsulated with glass lid, that were stored
during the indicated time under 25°C. 80% R H.

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



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



