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ASM 1= Basic Principle

Atomic Layer Deposition

Deposition method, in which reactant species are introduced
sequentially in a repetitive mode, separated by purging with an
Inert gas.

Thus reactants are not available on the substrate surface
simultaneously, like in CVD or PECVD

The ALD technique was invented by Tuomo Suntola, 1974
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ASM 1= Basic Principle

Adsorption of reactive gas molecule on the surface
« chemical reaction top layer of surface atoms
* no further precursor adsorption or condensation beyond first layer
* no decomposition of gas molecules
» desorption of by-products resulting from surface reaction

 Reactions continue until surface is saturated with first layer of
gas molecules

 Purge between the precursors

« Bonding sites of the second precursor are formed in first
reaction
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ASM [

Typical SW ALD Growth Characteristics

e Typical cycle time 0.25 -5 sec
e precursor feed 0.05 -1 sec
e purge 0.1-2 sec
« Growth rate 0.3-1.0 A /cycle
 Reaction temperature 30 - 500 °C
« Reaction pressure 1 - 10 mbar

e Purge / carrier gas N,, Ar




Advantages ALD Processes

Surface Reaction Controlled
o Excellent Uniformity and Reproducibility
» Thickness defined by # of cycles
 100% Step Coverage

e |Insensitiveto P, T, precursor dose, system dimensions

« Low deposition temperatures, in general <400 C

e No gasphase reactions, low particle counts

e Low contaminant films (e.q. process byproducts)

« Excellent thin films and interface control

 Possibility to deposit nanolaminates _
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ASM 177 Disadvantages thermal ALD Processes

 Rather low growth rates

 0,3-0,9 Alcycle
 0.5-5sec per cycle (SW)
« Growth rate 5 — 200 A/min (SW)

e New processes

* Lengthy precursor development

* Not all films possible (Si, SizN,)
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ASM 7] Overview currently available ALD Films

« Oxides
A|2()3 — Si02, Al203, HfO2, ZrO2, TiO2, Ta205,
0.9 A/cycle La203, Y203, MgO, Nb205, Sc203,
< (Al(CH,); + H,0) Ce02, Ga203
150 — mixed oxides like HfZrO, HfAIO, HfSIO
& 0. 710 —  laminates like AI203/HfO2/AI203
< 2! 2 — SrTiO3, BaSrTiO3, BiTiO3, SrBiTaO,
2 100 (HfCl, + H,0) LaNIO3, LaCoO3
s —  Zn0, ZnO:Al, In203, In203:Sn, Sn02,
£ (zCl, + H,0) SnO2:Sb
c 0 0.5A/cycle : NItI’IdQS
= — TiN, TaN, TaCN, WN, WCN, NbN, MoN,
HfN, AIN, mixed nitrides like TiAIN,
: : TaSIN
50 100 150 « Carbides
— TaC, WC

Number of reaction cycles
* 1I-VI Compounds

— ZnS, ZnSe, ZnTe, ZnSSe , CaS, SrS,
BaS, CdS, CdTe,

— MnTe, HgTe, HgCdTe, CdMnTe, ZnS:M
(M= Mn, Th, Tm),

— CaS:M (M= Eu ,Ce, Tb, Pb), SrS:M (M=
Ce, Th, Pb)

Others:
— W, Ta, Ti, Cu, Ru, RuO2, Pt, Ir, CuO
— La2S3, PbS, In2S3, CaF2, SrF2, ZnF2
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ASM [

Variant PEALD

ALD SiO, PEALD SiO,
Reac-
Source One Source One
Purge |tant | Purge Cycle Cycle
, Reactant
0 de Osd N0 Ar/OZIj Ar/Ozlj Ar/Ozlj
S-prec plasma

Advantages in respect to thermal ALD
 Shorter cycles a higher throughput

« Enables ultralow temperature depositions

« Dense films

« Enables films not possible by thermal ALD

Disadvantages:

« More complicated equipment (no batch possible)
 Not optimal in structures with high aspect ratios
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ASM lf,\fl Thermal ALD vs PEALD SiO,
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ASM ALD Equipment - 1

SW cross-flow reactor “Pulsar”

GasA
GasB
GasC - > i
GasD . Manifold
- —— 3

Plenum

l/ilf Trap \bsceptor
ﬁ Vacuum Pump Lift

Features
*Hot wall reactor
sLow profile, cross-flow design for fast gas switching and highest throughput

sIntegrated heated source for solid precursors
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Excellent uniformities and toolmatching
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ASM ALD Equipment - 2

SW PEALD Reactor “Stellar”

Gas

Gas
Gas G —y
N
SN

LB

ToRF Shower
Generator

Ring for 14
outgoing <
gasses U\Susceptor
Lift
Two versions: ‘
Showerhead

Folded lateral
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ASM ALD Equipment - 3

Vertical Batch System
A4XX

*Dual reactor configuration
*Up to 3 injectors

sLoad of 75 production wafers
*Pulses of around 10 sec.

o[ owest CoO
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Semiconductor ITRS Roadmap

More Moore Smaller feature sizes
Thinner layers

3-D structures/high aspect ratios
Lower process temperatures
New materials

 DRAM Higher-k materials in storage capacitor: HfO,, ZrO,, ZAZ, STO
Electrode films: TiN, TaN, Ru
STl Liner: SiO,

 Flash Materials in charge trapping layers: TaN, TaCN, Hi-k: AL,O,,HfO,
PCRAM: GST

 Logic Hi-k gate materials: HfO,, ZrO,, La,O,

Metal gate electrode: TiN, TiSiN, TaN, TaC
BEOL barrier layers: TiN, TaN, RuTaN
Spacers/liner: SiO,, Si;N,

Litho Spacer defined double patterning: SiO2
. oxoo9psw . JIJf ... EuoNanoFoum2000 02062000 | 16 |



More Moore Examples - 1

DRAM Trench Capacitor
e Aspect ratio: > 60
« ALO,

CI el Word Line ’i‘ |\i\|‘nrd Line I D
¥ . . I ] I

il M
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Example DRAM dielectric

SrTiO3 in MIM
Capacitor

e Forms Perovskite phase
 k-valuein range 70-150
e MIM capacitor EOT=0.49 nm

«300 mm wafer
*WIW = 1.1% 1s, 140 cycles = 16.2 nm

source: ASM-IMEC
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More Moore Examples - 2

Logic CMOS Transistor

Gate Poly or metal
contact layer

Metal electrode

High-k oxide
Interface oxide

Source Drain

SPER S/D
junctions

© 2009 ASM []]] EuroNanoForum 2009 02.06.2009 19



HfZrO high-k gate dielectric

D. H. Triyoso / Freescale
SISC Dec (2006)

e ALD HfZrO by HfCI,/H,0/ZrCl ,/H,O
Very precise control of Hf/Zr ratio

HfZrO Electrical Benefits vs HfO2
Significant PBTI reliability benefit with Zr addition
Reduction in EOT vs HfO,, indicating higher k
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CMOS Gate Dielectric: V; tuning

H.J Cho et.al./ IMEC
proceedings ICICDT 2007

*ALD enables controlled deposition of ultrathin cap layers on high-k
gate dielectrics

Attractive for NMOS and PMOS V; engineering

*La,O, for NMOS, Al,O, for PMOS

V; shift is tuned with cap thickness in range 0-1.0 nm
*ALD cap has minimal EOT & mobility impact
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More Moore Examples - 3

SiO, on Photoresist as double patterning Lithography Option for 32nm

Photoresist pattern C—— > PEALD SiO, on PR pattern

40nm PEALD Deposition at 50 C!
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Semiconductor Roadmaps

More than Moore

e S0C

* Integration of MEMS and passives on chip
» Hi-k materials for BEOL capacitors (Ta,0, STO)
* New materials for MEMS
» High aspect ratio’s
e H2/H20 barrier layers: Al,O4
« Hydrophobic layers: Al,N;
» Piezo electric layers: Al,N;

« 3-D Assembly
*Through Silicon Via’'s

 Barrier layers: TiN, TaN

* Isolation layers: SiO,
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Example More than Moore

BEOL 3D MIM Capacitor
with PEALD of Ta,Og

Conformality 45nm > 90%
Realised capacity 30 fF/ m?

Courtesy STM Crolles
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Summary

Exploding growth ALD Applications Space

Production solutions available

Lighting

Printable
Electronics

Sensors

Thin Film Batteries

Nanophotonics

MEMS

Non Semi-
conductor
applications

Solar

3D TSV

DD CBS

Silicide PMOS

Silicide NMOS

GST for PCM

Flash IPD

Contact Fill

STI Liner

Litho Spacer

Low Temperature Spacer

e-DRAM Electrode |

Gatestack Capping Layer

Metal Gate |

Stack DRAM Electrode

MIM RF/Linear Capacitor Dielectric

e-DRAM Dielectric

Hi-k Gate Dielectric

Stack DRAM Dielect

ric

W Plug Liner

H2 Barrier

Magn Head

Oled's

1999

Leader

2001
"130nm"

2003
"90nm"

2005
"65nm"

2007
"45nm"

2009
"32nm"

2011
"22nm"

2013
"16nm"
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ITRS

"130nm"

“90nm"

“65nm"

"45nm"

“32nm"




Thank you
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