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From Sub-nanometer to Micrometer Films, or how
to Combine ALD with PVD
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« Atomic Layer Deposition (ALD)
« Why ALD/PVD
« Swiss Cluster Equipment

- ALD/PVD multilayers
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‘ Thermal-ALD dcliss
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‘ PE-ALD
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- ~Self-Limiting
- Conformalon 2D
- >"“Pinhole-free”

2nd Precursor-Plasma
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HAADF-STEM  EDS ALD Si.N |
‘ 200 nm Ti Si Al ™ r

| ALD SiO,

L e N

SWISS | 5 — . _
Coul ’—zu . Arts, MAALV Kessels and H.C.M Knoops (CC BY 4.0 license),

100 nm

ACS Appl. Mater. Interfaces 2014, 6, 13, 10534—-10541
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1 cycle Al,O, CIu ster
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Pulse of TMA (Al(CHs)s) —in excess- and ligand exchange reaction with OH surface
groups
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-Chemistry of the 15t and 2"d precursor

Equipment (volume, Pump, pulsing position)
= Gas distribution and residence times
Homogeneity of the process

Process parameters (pressure, temperature)

- (With Plasma + n variables)

Characterization method

There is no perfect ALD process...

but we can try!
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A |— D A ID p |—| CAT' O N S Consumer Electronics

Medical
Equipment

Semiconductor

Energy Generation and
Storage
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Barrier/protection
Passivation
Adhesion
Sacrificial
Anti-reflection

- corrosion

TCO
Interference colors
Bio-compatible




‘AI_D APPLICATIONS

PE-ALD SiN on 3D NAND
Semiconductor (a)
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2000V X180 TE 16009724 17:10 2004V »6008 TE 150V19 1544

Harm C. M. Knoops, et al. Journal of Vacuum Science & Technology A 37, 030902 (2019)

Multiple Patterning 3D NAND FinFET
ALD Gate
ﬂ Sidewall Spacer
Dielectric
ALD Spacer
Metal ALD
Word Line

Lam Research
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‘AI_D APPLICATIONS

Medical Decorative Parts
Equipment

Positive Coating Positive Coating

_~Metal grid a8 Energy Generation and
— LiF antireflection coating Sto ra g e

A— . .
— Transparent conductive oxide

(1z0)

Buffer layer

{ALD SnO,)

Perovskite absorber
Hole transport material
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Recombination layer
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electron-selective contact
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Hole-selective contact

a-Si:H(p) o 9 9
Transparent conductive oxide e Atomic Limits

(1To) Metal grid

SWISS CLUSTER AG




alll Swiss
Cluster

((((((((((((((((((((((((((

WHY ALD AND PVD
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Zhang, J., Li, Y., Cao, K. et al. Advances in Atomic Layer
Deposition. Nanomanuf Metrol 5,
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Semiconductor

RFX Cu

C. S. Hwang et al.

70nm <40nm

nm

ala

B Preclean

Degas

S MIM MIM

Fig. 9.2 Integrated barrier-seed system with ALD TaN chambers (Courtesy of applied materials)
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‘AI_D/ PVD FOR THIN FILM ENGINEERING ﬂlha‘;‘;;-‘,;g,

Harder and Stronger Coatings Tailored Optical Properties

— ’ | (a) Crack

External stress Amorphous
interface zones

e . vy
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Stresses by thermal__

Single layer Multilayer Nanolayer Nanocomposite expansion mismatc
coating coating coating coating

Holleck, Lahres and Woll. Surface and Coatings Technology,1990

substrate substrate substrate substrate

Sousa et al. Metals 2021, 11(2), 260; )
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> TIAINAICITIN

multilayer d
max

J
, 7 AICIN
10 ym = Substrate min _L_
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Aharon Inspektor, Paul A. Salvador, urface and Coatings Technology, Volume 257,2014 RefidcieREE RS
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HOW TO COMBINE ALD WITH PVD
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‘ ALD-PVD COATINGS Pure Al: 300 — 400 MPa

Al alloys: ~600- 700 MPa

10x (PVD Al 250 nm — ALD ALOz1 nm)

1#--5% strain Fhus

Homogeneous
Deformation

600 [ 350 |

300 |-
500

250

600MPa
RT

400

200 |
300
150 |

200 -

Engineering Stress (MPa)

100

100 il

)

0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20
Engineering Strain Engineering Strain
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The SC-1
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PVD
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The SC-1

(PE)-ALD Al &' Cluster

PVD
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PVD-ALD RESULTS

3.6 Gpa in Hardness
~1.2 Gpa in Yield strength

| H=3.6+0.2GPa
E=90.5+ 6.1 GPa

load / mN
00 05 10 15 20 25 3.0

0 50 100 150 200 250
displacement / nm
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Customized stage holders (4 -8in.)

Temperature Gradient Stage ALD Exhaust Line

-  Temperature gradient stage (450°C - 30 °C)
- High Temperature
- Rotational and z-stage

< MW Plasma Sources*

i

:1 MW Plasma sources
- PE-ALD and MARS

£ ALD

ALD Chamber
PVD Chamber

- ' ‘ ALD Line Assembly
E_k" it '. @ onayce HiPIMS Compatible

Gate Valve

PVD

Electronics and Software

Modular and flexible to add new hardware

Custom Plates

Magnetrons a5 -y e . Feedthroughs
- Flanges

- Viewports

- Gaslines

- and more....

INn-situ metrology

-In-situ stress wafer measurements
- OES

TOF MS (pga TOF)

- QCM

INn-situ ellipsometer

Langmuir Probe

Motorized Throttle Valve

Turbomolecular Pump

In Situ Stress Measurements*

* Add-ons
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‘ ALD-TGS
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Hydrogen concentraion (at%)

g ] A PEALD (our results)
® Thermal ALD (our results)
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PVD-ALD RESULTS alh Swiss

Cluster
400 °C -RT Graded Microstructure R
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) —— N )
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EDX and RBS data
show no oxidation or
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metal film due to the
combination with an
ALD process

400 °C
Coarse grains

200inm
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‘ PVD-ALD

Cu-Al alloy (150nm) + 5 nm Al,O4

Annealed 400 °C

SWISS CLUSTER AG
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- ALD and its importance in different markets

- ALD and its combination with PVD will play a major role in tailoring new coating
materials for new and existing technologies in different sectors = Better Together

- Relatively new lines of research, combinatorial studies and applications of
multinanolayers 2 High throughput R&D

- Scaling up processes and equipment

SWISS CLUSTER AG
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