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Where are we?
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Thanks to the SALD Team!
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First SALD patents and publications

Patented 1977, Suntola et al.

SALD at Atm. Pressure, no vaccum
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Open-air SALD @ LMGP

Based on a close-proximity, manifold injection head

DMR, Mat. Horizons, 2014, 1, 314.  
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Open-air SALD @ LMGP

Based on a close-proximity, manifold injection head

DMR, Mat. Horizons, 2014, 1, 314.  

Open air, no 
chamber, simpler, 

cheaper scaling up



8

Open air, no chamber, simpler, cheaper scaling up

Open-air SALD @ LMGP

Devy, CC Rev 257 (2013) 3332
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SALD Research at LMGP

Design & Optimization
- Atm. Plasma 

activation
- up-scaling/simulation

Fundamental studies
- Effect of open-air 

processing
- New materials

Materials available or in study: 
ZnO, Al2O3, Al:ZnO, Cu, Cu2O, CuO, TiO2, 
SiOx, MgO, SnO2, Ga2O3, HfO2, Ag, CeO2, 
ZrO2, Pd, Hybrids (Metalcones, MOFs, …)

SPECIFICATION OF THE SALD
Deposition Temperature RT to 350 °C

Deposition Area 1 to 25 cm2

Growth rate Up to 2 nm/s
Subtrates Metal, glass, plastic, tissue, 

Maximum Achievable
Thickness Up to several µm

Applications
- TCM
- PV
- Sensors
- Res.Switc.
- …
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Possibility to perform CVD

Open-air SALD @ LMGP

1 2
34

ALD vs. CVD

20 cycles @ 2 mm/s: ~12 minutes

40 cycles @ 2 mm/s: ~25 minutes

100 nm

Average ZnO nanorod diameter = 60 to 80 nm
Nanorods have tapered top facets 

Average alumina thickness = 25 nm

60 cycles @ 25 mm/s: !!! ~3.5 minutes

K. Musselman et al.  Nanoscale Horizons, 2017, 2, 110  
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Area-selective Deposition

• CFD simulations:
César 
Masse

Masse de la Huerta, et al., Coatings, 2018
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Different customized SALD heads

Cu2O

ZnO

ZnO

ZnO
Cu2O

Masse de la Huerta, et al., Coatings, 2018

Static Deposition SCVD: an alternative 
approach to selective depostion

César 
Masse

Viet Nguyen
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Custom heads by 3D printing

• 3D printing for SALD heads:

Masse de la Huerta, et al., Adv. Mater. Tech, 2020, 5 (12), 2000657

Let’s use 3D  printing!
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Custom head by 3D printing

• 3D printing for ASD:

Masse de la Huerta, et al., Adv. Mater. Tech, 2020, 5 (12), 2000657

Abdou
Sekkat

Chiara 
Crivello

César 
Masse

Fidel 
Toldrà



Combinatorial deposition (Coll. Univ. Waterloo)

• non-homogeneous samples on purpose: 
thickness gradient

Adv. Funct. Mater.  2021, 31(31), 2103271 15

• 3D printed custom heads to be non-
homogeneous (simulation)
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Different customized SALD heads

Cu2O

ZnO

ZnO

ZnO
Cu2O

Masse de la Huerta, et al., Adv. Mater. Tech, 2020, 5 (12), 2000657

Static Deposition SCVD: an alternative 
approach to selective depostion
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Scribbling functional materials

SALD PEN: Concentric channels. Possible to move in any direction

Masse de la Huerta, et al., Adv. Mater. Tech, 2020, 5 
(12), 2000657
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Scribbling functional materials

• SALD PEN: Concentric channels. GAS-PHASE 3D printing 
of functional materials with nanometric resolution in Z

Masse de la Huerta, et al., Adv. Mater. Tech, 2020, 5 (12), 2000657
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Scribbling functional materials

• SALD PEN: Concentric channels. GAS-PHASE 3D printing 
of functional materials with nanometric resolution in Z

Masse de la Huerta, et al., Adv. Mater. Tech, 2020, 5 (12), 2000657

New gas-phase 3D printing approach
with nanometric resolution in Z
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SALD on non-flat substrates?

• Custom SALD close proximity head for tubular-cylindric
substrates

F. Toldra-Reig et al., submitted. Patent Pending
Fidel Toldrà-Reig

Fidel 
Toldrà

Clement 
Lausecker
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SALD Research at LMGP

Design & Optimization
- Atm. Plasma 

activation
- up-scaling/simulation

Fundamental studies
- Effect of open-air 

processing
- New materials

Materials available or in study: 
ZnO, Al2O3, Al:ZnO, Cu, Cu2O, CuO, TiO2, 
SiOx, MgO, SnO2, Ga2O3, HfO2, Ag, CeO2, 
ZrO2, Hybrids (Metalcones, MOFs, …)

SPECIFICATION OF THE SALD
Deposition Temperature RT to 350 °C

Deposition Area 1 to 25 cm2

Growth rate Up to 2 nm/Cycle
Subtrates Metal, glass, plastic, tissue, 

Maximum Achievable
Thickness Up to several µm

Applications
- TCM
- PV
- Sensors
- Res.Switc.
- …
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Effect of Open-air processing

Deposition of Al:ZnO, as Transparent Conductive Oxide (TCO)
Viet Nguyen

Technique T °C t 
(nm)

µ 
(cm2 V-1 s-1)

N 
(cm-3)

ρ 
(Ω cm)

PLD 230 280 47.6 1.54x1021 8.54x10-5

DC Sputt. RT 350 14.8 8.2x1020 3.5x10-4

RF Sputt. 100 680 28 5.9x1020 3.7x10-4

MOCVD 450 600 17 4.35x1020 8.35x10-4

ALD 300 200 19,7 2,2x1020 1,4x10-3

SALD-TNO 200 320 5 5,0x1020 2,0x10-3

SALD-LMGP 200 210 2,6 4,25x1020 5.6x10-3

State-of-the-art, 
comparable to 
Tin-doped In 
oxide (ITO), 
standard TCO 

Why such a 
low mobility??

New theoretical model that takes
into account tunneling through the 

GBs in highly degenerated
semiconductors (TCO)

J. Y. W. Seto, J. App. Phys. 46 (1975) 5247. >3000 citations! V. H. Nguyen et al.  Mat. Horizons, 2018 
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Atmospheric-Plasma-Activated SALD

ANR project DESPATCH, coll GREMI, LTM: Plasma deposition of SiO2

Direct Barrier Discharge (DBD)

Atmospheric

Integration in SALD head

SiO2 on Si 
from RT to 
150 °C

V. Nguyen, Chem. Mater, 2020, 32, 5153. 

Viet Nguyen
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Atmospheric-Plasma-Activated SALD

ANR project DESPATCH, coll GREMI, LTM: Plasma deposition of SiO2

Direct Barrier Discharge (DBD)

Atmospheric

Integration in SALD head Optical Emission Spectroscopy

SiO2 on Si 
from RT to 
150 °C

V. Nguyen, Chem. Mater, 2020, 32, 5153. 
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First SALD deposition of Cu2O back in 2012

Cupraselect (Cu(tmvs)(hfac), Cu+ ) + H2O Prec. 
heated at 65 °C

D. Muñoz-Rojas et al, AIP advances , 2012
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Very good transport
prop. NO CLUE 

WHY. Non-stable
precursor!!

A. Marin et al. Adv. Func. Mater.., 2013

Cu2O: abundant elem. Many applications
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Cu2O from a “new” solid precursor

IDEX CDP project Eco-SESA: Cu2O for all-oxide solar cells/harvesters
Abdou Sekkat

Solid Precursor, never used for CVD, ALD 
of Cu2O: Cu(cod)(hfac), Cu+

Cu2O, abundant & non-toxic, many
applications: transparent electronics

A. Sekkat, Nature ComMat 2021
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Cu2O from a “new” solid precursor

Transport properties

A. Sekkat, Nature ComMat 2021 (Highlighted in Nature Portfolio)

Record mobility values! Close to SC Cu2O. 10 times 
less charge concentration than with Cu(tmvs)(hfac)

Cu(cod)(hfac) solid precursor 
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Cu2O from a “new” solid precursor

Raman comes to the rescue!!

A. Sekkat, Nature ComMat 2021

Sander, T et Al (2014). 
Physical Review B, 90(4). 

The T1u modes measured around 150 
and 645 cm-1 correspond to phonons 

not at the zone center: they are 
activated by defect namely Vcu, Vcu,split

and Oi
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Cu2O from a “new” solid precursor

Transport properties

A. Sekkat, Nature ComMat 2021

Strong effect of temperature and precursor used on 
the amount of defects (copper vacancies)

Cu(cod)(hfac) solid precursor 
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Cu2O from a “new” solid precursor

Even Further optimized, to be published

A. Sekkat, submitted
Record resistivity value for non epitaxial Cu2O thin films, 

tunable transport properties
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Open air deposition of SnO2

V. Nguyen, M.Akbari et al. Dalton Trnas. 2022, accepted

First demonstration of SALD deposition of SnO2 from Sn(acac)2, Key 
impact of open air processing and atm. Pressure on reaction output

Viet NguyenMasoud Akbari
Different Sn precursors evaluated (DFT) and some tested:

Sn(acac)2 and  bis[bis(trimethylsilyl) amino] tin(II)

Hydrophpbic surface due to 
ligand adsorption : NO SnO2

deposition
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SALD Research at LMGP

Design & Optimization
- Atm. Plasma 

activation
- up-scaling/simulation

Fundamental studies
- Effect of open-air 

processing
- New materials

Materials available or in study: 
ZnO, Al2O3, Al:ZnO, Cu, Cu2O, CuO, TiO2, 
SiOx, MgO, SnO2, Ga2O3, HfO2, Ag, CeO2, 
ZrO2, Hybrids (Metalcones, MOFs, …)

SPECIFICATION OF THE SALD
Deposition Temperature RT to 350 °C

Deposition Area 1 to 25 cm2

Growth rate Up to 2 nm/Cycle
Subtrates Metal, glass, plastic, tissue, 

Maximum Achievable
Thickness Up to several µm

Applications
- TCM
- PV
- Sensors
- Res.Switc.
- …
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All-oxide solar harvester

Ultra-thin ZnO/Cu2O by SALD at low temperature

A. Sekkat, Nature ComMat 2021

Abdou Sekkat
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All-oxide solar harvester

Ultra-thin ZnO/Cu2O by SALD at low temperature

A. Sekkat, Nature ComMat 2021, vol 2 article 78

ED1
ThOx SD

ED2
Sputt

This 
work-

SALD
0.1

1

10
 Cu2O Thickness (µm)
 ETA (%)
 ETA/Cu2O Thickness (%/µm)
 Jsc (mA/cm²)
 Jsc/Cu2O Thickness (mA/cm²/µm)

0.1

1

10
Atmospheric, 

low-temp. 
Fabrication of 

semitransparent 
Cu2O devices 

with efficiency 
comparable to 
much thicker 

devices
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Cu2O for Photovoltaic applications

Cu2O for HET cells, coll INES

J.Mater. Chem. A, 2021 
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SALD Research at LMGP

Design & Optimization
- Atm. Plasma 

activation
- up-scaling/simulation

Fundamental studies
- Effect of open-air 

processing
- New materials

Materials available or in study: 
ZnO, Al2O3, Al:ZnO, Cu, Cu2O, CuO, TiO2, 
SiOx, MgO, SnO2, Ga2O3, HfO2, Ag, CeO2, 
ZrO2, Hybrids (Metalcones, MOFs, …)

SPECIFICATION OF THE SALD
Deposition Temperature RT to 350 °C

Deposition Area 1 to 25 cm2

Growth rate Up to 2 nm/Cycle
Subtrates Metal, glass, plastic, tissue, 

Maximum Achievable
Thickness Up to several µm

Applications
- TCM
- PV
- Sensors
- Res.Switc.
- …
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We are recruiting PhDs and Postdocs

david.munoz-rojas@grenoble-inp.fr 
http://sites.google.com/site/workdmr/
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ZnO SALD Coating on AgNWs

Thanks for your 
attention!!!

http://sites.google.com/site/workdmr/ david.munoz-rojas@grenoble-inp.fr
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