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Thin films synthesis technic based on self-limiting chemical surface reactions of precursors in the vapor phase.

Deposition in a layer by layer fashion.

Advantages:

AlL,O; = Al(CH3); + H,O
Control of chemical composition and thickness at the atomic level.
Films are smooth, pin hole free.
Excellent conformality on arbitrary complex materials.
Large palette of materials.

Limits:

Slow process (0.3 to 10 A/cy - thicknesses~ 0.1 nm — 1000 nm)
New materials require new chemistries.

Applications:

Micro-électronique: HfO2, Ta205, La205, Al203
Biomedical: TiN, ZrN, CrN, AITiN

Batteries: AI203, LaF3, SnF2... Electronique flexible Films diélectrique  Electronique-nanotubes
Catalyse: Pt, Ir, Co, TiO2, V205
Détectors

Photovoltaique: ZnO:Al, InSnO
Diffusion/anti-corrosion barriers: ZrO2, TiN...
Laser and Qbits: Er:Y203 ...
Superconductors: MoN, NbTiN, TiN...
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WHAT ARIES - POC ENABLED?

» ALD deposition systems
» ALD on porous media: filters

» ALD on SRF cavities: tuning Nb surface
properties surface: diffusion barriere and SEY.

» ALD on SRF cavities: multilayers.
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ALD SYSTEM

B 2 ALD systems:
= Research scale: coupons, test chemistries.
= Development scale: macroscopic objects (under
vacuum).
B Thematics
Superconductors (cavité, QuBits), SEY, Porous media
‘ functionalization (Corrosion, Filtration )
BB - 1 i =" , B Research scale ALD:
‘.= - i ¥ = Chamber/reactor @xL: 5x50 cm.
= Temperature: 30-450°C
= 7 précursors (3 solids, 2 liquids, 2 gases).
= Adapt other objects on it (cavities, QPR)
= |nsitu: RGA, QCM.
B Development scale:
= Chamber: (dxL: 45x50 cm).

New ALD reactor :
- s ~ 4

B Caracterisation:

= XPS: CEA (F. Miserques, J. Leroy), ICMMO (D. Dragoe), ILV (M. Frégnaux).
=  XRD-XRR: Polytechnique (S. Tusseau-Nenez), IJCLab (G. Sattonnay).

= TEM: IJCLab (A. Gentils)

= SEY: IJClab (G. Sattonnay)

*=  Tunneling spectroscopy: CEA (T. Proslier)

B Team:

= 2 Ph.Ds (Y. Kalboussi, S. Bira), 1 alternance ingineer (B. Delatte), 1 Internship (M. Kim).
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ALD - POROUS MEDIA

< |

B Homogeneous (surface externe + interne) on porous medias.
Collaboration with DES — 3D printing metals (filters for nuclear, health).
Program Transverse de Compétence - MP (POROFAB).

Holes sizes ~ 200 um, 70 pm.

Materials: Al203 and TiN.

Corrosion resistance tests work! (Patent + publication under way)

B ALD on structures with very high aspect ratio (MOF, Open Opale
structure)
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» An original approach proposed by A. Gurevich [1] to improve RF cavities through depositing a
superconducting multilayer capable of screening efficiently the magnetic field.

AI(CH3)2(S)
Purge

H,0 (g)

Pulse

( AI(CH,),(9)
Pulse

Repeat ALD cycle N times

» The multilayer is composed of a compilation
of nanometric films of insulators and high T,
superconductors ( NbTiN ,MoN).

Atomic layer deposition (ALD) is the only
deposition technique able of providing such
high quality Nano-films over large surfaces

AL (s) ‘
Purge with complex shapes such RF cavities.

[1] A.Gurevich,Enhancement of RF breakdown field of SC by multilayer coating”.Appl. Phys.Lett, 2006.
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Ceay ALD ON SRF CAVITIES: TUNING NB SURFACE PROPERTIES

DIFFUSION BARRIERE AND SEY

» First Step: Reduce Niobium native oxydes which are deletious
for superconductivity and replace it with a thermally stable
ALD-deposited diffusion barrier.
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TEM images (plateforme JaNNuS-SCALP @IJCLab) of Al203
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a 20 nm

as deposited (a) and after annealing at 650°C- 4Hrs (b) films (10
nm thickness) deposited on Niobium.




Ceay ALD ON SRF CAVITIES: TUNING NB SURFACE PROPERTIES
DIFFUSION BARRIERE AND SEY
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Thickne:

» Slight Improvement of the Q, under low and medium Fields.
» Multipacting barrier found at 18 MV/m ... Why ?
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SEY measurment @IJClab

Al203-8 nm- As deposited

Al203-8 nm- Annealed 650°C-4 Hrs
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BILAYER AL,O, -TiN

SEY measurment @IJClab

XPS depth profiling
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SEY AL203: TIN
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» SEY max ~ constant down to 4,8 nm S 250 .
» Films continuous: low resistivities x 240 .
» Decrease of SEY max under conditionnement Eaol
SEY max = 1.6 after 10 mins. 220 .
» Collaboration starting with ONERA: compare models 210 l
with experiment: thickness dependences (sub nm to tens 200 ] i
nm) ) o ) ) 190 +—rr————rrrr———r——— T ———r——
- Quid other nitrides/carbides (NbTiN, MoN)? 0.1 1 10 100 1000

- Patent submitted and paper under way.
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» SEY is significantly improved with the TiN layer (even
lower than the Nb).

» Niobium native oxydes are eliminated.

» Process applied on a Nb cavity (heated to 450°C
under air) = defects on the outside of the cauvity.

» A new ALD system is currently under construction
allowing cavity coating under vacuum.

Picture of the inside of a Nb cavity coated with TiN—AI203

ARIES PoC report



i Ii b IIIIIIIIIH’

XPS depth profile:

» NDTIN has excellent superconducting performance (T, = 17 K).

» AIN as a dielectric layer.
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» Chemistry: Combination of NbClg/ NH; and TiCl,/NH,

cycles.
% Ti variation with Ti/(Ti+Nb) ALD cycles
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» Ti content vary with TiCl,: NbCl; Ratio.

NbClI; etches TiN which results in low content of Ti in NbTiIN.



GIXRD diffraction patterns on NbTiN films on Si substrate
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» GIXRD shows a cubic structure on all films.
» Peaks shifts to lower angles with increasing NbN cycles =» Higher Lattice parameter.
» Grain size ~ 20-35 nm and strain ~ 0.1 to 0.4%
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cez SUPERCONDUCTING PERFORMANCE OF

NBTIN FILMS

Resistivity variation with Ti/(Ti+Nb) ALD cycles Tc variation with % Ti content in NbTiN films

9,0

700+ |
8,5 [ ]

8,0
759 =

7,0

Tc

6,5 1

6,0

Resistivity [pohm.cm]

5,5 1

5,0 1

T T T T T T T T T T T 415 ''''''''''''''
0,0 0,2 0,4 0,6 08 1,0 1 2 3 4 5 6 7 8
Ti/(Ti+Nb) ALD cycles % Ti

» Resistivty decreases with increasing Ti content in NbTIN films.

» Highest Tc achieved for now is 8,5 K.
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HOMOGENEITY ALN-NBTIN

> Deposition test on a Cu cavity (450°C): » Thickness, density and roughness and
NbTiN (50 nm) /AIN (7 nm) structure variations measured by XRR
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» Film homogeneous in structure and thickness
(XPS and Tc under way)

> Next step: Deposition on Nb cavity.
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CONCLUSION

»  Numerous projects enabled by ARIES PoC - ACCALD.
»  Porous media, SEY tuning, multilayers, passivation layers for detectors
»  Two patents submitted and more papers under redaction.

»  Future: ALD of multilayers on Nb cavities (IFAST project).

Other projects: Magnets - Tuning interface conductance between
conductors, Qubits...
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