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Successful Al,O, coating of high-gradient 1.3 GHz cavities by thermal ALD

v' Proof-of-principle experiment
* Process optimization
 Thermal ALD Process Simulation

Thermal ALD setup
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Successful Al,O, coating of high-gradient 1.3 GHz cavities by thermal ALD

v' Proof-of-principle experiment
* Process optimization
 Thermal ALD Process Simulation

v’ Several single-cell cavities
successfully coated
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Successful Al,O, coating of high-gradient 1.3 GHz cavities by thermal ALD

v' Proof-of-principle experiment
* Process optimization

e Thermal ALD Process Simulation suc

v’ Several single-cell cavities

cessfully coated

v Gradients above 40MV/m without
any deterioration in Q-value
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SIS multilayers (PE)-ALD investigation at UHH
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Tailored AIN-NbTiIN multilayers deposited by PEALD on Nb and Si substrates

» Elemental analysis

SIS motivation ALD principle ALD coating cavities [ PEALD SIS studies ] Outlook 9




Tailored AIN-NbTiIN multilayers deposited by PEALD on Nb and Si substrates

» Elemental analysis

» Superconducting Nb, Ti; N film
composition
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Tailored AIN-NbTiIN multilayers deposited by PEALD on Nb and Si substrates

» Elemental analysis

» Superconducting Nb, Ti; N film » Crystallinity
composition

=Ny 55Tig 5N 300 =1
/\400 _+Nb0'66Ti0'33N 200 ; r—-—
9/ -+Nb0.75Ti0.25N 100 f § -
o 300+ |
) i
c A
5 200+
9
o 100+

0

0 50 100 150 200 250 300
Temperature (K)
SIS motivation ALD principle ALD coating cavities [ PEALD SIS studies ] Outlook




Tailored AIN-NbTiIN multilayers deposited by PEALD on Nb and Si substrates

» Elemental analysis
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AIN-NbTiN multilayers by PEALD are ready to move on to cavities

» Enhancement superconducting properties annealing

AIN-NbTiN muItiIayers Detailed info: I. Gonzalez Diaz-Palacio et al.,

Thermal annealing of superconducting niobium titanium nitride thin films
deposited by plasma-enhanced atomic layer deposition Journal of Applied Physics
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AIN-NbTiN multilayers by PEALD are ready to move on to cavities

» Enhancement superconducting properties annealing
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AIN-NbTiN multilayers by PEALD are ready to move on to cavities

» Enhancement superconducting properties annealing » Success AIN-NbTiN multilayers to cavity preparation techniques:

AIN-NbTIN muItiIayers Detailed info: I. Gonzalez Diaz-Palacio et al., hlgh pressure rinsing (HPR)

Thermal annealing of superconducting niobium titanium nitride thin films
deposited by plasma-enhanced atomic layer deposition Journal of Applied Physics
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AIN-NbTiN multilayers by PEALD are ready to move on to cavities

» Enhancement superconducting properties annealing » Success AIN-NbTiN multilayers to cavity preparation techniques:

AIN-NbTIN muItiIayers Detailed info: I. Gonzalez Diaz-Palacio et al., hlgh pressure rinsing (HPR)

Thermal annealing of superconducting niobium titanium nitride thin films
deposited by plasma-enhanced atomic layer deposition Journal of Applied Physics
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» Field emission from planar films threshold voltage of:
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PEALD AIN-NDbTIN cavity coating — starting next year

EXTEND SINGLE-CELL FURNACE TO PEALD-SINGLE-CELL COATING SYSTEM

Upgraded system

High versatility in one
system:

- PEALD and thermal ALD
- Capable depositing:

o NbTiN / NbN
o AIN
o Al,O;
Status: - In-situ annealing
v’ Design o dissolve oxide layers
v Fabrication before coating
o Commissioning o after coating
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Related activities ongoing

» Thermal conductivity studies » Commissioning of the UHH » Flux expulsion studies at
at UHH/DESY Quadrupole Resonator (QPR) at DESY CERN
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Thermal conductivity
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Thermal conductivity
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Cool Down Sample Pair Treatment (Wem 2K 1)
1 1 as-fabricated 0.307 0.046
2 1 BCP 1 0.404 0.120
3 3 as-fabricated 0.332 0.031
4 2 BCP 1 + outgassing 1 0.167 0.016
X 5 3 BCP 2 0.280 0.030
6 4 BCP 2 + outgassing 2 0.200 0.019
7 3 BCP 2 + outgassing 2 + SIS 0.141 0.013
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Thermal conductivity

Capillary Steel Enclosure
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Take home messages

v’ Achieve coated cavities by thermal ALD and sustain high accelerating gradients without
any performance deterioration

v' SIS multilayers by PEALD and post-deposition annealing have been optimized on planar
substrates — move on to cavities

v Continue material R&D and investigate potential showstoppers
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