L O |
t ehrstuhl fiir Oberflachen- un erkstofftechnologie a UNIVERSITAT
HLh tuhl fiir Oberflach d Werkstofftechnolog SlEGEN

NbN Thin Film-Based Multilayer (S-(1)-5)
Structures for SRF Cavities

—

' Bundesministeri 9th Thin Film SRF 21 -
R furBildung (Virtual) ARIES

und Forschung
17.03.2021 -

A.O. Sezgin!, M. Vogel?, B.R. Lakki Reddy Venkata?!, A. Akter?, X. Jiang?,
|. Gonzales Diaz-Palacio?, R. Zierold?

L University of Siegen, Institute of Materials Engineering, Siegen, Germany

2 University of Hamburg, Center for Hybrid Nanostructures (CHyN), Hamburg, Germany

SIS Multilayer Structures for Applications in SRF Technology (SMART)



Outline

1. General motivation.

2. Technological motivation & S-I-S structures.
3. The project SMART & LOT, USiegen

4. The experimental set-up & the deposition techniques (DCMS, HiPIMS, (PE)-ALD).

5. Results & Discussions.

6. Next steps.

A. Ozdem Sezgin, 17.03.2021



-
O
—

IVERSITA
GEN il

n to the Standard Model.

ectronic

...at cosmic scales: .8+
ing and measurement of structura\ and el
§ matter at the quantum scale.

cale = the workings ©

ilities and capabilities beyond
:ons while con

..new possib
| scientific questio

fundamenta




B
€
-

" UNIVERSITAT
SIEGEN

Technology-specific motivation

The Challenge

The technological
bottleneck set by
bulk niobium.

[1] AIP Advances 5, 017112 (2013)
[2] https://doi.org/10.1088/1361-6668,/30/2/023001

A. Ozdem Sezgin, 17.03.2021

The possible solution(s)

Advanced material structures: mono-
and/or multi-layer (S-(1)-S) structured
superconducting thin films (TFs).

“Optimized multilayers of Nb;Sn, NbN, some of the
iron pnictides, or alloyed Nb deposited onto the surface of the Nb resonator cavities
could potentially double the rf breakdown field, pushing the peak accelerating electric
fields above 100 MV/m while protecting the cavity from dendritic thermomagnetic
avalanches caused by local penetration of vortices.” [1]

9th
TFSRF 4
2021




-

LO

X

" UNIVERSITAT
SIEGEN

SIS Multilayer Structures for Applications in Superconducting Radio-Frequency

Technology (SMART)
(P)VD (e.g., DCMS, HiPIMS, RFMS, etc.) & Material
Characterizations
(PE)-ALD
& Tc
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Cursor Height = 44 .67 nm

TR

University Siegen

EHT =10.00kV Signal A=InLens Date :9 Jan 2020
L.OT
Mag= 27.50 KX File Name = ALD_AI203_44_Si_CS_T_91 2&

| | WD= 5mm

* MS: Magnetron Sputtering (e.g., DCMS, HiPIMS).

(PE)-ALD: (Plasma Enhanced)-Atomic Layer Deposition.

A. Ozdem Sezgin, 17.03.2021
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Development of NbN TF-based Multilayer
Structures

The optimization studies of the parameter window for DCMS-NbN thin films
(TFs) on ALD-Alumina/Si, PEALD-AIN/SI, and silicon.

The parameter studies of HIPIMS-NbN mono-/multi-layer (S-I-S) structures
on (PEALD)-AIN/SI & (ALD)-Alumina/Si, and silicon substrates.

The thickness uniformity studies of the coated-layers - after the
development of the code for the rotation (rocking/pulsing) of the table.
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Initial DCMS-NbN Parameter Studies

DC - P1 DC - P2

10 ym EHT = 5.00kv Signal A=SE2 Date :3 Jul 2020 University Siegen

I | WD= 3mm Mag= 500X File Name = 1186-DC_NbN_T200_200V-15 WD= 4mm Mag= 1.00 KX File Name = 1180-2-DC_NbN_Tmax_100V-

EHT = 5.00kV  Signal A= SE2 Date :14 Jul 2020 University Siegen
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The Delamination of ALD-Alumina

DC - P3

200 nm EHT = 5.00kV  Signal A=InLens Date :20 Axs§ 2020 University Siegen

LOT
WD= 4mm  Mag= 40.00KX File hiéfne = CS_DC_NbN_R300W-T400-0VigEemEss
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100 nm EHT = 500kV  Signal A=InLens Date :20 Aug 2020 University Siegen ./

|_| WD= 4mm Mag= 40.00KX File Name=CS_DC_NbN_RSOOW—T400-0\;%‘ The delamin ation issue Of th e
A insulating layer (ALD-alumina). o 9
A. Ozdem Sezgin, 17.03.2021 2021
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The Delamination of ALD-Alumina

1180-DCNDbN-Tmax-100V-(2)
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A. Ozdem Sezgin, 17.03.2021
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— DCMS-NbN Optimizations - High P [W] N

Alumina

1 um EHT = 5.00kV  Signal A=InLens Date :15 Sep 2020 University Siegen
LOT
WD= 6mm Mag = 156.00 KX  File Name = CS_DCNbN_500W-T400-0V-R Gragsgitif

Signal A= InLens
Mag = 2000K X

200 nm EHT = 5.00kV Signal A=InLens Date :17 Jul 2020 University Siegen

LOT
— WD= 4mm  Mag= 5000KX File Name = 1234_CS_DC_NbN_1 oow-T4t&J.tif
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DCMS-NbN Optimizations - High P [W] -
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EHT = 5.00 kV
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Signal A=InLens Date :4 Dec 2020
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University Siegen

A. Ozdem Sezgin, 17.03.2021
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HP-P1
1300W-50V
2900mPa

20 nm EHT =10.00kV Signal A=InLens Date :21 Feb 2021 University Siegen
LOT
|_| WD= 4mm Mag = 200.00 KX File Name = S1_1669_s3_03 tif =

Low Duty-cycle
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100 nm EHT =10.00kV Signal A=InLens Date :21 Feb 2021 University Siegen
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EHT =10.00 kV
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Summary & Outlook

Further recipe developments for optimized etching, sputter cleaning, an
HiPIMS-NDbN thin films in S(I)S structures,

Further material (surface & interfacial) characterizations (e.g., SEM/EDX, X
TEM, SIMS, EBSD etc.) of the NbN-thin film based multilayer structures.

Superconductivity and RF characterizations of the optimized NbN thin film-base
structures.

Studies of PVD-Alumina as well as investigations of the possibility of NoxOy as pote
Insulating layers in SIS structures.

On going experimental design of hybrid (DCMS+HiPIMS)-NbTiN thin films (to be started
soon) and (RF)-MS-Nb;Sn (in the near future) coatings to be applied in SIS structures.

Transition studies from flat surfaces to more complex geometries (e.g., SREcavities).
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