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General motivation: S&T Advancement

Q.  What are the scientific and technological impacts of R&D endeavors for particle 
accelerators?

…at cosmic scales: e.g., the study of dark matter in relation to the Standard Model.

…at atomic scales: e.g., the real-time imaging and measurement of structural and electronic 
dynamics at the quantum scale  ➔ the workings of matter at the quantum scale.

…new possibilities and capabilities beyond those existing currently so as to allow us to address 
fundamental scientific questions while contributing to the technological advancement in favor 

of societies.
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Technology-specific motivation

The Challenge

The bottleneck set
by bulk niobium.

The possible solution(s)

Advanced material structures: mono-
and/or multi-layer (S-I-S) structured 

superconducting thin films (TFs).
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“Optimized multilayers of Nb3Sn, 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.”  [AIP Advances 5, 017112 (2015)]



The Project SMART & LOT- USiegen
[https://www.mb.uni-siegen.de/lot/forschung/projekte/smart.html?lang=de]

[https://www.mb.uni-siegen.de/lot/lehrstuhl/organisation/?lang=de]

• Thermal CVD
• MWCVD
• ECRMWCVD
• HFCVD
• DCMS, HiPIMS
• RFMS
• Electroplating

ALD
PVD

Additional expertise, 
in particular in QPRs

Additional expertise in 
(ALD)-based ML TFs

QPRs

Computational EM

SRF
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Some available in-house know-how.

• ALD: Atomic Layer Deposition
• PVD: Physical Vapor Deposition
• QPR: Quadrupole Resonator



The Objectives of LOT, UniSiegen in the Project SMART
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Experimental Set-up
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ALD-alumina on Si wafer
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Direct Current Magnetron Sputtering (DCMS)

[https://www.visual-science.com/projects/magnetron-sputtering/technical-illustration/]
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CemeCon
CC800



Results & Discussions
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T400 T200T650

Results & Discussions



Results & Discussions
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Results & Discussions
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The delamination of the insulating layer
(alumina). 



Results & Discussions
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Next Steps
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* The on-going experimental design of deposition processes regarding:

§ mono-layer and / or

§ multi-layer (S-I-S) structured superconducting materials

…based on Nb(Ti)N, Nb3Sn TFs on ALD-alumina / Si and niobium substrates with various deposition techniques
(e.g., DCMS, HiPIMS, RFMS etc.),

* Further material (surface & interfacial) characterizations (e.g., SEM /EDX,    
XRD, AFM, TEM, SIMS, EBSD etc.),

* The thickness studies of the coated-layers (e.g., uniformity, (U)TFs),

* Superconductivity characterizations (e.g., Tc[K], Ben[Oe], etc.).

The on-going construction of the RF box-coater:* UTFs: Ultra-thin films
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