
HTS coils without HTS tapes:
Direct deposition and patterning on wide surfaces

francesco.volpe@renfusion.eu
via  alex.usoskin@renfusion.eu

CCA 2023 Workshop, Houston 04-04-2023

IEEE-CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), June 2023. 
Presentation given at Coated Conductors for Applications Workshop, Houston, TX, USA, April 2023. 

mailto:francesco.volpe@renfusion.eu
mailto:alex.usoskin@renfusion.eu


Confidential, all information reserved to Renaissance Fusion 2023
F. Volpe  A. Usoskin, CCA 2023 Workshop, Houston 04-04-2023

A fusion of talents!
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Fusion Power Plant
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Deuterium-Tritium Fusion

Deuterium (D)
From water

Tritium (T)
From Lithium

Helium (He)

Neutron (n)

3,5 MeV

14,1 MeV
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INERTIAL
Compression, e.g. by lasers

Improves with:
• Laser power
• Target nanofabrication
• Uniformity of compression
• Repetition rate
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MAGNETIC
Confinement by strong magnets

Improves with:
• Size of device
• Magnetic field strength

MAGNETO-INERTIAL
Magnets & Compression

Improves with:
• Uniformity of compression
• Compression ratio
• Plasma purity

For D-T, Triple product 𝑛𝑛 𝑇𝑇 𝜏𝜏𝐸𝐸 > 3 � 1021m−3keV s
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Tokamaks vs. stellarators
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Simple to build
Difficult to operate (pulsed, unstable, subject to 
“disruptions”, regulatory issues)

Difficult to build
Simple to operate (steady-state, stable)
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Presenter
Presentation Notes
Animate (Nicolas): show pulsed op of tok.
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Deposition Patterning Assembly

2 machines instead of 7
7x faster process
Multi-layer

…and simplify HTS manufacturing

7
Patents pending

3D  two 1D movements Portable sub-assemblies 
(cryostat + vessel + coil-set)
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MRI Energy Storage HTS tapes

Quantum Computing Energy Storage Electric Motors & Accelerator’s Magnets

Many other applications
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TO ADD:�Magnetic experiments�Compensate for terrestrial magnetic field for precise meas or medical �Magnetic hoist�Magnetic brake�Generic applications of permanent magnets�



Confidential, all information reserved to Renaissance Fusion 2023
F. Volpe  A. Usoskin, CCA 2023 Workshop, Houston 04-04-2023

Coil Winding Surface (CWS)
Does it really have to be conformal to the plasma boundary?

Early modular designs:
axisymmetric

W7-AS: ~ piecewise cylindrical?

W7-X: ~ conformal

W7-A: axisymmetric
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HTS cylinders simplify stellarators’ Coil Winding Surface (CWS)

RF: piecewise cylindrical

Simple surface
Complex current-pattern 
(but simple for the laser)

W7-X: ~ conformal CWS

Complex surface
Simple current-pattern
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A safer reactor thanks to liquid metal walls
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Parabolic CircularNear-circular

Increasing jxB and/or v

(full coverage)
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Architecture of REBCO coated conductor

Layer Deposition
technique

Thickness
(±5%)

Max Deposition 
speed Notes

Al2O3 Magnetron 80 nm 120 m.h-1 Diffusion barrier to 
metal ions from C-276

Y2O3 Magnetron 7 nm 400 m.h-1 Seed layer for MgO

MgO

IBAD 10 nm ~14 m.h-1

Template for the 
epitaxial deposition of 

REBCO
MOCVD 20 nm 100 m.h-1

LMO MOCVD 30 nm 100 m.h-1 Buffer layer (Lattice 
match)

REBCO MOCVD 2 µm 7.5 m.h-1 HTS layer

Ag Magnetron 2 µm 70 m.h-1 Protection layer

C-276 (50 µm)

Al2O3

Y2O3

MgO

*Layers not up to scale

LMO

REBCO

Ag

next
step

next
step
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IEEE Trans. Appl. Superond. V.26, issue 3, April 2016, DOI: 
10.1109/TASC.2016.2542253
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MOCVD temperature distribution (FEA)
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Temperature (C) 
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MOCVD machine with QEH reactor for 1 m wide tape 
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Instead of summary:
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QEH

QEH

 MOCVD with QEH reactor should yield a sufficient surface
homogeneity in wide tapes

 It should also exhibit a very high deposition efficiency
suppressing material loss down to <20%

 Experimental confirmation of these features is expected in
2023
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Backup foils
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QEH

QEH
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A clear roadmap to commercial fusion
+exit-point to early revenues
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Business 
opportunities

Skyfall III Chartreuse X Chartreuse P
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Presentation Notes
Keeping that pace, we aim to achieve fusion in less than 10 years, with business opportunities in just 3 years. We are now looking for industrial partners. And we are preparing a series A to complete our enabling phase and scale-up our product.
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Information for the session discussion: extra-wide tapes

• Gaps in technology:   not found
• Conductor specifications – quantitative:

w=1 m, L = 1000 m, Ic(SF, 77K) > 250 A/cm-width (or 25 kA/m-width)
• Conductor volume needed – 3 years, 5 years:  10 km / 50 km
• What improvements are needed in conductor – prioritize:

it will be needed: to provide high Jc homogeneity
• Supply Chain issues:   not yet found
• Potential areas of collaboration with other applications, conductor

manufacturers:
possible applications: (see slide 8) energy storage, quantum computing,
+ electromagnetic shielding, levitation, high field magnets

Presenter
Presentation Notes
Alternative title 1: “They only have few caveats, and we addressed them”. Alt title 2: “We chose D-T reactions, magnetic fusion and the stellarator because they are nearly perfect, Then, we made them perfect!”Alt title 3: “Even the best reaction (D-T), confinement (magnetic) and most stable, reliable device (stellarator) have imperfections. �In our stellarator, we retire them.”Alt title 4: “We took something excellent and are making it perfect”.Remove 4 p-B11 companies: ENN, HB11, Marvel Fusion, TAERemove 7 D-He3 or cat-DD companies: CrossField, Helicity Space, Helion, Horne Tech, LPP Fusion, Princeton Satellite, Type One EnergyDISCARDED:We segment the stellarator in the “toroidal” direction to easily ship it and…Components are printed or installed directly on the doughnut, or rather pieces of it called “modules”.The doughnut is tessellated like a 3D puzzle. Yet, each piece (“module”) is a sub-assembly of many layers, automatically deposited. The segmentation simplifies the shipping & assembly where needed. The pre-assembly within each module reduces the number of components from ~1 million to few hundreds. 
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Tokamaks vs. stellarators

Coils simpler to build
Difficult to operate (pulsed, unstable, subject to 
“disruptions”, regulatory issues?)

Difficult to build
Simple to operate (steady-state, stable, no need 
for energy-intensive CD)
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