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Motivation: The hot-spot regime A EUCAS2023

31-7* September
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Superconductor 4mm, Superpower ReBCO-tape 40 um Cu-stabilization
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Motivation: The hot-spot regime A EUCAS2023

31-7* September

Feeding Reel Take out Reel “.. with an NZPV greater than 300 cm s-1, it is possible to achieve a satisfying

local thermal stability with relatively short HTS-CCs ...” (* at 365 A)

- Daniele Colangelo and Bertrand Dutoit Supercond. Sci. Technol. 27 124005 (2014)
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Motivation: Increasing the NZPV via the Interfacial Resistance
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Motivation: Increasing the NZPV via the Interfacial Resistance ‘ EUCAS2023

3r4-7* September
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o Ry=32X10%acm* o Ry=17X10"0.cm?
int int

A R,=35X10°Qcm’ v R, =84X10°q.cm?
Ry=17X10%0.cm®> < R =20X107 Q.cm?

Current
trajectory ] | - r g | f ‘_- T
1000 f@a e !
v E E 'f ‘o@ejﬁ : 1
E .l r
¢ e :
é\S@QC E e
,Q\?@l N 1004 Increasein vV > o © 4
0@(,@@ o = Interfacial POTE
A Resistance i 44 KK
| (Q.cm?) q 9
B Hastelloy Substrate [ ]Silver stabilizer 49
H 10 T ; T ¥ ! » " !
B REBCO film E Normal zo'ne | %o 20 100 130
(| Buffer layer [ ] Joule heating concentration

Current (A)
Bl High interfacial resistance layer

IEEE-CSC, ESAS and CSS] SUPERCONDUCTIVITY NEWS FORUM (¢lobal edition), Issue No. 55, January, 4. Invited presentation given at EUCAS 2023, September 7, 2023, Bolog



Motivation: Designing the Current Contacts Size ‘ EUCAS2023

3-7* September
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* Transport Current sweep: 1 <1 <5000 A

* Interfacial Resistance : 1078 < p < 1073 Q-cm?

*  Criteria for Min. Cont. Area: Maximum decrease of 5% in I A Current Contacts above 10 cm in length start to become impractical.
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Motivation: Designing the Current Contacts Size ‘ EUCAS2023

3r4-7* September

Silver-GdBCO contact resistance versus Annealing
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15t Proposal: Local Annealing after air exposure ‘ EUCAS2022
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1. Oxygen-Annealing 2. Air Exposure 3. Silver coating

0, Air
GdBa,Cu;0,_; GdBa,Cu;0,

=

Resistive Interface

4. Local Oxygen-Annealing

~5cm Long HTS-tape ~5cm
< > < >

<10°% Q-cm? 2 10*% Q-cm? < 10°¢ Q-cm?

P. Barusco et al. To be published
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1%t Proposal: Local Annealing — The Experiment
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1%t Proposal: Local Annealing — The Experiment
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15t Proposal: Local Annealing — The Experiment b

Bologna, Italy
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2"d Proposal: The Current Flow Diverter (CFD) A b2
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2"d Proposal: The Current Flow Diverter (CFD) j b2

31-7* September
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2"d Proposal: The Classic CFD ‘ o 2023

3r4-7* September

1. Commercial Ag 2. Partial Silver Etch 3. Surface Passivation 4. Re-deposition
coated tape of Silver
Air
GdBa,Cu,0;,

q B =

4. Final CFD

Long HTS-tape < 10° Q-cm?

/ 95 % width > 1075 O-cm? < 10°% Q-cm?
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2"d Proposal: CFD with Amorphous Y,0, ‘ B 2023
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2"d Proposal: CFD with Amorphous Y,0, B 2023

3-7* September
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2"d proposal: TEM analysis of the Yttria-CFD interface ‘ b0
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3" Proposal: CFD with intermetallic compounds (IMC)
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V. Simi¢ and Z. Marinkovié, “Room Temperature Interactions in Ag-Metals Thin Film Couples”,
Thin Solid Films, 61 (1979) 149-160
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34 Proposal: Can we use another metal to create the CFD? ‘ EUCAS2023

3-7* September

1. Commercial Ag 2. Metal Deposition 3. Annealing 4. Final CFD
coated tape

Heat
GdBa,Cu,0;,

=

4. Final CFD

Long HTS-tape < 10° Q-cm?

/ 95 % width 2 107° Q-cm? < 10° Q-cm?
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3" Proposal: CFD with Indium (In)
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3rd

Proposal: How much Indium do we need? EUCAS2023
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A.N. Campbell, Canadian Journal of Chemistry. 48(11):
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BCT Agln, (@-phase) — ; A The Agln, has a high Ductility coefficient. Unsuitable for the HTS’s shunt coating.

Cubic Ag,In (e-phase) — 32,8 wt% - 36,82wt% o !
Hexagonal Ag,In (y-phase) — 20 Wt% - 29.7 wt% i. 1) Pure Ag,In (e-phase) _i 2) Ag;In + Ag,lIn phase (€ +y) 3) Pure Ag;In (y-phase)

Cubic Ag;In (a’-phase, aka alpha-prime)
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34 Proposal: How fast Indium Diffuses in pure Silver? b0

R. Roy, “The kinetics of formation of Intermetallics in In/Ag thin film
couples”, Thin Solid Films, 197(1991) 303-318

(a) (b) (c)
—48 4IOI 3?1 3;(:;;3 31:1 318 L = 1 p'm n T T ]
| \
o L
— 2
_ 21=D Ag Ag
D~e*5=472x10"2%"
T _44r T=298h =12days
o (d) (e)
t [ gl
a S
S e SR
o/ © T
: peS =048 x107 | 1= 14 hours STV
|0 /I mimtintiatatl
Ag| ﬂ | Ag mmmﬂm
_sol
Schematic model of the sequence of reaction and compound formation in
5 Ag/In bilayer polycrystalline film (In < Ag): (a) as deposited; (b) Agln,
e 1 layer due to ambient diffusion; (c) growth of Ag,In layer near the
20 25 oo/t (KZ—’"?_, 3.5 interface and at the silver grain boundaries at ambient temperature with
Fig. 3. Variation in diffusion coefficient InD{t), as obtained from the plots presented in Fig. 2, with aging or at hlgher temperature; (d) further grOWth Of Agzln thrOUghOUt

reciprocal absolute temperature 1/7.

the specimen and on the silver underlayer.
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3'd Proposal: Map-EDX Analysis of Indium IMC-CFD

Gd Ma
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Mag =

500K X IProbe= 1.0rA Signal A =InLens  FIB Lock Mags =No  Tilt Corrn. = On IMB-CNM-CSIC oo
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3'd Proposal: Map-EDX Analysis of Indium IMC-CFD
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3'd Proposal: Line-EDX Analysis of Indium IMC-CFD ‘ e 02023

v Minimal diffusion of the In into the GdBCO layer (< 5 nm).

2000 T T T T T T T T T T T T
1 —Ag La1 1
Datos de linea 3 1800 N Cu KG1 n
| T In Lat :
1600 - — Pt Ma1 -
i —— O Ka1 1
1400 - Ba La1 -
' —— Gd La1]
1200 - _
[ ] V
S 1000 1
o)
O -
800 + _
600 _
400 - _
200 4 ~\ i
IS S e /'VNA\A e S T \ — = |
0 T T T T T T T T T T T T T
0,0 0,5 1,0 1,5 2,0 25 3,0 3,5

Distancia (um)
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3"d Proposal: Interfacial resistance & NZPV tests b0

E T T T T T T T T | I T E|
; E 10000 + L . L . L . L
10-4 _E _E
& e A e et After Annealing ] o
& | I I I I S After Annealing | 1000 A wd
 10°3 e o 4 5 : -~ ;
& E Pristine THEVA| 3§ 2 ] -
~ - ] E L
H ] T \()/ o oo o000 o ol
3 | : > o 5% [
‘B 10 3 {1 & oo
& ] 1 Z
. N 100 ~
.E: 1 1 ] ° 50°° 0 Uniform (no CFD)
-7 04,0 00 ia-
o 107 = = 009 o 09, ® Vttria-CFD
O 3 3 o o00° = InAg-CFD sample 2
] ] ° = InAg-CFD sample 3
i J —A— Classic EPM-CFD
10 3 E 10 : : : : . : . :
] ; 200 300 400 500 600
1 1 Current (A)
10-9 L] I L] I L] I L] I L] I L] I L] I L] I L] I L] I L] I L]
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4th Proposal: b-CFD via silver sulfidation EUCAS2023

Tape cross section

Y80 COMSOL
1 1 [ [ 2 1 2 2 1 2 2
Current et .-
. 3 o ="
P / trajectory m 10 - -
- ~~
I g
. = o
o P >
(a8
N
Z 402 —
3 = = = Simulation: b-CFD 20 nm Ag top
= = = Simulation: b-CFD 100 nm Ag top
= = = Simulated: b-CFD 300 nm Ag top
= = = Simulation: b-CFD 500 nm Ag top
Simulation: Uniform Theva tape
Lacroix et al., SUST 27 035003 (2014) . Experimental: Uniform Theva tape
Lacroix et al., SUST 27 055013 (2014) 10 — T - T T T T T
Bl Hastelloy Substrate [ | Silver stabilizer Lacroix et al., SUST 30 064004 (2017) 100 200 300 ::00 ¢ ZZ\C; 600 700 800
. urren
B REBCO film B Normal zone
[ | Buffer layer [] Joule heating concentration Lacroix et al., SUST 35 055009 (2022)
B High interfacial resistance layer Barusco et al. To be published
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4th proposal: The b-CFD architecture with sulfidation ‘ b0

(L Partial Sulfidation of the Ag shunt:

r -
24g(s)+S(g) —— Ag,S (s) i The sulfidation process can be controlled to :
| avoid damaging the HTS :

Hastelloy
Silver (Ag)

Silver sulfide (Ag,S)

Ju i -ra, e

JI#“ B8 et

.‘llﬁl_f'rit4h ,{

Tape w/ sulfide
strip

Mag= 35.TTKX 2pm Aperture No. = 6 EHT = 5.00 kv Signal A = SE2 FiB imaging = SEM Time :16:38:47
FIB Lock Mags =No 1 Aperture Size = 120.0 ym WD = 5.1 mm  FIB Probe = J0KV:200 pA  Date 14 Jul 2020 CNM-MB & ICN

Barusco et al., in publishing
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4 Proposal: The b-CFD architecture with sulfidation ‘ a0

eeeeeeeeeeeeee

(L Partial Sulfidation of the Ag shunt:

|
249(s) + S (g) Ag,S (s) | " The sulfidation process can be controlled to :
| avoid damaging the HTS :
~1 pm
ﬁ '3
1.0 ?_
> 0.6 S
(@)
0.4 3"
GdBa,Cu,0 =
MgO y [mm]
Hastelloy 30
Silver (Ag) 20

X [mm]

Tl Z o

Silver sulfide (Ag,S)

Tape w/ sulfide
strip y [mm]

Barusco et al., in publishing
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4th Proposal: The b-CFD architecture with sulfidation ‘ b

3r4-7* September

(L Partial Sulfidation of the Ag shunt:

2Ag(s) +S (g0 ——— Ag,S (s) , The sulfidation process can be controlled to !

!
rof ey, DVoiddamagingthe HTS = = |

-
o
w

NZPV (cm/s)

-
o
N

Simulation: Uniform 1 um Ag top F
——— Simulation: EPM-CFD 1 pm Ag top :
= = = Simulation: b-CFD 20 nm Ag top

Experimental: Uniform 1 um Ag top

Experimental: yttria-CFD 1 um Ag top

/> Experimental: sulfide b-CFD sample #1|[

10’ ) Experimental: sulfide b-CFD sample #2

e o e e e s e e
100 200 300 400 500 600 700 800

Current (A)

I

[ ]
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L

4

Silver sulfide (Ag,S)

Tape w/ sulfide
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Barusco et al., in publishing
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Technique

Local Annealing

Classic CFD (CFD)

CFD-Yttria

CFD-Indium

bCFD-Sulfide

Conclusions EUCAS2073

Extremely high NZPV
Ultra simple technique/ no extra
machinery required

5-10x increase in the NZPV
No need to customize the length
Relatively simple implementation

5-8x increase in the NZPV
Cheap CSD process

5-8x increase in the NZPV
Compatible with the standard silver-
coated CCs

Same performance as the bCFD
Cheap Sulfidation process
Compatible with the standard silver-
coated CC

IEEE-CSC, ESAS and CSS] SUPERCONDUCTIVITY NEWS FORUM (¢lobal edition),

3-7* September

Cons

*  Two Extra steps: Pre-oxygenation + Local
Annealing
*  MUST customize the Tape’s length

*  Two extra steps: Ag etch & Ag re-sputtering
*  Waste of expensive silver material

*  Two extra steps: Pre-oxygenation & Yttria-CSD
*  MUST Avoid silver diffusion during annealing

*  Two extra steps: In deposition and annealing
* Indiumis cheaper than Ag but still pricy

*  Not yet compatible with a Cu shunt
. Requires controlling the gas reaction in an
R2R process

pedro.barusco@renfusion.eu

presentation given at EUCAS 2023, September 7, 2023, Bolog
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