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OUTLINE

Introduction

- Interest in high field applications for REBCO;
- Nb- and Ta-based APC for REBCO: state-of-the-art

Mixed doping by Ba,(Y,Ta)O, + Ba,(Y,Nb)O,:
- BYTO single vs mixed BYTO + BYNO doping;
- Defects landscape tunability by growth rate;

Conclusions & Perspectives
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Intro — ngh fields: new perspectlves of REBCO applications
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Nuclear fusion and accelerators requests are extremely
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Intro — What we know @ Low T / High field conditions for REBCO

APC approach is still effective: APC + additional defects spontaneously generated by APC/YBCO
interfacial strain accommodation
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Intro: BagYTaOg and Ba2YNbOg doping: great performances at LN2

Ba,RENbO,; | Ba,RETa0q Double perovskite; cubic - Fm3m; a = 0.84 nm;
a‘.b - @ ’1 03:2 - Great phase stability (chemically inert w.r.t. YBCO);
i ’ . ‘1 STG*S(Nb,,s, - large mismatch w.r.t. YBCO: in plane ~ 9.4%; c-axis ~ 8.3%;
L P f‘t ®c: -Nb*® = Ta*®=0.78 A (Zr+4_ =0.86 A) G. Ercolano et al. SuST 23 (2010)
- ’ a © - Ta,05 (Nb,0O5) lower melting T than ZrO; G. Weetal PREGT G010)
% - - larger ion mobility than Zr is expected;

BazRETaOG (RE Yb Er Gd) BazYNbos G. Ercolano et al. JAP (2014)

G. Wee et al. PRB 81 (2010)
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Field (T)
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Intro: Nb and Ta- based double doping

More complex defect landscape Mixed Ba,YNbO; + Ba,YTaO, doping

Tunable: switch to plate- Reproducible: similar

Complex
| landscape: like defects perforn_ﬁanc_:e for samples
Ba,Y(Nb,Ta)Og grown in different Labs

TAS 10, (2016) 107 . . . : . : : .
©—9 |FW - 260nm
T=77K 66— UCAM - 500nm
*—% ENEA - 220nm
BZO, ENEA - 110nm
=—a BZO, Wu et al. - 200nm n

continuous
columns +Y,0,
nanoparticles

F. Rizzo et al.,
Nanoscale 10, (2018)

F. Rizzo et al., E
3 4 5

Nanoscale 10, (2018)

Good T and B - behavior: Ba,Y(Nb,Ta)O,
promising for low T and high fields regimes
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HoH (T)
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OUTLINE

Mixed doping by Ba,(Y,Ta)O, + Ba,(Y,Nb)O,:

- BYTO single vs mixed BYTO + BYNO doping;
- Defects landscape tunability by growth rate;

m G. Celentano - Glasgow, September 3rd 2019 8



PLD growth of YBa,Cu,;0-_ + tantalate/niobiate

based APCs
Single (BYTO) vs balanced mixed doping

Film Deposition conditions
YBCO composite targets G, L[ Vacuum (~10°€ mTorr)
A mm 0,290 mTorr
= B O,570Torr
YBCO : Td=815-870 [dececceescecs
YBCO : Ba,YTaOg4 2.5 mol. % + Ba,YNbO4 2.5 mol. Ta=450 [eeeesieeeedasasasacaess
Best T,.=89K@ T,=840 °C
< 1l  YBCO | ' I, | Deposition Annealing time
S el M _ _ PLD setup
% s ./ ] F|Im th|CkneSS ~ 200 nm XeCI EXClmer Laser
g 06F S 1 Substrate: (00/) SrTiO4 A =308 nm
g oal ? : Growth rate, p = 0.3 nm s f=10 Hz
8 s 7 ] fluence = 1.5 — 2 J/cm?
= o < _’.I;d.
8I6 8I8 9IO S;Z 9I4 9I6 98

Temperature (K)

m G. Celentano - Glasgow, September 3rd 2019 9



IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), November 2019.
Plenary presentation 2-MO-FP1-O11 given at EUCAS 2019, 01 - 05 September 2019, Glasgow (UK).

BYTO 2.5 mol.% + BYNO 2.5 mol.% / BYTO 5 mol.%: structural properties
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Intensity

- good YBCO epitaxial growth
- BYNTO grows cube-on-cube with YBCO

- presence of Y,0; related peaks 5

o)
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BYTO 2.5 mol.% + BYNO 2.5 mol.%: TEM/ED .

EDX elemental maps:
Excess of Ta and Nb is present in the
columns

- Continue splayed columns Y,0, nanoparticles

are present - size <10 nm;
(001)gynT0//(001)yvgco,

- structural relationship: (001),55//
(1 OO)!BYNTO//(1OO)\(IBCO (001)ygco, (1 10)Y203//(100)YBC§O3 Column size d ~5 nm
- High density of Y,0, Inter-column distance ~ 20 nm
nanoparticles is recognized (n~2500 um2, B,=5.2T)
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BYTO 5 mol.%: TEM/EDX

Two type of columnar structures:
 continuous through the full YBCO thickness
« and truncated, some of them with hammerhead

Electron beam deposited Pt

Column size d ~ 5 nm
Inter-column distance ~ 20 nm
(n ~ 2500 um, B¢ =52T)
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BYTO 5 mol.%: TEM/EDX

Two type of columnar structures:
 continuous through the full YBCO thickness
« and truncated, some of them with hammerhead

Electrbn bearh deposiie‘dpt‘; )

EDX elemental maps:
Excess of Ta is present in the
_column hammerheads

Column size d ~ 5 nm
Inter-column distance ~ 20 nm
. < (n ~ 2500 um?2, B, = 5.2 T)
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BYTO 2.5 mol.% + BYNO 2.5 mol. % /| BYTO 5 mol.%: Jc behaviour @ 77 K

2

Critical current density (A/cm”)

Maanetic Flux Density (T)

77K BYTO
J,(0) 1.6
a,J. =B 023

B, 10.2
F,(max) 10.9
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Comparison with YBCO and YBCO + 5 mol.% BZO
deposited by PLD in similar conditions
A. Augieri, et al.,

dgzo0 =5 -7 NM, Nz =600 pm? (B, = 1.2T)  jap 108 (2010)

BYNTO best mid field
performances @ 77 K

—_
o

Pinning force density (GN/m3)

0.01 SV S SOV
0.01 0.1 1 10
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BYTO 2.5 mol.% + BYNO 2.5 mol.% / BYTO 5 mol.%: Jc behaviour @ intermediate T

- Both and BYNTO
improve YBCO

- BYNTO shows a stronger
J, retention in high field

-
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BYTO 2.5 mol.% + BYNO 2.5 mol.% / BYTO 5 mol.%: Jc behaviour @ low T

-BYNTO & similar low field behaviour (up to B
=3-4T)

- BYNTO has better high-field behaviour than
(@ 10K, 12T J(BYNTO) = 1.7x )

N
o
<

Critical current density (A/cmz)

10° |

RN
o
]

o 5 10

Magnetic Flux Density (T)
Both and BYNTO largely

improve YBCO performances in

whole T- and B- range : ok

@10K, 12T J ) = 3x J(YBCO) S S
° Magnet’isc Flux Density (T) "
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Jy(BYNTO)>10 MA/cm?upto 8 T

Critical current density (A/cmz)
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BYTO 2.5 mol.% + BYNO 2.5 mol.% / BYTO 5 mol.%:

Plnnlng Force DenS|ty,

_ ok __.;-,..f_,é power law exponents
€ 100 o et are T-independent
o; - :“.- r""“.h;;-z _ t
% 10 /,/: -7 . u '_-,—n' - g0 ,-q' . -
I DR TS | ek e Matching field effect
E 1’ 51"‘. ,I’.—-' EIE ) ’:"r’;’ 9= s :
.E’"I - 9 I _77}2 - :
E o R BYNTO
gorf T f ; BYTO/BYNTO
N T T B S v columnar
0.01 0.1 1 10 0.01 .
Magnetic Flux Density (T) Magnetlc Flux Den3|ty T Systems IS
—  F
whole T-range
a,J,=B° 023 026 022 026 - aJ=B* 028 024 021 026 -

and dominate for
B [0 — Byl
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BYTO 2.5 mol.% + BYNO 2.5 mol.% / BYTO 5 mol.%:

F

Pinning force density (GN/m3)

Pinnin Force Density (GN/mS)

640 F

[
[e2]
o

480 |

320 |

240 |

400 |

160 |

10K

behawour @ Iow T
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10

20

30

40 50 60 70 80
erature (K)

Pinning force density (GN/m3)

F,(max)
(GNIm3)

B@

F,(max)

.__________.____‘____;_

10K

30K

ok 1 BYNTO

Magnetlc Flux DenS|ty

210
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/
presence of a
second high field
F, component
emerging at low T

has a
second high field
F, component
which makes it more
performing wrt
to atlow T
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Conclusions 1/2

Mixed doping by Ba,(Y,Ta)O, + Ba,(Y,Nb)O,:
- BYTO single vs mixed BYTO + BYNO doping;

BYNTO exhibits the best J, in extended T and B ranges

This results from a synergetic combination of:
- density of columns;

- size of columns;
- continuity;
- splay; key factors (by comparison with BYTO)

- Y,0; nanoparticles decorating BYNTO columns;
- CuO intergrowth density;

This landscape provide an effective contribution to
vortex pinning at low T < 30 K

Can the defect landscape be tuned?

m G. Celentano - Glasgow, September 3rd 2019 19



IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), November 2019.
Plenary presentation 2-MO-FP1-O11 given at EUCAS 2019, 01 - 05 September 2019, Glasgow (UK).

Mixed doping BYTO 2.5% + BYNO 2.5%: analysis

of thhe fillm growth rate

range p=0.02-1.8 nms-
by:

- laser repetition rate;

- laser wavelength;

rate per pulse @248 nm = 3 x @308 nm

PLD setup
XeCl/KrF Excimer Laser
A=308 nm
A =248 nm
fi=1-15Hz
fluence = 1.5 — 2 J/cm?

Film thickness = 200 nm

Normalized Resistance, R/R100

Film growth rate (p) tuned in the

08 [

04 [

02 [

06 [

(N)TO

(nm/s)

4 als 42 4Js 43 4ads 4s4  ads
2 6 (degree)

Crpco(AE  11.696 11.714
0.007)
1 0.01)
7 FWHM 0.12 0.13
(005)

*1 With higher rates:

- higher strain in YBCO;

- change in BYNTO;
- lower T;

more details will be
provided by F. Rizzo in

8% 8 %0 92 94 9%
Temperature (K)
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his talk, today
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10 |

Critical current density (A/cmz)
Critical current density (A/cm2)

103 106 R n ; R . A : n R . R

0 5 10
Magnetic Flux Density (T) Magnetic Flux Density (T)

e . @ 10 K, J(B) for high rates very similar
E@étzz Kv:,il:ﬁisrt‘ Jg |3n f_|el;j 1be:2‘\7:u‘r~::’t: (1.4 nm/s and 1.8 nm/s fully overlap!)

J(12T)=7.4,5.8, 6.0, 6.0 MA/cm?
extended plateau and highest H. (121) c

inr
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Conclusions 2/2

Mixed doping by Ba,(Y,Ta)O, + Ba,(Y,Nb)O,:

- BYTO single vs mixed BYTO + BYNO doping;
BYNTO exhibits the best in extended angular, T and B ranges

The landscape provides an effective contribution to vortex pinning at low 7 < 30 K
- Defects landscape tunability by growth rate;

Very low rate (0.02 nm/s €): continuous columns with reduced
density and increased diameter + Y,04 nanoparticles
high rate (> 1.8 nm/s): ab-plane platelets + c-axis rods

crossing 0.3 - 1.1 nm/s
high performances in the whole T-range

m G. Celentano - Glasgow, September 3rd 2019

Growth rates
(nm/s)

low rates

intermediate
(0.3-1.1)

high rates
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Thank you for your attention
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