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Decrease the cost/performance ratio ? wx ol

1. Decrease the cost/performance ratio by developing high throughput growth methods:
Transient Liquid assisted growth, TLAG-CSD process (100-1000 nm/s)

2. Use of High Throughput Experimentation strategies for fast optimization of processes:
Combinatorial approaches and Machine Learning algorithms

3. Foster higher critical currents by engineering the vortex pinning landscape for each application:
Understanding the (H,T,0) pinning landscape for engineered nanocomposites

4. Increase pinning force by increasing charge carrier density:
Tune charge carrier density by oxygen overdoping
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1. TLAG-CSD process W ICMAB
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An opportunity for high-throughput, scalable and low cost production of Coated Conductors L
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Transient liquid

- Non-equilibrium process kinetically controlled by supersaturation reaching ultrafast growth rates 100 nm/s — 1000 nm/s
from a transient liquid-solid reaction

- Supersaturation is the driving force for nucleation, controls liquid properties, substrate wettability and c-axis window.
It can be modified by: Ba-Cu-O liquid composition, RE solubility, T and PO, ramps and (T, PO,) values reached

- Environmentally friendly fluorine free precursors based on BaCO,- CuO reaction

- Well-matched with large area deposition, simple and large area reactor of low cost investment

L. Soler et al., Nat Comm (2020), S. Rasi et al., J. Phys Chem C (2020), A. Queralto et al., ACS Appl. Mater. Interfaces (2021) T Puig—CCA2021  3/16


Vorführender
Präsentationsnotizen
We start from a propionate based metalorganic solution, which after deposition and pyrolysis, ends in a nanocrystalline precursor film of barium carbonate, itrium oxide and cupper oxide. Upon a second thermal process, BaCO3 reacts with CuO forming a transient liquid  that disolves Y2O3. The Y ions diffuse to the interface and YBCO grows. The energy associated to the formation of the transient liquid is smaller than that of the solid-solid reaction.
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Vorführender
Präsentationsnotizen
We obtain very smooth, low porosity and homogeneous pyrolysis from multideposition and up to now we have demonstrated that BaCO3 can be eliminated in layers of up to 2.5 micrón. We have used in-situ XRD synchtrotron experiments to analyze the kinetic reaction phases. We have used two different routes to obtain YBCO through TLAG (the P-route and the T-route)
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Ultrafast (non-equilibrium) growth by TLAG-CSD W ICIVIAB
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Vorführender
Präsentationsnotizen
Synchrotron experiments have enabled us to determine the kinetic phase diagrams and the regions where the different phases coexist. We have obtained growth rates that go beyond 100 nm/s in the T-route and even beyond 1000 nm/s in the P-route measured by in-situ Resistivity. We observe that maxium growth rates are obtained at the zone of full liquid.
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Vorführender
Präsentationsnotizen
The TLAG process has enabled us to grow low porosity films and nanocomposites where the critical current densities are enhanced with the application of the magnetic field.
We observe that H*(crossover field proportional to the defect density) increases with the percentage of nanoparticles. Thus, demonstrating the compatibility of TLAG with nanocomposites growth using preformed nanoparticles of 5 nm in diameter.
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TLAG Coated Conductors W' ICMAB
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* Small NPs (8-10 nm)

\Epitaxial and dispersed BZO I\y
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Vorführender
Präsentationsnotizen
We have also transfered the TLAG process to metallic substrates. We have used slot die coating to deposite onto 15 cm and Ink Jet Printing to deposite a 1 micrón layer with a single deposition. We demosntrate that the transient liquid does not react wiht the LaMnO3 buffer layer and that eptiaxial coated conductors and nanocomposite CC are obtained with small nanoparticles embeded.
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Vorführender
Präsentationsnotizen
We have started to use high throughput experimentation to be able to obtain a fast optimization of the process paramenters. For that purpose, we are using combinatorial ink jet printing to define compositional gradient samples and characterization techniques that allow to characterize those samples. Next, we use machine learning algorithms for fast identification and preduction of complex relations between parameters.
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Fast optimization using compositional gradient samples (¥ ICIVIAB
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Vorführender
Präsentationsnotizen
We prepared compositional gradient samples with a gradient ranging from YBCO to GdBCO. We used EDX to very the compositional gradients and SEM and XRD to characterize the different regions of the compositional gradient samples. This allowed us to draw the epitaxial diagram as function of Y-Gd composition and temperatura with 13 samples instead of 78 regular ones that we would have needed it.
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Machine learning for predicting process magnitudes ‘¥ ICIVIAB
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Vorführender
Präsentationsnotizen
We used machine learing to predic the process magnitudes. This  is a particular caes of predicting the total volumen deposited on a films using ink jet printing. We have used 231 samples and built the correspnding correlation matrix using the 8 parameters identified. We used 4 different machine learning algorithms with a 80/20 train/test splits. We use the SHAP library to identify the relevance of the different parameters in the prediction algorithm. We obtained that the drop pitch and line pitch are the most relevant ones. We finally verify the prediction capacity of the algorthim of Random Forest where we observe a very good correlation. Altogether encourages us to keep in this line, specially for complex process where many parameters play a role.
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Vorführender
Präsentationsnotizen
Understanding of the pinning landscape is a crucial to engineer coated conductors for the different applications. Here we show the pinning phase diagrams where the 3 contributions to the critical current density are shown. We observe that the TLAG pristine films resemble a lot to the results of TFA nanocomposite, demonstrating that TLAG is able to generate a relevant contribution of isotropic-strong pinning both in the T-route and P-route,
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Vorführender
Präsentationsnotizen
The TEM images of the TFA and TLAG films demonstrate that TLAG pristine films have a large density of stacking faults, whereas in TFA, this was only obtained in nanocomposite films. In TLAG nanocomposite we observe that small nanoparticles are embeded in an epitaxial relationship with the YBCO matrix, thus suggesting that a synergistic effect between the nanostrain (arising from the stacking faults) and the nanoparticles should occur.


Optimized pinning landscapes

IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), December 2021.
Invited presentation MS-3 was given at the virtual CCA 2021, October 11-15, 2021.

Low and intermediate T - Intermediate and high H

14

years of measurements

o0 —

HoHl e (T)

I T I ' | T T

“OHirr(T)

2D or 1D vertical defect

e.g., twin boundaries,
nanorods, dislocations

2D or 1D horizontal defect
e.g., stacking faults,
platelets

3D defects

e.g., nanoparticles,
® nanostrain

® 0D defects
e.g., vacancies, atomic

0+
10

High density of isotropic defects:
Cu-0 vacancies, short SF, small NP
(better Np than nanorods)

20

30 40 50 | 60
T(K)

70

80

90

Large density of strong isoi;opic and anisotropic defects
with long vertical coherence: nanoparticles, nanostrain, long

nanorods, long twin boundaries

(Nanorods and nanoparticles will add effects)

W ICMAB

NSTITUT DE CIENCIA DE MATERIALS DE BARCELONA

EXCELENCIA ﬁgﬁ
SEVERO =

OCHOA

WIAGNETIC

FIELD LABORATORY
D. Abraimov
J. Jaroszynski
D. Larbalestier

High density of anisotropic strong defects with very long vertical coherence:
long twin boundaries, elongated nanorods, thick CSD nanocomposites

combined with other auxiliary strong or weak isotropic defects to lessen vortex creep excitations

(1D-2D mandatory but all defects will help to diminish creep)

F. Valles et al, to be published

I. Puig —-CCA2021

13/16


Vorführender
Präsentationsnotizen
In this sketch we idendity the different regions with the different dominating defects according with the measurements obtained in TFA and TLAG in the last years in our gorup. We propose 3 different regions with different optimzed pinning landscapes depending on the H-T región specific for the applicaiton.


IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), December 2021.
Invited presentation MS-3 was given at the virtual CCA 2021, October 11-15, 2021.

\/
4. Tune charge carrier density by oxygen overdoping WICMAB
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Vorführender
Präsentationsnotizen
Finally, I propose another way to optimize the critical current density, by tuning the charge carrier density by oxygen overdoping. 
YBCO is a doped material that usually is operated at optimal doping (popt), however if one can get it in the overdoped, close to the quantum critical poin (p*), the individual pinning force should increase because of an increase of the condensation energy. This is a study of YBCO PLD films oxygenated under different conditions where we could vary the expected relation of Jc2 proportional to the product of the superconducting pair density (ns)  and condensation energy (Ec) from three independent experimental parameters. 
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Vorführender
Präsentationsnotizen
We show how the critical current density at 5 K increases with the charge carrier density at self-field and at high magnetic field (7T), demonstrating that overdoping is a very interesting approach. In particular, we evidence that the critical current density at p* can increase and get 1/5 of the depairing current whereas at the optimal doping levenl this ratio is just 1/10. Altogether, encourages us to follow this approach for coated conductors and in particular for TLAG coated conductors with already optimized the critical current densities by defect engineering.
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Material science should help Coated Conductors to reach the market

Cost / Performance ratio needs to decrease and high-throughput low cost growth processes with high critical
current strategies can be employed

TLAG-CSD is a non-equilibrium growth method able to grow high performance YBCO nanocomposites using
low cost CSD methods at ultrafast growth rates

Nanoengineering combinations of different defects should be used to optimize pinning landscape for each
application

Overdoping can be a robust and feasible way to further increase J, in nanoengineered Coated Conductors

I Puig—-CCA2021 16/16



	Foliennummer 1
	Foliennummer 2
	1. TLAG-CSD process�An opportunity for high-throughput, scalable and low cost production of Coated Conductors at ultrafast growth rate
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	2. High Throughput Experimentation by combinatorial approaches and Machine Learning algorithms
	Foliennummer 9
	Foliennummer 10
	3. Understanding the (H,T,) pinning landscape for engineered nanocomposites
	Vortex pinning defects in TFA/TLAG - CSD films
	Optimized pinning landscapes�Low and intermediate T -  Intermediate and high H�
	4. Tune charge carrier density by oxygen overdoping 
	Foliennummer 15
	CONCLUSIONS



