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Fig. 1. Schematic diagram of the crystallization reactions corresponding to the two routes of TLAG-CSD.
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Fig. 2. Schematic diagram of heat treatment process of [Ba-
Cu-O]y, thin film.
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Fig. 3. Different epitaxial orientation of YBCO in Y:Ba:Cu = 1.5:3:7 and Y:Ba:Cu = 1:2:3 films grown under the same condi-

tions, the initial oxygen partial pressures are all 10 ppm.
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Fig. 4. Po, = 1000 ppm, the evolution of the liquid phase of Y:Ba:Cu = 0:3:7 and Y:Ba:Cu = 0:2:3 during medium and high

temperature heat treatment, where blue dotted circle represents liquid phase trace; red ellipse represents honeycomb molten solid

state; red rounded rectangle represents large liquid phase area; orange rounded rectangle represents gap between liquid phases, or-

ange dotted line marks the boundary between liquid phases; yellow dotted circle represents pointed liquid phase area.
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Fig. 5. Evolution of the liquid phase of two components of Po, = 10 ppm, Y:Ba:Cu = 0:3:7 and Y:Ba:Cu = 0:2:3 during medi-

um and high temperature heat treatment, where red dotted circle-the gap between the liquid phases, blue dotted frame-the stepped

distribution of the liquid phase layer.
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Fig. 6. Po, = 10 ppm, EDS element point scanning of the
surface of the Y:Ba:Cu = 0:3:7 component film at 640 °C
shows that the black patch area is rich in copper elements.
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Fig. 7. Indicate the differences in characteristics such as size
and distribution during the formation of liquid phases of

different components.
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Fig. 8. Phase evolution during high temperature heat treatment of two-component films with Fp, = 1000 ppm, Y:Ba:Cu =

0:3:7 and Y:Ba:Cu = 0:2:3, the different temperatures refer to the quenching temperatures, the quenching was performed at

room temperature because the oxygen partial pressure in this experiment was high! (CuO would not be reduced).
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a La /nm
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K9 (a), (b) Po, = 1000 ppm, 660 °C F Y:Ba:Cu = 0:3:7 Al Y:Ba:Cu = 0:2:3 B 41 53 Wi I 181 SEM & LI K X 1 9 EDS JG
ZEHM Ba TR MET G (), (d) Y:Ba:Cu = 0:3:7 f Y:Ba:Cu = 0:2:3 FiZH2M w9 AFM 434 1%

Fig. 9. (a), (b) Po, = 1000 ppm: SEM images of the surface of the two-component films Y:Ba:Cu = 0:3:7 and Y:Ba:Cu =
0:2:3 at 660 °C, and the corresponding EDS element scans and surface distribution of Ba elements; (c), (d) AFM scan images of the

corresponding two-component films.
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Fig. 10. Phase evolution during high temperature heat treatment of two-component films with Pp, = 10 ppm, Y:Ba:Cu =

0:3:7 and Y:Ba:Cu = 0:2:3, the different temperatures refer to the quenching temperatures, the quenching was performed in li-

quid nitrogen because the oxygen partial pressure in this experiment was low?® (CuO would be reduced).
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Fig. 11. (a)—(c) Characteristic peak areas of BaCO; and BaCuO, of Y:Ba:Cu = 0:3:7 and Y:Ba:Cu = 0:2:3 under different oxy-
gen partial pressures vary with temperature, the purple dashed line indicates that the two curves have the same downward slope,

and the Roman numerals represent different temperature zones; (d) T, is the decomposition temperature of BaCOj3, and Ty, is the

temperature at which a complete liquid phase is formed.
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Fig. 12. (a), (b) Schematic diagrams of uniform distribution of precursor phase particles of Y:Ba:Cu = 0:3:7 and Y:Ba:Cu =

0:2:3 components, respectively; (c), (d) schematic diagrams of the formation of complete [Ba-Cu-O], film under high and low

oxygen partial pressures, respectively.
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Abstract

The epitaxial orientation of YBa,Cuz0; s grown via the oxygen partial pressure jump pathway in transient
liquid-phase assisted chemical solution deposition (TLAG-CSD) depends on the barium-to-copper ratio in the
precursor phase. To explore the mechanism behind this phenomenon, in this work we investigate the effects of
different oxygen partial pressures and barium-to-copper ratio components on the barium-copper-oxygen liquid
phase ([Ba-Cu-OJ;) and the intermediate phase transition in the medium-high temperature heat treatment
process. The research shows that the formation of the liquid phase exhibits a point-to-surface characteristic; the
temperature and morphological differences in the liquid phase are mainly determined by the composition, with
oxygen partial pressure only playing a supporting role. Y:Ba:Cu = 0:3:7 (0-3-7) components all appear before
Y:Ba:Cu = 0:2:3 (0-2-3) components in the liquid phase, with a temperature difference of 20 °C (high oxygen
partial pressure) or 40 C (low oxygen partial pressure). Experimental results indicate that there are differences
in the intermediate phase properties between these two components. Under high oxygen partial pressure, the
intermediate phase BaCuO, exhibits a single characteristic peak in the 0-3-7 component, with large and
dispersed grains; the 0-2-3 component has multiple characteristic peaks, with small and dense grains. The
surface area of the liquid phase region in the 0-3-7 component is smaller than that in the 0-2-3 component,
resulting in different supersaturation levels of Y?* in the liquid phases of the two components and causing
orientation differences in YBCO. Finally, the basic model for the formation of fluorine-free liquid phase is
summarized, and the complete [Ba-Cu-OJ;, film can be generated from the 0-2-3 component at high oxygen
partial pressure and 750 °C.

Keywords: transientliquid-phase assisted chemical solution deposition, epitaxial orientation of YBayCu30;_s,

[Ba-Cu-O]y,, barium copper ratio
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