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1. Introduction 1/2 RE203
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« To achieve this potential new methods are needed that can improve the cost of using the tapes and increase the pinning together. y 30 A = Ex-Situ LAP stud
Our work ~ 850 °C and 10~ Torr pO, 40 - y
« We are aiming to use liquid assisted processing (LAP) routes to grow films at an exceptionally a fast rate, thereby increasing [2]. For a film to contain 60
production throughput and lowering costs. liquid under these 60
« LAP is a PVD method where the film (here REBCO) grows from a liquid layer induced by control of the RE:Ba:Cu stoichiometry, T, conditions it must have a 40 quU|d
pO2, etc as shown in Fig 1. The high rates of diffusion in liquids allow for very fast rates of REBCO formation [1]. Composition that lies on a SON\/W
LIPr;e liquid layer can either be present during deposition (in-situ LAP) or be induced after the deposition of an initial layer (ex-situ tie line (not Shown) 23 4 20
« We have combined LAP with various techniques to create optimised pinning centre microstructures to generating films with both bitle)fleen}’ihe llqulign(c)i a 100 0
stable phase e.g. ———————
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2. In-situ Liquid Assisted Processing S 4. Results
. II;-Sitlu LACFi’ lrequires « We have grown YBCO films with a variety a) 1.0- 77K, 1T b) 77K, Bllc
a thin liquid layer to |« °* . peposition flux o ° o e of APCs using pulsed laser deposition.
be present Ceoe Cpepositiont e, 0 A ’ | YBCO+BYNO film produced by 1 LAP YBCO+BYNO
e o T o Careful control of the Y:Ba:Cu Y 0.8- -
roushout the o ’ . . stoichiometry meant a mushy zone = LAP N Standard PLD
deposition. The Liquid Primary solid : . ) ) | .
q ting fl (combined liquid and solid dendrites) not a O E YBCO+BYNO
€posi ]tng tUX " full liquid layer formed at the deposition < 06 1 O O 1 |
fu pgcrlsa dra is te temperature, which limited the reaction . < '
11quid on contact, between the liquid and the substrate. O 4 -
inducing a film (here o — U. >
g « Strong pinning centres were formed by O _ 0.01- Pure YBCO
REBCO) to precipitate Fi 2 Tn-situ liauid . : : : : ™~ ~—~ V.
out (see Fig 2). 1gure 2. In-situ liqui using dopants with low melting point oxides, O g O _
: assisted processing. so fast diffusion rates e.g. using Nb (m.p. L YBCO+BYNO film produced ™
 The biggest ~ . 3 _ P
bl f2cing thi thod topbing the liauid Nb,Os = 1512 °C) over Zr (m.p. ZrO, = 2715 standard PLD
Il:)ar;/)ererr:z:ct?rf]gn\/gvith]ir:gesutc))st::ar’ceeSar?gp]ansgtheefazgtm °C). This allowed secondary phase columns oo-———-——+—>~ -+ +— oonl——/—7+—-r—+——++—+——
diffusivity leads to highly perfect REBCO crystals [3], €0 form. despite the high YBCO growth rates. '90 '45 O 45 90 O 1 2 3 4 5 6
e . : e The films produced had superior : 5 B / T
\_creating strons pinning centres. J performance to pure-YBCO and YBCO+BYNO Field an9|e 0/
- < films made using standard Figure 5. a) ], vs angle and b) J. vs field plots showing the strong performance of a in-situ LAP sample.
3. Ex-situ Liquid Assisted Processing e g 2).
e Ex-situ LAP is a three « We have successfully replicated the RCE-DR process using PLD, rather than e-beam deposition. 0.75-1 pm thick GdBCO films, with strong epitaxy, high T,/’s
@ stage process (see Fig and a dispersion of Gd,0O; particles (see Fig 6) were produced. Importantly film formation was exceptionally fast with growth rates (> 1 pm/min).
3): e Three methods are being investigated into how to refine the Gd,0; particles : 1) Using inoculants (e.g. Pt or Ce), 2) Using different rare-earths, 3) Using
(1) A pre-layer must be different Gd:Ba:Cu ratios to change the liquid:Gd,O; ratio present in the film before GdBCO crystallisation.
deposited. « Current efforts have generated a variety of Gd,0; particle sizes (as identified from Williamson-Hall plots) and an investigation into the effect of their size
(2) The conditions must on J. is ongoing.
be changed so that this a)Amorphous film deposited )
film melts. at 25 °C and 0.1 Pa pO,
$ (3) The conditions must . SUbSErate
@ _ be changed again so - /
Liquid ngl‘izry that this liquid <<
crystallizes as the
desired REBCO layer. i |
e The best example of | Substrate
PR this method is the |
reactive co-evaporation ——
by deposition and b) Heating at low pO, leads to crystallisation, o
reaction (RCE-DR) used starting around 450 °C. _
by SUNAM Co. LTD. [4]. ] e
@ Here an amorphous
pre-layer is deposited D |
by e-beam deposition. <C
The film is then taken ~— -
Final REBCO film through specific T and  — 2
pO, conditions (see Fig F
I ) to transform it into
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assisted processing. Stages 1,2 mhtaesrénedlate liquid c) Intermediate phases are fully 38 nm : g) 01 K
and 3 are identified in the text. ° ' 7 formed by 750 °C. _— 2.0-
e The main pinning centres in these REBCO films are 75-150 ' 6
nm diameter Gd,0, particles. For a stronger performance, —). Gd O, < : " 15
especially in high-field-low-T conditions [5][6], a better <E N\ 'Gd143 ) 3E'3 52 nm . S
microstructure would have more, smaller, Gd,0; particles. | . @)  /0}
e One of the biggest challenges facing this method is — 5 @) ] i -
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Gd203 Figure 6. All data was collected on films of GdABCO + Gd,O; grown by an ex-situ

LAP process. a-d) XRD traces of films at various stages of the ex-situ processing

q? -
1- So74 . —~ _ (002) WOZL) route. e) TEM cross section showing a film with strong epitaxy, slight crystalline
@ Y @ ] \ w LJVJ - disorder and a remnant liquid layer on top. f) Williamson-Hall plot of 5 films with
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7.5 8.0 8.5 9.0 9.5 10.0 a variety of Gd,O; particle sizes. g) Representative R vs T plot for these films,
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Figure 4. Stability diagram showing the RCE-DR

process used by SuNAM Co. Ltd. An amorphous :

film (1) is processed by heating at low pO, (2) and 5. Conclusions

then raising the oxygen pressure (3) to transform To realise the dream of widespread coated conductor new methodologies are needed to produce tapes both fast and with high performance. Our study looks into
T s : trying to achieve this using both in-situ and ex-situ methods of liquid assisted processing, whilst simultaneously looking at ways to control and even design the

Eace il o tinfe) (el SCEO) s ivaypipes] (b0l ppanaidles microstructures to optimise their pinning characteristics. We have successfully created highly aligned high T, films, at high rates, and with good J. performance

relative to standard PLD films.
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via an intermediate liquid phase.
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