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Engineered Microstructures and Transport Properties in YBCO Coated Conductors 

T.G. Holesinger, B,J. Gibbons, J.Y. Coulter, S.R. Foltyn, J.R. Groves, and P.N. Arendt 
Materials Science and Technology Division, Los Alamos National Laboratory, 
Los Alamos, NM 87545 U.S.A. 

ABSTRACT 

Each process used to deposit or make the bi-axially textured template, buffer layer(s), and 
the superconductor in a coated conductor creates interfaces along which defects or interfacial 
reactions may result. These defects can be additive and propagate through the entire film 
structure to affect the growth and properties of the superconducting film. Defects within the 
films and their corresponding transport properties have been correlated with the differences in 
the thickness of the underlying buffer layer material. This knowledge can be used to control and 
engineer the structure of the coated conductor to maximize critical current densities. 

INTRODUCTION 

The production of the so-called second-generation “coated conductors” requires a 
biaxially-textured template for the subsequent oriented growth of additional oxide buffer layers 
and YBazCu30, (YBCO) [l-31. Ion-beam-assisted deposition (IBAD) is one approach that is 
used for preparing a biaxially-aligned buffer layer on polycrystalline nickel-alloy substrates. In 
general, YBCO films may be deposited directly onto the IBAD YSZ or MgO templates. 
However, additional buffer layers have been found to be beneficial in optimizing the transport 
properties and controlling defects in the Y-123 films [4-91. 

Because the coated conductor process is a layering process, several interfaces are formed 
along which defects or interfacial reactions may result. These defects can be additive and 
propagate through the entire film structure to affect the growth and properties of the YBCO film, 
Structural defects, chemical defects, or a combination of both are often formed along the various 
interfaces [6,7,10- 121. Their origins include substrate roughness, lattice mismatch, porosity, 
contamination, adhesion problems, and interfacial reactions. 

often used successfhlly as this buffer layer as it is a stable oxide with a good lattice match to 
YBCO [3,4,13]. However, even ceria reacts with YBCO and affects the superconductor’s 
properties [6]. Since it appears that nearly all materials that have been used as buffer layers react 
with Y-123 at typical processing temperatures, it is especially important to understand what 
general aspects of the interfacial reactions between a given material and Y-123 have on the 
superconducting transport properties. In this paper, various aspects of defect generation in 
YBCO coated conductors are discussed. Particular attention was paid to the role of the 
underlying buffer layer to the YBCO and how its thickness can influence the stability of the 
interface and the properties of the superconducting film. 

One area of specific concern is the underlying buffer layer to the YBCO film. CeO2 is 

EXPERIMENTAL 

IBAD was used to produce the biaxially-textured YSZ films on Inconel 625 or Hastelloy 
substrates. The IBAD YSZ thickness was kept at 0.5 pm. Ceria and Y-123 layers were 



Figure 1: Plan view TEM micrographs of (a) the IBAD YSZ layer and (b) the YBCO layer of a 
coated conductor. The images were taken with the beam nominally along the [l-121 and [OOl] 
zone axes, respectively, Local inisorientations in the KSZ or D C O  from these conditions cause 
the material to appear brighter in the micrographs. The striped nature of the contrast along the 
tape axis arises from slight deviations in the alignment of the material due to the surface 
morphology of the substrate, The small, blight rectangular grains in (b) are a-axis oriented 
grains. 

deposited by pulsed lascr deposition (PLD) on either the IRAD YSZ templates or single-crystal 
USZ substrates. The thickness ofthe ceria and Y-123 layers was varied between 5 and 1000 nm 
and 1 and 3 microns, respectively. Additional details of the deposition processes can be found 
elsewhere [5,14,15]. 

Transmission and scanning electron microscopy (TEM and SEM) samples were prepared 
in the same m,mer  for viewing in thc longitudinal transverse direction (perpendicular to both the 
nominal c-r~xis of the film and direction of current flow) [6] .  Dimple polishing and ion-milling 
with 3.4 kV Ar ions were used for TEM sample preparation. Phase identification was performed 
by xmy diffraction, energy dispersive spectiroscopy (EDS) and electron diffraction. 

The growth of the Y- 123 film has been observed to change in order to accommodate 
substrate and buffer layer defects. Substrate defects that can affect YBCO film growth include 
surface roughness, cracks, pits or holes, bubbles, and substrate inclusions. ‘Their effects may be 
reflected in the local alignment of the YBCO film, a structural defect in the YBCO film, the 
occurrence of an interfirtlcial reaction phase, or a combination thereof. The TEM micrographs of 
Figure 1 demonstrate how irregularities in the surface morphology of the substrate can affect 
film alignment. Rolling and polishing marks can affect the local out-of-plane alignment of the 
films perpendicular to the long axis of the tapes resulting in the striped contrast present in the 



Figure 2: 13xamples of localized substrate defects and their affects on the YBCO film growth. 
The SEM micrograph in (a) shows thc formation of a large pore structure in the YBCO film that 
can be traced to a substrate defect. The TEM micrograph (b) shows the sequence of events that 
starts with the substrate: defcct and ends with the formation of a large pore structure in the YBCO 
film. 

TECM micrographs. Localized defects in the substrates can also propagate through the buffer 
layers and increase the likelihood of' ;zn inter racial reaction between the YBCO film and the 
underlying buffer layer. Shown in Figure 2 ixe SEM and TEM micrographs of substrate defects 
that have propagated through the intervening buffer layers. The SEM micrograph of Figure 2a 
shows a large pore structure in the Y13CO film that is associated with a pit in the substrate. The 
TEM micrograph in Figure %b reveals a sequence of events in which a localized defect in the 
substrate affected the local alignment of the [WAD YSZ and ceria films. This was then followed 
by a severe inlerfacial reaction between the ceria and YBCO. Above this reaction zone, a large 
pore structure can be seen in the YBCO film. The J, and thickness of the film were 1.7 MA/cm2 
(75K, SF) and 1.5 pm, respectively. The source of almost all the observed interfacial reactions 
between the YBCO and ceria in this !sample could be traced to substrate defects. 

No interfacial rc.:actions were observcd between the IBAD YSZ and ceria layers. 
However, the morphology of the interface will follow that of the underlying substrate and, as 
shown above, dei'ects from the substrate can propagate through this interface and affect the films 
above it. However, evon in the absence of the substrate defects, the ceria layer will in general 
react with the YBCO film. Shown in Figure 3 are TEM micrographs of the types of reactions 
one finds along the interface. In some cases, the YBCO can maintain its alignment as shown in 
Figure 3a. In other cases, the reaction phases can cause the growth of misoriented YBCO grains 
as shown in Figure 3b. The ovtxall chemistry of the reactions has been documented in a 
previous paper 171. Thc reaction always results in the formation of BaCeO3. When the reaction 
is severe, YCu02 is formed above thc BaCec33 in these films. When the reaction is small, 
leftover material from the formation of Back03 can difhse along the grain boundary and 
intercalate as intergrowthts of Y2B;~C:u7Oy (Y-247) or YzBa&ugO, (Y-248). An example of the 



Figure 3: TEM micrographs of' examples in which (a) the alignment of the YBCO was not 
affected by the formation of BaCeO, during the interfacial reaction and (b) a [ 1031 oriented 
VE3CO grain that nucleded on a BaCeO, grain at the interface. 

latter is show in Figure 4. The line in Figrue 4 indicates where a discontinuity in the ceria layer 
is associated with an interfacial reaction that formed the BaCeOs. 

It is clear from the above discussion that eliminating substrate defects will reduce the 

Figure 4: 'rEM micrograph of an incomplete interfacial reaction. Material left over from the 
reaction to form ElaCeO, diffuses along the grain boundary and intercalates as intergrowths of 
Y,Ba,Cu,O, and Y,Ba,Cu,C),. The white line is a guide to the eye to locate the discontinuity in 
the ceria layer and the resulting interlacial roaction that -formed BaCeO,. 
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Figure 5: Plot of the J, values as a function of the thickness of the buffer layer beneath the 
YRCO film for (a) IBAD YSZ templates ancl (b) single-crystal YSZ substrates. The thickness 
averages of the YWCC) ,films were 1.5 and 1 .0 pm, respectively. 

number of interfacial reactions between the YBCO and underlying buffer layer. A second way 
to reduce the inter.fdcial reactions is to optimize the thickness of the underlying buffer layer, 
which in this case is ceria. Shown in Figure 5a and b are plots o f  the critical current density (J,) 
as a function ceria ihickaess for Y-123 films deposited on IBAD YSZ-coated metal substrates 
and YSZ single-crystal substrates. This maximum in J, in both cases correlates with a minimum 
in the reactivity between the ceria buffer layer and Y-123 film. The critical ceria layer 
thicknesses on the 1BAD YSZ metal tapes arid single crystals were approximately 90A and 200 
.$, respectively. The maximum J, value reached with a 90A ceria film on a metal substrate and a 
1.5pm Y-123 film was 1.7 MA/cm2 at 75K and self-field. A maximum J, value of 2.9 MA/cm2 
was reached for a 1 pm thick YBCO film on a single-crystal YSZ substrate with an intervening 
2008, ceria buffer layer. 

shown in the example d a  single-crystal substrate in Figure 6.  In contrast, relatively small 
increases QI* decreases in the thickness of the ceria buffer layer relative to the optimal thickness 
induced significant interfacial interactions. Shown in Figure 7 are cross-sectional and plan view 
TEM images of YBCO films on a single-crystal substrates where the intervening ceria buffer 
layer of thicknesses were 560 and 800& respectively. The corresponding J, values in the 1 pm 
thick films were 0.8 and 0.35 MA/cm2 at 75K and self-field. In the cross-section, the reactions 
are observed to be newly continuous along the interface. The plan view image shown in Figure 
7b was taken vvith the beam nominally parallel to the [OOl] direction in the film and substrate. 
The arcas of the micrograph that exhibit a bright contrast are YBCO grains that are misaligned 
relative to the desired aiigiiirient o i  [OOl] YBCO 11 [OOI] ofthe ceria 11 [OOl] of the YSZ single 
crystal. It has been found that the density of misaligned grains increases as the severity of the 
interfacial reactions increases. 

In the case of metal substrates and the optimal ceria thickness, the few areas of significant 
interfacial reaction that were found could be traced to the propagation of defects from the 
substrate. Such was the case for the samples in Figures 2b and 4, which hac1 ceria thicknesses of 
approximately 90A and a J, values of 2.9 MrVcm2. The underlying reasons for the increased 
stability of the ceria buffer layer for certain optimal thicknesses is unclear at this point. Possibly 
an optimized stress state is obtained in the ceria buffer layer for a certain thickness as it bridges 

At the critical thickness, the interfacid reactions were found to be almost non-existent as 



Flgmre 6: '1'13M micrograph of the interface of a 1 pn-~ thick YBCO film on a single-crystal YSZ 
saikrsf rate wilh an ititervenlliig 2(30K thick cctia buffer laycr.. Only a few nano-sized interfacial 
reactions products ( C O I X ~ ~  be found dorig the intcdace as indicatcd by the arrows above. The J, 
value of the fdin was 2.9) ~ A / c m k Z  ail 75K and scll'-fiel$. 

tho lattice nni!;match between tlx YSZ and Ilic Yl3CO filrns. The polycrystrilline nature of the 
IBAl) template niay explain the fztcf,or of two decrease in the optimal thickness of the ceria 
Iwf€er layer' when coi~pared to tlic results 1011 single crystal substrates. However, the overall 
remlts arc c:lciu. Significmil enIrancements in J, (up to 55% in Ihe present work on IBAD YSZ 
templates) can be sbtiti#red in Yl'iCIO films when the tliicluicss of the underlying buffer layer is 
optimized. In addition:, maiiy KYLWC dcfects in the YBCO films can be eliminated through a 
c:ar.cful choiee of substriite preptuatioti con& tions 1 hat reduce or eliminate substrate irregularities. 
IiJcnce, c9rc laas the means to co~trol iind engineer the structure of a coated conductor in order to 
optimize ~ f i i  triursport properties, 

The roles that sl Ibstriite dekxts and i r  itcrlacial reactions play in the development of 
clefectts in J%CO films on 1RAI) Y U  templates and single-crystal YSZ substrates were 
cxttmined. Srdxdrate dcfccts ca~i proiiagatc thmugh the intervening buffer layers and affect 
YHCO film gjowili. I Ierrce, the prepratioit, oftlie substrate surface prior to film deposition is a 
critical pr;iin:ter in thc: -f'tlt>ricalioir of high-9, coated conductors. The thickness of the buffer 
layer imniediately bcnmtli tlic Y'I3CO film can also be used to control thc severity ofthe 
linterlacial rcactio~ns. CPptimal ceria thickness of 90A and 2OOA were found for the IBAD YSZ 
templates and YS% sinl.;le.-crystid sLnbstmtc:s, rcspectively. 'The use of the optimal ceria thickness 
signi Bcantly reduces t l ~ :  interficial rcactioru; and enhances the a, values of the YHCO films. In 
thi: case of IBAU USZ lemplatos;, tlile use of the optimal !>OA thickness resulted in a 1.5pm thick 



Figure 7: TEM images of samples with YBCO films on single-crystal YSZ substrates with 
intervening ceria buffer layer thickness of (a) 56081 arid (b) 80081. The corresponding J, values 
were 0.8 and 0.35 MAkm". Thc cross-section in (a) shows a continuous interfacial reaction layer 
between the ceria and WBCO. The plan-view TEM image of (b) shows the misaligned YBCO 
grains in the €ilm. The, lattcr image was talcen with the beam parallel to the [OOl] direction of 
sample. The areas of' the sample that appear bright in the image are not aligned in this manner. 

YBCO film having a Jt: lever1 of 1.7 MA/cm". Likewise, an optimal ceria thickness of 200A on a 
single crystall YSZ substrate was used to produce a lpm thick YBCO film with a J, level of 2.9 
MA/cm2. These results sl~ow that it is possible to control the development of the structure of the 
coated conductor during processing for enhanced J, values. 

This work: was performed under the auspices of the United States Department of Energy, 
Office of' Ihergy Efficiency and Renewable Energy, tis part of a DOE program to develop 
electric power tet:holn>gy, under contract W-7405-ENG-36. 
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