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 YBa2Cu3O7 (YBCO) is a rare-earth based superconductor that is fabricated as a composite tape. It’s properties make it a candidate for usage in high-field magnets at cryogenic
temperatures.
 The structure of the tape includes a YBCO superconducting layer, a substrate layer for mechanical strength and texturing, copper and silver layers for protection and electrical
performance, and a collection of oxide layers for correct growth of the superconductor (described in more detail below).
 The composite tape can delaminate internally within layers of the tape under applied stress, so understanding where and why this damage occurs is the focus of this project in
order to improve its performance.
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Here is the structure of the tape along with the composition of the five
oxide layers found in the buffer stack. As noted by the dimensions, these
layers are small, making identification a priority. The samples we work with
in this study have been forced to delaminate due to mechanical peel
testing. This separates the full composite tape into two halves with the
breakage happening within the YBCO and buffer layers.

To complete the identification of the layers (as shown in the bottom of the
‘Initial Steps’ category), we needed to compare our observations with
chemical analysis.
We used two different methods during our study:
 EDS (Energy Dispersive X-Ray Spectroscopy)
 Scanning Auger Nanoprobe
Both methods are used to determine the chemical signature of certain
locations on a sample. EDS provided us with a broad map which we then
compared to our Auger data to confirm/deny our findings.

We then are able to image them (with our Scanning Electron Microscope
and Laser Confocal Microscope) and find three primary trends in the
delamination of our samples. A uniform, ridged, YBCO surface (1), grooved
striations (2), or the buffer layers from below the YBCO (3).

Topography
As noted in the end of the ‘Chemical Analysis’ section, we determined that the
delaminations occur within the YBCO layer of the composite tape. Thus, it
became a priority to characterize and study the striations left behind in order to
observe any trends across samples. For this, we have used primarily laser
confocal microscopy as a way to measure width and depth of the striations.
As shown to the left, we are able to 3D map out the
x100
surfaces of the samples, and measure the depth of the
ridges from the height mapping chart (seen below the
image). The preliminary data from these depth
measurements are summarized below:
# of data
points

Average
Height

Standard
Deviation

Sample 1

24

0.800 μm

0.142 μm

Sample 3

12

1.024 μm

0.169 μm

Combined

36

0.875 μm

0.183 μm

We have also begun to investigate into how the similar patterns of the width of
the striations to determine if our three samples delaminated in a similar fashion
to each other. It was discovered that there are two primary striation structures:
a narrower, non-colored pattern (green on the image) and a wider, colored one
(blue). The data is summarized
# of data
Average
Standard
In the table to the right.
points
Width
Deviation

1

2

Narrow

Here is a sample showing the
buffer layers and the striations.
2

Above is a data set from an EDS collection. The smaller, colored maps are
used to show the relative concentrations of elements on the sample. We
are then able to compare these data sets to the SEM image to identify and
characterize. Also note that this SEM image and data set correspond with
the same location in the ‘Initial Steps’.
This still left us the problem of what the striations were composed of, as
due to the limitations of the EDS, we weren’t able to determine the
composition with this technique. However, Auger (which is more surface
sensitive) was able to measure these regions.
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The images here show two of our
Wide
samples, the one with more
narrow striations has a
higher yield strength
exhibited during the
delamination testing.

As shown by the scan below the image,
Auger was able to identify the
elements: Y, Ba, Cu, C, and O (carbon is
a common contaminant).
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Next Steps
 Use other sample mounting techniques to obtain more striation
depth/width data to compare to our previous characterization
measurements.
 Use EDS and Auger to begin chemical analysis on the top half of
the delaminated samples we have been studying to compare
current findings.
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