Lawrence Berkeley National Laboratory
Recent Work

Title
FURTHER EVIDENCE FOR THE PRESENCE OF C = 38.2 AI[ANGSTROM] PHASE IN A BI-CA-SR-
CU-O SUPERCONDUCTOR

Permalink

https://escholarship.org/uc/item/8t08b 941

Authors

Ramesh, R.
Hetherington, C.J.D.
Thomas, G.

Publication Date
1988-04-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8t08b94f
https://escholarship.org
http://www.cdlib.org/

LBL-25103 <.\
Preprint

'Lawrence Berkeley Laboratory
UNIVERSITY OF CALIFORNIA |

i . Materlals & Chemical Sciences_Division
BT S O LAWRENCE
T ERKELEY L ABGRATORY

National Center for Electron 1IGLQSCORY.

. Submitted to Applied Physics Letters LIBRARY AND
. DOCUMENTS SECTION

Further Evidence for the Presence of ¢ = 38.2 A Phase in
a Bi-Ca-Sr-Cu-O Superconductor

R. Ramesh, C.J.D. Hetherington, G. Thomas, S.M. Green,
C. Jiang, M.L. Rudee, and H.L.. Luo

April 1988

TWO-WEEK LOAN COPY

L | ' This is a Library Circulating Copy
~ which may be borrowed for two weeks.

€2

Prepared for the U.S. Department of Energy under Contract Number DE-A C03-76SF00098.

4/)

<0lee1a7



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Further evidence for the presence of c=38.2A phase in a Bi-Ca-Sr-Cu-O

, superconductor ,
R.Ramesh1, C.J.D.Hetherington1, G.Thomas!, S.M.Green2, C.Jiang2, M.L.Rudee2
and H.L.Luo2,
1National Center for Electron Microscopy and Materials and Chemical Sciences
8 Diyision, Lawrence Berkeley Labofato'ry, University of California, Berkeley, CA
| | 94720. ,
W 2 Department of Electrical and Computer Engineering, University of California,

San Diego, La Jolla, CA 92093.
PACS No. 74.70-b

Results of high resolution electron microscopy, convergent beam electron
microscopy and xray microanalysis on the high T; phase are reported. Local
inhomogeneities in the structure and composition have been observed along the
c-direction. ‘Both c=30.56A (8xap) and c=38.2A(10xap) have been observed
inside the same grain. The regions with the larger c-parameter correspond to
regions with higher Ca and Cu concentration suggesting that the range of
transition temperatures observed (85K to 115K) is due to the co-existence of
such regions of c=38.2A and c=30.56A.



<

Recently, dramatic advances have been made in raising the transition
temperature(T¢) of Cu-O based superconducting ceramics. One of the new
classes of alloys in which transition temperatures higher than 100K have been
obtained is the Bi-Ca-Sr-Cu-O system. It began with the discovery by Michel
et. al who found a compound with a T of 22K. Maeda et. al2 and Chu et. a3
obtained T¢ of about 80K and later 115K. These results have been
simultaneously reported by several other groups4-8. The orthorhombic
structure of the class of compounds responsible for the high T consists of
layers of BioO2 between which are sandwiched layers of Sr-O, Cu-O and Ca.
The lattice parameters generally reported are a=5.4A, b=5.39A (with a
modulation of 5x5.39A) and c=30.56A. However, in a recent communication?,
we have reported the presence of a compound with c=38.2A, which shows
qualitatively ( through observation of the repulsion of the sample by a magnet),
better superconducting properties. Shaw et. al10 and Veblen et. all1 have
observed an incommensurate structure along the b-direction and have also
suggested the possible existence of more than two perovskite layers between
the Bi layers. Similarly, Parkin et. al12 have suggested that the range of
transition temperatures i.e., 80K to 115K, could be due to the presence of
regions with extra Cu-O layers in addition to the two found usually. This
increase in the number of Cu-O layers has been attributed by Grant13 to be the
cause of higher transition temperatures. Indeed, in the earlier
communication9, we reported results of convergent beam electron diffraction
(CBED) and energy dispersive xray microanalysis (EDXS) wherein the
c-parameter was determined to be 38.2A ie., 10xap, where ap is the
fundamental perovskite unit of 3.82A. The Cu content was also higher than
those reported by other workers. In this communication, we present further
evidence for the presence of regions with c=30.56A and c=38.2A inside the
same grain.

The samples were prepared by the usual method described in ref. (9)
whichalso reports the characteristics of this sample. Samples for
transmission electron microscopy (TEM) were prepared by sectioning the fired
crystal parallel and normal to the c-axis. The thin sections were mechanically
ground down to 50um thickness and were Argon ion milled to electron
transparency at 6kV at liquid nitrogen temperature. The samples wetre coated
with a thin layer of carbon ( about 100A) to prevent damage in the microscope.
CBED and EDXS experiments were carried out in a Philips 400TEM/STEM at
100kV. All standard precautions for CBED and microanalysis were taken. High
resolution microscopy (HREM) was carried out in the Atomic Resolution
Microscope at 800kV. Local diffraction patterns were obtained from the high
resolution images by optical diffraction using a laser bench.
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Fig.1 shows a high resolution image of two regions, G4 and G2. Region G1 is in
the [100] zone axis orientation, while region Go is in the [010] zone axis. Thus
the two grains share the common c-axis. Of interest is the structure inside
region G4. It can be seen that the spacing of the c-planes is not uniform. Three
discrete sub-regions, A,B,C, can be observed inside the region G41. It should be
noted that the change in the c-parameter is not periodic, i,e., the fluctuation is
random (polytypoidic). Measurement of the c-parameter from the three
sub-regions gave values of 30.4A, 37.4A and 37.4A respectively. These values
correspond, within the limits of the measurement error, to 8xap and 10xap
respectively. To confirm this, optical diffraction patterns were obtained from
each of these sub-regions and are shown in Fig.2(a-c) respectively. The
patterns were obtained at the same camera length setting of the diffraction
bench and hence represent the difference in lattice parameters. The difference
between sub-regions A,B and C observed in the image is also reflected in the
optical diffraction patterns, although the selected area diffraction pattern
shows only a streaking along the ¢* direction. |t is to be noted that the
spacing of the Bi layers in region Go with the [010] zone axis is also
non-uniform. The spacings of the c-planes alternate between 30.4A and 37.4A
and also values in-between these two. This change in the periodicity along the
c-direction is shown more clearly in the modulated type of image in Fig.3. In
region A of this image the black spots, corresponding to the Bi layers are
separated by three layers while in region B the black spots are separated by
two layers. The corresponding optical diffraction patterns, shown in the inset,
also reflect this difference in c-parameter.

This observation was independently confirmed by CBED experiments on
samples with the c-axis normal to the foil. Fig.4(a) is an [001] zone axis
pattern from one region while Fig.4(b) is a CBED pattern from a region quite
close to it, inside the same grain. Use of the Higher Order Laue Zone
(HOLZ)rings to measure the periodicity along the beam direction was alluded to
in the earlier communication9. The details of the analysis is given in ref. (14)
and will not be described here. In this case, the first and second order Laue
zone rings were used to determine the c-axis spacing. The average c-spacing,
within a probe of size 400A, corresponding to Fig.4(a) was foundto be 31.13A
while in the case of Fig.4(b) it was found to be 37.88A. EDX spectra were also
obtained from these two regions and are shown in Fig.5. From the ratios of the
Bi:Cu peak heights, it can be clearly seen that the region corresponding to
Fig.4(a) has lower Cu and Ca content compared to the region corresponding to
Fig.4(b). This is shown in the chemical analysis shown in the right hand corner
of Fig.5. In both cases, oxygen has not been detected since a Be window
detector was employed. The difference in Cu+Ca content between the two



regions, about 6at.%, is significantly higher than the error bars in the
microanalysis. The modulation in structure due to local changes in composition
are often seen in other ceramic systems, e.g., AloO3-AIN15 and Zirconia
alloys16. However, the HREM images of layers between the Bi-layers are not -
well resolved indicating that these composition variations are not periodic.
‘Further work is in progress. '

DISCUSSION AND CONCLUSIONS A
The presence of regions of different c-parameters inside the same grain has
been conclusively demonstrated by HREM as well as CBED. It has also been
shown by EDX microanalysis that the regions with larger c-parameter
correspond to regions with a higher Cu+Ca content . This agrees with the
observation of more than two layers between the Bi layers in the image shown
in Fig.3. It is thus concluded that the increase in the c-parameter is due to the
introduction of one or more extra Cu-O layers and also due to the introduction
of extra Ca layers. Such variations in the composition and consequently the
c-parameter were observed quite frequently during our experiments . ltis
however interesting that such an inhomogeneous composition distribution
should occur locally inside a single grain. This may explain the range of
transition temperatures that is generally observed for a polycrystalline
sample. The existence of such inhomogeneities inside the grain may have
implications in terms of nucleation of flux penetration, similar to the case of
the twin interfaces in the 1-2-3 compounds. The observation of regions with
an higher Cu+Ca content (and larger c-parameters) however suggests that it
may be possible to tailor the composition and treatments such that the
majority of the compound has the higher c-parameter or even larger
c-parameters with the inclusion of more Cu-O layers. This, as has been pointed
out by Grant13, may be accompanied by an increase in the Tg.
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Figure 1 :

Figure 2:

Figure 3:

Figure 4:

Figure 5:

FIGURE CAPTIONS
High resolution image of two regions, G4 and Go with the c-axis in
the plane of the foil. Region G4 is in the [100] zone axis while region
Go is in the [010] zone axis. Note the non-uniform spacing of the
c-planes in both the regions.

Laser optical diffraction patterns from the sub-regions A,B,C in
region G4. Note that the spacing in A is different from that in B and
C for the same value of camera length.

High magnification image of region G{ showing the difference in
spacing along the c-direction due to the introduction of an extra
plane between the Bi layers. Note that this change is not periodic.

(a) [001] CBED pattern from a region with lower Cu and Ca content ;
(b) [001] CBED pattern from a region with higher Cu and Ca content.
Note that the radii (and hence the c-parameter) of the first and
second order Laue zones are not the same in both.

EDX spectra from the regions corresponding to Figures 4(a&b) along
with the quantified data.
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