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Abstract

Studies of a bilayer, DyBa2Cu307/La2/3Ba1/3MnQO3, may reveal uses in superconductor
switching devices, but flat cross sections of the bilayer must first be smoothed. This project
developed a method for successfully smoothing cross sections of thin film ceramic
superconductor/manganite bilayers of DyBa2Cu307/La2/3Ba1/3MnO3 on a strontium titanate
substrate. An atomic force microscope (AFM) was used to measure the smoothness and to
ensure that the film was visible on the cross section.

To produce a smooth cross section, three primary methods were investigated. In one, the
back of the substrate was thinned using a sandblaster until it was thin enough to be snapped
to a smooth edge. The second method involved polishing a cross section with fine diamond
dust sandpaper. The final method was microtomy, which cut thin exact slices from
fragments of the substrate and film embedded in epoxy. AFM measurements of smooth
facet areas on the microtomed samples identified the smoothest usable results, and, of the
three methods, the film was found only on the microtomed cross sections, making it the
preferred method for smoothing. For structural and electronic measurements using the
scanning tunneling microscope (STM), substrates will need to be made more conductive
before film growth. Results showed that annealing did not work, because film growth
redeposited oxygen, but initial testing for doping of the substrates with tantalum indicate
this method should serve.

I ntroduction/Background

The purpose of this project was to produce smooth cross sections of thin film ceramic
superconductors to enable studies of their structural and electrical properties. For this project
DyBa,Cu,0,/La,;Ba; sMnO, superconductor/manganite bilayers on strontium titanate substrates,
SrTiO,, were used (See Appendix A under glossary for definition of terms.) The goal was to
achieve a smooth cross section with a root mean squared (RMS) roughness of less than 30 A as
measured with an atomic force microscope (AFM). This would facilitate studies of the structures
in cross section as well as studies of the electronic properties near the superconductor/manganite
interface.

Figure 1: DyBa,Cu,0, Figure 2: LaMnO,



In this project, bilayers of a ceramic superconductor, DyBa,Cu,0,, as seen in Figure 1, and a
manganite, La,;Ba; sMnQj, as seen in Figure 2, were used. Figure 2 is of an undoped LaMnO;,
unit cell, meaning no barium has been added. Some doped perovskite manganites are
semiconducting paramagnets that become ferromagnetic conductors at a transition temperature,
which for films of La,;Ba; ;MnO;is in the low 200 K range (1). Superconductor/manganite
bilayers were studied because the presence of the manganite reduces the critical current and the
critical temperature of the superconductor, as long as a current is run through the bilayer. Such
structures might have application as superconducting switching devices. A switch is created
because the alteration of the critical temperature by the manganite could switch the
superconductor between the superconducting state and the normal state, having potential
applications for use as computer logic circuits (1).

A previous study by Pugel, Aubin, and Green produced smooth cross sections of single
crystal bulk superconductors of Bi,Sr,CaCu,Og4 by microtoming a sample fixed in a Teflon block
with epoxy (2). A microtome does very exact cutting using a glass knife. The impetus for the
Pugel et al. study was to measure the anisotropy properties of ceramic superconductors, whereas
the study presented in this paper was devised to determine structural and electronic boundary
properties between the superconductor, manganite, and strontium titanate substrate.

The reason that few other attempts have been made to produce ceramic superconductor cross
sections is because of the brittle nature of ceramics that causes them to fracture roughly (1). The
cross sections must be smooth, under 30 A RMS roughness, for any reliable surface
measurements to be made. Since the AFM cannot measure electronic properties, its purpose was
to verify that the cross sections were smooth enough for future measurements with a scanning
tunneling microscope (STM).

Relatively recent advances in film growth techniques have enabled the growth of
manganite/superconductor bilayers without an intervening buffer layer because of the structural
compatibility of the manganite and the superconductor (3,4). In perevoskite manganites that are
below the temperature where they transition into a ferromagnetic conductor, the electron carriers
are spin polarized. Vertical transport of the spin polarized electron carriers into the
superconductor may cause greater changes of properties than unpolarized currents, which is why
the manganite/superconductor interface is of interest. The DyBa,Cu,0,/La,;Ba;;sMnQO; films
used in this project were grown using molecular beam epitaxy (MBE).



Studies of the polarized current and its effect on the ceramic superconducor as well as
magnetic coupling between the two layers may reveal valuable information about the electronic
character of bilayer and ceramic superconductors in general. A better understanding of ceramic
superconductors through studies of the bilayer interaction could lead to a theory of high
temperature superconductivity and improved applications, such as more powerful electromagnets
or improved power generation and transportation (5).

Methods
Ultramicrotomy

Samples of DyBa,Cu,0,/La,;Ba,; sMnO; on strontium titanate substrates were snapped into
smaller triangular fragments by applying pressure with a razor, producing fragments with an
accute angles at the center of the substrate, as seen in Figure 3. The back of each fragment was
polished at an angle, using 30 ym diamond sandpaper, producing a sharp point. The triangle was
placed at the bottom of an embedding capsule with the sharp angle pointing downwards. Spi-Pon
812 epoxy resin was mixed with DDSA and NMA hardeners in proportions of two parts epoxy to
1.24 parts NMA to 0.83 parts DDSA by mass. Up to 3% of the mass of the mixture of DMP-30
accelerator was added to decrease the cure time. The mixture was poured into embedding
capsules, each of which contained one fragment. These were cured in an oven at 60°C. The cured
samples were removed from the capsule, and excess epoxy around the tips of the fragments were
carved away using a razor. The samples were microtomed, and excess epoxy on the backs was
sawed off to make the samples short enough for analysis with AFM.

Figure 3: A sharp triangular fragment of the substrate.

Diamond Polish

The strontium titanate substrate was broken into small fragments. These fragments were
secured to a glass cylinder with melted wax, which easily was removed afterwards by reheating.
The glass cylinder was clamped into a sample holder. The fragments were positioned so that
center region of each substrate was polished, since superconducting properties of the thin film
differ near the edge of the substrate. The fragments were polished using successively finer disks
of 30, 15,9, 6, 3, 1, and 0.5 um grain sizes, using either glycerol or water as the lubricant. When
water was used, the samples were contaminated with oxygen and lost the ability to superconduct.
However, a water polish was done for comparative purposes, because water allowed the use of a
finer polishing method, using a 0.05 ym grain sized aqueous colloidal silica suspension.



Sandblager

A sandblaster was used to thin down the back of the strontium titanate substrates to
approximately 50 ym. This made the substrate thinner than paper, so it could easily be snapped.
The idea was that if the substrate was thin enough, it could be broken with significantly smoother
fracture. The film, being only about 0.1 pm thick, fractured along the same lines as the substrate
and did not contribute significantly to any of the smoothening procedures of the cross section.

Analysis

Samples from microtomy and the diamond polish were superglued to magnetic sample disks
for AFM analysis. AFM images were taken on 3 ym by 3 ym height images to measure the RMS
roughness. The RMS roughness values were high, so readings were taken over smaller smooth
facets on the surfaces. In order to produce an image of the border between the film and the
substrate, AFM friction images were taken.

Measurement of Resistance

Readings of the substrates could not be taken with the STM, because the substrates were
insulators, and the STM cannot take readings of insulators. This was corrected before film
growth using two different methods: by annealing the strontium titatnate substrates at 725 °C,
and by using tantalum-doped substrates. The resistance of the substrates was measured using an
ohmmeter to compare which had the least resistance. A Schottky barrier caused the ohmmeter
readings to be erratic, so the minimum value shown was recorded as the resistance.

Results

Table 1: RMS Smoothness Results

Average of RNS Smoothness Data
Methodd Overall FME (&) Facet RIS (&)
Microtome 3335.000 26000
Polisher: Glycerol 125.600 27.667
Polisher: "Water 25333
Sandblaster 200.800

Table 1 compares the average RMS roughness of AFM images from each smoothening
method, as well as for facets found on either microtome or glycerol polish images. The value for
microtomy was the greatest at 333.000 A, based on ten images, meaning it was the least smooth.
Microtome facets had the second smoothest average, with a value of 26.000 A, from four
images. The water polish column had the lowest value, 25.333 A, averaged over three images,
even without taking facet RMS roughness values. The glycerol polished images had an average
RMS roughness of 125.600 A over five images. Three of those images contained facets, which
averaged 27.667 A. The sandblaster method gave the second highest average value of 200.800 A
over five images but had no facets.



Figure 5: Facet RMS
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Figure 5 shows the facet RMS roughness and the overall RMS roughness of seven AFM
images ordered from largest to smallest. The third and fourth largest facets had equal RMS
roughness vales of 25.000 A but significantly different overall RMS roughness values of
182.000 A and 978.000 A. The smallest facet gave the largest RMS roughness value, 32.000 A,
while the largest facet had the lowest value, 22.000 A.

Figure 6 a Figure 6 b Figure 6 ¢

i

The AFM images shown in Figure 6a, b, and ¢ are from different regions of the same
microtomy sample, which is DyBa,Cu,0,/La,;Ba; s MnO; on a strontium titante substrate
embedded in epoxy. These were taken by measuring friction instead of height. For these images,
the RMS roughness and the presence of facets was no longer of concern since the objective was
to discover if the film could be imaged. The nature of the friction imaging of the AFM restricts
any analysis other than visual analysis. Figure 6 is visually perfect, showing a clear film. The
film is the white strip of high friction running between the dark area, which is the substrate, and
the tan area, which is the epoxy. The film in 6a shows the highest friction level in the image,
while the film in 6b has a lower friction level than the epoxy. In Figure 6¢, the film has lost both
its uniform thickness and its linearity, showing that there were some negative or altering affects
to portions of the film from microtomy.

Annealing improved the conductivity of the substates more than tantalum doping, lowering
the resistance to 421 Q as compared with 7.03 MQ. Annealing of the substrates reduces them,
producing black coloration. Since MBE film growth involves a step where flowing ozone is run
over the substrate, oxygen is redeposited into the substrate, as evidenced by the return to their
previous clear beige color.



Discussion

The method using water to polish the film had the lowest RMS roughness value, but could
not be used for this project, because water contaminates ceramic superconductors. However, the
results are still useful for future studies of materials that are not adversely affected by water.

The microtome, using the facets on the surface, was the preferred method for producing a
smooth cross section of DyBa,Cu,0,/La,;Ba,;sMnO; on strontium titanate for two reasons.
Firstly, it had the second lowest RMS roughness value, after the water polish. Secondly, only one
embedded fragment from microtomy produced any images of the film. The friction images of the
film were taken to prove that the film was not adversely affected by the smoothening procedure.
If unaffected, measurements using STM will be possible. Only one microtomed sample produced
images of the film. The key to that was producing a small sharp point on the fragment and
removing as much epoxy as possible without exposing the substrate. However, even then, the
film was damaged or altered by the microtome, as evidenced in the damaged film in Figure 6¢
and the differences in friction levels of the films in Figures 6a and 6b.

Figure 5 is significant because the figure shows that facets result from microtomy and
polishing and are not arbitrarily smooth patches. If the smooth facets occurred arbitrarily, the
smaller sized facets would be smoother because the probability of arbitrarily smooth patches
forming is higher for smaller areas. Secondly, if the facets just happened to be smooth, then the
probability of forming low enough RMS values over the smooth patch would be less if the
overall RMS roughness was high. However, no relationship between facet size and facet RMS
roughness or between overall RMS roughness and facet RMS roughness values were found.
Therefore, the smooth facets were not arbitrarily smooth patches but were formed as a result of
the procedure.

In future studies, the only procedure that should be used for making cross sections of
DyBa,Cu,0,/La,;Ba; sMnO, bilayers on strontium titanate is microtomy. Before the microtomy
is done, the amount of substrate and epoxy to be cut by the microtome must be minimized, using
the methods outlined in this paper, to ensure the film will not be destroyed. Since the work done
to produce conductive substrates revealed that annealing did not work, because the oxidation of
the film after growth redeposited oxygen in the substrate, substrates doped with tatalum for
improved conductivity should be used instead. The value for the tantalum doped substrates was
noticeably high, but this may because it was not tested as extensively with the ohmmeter as the
annealed substrate during testing. The resistance of the tatalum doped substrate may be lowered
further through more uniform doping, or possibly with niobium doping, which is also known to
improve conductivity of the strontium titanate.

Since microtomy produces adequate smoothness, future studies will be able to use STM to
take electronic and structural measurements of the DyBa,Cu,0,/La,;Ba, ;MnQOj, bilayer on
strontium titanate. However, for this, a facet that includes the film must be found where the RMS
roughness is low enough for the structural and electronic properties of the film to be measured.
STM measurements will reveal structural aberrations in the film caused by the smoothening
procedure or from imperfect MBE growth. Then, the sample must be lowered to below the



transition temperature of the superconductor so the electronic properties of the bilayer can be
measured by the STM while a current is flowing through the film.
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Appendix A: Glossary

AFM

MBE

Doping

Super-
conductors

The atomic force microscope works around a two-legged spring which
forms a triangle with a tiny pyramid at the tip. A laser is centered to reflect
off the top of the spring, while the pyramid faces downwards towards the
surface to be measured. The laser is reflected into a sensor that measures
small changes of position. Then the AFM runs the spring back and forth,
row by row, over the designated sample area. The spring is very sensitive
and will bend up or down as the pyramid runs over the surface. The laser
sensor records the movement through change in voltage and converts it to
a height image in micrometers. This also explains why the friction image
is recorded in volts. It is not converted into different units. The height
image is based on measurements of the up or down movements of the
spring, while friction is based on lateral twisting.

The scanning tunneling microscope is similar to the AFM, although
contact is not actually made between the tip and the sample. Instead, the
electron interaction between the tip and the sample is measured. This is
why the sample must be conductive. A current is run through the sample
while the tip is held 1 nm above the sample and ran over it in a manner
similar to the AFM. A current tunnels through the air from the sample to
the conductive tip. This is recorded by a precise measuring device which
will adjust the position of the tip to keep the current constant. The voltage
adjustments are converted into height images, which can be of atomic
scale resolution.

Molecular beam epitaxy is a process by which the film structure is grown
layer by layer. MBE relies on multiple heat sources at 700°C, each of
which contain a different element. The elements can be added from the
heat sources as they are needed in the right quantity to form the desired
lattice structure; the process occurs in high vacuum (6). Flowing ozone is
added at room temperature after growth to oxidize the superconductor.

Doping refers to replacing a given element in a molecular structure with a
different element in given proportions. La,;Ba; ;MnOQOs, for instance, is
naturally LaMnQO;, but has been doped with barium. Fractions show that
every third molecular cell contains a barium atom as opposed to a
lanthanum atom.

A superconductor is any material, that undergoes a phase transition, into a
superconductor, at a certain temperature. Below the superconducting
transition it will conduct current without resistance and exhibit perfect
diamagnetism. Perfect diamagnetism is when all magnetic fields will be
pushed out of the superconducting material as the transition takes place;
magnetic field cannot exist in a superconductor. There are three types of
superconductors. Type-one superconductors are the traditional
superconductors and the first type discovered and are often a single



Annealing

Ultra-
micr otomy

Shotkky
Barrier

Anisotropy

element, such as mercury, a superconductor below 4.2 K. Type one
superconductors have the lowest transition temperatures. Type-two
superconductors are the second type discovered, and are often made up of
metal alloys, such as niobium titanium, with a transition temperature of 19
K. Type-two superconductors have somewhat higher transition
temperatures than type one superconductors, and will have higher critical
current and critical field values. Critical current is the largest current
which can be ran through a superconductor without destroying
superconductivity, and critical field is the largest magnetic field a
superconductor can be in and not have its superconductivity destroyed.
Type-two superconductors are the most commonly used superconductor
for real world applications. Ceramic superconductors are the third type,
and are the most recently discovered type of superconductor. Unlike type-
one and type-two superconductors, ceramics are not metallic in nature.
Ceramic superconductors have much higher transition temperatures than
the other types of superconductors. Ceramics are inflexible and therefore
cannot be used as superconducting wires or coils, which is why type-two
superconductors are used more commonly. The ability of ceramic
superconductors to superconduct is not yet fully understood, which is why
they are a focus for study (5).

Annealing a material means that it is heated to high temperature in a
vacuum. This removes oxygen from the material and can make it less
brittle. Annealing was done in this project to make strontium titanate more
conductive as a result of oxygen loss.

This is a process used to cut very thin slices of organic materials for
transition electron microscopy. This project involved a slightly
unorthodox use of the microtome by ignoring the slices and seeking only
to produce a flat surface. The ultramicrotome uses either glass or diamond
knives. The sample is attached to the microtome above the knife, and a
motor occilates it up and down on to the knife while also moving the
sample forward by a set distance with each repatition. This produces a
multitude of thin slices normally collected for use.

A barrier to electron flow formed when current flows across a
conductor/semiconductor barrier. It was encountered in my project when
trying to measure the resistance of the annealed and doped strontium
titanate substrates. The substrates were semiconductors, and the
ohmmeters leads were conductors. This made it difficult to measure the

resistance, because the Shotkky barrier would cause it to read artificially
high.

If a material has anisotropic properties, it means that the properties are
different if measured from different crystalline directions. Many ceramic
superconductors posses anisotropy.



Spin
Polarized
Electron
Carriers

Paramagnet

Current is carried by flowing electrons through a material, the electron
carriers. All electrons posses and intrinsic angular momentum known as
their spin. Polarization refers to alignment of many obtects to equal
directions.For this specific instance, the term spin polarized electron
carriers means that all the electron carriers have been polarized to have the
same spin. This effect occurs with the electron carriers flowing out of the
manganite.

A paramagent is material that will become magnetized in a direction
parallel to any applied external magnetic field. It will retain its
magnetization for a time after the external field is removed, but it will fade
eventualy.



