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ABSTRACT

SYNTHESIS AND CHARACTERIZATION OF
YTTRIUM-BARIUM-COPPER-OXIDE THIN FILMS

Richard Neil Steinberg
Yale University
1992

In order to better understand the behavior of the copper oxide high
temperature superconductors, it is important to grow high quality thin films of
them. Thin film growth is also important for many of the applications that make
use of superconductors. In this thesis, | report on methods of YBaxCugzOy film
growth, on characterization of these films, and on preliminary work on device
fabrication from them. We have grown films by metal cosputtering, by on-axis
high magnetic field sputtering from a composite target, and by off-axis sputtering
from a composite target. The effects of oxygen ion bombardment of the growing
film and of low oxygen partial pressure during growth are described. As a
means of film characterization, resistive and inductive transitions, crystal
structure, and critical current density are reported. Film growth through a

mechanical contact mask as a means of pattering the films is also described.
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1. INTRODUCTION
A. Overview

Since the discovery of superconductivity in 1911 [Onnes (1911)], the field
has been scientifically interesting and technologically applicable. In 1986,
shperconductivity was discovered at record temperatures in a new class of
superconductors [Bednorz and Mueller (1986)]. In 1987, for the first time
superconductivity was possible at temperatures above the boiling point of liquid
nitrogen (77 K). Wu et al. (1987) reported finding superconductivity above 90 K
in what was later identified [by Cava et al. (1987)] as YBa2CuzO7 (YBCO).
Before 1987, no material superconducted above 23 K. Since the
breakthroughs in 1986-87, many in the scientific community have devoted their
efforts to advancing the understanding of these new materials, improving the
ability to process them, and attempting to exploit their properties in practical
and/or interesting ways. Tremendous attention has been paid by the general
public to these high temperature superconductors, particularly in the first few
years foliowing the initial discoveries. Results have been reported by The New
York Times, The Wall Street Journal, Business Week, and CNN. While many of
the early predictions for applications were exaggerated, some applications for
the new class of superconductors seem imminent, and the potential for more
spectacular uses persists. Furthermore, no conclusive theory describing these
scientifically fascinating materials has yet emerged. For these reasons, in 1987,

we set out to further study the properties of YBCO.



When | began my research in the summer of 1987, news of the new
superconductors was electrifying the scientific community while bréakthroughs
were being reported at a staggering rate. Initially, | redesigned a cryostat to
measure the superconducting transitions of small YBCO superconductors being
grown at Yale by Dr. Stanley Mroczkowski as well as by our collaborators at
Olin Metals Research Laboratories (1). This cryostat became the one
eventually used to measure YBCO thin films later grown here. The small-
sample measurement technique is described in Appendix A. The cryostat used
for all our work on high temperature superconductivity is detailed in Appendix B.

Many of the applications and much of the understanding of the high
temperature superconductors stem from growth of high quality thin films and
fabrication of devices from these films. However, thin film growth has been and
continues to be very challenging. Device fabrication by traditional methods of
film growth and patteming has proven to be an even greater challenge. Since
1988, it has been my intention to grow high quality thin films of YBCO, fabricate
superconducting devices from them, and study the electrical characteristics of
these devices.

The rest of this chapter serves to introduce and motivate the work
covered. After describing the format of the thesis, a briet history of high
temperature (also referred to as high T¢) superconductivity is given. Then, real,
emerging, ahd potential applications of superconductors are described.
Finally, the goals of our work in high temperature superconducting film growth
and characterization are given.

A brief overview of superconductivity is given in Chapter Il. Basic

properties of superconductivity are described, especially those related to this



thesis. How the behavior of the new superconductors differs from the behavior
of traditional superconductors is introduced.

In Chapter lll, those properties of the new ceramic high temperature
superconductors, particularly YBCO, which are relevant to the work presented
are given. The unique crystalline, normal state electrical, and superconducting
properties are described. The conditions necessary for growing thin films and
the different growth methods used here as well as elsewhere are considered.

Chapter IV details our work on thin films grown by simultaneously
sputtering from three metal targets (cosputtering). First, the deposition system
used is described in detail. Next, films grown by ambient temperature
deposition followed by an oxygen anneal are described. Finally, films grown in
situ are described. By in situ, | mean they are grown at high temperature in the
presence of oxygen so that the desired phase of YBCO grows as deposited.
The results of in situ metal cosputered YBCO films presented in this thesis has
not been repoited anywhere else at the time of this writing.

Chapter V details our work on thin film growth by sputtering from a single
target of YBCO. Two such methods are described. In the first, a high strength
magnet is used in the sputter gun instead of the conventional strength magnet.
For this method, the sputter gun is pointed at the substrate on which the film is
growing. In the second method, a conventional strength magnet is used, but the
sputter gun is pointed away from the substrate. We had far more success with
the second method.

Superconducting devices are described in Chapte’r VI. Conventional
superconducting weak links are described first. Next, an overview of the

experimental work done in fabricating and measuring YBCO weak links by



other groups in the field is given. Although we have not succeeded in making a
YBCO weak link here, the details of our progress towards this and the work that
remains are given.

Finally, a summary and conclusion of the work described in this thesis is
given in Chapter 7. Also given is a current status of the high T effort.

B. High Temperature Superconductivity

Ever since its discovery, there has been a quest to find superconductors
at higher temperatures. The reason for this is that to take practical advantage of
the fantastic properties of superconductors, it would be more attractive if the
problem of cooling the material were not as great. Many scientists have
searched for materials with ever higher critical transition temperatures with the
hope that the field would move past just the research laboratory and into the
marketplace. Specific applications, both realized and potential, are given in the
next section.

Unfortunately, the field of high temperature superconductivity has been
plagued by unsubstantiated claims. In 1946, superconductivity was reported at
185 K in rapidly cooled dilute solutions of alkali metals in bliquid ammonia [Ogg
(1946)). In 1978, there was a Russian report of superconductivity in CuCl near
140 K [Brandt et al. (1978)]. This time, precedent was set when the validity and
importance of the finding was debated in the New York Times. In 1983, there
was a report from Japan of superconductivity at 200 K in a Nb layer grown on Si
[Ogushi et al. (1983)]. These are just of few of the many reports of

superconductivity that have not been substantiated.



For this reason, Bednorz and Mueller were cautious when they reported
"Possible High Tc Superconductivity in the Ba-La-Cu-O System" above 30 K in
1986. Their results were soon reproduced. In 1987, they were awarded the
Nobel Prize in Physics for their work. Superconductivity was soon discovered
and reproduced above the boiling point of nitrogen (77 K) in another layered
copper-oxide system, Y-Ba-Cu-O [Wu et al. (1987)]. Next, superconductivity
was found in the Bi-Ca-Sr-Cu-O system above 100 K [Maeda et al. (1988)].
Then, superconductivity was found in the TI-Ca-Ba-Cu-O system at about 120 K
[Sheng and Hermann (1988)]. These four systems are similar because of the
presence of Cu-O planes, which will be described in Chapter Il

Currently there are other systems which show evidence of high
temperature superconductivity. These include K doped Cgp (fullerenes)
[Hebard et al. (1991)], Ba1.xKxBiO4 (bismuthates) [Matheiss et al. (1968)], and
organic superconductors [Uemura et al. (1991)]. These interesting systems are
still being researched but are not covered in this thesis. Finally, there is a
recent report by Malik et al. (1992) (Quaid-i-Azam University, Pakistan) of
superconductivity over 300 K in Yo0.3Bap.7.xNaxCuO3.y. Time will tell if this

finding is accurate and can be reproduced.

C. Applications of Superconductivity

With their unique electrical behavior, superconductors have properties
which can be exploited in practical applications. These generally fall into two
classes: those based on bulk superconductors such as wires, and those based

on devices and other patterns fabricated from thin films. Some have been






