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Objective

• Measure the resistance vs. 
temperature

• Measure the influence of 
magnetic field on the resistance 
and critical temperature 
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This Lab: Repeat the Famous Experiments Reported 
by M.K. Wu and co-authors, PRL, 2 March 1987
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Superconductivity at 93 K in a New Mixed-Phase Y-Ba-Cu-0 Compound System
at Ambient Pressure

M. K. Wu, J. R. Ashburn, and C. J. Torng
Department of Physics, University ofAlabama, Huntsville, Alabama 35899

and

P. H. Hor, R. L. Meng, L. Gao, Z. J. Huang, Y. Q. Wang, and C. W. Chu '
Department of Physics and Space Vacuum Epitaxy Center, University of Houston, Houston, Texas 77004

(Received 6 February 1987; Revised manuscript received 18 February 1987)

A stable and reproducible superconductivity transition between 80 and 93 K has been unambiguously
observed both resistively and magnetically in a new Y-Ba-Cu-0 compound system at ambient pressure.
An estimated upper critical field H, 2(0) between 80 and 180 T was obtained.

PACS numbers: 74.70.Ya

The search for high-temperature superconductivity
and novel superconducting mechanisms is one of the
most challenging tasks of condensed-matter physicists
and material scientists. To obtain a superconducting
state reaching beyond the technological and psychologi-
cal temperature barrier of 77 K, the liquid-nitrogen boil-
ing point, will be one of the greatest triumphs of
scientific endeavor of this kind. According to our stud-
ies, ' we would like to point out the possible attainment
of a superconducting state with an onset temperature
higher than 100 K, at ambient pressure, in compound
systems generically represented by (L t „M„),At, Dy In.
this Letter, detailed results are presented on a specific
new chemical compound system with L =Y, M =Ba,
8 =Cu, D=O, x=0.4, a=2, b=l, and y(4 with a
stable superconducting transition between 80 and 93 K.
For the first time, a "zero-resistance" state (p ( 3 && 10
fl-cm, an upper limit only determined by the sensitivity
of the apparatus) is achieved and maintained at ambient
pressure in a simple liquid-nitrogen Dewar.
In spite of the great efforts of the past 75 years since

the discovery of superconductivity, the superconducting
transition temperature T, has remained until 1986 below
23.2 K, the T, of Nb3Ge first discovered in 1973. In
the face of this gross failure to raise the T„nonconven-
tional approaches taking advantage of possible strong
nonconventional superconducting mechanisms have
been proposed and tried. In September 1986, the situa-
tion changed drastically when Bednorz and Muller re-
ported the possible existence of percolative superconduc-
tivity in (Lat Ba )Cu3 —s with x =0.2 and 0.15 in the
30-K range. Subsequent magnetic studies confirmed
that high-temperature superconductivity indeed exists in
this system. Takagi et al. further attributed the ob-
served superconductivity in the La-Ba-Cu-0 system to
the K2Ni F4 phase. By the replacement of Ba with
Sr, ' '' it is found that the La-Sr-Cu-0 system of the
K2NiF4 structure, in general, exhibits a higher T, and a

sharper transition. A transition width ' of 2 K and an
onset" T, of 48.6 K were obtained at ambient pressure.
Pressure ' was found to enhance the T, of the La-

Ba-Cu-0 system at a rate of greater than 10 K bar
and to raise the onset T, to 57 K, with a "zero-resis-
tance" state' reached at 40 K, the highest in any known
superconductor until now. Pressure reduces the lattice
parameter and enhances the Cu+ /Cu+ ratio in the
compounds. This unusually large pressure eAect on T,
has led to suggestions ' that the high-temperature su-
perconductivity in the La-Ba-Cu-0 and La-Sr-Cu-0 sys-
tems may be associated with interfacial eAects arising
from mixed phases; interfaces between the metal and in-
sulator layers, or concentration fluctuations within the
K2NiF4 phase; strong superconducting interactions due
to the mixed valence states; or yet a unidentified phase.
Furthermore, we found that when the superconducting
transition width is reduced by making the compounds
closer to the pure K2NiF4 phase, the onset T, is also re-
duced while the main transition near 37 K remains un-
changed. Extremely unstable phases displaying signals
indicative of superconductivity in compounds consisting
of phases in addition to or other than the K2NiF4 phase
have been observed by us, ' up to 148 K, but only in
f'our samples, and in China, ' at 70 K, in one sample.
Therefore, we decided to investigate the multiple-phase
Y-Ba-Cu-0 compounds instead of the pure K2NiF4
phase, through simultaneous variation of the lattice pa-
rameters and mixed valence ratio of Cu ions by chemical
means at ambient pressure.
The compounds investigated were prepared with nomi-

nal compositions represented by (Yi Ba )2Cu04
with x =0.4 through solid-state reaction of appropriate
amounts of Y203, BaCO3, and CuO in a fashion similar
to that previously described. Bar samples of dimensions
1 x0.5x4 mm were cut from the sintered cylinders. A
four-lead technique was employed for the resistance (R)
measurements and an ac inductance bridge for the mag-
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Superconductivity is influenced by temperature, 
magnetic field, and mechanical strain
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(In our experiment, the applied magnetic field is only 0.18 T.)



Two Commercial Samples from American 
Superconductor (https://www.amsc.com)

bismuth strontium calcium copper oxide
Bi2Sr2Ca2Cu3O10

Yttrium Barium Copper Oxide
(YBCO or Rare-Earth Barium Oxide)
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Two Commercial Samples from American 
Superconductor (https://www.amsc.com)

bismuth strontium calcium copper oxide
Bi2Sr2Ca2Cu3O10

Yttrium Barium Copper Oxide
(YBCO or Rare-Earth Barium Oxide)
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The Development of Second Generation
HTS Wire at American Superconductor

M. W. Rupich, U. Schoop, D. T. Verebelyi, C. L. H. Thieme, D. Buczek, X. Li, W. Zhang, T. Kodenkandath,
Y. Huang, E. Siegal, W. Carter, N. Nguyen, J. Schreiber, M. Prasova, J. Lynch, D. Tucker, R. Harnois,

C. King, and D. Aized

Abstract—Development of the Second Generation (2G) YBCO
High Temperature Superconducting wire has progressed rapidly
and its performance is approaching, and in some areas exceeding,
that of First Generation (1G) HTS wire. American Supercon-
ductor’s approach to the low-cost manufacturing of 2G wire
is based on a wide-strip (4 cm) process using a Metal Organic
Deposition (MOD) process for the YBCO layer and the RA-
BiTS (Rolling Assisted Biaxially Textured Substrate) process for
the template. In addition, the wide-strip RABiTS/MOD-YBCO
process provides the flexibility to engineer practical 2G HTS wires
with architectures and properties tailored for specific applications
and operating conditions through slitting to custom widths and
laminating with custom metallic stabilizers. This paper will review
the status of the 2G manufacturing scale up at AMSC and describe
the properties and architecture of the 2G wire being developed
and tested for various applications including in cables, coils and
fault current limiters. Performance of 100 meter class, 4 mm wide
wires at 77 K, self-field has reached 100 A (250 A/cm-width) with
single-coat YBCO and 140 A (350 A/cm-width) with double-coat
YBCO. A 5 cm inner diameter coil fabricated from the latter wire
achieved 1.5 T at 64 K, confirming the capability of the wire for
coil applications.

Index Terms—Coated conductors, HTS, RABiTS, YBCO, 2G
wire.

I. INTRODUCTION

DEVELOPMENT of Second Generation (2G) high temper-
ature superconducting (HTS) wires is now focused on es-

tablishing a reliable, low-cost manufacturing process for the
production of high performance 2G wire. A leading technology
being developed at American Superconductor (AMSC) for com-
mercial 2G HTS wire is the Metal Organic Deposition (MOD)/
Rolling Assisted Biaxially Textured Substrates (RABiTS) ap-
proach [1], [2].

The basic MOD/RABiTS process developed at AMSC is
based on the wide strip technology illustrated schematically in
Fig. 1 [3]. This wide strip technology is ideally suited for the
industrial reel-to-reel processing required for a high-volume,
low-cost manufacturing. In the present stage of development,
the YBCO films are processed as 4 cm wide strips through

Manuscript received August 27, 2006. This work was supported in part by
the US Department of Energy, the Office of the Secretary of Defense-Title 3,
the US Air Force Office of Strategic Research and DARPA.

The authors are with American Superconductor, Westborough, MA 01581
USA (e-mail: mrupich@amsuper.com).

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TASC.2007.899076

Fig. 1. Schematic illustration of AMSC’s wide strip process for the custom
manufacturing of 2G HTS wires of various widths and properties for targeted
applications.

Fig. 2. Cross-section micrograph of AMSC’s standard 2G HTS wire, called
344 (or 348) superconductors.

the deposition of a silver contact layer. After this stage, the
4 cm strip is slit into individual tapes of desired width, re-
ferred to as insert wires, which are subsequently laminated
to an appropriate metallic stabilizer to produce a final 2G
wire. The standard 3-ply architecture, shown in cross-sectional
photograph Fig. 2, consists of a 4 mm wide YBCO insert
strip laminated between two metallic stabilizer strips with the
edges sealed with a solder fillet. Standard cable wires, with
a 4.4 mm laminate, are called 344 superconductors and high
strength wires for rotating machinery, with a 4.8 mm laminate,
are called 348 superconductors. The advantages of the process
include the ability to produce multiple 2G wires from a single
strip, resulting is significant savings in capital equipment and
process time, and the ability to tailor the properties of the final
wire through the choice of stabilizer in the lamination process.

In this paper, we review the performance of the 2G HTS wire
produced at American Superconductor and the capability and
scalability of the MOD/RABiTS process. We also summarize
performance improvements in magnetic fields achieved through
the incorporation of “nanodots” into the YBCO films. The per-
formance of a coil fabricated from 2G wire is also described.

1051-8223/$25.00 © 2007 IEEE
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Industry warms to superconductors
02 Mar 2000

While theorists have been battling to understand high-temperature superconductivity, industrialists
have been developing a wide range of devices that are set to enter a global marketplace that is
potentially worth billions of dollars.

Over a dozen years have passed since high-
temperature superconductors were discovered
amid a rash of over-enthusiastic claims that these
materials would immediately revolutionize the
power, transport and communications industries.
The public perception may be that after years of
research and unprecedented industrial investment
there still seems to be no theory of high-
temperature superconductivity, and no practical
applications either. However, the reality is very
different. Many aspects of the physics and
chemistry of cuprate superconductors are now
well understood, while the remaining problems are
providing a rich source of new physics (see “The
underdoped phase of cuprate superconductors”
by Bertram Batlogg and Chandra Varma Physics
World February 2000). More importantly, however,
a wide range of major industrial applications are
set to appear within the next few years.

The lure of high-temperature superconductors is partly psychological. Before one’s very eyes these
materials become virtually perfect conductors when plunged into liquid nitrogen at 77 K, and become
capable of levitating a magnet.

Superconductivity is the macroscopic evidence of a quantum-mechanical state and, as such, is a

SUPERCONDUCTIVITY FEATURE

1 Inside a superconducting wire The cross-sections
of high-temperature superconducting wires. Top, a Bi-
2223 tape with dimensions of 4.1 mm x 0.2 mm.
Middle, a Y-123 tape comprising 36,000 wire
filaments that was made using a metal-alloy
processing technique. The tape measures 3 mm x 0.6
mm. Bottom, a magnified view of the left-most bundle
of filaments. The tapes were manufactured by
American Superconductor Corporation.

Most promising today…
but with stronger support wraps

6

https://www.amsc.com


Styrofoam Dewar
HTS Tape

Temperature
Sensor

Four-Point 
Connections
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Recipe: YBCO tape, thin films are deposited onto a silver/copper/steel tape.



Four-Point Measurement of Resistance
(or how does one measure “zero” resistance?)
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Applying a Magnetic Field

0.18 T

Hall Probe
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What is Contained in Data Files?
• Bi-2223 (bismuth strontium calcium copper 

oxide):

• Bi-2223-No-B.mov

• Bi-2223-With-B.mov

• YBCO (yttrium barium copper oxide): 

• YBCO-No-B.mov

• YBCO-With-B.mov

10

Bi-2223 at Room Temperature



Summary: Week 2

• Using a four-point measurement technique, measure the 
resistance of superconducting tape (Bi-2223 and YBCO) as a 
function of temperature, and

• as a function of magnetic field.
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