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Objective

• Cool high temperature superconductor and 
observe magnetic susceptibility as a function 
of temperature


• (Background) Meissner effect: weak magnetic 
fields are expelled from superconductors and 
appear as diamagnetic. 
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High Temperature Superconductors
• Eight Nobel Prizes awarded to discoveries involving 

superconductivity.  
[http://past.ieeecsc.org/pages/nobel-laureates-superconductivity]


• Superconductivity at liquid nitrogen temperature discovered in 1987.  
[https://doi.org/10.1103/PhysRevLett.58.908]


• High temperature superconductors (HTS) have become commercial 
and capable of producing the strongest magnetic fields. 
[https://doi.org/10.1088/1361-6668/ab06a2]
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This Lab: Repeat the Famous Experiments Reported 
by M.K. Wu and co-authors, PRL, 2 March 1987

VOLUME 58, NUMBER 9 PHYSICAL REVIEW LETTERS 2 MARCH 1987

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
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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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Three Observations:

(1) Magnetic Susceptibility, (2) Temperature & Resistivity, and (3) Magnetic Field & Resistivity 

2 MARCH 1987VOLUME 58, NUMBER 9 pH&SICAL EVIEW LETTER

0.80

0 60
E
G

0 40

(/3

CL

0.20

0.00
30 50 70

TEMPERATURE (K)

90

endence o ref sistance determinedFIw.G. 1. Temperature dep
in a simple iquin a simple liquid-nitrogen Dewar.

tions. The temperatureibilit (E) determinations.
el and

netic suscepti i i y
f Au+0. 07% Fe-Chrome anwas measure yd b means of Au . o

in the absence of a m g-a
h

thermocoup es in
on- lass t ermom

nce o . e latter was cali ra e
g

nce of a field. The a er
ld. Magnetic fie s upwithout a fie . fi s up

d
-nitro en Dewar is shown in

e h t mperature T A devi-earl wit emtia y op
this de endence is evi en

K- A """R"'t'tP " "'
fg 'th T"'h

rts at 92
The variation o wi

91that a diamagne ic
the shift increases rapi y
the diamagnetic sign

ith
co

1 f'Pb" p1nducting signa o
fild h RdIn a magnetic eslm1 ailar dimensions. n

r T. At our maximumm field of 5.7 T,sh i fted toward lower
the "zero--R" state remains at a T as ig

owder diAraction patterns s show the ex-y po
hases unc arac er

1'd 'n'1 "' '" undthe samples. Detai e anastructure in e
way.

emonstrate unambigu yousl that su-. -C -0 ahaccurs in the Y-Ba- u-
W 11 dt dn 80 and 93 K. e

~ ~field H, 2(T resistive y.pp
low fields is neg ecte,curvature at very

r 1.3 T/K, depending onof dH, 2/dT nearr T of3T/Kor
h 10% or the 50% drop

W b I 11 11

ated to be betweenc2
investigated. e e '

v can be further enhance as
aramagnetic imi in

165 T B"'use 'f 'ha T —90Kis 1

f'h''" "1ti hase characteristics oporous and mu ip
an reliable informationis therefore difficu
he slope of H, 2(T aensit of states from t e sy

1

t}1 t th
f the dirty- imi apC

existing data, i an e
ivit abovehigh-ternperatu ure superconduct y

tems consisting of ain compoun sys ehere occurs only in
her than the K2NiF4s in addition to or ot erphase or phases in a i

ttribute the supercon-phase. While i it is tempting to a ri
1 superconductingossible nonconventionaductivity to possi e

r all resent suggestionsmentioned earlier, a pr ns
be tentative at es,

etailed structural in orma
dles HY-Ba-Cu-0 samp es.

the
phases in t e

h lattice parameters,like to point ou t here that t e a
ents all play a cru-and the sample treatmen

The
valence ratio, an e

t 't above 77 K. T evin su ercon uc ivi
~ ~

cia} role in achieving
resent in superconductivityrole of the diferent phases present in su

ity of Al b m at Hunt ille
d b NASA Grants No.is supporte y

50 10

— 100

200

—300

F
O
E
LLJ

C/0

t/3
LLJ
IZ:

—400
80 100 12040 60

TEMPERATURE (K)

140 40 80 120 160
TEMPERATURE (K)

200 240

f gnetic suscepti ility.e endence o magFlG. 2. Temperature dep frect on resistance.FIG. 3. Magnetic field efrec

909

2 MARCH 1987VOLUME 58, NUMBER 9 pH&SICAL EVIEW LETTER

0.80

0 60
E
G

0 40

(/3

CL

0.20

0.00
30 50 70

TEMPERATURE (K)

90

endence o ref sistance determinedFIw.G. 1. Temperature dep
in a simple iquin a simple liquid-nitrogen Dewar.

tions. The temperatureibilit (E) determinations.
el and

netic suscepti i i y
f Au+0. 07% Fe-Chrome anwas measure yd b means of Au . o

in the absence of a m g-a
h

thermocoup es in
on- lass t ermom

nce o . e latter was cali ra e
g

nce of a field. The a er
ld. Magnetic fie s upwithout a fie . fi s up

d
-nitro en Dewar is shown in

e h t mperature T A devi-earl wit emtia y op
this de endence is evi en

K- A """R"'t'tP " "'
fg 'th T"'h

rts at 92
The variation o wi

91that a diamagne ic
the shift increases rapi y
the diamagnetic sign

ith
co

1 f'Pb" p1nducting signa o
fild h RdIn a magnetic eslm1 ailar dimensions. n

r T. At our maximumm field of 5.7 T,sh i fted toward lower
the "zero--R" state remains at a T as ig

owder diAraction patterns s show the ex-y po
hases unc arac er

1'd 'n'1 "' '" undthe samples. Detai e anastructure in e
way.

emonstrate unambigu yousl that su-. -C -0 ahaccurs in the Y-Ba- u-
W 11 dt dn 80 and 93 K. e

~ ~field H, 2(T resistive y.pp
low fields is neg ecte,curvature at very

r 1.3 T/K, depending onof dH, 2/dT nearr T of3T/Kor
h 10% or the 50% drop

W b I 11 11

ated to be betweenc2
investigated. e e '

v can be further enhance as
aramagnetic imi in

165 T B"'use 'f 'ha T —90Kis 1

f'h''" "1ti hase characteristics oporous and mu ip
an reliable informationis therefore difficu
he slope of H, 2(T aensit of states from t e sy

1

t}1 t th
f the dirty- imi apC

existing data, i an e
ivit abovehigh-ternperatu ure superconduct y

tems consisting of ain compoun sys ehere occurs only in
her than the K2NiF4s in addition to or ot erphase or phases in a i

ttribute the supercon-phase. While i it is tempting to a ri
1 superconductingossible nonconventionaductivity to possi e

r all resent suggestionsmentioned earlier, a pr ns
be tentative at es,

etailed structural in orma
dles HY-Ba-Cu-0 samp es.

the
phases in t e

h lattice parameters,like to point ou t here that t e a
ents all play a cru-and the sample treatmen

The
valence ratio, an e

t 't above 77 K. T evin su ercon uc ivi
~ ~

cia} role in achieving
resent in superconductivityrole of the diferent phases present in su

ity of Al b m at Hunt ille
d b NASA Grants No.is supporte y

50 10

— 100

200

—300

F
O
E
LLJ

C/0

t/3
LLJ
IZ:

—400
80 100 12040 60

TEMPERATURE (K)

140 40 80 120 160
TEMPERATURE (K)

200 240

f gnetic suscepti ility.e endence o magFlG. 2. Temperature dep frect on resistance.FIG. 3. Magnetic field efrec

909

Magnetic Field

TemperatureTemperature

Magnetic Susceptibility Resistance

5



Overview

• Week 1: “Meissner Effect” is observed by levitation of a permanent 
magnet and measurement of inductance vs. temperature


• Week 2: Four-point measurement of resistance vs temperature with/
without applied magnetic field
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Styrofoam Dewar
Coil surrounding 


HTS Disk

Temperature
Sensor

Inductance
Meter
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Several types of HTS

This sample is YBa2Cu3O7

Recipe: To make YBCO disk, combine yttrium-oxide/copper-oxide/barium carbonate, 
then heat, cool, grind, heat, cool, press into disk, and heat once again.



What is Contained in Data Files?

• Observation of levitating magnet:  
HTS-Time-Lapse-Meissner.mov


• Measurement of inductance vs. temperature:  
HTS-Time-Lapse-Inductance.mov
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Summary: Week 1

• Meissner effect: weak magnetic fields are expelled from 
superconductors and appear as diamagnetic. 


• Measure: temperature when Meisner effect vanishes indicating a 
loss of superconductivity and a return to normal resistance.
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