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Figure 2 Meissner effect in a superconducting sphere cooled in a constant
L applied magnetic field; on passing below the transition temperature the
i lines of induction B are ejected from the sphere.

R=0 for T<'I-'c

Figure 1 Resistance in ohms of a specimen
of mercury versus absolute temperature.
This plot by Kamerlingh Onnes marked the
discovery of superconductivity.
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The Meissner
effect

1933 Walter Meissner and Robert Ochsenfeld
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Bardeen, Cooper och Schrieffer - BCS




Superconductivity and
Low Temperature Physics

250W/W
@ LHe




Superconductivity and
Low Temperature Physics

TME APS 1987

By MICHAEL D. LEMONICK

“May. 11, 1987 They began lining up outside the New York Hilton's Sutton Ballroom at 5:30 in *
the afternoon; by the fime the doors opened at 6:45, recalls Physicist Randy Simon, a member
of TRW's Space and Technology Group, "it was a little bit frightening. There was a surge
forward, and T was in front. I walked into the room, but it wasn't under my own power.” Recalls
Stanford Physicist William Little: "I've never seen anything like it. Physicists are a fairly quiet
lot, so to see them elbowing and fighting each other to get'into the room was truly remarkable."
Thus began a session of the American Physical Society's annual meeting that was so turbulent,
so emotional and so joyous that the prestigious journal Science felt compelled to describe it as
a "happening." AT&T Bell Laboratories Physicist Michael Schluter went even further, calling it
the "Woodstock of physics." Indeed, at times it resembled a rock concert more than a
scientific conference. Three thousand physicists fried to jam themselves into less than half
that number of seats set up in the ballroom; the rest either watched from outside on television
monitors or, to the dismay of the local fire marshal, crowded the aisles. For nearly eight hours,
until after 3 a.m., the assembled scientists listened intently to one five-minute presentation
after another, often cheering the speakers enthusiastically. Many lingered until dawn, eagerly
discussing what they had heard and seen. What stirred all the excitement at that fumultuous
meeting in March was a discovery that could change the world, a startling breakthrough in
achieving an esoteric phenomenon long relegated fo the backwaters of science: e
superconductivity. That discovery, most scientists believe, could lead to incredible savings in
energy; trains that speed across the countryside at hundreds of miles per hour on a cushion of
magnetism; practical electric cars; powerful, ¥e‘r smaller computers and particle accelerators;
safer reactors operating on nuclear fusion rather than fission and a host of other rewards sfill
undreamed of. There might even be benefits for the Strategic Defense Initiative, which could
draw on efficient, superconductor power sources for its space-based weapons. ..."
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The
Breakthrough
1986
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The Nobel price in physics 1987
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Some stacking sequences




Superconductivity and
Low Temperature Physics

Perovskites and cuprates
A-X;

® A=Sr, Ba...

O X=0 Just looking at the CuO, planes:

The Cu configuration The O configuration
is 3d” with one hole in is 2pé with a
the 3d shell complete p shell
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Complex perovskites structures can be manipulated with regard to ions, charge doping, layering
etc, to get new electronic, magnetic and superconducting properties.
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An example: SrTiO,

Figure 1 Now you see it, now you don't. These
micrographs of a SrTiO3 crystal show the effect
of removing oxygen atoms, leaving vacancies in the
crystal lattice: the glistening oxidized gem (top) is
transformed into a dull blue, conductive crystal
(bottom).

Semiconductor physics
The value of seeing nothing
Jochen Mannhart and Darrell 6. Schlom

NATURE|VOL 430 | 5 AUGUST 2004 |www.nature.com/nature
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Ceramic superconductors

http://www.ill.fr/dif/3D-crystals/superconductors.html
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American Superconductors, and others, ...
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Table I. Structurally or Chemically Distinct Copper Oxide Superconductors and Year of Discovery

Superconductor Year Superconductor

(La,M),CuO, 1986 T1Ba,(Eu,Ce),Cu,0,
La,CuO, ., 1988
La,CuO,F, 1988 (TL,Pb)SrCaCu variants of Tl, Ba, Ca compounds
(Nd,Sr,Ce),CuO, 1989
(Nd,Ce),Cu0, 1989
Nd,CuO,_.F, 1989 GaSr,(Y,Ca)Cu,0;
Sr,CuO,4 1993 GaSr,Cz a,_ ,Cu, O,
Sr,CuO,F, , . 1994 n=234
(Ca,Na),CuO,Cl, 1994 AuSr,CaCu,0,
(Ca,Na),Cu,0,Cl, 1995 NbSr,(Nd,Ce),Cu,0,,

(Sr,K) versions of previous two RuSr,(Nd,Ce),Cu,0,,

also are superconducting and others in 1222 type with a mix of
Cu and M on first Cu site

(La,Sr),CaCu,0O,4 ( (e.g., Ti, V, Cr) also known
(Sr,Ca),(Sr, Ca),,_ 1 Cu, O, 093

(n=2,3,4) Cu(Eu,Ce),(Eu,Sr),Cu,0,
PbBaSr(YCa)C u,0, and others in this type with a mix of Cu and
Sr, _Nd,CuO, O¢ M on first Cu site (e.g., Pb, Ga) also

known

YBa,Cu,0, ¢
YBa,Cu,Og4 HgBa,C a, ,C 11,,07,, +2
Y,Ba,Cu,0,; ¢ n=12,3,4,56
(CuM)Sr,(Y,Ca)Cu,O- ¢ Hg,Ba,(Y, Ca)C ua,O

M stabilized Sr 123 (HgO sCrg 5)Sr,C uO-

M = Pb, Ga, Fe, B, SO,, CO,, Al, (Bi + Cd) (Hgq sCrg 5)Sr,Cu, OqCO

(Ba,Sr),Cu, , . (CO,), O
Pb,Sr,(Y,Ca)Cu 04 (Cu,_(CO,),),,(Ba,Sr), Ca,,_,C u,0,
Pb,(Sr,La),Cu,O, m=1l.n .3.4,5:x #0orx =0
m=2n

X
x #F 0

“Bi,Sr,Cu0O,” C
Bi,Sr,CaCu,0q4 ¢ Bi,Sr,Cu,0,CO,
Blﬂ,Squanu OIO BhSr CulO,O(C01)7
Bi,Sr,(Ln,Ce),Cu,0,, ¢ (TLPb)Sr,Cu,0,CO,
Tl,Ba,Ca,_,Cu,O,,, . Ca,, sSr sCu,,0,,

n=123,4 (60 kbar (6 MPa) applied pressure only)
TiBa,Ca, ,Cu,0O,,

n=1,2,3

Robert J. Cava, "Oxide Superconductors” J. Am. Ceram. Soc., 83 [1] 5-28 (2000)
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The Rate of Discovery of Copper Oxide Superconductors

Number
of
Super-
conductors

1986 1987 1988 1980 1991 1992 1993 1984 1995 1996 1997 1998
Year

Fig. 23. Number of copper oxide superconductors discovered per year, 1986 —present.

Robert J. Cava, "Oxide Superconductors” J. Am. Ceram. Soc., 83 [1] 5-28 (2000)
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J R Waldram: Superconductivity of metals and cuprates, (Institute of Physics, Bristol, 1996)
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The material
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Perovskites and cuprates
A-X;
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Fundamental Properties of HTS Important for
Applications

AO - 30'50 meV 400 t I

— | >

electrons

g, ~ fewA
highly anisotropic

d-wave order parameter symmetry

SC

SC

doping possible 0

03 02 01 00 01 02 03
X (carriers / Cu)

—> HTS device physics differs strongly from LTS

From Jochen Mannhart (Lecture Saas Fee)
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J R Waldram: Superconductivity of metals and cuprates, (Institute of Physics, Bristol, 1996)




Figure 1 lllustration of the zero-temperature behaviour of various correlated materials
as a function of sheet charge density (17,p). Silicon is shown as a reference. The
examples for high-T7 . superconductors and for colossal magnetoresistive (CMR)
manganites reflect YBa,Cu307 s and (La,Sr)MnO,, respectively. The top bar has been

Electric field effect in correlated oxide systems
C. H. Ahn, J.-M. Triscone & J. Mannhart

Superconductivity and
Low Temperature Physics

drawn fo illustrate schematically the richness of materials available for field-effect
tuning and the spectrum of their phases. AF, antiferromagnetic; FM, ferromagnetic;
I, insulator; M, metal; SC, superconductor; FQHE, fractional quantum Hall effect;
Wigner, Wigner crystal.

NATURE |VOL 424 | 28 AUGUST 2003 |www.nature.com/nature
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The idealized structure of
YBa,Cu3;0; shows evolution
from the perovskite
structure of Figure 4. (a)
Stacking of 3 perovskite
units; (b) Shift of the
origin; (c) Removal of
some of the oxygens to
the give correct chemical
composition.

co http://www.chem.northwestern.edu/~poeppel/SCBlurb.html
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YBa,Cu;0- 4

CuO, planes
CuO, planes

CuO chains

From Jochen Mannhart (Lecture Saas Fee)
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A versatile structure...

Complex perovskites structures can be manipulated with regard to ions,
charge doping, layering etc, to get new electronic, magnetic and
superconducting properties.

Cuprate superconductors
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D. M. Ginsberg, Physical properties of high temperature superconductors (World Scientific, Singapore, 1994)
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Electronic properties
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Complex perovskites structures can be manipulated with regard to ions,
charge doping, layering etc, to get new electronic, magnetic and
superconducting properties.

Cuprate superconductors




Perovskites and cuprates
A-X;

@® A=Sr, Ba...

O X=0
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Coulomb interaction:

Zero point kinetic energy:
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Orbitals...

J R Waldram: Superconductivity of metals and cuprates, (Institute of Physics, Bristol, 1996)




Coulomb interaction:

Zero point kinetic energy:
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Localized states and Mott insulators

- Coulomb interactions have the

dominant effect for large r

- At low densities the electrons

behave more like classical particles
and are trapped in localized states
- Mott insulator

- Zero point kinetic energy has the
dominant effect for small r

- At high densities the electrons
have enough Kinetic energy to
tunnel through the barrier
presented by their neighbors
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Tube scanner

Schematic diagram of our scanning SQUID microscope [16].

Pickup loop

Piezoelectric tube

(a, b) Expanded views of the sample area; (c) schematic layout o:
the integrated magnetometer [16].
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http://www.research.ibm.com/sup/kirtley.htm

M

Optical image of the tip of a SQUID sensor after polishing.
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J R Waldram: Superconductivity of metals and cuprates, (Institute of Physics, Bristol, 1996)
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J R Waldram: Superconductivity of metals and cuprates, (Institute of Physics, Bristol, 1996)
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J R Waldram: Superconductivity of metals and cuprates, (Institute of Physics, Bristol, 1996)
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Anisotropy and consequences

Conduction in different directions
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D. M. Ginsberg, Physical properties of high temperature superconductors (World Scientific, Singapore, 1994)
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D. M. Ginsberg, Physical properties of high temperature superconductors (World Scientific, Singapore, 1994)
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D. M. Ginsberg, Physical
properties of high temperature
superconductors (World
Scientific, Singapore, 1994)
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Anisotropy and consequences

Intrinsic Josephson effect




KLEINER AND MULLER
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Early measurements Kleiner & Miiller

Bi,Sr,Ca,Cu,Oq4

http://www.pi3.physik.uni-erlangen.de/intrinsic/
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Single crystals




MESA STRUCTURES
= using photolithography

area ~ 200-600 pm~ 2

—

A

7§//

¢ height ~ 15 - 300 A

(in situ controlled)

' ' Y t al.
Ar ion etching or urgens et a

Chemical etching (EDTA) Appl. Phys. Lett. 70, 1760 (1997)
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TUNNELING SPECTROSCOPY...

Syperconductor

EA

Superconductor

Supefconductor
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The phenomena
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Superconducting gap vs Pseudogap

D. Winkler, et al., Superconductor Science & Technology 12, 1013 (1999)
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THE PSEUDOGAP. ..

Yurgens et al.
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Anisotropy and consequences

Magnetic behaviour
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G. Blatter et al., Vortices in high-temperature superconductors, Rev. Mod. Phys., 66, 1994
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o(T,B) for LTS and HTS
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YBCO

G. Blatter et al., Vortices in high-temperature superconductors, Rev. Mod. Phys., 66, 1994
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BSCCO

G. Blatter et al., Vortices in high-temperature superconductors, Rev. Mod. Phys., 66, 1994
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Abrikosov vortex configurations and
Josephson vortices

G. Blatter et al., Vortices in high-temperature superconductors, Rev. Mod. Phys., 66, 1994
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Irreversibility lines
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Experimental phase diagram for vortex matféer
in BSCCO single crystals

A one-dimensional chain
state of vortex matter

Alexander Grigorenko,
Simon Bending, Tsuyoshi
Tamegai, Shuuichi Ooi
and Mohamed Henini

Nature 414, 728-731
(13 December 2001)

Our experimental data (filled triangles) have been used to map out a phase diagram for the different observed states of vortex
matter in the Hc—H// domain for the temperature range where this study was performed (77-88 K).
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Vortex dynamics

Field independent transition

Vos Iy
Ii~12 3 42
| ="
Issl_,s 6 7 8\l uncorrelated
vortices

correlated
vortices

A. Rydh and O. Rapp, Phys. Rev. Lett 86 (2001), 1873 B. Lundqvist, O. Rapp, and M. Andersson, Phys. Rev. B 64 (2001), 060503R.
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Still a puzzle...

17 NOVEMBER 2006 VOL 314 SCIENCE
www.sciencemag.org
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Other bits and pieces in the puzzle...

The pseudogap...
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HgBr,-Bi2212
August’s
pseudogap
movie
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7 2
S
z
=z
=

800 1200

HgBr,- Bi2212

HgBr,- intercalation — see below




The doping dependence of T* - what is the real high-Tc phase diagram?
J. L. Tallona and J.W. Loramb
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The pseudogap

Fig. 8. The p-dependence of the low-temperature spectral
gap determined from c-axis IR spectroscopy for Y-123 (O)
and SIS tunnelling spectroscopy for Bi-2212 (M) and 4kgT.
for YogCag,-123 (crosses). At first sight these appear to
confirm a scenario in which T* merges with T.. Also shown
1s the SC gap A, determined for Y,;Ca;,-123 from heat
capacity (A). The open squares are additional second-gap
features in the tunnelling spectra that show that the low-
doping gap 1s the pseudogap while the high-doping gap is
the SC gap. Inset: the IR conductivity ¢;(®) for an under-
doped sample of Y-123 with T.= 78 K (see ref. [26]) for
different temperatures (T = 300. 200, 150, 100. 80, 70, 55.
450 and 5 K). The highlighted curve (80 K) is close to T..
The vertical arrows mark the distinct SC gap and pseudo-
gap.
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The pseudogap

Temperature (K)

¢ SC
Magnetic field 0.1 0.2

Ce Concentration (x)

Fig. 4. Electronic phase diagram of Nd,_,Ce,CuQ,. The onset
temperature of pseudogap 7* is shown in comparison with the
Néel temperature measured previously by Luke et al. [10]. SC
and AF stand for the superconducting and antiferromagnetic
region, respectively.

7
=4

\

|

LT 7777
LT T AALT T T 7 7
o

Temperature [K]

3 SEPTEMBER 2004 VOL 305 p 1410 SCIENCE www.sciencemag.org
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Figure 1: Phase diagram of hole- and electron-doped cuprates.
AFM: Antiferromagnetic region ( TN: Neel-temperature).
SC: Superconducting region ( TC: Critical temperature). QCP: Quantum critical point. T*: Pseudogap temperature.

Figure 2: Coexistence of pseudogap and superconducting phase in electron-doped HTS (from L. Alff et al., Nature 422, 698 (2003).

http://www.wmi.badw-muenchen.de/F6538/projects/TP4/TP4.htm




Figure 1 Atomic-scale explorations of electronic states in Ca, ,Na,CuO,Cl,. a, A
schematic phase diagram of hole-doped copper-oxides showing the Mott insulator, high-
T, superconductor (HTSC) and metallic phases along with the ‘pseudogap’ regime and
the ZTPG line. b, Crystal structure of Ca, ,Na,CuO,Cl,. Red, orange, blue and green
spheres represent Ca(Na), Cu, O and Cl atoms, respectively. Conducting CuO, planes are
sandwiched by insulating CaCl layers.

Superconductivity and
Low Temperature Physics
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An explanation for a universality
of transition temperatures in families
of copper oxide superconductors

Sudip Chakravarty', Hae-Young Kee’ & Klaus Volker’

'Department of Physics and Astronomy, University of California Los Angeles,
Los Angeles, California 90095-1547, USA
Department of Physics, University of Toronto, Ontario M5S 1A7, Canada

Figure 1 Transition temperature within a homologous series. A homologous series® is a
family of compounds having the same charge-reservoir block, but nCuO,-planes in the
infinite-layer block, which in turn consists of (n — 1) bare cation planes and mCuQ,-
planes. A good example is the family HgBa,Ca,— 1)Cu 024245 Whose T; as a
function of n, optimized with respect to oxygen concentration, is shown. (The figure is
adapted from the data in ref. 30.) Similar results have been known for some time; see
ref. 1.

NATURE |VOL 428 | 4 MARCH 2004 | www.nature.com/nature



Figure 1 Plot of the superfluid density (o¢) versus the product of the d.c. conductivity
(04c) and the superconducting transition temperature (7,) for a variety of copper oxides and
some simple metals. (o4, is measured just above the transition, and parallel to the
copper—oxygen (a-b) planes; data are shown on a log—log plot; see Supplementary
Table 1 for details, including errors.) The values for o4c and ps are obtained from optical
measurements of the reflectance. The reflectance is a complex quantity consisting of an
amplitude and a phase; in an experiment only the amplitude is usually measured.
However, if the reflectance is measured over a wide frequency range, the Kramers—
Kronig relation may be used to obtain the phase. Once the complex reflectance is
known, then other complex optical functions may be calculated (for example, the
dielectric function or the conductivity). The oy, used in this scaling relation has been
extrapolated from the real part of the optical conductivity oy = o1(w — 0) at T= T,.
For T < T, the response of the dielectric function to the formation of a condensate is
expressed purely by the real part, e;(w) = €. — w3/w?, which allows the
superconducting plasma frequency wys to be calculated from wgs = —w2e;(w) in the
w — 0 limit, where wﬁs = 4nnee?/nt’ is proportional to the number of carriers in the
condensate. The strength of the condensate (ps) is simply ps = wgs. The dashed and
dotted lines are described by ps = (120 = 25)ay.7.. Within error, all the data for the
copper oxides are described by the dashed line. The data for the conventional
superconductors Nb and Pb, indicated by the atomic symbols within the circles, lie
slightly above the dashed line.

Superconductivity and
Low Temperature Physics

Figure 2 As Fig. 1 but for copper oxides only, and including data for the poorly conducting
caxis. The values for ps and oy are obtained from optical measurements, as described in
Fig. 1 legend. In addition to the published results, new data are also included for
HgBa,Cu0,. 5 and La,_,Sr,Cu0,. Within error, all of the data fall on the same universal
(dashed) line with slope of unity, defined by ps = 12004 T¢; the dotted lines are from
ps = (120 = 25)ay.T.. See Supplementary Table 2 for details, including errors.

A universal scaling relation in high temperature superconductors
C. C. Homes et al.

NATURE |[VOL 430 | 29 JULY 2004 |www.nature.com/nature




Figure 1 lllustration of the zero-temperature behaviour of various correlated materials
as a function of sheet charge density (17,p). Silicon is shown as a reference. The
examples for high-T7 . superconductors and for colossal magnetoresistive (CMR)
manganites reflect YBa,Cu307 s and (La,Sr)MnO,, respectively. The top bar has been

Electric field effect in correlated oxide systems
C. H. Ahn, J.-M. Triscone & J. Mannhart

Superconductivity and
Low Temperature Physics

drawn fo illustrate schematically the richness of materials available for field-effect
tuning and the spectrum of their phases. AF, antiferromagnetic; FM, ferromagnetic;
I, insulator; M, metal; SC, superconductor; FQHE, fractional quantum Hall effect;
Wigner, Wigner crystal.

NATURE |VOL 424 | 28 AUGUST 2003 |www.nature.com/nature
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Figure 3 Field effects in superconducting films. In each case, the blue curve GdBa,Cu;0; _ 4 film induced by a 300-nm-thick PZT layer acting as ferroelectric gate.
corresponds to depletion of the carrier density, and the red curve corresponds to The two curves have been normalized in the normal state. ¢, Resistance change of a
enhancement of the carrier density in the DS (drain—source) channel. a, Change of the ~2-nm-thick GdBa,Cu40; _; film whose doping level has been chosen to be close to
DS resistance of an ~8-nm-thick YBa,Cus07—s channel with a ~300-nm-thick the superconductor—insulator transition, induced by a 300-nm-thick PZT layer acting
Bag.15Sr0.85Ti03 gate insulator. The scatter in the data results from the noise of the as ferroelectric gate. These data have been measured at 1T (from ref. 18).
measurement system (from ref. 6). b, Resistance change of a ~2-nm-thick

NATURE |VOL 424 | 28 AUGUST 2003 |www.nature.com/nature
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tpper Critical Fields of MgB,

o 1 .
. W voron pleres N\, Random, polycrystalline bulk

' PLD (Alloyed) Thin Film |

Epitaxial Thin Film

|

whia

Aol

20 30

Tamperature (Kelvin)

From Jochen Mannhart (Lecture Saas Fee)
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Superconductivity in MgB,

found in 2001 by J. Akimitsu
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From Jochen Mannhart (Lecture Saas Fee)
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From Jochen Mannhart (Lecture Saas Fee)
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From Jochen Mannhart (Lecture Saas Fee)




Superconductivity and
Low Temperature Physics

MgB, Wire

Annealed Fe/MgB, tape

» Jiy A -O
35K 30K 25K 20K

1 mm diameter n H (Tesla)

Figure 5. Field dependence of J; for annealed Fe /MgB, tapes,
measured every 5 K between 10 and 35 K either inductively (solid
lines) or by transport experiments (symbols).

R. FlUkiger et al., Supercond. Sci. Techn. 16, 264 (2003)

From Jochen Mannhart (Lecture Saas Fee)
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" MgB2 Fe-sintered
MgB, Wire —e— MgB2/YSZ/Haselloy
—&8— NbTi
—4— Nb3Sn VAC

—&— (Nb,Ta)6Sn5 + Nb4at%Ta
—0— Nb3(Al) Solid state diffusion
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Figure 1. Critical current density versus external magnetic field for
the range of superconducting conductors manufactured by different
processes as specified in the key. For Nbs(Al, Ge) tapes formed by
liquid quenching processes, and also for MgB,. the coated
conductor magnetic field was parallel to the tape surface. In all
cases, the magnetic field was perpendicular to the current [4].

B.A. Glowacki et al., Supercond. Sci. Techn. 16, 297 (2003)

From Jochen Mannhart (Lecture Saas Fee)
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Singapore, 1994)

C. W. Chu Materials and Physics of High Temperature Superconductors: A Summary, Two
Recent Experiments and a Comment

Physica Scripta. T102, 40-50, 2002

Robert J. Cava, "Oxide Superconductors” J. Am. Ceram. Soc., 83 [1] 5-28 (2000)

Jochen Mannhart and Darrell 6. Schlom, NATURE|VOL 430 | 5 AUGUST 2004
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Materials Processing and
Josephson junctions

(additional mtrl)

= This last part was not discussed during the
lecture and can be studied on your own if
you wish. ..
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YBCO ARTIFICIAL GRAIN e Olsson
BOUNDARY JUNCTIONS

J. Alarco

Upper crystal has a

c-axis tilt of 6

(misorientation dc-SQUID
angle) relative to

the lower part (c-

axis is normal to the

surface).

The substrate grain
boundary is
transferred to the
YBCO during the
thin film growth.

The film grain
boundary is usually
a Josephson weak
link
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The Josephson effects - shunted junction

Josephsons
ac-effekt T

Josephsons
dc-effekt
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The Bicrystal Technology

high-T,
superconductor

substrate

D. Dimos, P. Chaudhari, and J. Mannhart, Phys. Rev. B 41, 4038 (1990)

Physics Today 11, 48 (2001)
H. Hilgenkamp and J. Mannhart, Rev Mod Phys 74, p 485, APRIL 2002
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H. Hilgenkamp and J. Mannhart,
Rev Mod Phys 74, p 485, APRIL
2002

Figure 4 Transport critical current density at 4.2 K measured in thin films of YBCO grown on [001] tilt
bicrystal substrates of SrTiO; (squares3” and filled diamonds*4), Y,0,-stabilized ZrO, (circles®”), and
bi-epitaxial junctions (open diamonds®®) of varying misorientation angle . Data of refs 97 and 44 were
taken at 77 K and have been multiplied by a factor of 10.9 to make them comparable with the data at
4.2 K. Despite a significant scattering, J.(©) exhibits a universal exponential dependence on. Data

compilation courtesy of J. Mannhart3”.
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Electrotechnical applications

= What are the problems
* What is needed
= To what cost
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High T, superconductors—composite wire fabrication

S. Jin, R. C. Sherwood, R. B. van Dover, T. H. Tiefel, and D. W. Johnson, Jr.
AT&T Bell Laboratories, Murray Hill, New Jersey 07974

(Received 13 April 1987; accepted for publication 22 May 1987)

YBa,Cuz;0,_ 4/ Ag - wire

® J_ (77K, 1987) =175 Alcm?

From Jochen Mannhart (Lecture Saas Fee)
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Depairing Limit

AC Power Magnetic Energy
Transmission Storage
Lines

epi-film

Generators YBa,Cu;0;;

and Motors  Separators  Train
Polycrystalline
YBa,Cu,;0.

4

From Jochen Mannhart (Lecture Saas Fee)
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Melt Textured Superconductors to Avoid Boundaries

GdBCO YBCO
5 cm diameter 2.6 cm diameter
3 cm thick resin impregnated

Nexans ISTEC

From Jochen Mannhart (Lecture Saas Fee)
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Melt Textured Superconductors to Avoid Grain Boundaries

Applications :

@ levitation

® bearings (e.g. for flywheels)
® magnetic separators

@ water cleaning

Trapped field between two YBCO disks

M. Tomita and M. Murakami, Nature 421, 519 (2003)

From Jochen Mannhart (Lecture Saas Fee)
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J. Mannhart and C.C. Tsuel, Z. Phys. B 77, 53 (1989)

From Jochen Mannhart (Lecture Saas Fee)
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BSCCO (Bi,Sr,Ca,Cu;0,,) Powder in Tube Technology

TRy i TR

HU-28 88 kU ~ Arbeitsabstand= 12 mn " Vergroperung- 12.00 K X
1pmn — Photo Nr.=1823 Detektor= SE1

From Jochen Mannhart (Lecture Saas Fee)
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BSCCO Powder in Tube Technology - Cables

Sumitomo

Sumitomo

100 m, 114 MVA, 1000 A
cold dielectric design, 3-phase

From Jochen Mannhart (Lecture Saas Fee)
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BSCCO Powder in Tube Technology -

Reason: thermally activated flux motion due to pancake structure of vortices

H

T

Cost of material (silver) too high




Coated Conductors

buffer layer

metal tape

superconductor
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RABITS - IBAD - ISD

| = 4200 A

Southwire, ORNL, AMSC

From Jochen Mannhart (Lecture Saas Fee)
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Chemical Solution Deposition

substrate

gel film

dip coating J. = 6-7 x 10 A/lcm? (77 K) on Al,O,

J. > 1 x 10°% A/cm? (77 K) on buffered metal tapes

From Jochen Mannhart (Lecture Saas Fee)
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annealing

rolling

cleaning polishing

G. Hammerl et al., APL 81, 3209 (2002)

From Jochen Mannhart (Lecture Saas Fee)




Superconductivity and
Low Temperature Physics

buffer layer deposition

ReBa,Cu;0,_; deposition

Re, ,Ca Ba,Cu,0-  deposition
RABITS-tape

anneal

G. Hammerl et al., APL 81, 3209 (2002)

From Jochen Mannhart (Lecture Saas Fee)
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SOME ISSUES IN HTS

I FUNDAMENTAL PROBLEMS:
- Spin gap, Pseudo gap
Wave symmetry, pairing state
Theory
Irreversibility line and vortex dynamics
Andreév states and tunneling

I MATERIAL PROBLEMS AND TECHNICAL ISSUES:

- Ways of making : Microstructure
Josephson weak links Epitaxy
Josephson tunnel junction Multilayers
long conductors:
with large j. and j, in moderate fields
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Eg. Neglected Enablers: Low Thermal Load Input-Output Cabling

= Andr'ew&SErlni‘rh . H. Harshavardhan
W Space ectronics Neocera, Beltsville MD

Redondo Beach, California :
HTS on flexible YSZ substrate
Technical Challen geBlRphasel YBCOonYSZ

« Superconducting electronic systedBR phase 2: pulsed e beam dep.
need A of dc | & high speed cabling,
especially from 4-70 Kelvin
In normal metals low electrical resistance
comes with low thermal resistance Flexcable
and therefore high thermal loads /

P P r 0 a C h ;
Thermal conductance break: Insert

High temperature superconductor (HTS) /
on thin substrate into leads
High density connector

t a t u S : Prototype flexible cable with

Design and connectorization complete HTS thermal block

« HTS manufacturing and mounting incomplete
Deborah Van Vechten ONR From Jochen Mannhart (Lecture Saas Fee)
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Low Heat-Load, Wide Band Microwave Leads For RT to 70K

Andrew Smith
NG Space Technology
Redondo Beach, California

TRW patented design concept
before beginning work

Technical Challenge:

« Cryogenic microwave systems
(filters, low noise amplifiers)
must connect room temperature signals
to a cryogenic stage
Low electrical resistance comes with
low thermal resistance and therefore
high thermal loads

Approach:

« Multli-layer flexible cable

* Quarter-wavelength resonators
break thermal path

Progress
« Prototype developed and tested

e Most useful > 10 GHz Prototype flexible
microwave cable

Deborah Van Vechten ONR From Jochen Mannhart (Lecture Saas Fee)




