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1. Simple metals
(Nb, Tc=9K)
2. Alloys i
(Nb; Ge, Tc=23K)
3. Organic superconductors
(Te=12K) o
4. Molecular superconductors
(Ceo , Tc=52K charge injected)
5. HTSC
(Hg-1223, Tc=134K)
6. MgB,, Tc=39K
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T —1140,¢ /NE)

Op= Debye Temperature (for TM 250+-450 K)

N(Er) = Electronic density of states at the Fermi level

V = attractive potential (phonon-mediated)

L= coulombian pseudo-potential







N(Er) can be calculated from:

C.=y-T

being |y =—-ki-N(E.)
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Critical Temperature of compounds with NaCl structure

B
C <],38|<1.38 3.42|<0.3 | <1.20 g.g% 12 ]10.35 14.3 110.0| 3.4
<1.38|<1.4 | 1.35| 5.49/10.7| 8.83 51 17.316.5 |<1.28] 5,0 |<1.38
<].68
Sb <1.02]<1.02
2.0 <0.3 1.39
S <0.33| 1.9 | 0.87 3.3
Se |[<0.33| 2.5 | 1.02
Te 2.05| 1.48

* Tc=3.2 K was registered in vanadium carbide after implantation of c* qons
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Isotope effect and It has low resistivity

And Hydrides of Pd-Ag and Pd-Cu
display Tc up to 15K!!!



A15 compounds

| Stioichimetry ratio A3 B

The A atoms form linear chains parallel to the [100], [010], [001] directions






Nontransition T, Transition T
glements (K) elements (K)
Ti,Sb 6.5 Ti,Ir 4.2
Ze. Snot 0.9 Ti,Pt 0.5
Zr-Pb 0.76 Zr,Au 0.9
b
Zr _.Bi 34 V,Re, 34
V-AlF 14 V,0s,, 5.7
V,Ga 15.9 V,.Rh,, ~1
V_Si 17.0 VIt 1.7
V_.Ge 6 V_,Pd 0.08
V_,Ge* 11 V,Pt 3.7
V_,Sn_,, 3.8 V,Au,, 3
V. As,, 0.2 Nb,Os,, 1.0
V_Sh,, 0.8 Nb,,Rh,, 2.6
Nb,Al 19.1 Egﬂgfﬂ 1;14.2
Nb_,In" 9.2 =3 '
Nb,.Si,* 4.4 Ta,Pt,, 0.4
Nb-Sie 11-17 Ta_wAuy, 0-35
Nb-Ge* 17 Cr,Ru, 34
Nb-Ge* 23 Cry,0s.,, 4.7
Nb.Sn 18 Cr,,Rh,, 0.07
Nb-Sb 2 Cry,lIr, 0.75
1]
Nb_,Bi 3 Mo, Tc 13.4
Ta_,Ge* 8 [ Mo_ . Re_.& ~15 |
Ta_.Sn 8.3 Mo,.Os,, 13.1
Ta_,Sb 0.7 Mo,,lIr,, 8.5
Mo,Al 0.58 MogPt,, 46
Mo,Ga 0.76 W_.Re_,f 11
Mo,,Si,, 1.7
Mo,,Ge,, 1.8

a Rapid guenching b High-pressure synthesis ¢ Film deposition

techniques
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Vapor Sn Diffusion

Heating system

Procedure

ﬂ E Accelerating
structure 1)
Sh source
2)
Sn source heater

Pumping system

SnCl, Treatment)

. ;r 3) Nb;Sn film growth ina Sn
| = | atmosphere (T = 1050-1250°C,

. d LI
o @L t = dozens of h, p(Sn) ~ 10-3mbar)




Liquid Sn Diffusion?

Bulk Nb substrate dipping .
Sample A |
in a liquid Tin bath |:> ample Anneding

* No nucleation sites on Nb are required

* Fast growth of Nb3Sn layer

- Deasirable uniform thickness
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Process T = 1000°C
Dipping T = 120
Annealing T = 14h
Post annealing:

5h at 500°C

SEM Image




XRD spectrum
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A Superconductive Transition Curve
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Francesco Todescato, Thesis 2004,
Material Science Dept, Padua University

he reaction happens in two different steps:
First the Me,NH 50 mL is bubbled for around 90 minutes in LiBu:

Me,NH + LiBu — LiNMe, + BuH

Than the butane is evéporated and the pfoduct obtained is
suspended in pentane and treated by NbCl,

NbCI. +5LiNMe, — Nb(NMe, ), + 5LiCl
H:Z CHxy
H4C . HHI
HE T ot

H3C



Experimental setup: sputtering

Section view of %
experimental T3
device | S | -

sputtering system

o

Thin films and new ideas for pushing the limits of RF superconductivity, Legnaro 9-12 October 2006



Thin film grown

Condition of deposition

Annealed after sputtering

Thin films and new ideas for pushing the limits of RF superconductivity, Legnaro 9-12 October 2006



Results: X-ray diffraction

Sample M2 as deposited

Thin films and new ideas for pushing the limits of RF superconductivity, Legnaro 9-12 October 2006



Results: Superconductive characteristic

Thin films and new ideas for pushing the limits of RF superconductivity, Legnaro 9-12 October 2006
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Molybdenum-Rhenium

Most commonly known as Moly-Rhenium, and used extensively throughout many industries -from
medicine to defense and pure research to production welding, this material is a less costly alternative
to pure rhenium.

Possessing excellent thermal and mechanical properties, Moly-Rhenium is used as welding wire,
wires for numerous medical applications, components and parts for the aerospace and defense
industries, and grids for electronic applications.

Density, g/lcm® 13.52
Melting Point, °C 2550
Thermal Conductivity, W/m at 20°C 36.8

Linear Coefficient of Thermal Expansion, pm/m-K from 20-1000°C 5.7

Ductile Brittle Transition Temperature (DBBT), °C (-273)-(-173)
Critical Superconducting temperature, K 10.9
Electrical Resistivity, po'm at 20°C 0.220

Elastic Modulus in Tension, GPa 373
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Formula T.(K) Formula T.(K)

L He VRe L P H&S \‘_S‘ MogSs 17 Mo,Ses 63

Cu,Mo4Ss 10.6 Cu, MogSeqy 38

Cu, sMo4Seq 4.6

AgMogSe 8.5 ' AgMogSe, 5.8

SnMogSy 11.8-14.5 SnMo,Seq 4.8

A M 0 y 5 PbMOGSs 12.5—14.7 PbMoSSeg 3-6
X 6 8 NaMOQSg 8.5 .

La-MOGSs 7.0 LaMOsseg 112

PrMo,Ss 26 PrMo,Seq 3.9

y : S , SQ_ TQ NdMOGSg 3.5 2 NdMOﬁS@g 8.0

e - SmMogS, 24 SmMo,Seq 6.6

GdMogSg 1.4 GdMo,Seg 5.4

A : r&.lMOST lhy Y5Mo,Ss 8.5 YbMo,Ses 52
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Fig. 1-1. J. Georg Bednorz and K. Alex Muller
at IBM’s Zurich Research Laboratory.

(Photograph courtesy of IBM Research Division.)




{Photograph courtesy of Jonathan E. Jereb, University of Houston.)

w

Fig. 1-2. Dr. Paul Chu, T.L.L. Temple Chair in Science, University of Housto

n'






(Photograph courtesy of Argonne National Laboratory.)

Fig. C. President Ronald Reagan receives a lesson in superconductivity from Alan Schriesheim, the director
of Argonne National Laboratory (left).
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Tear of discovery
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of separconductivity in 1911, The soled Lize shoars the T, svolution of metallic mupercomdncters,

and the dashed line marks the T, evolution of supercenducting oxides.



Fig. 1
Crystal struc-
ture of the
superconduc-
tor type Bio
(Sr1-yCayl3
Cu2010.5 deve-
loped by
Hoechst.
Key: green =
calcium (Ca),
red = copper
(Cu), black =
oxygen (0),
yellow = stron-
tium (Sr), blue
= bismuth
(Bi).




HgBa,(Ca,,Sr,)Cu,O,,
HgBa,CuO,+

Tl,Ba,Ca,Cu,0,,

(Tl, (Hg, ,)Ba,Ca,Cu,O,,,
TIBa,Ca,Cu,0,,
(Tl,Pb,)Sr,Ca,Cu,0O4
Tl,Ba,CaCu,Oq
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Sn,Ba,Y,Cu.0O,
SninBa, Tm,Cu,O,
SnZBaZ(SrO.SYO.S)CUSOS
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123 K

118-120 K
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~115 K
112 K
103 K
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~115 K
~113 K
109 K
~98 K
~91 K
87K
86 K

(Aleksandrov, et al - 1989)
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(Ca,,Sr,)CuO, 110 K (Highest Tc quaternary compound)

NaW03 Tungsten-bronze (The First Non-Cuprate
with Tetragonal Lattice High-temperature Superconductor)

A recent preprint by S. Reich and Y. Tsabba (Weizmann Institute) reported
experimental evidence suggesting the possibility of superconductivity with Tc ~ 91
K in WO3 crystals with a surface composition of Na0.05WQO3

As of October, 2000, Shimon Reich reports that the 91K Tc has been confirmed,
but is localized in small islands about 100nm across and 10nm in height on the
surface of the material. He also states that, as yet, no other tungsten-bronze
compounds have exhibited this kind of high-temperature 2D superconductivity. Rb
and Cs surface-doped WQO3 only exhibit Tc's ~6K.




P.Romano, A. Vecchione,
G. Keppel and V. Palmieri

DIODE Sputtering at 950 C at 1 mbar
onto sapphire, and SrTiO3
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Giorgio Keppel, Thesis 2004,
Material Science Dept, Padua University
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Technique 2A (/KT 2A,(0)/ kT, v, 17,
specific heat 3.8 1.3 (0.5:0.5
specific heat 3.9 1.3 (0.5:0.5
specific heat 4.4 1.2 (0.55:0.45
penetration depth 4.6 1.6 0.60:0.40
tunneling 4.5 1.9

Raman 3.7 1.6

point-contact 4.1 1.7

photoemission 3.6 1.1

band structure 4 1.3 0.53:0.47




Two fluid model
““ Three fluid model

Ty
! J
J; l ol .
R —

é I, A é“lﬂ'zu % (L %“Jf-ﬁ“ % Tin
i: %

o O

I e I




Xiaoxing Xi

Department of Physics and
Department of Materials Science and Engineering
Penn State University, University Park, PA
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Rotating shaft Rotating shaft

Heater pocket

2" wafer

Deposition zone

s T
Magnesium \\\\H/‘ ’/ /

Boron plume

Deposition
zone

— Deposition temperature 550°C
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i

B source
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Purge with N,, H,

Carrier gas: H,

Piotas = 100 Torr.

Inductively heating susceptor, AND
Mg, to 550-760 °C. Py,, = 7 (44

mTorr is needed a 2
to thermodynamics

» Start flow of B,Hg mixture (1000
ppm in H,): 25 - 250 sccm. Film starts
to grow.

*Total flow: 400 sccm - 1 sIm
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prevent oxidation
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PERIODIC TABLE OF SUPERCONDUCTING ELEMENTS

83
= ]
o Vil
g & 2
= Helian‘
o .3,
7R from Yamashita T, Nakajima K, Chen J, Buzea C,
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which is 30 times greater than for single-walled carbon nanotubes. The
discovery has been made by a team led by Junji Haruyama of Aoyama
Gakuin University in Kanagawa. The superconducting nanotubes could
be used to study fundamental 1D quantum effects and also find practical
applications in molecular quantum computing (Phys. Rev. Lett. 96
057001).

Ping Sheng and co-workers at Hong Kong University of
Science and Technology have found that the nanotubes
exhibit superconducting behaviour below 20 kelvin,
confirming that resistance-free current can flow through
pure carbon (Z K Tang et al 2001 Science 292 2462).




Superconductivity in diamond

E. A. Ekimov', V. A. Sidorov', E. D. Bauer’, N. N. Melnil’, N. J. Curro’,
J. D. Thompson” & S. M. Stishov'

"Vereshchagin Institute for High Pressure Physics, Russian Academy of Sciences,
142190 Troitsk, Moscow region, Russia

*Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA

I ebedev Physics Institute, Russian Academy of Sciences, 117924 Moscow, Russia

Diamond is an electrical insulator well known for its exceptional
hardness. It also conducts heat even more effectively than copper,
and can withstand very high electric fields'. With these physical
properties, diamond is attractive for electronic applications?,
particularly when charge carriers are introduced (by chemical
doping) into the system. Boron has one less electron than carbon
and, because of its small atomic radius, boron is relatively easily
incorporated into diamond?; as boron acts as a charge acceptor,
the resulting diamond is effectively hole-doped. Here we report

the discovery of superconductivity in boron-doped diamond
synthesized at high pressure (nearly 100,000 atmospheres) and

temperature (2,500-2,800 K). Electrical resistivity, magnetic sus-

ceptibility, specific heat and field-dependent resistance measure-
ments show that boron-doped diamond is a bulk, type-II
superconductor below the superconducting transition tempera-

ture T, = 4K; superconductivity survives in a magnetic field

up_to H,(0) = 35T The discovery of superconductivity in
diamond-structured carbon suggests that Si and Ge, which also

form in the diamond structure, may similarly exhibit supercon-
ductivity under the appropriate conditions.

542

9004 Matiura Duklickisa Fremsn s

Figure 1 Optical and scanning electron microscopy images of the material. Top, central
part of the high-pressure synthesis cell after subjecting graphite and B,C o high-
pressure, high-temperature conditions. D, diamand; G, graphite. Bottom, SEM image of
B-doped diamond synthesized at high pressures and temperatures.

NATURE|VOL 428| 1 APRIL 2004 | www.nature.com/nature
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The superconductivity 1 boron-doped polycrystalline diamond thick films

Z.L. Wang®, Q. Luo®, LW. Liu®, C.Y. Li °, HX. Yang °, HF. Yang®, J.J. Li®, X.Y. Lu ",
ZS.Jin® L. Lu® C.Z. Gu**

* Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, Beijing 100080, PR China
® State Key Laboratory for Superhard Materials, Jilin University, Changchun 130021, PR China

Available online 14 February 2006

Abstract

Boron-doped polyerystalline diamond thick film was prepared by a hot filament chemical vapor deposition (HFCVD) method. The
morphology and structure of the diamond were evaluated by scanning electron microscopy (SEM), X-ray diffraction (XRD) and micro-Raman
spectroscopy. The carrier concentration of the boron-doped diamond was 7.3% 10°” em ™, determined by a Hall measurement system. The
transport measurements show that the boron-doped diamond thick film is superconductive and the superconducting transition temperatures are
10 K for T, onset and 8.3 K for zero resistance, and there is a strong diamagnetic response in the alternating current { AC) magnetic susceptibility
of the boron-doped diamond sample below 8.9 K. Such a high T, value can be attributed to the higher efficiency of doping, contraction of the
reconstructed bonds and two-dimensional nature of the surface states for diamond thick films, all together inducing a stronger electron—phonon
coupling.
© 2006 Elsevier B.V. All richts reserved.
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