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Different classes of superconductors (after Buzea and Yamashita).





Disorder effect on TC



Variation of Transition Temperature with electrons-to-atom
ratio in the Tl-Pb-Bi alloy family.
After Dynes and Rowell, Phys. Rev. B 11,1884 (1975)

In the Tl-Pb-Bi System, the mass can be held almost constant and the variation
of TC with e/a can be studied in a continuous fashion even up to 9 K



Strong Correlations among Superelectrons
within a coherence length ξ0
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ΘD= Debye Temperature (for TM 250÷450 K)

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

V = attractive potential (phonon-mediated)

µ*= coulombian pseudo-potential
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N(EF) can be calculated from:











Critical Temperature of compounds with NaCl structure



Critical temperature vs composition 
for nitride and carbide addition to NbN



Nb1-xTixN triode sputtered films

NbN TiN
A.Nigro, G.Nobile, V.Palmieri, R.Vaglio, "PROPERTIES OF NIOBIUM-TITANIUM NITRIDE 

SUPERCONDUCTING THIN FILMS", Adv. Cryog. Eng. Mat., vol. 34, (1988) 813



Nb1-xTixN triode sputtered films

NbN TiN
A.Nigro, G.Nobile, V.Palmieri, R.Vaglio, "PROPERTIES OF NIOBIUM-TITANIUM NITRIDE 

SUPERCONDUCTING THIN FILMS", Adv. Cryog. Eng. Mat., vol. 34, (1988) 813



PdH is a very famous material for the reversal
isotope effect and it has low resistivity

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



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

Stioichimetry ratio A3B
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Vapor Sn Diffusion

Technique Choice Reasons

1) Cavity manufactoring

2) Formation of nucleation centers

of Nb3Sn (Nb Surface 
Anodization + SnCl2 Treatment)

3) Nb3Sn film growth in a Sn 
atmosphere (T = 1050-1250°C,      

t = dozens of h, p(Sn) ~ 10-3mbar)

4) Cool down and unwanted phases

Chemical removal (anodizaton + 
HF 48%)

Procedure
Heating system

Accelerating 
structure

Sn source

Sn source heater

Pumping system



Liquid Sn Diffusion?

Bulk Nb substrate dipping
in a liquid Tin bath

Sample Annealing

• No nucleation sites on Nb are required

• Fast growth of Nb3Sn layer

• Deasirable uniform thickness

Technique Choice Reasons



Linear
feedtrough

Cooling water 
jacket

Furnace

Liquid Sn

Furnace

Used System

Method: used system



SEM Image

10 µm

Nb

Nb3Sn

Method: “1 step” process

Process T = 1000°C
Dipping t = 120’
Annealing t = 14h
Post annealing: 
5h at 500°C



XRD spectrum

Method: “1 step” process

Dipping T = 1000 °C
Dipping t = 30 min

Annealing T = 1000 °C
Annealing t = 10 h

Dipping T = 1000 °C
Dipping t = 30 min

Annealing T = 1000 °C
Annealing t = 10 h

Angle 2θ (degrees)
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Process T = 1000°C, Dipping t = 30’, Annealing t = 10h



A Superconductive Transition Curve

Temperature (K)

M
’ (
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Nb3Sn 16: 970°C; 120’+14h. Post annealing: 500°Cx5hNb3Sn 16: 970°C; 120’+14h. Post annealing: 500°Cx5h

Nb3Sn (Tc = 17,7 K)

Nb (Tc = 9,3 K)

Sn (Tc = 3,6 K)

Nb3Sn n°16: 1000°C; 120’+14h+post annealing 500°Cx5h

Method: “1 step” process



Synthesis of Niobium Pentakis(dimethilammide)

Than the butane is evaporated and the product obtained is
suspended in pentane and treated by NbCl5

( ) LiClNMeNbLiNMeNbCl 55 52

pentane

25 +→+

The Ammide is a brrownish powder that sublimes at 130°C

BuHLiNMeLiBuNHMe +→+ 22

( ) LiClNMeNbLiNMeNbCl 55 52

pentane

25
+→+

BuHLiNMeLiBuNHMe +→+ 22

The reaction happens in two different steps:

First  the Me2NH 50 mL  is bubbled for around 90 minutes in LiBu:

Francesco Todescato, Thesis 2004, 
Material Science Dept, Padua University 
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Experimental setup: sputtering

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

Section view of 
experimental

device

sputtering system

9Balanced Magnetron sources

9Target-Substrate distance 60 mm

92 inches target diameter



Condition of deposition

Sputtering 
Target

Voltage
(V)

Current
(A)

Power
(W)

Sn 613 0.18 108

Nb 407 1.99 800

P base = 1.5x10-6 mbar
P sputtering = 4.0x10-3 mbar

Time of sputtering:
92 minutes Nb
930 minutes multilayers deposition
92 minutes Nb

1 turn of sample 
every 13 seconds

Thin film grown

Thickness Nb = 4.5 Thickness Sn

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

Annealed after sputtering
for 3 hours at 975 °C
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Sample M2 as deposited 

Sample M2 after annealing
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Thin films and new ideas for pushing the limits of RF superconductivity, Legnaro 9-12 October 2006

Results: X-ray diffraction



Results: Superconductive characteristic
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Tc= 16.98 K

∆Tc= 0.23 K
RRR= 2.13

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



RRR values in V3Si 
versus Silicon content



Tc vs Si content for sputtered films before and after in situ 
post-annealing in SiH4 atmosphere

Y. Zhang, V. Palmieri, W. Venturini, F. Stivanello, R. Preciso, LNL-INFN (REP) 157/2000





Curve A - Films sputtered at ~ 500 Å/min onto 1000 °C substrates

Curve B – Films sputtered at ~ 1000 Å/min onto 1200 °C substrates

Curve C – Bulk Mo-Re samples

From Blaugher et al



(The author communicates that the Temperature was 150 C lower than reported in the picture)

Mo38Re62 (after Testardi)



A.Andreone, A.Barone, A.Di Chiara, F.Fontan
V.Palmieri, G.Peluso, G.Pepe, U.Scotti di Ucc
"CHARACTERIZATION OF SUPERCONDU
THIN FILMS BY Mo75Re25 TARGET FOR
APPLICATIONS", Journ. of Superconducti
(1989) 493

A.Andreone, A.Barone, A.Di Chiara, G.Mascolo, V.Palmieri, G.Peluso, U.Scotti, "Mo-Re Superconducting 
Thin Films by Single Target Magnetron Sputtering", IEEE Trans. Mag., 25, 2, (1989) 1972

500MHz; 4.2 K

Mo60Re40 thin films

A15 phase
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Sputtered films from
Mo75Re25 arc melted target

Silvia Deambrosis, Thesis 2004, 
Material Science Dept, Padua University 





Magnetic Superconductors

Struttura cristallina di compostiEr-Rh4B4

Er

Rh4B4



Er-Rh4B4















InSnBa4Tm4Cu6O18+
(As a 1234/1212 intergrowth.)

~150 K (Patent
Pending)

(Hg0.8Tl0.2)Ba2Ca2Cu3O8.33
HgBa2Ca2Cu3O8
HgBa2Ca3Cu4O10+
HgBa2(Ca1-xSrx)Cu2O6+
HgBa2CuO4+

138 K*

133-135 K
125-126 K
123-125 K
94-98 K

Tl2Ba2Ca2Cu3O10
(Tl1.6Hg0.4)Ba2Ca2Cu3O10+
TlBa2Ca2Cu3O9+
(Tl0.5Pb0.5)Sr2Ca2Cu3O9
Tl2Ba2CaCu2O6
(Tl0.5Sn0.5)Ba2(Ca0.5Tm0.5)Cu2Ox
TlBa2Ca3Cu4O11
TlBa2CaCu2O7+
Tl2Ba2CuO6

127-128 K
126 K
123 K

118-120 K
118 K

~115 K (Superconductors.ORG - 2005)
112 K
103 K
95 K

Sn2Ba2(Ca0.5Tm0.5)Cu3Ox
SnInBa4Tm3Cu5Ox
Sn3Ba8Ca4Cu11Ox
Sn4Ba4Tm3Cu7Ox
Sn3Ba4Y2Cu5Ox
SnInBa4Tm4Cu6Ox
Sn2Ba2(Sr0.5Y0.5)Cu3O8
Sn4Ba4Y3Cu7Ox

~115 K (Superconductors.ORG - 2005)
~113 K (Superconductors.ORG - 2005)
109 K (One-of-a-Kind Resonant)
~98 K (Superconductors.ORG - 2006)
~91 K (Superconductors.ORG - 2006)
87 K (Superconductors.ORG - 2005)
86 K (Aleksandrov, et al - 1989)

~80 K (Superconductors.ORG - 2005)

Bi1.6Pb0.6Sr2Ca2Sb0.1Cu3Oy
Bi2Sr2Ca2Cu3O10

***

Bi2Sr2CaCu2O9
***

Bi2Sr2(Ca0.8Y0.2)Cu2O8
Bi2Sr2CaCu2O8

115 K (thick film on MgO substrate)
110 K
110 K
95-96K
91-92K



(Ca1-xSrx)CuO2 110 K (Highest Tc quaternary compound)

(The First Non-Cuprate
High-temperature Superconductor)

NaWO3 Tungsten-bronze
with Tetragonal Lattice

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 Na0.05WO3

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 WO3 only exhibit Tc's ~6K.



YBCO thin films on 
large area substrates

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

DIODE Sputtering at 950 C at 1 mbar

onto sapphire, and SrTiO3

Distance cathode substrate =  10 mm



Structure of MgB2 containing graphite-type B layers 
separated by hexagonal close-packed layers of Mg  

(After Buzea and Yamashita)



Giorgio Keppel, Thesis 2004, 
Material Science Dept, Padua University 



(after G. Carapella, N. Martucciello, G. Costabile, C. Ferdeghini, V. Ferrando, and G. Grassano)

T-dependence of the order parameter 
from fit with the one-gap 
model.∆dirty(T) and ∆3D(T) from fit with 
the two-gap model. Fit to BCS curves

T-dependence of the order parameter 
from fit with the one-gap 
model.∆dirty(T) and ∆3D(T) from fit with 
the two-gap model. Fit to BCS curves



Gap parameters
from specific heat and spectroscopic experiments:

(After A. Junod, Y. Wang, .F. Bouquet, P. Toulemonde)



Equivalent circuit for the admittance of a unit cube of superconductor

Two fluid model
Three fluid model



High Purity MgB2 Thin Films

October 10, 2006
Thin Film RF Workshop

Padua, Italy

Department of Physics and 
Department of Materials Science and Engineering

Penn State University, University Park, PA

Xiaoxing Xi

Supported by ONR, NSF 



(Moeckly & Ruby, SC Sci Tech 19, L21 (2006))

Reactive Co-Evaporation

— Deposition temperature 550°C
— Good superconducting properties
— Large area and double sided films 
— Films stable to moisture 
— On various substrates: r-plane, c-plane, 
and m-plane sapphire, 4H-SiC, MgO, 
LaAlO3, NdGaO3, LaGaO3, LSAT, SrTiO3, 
YSZ, etc.



4” MgB2 film on polycrystalline alumina

(Moeckly & Ruby, SC Sci Tech 19, L21 (2006))

MgB2 Films by Reactive Co-Evaporation



Hybrid Physical-Chemical Vapor Deposition
Deposition procedure and 

parameters:

• Purge with N2, H2

• Carrier gas: H2

• Ptotal = 100 Torr. 

• Inductively heating susceptor, AND 
Mg, to 550–760 °C. PMg = ? (44 
mTorr is needed at 750 °C according 
to thermodynamics)

• Start flow of B2H6 mixture (1000 
ppm in H2): 25 - 250 sccm. Film starts 
to grow.

•Total flow: 400 sccm - 1 slm

• Deposition rate: 3 - 57 Å/sec

• Switch off B2H6 flow, turn off heater. 

H2, B2H6

Mg

Susceptor

Schematic View rid of oxygen
prevent oxidation

make high Mg
pressure possible

generate high 
Mg pressure

pure source of B

control growth 
rate

low Mg sticking 
no Mg deposit

high enough T
For epitaxy





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).

Physicists in Japan have shown that "entirely end-bonded" multi-walled 
carbon nanotubes can superconduct at temperatures as high as 12 K, 
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).
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	Synthesis of Niobium Pentakis(dimethilammide)

