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TC’s higher than the one of Nb for the RF



At a given angular frequency ω, the surface impedance Zn for a 
normal metal, in the normal regime, can be written as

Zn = 1 − i
σnδ

= 1 − i
ρn
δ

where σn = 1 / ρn is the dc conductivity at the working temperature; 
δ is the  skin depth

σ1 - i σ2 in  place of σn

Extension to Superconductors:



As derived by Nam, for T < Tc / 2 

Rs can be approximated by
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In the framework of the BCS theory extension at finite frequencies, 
Mattis and Bardeen found, for ω < 2 ∆, the two following integral 
relations for the complex conductivity of a superconductor:
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The two integrals σ1/σn and σ2/σn are easily numerically calculated. 
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In the normal skin effect regime, for h'ω << 2 ∆

they can be approximated by two analytical expressions:



Then, if T < Tc / 2

with A = 6 .10-21
ΩK3

m s4

1
2

For low rf losses, a high TC value it is not sufficient

A metallic behaviour is mandatory





Different classes of superconductors (after Buzea and Yamashita).







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)



Activity on MgB2 at Los Alamos Neutron Science Center 

Report  by Tsuyoshi Tajima

Bulk samples by HIP

• No degradation with high-pressure water rinse
• Surface polishing with 0.1mm diamond lapping paper 

reduced Rs significantly

And what about the problem of film 
degradataion due to water exposure???



Giorgio Keppel, Thesis 2004, 
Material Science Dept, Padua University 
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DC Magnetron Sputtering of MgB2 + Mg 

R. Vaglio et al. Naples University

Films are deposited by an in-situ
process in two steps:
DC Magnetron Sputtering of MgB2 and
Mg targets at room temperature

Post-annealing at increasing temperature
(300°C - 600°C)  in Mg sputtering



Advantages: The added Mg compensates the lost one.  Targets are self-made. One can
immediately prepare targets out of stoichiometry or with the addition of other elements.
Disadvantages: Possible leaking of Magnesium during the sputtering process.

Room temperature substrate Substrate Temperature = 500 C 

No Postannealing

DC Pulsed Sputtering of MgB2 + Mg Powders
V. Palmieri, A. Calore, I.I. Kulik



(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





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



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!!!



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



4 GHz













Nb3Sn 1.5GHz cavity made at Wuppertal by Sn vapour phase diffusion
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Data: Foglio1_B
Model: Boltzmann 
Equation: 
y = A2 + (A1-A2)/(1 + exp((x-x0)/dx)) 
Weighting:
y No weighting
  
Chi^2/DoF = 1.2948E-14
R^2 =  0.85041
  
A1 1.5694E-7 ±1.2833E-8
A2 8.0249E-7 ±7.6861E-9
x0 17.44263 ±0.02214
dx 0.20169 ±0.01924

T (K)

R (Ω )
Nb3Sn  Tin diffusion into Nb

Tc = 17.5     
∆Tc = 0.3     
RRR = 35

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







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



MOCVD of Nb3Sn:
Francesco Todescato, Thesis 2004, 
Material Science Dept, Padua University 

F. Todescato, E. tondello, G. Rossetto, P. Zanella and V. Palmieri, 
material still to be published
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MOCVD of Nb3Sn:
Francesco Todescato, Thesis 2004, 
Material Science Dept, Padua University 

F. Todescato, E. tondello, G. Rossetto, P. Zanella and V. Palmieri, 
material still to be published

For Nb: several precursors i.e. Niobium pentakis(dimethilammide) 
For Sn: Bu3SnH



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 



RBS del deposito 1 da CpNbMe4
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Rapporti relativi:

Nb = 1,00

O = 2,38

C = 1,58



A possible source of oxygen contamination











(After Yasaitis and Rose, 1975)





Nb3Sn 1.5GHz cavity made at Wuppertal by Sn vapour phase diffusion



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)



Bulk sample



RS = RS (e-sTc/2T) 



A15

bcc



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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∆TC = 0.02 K

Sputtered films from
Mo75Re25 arc melted target

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



A  6 GHz seamless cavity
A cheap way to fabricate samples for RF properties from Nb retails

15 minutes of fabrication time, including flanges,  





Specific heat measurement Surface Resistance measurement

In both cases we measure
the Boltzman’ Exponential


