


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

znzl__iz(l—i)ﬂ

@. 0

where 6, =1/ p, IS the dc conductivity at the working temperature;
d Is the skin depth

Extension to Superconductors:

o,-10, In place of ¢,









Normaul stale

= =Up)

(hinaginury)

Cenductivity







L 1 1 il

10 12 14 T K

= I Lines of el Rpepaf 4.2 K and 500 Mz in the Bdimenfional space (0, Te) Fired the
crling femperature (T = 4.2 ) md the frequency (f = 500 MHEz) Rpoedepends oy on the erergy
geg evied ow fhe wormal state resisfivify, The Tr scadle Is draft for fhe case 5 = & For compearizon Nb

actfed cavifies pr-:vm.:ie Rm_',s = 25 nd2 The experimental dafa refer fo. spudffered films of (NBTT W af
; sgriare ), Mol af 200 C




1. Simple metals
(Nb, Tc=9K)

2. Alloys
(Nb3Ge, Tc=23K)

3. Organic superconductors

(Te=12K)
4. Molecular superconductors
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(Ceo , Tc=52K charge injected)
5. HTSC

(Hg-1223, Tc=134K) e
6. MgB,, Tc=39K
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Fig. 1

Crystal struc-
ture of the
superconduc-
tor type Bis
(Sr1yCaylz
Cu2040.5 deve-
loped by
Hoechst.
Key: green =
calcium (Ca),
red = copper
(Cu), black =
oxygen (0},

| yellow =stron-
| tium (Sr), blue

= bismuth
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PERCOLATION, SURFACE IMPEDANCE and PINNING in MgB;-, and HTS-
SUPERCONDUCTORS.
J. Halbritter, Forschungszentrum Karlsruhe
Institut fir Materialforschung
Postfach 36 40
76021 Karlsruhe

ABSTRACT

The hindrance of electric transport by grain/island boundary resistances Ry, {Ll:.,m )in
distances ay (= 1um) is well accepted in the normal conducting transport in granular
materials. In contrast, in superconducting transport such boundaries enhance by the related
critical Josephson current density je the critical current density by Josephson fluxons (JF). For
a quantitative model the resistivity

p(T) = Rp/ay + p (p' (T) +p' (0))

is fitted to {}lm,lmll{}m with percolation factors p = 1 by current diverting boundaries with
Rhn?_ mQem?. HTS ah{m p = 1= 10, critical current densities JelH< He ] = jag(H) by JF
pinning with jogRy, = 107! ‘\r’!.lmszhn << Ale, rf residual losses R o< @7ay ja~ Ry and
hysteresis losses Rpys o« H/ag jg. In MgB; films percolation with p = 2 - 50. with JelH < Hgp)
=~ ja(H) and jo Ry = Ale is found. Whereas percolation decreases conductivities via the
boundary resistances Ryy in the normal state always, pinning of JF enhances jo(H<Hg) =
JatH) dominated in dc llampi}ll by n,hmm of strongest links. In contrast, rf surface
impedances via Ry (T.@) < @ Ih,J{T] and Ruys (T.H) o< 0H/jei(T) are dominated by the
weakest links and deteriorate by weak links always. But in all cases where p(T) deviates from
Matthiessen law, RRR values are not sufficient to describe material quality, but a proper
percolation analysis is needed to forcast via Ry, o< jo (n = 1 -2) superconducting properties
helow Hgp in dc and rf.




| 1} 4.1 YBCO thin films on
¥ Tyl large area substrates
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P.Romano, A. VVecchione,
G. Keppel and V. Palmieri

at 1 mbar







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

Activity on MgB2 at Los Alamos Neutron Science Center

Report by TS“YOShi Tajima

Bulk samples by HIP D

* No degradation with high-pressure water rinse
 Surface polishing with 0.1mm diamond lapping paper
reduced Rs significantly
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Giorgio Keppel, Thesis 2004,
Material Science Dept, Padua University
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T-dependence of the order parameter T-dependence of the order parameter
from fit with the one-gap from fit with the one-gap

model.Ay;, (T) and A;p(T) from fit with  model.Ay;,, (T) and A,,(T) from fit with
the two-gap model. Fit to BCS curves the two-gap model. Fit to BCS curves
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Technique

2A,(0)/ k,T.

2A,(0)/ k,T,

NIRRT

specific heat
specitic heat
specitic heat

penetration depth
tunneling

Raman
point-contact
photoemission
band structure

3.8
3.9
4.4
4.6
4.5
3.7
4.1
3.6
4

1.3
1.3
1.2
1.6
1.9
1.6
1.7
1.1
1.3

0.53:0.5
0.53:0.5
0.55:0.45
0.60:0.40

0.53:0.47




Two fluid model
Three fluid model
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Eg PERIODIC TABLE OF SUPERCONDUCTING ELEMENTS viil

rg;.“ 2 He

g-: E Helium

@ S from Yamashita T, Nakajima K, Chen J, Buzea C,

3o Superconductors - Scientific Basics and Engineering Applications VB VB ViB

gk ringer-Verlag, Heidelberg) 2002 8 9 10
i ~(Springer-Verlag re) NmN mo F.WF Nw:la
TS o

Symbol 120 GPa
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[l Superconducting element Name
] Nonsuperconducting element Critical
[[] Superconducting element only under pressure or in film form temperatu

15 P'IG s17 0|1B AI‘
Phosphorus | Sulfur Chiorine Argon

58K 17K
17GPa | 160 GPa

33 Ag|34 8Se(35 Br|[3® Kr
Arsenic | Selenium | Bromine | Krypton

27K 7K 14K
24 GPa 13GPa | 150GPa

SO B 1 Xe

36K 74K 12K
B5GPa | 35GPa | 25GPa

83 BIM P085 A*BG Rn

68 Er|%° Tm(7° Yb
Erbium Thulium | Ytterbium

100 Fpy (101 Md 102 NO 103 |p
Fermium [Mendeleviamd Nobeim | | .




. the mass can be held almost constant and the variation
ied in a continuous fashion even up to 9 K
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Critical Temperature of compounds with NaCl structure

C <1.38|<1.38 3.421<0.3 | <1.20 g.gz 12 [10.35 14.3110.0 | 3.4
N <1.38|<1.4 | 1.35| 5.49/10.7| 8.83] 8.5 | 17.3 | 6.5 |<1.28] 5.0 | <1.38]

P <1.68

Sb <],02| <1,02

0 2.0 <0.3 1.39

S <0.33| 1.9 | 0.8/ 3.3

Se |<0.33| 2.5 | 1.02

Te 2.05) 1.48

. Te=3.2 K was registered in vanadium carbide after implantation of c* fons e




Critical temperature vs composition
for nitride and carbide addition to NbN
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Nb,_ Ti N triode sputtered films
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Surface resistance of a (Nby ;s Ti, ,)N/Cu film (+ Gk)

500 ¢

G
=300 ¢
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Cav. 500 MHz @ 4.2 K 3 P ‘f &

0O Qo (Nb/Cu)
O Qo NbTiN/Cu







Nontransition T, Transition T.
elements (K) elements (K)
Ti,Sb 6.5 TiIr 4.2
Ze Sny 0.92 Ti,Pt 0.5
Zr-Pb 0.76 Zr,Au 0.9
b
Zr_,Bi 34 V.Re, 8.4
V-AF 14 V,Os,, 5.7
V,Ga 159 V,.Rh, ~1
V.Si 17.0 VIr, 1.7
V_.Ge 6 V_,Pd 0.08
V_,Ge 11 VPt 3.7
V_.Sn_,, 3.8 V., Au,, 3
V,As,, 0.2 Nb,.Os,; 1.0
V., Sh,, 0.8 Nb,,Rh,, 26
Nb,Al 19.1 Nb”b"’],{ﬂ 13‘2
¥
Nb,Ga 20.7 Nb_.Au 11.5
Nb_,In" 9.2 . '
Nb,,Si,,* 44 TayPt,, 0.4
. 117 Ta_gAu, 0.55
Nb-Ge* 17 Cr,Ru,, 34
Nb-Ge* 23 Cr,,0s,, 4.7
Nb,Sn 18 Cr,Rh,, 0.07
Nb-Sb 2 Cry,Ir,, 0.75
M
Nb_.Bi 3 Mo, Tc,, 3.4
Tﬂ,de 8 | MumasR-e_!s‘ =15 |
Ta_,Sn 83 Mo, 0s,, 13.1
Ta_,Sb 0.7 Mo,,Ir,, 8.5
Mﬂ]A.l “.58 Monptll 4"6
Mo,Ga 0.76 W_ Re_ .~ I
Mo,,Si,, 1.7
Mo.,Ge,, 1.8

a Rapid quenching b High-pressure synthesis ¢ Film deposition

techniques
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Nb,Sn 1.5GHz cavity made at Wuppertal by Sn vapour phase diffusion
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Q vs. Epeak of the first two Nb3SN-coated 1.5 GHz single-cell cavites in
comparison to pure Nb at 4.2 K and 2 K frem CEBAF.
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Nb,Sn Tin diffusion into Nb

Te=17.5
ATec=10.3
RRR =35
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B Nb3Sn (Q,=4789)

+  Nb3Sn (Q,=4230)
V3Si (Q,=56000)

@  (NbTi)N (Q,= 85000)
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feed system Deposition chamber/reactor

Vapor precursor Effluent gas

freatment system
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homogeneous gas
phase reaction
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(3a) powder
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layer Q)

Vapor precursor
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homogeneous gas
phase reaction
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homogeneous gas
phase reaction
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Francesco Todescato, Thesis 2004,
Material Science Dept, Padua University

Synthesis of Niobium Pentakis(dimethilammide)

The 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 evaporated and the pfoduct obtained is
suspended in pentane and treated by NbClI,

pentane

NbCI. +5LiNMe, —Nb(NMe, ), + 5LiCl

HiC  CHs
HyO . M
Ho—N. | CHs
A3l — -7 ~CHy
HiCO N
A
HiC CH;

The Ammide is a brrownish powder that sublimes at 130°C
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A possible source of oxygen contamination




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

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

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

Elastic Modulus in Tension, GPa 373
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Fig. 4. Experimental Qo as & function of temperature
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Fig. 2. High-power measurement on composite (Nb +
Mo-Re) cavity.




Nb,Sn 1.5GHz cavity made at Wuppertal by Sn vapour phase diffusion
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Q vs. Epeak of the first two Nb3SN-coated 1.5 GHz single-cell cavites in
comparison to pure Nb at 4.2 K and 2 K frem CEBAF.
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(The author communicates that the Temperature was 150 C lower than reported in the picture)




T T | 1 T T = 0 1 T
Bulk sample
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Resistance, Arbitrary Units
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1 1 |
S & 1 & ¥ I BN R B 4144 15 W
Temperalure, °K
Fig. 3. T.s of Mo Re alloy samples all of the approximale
composition Mo,oRe,o. A—Bulk sample*; B, C, D. E- thin
films sputtered at ~ 1000 A/min onto 600 °C, 750 C, 1150 C,
and 1200 C substrates, respectively.




Measured Parameters of V1-B, VII-B Superconductors

2 _ 4 ; b onset
Compound y(mJ/g-atom-K") B(mJ/g-atom-K ) §(mJ/g-atom—K") BD(K) 20/KT Tc et W
6.55 .05639 ~.0001535 325 12.0 bec
4. 44 .0481 - 340 = 12.6 bce
Moo GREO 6 3.60 .04881 0 342 24 6.0 tetr.
i . 3.2 - - 355 - 6.49 tetr.
MOO.AZRQO.SB .31 - - 351 2.8 6.35 tetr.
Moo.sze0_77 358 - - 272 3.0 9.25 A-12
W0.65Re0-35 2.49 .06599 0 309 Bienl: 6.75 bce
WO.BOREO,ZO 22 - - 359 - - bece
WO.?SReO.ZS 2.3 - - 351 - - bcc
WO,SgReO.EO 2.69 - - 327 g5y S 1.2 tetr.
Mo 8. .03396 .0002317 385 3.6 137 hcp

0.18%%0.82
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A 6 GHz seamless cavity

A cheap way to fabricate samples for RF properties from Nb retails

15 minutes of fabrication time, including flanges,
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Specific heat measurement Surface Resistance measurement
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Figure 4. Energy gap of bce MO, ¢Rey 4, derived

from the exponential behaviour of C,4 below Te.



