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1954 =>» Discovery of Nb;Sn S

PHYSICAL REVIEW VOLUME 95, NUMBER 6 SEFTEMBER 15, 1954

Superconductivity of Nb;Sn

B. T. Marrrias, T, H. Gesarig, 5. GELLER, anp E. CorExzwIT
Bell Telephione Laboralorics, Murray Hill, New Jersey

{Feceived June 10, 1954)

Intermetallic compounds of niohium and tantalum with tin have been found. The superconducting
transition temperature of NhySn at 18°K is the highest one known.

TOX108 H [
68 T?a.-:_—;‘ ——...:— X
x| i |
86 d ' ' :
6 _, | compounds. No reference to Nb-5n or Ta-Sn was found
, in the literature, The melting point of niobium is nearly
w 02 i ! 400° above the boiling point of tin, and an arc furnace
Y f © SAMPLE 1 " n
260 i is therefore out of place. A complete reaction can, how-
0. 9 SAMPLE 2 ever, easily be obtained by having molten tin run over
z Nb or Ta powder in a closed-off quartz tube at 1200°C.
6 NbsSn and TazSn seem to be formed by a pertectic
sal L 5 | reaction between 1200°C and 1550°C,
RN |
_’.#‘
-‘*ﬂ,;.—-—T-*""# - |
45{ ] !
i17.0 174 17.8 18,2 8.6 19.0 19.4 %K

TEMPERATURE

Fiz. 1, Variation of susceptibility with temperature of NbSn.
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Pre-2005 literature values ’\l

A
r ‘m

Superconducting transition temperature [T, 18 [K]

Lattice parameter at room temperature  a 0.5293 [nm]

Martensitic transformation temperature T 43 [K]

Tetragonal distortion at 10 K al/c 1.0026

Mean atomic volume at 10 K Vil 11.085 [cm3/Mol]

Sommerfeld constant y 13.7 [mJ/K2Mol]

Debye temperature* Op 234 [K]

Upper critical field* LoH e, 25 [T]

Thermodynamic critical field* HoH, 0.52 [T] .
Lower critical field* HoH 0.038 [T] And ObVIOUSIy Pn
Ginzburg-Landau coherence length* & 3.6 [nm]

Ginzburg-Landau penetration depth* A 124 [nm]

Ginzburg-Landau parameter 4/&* K 34

Superconducting energy gap A 3.4 [meV]

Electron-phonon interaction constant A 1.8 > Theory

ep

Moore, PRB 1979:; Orlando, PRB 1979; Guritanu PRB 2004
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Composition: Nb;Sn — Nb, _;Sn, eece]

eBinary phase diagram — 18 to 25 at.% Sn — ‘A1%’

= = 2500""I""I""I""l""l""l""l""I""[""
Tetragonal distortion: y 2
_ RILAE REEE Ry B
e C/a~1.0035 M 40| | Cubic él :
- 2 30! -
2000 [ *E ~0 L | Tetragonal E: ] )
8 | | A
£ 10! g -
Binary A15 formation: %) ! E g Bl i ]
ry E 1500 BRI *16.18 20 22 24 26 28
> o Atomic Sn content [ % |
o - L.
Presence of 2 to 3% Cu: 5 o | .
£ 1000 - L |273% Clype gt
ﬁ - \ I R§45:7°C
I <k
X \1/ X I \ Y NbySns NbSn,
500 - ?l'. opampy W Nbsn, + Liquid ]
.. f NbgSns + NbSn, 231.9°C .
¢ A15 phase is insoluble : '. X X e
I / ]
WithCu [ L SRR SIS TP SR IR P Pl BRI S| Bl BT SR S

e Cu at Grain Boundaries Atomis SreontmtL % |
» Charlesworth, JMS 1970, Flukiger, ACE 1982
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What happens with changing Sn content? ’\l A

BERKELEY LAB

Pure Nb A15 lattice and DOS
» pbcc Nb spacing 0.286 nm
»T.=9.2K

Nb.Sn — A15 unit cell
» bcc Sn, orthogonal Nb chains
= Nb spacing 0.265 nm
» High peaks in d-band DOS ]
®»|ncreased T, =18 K ¢ |

Off-stoichiometry c iy ‘.
» Sn vacancies unstable ” .f

» Excess Nb on Sn sites " 7

7

/

S
S

%
i

@ Additional d-band o b
@ | ess electrons for chains MEl—

a b ME]——s

® Rounded off DOS peaks s Dew-Huahes. C - 1o7e
@ Reduced T, ew-hugnes, Cryogenics
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Sn content: Lattice parameter _— ‘.’h

a increases with Sn content (as does T_ (below))

0.5292 T T T T T T T T 1
o Devantay 1981 ; .
0.5290 L A Vieland 1964 ° D MaXImum TC
g - Devantay 1981:
— 0.5288 - 5 =0.01368+ 0.5256 .
: A
s 0.5286 - i
g | «<— Reduced T,
2 05084 | (from Sn deficiency
— .
, though Nb spacing
0.5282 L Flikiger 1981: i .
' ,7 Nb3Nb extrapolation: IS Sma”er)
© 7 a(B) =0.01768+ 0.5246 ]
0.5280 4 ' e

18 19 20 21 22 23 24 25

Atomic Sn content | % |

» Devantay, JMS 1981; Vieland, RCA Rev. 1964; Flukiger, 1981
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Sn content: Resistivity

Frreeer ‘m

BERKELEY LAB

Nb,Sn is cleanest at stoichiometry

100 r '+ 1 v+ t ' T ' 1T T T T T T 1
p (B =91 [1-(718-0.75"1+3.4

_80FfF -
e | ]
S 6ol —] Tetragonal
N '
= [
= 40 Devantay 1981 7
% I 0 Hanak 1964
ad 0L A Orlando 1981 . 1

O I | 1 | 1 | 1 | 1 | 1 | 1 | \?‘ ]

18 19 20 21 22 23 24 25

Atomic Sn content [ % |

» Devantay, JMS 1981; Hanak, RCA Rev. 1964; Orlando, TM 1981
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Resistivity and Long Range Order ’\l :

BERKELEY LAB

Bragg-Williams Order Parameter varied through irradiation
150 17—

125

100 g
: P =147 (1-5%)

Resistivity [ uQcm |

75
50 ‘ ©  Nolscher 1985
[ Fliikiger 1987
25 |
0 [ . I . I . I . I .
0.0 0.2 0.4 0.6 0.8 1.0

Order parameter
e Effect on p, similar as changing Sn content
e¢a, S and p, can all be related to atomic Sn content
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Nb chain continuity, N(E;), 4

ep’ Tc’ HcZ

rrereer

In general
e Sn deficiency

¢ Tetragonal distortion
®24.5—25at.% Sn

e Strain

e Alloying (e.g. Ti, Ta, ...to increase H,,)
e Dislocations

¢ (Anti-site) disorder

All affect Nb chain integrity (‘Long Range Order’)
® And thus N(Eg) and 4,
¢ And thus T, and H,
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Sn content: Weak or strong coupling?

Moore, PR

1

[
N

_—
N &

[am—
-

8

B 1979, thin fi

o0
I

Midpoint critical temperature [ K |

(o) ) -~ (@)
I

12

e\Weak coupling below 23 — 24 at.% Sn

A_,'.Jz:"z:
%/' 44.0
’ ]
'4 mE] ] 3.5
~
;S 13.0
4 ’ ]
Joa 252
"|:| —> N 3
“m 1 o
. ’t!' —: 2.0 <
o & ] —
,09' 1.5

---- ﬁ& ]

O o X N ]
\/3-59 310
Boltzmann function E 0.5

PR T T N T T WA TN SR N TR SR SR N SN SN :O'O
16 20 24 28 32

Atomic Sn content [ % |

Im results
— 4.5

2 / kT,

5

4

=

| A
rreeeee

]

SN :

- N
L BCS weak coupling limit \\\\ 1
\ N 1
_ N -
NN

2 - . | . | . | . | ! | .
16 18 20 22 24 26 28

Atomic Sn content | % |

® Strong coupling approaching stoichiometry: A, rising to ~ 1.8
¢ Strong coupling corrected BCS insufficient above ~ 23 at%Sn

A. Godeke — October 10, 2006
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Sn content: Tetragonal distortion, H_, (T )

Single X-tal and thin films

=
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Reduction at 24.8% due
to tetragonal distortion

10 £

Upper critical field [ T |
)

30 ——

LN L L L L L L
RCA single crystals

o [100] cubic

X [110] cubic

e [100] tetragonal
+ [110] tetragonal

— 30 —

1 25
20

15

1 10 N

SE 1 St -

L~ stoichiometric : o= 70 35 X %, 9 nQemy

0 [ " | " | " 1 " 1 " | " 1 " 1 1 | 1 \sl 1 O [ " | " 1 ﬂ.:I21|O I>!< " 2-19I 23I6. rﬂ-g%-
O 2 4 6 8 10 12 14 16 18 20 O 2 4 6 8§ 10 12 14 16 18 20

Temperature [ K |

»Foner, Solid St. Comm. 1981
» Tetragonal distortion at stoichiometry  Shift for < 24.5%

A. Godeke — October 10, 2006
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Temperature [ K |

Orlando, TM 1981
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Sn content: H_,(T ) ’\l )

»Jewell, ACE 2004, bulk samples

35 L L L L L L
: B=24.5%1 :
30 L pn = 15 pem® 3
= ?‘Dﬁ y
' _
-, Q) 23.8%) .
- W 29 pem® /22 paem® -
- 21.7%0D g ;
20F 6300m® % Less Sn |

NS
L / Xe
R Y
N
9 a
I5F ..

Upper critical field [ T ]

[ AN
» S, 12 uQem® g
10 f 3 \ :
i 8 e 7
- ‘. {\
5 » v, “o @.\
- “' l‘ \h pa—
AR O, E\S
= ‘\ ‘\ v‘
0 e e e ‘\7- ; |.'-. [P \Eé‘ 1

0O 2 4 6 8 10 12 14 16 18 20

Temperature | K |

e Sn richer A15 is cleaner
@ Sn richer A15 has higher H_,(T ) (until ~ 24.5 at.% Sn)
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T. and H_, and Sn content summarized

Single crystal, bulk and thin film samples

o © N BB O
| R SRR (L L i

Critical temperature [ K

@

(=R S =)
T T 1' T

20 ———

Moore 1979

T () Boltzmann function

Devantay 1981
Devantay 1981 (after Fluklger 1981) 7

1 | - 1

PR |
17 18

eeaesssssssssmmn L AWRENCE BERKELEY NATIONAL LABORATORY
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(B)=

l9 20 21 22 23 24 25 26
Atomic Sn content [ % |

-12.3

—0.22
1+ exp(ﬂO 009 j

Upper critical field [ T ]

30
2
20f
B

10

ol

_ A
reeeeer ‘m

=

35 —

r—r r 1 1 1 T 11
Devantay 1981
Orlando 1981
Arko 1978
Foner 1981
Jewell 2004

b O ®@ X O

2( ,6’) ﬁmctlon

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1 L I 1 1 |

tetra— |
gonal

18

19 20 21 22 23 24 25
Atomic Sn content [ % |

26

+18.3 H =-10""ex (L) +5774-107




How to make A15 ’“\l A

P

Thin film deposition Bulk Diffusion

e Hammond, J. Vac. Sci Tech. 1978 Hot Isostatic Pressure  e.g. wires
» Multi-layers! Goldacker, TAS 1993 Nb Cu Sn

EVAPORATION
| I
-_.',.:.."_.___J,, .~ SUBSTRATE

— »Jewell, ACE 2004 Nb  Cu+Sn

SEMZ0RS {6)

STAT. Any Sn directly on Cu will
Ty poison Cu and lower RRR
; | => Use diffusion barrier

/ f
JHw ELEMENT SOURCE

e

(4-POCKET TURRET) | L0
TIN SOURCE —' e I a
n n
NIOBIUM SOURCE — ho

Fic. 1. Schematic of multisource deposition facility, showing three colinear
LAWRENCE BERKELEY NATIONAL L ABORATORY I
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ion based systems = Grad

Diffus

BERKELEY LAB

ires

W

e Reaction at 675

Example

N

C versus time in Powder-

o

Tube wire (SMI)

RF Superconductivity Workshop — Padua, Italy
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Resulting Sn gradients in wires...

>
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Comp05|t|on analysis on SMI Powder-ln-Tube wire

or Nb 30 L L] L] l L] L L] I L L] L] ' L] L L] L L] L
(Ta) |
! 0
- o O 3 at. A: Snlpm
25 P 0‘5- ------ _—_C-).!"\-@ _____ O
- u -
- 115.;:@‘—‘-.:%-:—-“,%‘:__ -
I - @ - Filament #1 "‘{":c‘:g ]
20 r --0-- Filament #2 \ '::* B
[ ---0--- Filament #3 “ - X
- (IR
15[ VR .
= \ P Y
i Large VLo Nb A
[ Core grain Fine grain A15 \ \‘ V75w, %]
10 \ e VL% Ta -
5L o i
0 ! L 1 i 1 1 i 1 1 N 1 1 L 1 1 1 1 1 1 1
-12 -10 -8 -6 -4 -2 0 2

Distance from the Nb 7.5 w.% Ta interface [ pm |

'J\‘Iarge grains (from initial NbgSn;)

Columnar grains when Sn deficient
Otherwise typical 100 — 200 nm eqiuaxed

_LAWRENBE BERKELEY NATIONAL L ABORATOR Y I

A. Godeke — October 10, 2006
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...and property gradients coecend]

H.,(T ) from small current, resistive transitions

—30 | B L AN ENL A B N R TR [P R 15 30 =gl ¢ e L b e 15
= - SMI [ o 99% ] e

) o 90% A —

2 a 50% ] S

225 1 F 110 523 1 110
= | v 10% 1 = ]

o i i i & 104 = ]

2 20 F10-90%: 1 [10-90% 99% nOI‘l’nal state 1 [ 10-90%: 1°
S [ ApyH0)= 08T ] [ar0 [ AT,(0) = 0.2K \ ]

S [aHo(0) =26.6-2 [ 7(0) 9.4T [ 7,0) =17.6-17.8K A ]

%8 L L 4 ! (H ) L . PR NI AN O
L T ! ! % | T T 1 7 ) R ) P S I 15
: l [ SM Il Reinflorccd : : p umschmelze: : :

% 1 i Ilary bronze 4 | 1

" 25 1 1L J10
220 [10-90%: | [10-90% :-10-90%: ' 5
g | ApgH5(0) = 0.9T FAT(0) [ A7.(0)= 03K '

D pHof(0) =28.2-29.1T L 7,(0) -28.5T [ 7.(0) =17.4-17.7K ]

15 M TP P PR | o1 . e T T TR 0
:‘30 B ‘. T T T 71F i H |g her T T I 15
= 1 [k UW-ASC ]

o [ i % Cu rr‘ent / luOH Binary bulk 1

© 25 1F : 110

=20 11 1% normal state . .

o [ ] i

§ 20 F 10-90% 4 Fro-00% 5 :g 20 F10-90%: y 15

5] L ApgH_5(0) = 0.9T L AT,(0) = 0.2K i [ ApgH_,(0) = 1.8T ] \ |

& 'u;! (?i)) =28.0-28.9T [ 7(0) =17.2-17.4K A 0) =26.5-28.3 [ 770y = a i

= 15 g (‘] C'z e e b N LA o 5o ) O % 15 -pt-}HCIZ( -) T -6-5;u 1 [ fc(.O) |_ 1.6.5-|16.6.K ..;i:"':&;-... 8 ] 0
0 2 4 6 & 1010 12 14 16 18 0 2 4 6 8 1010 12 14 16 18

Temperature [ K ] Temperature [ K | Temperature | K | Temperature | K |
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Normalized H_,(T ) all available results —_— ‘.’h

L AR EEE R ER L EEERERREEY Terna Binary
1.0 - @ SMIPIT 4h/675°C 26.3-28.8T, 16.6-17.3K < Foner single crystal cubic 28.8T, 17.8K
I 1 o SMIPIT 16h/675°C 26.9-29.0T, 16.8-17.5K >  Foner single crystal tetr. 24.3T, 17.6K
I & SMI PIT 64h/675°C 28.6-29.7T,17.5-17.9K = Foner poly-crystal mart. 25.2T, 17.8K
0.8 - v SMIPIT 768h/675°C 28.8-29.7T, 17.3-17.8K e Foner poly-crystal cubic 28.6T, 17.7K
=) I <« SMI PIT single fil.#1 28.3-30.3T, 16.7-17.3K ¢  Orlando thin film 9 pQcm 26.3T, 17.4K
= I » SMI PIT single fil.#2 28.4-30.4T, 16.6-17.2K 4  Orlando thin film 35 pQcm 29.5T, 16.0K
T 0.6 4 < SMlI reinforced PIT 27.7-29.6T, 17.7-18.0K v Orlando thin film 60 nQcm 25.4T, 13.2K
"E: = Fur. br. on Ti-6Al1-4V 27.5-29.3T,17.0-17.5K ¢ Orlando thin film 70 uQcm 15.1T, 10.4K
S~ e Fur. br. on Brass 27.0-28 9T, 16.9-17.4K o SMIPIT 26.1-27.8T, 17.8-17.9K
m“ 0.4 4 4 Fur. br. on Stainless 27.1-29.0T, 16.9-174K 4 UW-ASC bulk 19.3at.% Sn 10.9T, 8.4K
i v Fur. br. Free 27.5-29.4T, 16.9-17.5K ¢ UW-ASC bulk 24.4at.% Sn 25.5-29.3T,
1 ¢ Vac. bronze 26.6-29.2T, 17.2-17.8K 16.4-16.7K
0.2 4 v FUR pyH(7) 100 uV/m
] 1 ¢ FURpH(T) 10 pV/m
0.0 [ s oy pauu o a o vmaugss ® e | ¢ VACpH(T') 100 pV/m = Maki-DeGennes
0.0 0.2 0.4 0.6 0.8 1.0 > VACuH(T) 10 pV/m
/T (0)
Shape H_,(T ) independent of
e T 1 1 hDu,H (T )
o' Tc2
e Composition Rt e B e
c ( ) ¢o B
@ I\/Iorphology Approximation:
- H
e Strain state Ho(t) g _pe (o T
H.(0) T.(0)

¢ Applied critical state criterion

LAWRENCE BERKELEY NATIONAL L ABORATORY I
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Ginzburg-Landau T dependence
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Knowing H_,(T ) and H_(T ) (=1 -t 297 for Nb,Sn) accurately
emeans «,(T )=A(T )/ &T ) can be calculated: x,=H_,/ (N2 H,)

meeeessssssssssssss L AWRENCE BERKELEY NATIONAL LABORATORY

A. Godeke — October 10, 2006

Temperature [ K |

m'_|15 T T T T T T T T
g ! | | T | | Sltron;" :
Z R couplin _'
O I I;imi% ]
8t ompG | 43
S 10 Summers L :
PO 5 _:2
c B ]
'S 2
j=
Q, L ]
41
7 i
z0[ !
= | ]
E E
> i ]
§ 0 P PR BPUN BTUR U PR B | P . O
0 2 4 6 8 10121416 18 20

(V)
()

S W - ) -
Iowered nepue-3ingzuir)

Weak limit:
x,(0 )y (T ) = 1.2

Strong limit:
k(0 ) (T)=1.5

Rainer, J. Low T. Phys. 1974

Temperature dependence
IS accurately known

RF Superconductivity Workshop — Padua, Italy




What determines J_? ’\l

A
r ‘III

BERKELEY LAB

Effective H — T phase boundary Pinning capacity
Average grain size [ nm |
1000 100 25
:35_ T T T T T T T T 80---8--1-19?5' " T
@ — 4 | O Scanlan

— a0 HoHlea (T)mpg 3 — 9L o Shaw 1976 g
=L : £ | 2 Marken 1986 "o /.,

= X Z | v Schauer 1981 o |
— 25F ) . S0 ¢ West 1977 v

:é) E - UoH o, (1) g sob %  Fischer 2002 . ]
B 20 [ p gt:(] il —_—
E{ + S 40+ 4 = J C
o 15 N - g- I

= I g 30F 7
L B =1

E 10 - E z 20-_ -
3 f[lat%Snand¢& g7

5 OOF 2 10 -

0 - PN (TR (TR NN NS NN N MR A N 0 I -
0 2 4 6 8 10 12 14 16 18 10° 10"
Temperature [ K ] Reciprocal grain size | um’ ]
» Composition » Average grain size

» Strain state (below) Nb,Sn: Grain boundaries are main pinning centers

=» Grain size determines F

Pmax
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A. Godeke — October 10, 2006 RF Superconductivity Workshop — Padua, Italy



=

_ A
reeeeer ‘m

What determines grain size?

e Presence of grain nucleation points

e Reaction time and temperature
» High T : Sn rich and large grains

180_"| L | "'-104_""|""i""l""l""
A ] Bronze process - Scanlan
170 | P o .’,—'
i SMI-PIT i , 7] m llo -0 Scanlan
/ ] e
Zl60f o ] L Fischier
=z L P ‘ 1, 'o 6" Shaw #®
I Ry / ] T AW 4
Sisofp J / 1103F s s |
= " / : 8 w¥X /
= i f / ] voA o
S 140F e ] , ,
W Bina d 1 v
ry / A /
é Q / o/ Ternary SMI-PIT
; - /
Boptemay A [esec]] b7
e ) .
; ¥ ] y
120 [ P Lol 102 e b oo Boaa o boa o o oo oy
10! 10? 10° 600 700 800 900 1000 1100

Reaction time [ hours ] Reaction temperature [ °C |

EEEanssasssnnnnmmmm L. AWRENCE BERKELEY NATIONAL LABORATORY I
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Strain sensitivity

rrereer

||||

Strain = Lattice deformations
» Modification of phonon modes and DOS

» All compositions requires interaction strength independent theory

(Eliashberg based) _
contains also N(Ep)

" .
(’Iep —H )
(1+ 244" +1.54, 176" )

dw At =

L, _omf
N _ 0.25(w" )? B
T, - _1)% Ho =

» Promising work: W.D. Markiewicz (NHMFL) and S. Oh (KBSI)
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Strain sensitivity of H_,(T ) (wires) rece] ‘.’h

e | ongitudinal strain effects on effective H_,(T )*

- Applied axial strain [ % |
L. 0

(S
<

L 0D "
T e

[\
n

- —0.6

Strain

(|

)

17
|

o
llllll LI
|

U-spring
E,=5x10"* V/m

Effective upper critical field [ T ]
7S
1
|

n
T T

L
L
O 1 PERE I T T T T BT N

0 2 4 6 8 10 12 14 16 18
Temperature [ K |

¢ Strain and composition have similar effects
» Need for a separation of parameters
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Strain sensitivity of J_(H,T ) TN
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e\Why is strain sensitivity increased at higher Hand T ?
@ Strain negligible at4.2 Kand <1 T7? (T.: ~ -2 K/ % strain)

LAWRENCE BERKELEY NATIONAL LABORATORY
A. Godeke — October 10, 2006 RF Superconductivity Workshop — Padua, Italy




Strain sensitivity versus composition

At higher Hand T:

el ow Sn A15 sections “die out’

» High Sn sections determine
SC properties

¢ Increased strain sensitivity

®»|s Sn rich A15 more strain
sensitive than Sn poor A15 ?

Upper critical field [ T |
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sensitivity?

@ Does optimization through Sn enrichment cause higher strain
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Strain sensitivity versus LRO /\I ﬂ

BERKELEY LAB

¢S — Bragg-Williams order parameter

1.0 S — % b

o = oS S~ 0.57<H/H, <0.68 [
§ 7 \’ o .\k,i _ c2 E
% 0.9 : | 4 \' b3Au (5, =0.93) E
= [ - ( i
5 f § V1Ga (S = 0.98) ]
< 0.7F .
I | 5
T‘és 0.6 E Nb;Sn + (Ni, Zn) 4
IR f
Ll 1 VNbsySn (S= 1) ;
oab oL Visi(s=1) ]
-0.5 0.0 0.5 1.0 1.5

Intrinsic axial strain [ % ]

» FlUkiger, ACE 1984
eHigher LRO (= more Sn in Nb,Sn) — larger strain sensitivity
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Strain in ternary and binary wires i ‘.’h

e Alloyed — more disorder — reduced strain sensitivity?
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Summary
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e Nb,Sn prefers stoichiometry
»High T, and p,
¢\Vatch out for:
» Diffusion gradients
» Tetragonal distortion above 24.5%
¢ arge grains easily obtainable (high T reaction + plenty Sn)
» At the cost of pinning capacity
e Coupling constant independent theory is required (>23 %Sn)
¢\\Ve're scratching the fundamental basis of strain dependence
»|f successful, is generalization possible?

» Strain dependence appears more severe approaching
stoichiometry
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More info
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e PhD Thesis (2005)

» A. Godeke, “Performance Boundaries in Nb,Sn Superconductors”
Available on request: agodeke@lbl.gov

e Topical Reviews

» A. Godeke, “A review of the properties of Nb,Sn and their variation with
A15 composition, morphology and strain state”, Supercond. Sci. Techn.
19 R68 (2006) (invited)

» A. Godeke et al., “A general scaling relation for the critical current
density in Nb,;Sn”, Supercond. Sci. Techn. 19 R100 (2006)

e Journal articles

» A. Godeke et al., “The upper critical field of flamentary Nb,Sn
conductors”, J. Appl. Phys. 97, 093909 (2005)

» A. Godeke et al., “Inconsistencies between extrapolated and actual
critical fields in Nb,Sn wires as demonstrated by direct measurements
of H.,, H* and T.”, Supercond. Sci. Techn. 16 1019 (2003)
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