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Measurements have been made of the thermal con-
ductivity a of two samples of NbsSn over the tem-
perature range 2.6'K to 28'K. The samples, in the
form of thin strips approximately 3 cm by 1 cm by
0.04 cm, were obtained by vapor deposition. ' Some
characteristics of these samples are given in Table I.
In this paper only the data obtained for FS 14 are
presented as this sample had near ideal stoichiom-
etry, and a very narrow transition width. Although
sample GS 58 was off stoichiometry and had a broad
superconducting transition, it is noteworthy that be-
low the transition temperature (F,) the two samples
had essentially identical thermal conductivities.

The thermal conductivity was measured in a con-
ventional manner. ' One-tenth W Allen Bradley 860 0
resistors were used as thermometers Bot.h the heater
and the carbon resistors were glued with GE 7081
varnish into copper tubes which were soldered with
indium to nickel-plated tabs on the specimen. The
lower end of the specimen was in turn soldered to a
copper plate, which was in thermal contact with a
gas thermometer. Resistor and heater leads were of
1.5 mil diam A.dvance wire. These leads were brought
into thermal contact with the gas thermometer be-
fore being brought to a thermal junction in contact
with the surrounding helium bath.

A. double, equal arm, Wheatstone bridge' was used
with a Leeds Northrup dc amplifier to measure re-
sistance. The power level in the carbon resistors was
kept at, or below, 10 ' W. Three lead connections
were made to each resistor in order to compensate for
lead resistance. The carbon resistors were calibrated
with respect to the gas thermometer above 4.2'K,
and with respect to the vapor pressure of liquid
helium below 4.2'K. At each temperature, with no
heat applied, the resistances of each resistor was
recorded, as was the pressure of the gas thermometer.
With power into the heater, the new resistance values
were recorded at equilibrium. The calibration pionts
made with exchange gas in the sample container at
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4.2'K and below, agreed well with the results of the
above procedure. A two-parameter equation' was
used to determine resistance as a function of tem-
perature for each resistor, and temperature differ-
ences, when heat was applied, were determined by
the individual calibrations for each resistor.

The major source of error in the present measure-
ments is the existence of parallel conduction paths.
The choice of lead material kept possible errors due
to lead conductance to well below 1%. A. more sig-
nificant source of error, and one that is enhanced by
the sample geometry is the conductance due to gas
remaining in the sample container as a result of
either adsorption or (possibly) a small leak. Although
it is dificult to measure the gas pressure in the vicin-
ity of the specimen it was estimated to be better than
10 ' mm. Thus, for these measurements the error due
to gas conductance was less than two % at the lowest
temperatures. The relative accuracy of the present
measurements are of the order of &8%.

The enormous fields required to quench supercon-
ductivity in Nb, Sn (280 kG at 4.2'K'), limit the re-
gion over which one can obtain normal thermal con-
ductivity data, to temperatures close to T,. Never-
theless, the recent work of Dubeck et al.' leads one
to expect sizeable changes in ~ at temperatures as
low as one half the transition temperature for fields
where Aux penetration is large. For this reason
measurements were made on the thermal conduc-
tivity of GS58 in fields up to 6500 G at temperatures
of 8.0'K and 11.2'K. No effect of magnetic field on
c was found for this sample. This result should be
contrasted with magnetization measurements on
vapor deposited Nb, Sn,' which indicate that at 4.2'K
fmld penetration starts at about 400 G, and in 6elds
of 5000 G only about 10% of the external field is ex-
cluded from the samples. The failure of modest fields

to restore normal conductivity has made it impossible
to present the usual comparisons of I~, with ~„below
T,.' Fortunately, significant information can be ob-
tained from f(:, itself.

Figure 1 gives the measured thermal conductivity
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TABLE I. Characteristics of Nb3Sn samples.

Sample

GS53
F814

p (300'K)
(Xlo su-cm)

10.1
S.l

p (77'K)
(X10 sn-cm)

5 9
3.9

p (27'K)
( X10-' 0-cm)

~ ~ ~

1.5

Tc
('K)

16.8
18.3

AT,
('K)

2
0.04

wt. 'p0 Nb
(%%uo)

72 ' 0 + 0.5
70.5 + 0.5

IOO I I I I I I I I I I I I I

for sample F814 as a function of temperature from
28'K to 2.6'K. A measurement made at 86'K is also
included to give an indication of the high tempera-
ture behavior of Nb&8n. One notes that below T. the
data is in fair agreement with a T" temperature
variation. In the normal state there are indications
of a slight maximum in ~.

perimental curve. At low temperatures the resultant
function has a maximum and then falls as T' as can
be seen in Fig. 3 where sos is plotted as a function
of 7".

It should be clear from the above paragraph that
the data can be interpreted on the basis of a simple
model. From 18.3'K to 6.5'K, the thermal con-
ductivity is dominated by an electronic component
that is impurity limited. By 6.5'K the number of
normal electrons has been so reduced that the phonon
contribution rises rapidly only to be limited by
boundary scattering with a constant mean free path
and a T' temperature dependence characteristic of
the low temperature speci6c heat.
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FIG. 1. Thermal conductivity of NbsSn (sample FS14) as a
function of temperature. 0.5-

A more illuminating way of plotting the data is
shown in Fig. 2 which is a semi-log plot of a as a
function of T./T. One notes that there is a good fit
to the function ~ ~ e ""' ' over the range 18.3'K to
about 6.6'K. Using the expression of Bardeen,
Riekayzen, and Tewordt (BRT)' for the impurity
limited electronic thermal conductivity, this de-
pendence would imply a band gap at T = O'K of
2&0 = 3.56 kT', . Below 6.5'K the temperature de-
pendence departs from an exponential. The dashed
curve in Fig. 2, labeled I(:g&, was obt;ained by sub-
tracting the extrapolated exponential from the ex-
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Fxo. 2. Thermal conductivity of Nb&Su (sample F814) as a
function of the inverse reduced temperature T,/T.

The validity of the above model is at present dif-
icult to estimate in the absence of data for I(:. below
T,. One can use the simple one-band theories of elec-
tronic thermal conductivity, for example, to estimate
the relative magnitudes of phonon and impurity
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scattering. ' Based on a lattice constant of 5.29 A, a
valence of 4.75, a Debye temperature of 290'K' and
the resistivities of Table I, one obtains a ratio of
impurity scattering to phonon scattering at 7.".of the
order of 0.1. Moreover, the phonon conductivity in
the normal state can similarly be estimated and can
be shown to be small. Such estimates would certainly
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FxG. 8. Phonon contribution to the thermal conductivity as
a function of T3.

ensure the validity of using the BRT theory to derive
the band gap from the experimental curves for K.."
However, the anomalous resistivity of NbsSn" makes
any simple application of the theory of metals to
Nb, Sn suspect without further experimental data.

The postulated phonon contribution at low tem-
peratures is on a armer basis. Preliminary electron-
microscopic examination of sample F814 showed

that the microstructure consists of oriented platelets
lid and 10' in diameter and from 200 A to 2000 A in
thickness. " It is apparent that this structure could

SK. Mendelssohn and H. M. Rosenberg, in 8olid 8tute
Physics, edited by F. Seitz and D. Turnbull (Academic Press,
Inc. , New York, 1961),Vol. 12, p. 228.

s F.J. Morin and J. P. Maita, Phys. Rev. 129, 1115(1968).
OL. P. Eadanoff and P. Martin, Phys. Rev. 124, 670

(1961).
I~ O. D. Cody, J. J. Hanak, and O. T. McConville, Bull.

Am. Phys. Soc. 6, 146 (1961). See also, Technical Docu-
mentary Report No. ASD—TDR-62—1111.

rz T. Barnard (private communication, 1963).

account for the 1000 A boundary size derived from
the T' region of Fig. 3.

In summary, the thermal conductivity of two
samples of vapor deposited NbsSn has been measured
at 86'K, and in detail from 28'E to 2.6'E. The
thermal conductivity in this region ranges from
27 &( 10 'W/cm'K to 0.14 )& 10 'W/cm'K. Below
T., the thermal conductivity drops with a tempera-
ture dependence characteristic of a band gap of
2ss ——8.56 kT„ if one assumes the conductivity to be
electronic and impurity limited. This model can be
shown to be in reasonable agreement with the prop-
erties of the present samples of NbsSn. Below 6'K,
one can interpret the data in terms of an additional
conductivity in parallel with the electronic conduc-
tivity, which rises exponentially and then falls with
a T' law characteristic of a boundary limited phonon
conductivity. The size of the boundary, =1000 A, is
of the same order as the thickness of the platelet
structure characteristic of vapor deposited NbsSn.

Although magnetization measurements indicate
large field penetrations for fields of 5000 6 at 4.2'K,
no eQ'ect on the thermal conductivity of one sample
was observed when a field of 6500 G was applied at
8.0'E and 11.2'K.

The band gap obtained in the present measure-
ments differs by about a factor of 3 from that ob-
tained by Goldstein" through tunneling measure-
ments on similar material. Possible explanations for
this discrepancy will be discussed in a subsequent
paper.

Note added in proof Since th.is paper was presented,
thermal conductivity measurements were made on
sample FS 14 in a longitudinal field of 6500 6 at
15.0'K and 17.5'E. The change in s with field was
less than 2% at both temperatures.
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