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Noel Temperature of EuTe ~

Fred Masset
Department of Physics and Astronomy, Louisiana State University,

Baton Rouge, Louisiana 70803
(Received 10 November 1970)

A Green's-function procedure for calculation of the Neel temperature of a type-II face-cen-
tered-cubic antiferromagnet is applied to EuTe. Exchange constants resulting from a fit to
low-temperature heat-capacity measurements are used. The resulting Neel temperature Tz
is (9.76a0. 41) 'K, compared to the experimental 9.81'K.

In a recently published paper, ' spin-wave theory
was used to calculate the magnon contribution to the
specific heat of EuTe, a rocksalt-structure anti-
ferromagnetic insulator, whose spin magnetic mo-
ments are confined to (111)planes. Starting with
a Hamiltonian including Heisenberg exchange, with
first- and second-neighbor interactions only, plus
anisotropy terms, we obtained the two branches of
the spin-wave spectrum and their resulting contribu-
tion to the specific heat. The anisotropy constants
D, and D~ refer to the "out-of-plane" and "in-plane"
anisotropies, respectively. We sought values of the
first- and second-neighbor exchange constants J,
and J, which would reproduce the experimental
specific-heat curve at low temperatures [T& —,

'
(Ngel temperature)]. We required that J'» ds, D»
and Dz be consistent with the magnon energies at the
center of the zone as given by the antiferromagnetic
resonance measurements of Battles and Everett. ~

The values of J, and J~ needed to do this turned out
to be Jt = (0. 07 a 0. 02) 'K and Zz ———(0. 21+0. 02) 'K.
These values are somewhat larger than those pre-
dicted by molecular-field theory. '

As a further check on our J, and J~ values, we
attempted to calculate the Neel temperature of
EuTe, using a Green's-function method developed
by Lines. ' Lines considers the case of one direc-
tion of alignment of spin&, and breaks the lattice
into a and b sublattices, such that the spins on the
a sublattice point in the opposite direction from
those on the b sublattice. This is consistent with

the spin configuration in EuTe. A Heisenberg
Ham iltonian

H=Q 2dttSt St,
f f

where the sum includes all the spin pairs, is as-
sumed. The following expression for the Neel
temperature T„ is obtained:

S(S+1)/skv, = (t y(t '- «s)&,

where ( ) tt is an average over wave vectors in the
first Brillouin zone of the magnetic lattice. The
quantities p, and & are given by

d
(f- e)

fg

where j —g locates the nearest neighbor of a par-
ticular spin with respect to that spin. The .s (d)
on the summation indicates that ~ and g are on the
same sublat tice (different sublattices). For the
special case of antiferromagnetic ordering of the
second kind in a face-centered cube, these become

tt = 4Z,{cos [-', a(k„—k„)]+cos [sn(k, —k,)]

+cos [su(ks —k„)]j+ les
« = 4J, {cos[-,'ct(k„+k, )] + cos [-,'ct(k, +k,)]
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+cos [-,'a(k„+k,)])

+ 4J, (cos (ak„) + cos (ak, ) + cos (ak, )j,
where ~ is the lattice constant. It is to be noted
that if one computes the quantities p. + & and p, —&

from these expressions, making proper use of
trigonometric identities, the results wi11 differ
from those quoted in Lines. 's paper by negative
signs, and factors of & in the arguments of the
trigonometric functions. We substituted the values
of J, and Ja from our specific-heat calculation into
the expression for T„. The average was done nu-
merically over the paramagnetic Brillouin zone
rather than the antiferromagnetic Brillouin zone,

with proper account taken of the fact that the inte-
gral was over twice the volume in k space as was
needed. We sought values of the exchange constants
J, and J2 in the range given above, obtained from
the specific-heat calculation, which would yield
a Neel temperature within 0. 5 'K on either side of
the experimental value 9.81 'K. It was found that
T„ is rather more sensitive to changes in Ja than
in Z, . For Z, = (0.07 + 0.02) 'K and J'3 = —(0.215
+ 0.005) 'K, we obtained T„=(9.76+ 0.41) 'K, in

quite good agreement with the above experimental
value.

The author is indebted to Dr. J. Callaway for
suggesting this calculation, and for many helpful
discussions o
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Influence of Normal-State Electrical Resistance on the Superconducting Transition
Temperature of Ultrathin Films*
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Recent data showing decreases in the T, of ultrathin films are reconsidered in the light of
results from work on fluctuations in films, which indicate the possibilityof a large "pair-
breaker" in high-resistance films.

Recently, we have made a study of the decrease
in transition temperature T, in ultrathin films.
In this present paper we wish to amplify some of the
conclusions in Ref. 1 by taking into account recent
work on fluctuations in films, and in particular we
wish to make a speculative estimate of the T,o
of films in the absence of the "pair-breaker" which
appears to be associated with the large R& of the
films. We briefly review some of the results.
With the theoretical work of McMillan, ' it became
evident how the increases in the T, of soft-metal,
films could be related to "softening" of the phonon
spectrum, either by disorder or by soft phonons
caused by surfaces. 3' Unfortunately, the maximum
T, observed in either disordered ' or ultrathin
films'3 never approached the limits predicted by
the theories. In fact, it was found that in the very
thinnest films the T, actually decreased again, In
Fig. 1 we show data on Al films, previously re-
ported, ' showing that T, rises as the thickness is
decreased and finally decreases again in the thin-

nest films. In the case of Pb, where the enhance-
ment is expected to be small, it was found that
T, decreased as the films were made thinner, '~'~
and the depression (of T,) correlated with the sheet
resistance R&. The question of why the T, de-
creased was discussed, but was never convincingly
explained on the basis of any existing theoretical
ideas, and this is still the case at present. It is
the purpose of this note to estimate how the effect
of the high R ~ in the films can affect the transition
temperature of Al films. The clue to how to treat
this problem is provided by Kajimura and Miko-
shiba (KM), ' although we emphasize that this
phenomenological approach certainly does not im-
ply that there is an understanding of why large
Rz reduces T, as rapidly as it does.

In recent work on fluctuation phenomena in Al
films, large deviations have been found from the
mean-field theory of Aslamazov and Larkin (AL). ~

Thompson~~ has modified the AL theory by including
a term originally proposed by Maki. This addition-


