behavior is apparently the consequence of the fact that the metal - dielectric
transition in the system of excitons in germanium is a first-order phase tran-
sition at helium temperatures [3 - 5].
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It is known that the temperature TC of the transition into the supercon-

ducting state rises when superconductors with polarizable organic molecules [1,
2] or with semiconductors [3] are simultaneously condensed on a cold substrate.
It is shown in [2] that in the case of condensation of a superconductor with
organic additives the rise of TC can be due to size quantization of the elec-

trons in the minute crystals of the superconducting phase. The change of Tc

of Al, In, and Sn alloyed with nonmagnetic additives in the region of dilute
solid solutions was also investigated earlier (4, 5]. The change of Tc with

increasing impurity concentration x was approximated by the relation [5]
6Tc = ki1x + k2x In X, where ki and k2 are constants for the corresponding pair

of materials. The validity of this relation was confirmed [6] by an analysis
performed on the basis of the BCS theory.

We have investigated the possibility of increasing 'I‘C by strongly alloy-

ing nontransition superconductors with nonmagnetic additives, i.e., in solid
solutions that do not exist under equilibrium conditlons and are produced [7]
by low-temperature simultaneous condensation of the components. We wish to
demonstrate at the same time that to explain the results of [3], just as in the
case of [1, 2], there 1s no need to make use of non-phonon superconductivity
mechanisms.

We investigated the change of Tc in metastable solid solutions with vary-

ing compositions, of the systems Al-Ag, Al-Sn, and In-Bi, obtained by simul-
taneous condensation of the components on a substrate cooled with liquid
helium. The limiting solubilities at room temperature of the second component
in these systems are 0.18, 0.005, and 4.9 at.%, respectively [8]. In accord-
ance with the conclusions of [4, 6], one should expect a decrease of 'I‘C in the

Al-Ag system with increasing Ag content, and when the second component in the
Al-8n system 1s increased TC should increase, in analogy with its increase in

the Al-Ge system, as observed in [3]. In our case, however, there is no pos-
sibility of additional interaction connected with the excitons of the semi-
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conductor. When In is alloyed with Bi one
X ~ should expect, in accordance with [5], a con-
v siderable rise in Tc compared with pure In.

The condensation was produced in a sealed
5 ampoule that differed 1little from that used in
[91. TC was determined with the aid of a low-

B
4 inertia pickup [10] at the point where the
electric resistance of the film decreased to
3 ) 50— a0 half the normal value. The proposed composi-
Al % by volume 5n tion of the films was set by the regime of

the evaporators. During one experiment,
several films with different composition were
condensed on the substrate, with a total thick-
ness of several hundred Angstrom.

Superconducting transi-
tion temperature of Al-
Sn films obtained by

low-temperature conden-

satiomn. The figure shows the results of an inves-

tigatlion of TC of films of the Al-Sn system

with metastable single-phase structure. After
annealing to room temperature, the Tc of a multilayer film dropped from 6.72 to

3.77°K, corresponding to complete decay of the solid solution. The residual
resistance of the film decreased at the same time by a factor 3.8. The value
of Tc of a condensed film of a mixture of Al with 30% Ag by volume was 2.48°K,

i.e., lower than that of pure Al. The maximum value of Tc observed by us in

condensed In-Bi films with different composition was 7.95°K. This exceeds the
values of T, observed both in films of pure In and Bi obtained at low tempera-
tures (4.15 and 6.0°K, respectively [9]) and in the crystalline meodification
BiIII, which exists at high pressures (7.25°K) [11].

The sign of the observed change of Tc’ in all three systems, agrees with

the conclusions of [6, 12]. However, an extrapolation of the data obtained
with dilute solid solutions of Bi in In has made it possible to propose the
possible existence in this system of metastable mixtures with higher values of
Tc than observed by us. This disparity 1s due apparently to the large error

resulting when the existing theory is applied to concentrated alloys. A
value Tc = 6.45°K was observed in [3] for a film of Al with 10% Ge, condensed

on a cold substrate. Extrapolation of the data of [5] for an alloy of this
composition, without allowance for the rise of T due to the change of the

phonon spectrum in low-temperature condensation [9], gives a value T =
5.80°K, which can be regarded as in good agreement.

The rise of the superconducting transition temperature was observed by us
also in the case of layer-by-layer condensation of thin Sn films on the sur-
face of thicker films of the mixture Al-Sn, or for condensation of Bi on the
surface of an In film. When a thin film _"30 A thick was deposited on a film
of aluminum mixed with 20% tin and ~250 R thick, Tc rose from 4.20 to 4.90°K.

With increasing thickness of the second film, the rise of Tc decreased. The
magnitude of this effect in all cases greatly exceeded the change of TC ob-

served in [13] for Ge condensed on the surface of Tl and Sn films. This may
be connected, first, with the greater purity of the surface of the films in
our experiments. The results of these observations can also be explained from
the point of view of [6], if it is assumed that the rise of Tc ocecurs in a

thin layer near the phase interface. To resolve this problem it 1s necessary
to investigate the temperature dependence of the critical current in such sys-

tems.
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It should be noted that, as in the case of application of an electrostatic
charge [12], in the Al-Sn system simultaneocusly with an increase of Tc there

was observed upon condensation of Sn on films of a mixture an anomalous rise
in the electric resistance of a multiple-layer film. The effect was observed
at Sn film thickness not higher than 30 - 40 A, and its value was up to 1U% of
the resistance of the initial layer, and remained unchanged when the films
were annealed to L40°K, whereas the film resistance connected with the crystal
structure defects were greatly decreased in this temperature interval.

The author is deeply grateful to K.A. Osipov for constant interest in the
work and to V.A. Kutasov for help in constructing the apparatus.

[1] F. Meunier, J.P. Burger, G. Deutsener, and E. Guon, Phys. Lett. A26, 309
(1968); F.R. Gamble and H.M. McConnell, Phys. Lett. A26, 162 (1968).

[2] N.E. Alekseevskii, V.I. Tsebro, and E.I. Filippovich, ZhETF Pis. Red. 13,
247 (1971) [JETP Lett. 13, 174 (1971)1. T

[3] E. Guon and F. Meunier, J. Vac. Sci. Techn. 6, 677 (1969).

[4] E.A. Lynton, B. Serin, and H. Zucker, J. Phys. Chem. Solids 3, 165 (1957);
G. Chanin, E. Lynton, and B. Serin, Phys. Rev. 114, 719 (1959).

[5] D.P. Seraphim, C. Chiou, and D.J. Quinn, Acta Met. 9, 861 (1961).

[6] D. Markowitz and L.P. Kadanoff, Phys. Rev. 131, 563 (1963); D.M. Ginsberg,
Phys. Rev. 136, A1167 (1964).

{71 K.L. Chopra, Thin Film Phenomena, New York, 1969.

[8] M. Hansen and K. Anderko, Constitution of Binary Alloys, McGraw, 1958.

[9] N.V.(Zava§§tskii, Zh. Eksp. Teor. Fiz. 57, 752 (1969) [Sov. Phys.-JETP 30,

1970) 1.

[10] L.P. Mezhov-Deglin and A.I. Shal'nikov, PTE No. 1, 299 (1968).

[11] N.B. Brandt and N.I. Ginzburg, Zh. Eksp. Teor. Fiz. 39, 1554 (1960) [Sov.
Phys.-JETP 12, 1082 (1961).

[12] R.E. Glover and M.D. Sherill, Phys. Rev. Lett. 5, 248 (1960).

(131 D.G. Naugle, Phys. Lett. A25, 688 (1967).

ANTIFERROMAGNETISM OF INVAR ALLOYS

V.L. Sedov

Moscow State University

Submitted 13 July 1971; resubmitted 22 September 1971
ZhETF Pis. Red. 14, No. 9, 499 - 500 (5 November 1971)

Kondorskii and the author [1, 2] have reached the conclusion that the
anomalies of the physical properties of invar alloys are connected with the
antiferromagnetism of the Y phase of iron [3 - 5] (cublc face-centered modi-
fication of iron). This point of view was subsequently used in a number of
papers [6]. However, the concrete mechanism of the origin of the invar anoma-
lies is still under discussion in the literature. Interest in this question
has recently increased in connection with neutron-diffraction investigations
of invar alloys [7 - 9]. It follows from these investigations that an invar
alloy constitutes a magnetically-inhomogeneous medium in which, according to
[8, 10], there can exist in addition to the ferromagnetic regions also regions
that are antiferromagnetic at low ftemperatures.

If such regions actually exlist, then one should expect the character of
the temperature dependence of the susceptibility of the para-process and of
the galvanomagnetic properties of the invar alloys should reflect the transi-
tion of these regions.into the antiferromagnetic state. The present article
presents therefore experimental data on those invar-alloy properties which
point to the existence of an antiferromagnetic transformation. These experi-
mental data were published in part in [11]1, but no interpretation was offered
for them.
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