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Comment on ‘‘Localization and Size Effects in
Single-Crystal Au Films”’

In an interesting recent Letter,! Chaudhari, Haber-
meier, and Maekawa (CHM) present resistance meas-
urements as a function of temperature and magnetic
field for epitaxially grown single-crystal gold films.
These results were interpreted as being due to a signi-
ficant enhancement of the electron localization effect
in the presence of the quantum size effect. We argue
here that their data can be equally well explained by
the presence of a small concentration of magnetic im-
purities in the gold films.

The resistance per square Ro of the films ranges
between 8.0 /0 and 32 }/0 and the nominal thick-
ness is r=10 nm. This implies a resistivity p
=8x10"% O m which is rather high for a single-
crystal film. Indeed, van Attekum et al? report for an
as-deposited polycrystalline Au film with the same
thickness a value for p~10x10"% Q@ m and for a
heat-treated film p=3x10"% Q m.

The temperature dependence of Ry (see Fig. 1 of
Ref. 1) shows a negative logarithmic slope which is
much too large to be explained by localization and
electron-electron interaction effects. The variation
over one decade of temperature ARo/R2 =1.6x10~4
(Q/0) ! for a Au film with Ry =28.0 Q/0, while for
a disordered film® one expects that ARy/R3
=7x10"% (Q/0)~!. For the Kondo system AuCr*
the logarithmic variation of the resistivity over one de-
cade of temperature due to the magnetic Cr impurities
is given by Ap=1x10"12 O m/ppm; for AuFe’ the
variation is Ap=1.8x10"12 QO m/ppm. The Kondo
temperature for these systems is only a few millikel-
vins. Hence an impurity concentration #,=100 ppm
Cr or n;=55 ppm Fe can explain the large value for
ARg/R3 =Apl1/pRy] reported by CHM.

These magnetic impurities also give rise to a nega-
tive contribution to the magnetoresistance (MR).
From the MR data of dilute AuCr alloys reported by
Shiozaki and Kawarazaki® one obtains at 7=0.5 K, a
resistivity correction which is nearly independent of
the impurity concentration up to a field B=2 T and
which is given by Ap(2 T)=p(B=2 T)—p(0)
=—-6x10"!"" Om. At higher fields this correction
becomes even more important with increasing impuri-
ty concentration and one finds at B=3 T a correction
Ap(3 T)=-1%x10"'2 Q m/ppm. For the single-
crystal Au film with R;=28 /0 as reported by CHM,
this would result in a magnetoresistance variation of,

respectively, AR;/Rg (2 T)=7.5%x10"*% or ARL/Rg
(3 T)=1.2x10"3, for an impurity concentration of
100 ppm Cr in the film. This important negative MR
correction is, however, masked in the experimental
data (see Fig. 2 of Ref. 1) by the much stronger posi-
tive bulk MR combined with the MR due to the per-
pendicular and longitudinal size effect.” In a magnetic
field perpendicular to the plane of the film the size ef-
fect results in an increase in amplitude of the normal
bulk MR, while in the longitudinal field direction the
positive bulk MR is reduced at higher fields. The
magnitude of these corrections is larger than the MR
due to magnetic impurities and hinders the interpreta-
tion of the MR contribution due to weak localization at
low fields.

It therefore seems to us that the temperature depen-
dence of Ry (see Fig. 1 in Ref. 1) gives the only ex-
perimental information for discussing the localization
and interaction effects in the Au films. It has, howev-
er, been clearly demonstrated that the R(7) data are
very sensitive to the presence of magnetic impurities.
Therefore, no clear evidence for an enhancement of
the localization effect due to the size effect is present.
This would require a detailed study of the 2D epitaxial
layers as a function of the film structure and film
purity.
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