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Comment on "Critical behavior of the zero-temperature conductivity
in compensated silicon, Si:(P,B)"
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In a recently published conductivity study of Si:(P,B) very close to the metal-insulator transition,
Hirsch and co-workers performed the zero-temperature extrapolation by using the relation
cr(T) =cr(0)+mT' +BT, based on modern localization theory. This extrapolation is critically
reconsidered studying the temperature dependence of the logarithmic derivative, d incr /d lnT.

The metal-semiconductor transition (MST) in disor-
dered three-dimensional systems has been a rnatter of in-
tensive debate for more than ten years. Nowadays, the
experiments are mainly interpreted in terms of a continu-
ous transition at T =0.' However, the final decision con-
cerniag the character of the transition has been a very
di5cult one due to the zero-temperature extrapolation in-
cluded in most of the experimental studies. In particular,
near the transition it is even dificult to dec'ide reliably
whether a certain sample is metallic or semiconducting.
These two points are also inherent in the investigation of
the conductivity of compensated silicon, Si:(P,8), near
the MST by Hirsch and co-workers. These authors ana-
lyze their obviously very careful measurements in terms
of the ansatz

o(T)=o(0)+mT' +BT

8-285, 8-310, and A-63, respectively, agree well with the
data given by Hirsch et ar. 6.1, 15.4, 31.3, and
50.1 0 'cm '. The corresponding w(T) relations are
included as solid lines in Fig. 1.

Figure 1 shows good agreement between w ( T) values,
obtained directly from experimental data, and fit curves.
However, there is no experimental evidence that
w ( T)~0 as T~0 for samples 8-265 and 8-285,
classified as metallic in Ref. 2. The experimental w(T)
values related do not significantly vary within the

0 ~ 4-
based on modern localization theory. They classify the
samples as metallic as long as the zero-temperature extra-
polation, cr(0), is positive. This zero-temperature extra-
polation and the classification related are reanalyzed in
the present Comment.

Consider the logarithmic derivative w ( T)
=d inc / d lnT, which is far more sensitive than the con-
ductivity itself. Equation (1) implies that w(T) vanishes
as T~O according to

0-3-

0.2

II II
II II It B-270

w(T)=(0. 5mT' +0.75BT )Icr(T), (2)

for the metallic samples. This conclusion has been
checked in the following way. Figure 1 of Ref. 2 contains
cr( T) points for five samples, which are labeled A-63, 8-
265, 8-270, 8-285, and B-310 in the original paper by
Hirsch and co-workers. These data were digitized using
an image-processing system. All combinations of k
neighboring points, k=6, were ana1yzed by means of
linear regression considering lno. as a function of lnT.
The T value corresponding to the slope obtained was ap-
proximated by the geometrical average, Ig,",T;I'~".
This procedure ensures that stochastic and numerical er-
rors are kept sufticiently small. The results are shown in
Fig. 1. For comparison, fits according to ansatz (1) were
performed. The o.(0) values obtained from these o(T)
fits, 5.8, 14.5, 30.4, and 50.2 Q ' cm ' for samples 8-265,
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FIG. 1. Logarithmic derivative m(T}=d lno. /d 1nT vs T.
The error bars, given only if they exceed the symbol size, denote
the 3o bounds related to the stochastic errors arising in the di-
gitization procedure. For comparison, fits according to Eq. (1}
are included as solid lines. The samples are labeled according to
the original paper (Ref. 2).
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measuring temperature interval, and the Gt curves exhibit
broad plateaus in this region. Both fit curves change
their character qualitatively at about 0.2 K. A steep de-
crease, which has no precursor in the measuring interval,
occurs below this temperature. If w (T~O) would alter-
natively tend to a finite positive value, as it seems to be
suggested by Fig. I, or to inanity, as for the semiconduct-
ing sample 8-270, o.(T~O) would vanish and only ac-
tivated conduction would be present. Hence, the extra-
polation according to Eqs. (1) and (2) has to be regarded
as uncertain, even the character of conduction remains
open. Measurements down to about 30 mK, as per-
formed for sample 8-270 in Ref. 2, should be su%cient to
check whether w (T) would significantly tend to zero ac-
cording to Fig. 1.

Furthermore, it should be noted that, for sample 8-
310, w(T) remains approximately constant below about
0.5 K. The above discussion might apply as mell here.
However, in this case, and in the case of the clearly me-
tallic sample A-63, the values of

~
w (T)

~
are too small to

draw reliable conclusions.
The consideration above agrees with the critical re-

marks by Hirsch et al con.cerning the reliability of cr(0)
values below 10 Q ' cm '. These authors point to the
similarity between the samples 8-270 and 8-265, which

they regarded as semiconducting and metallic, respective-
ly. Furthermore, samples 8-285 and 8-310, classified as
metallic by them, do not qualitatively differ from the
sample 8-265 according to Fig. 1. This behavior might
alternatively be interpreted in terms of a phenomenologi-
cal model of o(T, n) close to the MST, developed for
amorphous Si& „Cr„ in Ref. 3, and shown also to be
applicable to other substances in Ref. 4. Based on "gen-
eralized symmetries" within cr(T, n), that analysis avoids
T~O extrapolations for individual samples. According
to Refs. 3 and 4, samples 8-265, 8-285, and 8-310 should
be semiconducting. Moreover, below about 0.5 K,
ui =d lno /d lnT should increase as T is diminished,
where ~dto/dT~ should vanish as w —+0. In order to get
more insight into this complicated problem, it would be
very interesting to check these predictions by reanalyzing
the complete experimental data set of Ref. 2 and by an
additional extension of the measurements to tempera-
tures below 100 mK.

I am indebted to E. Muller and H. Wendrock for digi-
tizing the data from Fig. 1 of Ref. 2. Critical discussions
with H. Eschrig, M. Richter, and R. Richter are grateful-
ly acknowledged.
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