
986 LETTERS TO THE EDITOR

From this the following conclusions may be drawn:

(1) By calculating the zero-point energies and
motions of these modes as in reference 3, the next
higher-order corrections to the B.C.S. theory could be
obtained. We justify this theory in that we show that
these reasonably large corrections do not change the
excitation spectrum in essentials.

(2) Collective and plasma, effects indeed reinforce
the B.C.S. theory in the way predicted in reference 1,
even though the exact matrix elements in B.C.S. are
incorrect because of the neglect of collective eGects.

I am indebted to H. Suhl for help with some of the
calculations and for many conversations. A more
complete description of the method will be published
later.
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Most measurements for manganese have been in solids
where the ion is surrounded by six negative ions in
approximate octahedral symmetry. In these solids D is
positive, and the sign of u has been found to be positive
also. ' In ZnS, the ion is presumed to be surrounded by
a tetrahedron of four negative sulfur ions and the sign
of D would therefore be negative. As a result, this
system provides an important test for the theory, and
the positive sign for a appears to confirm Watanabe's
result. Similar agreement has been found for manganese
in germanium, where the sign of a has also been deter-
mined to be positive. '

However, the crystalline model does not predict the
correct sign of the g shift in these substantially covalent
solids. Watanabe's result states that the g value should
always be less than the free electron value (2.0023).
The measured values are 2.0025+0.0002 in ZnS ' and
2.0061%0.0002 in germanium. Positive g shifts are
also indicated in powders of CdS, ZnSe, and CdTe.
As a result, the agreement in the sign of a does not
necessarily indicate that the crystalline field model can
be successfully applied to such highly covalent solids.
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~ ~HE electron spin resonance of Mn++ in cubic
ZnS has been studied by Matarrese and Kikuchi. '

They report that in the spin Hamiltonian

a= gpH. s+-', ~(s:ys„4+s;)+wI s,
one has a= —8.35%0.06 gauss and 2=+68.4%0.1
gauss. Actually, since the measurements were made at
room temperature, a change of sign for both the cubic
field splitting constant a and the hyperfine interaction
constant A would also produce the same spectrum. In
order to distinguish between the two possibilities, it is
necessary to measure the relative intensities of the
transitions at low temperature. ' We have made such a
measurement' at 4'I and at a frequency of 20 kMc/sec,
and find that the signs reported were in error. They
should be a=+8.35%0.06 gauss A = —68.4%0.1 gauss.

This is of interest because of a recent theoretical
treatment of Mn++ in cubic fields by Watanabe. 4 He
concludes that a should be positive regardless of the sign
of D in the cubic potential eV=D(x'+y4+s' ssr'). — —

Rate Processes and Low-Temperature
Electrical Conduction in

n-Type Germanium
SEYMQUR H. KoENIG

Internationa/ Business Machines Watson Laboratory at
Columbia University, Xem York, Sew York

(Received March 17, 1958)

HE low-temperature electrical conduction of
e-type germanium as a function of applied

electric field is characterized by an ohmic region for
fields less than 0.2 v/cm, a region of steadily in-
creasing conductivity, and finally a critical "break-
down" field at which the current rises "vertically"
with the applied electrical field. ' The large variation of
conductivity is due mainly to an increase in carrier
density as, with increasing electric field, the mean
carrier energy increases from its equilibrium value. The
breakdown is associated, in a general way, with ioni-
zation of neutral donors by the impact of "hot"
electrons. ' In Fig. 1, data obtained by pulse techniques
are presented to illustrate the behavior at high current
densities. ' The essential feature to be noted is that after
a significant "vertical" rise the j-E curve becomes
concave downwards.


