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for investigating possible anisotropy in oriented crystals.
The preliminary data agree in order of magnitude with
the results deduced by Jones® and Blackman’ from the
magnetic susceptibility . experiments. However, their
ellipsoidal models do not appear to explain our data.
The interpretation of our results for multiple carriers is
quite involved, particularly for the magnetic field
parallel to the metal surface.® The simplest situation
occurs for transverse H and circular polarization,® which
would also permit the distinction between holes and
electrons. More complicated cases involving ellipsoidal
models are being analyzed. The theory which excludes
the phenomenon of anomalous skin effect will have to be
further refined.

We would like to thank Dr. H. J. Zeiger and Mrs.
Laura M. Roth for many helpful suggestions and dis-
cussions and Mr. W. M. Walsh, Jr. for assisting with
some of the experiments. :
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E have observed cyclotron resonance at 4°K and

at 24 000 and 48 000 Mc/sec in four alloys pre-

pared by the RCA Laboratories: in atomic percent, 0.4
and 0.75 Ge in Si; 0.8 and 5.4 Siin Ge. The experimental
technique generally has been described earlier,! but the
6-mm apparatus is new and utilizes a transmission
cavity ; the power is produced as the second harmonic
from a germanium crystal point-contact rectifier, with a
K-band klystron as primary source. The striking feature
of the results is that it is possible to resolve cyclotron
lines with as much as 59 Si in Ge, whereas 10—°9, of
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trivalent or pentavalent substitutional impurities makes
resolution difficult. The resolution we have obtained is
not really good enough in conjunction with the present
uncertainties in crystal orientation to encourage the
examination of the differences in mass parameters be-
tween the alloys and the pure crystals.

Results for 0.89, Si in Ge are shown in Fig. 1. The
calculated curves are drawn for (111) spheroidal electron
energy surfaces with m;=(1.594-0.05)m, m,= (0.086
+0.002)m, as compared with m,=1.58m, m:=0.082m
for pure Ge. The alloy electron relaxation times are 2 to
4X 1071 sec. The energy surfaces for the holes are two
fluted spheres: the curves are drawn for 4=-—11.8
+0.1, |B|=7.4%0.1, and |C|=10.520.4, all in units
of #?/2m; the constants for pure germanium! are
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Fi1cG. 1. Variation of effective masses for electrons and holes in the
Ge-rich alloy 0.8%, Si in Ge with the angle that the magnetic field
makes with a [001] crystal direction; frequency 48 000 Mc/sec.
The solid line represents the best fit to the experimental points
with the parameters #,=0.086m, m=1.59m for electron constant-
energy surfaces which are (111) spheroids and the fluted energy
surface parameters A=—11.8, |B|=7.4, and |C|=10.5, all in
units of #2/2m.

A=—13.0, |B|=8.9, and |C|=10.3. For 549, Si in
Ge, only the electron resonances were resolved, with
m==2(1.540.0)m, m=2(0.104-0.01)m, and r=~1X10~1
sec.

The Si-rich alloys showed only electron resonances: a
large nonresonant background absorption suggests that
for the holes wr<1. For 0.759, Ge in Si, we found
m=2(1.104=0.1)m ; m,22(0.20420.01)m ; 7~ 1X 107 sec.
The constants for pure Si are: #;=0.97m; m;=0.19m.
For 0.49, Ge in Si: m;~2(0.834+0.2)m; m=2(0.18
#+0.02)m; 721X 107" sec; this alloy was measured only
at 24 000 Mc/sec; all the results on the other alloys refer
to 48 000 Mc/sec.

There are theoretical reasons for believing that the
mass parameters should not vary rapidly with compo-
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F16. 2. Schematic diagrams of the energy band contours in
perfect Ge and Si crystals along [111] and [100] axes in the
reduced zone as suggested by Herman.2 The removal of the
degeneracy by spin-orbit interaction is not shown.

sition. If the conduction band minima are a A; state in
Siand an L, state in Ge, as suggested by Herman,? then
perturbation theory about the minimum gives
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Herman’s? explanation (Fig. 2) of the optical gap
change observed by Johnson and Christian® does not
show a A; level in Si or an Ly’ level in Ge sufficiently
close to the conduction band minimum to have a pro-
found effect on m;. The data for holes on the Ge-rich
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side indicate that the levels at k=0 are separating in an
orderly fashion. »

There was some suggestion in the results at 24,000
Mc/sec that alloy scattering processes may tend to mix
the different ellipsoids together, producing less ani-
sotropy in the observed electron mass parameter. Such
an effect, if it exists, would be most effective under
conditions of low resolution (wr=1). Our present prac-
tice for crystal orientation involves certain resonance
degeneracy checks in situ, and such a procedure does not
work effectively when the resolution is poor.

We are indebted to Mr. Robert Behringer for assist-
ance with the measurements and to Dr. F. Herman and
Professor C. Kittel for discussion of the results.
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ELAXATION effects which have been observed in
electron spin resonance from F centers in alkali
halides! and from donor states in silicon? are interpreted
here in terms of the rapid passage theory of Bloch.? The
distinguishing feature of the two cases in which these
effects have been observed is that the line broadening is
of the inhomogeneous type,*® arising from hyperfine
interaction.
In Fig. 1 we show the dispersion signal obtained at
room temperature from a sample of LiF irradiated with

Fi1c. 1. Dispersion signal in LiF as a function of magnetic field for
several values of 6, the phase angle between modulation field and
reference signal.



