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Cyclotron Resonance of Electrons and Holes in Silicon and Germanium Crystals

G. Dresseruavs, A, F. Kip, axo C. KrrreL
Department of Physics, University of California, Berkeley, California
(Received December 16, 1954)
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The De Haas-Van Alphen Effect in Copper

Tae de Haas — van Alphen effect in copper has been
observed in & whisker made by the Brenner method*
and oriented with the [111] axis along the field (see
Fig. 1) ; the period is about 1-7 x 10-* gauss!, which
i close to the value for a free electron sphere of one
electronfatom and not inconsistent with the Fermi
surface proposed by Pippard?; the effective electron
mass as estimated from the temperature variation of
the effect is about 1.3 times the free electron mass.

Provious negative resulta®* may have been due to
(@) erystal imperfections, (b) eddy currents associated
with the impulsive field, (¢) non-oceurrence of tho
effoct in cortain crystal directions. Copper whiskers
are usually very well oriented along one of the
principal crystal directions and are of good quality
as crystals ; thus they are particularly favourable
as rogards (a), 8ince the influence of a given degree of
imperfection is least along a direction of symmetry.
Moreover, & whisker provides in a natural way a very
thin crystal wire and thus helps as regards (b) ; the
diameter of the whisker used was about 0:2 mum.
It is interesting to note that three other whiskers,
two oriented along [100] and one along [110), showed
no de Haas — van Alphen effect ; this may well be
merely because of inadeguate sensitivity {in the
sucenssful observation the oscillations had only about
ten times the noise amplitude), but it iz possible that
the magneto-resistance effect is partioularly high for
the [111] direction®7 and not for the other directions,

NATURE
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Fig. 1. Trace g shows the amplified output from s pick-up coil
containing the [111) whisker at 1-1° K. in a magnetic tield H of

shout 72,000 , which drops by about 2560 gauss scroes

the picture during 4 time of sweep of about 06 meec. This drop e

indieated by the slight decrense of separation between traces &

and ¢, which [s & measure of the variation of (H — 67,000) gauss.

The &‘mrlemng of the interval occupied by each successive period

is due to the im:muin?z rate of deerease of the magnetic field
row left Lo right

thus making the [111] whisker partioularly favourable
ag rogards reducing eddy currents.

The discovery of a positive effect in copper removes
the suspicion that the earlier negative results in mono-
valent metals may have been due to fundamental
rather than technical reasons, and thus opens the way
to a detailed investigation of the electronic structure
of these metals,

It is & pleasure to acknowledge the hospitality of
the General Flectric Research Laboratory, Schenec.
tady, N.Y., during last September, which provided the
opportunity of obtaining the whiskers, and I should
like particularly to thank Mrs. Ethel Fontanella, of
General Electrie, for her assistance in preparing the
whiskers for use, and Mr. Harry Davies for his assist-
ance in the experiments.
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