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Cyclotron resonance has been observed in sev-
eral semiconducting diamonds at 70 kMc/sec and
at helium temperatures. For magnetic fields be-
low 33.5 kilo-oersteds, two strong lines have been
observed having effective masses of (0.70~ 0.01)mo
and (1.06+ 0.04)m, with little or no anisotropy. The
experiments will be described in this Letter.

The 4-mm wave spectrometer system is similar
to a 2-mm spectrometer described previously, '
with the following exceptions. A three-port cir-
culator' and a commercial 1N2792 crystal detec-
tor are used to observe the signal reflected from
the microwave cavity which operates in the TMpye

mode and has a loaded Q factor of about 1500. As
previously, the samples are positioned in the high
axial electric field of the cavity for cyclotron reso-
nance. The static magnetic field is obtained from
a commercial 12-inch electromagnet with a 9/16-
inch pole face gap. The light modulation of car-
riers and detection system as described previous-
ly is used.

The diamond crystals which were investigated
are of the IIb variety. s Resonance was observed
in only a few of the samples, and there appears
to be a qualitative agreement of crystal perfection
as determined from x-ray data with the observed
linewidths in the spectrum. Some samples having
&z less than unity exhibited the characteristic
nonresonant microwave magnetoresistance. Fig-
ure 1 shows a typical experimental trace in one
of the better samples.

The curve is a reproduction of a recorder trace
of the absorption at 69.2 kMc/sec as a function of
magnetic field. The data were obtained at an -0.1-
microwatt rf power level at 1.2'K with a low level
of light excitation. Lines are observed at 0.70m,
and at 1.07m, having linewidths given by & v =13
and +v =7, respectively. The recorder trace of
absorption is taken as a linear function of mag-

th
~~

C

Q~

0
I I I I

16.20 27.08 51.24 55A9
MAGNET}C FlELD (kilo -oereteds}

FIQ. 1. Experimental trace of cyclotron resonance
absorption in diamond at 69.2 kMc/sec and 1.2'K.

net current but the magnetic field is linear only
through the low-field line. The high-field line
falsely appears to be asymmetrical and much
broader than twice the low-field line, but this
results from a progressive increase in nonline-
arity of the magnetic field.

Absorption line intensities decrease upon moving
the sample to a region of weaker rf electric field,
thus indicating that cyclotron rather than paramag-
netic resonance is observed. Detailed anisotropy
measurements indicate that little or no aniso-
tropy exists in either resonance within the limits
of accuracy of the experiment. At 4.2'K, the
spectrum below 33;5 kilo-oersteds is very similar
with the exception of unresolved structure on the
low-field side of the low-mass line. On occasion
at relatively low rf level, both at 4.2'K and 1.2'K,
a weak line at about 0.5mo is observed which may
be a "quantum effect" line.

An attempt to observe resonance in the conduc-
tion band by exciting carriers across the gap
(5.5 ev) with a hydrogen arc has not been suc-
cessful.

The carriers which are observed have been ex-
cited with a tungsten light source which does not
visibly glow, thus suggesting that the resonances
are due to carriers in the valence band since the
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impurity levels in the IIb's lie a few tenths of a
volt above the valence band. 4 An estimate of the
spin-orbit splitting 6 of the order of 0.005 volt
from atomic data suggests that possibly the con-
stant-energy surfaces cannot be simply expressed
by'

g(y) ~y2~ tg2/)4~ Q2(Q 2Q 2yQ 2y 2yy 2y 2)jl/
Z Z X

which is good for the valence band of germanium'
and silicon, 7 but that higher order terms must be
taken into account in the secular determinant
for diamond. It has been suggested' that the low-
mass line is due to the light hole, and that the
high-mass line, being isotropic, is a spherical
energy surface which goes with the split-off band,
and that the heavy hole should be anisotropic and
have a mass of -3m, . Further experiments are
in progress to clarify the data.
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Provided the structure of the valence band of
Ge in the vicinity of k=0 is independent of tem-
perature, then the absorption due to direct inter-
band transitions ' depends on temperature only
through the distribution function of the free holes.
The distribution function is of prime importance
in determining the absorption, and any agency
which changes the energy distribution of holes in
k space will produce a corresponding change in
absorption. It is possible, therefore, to study
the effect of a high electric field (E) on the dis-
tribution function in a direct manner. In prin-
ciple, if the details of the band structure are
known, it is possible to relate a photon energy
with a range (because of warping) of k for both
types of hole and hence to obtain the distribution
function in k space of both light and heavy holes.
Such a relationship is shown in Fig. 1 for transi-
tions to the split-off band, for a band structure
calculated as described below. The arrows indi-
cate the value of k~ at which the energy of the

hole (light or heavy according to band) is &kT.
In practice the change in absorption was ob-

served due to a change in distribution produced
by the high field; such a differential method is
inherently more sensitive than a method meas-
uring the total absorption. In a subsidiary ex-
periment performed for the purpose of compari-
son, the distribution function was changed in a
known way by raising the lattice temperature a
small amount and the change in absorption ob-
served (to be referred to as the 5T effect). The
change in absorption can be calculated from
Kane's' theory. Taking the spin-orbit splitting
as 0.290 ev, and the other band-structure param-
eters as given by Kane —but modifying the energy
dependence on k of the split-off band by 30%, as
Kane suggests, crudely to allow for higher order
perturbation terms not rigorously included —the
change in absorption due to a 13.5% increase of
temperature of a Maxwellian distribution at 93'K
(Fig. 1, curve 1) and 293'K {Fig. 2, curve 1) has


