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LOW-TEMPERATURE LIMIT OF GRUNEISEN'S GAMMA OF GERMANIUM AND SILICON

W. B. Daniels
Princeton University, Princeton, New Jersey

(Received November 28, 1961)

Gibbons' has measured the thermal expansion
of Ge, Si, and InSb at low temperatures. Using
these data and values of the heat capacity meas-
ured by various investigators, together with the
Gruneisen relation, '

y=oV/X C

he obtains a plot of y vs T/B reproduced as the
solid lines of Fig. 1. n is the volume coefficient
of thermal expansion, V the crystal volume, XT
the isothermal compressibility, and C~ the heat
capacity at constant volume. This plot indicates
an anomalous negative peak for the case of Si
and InSb, but not for Ge over the range of tem-
peratures investigated. Gibbons has indicated by
the dashed lines an extrapolation of y toward zero
as T/B goes to zero. It is known that these ma-
terials with diamond-like structures reveal ex-
traordinarily similar behavior in other lattice
properties such as the temperature dependence
of their Debye temperatures and even their lat-
tice spectra. ~ It seemed, then, worth investi-
gating this situation wherein a difference of be-
havior was observed. Sheard4 discusses a way
of obtaining high- and low-temperature limiting
values of y from a knowledge of the pressure de-
pendence of the elastic constants of a solid, in-
volving the averaging of a property over all the
directions of a crystal. We have found a simple
and quick method of obtaining the limiting value
of y as T approaches zero, from the following
considerations. Derivation' of the relation (I) on
the assumption that the Debye temperature is in-
dependent of temperature, which should be ex-
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FIG. 1. Variation of Gruneisen factor with reduced
temperature Tge for germanium @ =400 K), silicon

= 674'K), vitreous silica Q =495'K), and indium
antimonide Q = 214'K). ~

pected to be valid at very low temperatures,
yields - y = d lnB/d lnV. It is possible to calculate
the limiting value of the Debye temperature at
O'K from the values of the elastic constants, mo-
lar volume, and density of a material; de Launay'
has prepared tables from which one can easily
evaluate e, using the relation:
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where

s = (C»-C«)/(C»+C44), f= (C&2 C«)/C

N is the total number of atoms, V is the volume,
p is the density, and the remaining symbols have
their usual meanings. f(s, t) is presented in tab-
ular form. From reference 2 one can obtain

d in+, d lnC«» d ln f(s, t)
ding 2 ding ' ~ ding

Si: -y = -0.4 SO+ 0.167+0.073 = -0.250.

Note that the third term, involving the inter-
polation in the table and arising from the change
of elastic anisotropy and Poisson ratios with vol-
ume, is a relatively small correction for these
materials. The values of y, so obtained are in-

which can be evaluated using the tables and the
known values of C~& and d lnCt&/d lnV for Ges and
Si.' Term by term the results are, for Ge and Si,

Ge: dinch/dlnV= -go= -0.751+0.167+0.092= -0.492;

dicated by x's on the T/e = 0 ordinate of Fig. 1.
A possible interpolation of the data is indicated
by a dotted line, whence the y of Qe does ex-
hibit the same behavior as that of Si and InSb. It
seems probable that Gibbons' extrapolation given
by the dashed line is incorrect in the case of Ge
and that the similarity of behavior of Ga, Si, and
InSb is preserved.
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NEW PHENOMENON IN MAGNETORESISTANCE OF BISMUTH AT LOW TEMPERATURE
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In the course of studying the galvanomagnetic
properties at low temperatures in pure bismuth
at a magnetic field above several kilo-oersteds,
we have found a strong nonlinear conduction be-
havior; that is, a sharp change of slope in the
current-voltage curve at a certain high electric
field, which we call the kink field, as illustrated
in Fig. 1. Each trace was taken at constant trans-
verse magnetic field (B [~ trigonal).

Several specimens of approximate cross section
1 mrna and length from 0.5 to 5 mm were carefully
cut from pure bismuth single crystals grown by
the Czochralski technique. ' In the present ex-
periment, the direction of current flow was chosen
parallel to the bisector direction between the bi-
nary and the bisectrix axes and the temperature
was around 2'K.

The solid curve in Fig. 2 indicates the well-
known Shubnikov —de Haas oscillatory behavior of
our specimen in the transverse magnetoresist-
ance with period &(1/B) =eh/Efm ~c -1.5 x10 '
oersted ', where Ef is the Fermi energy and the
magnetic field J3 is parallel to the trigonal axis.
The lower curve in Fig. 2 shows the differential

magnetoresistance derived from the straight line
beyond the kink field in the current-voltage curve.
The background of the latter curve is fairly in-
dependent of the magnetic field, contrary to the
strong magnetic field dependency of the former
curve, though the latter curve also seems to
show some oscillatory effect. It should be noted
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FIG. 1. Current-voltage curves showing the kink.
Each curve corresponds to 14, 15, 16, 17, 18, 19, 20,
and 21 kilo-oersteds from left to right. The abscissa
and the ordinate are 0.2 volt/div and 100 ma/div, re-
spectively. (B ~~

the trigonal axis. )


