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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
Griineisen relation,?

'Y:aV/XTCvl (1)

he obtains a plot of y vs T/8_, reproduced as the
solid lines of Fig. 1. « is the volume cocllicient
of thermal expansion, V the crystal volume, x,.
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 oi tem-
peratures investigated. Gibbons has indicated by
the dashed lines an extrapolation of y toward zero
as T/6,, 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. Sheard® 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 (1) on
the assumption that the Debye temperature is in-
dependent of temperature, which should be ex-

pected to be valid at very low temperatures,
yields =y =dIn0/dInV. It is possible to calculate
the limiting value of the Debye temperature at

0°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 0, using the relation:
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IFIG. 1. Variation of Griineisen factor with reduced

temperature 7'/0, for germanium . =400°K), silicon
0., = 674°K), vitreous silica e =495°K), and indium
antimonide (@, = 214°K).!
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where
§=(C =Cop)/(Cia*+Cyy)y 1=(C13=Cyy)/Cse

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,!) is presented in tab-
ular form. From reference 2 one can obtain

diny_,dInCyy Ldin/(s, )
dinV 2 dmv 83 gy

which can be evaluated using the tables and the
known values of C;; and dlnC,-j/d InV for Ge® and
Si.” Term by term the results are, for Ge and Si,

Ge: dlIny/dInV = =y, = =0.751 + 0,167 +0,092 = -0,492;
Si: -yo= =0.490+0,167+0.073 = -0.250.

Note that the third term, involving the inter-
polation in the table and arising [rom 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-

dicated by »x's on the T/0» =0 ordinate of Fig. 1.
A possible interpolation of the data is indicated
by a dotted line, whence the y of Ge does ex-
hibit the same bchavior as that of Si and InSb. It
seems probable that Gibbons’ extrapolation given
by the dashed line is incorrect in the casc of Ge
and that the similarity of behavior of Ga, Si, and
InSb is preserved.
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