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IONICITY OF TETRAHEDRAL SEMICONDUCTORS
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Max~Planck-Institut fiir Festkdrperforschung, Stuttgart, F.R.G.
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Abstract.-The transverse charge e¥ and thus the jonicity of most
tetrahedral semiconductors (e.gq. EaAs) decreases w1th decreasing
volume. We have measured the volume dependence of e¥* in 3C-sicC
and found dln e*/dlnv =-0.67, with a sign opposite %o the usual
one. These resuTts have been interpreted with pseudopotential
calculations of ef vs. volume. Semiempirical bond orbital models,
(e. g. Harrison), are not able to explain this anomalous behavior
of ef. We also report the temperature dependence of &¥ gn§11nter
pret it with pseudopotential theory (de /dT=-9. 0(5)x18 ).

1. Introduction. - The LO-TO splitting of the Raman phonons can be used

to obtain the corresponding Born transverse effective charges e%. Measu-
rements in a diamond anvil cell yield the dependence of e; on volume.
They have been performed for several III-V and II-VI compounds (1,2)and
lead, in all cases, to a decrease in e; with pressure which corresponds
to a decrease in ionicity. These results have been interpreted with se-
miempirical bond models (3) as well as with "microscopic" pseudopoten-
tial calculations (4). Here we extend this work to 3C-SiC (Zincblende).
We found that, contrary to the other materials mentioned,e; in 3C-8icC
increases with increasing pressure. This anomaly can also be accounted
for with pseudopotential theory. We also report the temperature depen-—
dence of e% . It can be explained with pseudopotential theory by multi-
plying the form factors by Debye-Waller terms.

2. Results. - Figure 1 displays typical spectra of the TO and LO pho-
nons of 3C-SiC in a way which reveals the increase of the LO-TO split-
ting with pressure (p). The variation of the frequency of these phonons
with p is shown in Fig. 2. The corresponding variation of lattice con-
stant a, calculated with Murnaghan's equation (1) using BO=322 Gpa and
B'o= 3.43 (average values of Si and diamond), is also given as an abs-
cissa. We find from Fig. 2 the Griineisen parameters YTO=1.56(1),YLO—
1.55(1). The increase in the LO-TO splitting can also be seen in Fig.2.

N s - s = L
The "Y" corresponding to LO-TO is Y1,0-T0 1.52(5). The charge ep is

1/2
[e a M ( 2. 2)] (1)
er T6 ®1ro0™%ro .

given by:
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where Mred is the reduced mass of the unit cell. From the variation of
. #
Lo “mo v T
volume using the volume coefficient of the ir dielectric constant

w with volume we evaluate with Eg. 1 the dependence of e on
dln €,/dln a = 1.8 (the average of Si and diamond). The results are dis-
played in Fig. 3. A linear fit yields:
e, = 2.697(4) - 5.45(10) 22 . (2)
a
e}
From Eq. (2) we calculate Y s =-dln e?/dln V=0.67(2).
The charge é%
v(G) of S8i and C with the approximate expression (4):

2 2
vSi(3)—VC(3)

can be reTated to the pseudopotential form factors

el= -4

3
VS§(3)+V3(3) <)
We use form factors similar to those of (5) and interpolate them smooth-
ly, so as to obtain the derivatives of v(G) with respect to G. By dif-
ferentiating Egq. (3) with respect to a we obtain the dashed line of

Fig. 3 which represents reasonably well the experiment. The squares in
this figure give the results of a full numerical pseudopotential calcu-
lation (1,4). The circles represent bond orbitals model calculations
(3): They strongly deviate from the experiment.

The reason for the difference in the volume dependence of e; bet-
ween 3C-SiC and the other zincblende-semiconductors is to be sought in
the different origin of their ionicity. In SiC the ionicity is related
to the large difference in the radii of Si and C. Consequently part of
the electronic charge of Si lies in the Wigner-Seitz sphere of C. A
decrease in the lattice constant pushes more of this charge into the
WS sphere of C and thus increases the ionicity and e? .

For completeness we show in Fig. 4 the experimental points obtai-
ned for e; at several temperatures together with a least squares fit:
(def/aT) | = - 9.0(5)x10™ ¢k

a compensation between the thermal expansion and the explicit tempera-

. This coefficient is very small due to

ture effects. The .latter can be calculated with pseudopotential theory
using Debye-Waller factors (6)..We find:

5
1

ae; 1.28(50)x10~ K_1 (experiment)
G, = 2.3 x 107%

We thank W.J. Chovke for supplying us the samples of 3C-SiC.
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