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Hall mobility of positive carriers in the semimetallic compound LiGa
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The temperature-dependent Hall coefficient and Hall mobility above 90 K of LiGa are presented
for the Li-deficient phase. These results indicate that the holes are the majority carriers in LiGa
and their mobility is dominated by the lattice-phonon scattering. The difference in the hole mobili-
ty between LiGa and LiAl suggests that the band overlap of the hole and electron pockets is greater
in LiGa than in LiAl. The “positive” Hall coefficient is also associated with the lowering of the Fer-
mi energy in the “real” defect phase LiGa resulting from the constitutional lithium vacancies.

We have reported! that the electrical transport proper-
ties of LiGa, with holes as the majority carriers, correlate
with the semimetallic band structure calculated by
Schmit.? Furthermore, we have found an abrupt change
near 230 K in the electrical resistivity! that occurs near
the phase boundary of the Li-deficient region in LiGa.
As a result, we have proposed that these anomalies are
associated with the low-temperature ordering of Li va-
cancies. LiGa [NaTl structure,’ space group Fd3m (0})],
is composed of two interpenetrating sublattices, each
forming a diamond lattice. The LiGa compound has a
relatively high melting point (~740°C),* a well-defined
structure, and a homogeneity range of approximately
46-54 at. % Li.*°

In this paper, we report measurements of the
temperature-dependent Hall coefficient (Ry) and Hall
mobility above 90 K and discuss the origin of the scatter-
ing center for holes.

LiGa crystals were grown by the same method® used
for LiAl single-crystal growth with pyrolytic boron ni-
tride crucibles. As-grown crystals, with ~ 1 cm diameter,
contained several grain boundaries. Typical samples used
in this investigation were Li-deficient (46.51+0.5 at. % Li)
LiGa. Temperature-dependent Hall-effect measurements
were made using a modified ac Hall-effect measuring sys-
tem’ designed to diminish or eliminate the Ettingshausen
effect with its accompanying unwanted thermal electro-
motive force. This method makes use of a constant mag-
netic field (7.5 kG) and alternating driving currents. In
order to minimize the generation of an unbalanced volt-
age, square-shaped slabs were used as the samples. Also,
the voltage and current probes were located exactly on
the corners of the sample. An alternating current of 500
mA, which is amplified by an audio amplifier, goes into
the sample through an isolation transformer. The low-
level Hall voltage, over the range 10-100 nV, was
amplified by a lock-in amplifier (PAR model HR-8)
through a preamplifier. Most measurements were carried
out at frequencies ranging from 10 to 70 Hz—high
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enough to use a conventional audio-frequency transform-
er, and low enough to avoid the skin effect in samples
with metallic conductivity.

The temperature-dependent electrical resistivity for
Li-deficient LiGa (46.5 at. % Li) is given in Fig. 1. This
figure shows that an anomaly' occurs near the critical
temperature (7,=230 K) in the resistivity curve. The
curve is characterized by a monotonic increase with in-
creasing temperature—except for the anomalous part.
The variation of the Hall coefficient with temperature is
shown in Fig. 2. The Hall coefficient in LiGa shows a
“positive” value similar to that seen in B-LiAL."*° There
is a slight scatter in Ry values. The Ry curve increases
slightly as the temperature is decreased but it does not
undergo any significant change at 7,. Furthermore, the
Ry values [(2.5-3)X107* cm?/C] of LiGa are lower
than those of B-LiAl (~2.5X1073 c¢m?/C) at the Li-
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FIG. 1. Temperature-dependent electrical resistivity of Li-
deficient LiGa (46.5 at. % Li). The size of the data points is the
estimated error.
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FIG. 2. Hall coefficient and Hall mobility of LiGa (46.5 at. %
Li) as a function of temperature. The estimated error is £3%.

deficient phase boundary.® Although the electronic struc-
ture of LiGa has not been studied extensively, it is ex-
pected that the energy-band structure of LiGa is similar
to that of B-LiAL!%!! A recent calculation indicates that
LiGa is a semimetallic compound with a hole pocket
around point I" and an electron pocket along the '-X
direction and around point L of the Brillouin zone.> The
band overlap of the hole and electron pockets is presum-
ably greater in LiGa than in LiAl. Our small positive
values of Ry are consistent with the calculations. The
band structure for the “real” defect phase LiGa shows a
lowering of the Fermi energy'! due to the constitutional
lithium vacancies.’!?> As a result of this shift, the large
hole pocket surrounding I overwhelms the small electron
pockets along I'-X and around L.

Figure 2 also shows the temperature-dependent Hall
mobility (uy =Ry /p). The Hall mobility decreases al-
most exponentially with increasing temperature. In or-
der to survey the origin of the scattering center for holes
near the Li-deficient phase boundary, the In(uj) versus
In(T) curve is plotted in Fig. 3. The Hall mobility can be
fairly well represented by a power-law dependence on the
temperature, with the power of —1.54. This value is
smaller than the exponent of T for scattering between
carriers in different valleys observed in bismuth.!® In ei-
ther the electron-hole or the anisotropic-carrier case, the
temperature dependence is T2 On the other hand, the
temperature dependence of the mobility associated with

13 509

100
50

HALL MOBILITY (cm2/Vs)

lllllllll

l 1 Lol 1 1

100 150 200
TEMPERATURE (K)

FIG. 3. In(ugy) vs In(T) plot for LiGa (46.5 at. % Li). The ex-
ponent of T was determined to be —1.54, indicating lattice-
phonon scattering.

lattice scattering follows approximately the T3/ law

predicted by simple theory.!* Therefore, the hole mobili-
ty near the Li-deficient phase boundary above 90 K
essentially might be dominated by the lattice-phonon
scattering rather than the ionized-impurity scattering
based on the field of a Li vacancy."'? The room-
temperature hole mobility for Li-deficient LiGa is ~25
cm?/Vs, while that of LiAl (Refs. 7 and 9) is 60-70
cm?/Vs. The difference in the hole mobility between
LiGa and LiAl must be based on the degree of band over-
lap of the hole and electron pockets as discussed above.

In conclusion, we find that the holes are the majority
carriers in LiGa and their mobility is dominated by the
lattice-phonon scattering above 90 K. We propose that
the band structure for the “real” defect phase LiGa indi-
cates a lowering of the Fermi energy resulting from the
constitutional lithium vacancies. The ‘“positive” Hall
coefficient indicates that the large hole pocket surround-
ing I overwhelms the small electron pockets along I'-X
and around L of the Brillouin zone.
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