Resistivity and thermopower of CaBg single crystal
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Abstract

The resistivity p and thermopower S of CaBg single crystal have been measured at temperatures from 2 K to 1100 K
in magnetic fields up to 15 T. Temperature dependence of p is expressed as [p(T') — p(0)] x exp [—(T* /T)1/2] for
T <90 K and 1.7-th power of T for 90 K< T <1100 K, where pp=232 pf2 cm. The magnitude of p and S are very
large suggesting thin concentrration of carriers. The temperature dependence of them suggests the conduction is
metallic type. p and S can be fitted on the basis of free electron model and obtained the Fermi level is situated
near the bottom of an electron band with small electron pocket. The experimental and fitting results appear this
compound is semi-metallic. It was observed no scattering anomalies in temperature dependence of p and also no
sudden change of the Fermi surface accompanied with magnetic transition in it of S above 400 K where it might

be considered to have ferromagnetic transition.
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1. Introduction

Many interests have been focused on the compound
system of CaBg whether the ferromagnetism exists or
not, as it was reported that weak ferromagnetism with
high ordering temperature over 600 K even if no mag-
netic elements are included in the compounds [1]. As
theoretical calculations and also experimental results
of electric structure [2,3] suggested that CaBg is in a
subtle state whether it is semi-metal or semiconductor,
it is also interested to elucidate the electronic struc-
ture of CaBg, however a special conclusion was not es-
tablished yet. A single crystal of CaBg was obtained
by XeFZ methods and transport properties of ther-
mopower and resistivity on this crystal have been mea-
sured. It is estimated from the results that this com-
pound is semi-metal with single electron bands.
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2. Result and Discussion

The resistivity p and thermopower S of CaBg single
crystal have been measured at temperatures from 2 K
to 1100 K in magnetic fields up to 15 T. At first, the re-
sistivity and thermopower at high temperature region
are depicted in Fig. 1. It can be seen that the temper-
ature dependence of resistivity exhibits no scattering
anomaly over the experimental temperature range and
that thermopower shows also no remarkable Fermi sur-
face change at a certain temperature. No evidence of
magnetic ordering is observed in the transport proper-
ties.

Figure 2 shows thermopower and resistivity at low
temperature region. The residual resistivity is 232 uf2
cm, very high compared to usual metals suggesting the
band structure is semi-metal. The temperature depen-
dence of p is expressed as follows:

[p(T) = p(0)] o exp [—(T"/T)"/?] for T <90 K

and,
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Fig. 1. The resistivity and thermopower at high temperature
region from 300 K to 1000 K.
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Fig. 2. The resistivity and thermopower at low temperature
region from 2 K to 300 K.

[p(T) — p(0)] o< T for 90 K < T < 1100 K

Thermopower is negative for all the temperatures
and the temperature dependence is simple. The abso-
lute values are very large at room temperature. It is
suggested that carriers are electrons in a positive en-
ergy derivatives of DOS and that a very small num-
ber of carriers in the electron pocket. Qualitative fit-
ting calculation for the resistivity and thermopower has
been carried out. The assumption is as follows: Modi-
fied free electron model is applied. Chemical potential
is determined from reservation of carrier number. The
spectral conductivity can be divided in energy depen-
dent part and temperature dependent part as follows:
w(e,T)=w(e)w(T). The phonon resistivity is propor-
tional to T" and w(e)=€", here in the case of complete
free electron, n = 1.

o(T) = /w(e,T)(—aaie)de (1)
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Fig. 3. The fitting results for resistivity and thermopower. Open
circles: experimental results of the resistivity, open triangular:
experimental results of the thermopower, lines: calculated re-
sults.
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The results are shown in Fig. 3. The theoretical
curves are coincide very well with the experimental re-
sults of the resistivity and the thermopower, here fit-
ting parameter of Fermi level er =85 K, and n = 0.8,
close to the free electron value. The results suggest the
band structure of this compound is semi-metal as ex-
pected. Magnetic fields up to 15T have almost no effect
for the resistivity and the thermopower. Thus experi-
mental results suggest that the compound of CaBg is
semi-metal with a single electron pocket. High resolu-
tion ARPES on the same ingot of single crystal [4] re-
veals that the Fermi surface of this compound is com-
posed of a small electron pocket at X point of Bril-
loin zone and complete coincide with our results. It
also supports a low concentration electron gas model
assuming single carrier type [5], however, evidence of
ferromagnetism is not observed in this experiments.
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