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Metal-Semiconductor transition
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Abstract

The effect of the hydrostatic pressure up to 1 GPa to the resistivity of Baj_,K;BiOs has been investigated.
Specimens are single crystals prepared by an electro-chemical method. Either the superconducting transition
temperature T. or the conductivity increases with pressure in the metallic phase. On the semiconducting sample(z ~
0.3), which is near the metallic phase, we find that the temperature dependence of the resistivity changes to di,f': >0
below 20 K at above 0.4 GPa. This suggests that the new conducting phase, which may be superconducting, appears

in the semiconducting sample under high pressure.
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Ba;_,K.BiO3 has attracted match attention be-
cause they show relatively high superconducting tran-
sition temperature (Tc = 32 K) in spite of having
no two dimensional conducting plane. For the par-
ent material BaBiOsg, it is believed that the origin of
the semiconductivity is from the three-dimensional
charge density wave (CDW) formed by the lattice
distortion and the charge disproportionation. The
substitution of K for Ba removes the valence electron
at the Bi site, and causes the change of the lattice
structure and the decrease of the lattice parameter.
Ba;_,K.;BiO3 becomes metallic at £ = 0.3 as K
doped, and superconductivity with Tc=32 K appears
simultaneously. The pressure effect for this material
has been measured about superconducting transition
in the metallic phase. For x = 0.4, the pressure coef-
ficient d7/dP has been found to be positive below
4 GPa [1]-[4], which is in contrast with negative for
BaPb,;Bii—,03[2]. dTc¢/dP turns negative above 4
GPa[3]. In the semiconducting phase, the pressure
effect to the electronic structure is also interesting,
because the pressure reduces the lattice volume as
K-doping which changes this material to supercon-
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ductor. In this work, we measured the resistivity of
Ba;_;K;BiOs3 in both the semiconducting phase and
the metallic phase under hydrostatic pressure up to 1
GPa.

The single crystals of Bai_,K;BiOs grown by
an electro-chemical method [5]. The composition
r was determined by an Electron Probe Micro-
Analyzer (EPMA). To measure the DC resistiv-
ity the crystals was cut to have typically sizes of
2mm X 0.7 mm x 0.13 mm. The four gold probes
were evaporated in vacuum as the sample was heated
at 350°C. Subsequently, samples were heated at 350 ~
400°C in Oq for 1 hour.

The pressure was applied by using a piston-cylinder
clamp cell. The pressure at low temperature, which
is maximally 0.3 GPa smaller than at room tempera-
ture if the cell was clamped, was determined from the
change of T¢ of Sn situated next to the sample.

dTc /dP equals 0.38 K/GPa at the mid point of
the transition for the metallic sample Bag.60Ko.40BiO3
as seen in fig 1. This value is comparable with pre-
vious works [3][4]. The normal state resistivity under
high pressure(fig. 2) decreases as about 12 %/GPa. In
fig. 3 the resistivity for Ba;_,K,;BiO3 at x = 0.3 +
0.03 for several pressure is displayed. This crystal con-
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Fig. 1. Superconducting transition in resistivity for several

pressures of Bag.¢0Ko.40BiO3. The applied current was 0.1 mA
to avoid heating of the sample.
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Fig. 2. Temperature dependence of resistivity under high pres-
sure for Ba0_60K0_40BiO3.

tains superconducting (metallic) part whose Tc mea-
sured by a SQUID magnetometer is 30 K. Although
the temperature dependence of resistivity at 0 GPa
is semiconductor-like, and the superconducting transi-
tion at 30 K could not be seen. Therefore we seems to
measure the resistance of the semiconducting part in
the sample. Under high pressure over 0.4 GPa the re-
sistivity starts to decrease below 20 K. The minimum
resistivity below 20 K for 0.61 GPa or 0.84 GPa in-
creases with current (ex. The resistivity of current 0.1
mA at 4.5 K under 0.84 GPa is four times as large as
at 0.01 mA).

For metallic Bag.60Ko.40BiOs3, the increase of both
Tc and conductivity under pressure suggests that the
pressure adds extra electrons to the conduction band.
This will increase the Fermi level, for the electronic
band, both the electron density and the density of
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Fig. 3. Temperature dependence of resistivity under high pres-
sure for Ba;_,K;BiOs (z ~ 0.3). The composition of this
crystal varies £0.03 depend on the position of the surface mea-
sured by EPMA. Therefore the crystal is mixed semiconduct-
ing phase and metallic phase whose T¢ equals 30 K measured
by SQUID magnetometer. The used current below 20 K is 0.01
mA.

state to increase. By the optical measurement, the
existing of the localized electrons in superconducting
Ba;_,K;BiOs3 is suggested[6]. If the pressure reduces
the number of localized electrons, these electrons
will move to the conduction band as extra electrons
under pressure. Moreover, the behavior of the semi-
conducting phase as seen in fig. 3 could be regarded
as the appearance of a superconducting phase caused
by moving of the localized electrons to the empty
conduction band under pressure.
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