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The specific resistivities of magnesium oxide prepared by igniting magnesium hydroxide at
about 1700°C were investigated in the temperature range 200—1200°C. The magnesium oxide was

found to have a p-type character by the thermoelectric power method.

Ignition at 1000°C in an

oxygen stream brought about a small increase in specific resistivities, whereas ignition in a vacuum

of 10~3 mmHg caused no appreciable change.

The sample including univalent-metal oxides such

as Na,O or Li,O showed a distinct decrease in specific resistivities and was converted from a p-type

to an n-type semiconductor.

Addition of tervalent-metal oxides such as y-alumina or B,O, to the

magnesium oxide, however, raised the resistivities but gave no change in type.

Magnesium oxide is widely used as an excel-
lent insulator since a long time ago.) Goodwin
and Mailey found that the electrical conductivity
increases rapidly with temperature.?) A recent
study showed that the activation energy for elec-
trical conductivity through single crystals of mag-
nesium oxide is 2.830.1 ¢V in 400—1800°C.»

Although the electrical resistivity of magnesium
oxide was thought to decrease in the presence of
a small amount of impurities, it was found lately
that some impurities raise the resistivity. It has
already been reported that the addition of 0.25
mol 9%, of TiO, sharply increases the electrical
resistivity of magnesium oxide, while the additicn
of TiO, more than 2.5 mol 9, does not give any
effective change in the temperature range 1200—
1800°C.»

In this study we will discuss the electrical resis-
tivity of magnesium oxide from the viewpoint of
semiconductor. Change of the specific resistivity
of magnesium oxide with temperature was meas-
ured, and classification of magnesium oxide into
either n- or p-type semiconductor was decided by
means of the thermoelectric power method.

On the basis of these results, considerations on
the change of specific resistivities were made, and
the effect of metallic oxides contained as impurities
on the electrical resistivity was investigated in
the temperature range 200—1200°C.
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Experimental

Magnesium Oxide. Magnesium oxide was pre-
pared by igniting magnesium hydroxide at 1700°C and
by crushing it to 100—200 meshes.

Analytical results: MgO, 99.81; SiO,, 0.06; Al,O,,
0.03; Fe,O;, 0.04; CaO, 0.06%.

Preparation of Specimen for Specific Resis-
tivity Measurements. The resistivity measurement
for the samples was carried out with the specimen as
shown in Fig. 1-a. The sample powder was packed
between the inner and the outer electodes. As described
in Fig. 1-b, MgO powder was packed under the desired
pressure by means of an oil-press. In the preliminary
experiments, it was found that the effect of the packing
density on the specific resistivities was not recognized
within the range 2.0—3.0 g/cm3. When the density
exceeded the upper limit (3.0 g/cm3), the outer electrode
was broken. 2.3 g/cm® was chosen as the optimum
packing density for all the measurements. A Pt-PtRh
thermocouple was spot-welded on the surface of outer
electrode for temperature measurements, and leading
wires for the resistivity measurements were also spot-
welded as shown in Fig. l-a.

Measurement of Specific Resistivity. Resistivity
was measured by the potential drop method with a Yoko-
gawa Teraohmmeter RM-21C. The heating rate was

5°C/min. The values of specific resistivity (R ) were
calculated from the equation
2nhR
s = L (Q-cm)

2.303 log—:i
1

where £ is the height of MgO layer packed in specimen,
R, observed resistivity, 7;, diameter of inner electrode,
and 7, is diameter of outer electrode.

Determination of n- or p-Type. The thermo-
electric power method was used to decide the type of
magnesium oxide (n or p) as semiconductor. Decision
was made from the direction of the thermoelectric power
detected by a Yokogawa Galvanometer D-2L.
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Fig. 1.

Addition of Oxide Impurities. B,O; and y-
AlLO; of special grade reagents were used as tervalent-
metal oxides, and Na,CO,; and Li,CO,, as univalent-
metal oxides. All the compounds were added to mag-
nesium oxide in an amount corresponding to the desired
fraction, and were fully triturated in an agate mortar.
The resulting mixture was ignited at 1000°C for 10 hr,
and then pulverized to 100—200 meshes.

Results and Discussion

Specific Resistivity of MgO. Figure 2 shows
the curves of Ry (specific resistivity) vs. 1/T (recip-
rocal of absolute temperature) for magnesium
oxide and for the same oxide ignited in an oxygen
stream for 3 hours. The resistivity of MgQO itself
was ~107 Q-cm at 1000°K.

The specific resistivity can also be given by the

R; (Q-cm)
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Fig. 2. Rs-1/T curves for MgO (@—@) and
MgO ignited in an O, stream (fl—M)-
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resistivity measurement.

equation
R,= AeE/kT

where E is activation energy, k, Boltzmann’s con-
stant (8.63x10-%eV deg), 7, absolute tem-
perature, and A is frequency factor.

Thus, the activation energy could be estimated
from the slope of R;-1/T curve as 2.68 eV. This
value is close to but somewhat smaller than that
of 2.8+0.1 eV estimated by Lewis and Weight
with a single crystal.® From the study on the
light absorption of magnesium oxide the intrinsic
activation energy for resistivity might be 7.3 eV.6:?
From these values the specific resistivity seems to
be affected by the presence of impurities or lattice
defects.

It is well known that the over-all conductivities
are the sum of conductivities in donor and ac-
ceptor; wviz., 6=0n,+0p=e(Nu,+Nu,), where
g, is conductivity in donor, ¢, conductivity in
acceptor, ¢, electronic charge, N, donor concen-
tration, P, acceptor concentration, u,, donor mo-
bility, and u, is acceptor mobility.

The MgO prepared at high temperature was
expected to be deficient in oxygen atom and to be
of n-type. However, it was found to be of p-type
by thermoelectric power (Sample I in Table 1).
That the MgO is of p-type suggests that N=0
or P>N. Thus it can be assumed that the con-
tent of oxygen atoms in the MgO is, stoichiomet-
rically, slightly greater than that of magnesium
atoms. The magnesium oxide was ignited in a
vacuum of 10~ mmHg for 3 hr, but no change
was found in type and resistivity. The sample
ignited in an oxygen stream for 3 hr was expected to
show the decrease of resistivity. However, in-
crease was observed as shown in Fig. 2. The
reason for these discrepancies is not clear, but
they might be due to the change of conductivity
caused by the presence of other impurities.

6) P. D. Johnson, Phys. Rev., 94, 845 (1954).

7) H. Weber, Z. Phys., 130, 392 (1951).



1990

The color of the sample ignited in an oxygen
stream changed to very faint brown, while the
sample ignited in a vacuum, to very faint bluish
green. Though these phenomena may be ascribed
to the color center related to the lattice defects,
the substitution of a part of atoms and/or to the
interstition of other atoms in crystal structures,®?
further investigations were not carried out in the
present study.
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Fig. 3. Rs-1/T curves for MgO (@—@)

MgO+0.1%Na,0 (#—¢), MgO+0.1%Li,0

(A—A), and MgO+0.1%Li,0+10%Al,0,4
(H—m)-
TaBLE 1. DETERMINATION OF 7 OR p TYPE
Sample Type

1 MgO b
II MgO ignited in an O, stream b
III  MgO ignited in vacuum of

10-3mmHg b
v MgO+0.1%Li,O n
\'% MgO+19%Li,O n
VI MgO+19%Li,O+109%Al,04 b
VII. MgO+0.1%Na,O n
VIII MgO+19%Na,O n
IX MgO+2.5%Al,0, ¥4
X MgO +5%Al1,0,4 b
XI MgO+109%AL0;, b
XII  MgO+15%Al,0,4 b
XIII MgO+2.5%B,0, b
xIV. MgO+5%B,0, b
XV  MgO+10%B,0, p
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Change in Resistivity and Transformation
of Types due to Mixing Impurities. It may
be expected that the addition of univalent- or
tervalent-metal oxides would change the resis-
tivity of magnesium oxide and, in some cases,
transform the type into a semiconductor. Figure
3 shows the R;—1/7T curves of the samples contain-
ing univalent-metal oxides, and Table 1 shows
the types of various samples. We see that the
resistivity is diminished to large extent, when Na,O
or Li,O is added to magnesium oxide, and the type
is converted from p to n (samples IV, V, VII and
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Fig. 4. R, us. impurity contents (%) curves for
y-ALLO; (@—@) and B,O, (A—A) at 1000°K.

1010 -

10°p

10°

R; (Q-cm)

107 W

10°p

A A Y '
50100 200 300
Mesh

Fig. 5. R; vs. grain size (mesh) curve at 1000°K.
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VIII in Table 1). When p-ALO,; is added to
the above samples, the resistivity is again increased
(Fig. 3) and the type turned from n to p (sample
VI in Table 1).

On the contrary, the addition of y-AlL,O; or
B,O, increases the resistivity but no change is
found in the type (Table 1, samples IX through
XV). Figure 4 shows the curves of resistivity vs.
the content of y-Al,O; or B,O; at 1000°K. The
maximum appeared at 10 9, of y-Al,O; and 5 %
of B,O,, respectively. All the samples were p type
as shown in Table 1. Various modifications of
Al,O,; were reported.’®-2 However, the alumina
acted effectively as descrived above is y-Al,O,,
but not «-ALOj.
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On the activation energy for resistivity of these
samples, only a small difference is found, i.c., the
sample containing 1 9% of Li,O showed 2.60 eV,
whereas the sample containing 10 9% of y-AlLO,
2.72 V.

From the principle of valency-control, it is ex-
pected that MgO containing the univalent-metal
oxide should show a p-type character, whereas.
MgO with the tervalent-metal oxide, an n-type.
The results obtained in the present work, however,
can be recognized to be inconsistent with what
we expected. However, the reason of this in-
consistency is unknown for the present.

Grain Size and Resistivity. To observe the
effect of grain size on resistivity, magnesium oxide
was separated into portions 50, 100, 200 and 300
meshes with a standard sieve. Figure 5 gives the
curve of the resistivity vs. mesh at 1000°K. The
smaller the grain size, slightly larger becomes the
resistivity. The resistivity hardly changes with
grain size.






