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p-type semiconducting properties in lithium-doped MgO single crystals
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The phenomenally large enhancement in conductivity observed when Li-doped MgO crystals are oxidized at
elevated temperatures was investigated by dc and ac electrical measurements in the temperature interval
250-673 K. The concentration §fi]° centers(substitutional LT ions each with a trapped holeesulting
from oxidation was monitored by optical absorption measurements. At low electric fields, dc measurements
reveal blocking contacts. At high fields, the/ characteristic is similar to that of a diode connected in series
with the bulk resistance of the sample. Low-voltage ac measurements show that the equivalent circuit for the
sample consists of the bulk resistance in series with the junction capacitance connected in parallel with a
capacitance, which represents the dielectric constant of the sample. Both dc and ac experiments provide
consistent values for the bulk resistance. The electrical conductivity of oxidized MgO:Li crystals increases
linearly with the concentration dfLi]° centers. The conductivity is thermally activated with an activation
energy of (0.76:0.02) eV, which is independent of thi&i]° content. Thestandard semiconductingmecha-
nism satisfactorily explains these results. Free holes are the main contribution to band conduction as they are
released from théLi]%-acceptor centers. In as-grown MgO:Li crystéhsthout [Li]° centers the electrical
current increases with time d44i]° centers are being formed. When amplé]® centers are formed, an
activation energy of 0.7 eV was observed. At sufficiently high current, Joule heating thermally destroys the
[Li1° centers.
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I. INTRODUCTION that contribute to th@-type semiconductivity.
This defect absorbs light at 1.8 &¥. Similarly,
Nominally purea-Al,O; and MgO single crystals are ex- [Mg]°centers(substitutional Mg* ions each attended by a

cellent electrical insulators. At room temperature their elec10l®) are present in oxidized-Al,05:Mg crystals, and ab-
trical conductivities are 10'® and <1072° (Q cm)~* sorb light at 2.56 eV*'° (The nomenclature used here fol-

respectively:—3 However, a phenomenally large increase inIOWS that proposed by Henderson and Werand subse-
conductivity was observed ia-Al,O; and MgO crystals ql_JentI¥ expanded to_cover other defects by Sonder and
y . 23 gL Cryste Sibley!’ The superscrlgt refers to the net charge of the de-
when doped ~with magnesium and lithium ions, fecq ' Krgger-Vink'®1*notation this defect is referred to as
respectively”™ In both systems hole-trapped centers areyig  subscripts indicate the site. The effective charges
formed after oxidation at high temperatures. These centelgero, negative, and positivare indicated, respectively, by a
are responsible for the electrical conductivity syperscrip, prime, and dot. In théMg]° centers, the hole
enhancement.’ is essentially confined to one lattice site, and together with
In virgin (as-grown MgO:Li crystals, most of the lithium  the distortion it induces in the lattice is termed a small
impurities are present in bO precipitate$. Only a small  polaron'® A small-polaron-motiormechanism has been pro-
fraction, about 18 cm™3, are in substitutional form These posed to explain the conductivity of &D;:Mg crystals con-
Li* ions are randomly distributed and are dilute. At roomtaining[Mg]° centers:®
temperature or higher, any hole trapped by these negatively When a dc voltage was applied at373 K to a MgO
charged Li sites, such as during ionizing irradiation, is un- crystal containing Li]° centers, semiconducting characteris-
stable. Therefore there is no conductivity due to holes. Onics were observed, such as negative differential resistance,
the other hand, oxidation &t>1100 K disperses Liions  self-excited current oscillations, and avalanche breakdown.
from the precipitates such that they form “microgalaxies” An impact ionization mechanism is responsible for these
containing substitutional Li ions surrounding the properties. In the present study, a thorough characterization
precipitates®~** Due to the high concentration of Liions,  of the electrical properties of MgO:Li crystals was performed
charge neutrality requires that virtually all the substitutionalin the temperature interval 250—673 K. Both ac and dc elec-
Li* ions in the microgalaxies are each attended by a holerical measurements were made. The conductivity depen-
These Li" ions are referred gd.i]° centers(a substitutional dence on[Li]° concentration and temperature was investi-
Li* ion with a hole trapped at one of the six oxygen nearestjated. Thestandard semiconductingnechanism satisfac-
neighborg and are therefore paramagnetic. It is these holegorily explains these results.
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Il. EXPERIMENTAL PROCEDURE T T T T T " T T T J T

The MgO:Li single crystals used in this study were grown
by the arc-fusion technigé®using a mixture of 5% LiCO;
and high-purity MgO power from the Kanto Chemical Com-
pany, Japan. The concentration of lithium impurities in the ~
resulting crystals was approximately 0.04 at(#©0 ppm.
Samples witH 100] faces of about 1.5 cfmand thickness of
about 0.1 cm were obtained by cleaving and were chemically
polished in hot phosphoric acid.

These samples were oxidized in flowing oxygen, at tem-
peratures between 1223 and 1523 K, with the samples place
in a platinum basket inside an alumina tube inserted in the
horizontal, axial hole of a CHESA furnace. Optical absorp-
tion measurements were performed with a Perkin-Elmer
Lambda 19 spectrophotometer.

For dc measurements, voltage was applied to the crystal:
with a dc Sorensen DCS 150-7 voltage soule¥. charac-
teristics were measured with an electromékagithley 65123
and a voltmete(HP 34401A. A standard three-electrical-
terminal guard technique was usgd. :

For ac measurements, a function gener@idamvetel was as-grown
used, where available frequencies range from “1Qo I
10’ Hz. When the sample resistance was of the order of the 6 5 4 3 2 !
entrance impedance of the voltmeter, the current in the cir- Energy (eV)
cuit was determined from the voltage drop measured in a
resistor in series with the samples. Both the applied voltage F!G. 1. Optical absorption spectra of an MgO:Li crysta)
and the voltage in the resistor were recorded with a voltmete®S-9rown, and after oxidation at successively higher temperatures
(HP 34401A. When the sample impedance is larger thanr 30 min at(b) 1173 K, (c) 1223 K, (d) 1273 K, (e) 1323 K, (f)

1 GO, measurements were made with an electrometer:3’3 K, and@) 1473 K.

which can measure electrical currents of 0.2 fA Wk, gen _ _ _ ) )
=0.2 mV. The effects of the uncompensated cables Wergtt_am _saturanon I(_avel. .Opt|call—absorpt|on curves following
corrected by measuring calibrated capacitances and incorp@idation for 30 min at increasing temperatures in the same
rating the corrected values in the fitting function of the dz;\ta.s""_mopIe are displayed in Fig. 1. The concentration of

Electrodes were made by sputtering metals with differenf Li]°centers can be determirfefiom the optical-absorption
work functions (Al, Mg, and P} onto two opposite lateral Coefficient,a, using Smakula’s formula,
surfaces. Sputtering is frequently used to make contacts in
electronic devices because it results in metal films with good N=6X 10 ~1W a, (1)
mechanical adhesion and presumably yields ideally clean
surfaces. Indium tin oxide contadTO) were also used. The where the oscillator strength=0.1 and the half-widthw
electrical response was independent of contact electrode ma=1.44 eV.
terials. Mostly Al electrodes were used. The temperature of
the sample was monitored with a Chromel-Alumel thermo- 2. Electrical measurements
couple in direct contact with the sample.

Absorption Coefficient (cm”

a. Direct current electrical propertiesBlocking contacts
are expected for hole conduction in wide band gap insula-
ll. EXPERIMENTAL RESULTS tors. Sample symmetry requires that these blocking contacts
are formed on both sides of the sample. In this way, regard-
less of the polarity of the applied voltage, one of the contacts
fs forwardly biased, while the other is reversely biased; on
increasing the applied voltage, breakdown can occur in the
reversely biased contact. For sufficiently high voltages, the
overall behavior of the sample is that of an Ohmic contact
A. Oxidized MgO:Li crystals with a series resistanaghe bulk resistangeand a forward
biased blocking contact. A typical current-voltagé-\)
characteristic is shown in Fig. 2 for a sample wittla]°

In MgO:Li crystals, oxidation at temperatures in excess ofconcentration of~3.3x 10'® cm™3. If both electrodes and
1100 K produces a broad optical absorption band centered #teir surface regions were exactly the same,lthécharac-
about 1.8 eM690 nm) due to[ Li]° centerst? The oxidation teristic would be symmetric. This characteristic is similar to
process is very efficient in that it takes only a few minutes tothat of a diode in the forward direction with a series resis-

To investigate the electrical conductivity of lithium-doped
MgO crystals, dc and ac electrical measurements were pe
formed on samples with different concentrations[af]°
centers in the temperature range 250—-673 K.

1. Characterization by optical absorption spectroscopy
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FIG. 3. Log-log plot of direct current versus voltage for the

FIG. 2. Direct-current-V characteristic at 313 K for an MgO:Li same MgO:Li crystal used in Fig. 2.

crystal containindg Li]° centers. In the inset the negative and posi-
tive parts of the curve are superimposed. good agreement with the ac value. That this value is due to a
bulk effect is supported by the fact that the same conductiv-
tance R; (the bulk resistance of the sampl&he experimen- ity value was obtained using samples with different thick-
tal points are plotted as open circles, and the solid line reppnesses and cross sections.
resents the best fit of the data to the equation The Ohmic behavior at intermediate and high voltages is
well illustrated in Fig. 2. The linearity of the curve at volt-
ages higher than 250 V rules out a mechanism of space-
charge-limited current, which gives a quadratic dependence
of current versus voltag®.Figure 3 shows a log-log plot of
which corresponds to a forward-biased diode in series with ghe current intensity versus voltage for the same sample used
resistance. Here is the ideality factor of the junctiorg is  in Fig. 2. Equatior(2) fits the experimental values very well.
the carrier charge, and is the saturation current. As the temperature is raised, the bulk resistance dimin-
For bias voltages in excess kil/q, the current density ishes; it is not feasible to apply the high voltages needed to
should be proportional to ex@(/kT). This ideal behavior is break the blocking contact because of Joule dissipation in the
never observed in practice. Instead the current usually variesample. In addition, the Joule heating at currents higher than
as exp@V/nkT). The best fit was obtained wher>1. Large 10 mA will significantly increase the concentration [dfi ]°
nimplies the existence of an interfacial layer and the recomcenters formed by oxidation. For this reason the temperature
bination of electrons and holes in the depletion region. Alsorange in which the Ohmic behavior can be studied is limited.
the initial part of the characteristic is probably influenced byNevertheless, it is worth mentioning that the dc conductivity
the breakdown peculiarities in the reversed direction, angs thermally activated with an activation energy of
consequently, the values derived forand I are not fully ~0.7 eV’
reliable. In fact the initial part of the-V curve can be domi- The sample surfaces were prepared the same way, in
nated by the characteristic of the reversely biased contact; ®rms of polishing procedures and applying contacts. How-
generic exponential law for this characteristic is reasonablegver, thel-V curves are nonsymmetric with respect to volt-
which allows us to keep the same fitting equation. age polarity(see inset, Fig. 2 This experimental asymmetry
The three parameters from E@) can be obtained from a indicates that inadvertently there are still differences in the
fit of the experimental-V curve: the bulk resistand®s, the  two opposite surface regions. Previous studies of thermally
ideality factorn of the junction, and the saturation currégt  stimulated depolarization current$TSD) in  MgO:Li-
The parameters and| are affected mainly by the shape of containing[Li]° centers also reveal that the interfaces be-
the low-voltage part of thé-V curve. The value of the series tween the electrodes and the insulator are not identical for
resistance Rs=42 MQ) provides a magnitude for the the two indium electrodes on each side of the sarfible.
sample, as the ac results following this section will show, in  As mentioned in the experimental section, for electrodes

nkT [ 1
V=——In|—+1
q

s

+IRq, (2
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FIG. 4. Log-log plot of the impedance versus frequency for an FIG. 5. Log-log plot of the impedance versus frequency for an

MgO:Li crystal contalnlng[Ll] cent.ers. The solid line repre§ents MgO:Li crystal containing different concentrations[afi1° centers.
the best fit of the experimental points at 313 K to the equivalent

circuit. The resulting values fo€s, Rs, andC,, at this tempera-  on the quality of the sample surface, which we will discuss
ture are given. later. The data shown in Figs. 2 and(dpen circleg were
measured from the same sample; the valueffdn both dc

we mainly used pairs of the same metal selected from Mg(42 MQ1) and ac (48 M)) experiments are in good agree-
Al, and Pt. Their work functions are widely different: 3.6, ment. At low frequencies the-V characteristic is similar to
4.2, and 5.6 eV, respectively. Nevertheless the electrical chathat measured in dc.
acteristics obtained in this study are independent of the types From dc experiments using different sample geometries,
of metal used as electrodes. This indicates that surface eie inferred that the resistan&g determines the bulk sample
fects dominate the barrier formed at the electrodes. Theonductivity, which in turn increases wifiLi]°® concentra-
blocking character of the contacts has also been reported on. For supporting evidence, we measured the ac character-
TSD experiment$3 istics from different[Li]° concentrationgFig. 5 produced

In summary, dc measurements of MgO crystals containingn the same sample by oxidizing at progressively higher tem-
[Li1° centers exhibit the nonlinear nature of th& curves. peratures. The resistive part of the ac curve is observed to
The higher-voltage regime is Ohmic and is governed by thelepend strongly on theLi]® concentration. On the other
bulk resistance of the material. The surface states are virtthand, Cs~4.6 nF andC,~5.6 pF are practically indepen-
ally nonreproducible. ac measurements complement the calent of the[Li]° concentration, the exception beirQ
pacitive and resistive nature of the material and can over~0.7 nF for the lowest concentration.
come some of the difficulties encountered at the surface Next, we demonstrate that the conductivity is a thermally
region. activated process involving th.i]° center. Figure 6 shows

b. Alternating current electrical propertiesthe experi-  the Arrhenius plot of the conductivity for differefiti]® con-
mental setup and the method of analysis of the experimentalentrations in the same sample used in Fig. 5. The parallel
values are similar to those described in Ref. 5. The equivaslopes indicate the following.l) The conductivity is ther-
lent circuit for low-voltage amplitudg(1-5)V ] ac mea-  mally activated with an activation energy of 0.70
surements consists &; in series withCs (junction capaci- +0.02 eV, in good agreement with previous findifgs.
tance, which accounts for the blocking nature of theOur conductivity values agree with those reported in Ref. 4
contact$ and in parallel with capacitand@,, which is di-  for a sample measured at=336 K. The results of the
rectly proportional to the dielectric constant of the samplepresent work obtained at a variety of temperatures in
The temperature dependence of the impedance is plotted ventgO:Li crystals with differenf Li]° concentrations make it
sus frequency for a sample with [4i]° concentration of possible to conclude that the conductivities are associated
3.3x 10" cm 2 (Fig. 4). The sample thickness and the elec-with a bulk conductivity effect(2) The activation energy is
trode area were 0.10 cm and 0.52%cmespectively. The independent of thLi]° content. The dependence of the con-
solid line is the best fit to the equivalent circuit at 313 K. Theductivity on [Li]° concentration aff =313 K is shown in
best fit isCs=2.6 nF,R;=48 M(), andC,=4.3 pF for this  Fig. 7. These results show that there is a linear relationship
temperature. The dielectric constant obtained fr@@y  between conductivity andLi]® content. This relationship
=4.3 pF agrees with the reported values for MgO. The basigvas alluded to in Ref. 3.
results areCs andC,, are practically independent of tempera-  The effect of surface morphology was investigated. The
ture in the 313—-467 K range, whereas the sample resistantree parameter<, R, and Cp, were determined using
diminishes as temperature increases. Thevalue depends one sample, which had &Li]° concentration of 3.3
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FIG. 8. Log-log plot of the impedance versus frequency at 333
K for an MgO:Li crystal containingLi]° centers and with different
surface conditions.

FIG. 6. Conductivity againsT ! for an as-grown crystal and
for a crystal with different concentrations pifi]° centers.

x 10" cm™3. The two faces of the sample were preparedrameters determined. After each electrical measurement, the
using three distinct step&a) cleaved,(b) polished with dia- magnesium electrodes were removed in nitric acid before

mond pastegrain size 5um), and(c) repolished with dia- proceeding to the next step. Figure 8 shows the log-log plots
mond paste and etched in phosphoric acid. Following eacbf impedance versus frequency following each of the three

step, magnesium electrodes were sputtered and the three maeps. WhileRs andC, remained constanC, changed sig-

FIG. 7. Conductivity against concentration of
[Li]° centers at 313 K.

Conductivity [10 (@ em )]
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8 FIG. 10. Optical photograph of an MgO:Li crystal subjected to
2 - an electric field of 160 V/cm at 1373 K in vacuum for 2 min. The
dark region corresponds to the area under the electrodes.
the current. These oscillations were due to oscillations of the
‘. 4 sample temperature, with a period of about 5 min, induced
by small variations in the furnace temperature; their ampli-
| tude increased as the current increased. After several hours
! . L . I : ! the current increase becomes more pronounced, and given

0 4 8 12 enough time, the sample experiences electrical breakdown
TIME (h) (see Ref. & The current increase is attended by the emer-
gence ofblue regionsin the area under the electrodes. Opti-
FIG. 9. Electrical current versus time for an as-grown MgO:Li ] absorption identified the coloration as due[lt_d)]o cen-
crystal at 313 K. ters. This observation indicates that application of an electric
field createg Li]° centers, which in turn increases the con-

nificantly. This result is not surprising. _The first two p.aram'.ductivity causing the current to increase and creating more
eters are related to the sample resistivity and to the dielectri 19 centers

constant of the sample, respectively, which are not affecte . -

by the quality of the sample surface. On the other hand, the we "_”OV.V from the Arrhemu_s plots .|n_ Fig. 6 th?t the ther.-
junction capacitance;, depends on the surface defect dis—mal actly%t|on energy for virgin MgO:Li c.rystlals Is 1.3 eV;
tribution of the Mg-MgO:Li interface. These results provide WNen[Li]" centers are generated by oxidation at elevated
clear evidence that the random distribution of surface state§mperatures, the actlva_tlc())n energy becomes 0.70 eV. We
controls the interface barrie€, must be independent of the Next determine whethdiLi]” centers generated by electric
work functions and the electron affinities of both the metalfield yields the same activation energy. The experimental
and the insulator, which are in contact. Conductive oxideconditions are identical to those described for Fig. 9. Initially
electrodes, ITO, were used in an attempt to form an Ohmi@" as-grown MgO:Li crystal indeed exhibits an activation
contact. The results of dc and ac measurements are similar &1€rgy of 1.3 eV. After se\{egal hours of electric-field appli-
those obtained with the metallic electrodes, which indicate§ation, such that sufficiefiti]” centers were created, 0.7 eV
that an Ohmic contact was not formed. In addition, the vir-Was obtained. Activation energies between 1.3 and 0.7 eV
tual impossibility of making an Ohmic contact in one of the Were observed in the intermediate range.

electrodes makes it very difficult to characterize the barrier 10 demonstrate visually that the characteristic blue col-

properties associated with thei]° concentration. oration off L.i]O centers can be obtained by the application of
an electric field, a virgin MgO:Li crystal was subjected to an

electric field of 160 V/cm at a temperature of 1373 K for 2
min. The experiment was performed in vacuum to minimize
Previous studies showed that the conductivity of as-growroxygen contributions. Figure 10 shows blue coloration be-
MgO:Li crystals to be much lower than that of oxidized crys- neath the electrodes. Elsewhere in the sample was clear. Op-
tals containing stabl¢Li]® centers, but much higher than tical absorption indeed verified that the coloration was due to
that in undoped MgO crystaf.In the present work, electri- [Li]° centers.
cal conductivity measurements were performed in virgin Li-  An inverse effect can be induced by an electric field. Us-
doped MgO crystals between 400 and 800 K. ing an oxidized crystal, discoloration under the electrodes
Figure 9 shows the time evolution of the current in awas observed when current exceeded 10 mA. In brief, at
virgin MgO:Li sample(without[Li]° centerg at 313 K when  sufficiently high currents, Joule heating will thermally anni-
a low electric field of 100 V/cm was applied. Initially, the hilate the[Li]° centers. WhethefLi]° centers are annihi-
current was~0.1 mA and increased slowly with time. Cur- lated or produced in an oxidized crystal at currents higher
rent oscillations were superimposed on the steady increase tifan 10 mA is sample dependent.

B. Electric-field-generated[Li ]° centers
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IV. DISCUSSION where AE[ ;0= (E[Lij- — Ev) therma= 0.7 €V, if there is no

The results presented in previous sections show that th%cnvatlon barrier,” here & is the energy at the valence band

electrical conductivity in oxidized MgO:Li crystals increases The effective density of states in the valence band is given
linearly with the concentration ¢iLi]° centers. The conduc- V8
tivity is thermally activated, with an activation energy of

0.70+0.02 eV, which is independent of th&i]° content. 2 kT 2
We shall examine three possible mechanisms to explain Nv:( p ) ' 7)
the thermally activated conductivity: small polaron h?

motion2>2® impurity conductior?’?® or standard semicon-

ducting behaviof® The predictioR®?® of the small polaron
mechanism has been shown to be valid Wikihg]® centers
in AlL,O3:Mg crystals>® In spite of the similarities between

wherek is Boltzmann constanty the Plank constanm; the
effective hole mass, and the absolute temperature. Substi-
tuting in equation(6) yields

[Mg]° centers in AJO;:Mg and[Li]° centers in MgO:Li xj) 32

crystgls, it is unlikely that thsmall-pqlaron mo.tiorl1 mechg—_ p(T):zN[Lilo( 277”2‘13 ) T3’2exq—AE[|_i]o/kT). ®)
nismis responsible for the conductivity behavior in MgO:Li N - h

crystals. Althoughboundpolarons were used to explain the

absorption band ofLi]° centers® there is no compelling Finally the hole conductivityr, is given by

theoretical® or experimental evidence to believe tHate "

polarons exist in MgO.Impurity conductionmay also be Niwijo 27-rm’,§k 3o

ruled out because this mechanism predicts a strong depen- UP(T):qu T T75u(T)

dence of the activation energy phi]° concentration. Figure (L=

6 shows that the activation energy is the same over a broad X exp(—AEo/KT). 9
range of[ Li]° centers. Hence, we are left with tiseandard , . . . .
semiconducting mechanism This equation gives a linear dependence of the conductivity

The temperature dependence of the hole conductivitys(T) With the concentration ofLi]° in accordance with
(op=0dpgu,p) results from the combined effect of the hole OUf experimental result§ig. 7). _ o
concentrationp, and the hole mobility, . The hole charge !N addition, the (i) versus 1T curves displayed in Fig.
is denoted by. The main contribution to band conduction is 8 @ré straight lines for the temperature rargs0-673 K
due to free holes from thELi1° acceptors. The variation of myesngated and for differeiiLi]” concentrations. Our elec-
the hole mobility with temperature is relatively small and trical measurements were made at temperatures lower than

depends on the scattering mechanism. This mechanism usiil® Debye temperature of MgCE(=743 K). At these tem-
ally varies with some power of the temperature. In additionPeraturesT<=, the scattering of holes by the lattice should
this variation is independent of acceptor concentrations tha?€ more important than the scattering by impurities, which

are not excessively large, which is valid for the present exdominates aff <=. Assuming that the temperature depen-

perimental conditions. dence of the hole mobility is controlled bylattice scatter-
The concentration of holgsis given by ing mechanism, the hole mobility decreases with increasing
temperature ag %2 This results in a cancellation of the
Ny(No—Np) T%2 dependence of the carrier concentration in . yield-
p(T)= Texﬂ— #IKT), (3)  ing a linear relationship between dnand 1. This is pre-

cisely what the results in Fig. 6 indicate. It is worth noting,
where N, and Np are the concentrations of acceptor andhowever, that a temperature dependence of the preexponen-
compensating impurities, respectively,, is the effective tial term in Eq.(9) from T~* to T~ 2 would produce a suffi-
density of states in the valence band, apds the acceptor ciently small curvature in the lat vs 17T curves as to go

ionization energy. unnoticed.
The holes are created by ionization of the major neutral
acceptors[Li]° centers: V. SUMMARY AND CONCLUSIONS
[Li]%=[Li] +h. (4) Optical absorption at 1.8 eV was used to monitor the con-
centration of[ Li]° centers in oxidized lithium-doped MgO
Applying the mass-action law crystals. dc and ac measurements were made to investigate
the conductivity of MgO:Li samples containing different
N -p concentrations of Li]° centers in the temperature interval
Kpgo=—" (5 250-673 K.
[Li° At low electric fields, dc measurements reveal blocking
we obtain: contacts. At high fields, thé-V characteristic is similar to

that of a diode with a series resistan@®rresponding to a
Ni o blocking contact at one side of the sample and an Ohmic
p(T)=2&NVexp(—AE[u]o/kT), (6)  contact at the other sigleonnected in series with the bulk
[Li] — resistance of the sample.
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Low-voltage ac measurements reveal that the equivalent When a virgin MgO:Li crystal was subjected to a low
circuit for the sample consists of the bulk resistafzein  electric field of 100 V/cm, the current was observed to in-
series withC, (the junction capacitangeonnected in paral- crease with time. Blue coloration emerged under the elec-
lel with a capacitanceC,, which represents the dielectric trodes. Optical absorption identified the coloration as due
constant of the bulk sample. Both dc and ac experimentbLi]® centers. Temperature dependence of the conductivity
provide consistent values for the bulk resistance. In the temshowed that the activation energy decreased from 1.3 eV in
perature interval 313—467 KR, decreases with increasing the virgin state to 0.7 eV when sufficieiti]® centers
temperature, whered&s; andC,, do not change significantly. emerged.

The electrical conductivity of oxidized MgO:Li crystals in-  While [Li]° centers can be created by an electric field in a
creases linearly with the concentration pfi]° centers. virgin MgO:Li crystal, the inverse process can also be dem-
Whereas the activation energy of an as-grown MgO:Li crys-onstrated. Using an oxidized crystal containing a large con-
tal is 1.3 eV, the activation energy of a crystal containingcentration of[Li]° centers, decoloration can be achieved
sufficient[Li]° centers is 0.780.02 eV, which is indepen- with a sufficiently high field: thgLi]° centers are annihi-
dent of the[Li]° content. These experimental results are inlated by Joule heating.

agreement with the predictions of teandard semiconduct-
ing mechanismThe main contribution to band conduction is
due to free holes from thieLi]° centers. In spite of the simi-
larities between MgO:Li and AD;: Mg crystals, the mecha- Research at the University Carlos Ill was supported by
nisms for hole conductivity are differerétandard semicon- the CICYT of Spain. The research of Y.C. is an outgrowth of
ducting mechanism and small-polaron  motion  past investigations performed at the Solid State Division of
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