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THERMOELECTRET PROPERTIES OF BeO*

R. Muccilio and A. R. Blak**

ABSTRACT

Tharmosisctret propérties of Beryilium Oxide have been studied in the tsmpersture rangs RT-600C
Depolarization currents derected during the tharmal des of the the ot siate have besn measured under
different polarization conditions The induced poiarization has been found to be a uniform voiume sffect Two peaks of
depoieriastion current have been d i orvd their corrasponding thermal sctivation endrgiss messured 3 14 0.47 ¢V and
0.65 eV Etectric lisid enhanced migration of ions with trapping es well as 8ipolar orientation sre proposed 1o be the
contributars to the induced polarzation 1n the formation of the thermowiectret state in BeO

1 — INTRODUCTION

Considered a potentially good nuclear resctor material due to its physical properties“”, Beryllium
Oxide has been studied intensively in recent yesrs. Some sytematic investigations have siso been carried cut
on thermoluminescence (T1.) and on thermally stimuiated exoslectron emiss.on (TSEE) outputs of samples
sxposed to ionizing radiation, mainly from the point of view of its application in integrating radiation
dusimﬂry‘”

BeO crystaliizes in 8 wurtzite type structure with the Be?* ions tetrehedraiy coo.di wated with O -
ions and three of these tetrahedral units are joined to form hexagons with the three-fold axis as *he potar
axis Brush Tiermalox 995 Be0Q is a commercial form of sintared BeD and has, according to the
manufacturer®** an averag: of 1521 ppm and 1222 ppm of Si anu Mg impurities respectively; other
impurities are prestnt in lower concentrations Assuming that Si*” and Mg®* ions enter substituticnaliy for
Be?* in the BeO matrix, the former could, under favorabie circumstances, form a defect together with a
Be’* vacancy A ciarge compensating Be®” vacancy located in a nesrest neighbor to the Si** lattice position
torms with the Si** ion an impurity-vacancy complax which has characteristics of electric dipole and
conssquently may be oriented under the influence of an external de field

It is well known that the cooling of dielectrics in a strong electric field leads in some cases to the
appearance of internal polarization within them The cherged dielectric is then said to bs in a
thermoelectret state, which can be destroysd on subsequent hasting. The thermoelectret can be studied on
its destruction which is accompanied by the flow of a discharge current in an external circuit The
polarization of the thermoeigctret can be due to electric dipoie alignment, cherye resuiting frum
microscopic displacement of ions with trapping, spacs charge built up by the migration os ions over
macroscopic distances and space charge injected from the electrodes All thase four kinds of charge may
coexist in the spacimen but only the former two givs # uniform volume poierizaion! 8’

Previous work on slectrical properties of BeO has been perforned covering temperature ranges
above 500 C!6' To our knowiedge no work has been published to date on disiectric polarization of BeO.

In this paper resuits on the formation and destruction of the th.rmoslectret state in BeO undar
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ditterent polarization cond:tions are given to help to ident:fy the machanism responsible for the observed
discharge curren:s

2 ~ EXPERIMENTAL
Spec:mans used 'n th's experiment were commerca! sintered BeO ceramic (Brush Thermalox 995)

The thermat depotar:zat-on current spparatus cons:sted of s variable temperature sample chambaer,
which was operated :n vacuum or at controtied gas pressure The specimen hoider slectrodes were
connected ro a Keithiey 610 C electrometer The temperature of the spec:man was measwred with 8
Chrome! Alume! thermocoupie located at the low potential terminal of tha specimen hoider Another
simiar thermocouple was used to diiwve a temperature programmer which could be set sither 10 kesp the
sample temperature constant or to raise it at a constant rate; a Kerthley high voitage dc power supply wes
used t0 polarize the spec:men; iwo recorders were used to measure the depolanization current as & function
of temperature, and toc monitar the temper ature cycies

The measurement of the thermaliy stimutated depolarization current was obtained in the following
way: a polarizing dc voitege V, was applied 10 the specimen at a temperature T, in the range RT--500 C
for a few minutes, the specimen was cocied down to RT with the field still on_ the field was turned off and
the electrometer connected and finally the specimen was warmed up to 600 C ot a conctant rate
between 10 and 100 deg/mn The TDC spectrum is the depolarization current as a function of temperature
measured during thes final heating

3 — RESULTS AND DHSCUSSION

A typica! result of the thermal destruction of the thermoelectret state in BeQ is shown in Figure 1
This TDC spectrum was obtamned duting the warming up of a BeO sampie prevrously potarized at 170 C
with 600 V and quenched down to room temperature :n 15 munutes with the fisld stiil applied The main
features of the TDC spectrum of the BeQ sampies nvestigated are two current peak maxima located st
approx:matety 100C ipeak 1} and 230 C (peak 2} for a sample heating rate of 40 deg/min High
signet 10 nosse rato pre obtained for measuremants under these potarization condit'ons leading o relatively
tngh charge densities (cf th. order of 107" Cout/cm’)

The two currant peaks were resolved by heating the polarized samples to temperatures below
300 C, quenching them to room temperature and reheating up to 800 C to messure the entirg TDC
spectrum With this peak clean pracedure the thermal activation energiss sssocisted with the observed pesks
were determ:ned by plcrting on semilong paper the depolarization current as 8 function ~* the inverse of
the absolute temperature The tesults are shown i Figure 2

The actwal:on tnergies were measured to be 0 47 eV and 0 65 eV for peaks 1 and 2, respoctively
Thaese figures wiit be discussed below after presenting other experimental resuits

The change of the ampiitude of peak 2 on the previous to-polarization annealing temperature is
shown n Figure 3 According to th:s figure m samples pre heated at 600 C the induced palarization is
twgher than :n samples heat treated at any other temperature in the rangs RT—1000 C. The incresss ir
posanzat:on sansitivity tor ingreasing annealing temperaturas up to 800 C can be explained it we consider
thet higher the temperarure higher the molitity of the Be’* vacaricy, and consequantly higher the
probability of formation of $i°" - Be’" vacancy compiexas or of trapping of Be®” ions which, by their turn,
would ‘ead to a higher volume polarzation of the specimen However, the effect of heat treatment at
ternperatures higher than 600 C 1s not so easily explainable, but 't could be dus to chemical rsactions such
as decomposit:ion or formatior of new compounds which could inhibit the impurity vacancy dipole
formation and destroy trapping s:tes



in Figure 4 the depsndence of peaks 1 end 2 current maxima on the polarizing voltages is shown
The tots! smount of messured charge is directly proportional to the polarizing voltage up to 10° Viem, a
value clase 1o the limit of our experimental conditions

Figura § shows TDC spectra for thres different polarizing temperatures In all these experiments
the polarizing conditions t(Tn), Vp and «(V, ). and the temperature cycles sre kept the same Ssmples
polarized at different temperatures have similar TOC wpectra, the peak temperatures being the same within
the experimenta! error; the difference is in the peak amplitudes: higher the polarizing tempsrature higher
the peak 2 to peak 1 ratio, suggesting that the defects responsible for esch current pesk have different
characteristic relaxation timas The totsl measured charger namely, the sreas under the TDC spectra in
Figure 6 are not equal because the polarization time at Ty, is not long enough 1o sliow the sample to rasch
saturation of the induced polarization

The proportionality shown in Figure 4 as well as the non dependence of peak temperature maxima
on the polarizing temperature shown in Figure 5 cheracterizes the polarization of BeO as s uniform volume
polarization®!, limiting our search of the mechanism responsible for the induced polarization to two
possibilities: i} build up of trapped charge carriers and ii) ordering of permanent dipoles within the butk of
the sample We should consider that sctually both possibilities might teke place during polarization
Periman’7! suggested that ions trapped in the defects or dislocations in the crystalline regions could give
rise 10 the polarization and the associated depoisrization curvent Qur samples present grain bounderies
which may enharce the diffusion energy of Be®* ions!3! making sssier the build up of trapped cherge On
the other hand the relatively large amount of Si impurities in our samples leads to the second possibility
outlined above

Figura 8 shows schematically the impurity vacancy complex configuration with some of the
possible jumps of nearest and next nearest neighbour ions indicated

Using sets of pairs of values current temperature afther thermal clearing procedures to isolate
peak 2, and normalized Bucci’s equation!®! we have calculsted the therms! activation energy (0 86 sV) and
the frequency factor { ~ 7 x 10*sec™} by means of a best fitting computer program The value of the
activation erergy agreees with the one obtained by the initial rise method but the frequency factor is very
low relativeiy to the normal frequency factor af ionic crystals The whole calculation procedures sre
self consistent, i @ . if we assume for exampla that O 86 eV is the activetion energy for jumping of the Be**
won in the Y direction (ses Figure 6} we calculate the activation energy for jumping in the X direction using
& frequency ‘actor twice as that for the Y direction'2) and knowing the temperature at which the pesk 1
maximum oceurs 047 6V is the vaiue obtained in agreement with the value determined by the initial rise
method

Even though the caicuiation methods agree we should emphasize that the determined value for the
frequency factor might be an indication of an overlspping of depolarization current pesks over e
continuous distribution of activation energies causing the detection of only one broad peak

Moreover we think that performing experiments on Thermal Depolarization Currents of BeD single
cry-tals doped with different corcertrations of Si might yield informations on the imputity-vacancy
reorientation mechanism proposed sbove



FIGURE CAPTIONS
Figure 1 — Thermal Depolarization Spectrum of BeO. Conditions of polarization: T’ = 170°C; Ve =500 V.
The heating rate was 41 deg.min™ .

Figure 2 — Logarithmic plot of current demsity versus 10° /T for determining by the initisi-riss mathod the
thermal activation energies of the dischargs curremt peaks of BeO.

Figure 3 — Effect of previous-to-polarization annagling trestment on the pesk 2 current maxims of the
thermal depolsrization spectrum of BeD. The integrated spectrum is siso shown,

Figure 4 — Dependence of pesks 1 and 2 depolarization current maxims of Be0 on the polarizing voltage.

Figure 5 — Changes in the TDC spectrum of BeO due to different polsrizing temperstures. The arrows point
the polarizing tempaersture for esch spectrum.

Figure B~ A perspective view of Sidoped BeO crystal (not on scefs). Ses tuxt for more detailed
description.
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RESUMO

As propriedades de termorierreio do 0x:Co. de be «1io foram esiudacss entre a 18mperatura ambienta 8 600°C
Correntes de despoianzagio deteradas Quranie a destiuigdo ermica do estado termoeletteto foram medidas sob difarentes
condwgles de porarizagdc A polanzagsn induzida for dererminada como sendo devida a um efeno volumetiico umforma
Dois pices de corrente de despolanzacio foram deterados ¢ 0 COrvespongentes valores de energias de atwvagdo 1/mica
medides (0 47 eV e 0 65eV) Do mecansmes sdo propostos para expirca: a potanzacdo mduzida responsavel peto estado
1ermoelel: g0 de BeQ

al mugiacdo de 1on; sob agdo do campo eletri2o do ¢ M consaqiente armadhihamento em defertos da reds
crsstaiing e

bl G0 eiid0AG DB COMPIRXOS COM Ca:aciBrishicas o8 d'Ols eletnCO. Prasenies nas amostras estudadas
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