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Thermoelectret properties of beryllium oxide have been studied in the temperature range RT-600°C. Depolarisation 
currents detected during the thermal destruction of the thermoelectret state have been measured under different polariza- 
tion conditions. The induced polarization has been found to be a uniform volume effect. Two peaks of depolarization cur- 
rent have been detected and their corresponding thermal activation energies measured to be 0.47 eV and 0.56 eV. Electric 
field enhanced migration of ions with trapping as well as dipolar orientation are proposed to be the contributors to the in- 
duced polarization in the formation of the thermoelectret state in BeO. 

Les prop&es de thermoelectret de l’oxyde de beryllium ont 6te Ctudikes dam le domaine de temperatures s’dtendant 
de I’ambiante jusqu’a 600°C. Les courants de depolarisation detect& durant la destruction thermique de l’etat thermoblec- 
tret ont et& mesures dans diffirentes conditions de poiarisation. La potarisation induite s’est rev&e dtre un effet de volume 
uniforme. Deux pits de courant de d~polarisation ont et& detect& et leur dnergie d’activation thermique correspondantes 
ont itk trouvees &gales i 0,47 et 0,6S eV. La migration des-ions favorisee par le champ eiectrique avec piegeage aussi bien 
qu’une orientation dipolaire sent proposdes comme &ant responsabies de la pohuisation induite dans la formation de p&tat 
de thermoelectret de l’oxyde BeO. 

Die Eigenschaften des Elektrets Be0 wurden zwischen Rauntemperatur und 600°C untersucht. Die Entpolarisierungs- 
strome, die w&end des thermischen Abbaus des Elektret-Zustands auftreten, wurden unter verschiedenen Polarisierungs- 
bedingungen gemessen. Die induzierte Polarisation stellt einen einheitlichen Volumeneffekt dar. Es wurden zwei Peaks des 
Entpolarisierungsstroms bestimmt; die entsprechende gemessene Aktivierungsenergie fur die thermischen Prozesse betrPgt 
0,47 und 0,65 eV. Die durch das elektrische Feld beschleunigte Ionenwanderung einschliesslich der Haftstellenbildung so- 
wie die Orientierung der -Dipole tragen vermutlich zur induzierten Polarisation bei der Bildung des Elektret-Zustands des 
Be0 bei. 

1. Intr~u~tion 

Considered a potentially good nuclear reactor ma- 

terial due to its physical properties [ 11, beryllium 
oxide has been studied intensively in recent years. 
Some systematic investigations have also been carried 

out on thermoluminescence (TL) and on thermally 
stimulated exoelectron emission (TSEE) outputs of 
samples exposed to ionizing radiation, mainly from 
the point of view of its application in integrating ra- 
diation dosimetry [2] . 

* Research Sponsored by ComissHo National de Energia 
Nuclear. 

* Also at Instituto de Fisica da Universidade de S. Paula. 

Be0 crystallizes in a wurtzite type structure with 
the Be2+ ions tetrahedrally coordinated with 02- 
.ions and the three of these tetrahedral units are joined 
to form hexagons with the three-fold axis as the polar 

‘axis. Brush Thermalox 995 Be0 is a commercial form 
‘of sintered Be0 and has, according to the manufac- 
turer t, an average of 1521 ppm and 1222 ppm of Si 
and Mg impurities, respectively; other impurities are 
present in lower concentrations. Assuming that Si4+ 
and Mg2+ ions enter substitutionally for Be2” in the 
Be0 matrix, the former could, under favorable circum 
tances, form a defect together with a Be2’ vacancy. 
A charge compensating Be2+ vacancy located in a 

‘! Brush Beryllium Co., Elrnore, Ohio, USA. 
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nearest neighbor to the Si4+ lattice position forms 
with the Si4+ ions an impurity-vacancy complex, which 
has characteristics of electric dipole and consequently 
may be oriented under the influence of an external dc 
field. 

It is well known that the cooling of dielectrics in a 
strong electric field leads in some cases to the appear- 
ance of internal polarization within them. The charged 
dielectric is then said to be in a thermoelectret state, 
which can be destroyed on subsequent heating. The 
thermoelectret can be studied upon destruction, which 
is accompanied by the flow of a discharge current in 
an external circuit. The polarization of the thermo- 
electret can be due to electric dipole alignment, charge 
resulting from microscopic displacement of ions with 
trapping, space charge built up by the migration of 
ions over macroscopic distances and space charge in- 
jected from the electrodes. All four kinds of charge 
may coexist in the specimen but only the first two 
give a uniform volume polarization [3]. 

Previous work on electrical properties of Be0 has 
been performed covering temperature ranges above 
500°C [4]. To our knowledge, no work has been 
published to date on dielectric polarization of BeO. 

In this paper results on the formation and destruc- 
tion of the thermoelectret state in Be0 under different 
polarization conditions are given to help to identify 
the mechanisms responsible for the observed discharge 
currents. 

2. Experimental 

Specimens used in this exper~ent were commercial 
sintered Be0 ceramic (Brush Thermalox 995). 

The thermal depolarization current apparatus con- 
sisted of a variable temperature sample chamber, 
which was operated in vacuum or at controlled gas 
pressure. The specimen holder electrodes were connec- 
ted to a Keithley 61OC electrometer. The temperature 
of the specimen was measured with a Chromel-Alumel 
thermocouple located at the low-potential terminal of 
the specimen holder. Another similar thermocouple 
was used to drive a temperature programmer, which 
could be set either to keep the sample temperature 
constant or to raise it at a constant rate; a Keithley 
high-voltage dc power supply was used to poIarize the 
specimen; two recorders were used to measure the 

depolarization current as a function of temperature, 
and to monitor the temperature cycles. 

The measurements of the thermally stimulated de- 
polarization current (TDC) was obtained in the follow- 
ing way: a polari~ng dc voltage Y 
specimen at a temperature Tp in t K 

was applied to the 
e range RT-500°C 

for a few minutes, the specimen was cooled 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 6OO’C at a constant rate between 
10 and 100 deglmin. The TDC spectrum is the de- 
polarization current as a function of temperature 
measured during this final heating. 

3. Results and discussion 

A typical result of the thermal destruction of the 
thermoelectret state in Be0 is shown in fig. 1, This 
TDC spectrum was obtained during the warming up 
of a Be0 sample previously polarized at 170°C with 
600 V and quenched down to room temperature in 15 
min with the field still applied. The main features of 
the TDC spectrum of the Be0 samples investigated are 
two current peak maxima located at approximately 

Brush Thermolox 995 
080 

Fig. 1. Thermal depolarization spectrum of BeO. Conditions 
of polarization: TP = 170°C; VP = 600 V. The heating rate 
was 40 deg/min. 
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100°C (peak 1) and 230°C (peak 2) for a sample heat- 

ing rate of 40 deg/min. High signal-to-noise ratio are 
obtained for measurements under these polarization 
conditions leading to relatively high charge densities 

(of the order of 10eg Coul/cm*). 

The two current peaks were resolved by heating 
the polarized samples to temperatures below 300°C 
quenching them to room ter.perature and reheating 
up to 600°C to measure the entire TDC spectrum. 
With this peak-clean procedure the thermal activation 
energies associated with the observed peaks were de- 
termined by plotting on semrlog paper the depolariza- 
tion current as a function of the inverse of the ab- 
solute temperature. The results are shown in fig. 2. 
The activation energies were measured to be 0.47 eV 
and 0.65 eV for peaks 1 and 2, respectively. These 

figures will be discussed below after presenting other 
experimental results. 

The change of the amplitude of peak 2 on the 
previous-to-polarization annealing temperature is 
shown in fig. 3. According to this figure, in samples 
pre-heated at 600°C the induced polarization is higher 

than in samples heat treated at any other temperature 

in the range RT-1000’C. The increase in polarization 

sensitivity for increasing annealing temperatures up to 
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Fig. 2. Logarithmic plot of current versus 103/T for determin- 
ing by the initial-rise method the thermal activation energies 
of the discharge current peaks of BeO. 
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Fig. 3. Effect of previous-to-polarization annealing treatment 
on the peak 2 current maxima of the thermal depolarization 
spectrum of BeO. The values for the integrated spectra are also 
shown. 

600°C can be explained if we consider that higher the 

temperature higher the mobility of the Be*+ vacancy, 
and consequently higher the probability of formation 
of Si4+-Be*+ vacancy complexes or of trapping of 
Be*+ ions which, by their turn, would lead to a higher 

volume polarization of the specimen. However, the 
effect of heat treatment at temperatures higher than 
600°C is not so easily explainable, but it could be due 
to chemical reactions such as decomposition or forma- 

2 4 6 8 10 

POLARIZING VOLTAGE (10’ V) 

Fig. 4. Dependence of peaks 1 and 2 depolarization current 
maxima of Be0 on the polarizing voltage. 
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tion of new compounds, which could inhibit the im- 
purity-vacancy dipole formation and destroy trapping 
sites. 

In fig. 4 the dependence of peaks 1 and 2 current 
maxima on the polarizing voltages is shown. The total 
amount of measured charge is directly proportional to 
the polarizing voltage up to lo4 V/cm, a value close to 
the limit of our experimental conditions. 

Fig. 5 shows TDC spectra for three different polariz- 
ing temperatures. In all these experiments, the polariz- 
ing conditions t(T,), PP and t( I’,), and the tempera- 
ture cycles are kept the same; t(rP) and t( L’P) are the 
time intervals the sample is maintained at the tempera- 
ture T, and under the applied voltage VP, respectively. 

Samples polarized at different temperatures have sim- 
ilar TDC spectra, the peak temperatures being the 

same within the experimental error; the difference is 
in the peak amplitudes: higher the polarizing tempera- 

ture, higher the peak 2 to peak 1 ratio, suggesting that 
the defects responsible for each current peak have dif- 
ferent characteristic relaxation times. The total mea- 

sured charges, namely, the areas under the TDC spec- 
tra in fig. 5, are not equal because the polarization 
time at TP is not long enough to allow the sample to 
reach saturation of the induced polarization. 

Brush Thermalax 995 
Be 0 
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Fig. 5. Changes in the TDC spectrum of Be0 due to different 
polarizing temperatures. The arrows point the polarizing 
temperature for each spectrum. 

The proportionality, shown in fig. 4, as well as the 

non dependence of peak temperature maxima on the 
polarizing temperature, shown in fig. 5, characterizes 
the polarization of Be0 as a uniform volume polariza- 
tion [5] , limiting our search of the mechanism res- 
ponsible for the induced polarization to two possibil- 

ities: i) build up of trapped charge carriers and ii) or- 

dering of permanent dipoles within the bulk of the 
sample. We should consider that actually both possibil- 
ities might take place during polarization. Perlman [6] 
suggested that ions trapped in the defects or disloca- 
tions in the crystalline regions could give rise to the 
polarization and the associated depolarization current. 
Our samples present grain boundaries which may en- 
hance the diffusion energy of Be2+ ions [7] making 
easier the build up of trapped charge. On the other 
hand the relatively large amount of Si impurities in 
our samples leads to the second possibility outlined 

above. 
Fig. 6 shows schematically the impurity-vacancy 

complex configuration with some of the possible 

jumps of nearest and next nearest neighbour ions in- 

dicated. 
Using sets of pairs of values of current-temperature 

after thermal cleaning procedures to isolate peak 2, 

and normalized Bucci’s equation [5] we have calcu- 
lated the thermal activation energy (0.65 eV) and the 

frequency factor (-7 X lo4 see-l) by means of a 
best fitting computer program. The value of the activa- 

tion energy agrees with the one obtained by the initial- 

rise method, but the frequency factor is very low 
relative to the normal frequency factor of ionic crys- 
tals. The whole calculation procedures are self-consis- 

tent, i.e., if we assume, for example, that 0.65 eV is 
the activation energy for jumping of the Be2+ ion in 

Be” ion 

02- ion 

Si4+ ion 

Be2+ vacancy 

Fig. 6. A perspective view of a S&doped Be0 crystal (not on 
scale). See text for more detailed description. 
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the Y direction (see fig. 6) we calculate the activation 
energy for jumping in the X direction using a frequency 
factor twice as that for the Y direction [8]. Knowing 
the temperature at which the peak 1 maximum occurs, 
0.47 eV is the value obtained, in agreement with the 
value determined by the initial-rise method. 

Even though the calculation methods agree, we 
should emphasize that the determined value for the 
frequency factor might be an indication of an over- 

lapping of depolarization current peaks over a conti- 
nuous distribution of activation energies, causing the 

detection of only one broad peak. 
Moreover, we think that performing experiments 

on thermal depol~~ation currents of Be0 single crys- 
tals doped with different concentrations of Si impuri- 

ties might yield information on the impurity-vacancy 

reorientation mechanism proposed above. 
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