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We report pyroelectric responsivity versus depth profiles in nanocomposites of powdered barium
titanate and tripropylene glycol diacrylate obtained by using the thermal pulse (TP) method. The
cerdmic nanopowder (mean particle size 270 nm) .was prepared by combined solid-state -
polymerization and pyrolysis of a metallo-organic precursor. Films of powder/monomer dispersion
(thickness ~30 um) were cured by irradiation with an electron beam (energy 140 keV, dose 80
kGy). The observation of a TP response after electron beam curing (EBC) indicates the appearance
of a poling electric field as an effect of the EBC. The polarization depth profiles were studied for
different filler contents. The composites show potential promise for piezo and pyroelectric sensors

applications and for charge storage in microelectronics.

[S0021-8979(99)03417-9]

I. INTRODUCTION

Polymer-ceramic composites can combine advantageous
properties of both the polymer (such as flexibility, easy pro-
cessing) and the ceramic (high dielectric permittivity, high
piezo and pyroelectric activity).!? They are under extensive
study as technologically promising, integrated-capacitor thin

film materials offering both high dielectric permittivity and

low loss.> The novel processing of such films has often led to
empirically adopted processing details before their effects on
electrical, mechanical, and thermal properties were fully un-
derstood. Electron beam irradiation used to cure polymeric
binders may, for example, create internal poling electric
fields* that depend on the electron energy and dose as well as
on the relative concentrations of the components and the
ratio of their dielectric constants. The electric fields induced
during the electron beam curing (EBC) may lead to a partial
poling of the nanocomposite with a polarization distribution

across the thickness distinct from the more uniform one ex-

pected in the same material poled by an external constant
electric field. .

The attainment of a homogeneous ceramic-powder dis-
persion calls for particles that are as small as possible. How-
ever, the particle size cannot be made arbitrarily small if the
ferroelectricity is to be maintained, since ferroelectricity is a
cooperative phenomenon. A loss of ferroelectric behavior
has been reported at a reduced dimension.’ In addition, a
decrease of the correlation length below the geometric length
has been observed and attributed to lattice defects.® Conse-
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quently, for optimizing ferroelectric ceramic/polymer nano-
composites, there is an urgent need for well characterized
ferroelectric powders combining intermediate particle size
with low defect concentration.

Our preparation of ferroelectric ceramic/polymer nano-
composites is based on combined polymerization and pyroly-
sis of metallo-organic precursors as a novel particle prepara-
tion method’ and the EBC of thin dispersion films of
ferroelectric barium titanate (BaTiO;) nanopowders in mo-
nomeric acrylates. We present an investigation of poling and
switching behavior of the composites, which contributes new
information in the growing field of thin-film radiation- -
processing applications.

Il. PREPARATION OF THE NANOCOMPOSITE

A. Preparation and characterization of the BaTiO;
particles '

Different ways of preparing nanocrystalline BaTiO; par-
ticles are known, e.g., pyrolysis of peroxides,® sol-gel
processes, ! gas-condensation processes,!! and chemical
precipitation from solution.!? Our preparation route of
BaTiO; nanopowders is described here briefly by four reac-
tions (details are given elsewhere):” In a first step, barium
titanium methacrylate is obtained as a monomeric metallo-
organic precursor from metallic barium, titanium IV isopro-
pylate and methacrylic acid in boiling methanol. Then, the
solid-phase polymerization and the concomitant pyrolysis
proceed simultaneously at temperatures above 200°C. A
subsequent nucleation and growth of the BaTiO; particles
take place at reaction temperatures above 600 °C. The result-
ing particle size is determined by the reaction temperature,
reaction atmosphere, and the annealing time at the reaction
temperature under the reaction atmosphere, e.g., we have ob-
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tained 10 nm particles at 600 °C under a N, atmosphere for
an annealing time of two days and 1.3 um particles under an
O, atmosphere for two days at 1350 °C. Our 270 nm par-
ticles were obtained at 1300 °C under N,. The ability to ad-
Just the particle size by just choosing the appropriate reaction
temperature and atmosphere is the salient advantageous fea-
ture of our preparation route.

The average size of the particles, d, was determined by
x-ray diffraction. The effects of the lattice distortions were
taken into account according to the method of Warren and

Averbach."*'* The standard uncertainty in d for our particles

(d=270nm) was *20 nm. ,

BaTiO; is a displacive-type ferroelectric with a
paraelectric-ferroelectric transition at a Curie temperature 7',
of 120°C as detected for example by vibrational
spectroscopy.'® An earlier study of BaTiO; bulk systems’
found that some characteristic Raman features appear in the
wavenumber range from 50 to 800 cm™ L. Particularly the
intensity of the ‘tetragonal’’ vibration band at 309 cm™!
revealed a transition behavior, where smearing effects in-
crease with the decreasing particle size, thus confirming a
decrease of ferroelectric order at small dimensions. How-
ever, the corresponding results for the 270 nm particles tes-
tified to the existence of ferroelectric properties, with pre-
sumed spontaneous polarizatiom Thus, the poling and
switching behavior of the latter represents a relevant subject
in the present investigations.

B. EBC of the nanocomposite

At first, the BaTiO; nanopowder was dispersed in the
tripropylene glycol diacrylate (TPGDA) monomer (Cray
Valley,'s p.A. grade) with the aid of a planetary ball mill
under soft grinding conditions (low rotation frequency, small
number of small milling balls, 5 min milling time). Then, by
using the doctor-blade coater (type SIMEX AF-3),'6 thin
films (~50-mm-thick) of different particle/monomer disper-
sions (concentration w/w) were produced on glass substrates.
The films were cured by using a previously described low-
energy electron accelerator built at the Institute of Surface
Modification, Leipzig, Germany as described earlier.!” The
curing energy and dose in these investigations were 140 keV
and 80 kGy respectively. The surface through which the
electron beam entered the sample is labeled *“front”” (located
at z=0, where z is the depth coordinate), and the opposite
surface in contact with the substrate is labeled ‘‘rear’’ (at z
=L, where L is the thickness of the composite foil). After a
10 h immersion in a water bath, the composite foils could be
readily detached from the substrate. The composites proved
to be flexible up to a BaTiO; mass fraction of 50%.

The thickness of the films was measured with a me-
chanical thickness gauge at ten positions across the sample

diameter. The values for the thickness are mean values (stan-.

dard deviation ~2 gm).

C. Scanning electron microscopy

Scanning electron microscopy (SEM) images were ob-
tained at 30 keV using a JEOL JSM-6600 instrument.!6
Electron-excited x-ray spectra (EDX) were obtained using a
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FIG. 1. SEM image of a face broken of a composite sample (thickness 28
um, average particle concentration 50%, mean particle size 270 nm).

RONTEC M3 EDX imaging system!® attached to the SEM.
Sample cross sections suitable for imaging were obtained by
cryobreaking in liquid N,. In order to prevent secondary
x-ray excitation in the EDX measurements the samples were
coated with a 10-nm-thick carbon layer using a LEYBOLD
Z 400 sputter deposition coater.!® This layer makes only a
small contribution to the CK,, line (less than 10%).

A SEM image for a composition of 40 wt. % BaTiO; and
270 nm mean particle size is shown in Fig. 1. The bright
shining edge near the top of the figure (a SEM geometry
effect) locates the front surface. The contrast between the
BaTiO; particles and the polymer matrix is due to the higher
secondary electron emission of the particles. At the lower
edge (the rear surface) the density and size of the BaTiO,
particles are obviously increased as compared with the upper
face region near the front surface. This enrichment near the
lower rear surface indicates a sedimentation process occur-
ring in the particle/monomer dispersion prior to the EBC.

EDX spectra were taken from regions of the cross sec-
tion near the front and rear surfaces. For clarity, an appro-
priate upward shift (by 5X 10° counts) of the ‘‘front spec-
trum” has been introduced in Fig. 2. In the EDX
measurements, the electron beam was scanned over areas of
about 30 um? so that at the probing depth of about 1.7 um,
the analyzed volumes were about 50 um®. From the volume-
averaged Ba and Ti x-ray line intensities a rear to front
BaTiOj3 concentration ratio of about six was estimated. Some
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FIG. 2. EDX spectra taken from face regions near front and rear surfaces,
respectively.
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FIG. 3. Schematic for TP measurement.

concomitant lines (AIK, ,FeK,) are due to secondary emis-
sions from the deeper lying sample holder.

ill. THERMAL PULSE INVESTIGATIONS

A. Thermal pulse—response description
1. Model for sample and basic equations

The model for the thermal pulse (TP) experiments is
shown in Fig. 3. The dielectric film, with metal (vacuum
deposited Al) electrodes of thickness L,~100nm on both
sides, is glued to a copper block with an electrically conduc-
tive glue. The TP response, ¢(¢), of the sample is a convo-
lution of the pyroelectric responsivity, G(z), and the TP-
induced strain proportional to the TP-induced temperature
change T(z,z). The TP equation is'®

L
Q(t)=foL(t,z)G(z)dz, , (D

where ¢ is the time coordinate and z is the depth coordinate
measured from the incident surface. In general, G(z) con-
tains, contributions from the dipole polarization with the py-
roelectric coefficient, g(z), and from the internal electric
field, E(z), produced by space charge according to'®

A
G(z)=-zg(z)+acCE(z), )

where A is the electrode area and acC=43C/JT is the tem-
perature coefficient of the sample capacitance C.

The kernel T(z,z) is the solution of the one-dimensional
heat conduction equation for an electroded planar sample
with one surface contacting an ideal heat sink. The appropri-
ate boundary conditions are

aT oT
KRGyt peceLem=J08(r) 3
at the TP-incident side and
T=0 4)

at the opposite, thermally contacted, side of the sample. The
TP associated with the infinitesimally short laser pulse is
Jo6(t), in which &(t) is the Dirac delta function. The sym-
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bol « is the heat conductivity of the dielectric, p,c,L, is the

thermal mass (per unit area) of the electrode, where p, is its

mass density and c, is its specific heat. The solution, T(¢,z),

may be obtained by using Laplace transformation!® and is
® sin

Z
xk( 1- Z)

= - 2—
T(1.2) T”Z,Zo (1+r+r2x3)sin(x,) cxp( XkZT) ’

)
where T =JoL/k is the t—o asymptotic value of T(¢,z) for
the hypothetical case of an isolated sample with negligible
electrode thermal mass. The parameter r given by

- pec.L, - Ke 2_ _I_‘_e 6)

pcL kD, L

r

expresses the ratio of the thermal mass of the electrode to the
thermal mass of the dielectric. In Eq. (6), the well known
relation pc=«/D, where « is the thermal conductivity, D is
the thermal diffusivity, and pc is the specific heat per unit
volume, was used. The parameter 7= L%/ (2D) is the thermal
transit time for the dielectric. The roots x, have to be deter-
mined numerically from the equation cos(x)—rx cos(x)=0,
where kw<x,<(k+ 1/2)7.%°

The temperature profiles may be seen in Fig. 3 for dif-
ferent reduced times, ¢/ 7=(1/625,1/25,1/5,1). It is assumed
that the temperature across the metal electrode is uniform,
and the thermal resistance between the electrode and the di-
electric is zero [Eq. (3)]. These assumptions make sense be-
cause the thermal transit time for a 100-nm-thick aluminum
electrode (where D,=9.8X107°m%s)®' is 7,=L*(2D,)
~50ps, which is much smaller than the time resolution of
our equipment (the minimum time used for deconvolution is
100 ns, Sec. III B).

For samples with a spatially uniform G(z) [Eq. (1)],
namely uniformly poled and/or charge-free samples, g(¢) is
proportional to the mean temperature (T}

1
(D=7 f:m,z)dz. @

The reduced mean temperature is defined by (T
=(T)/T., where T,, is the limit of T(z,z) as ¢ goes to infin-
ity.

2. Simulations

Simple simulations for (T) were performed to show the
shape of the TP responses to be expected from charge-free
and/or homogeneously poled samples in the thickness range
of our samples. The thermal properties® of the dielectric
TPGDA were «=0.19 W/(mXxK), p=1190kg/m®, and ¢
=1470J/(kgXK), yielding the thermal diffusivity D=1.09
X 107" m%s. The (L,=100-nm-thick) electrodes were as-
sumed to have bulk-Al values for «,=237 W/(mxK) and
D,=9.8X 1075 m?s taken from a handbook.?!

Figure 4 shows (T.4) vs ¢ for thicknesses L
=(10,30,50,70) um, yielding rX10°=13.9,4.62,2.77,1.98,
respectively. The penetration depth

§=\2Dt ®
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FIG. 4. Réduced mean temperature, (T,,), as a function of time, ¢, for
different sample thicknesses L=(10,30,50,70) xm. The upper scale shows
the penetration depth, 8= y(2D¢), where D is the therm: diffusivity of the
dielectric. The decay due to heat loss appears around f==7= LY(2D) as
marked by a small perpendicular line. The gradual increase of (Tpeq) With
time at times 1<% 7 is due to heat storage in the incident electrode at the TP
side. Thermal parameters are given in Sec. II1 A 2.

is plotted in the upper x axis. The small perpendicular lines
on the curves mark the time =7, when 6=1| The decay of
the curves around ¢~ 7 is due to the heat loss to the substrate.
The gradual increase of (T4 with increasing ¢, for t<7 is
due to heat storage effects of the electrode. Further details
may be found elsewhere.?’
Figure 5 shows (T,.q) vs t for L=70 um. The two
curves around the zero baseline are deviations \which are cal-
culated as follows: A(—20%)=(Teq)(D) — (T eq)(0.8X D)
and A(+20%) = (T g} (D) = {Tea)(1.2X D). The deviations
from the zero baseline of these curves show the strongly
varying influence of D on (T 4) Wwithin the time range of the
measurement. The D is more strongly weighted near the
dielectric/substrate interface than near the TP-incident side.

penetration depth (um)
1 10 100
1 T ¥ 83‘_5 T ]
/ electrode heat |\ |
A effects loss :
¥
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0 it - ' -7
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FIG. 5. Reduced mean temperature, (T 4), as a function of|time. The curves
close to the abscissa were determined as follows: A(—20%) =(Tra)(D)
~(Trea)(0.8X D) and A(+20%) =(T g} (D) —{T,eq)(1.2X D). The devia-
tion from the zero baseline is a measure of the weighting of deviations of D
on (T 4). The thickness was 70 yum and the thermal parameters are given in
Sec. IIT A 2.
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3. Deconvolution of the TP equation

The TP equation [Eq. (1)] was deconvolved by using
Tikhonov regularization®® with a self-consistently deter-
mined regularization parameter.’*? The spatial function
G(z) was determined for a number of grid points, z, (where
n=1,.,N with N as the number of grid points), which are
following a power law according to

n—1\#
zn=( ) XL. . )]

N—-1

The number of grid points was chosen between 31 and 51 so
that the exponent 8 was ~0.5 (diffusion adapted). For the
deconvolution ~2000 measuring points were used. The re-
siduals d,, defining the quality of the fit for measuring points
t,, are

dm=qa(tm)—q(tm 9E)9 (10)

where ¢“(t,,) is the measured response with a noise ampli-
tude o and g(¢,, ,E) is the recalculated response. The thermal
diffusivity (D) of the sample was treated as a z-independent
variable parameter. Further details about our procedure may
be found elsewhere. 22627

B. Experimental results
1. TP procedure

One surface of a sample was Ag-epoxy bonded to a heat
sinking copper block, leaving only the opposite surface as
the external surface. Two similar samples were used to make
the front and back surfaces available separately as TP-
incident surfaces. All TP experiments were performed at
room temperature (24 °C) with the sample under short-circuit
conditions.

A glass plate beam splitter reflected a small part of the
incident light and diverted it into a fast photodiode which
allowed for the simultaneous recording of the light -pulse
temporal profile and the TP response. The Gaussian width of
the laser pulse was 70 ns with a standard deviation of about
1 ns determined from a fit of 80 points 5 ns apart. The peak
of the laser pulse was used as the origin (z=0) of all TP
responses.

2. Samples without additional poling

Radiation-poled samples were first investigated without
additional poling by an external applied voltage. Figures 6
and 7 show measured complementary TP responses versus
time, go(#), with the TP applied to the electrode at z=0, and
q.(t) with the TP applied to the electrode at z=L. The TP
measurements were carried out about two months after the
EBC. The tail of the TP is shown in the bottom left and
middle left portion of Figs. 6 and 7, respectively.

Figure 6 shows the TP responses of the type gq(f) for a
73-um-thick polymer (electron beam cured TPGDA) film, a
68-um-thick composite film with 20 wt. % BaTiO;,, a 62-
um-thick composite film with 40 wt. % BaTiOs, and a 18-
pm-thick composite film with 70 wt. % BaTiO;. The go(r)
with the shortest duration in Fig. 6 belongs to the thinnest
sample (70 wt. % BaTiO,, 18um). This is as expected from
the L% dependence of the thermal transit time 7=L/(2D).
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FIG. 6. (a) TP responses, go(¢), obtained when the TP was applied to front
side (where the curing electron beam entered the sample). Thicknesses of
polymer sample and of 20, 40, and 70 wt. % BaTiOy samples are respec-
tively (73, 68, 62 and 18) um. Tail of the TP at bottom left. 70% curve
multiplied by 0.3. (b) Residuals of deconvolution (note smallness of residu-
als considering the magnified residuals scale).

Figure 7 shows the TP responses of the type q.(¢) for a
74-pm-thick polymer film, a 76-um-thick composite film
with 20% BaTiO,, a 72-um-thick composite film with 40%
BaTiO;, and a 46-um-thick composite film with 70 wt. %
BaTiO3.

The TP responses of these samples, indicate that the
EBC process has produced a pyroelectric responsivity with a
distribution G(z). The G(z) in the polymer is attributed to
dipoles in the polymer presumed polar, but not necessarily
ferroelectric. The G(z) in the nanocomposites thus has both
a ferroelectric part from the BaTiO, particles in addition to a
part from the TPGDA. The responses q,(r) (Fig. 7) have
smaller amplitudes than g4(z), meaning that G(z) near z
=L is smaller than that near z=0.

The similar shapes (apart from a trivial sign reversal due
to the hookup) of the TP responses for the unfilled polymer,

0.05

40%, 72 ym

70%, 46 pm

1 Il ] 1 2 L

(@ 107 10° 10° 10 10° 10?7 10"

107 10° 10% 10* 10° 102 10"
(b) time (s)

T
T

N

o N
10° x residuals

FIG. 7. Same as Fig. 6, but the rear side TP responses, q,(¢), (side which
was on the glass substrate during EBC). The thicknesses (in wm) are 74, 76,
72, and 46.
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FIG. 8. Pyroelectric responsivity distribution, G(z), in the near front and
rear side region obtained from the TP responses shown in Figs. 6 and 7,
respectively. The abscissas (dashed lines) are shifted (—0.2), (—0.4), and
(—0.6) units for the curves for 20, 40, and 70 wt. % BaTiO; particle con-
centration, respectively.

regardless of whether the EBC surface or the rear surface is
thermally pulsed (Figs. 6 and 7) suggest, independently of
the deconvolutions, that G(z) in the unfilled polymer is
nearly symmetric. The qualitative similarity of these shapes
with the shape of (T) calculated for a homogeneous sample
under a constant field indicate that the polarization induced
in the neat polymer is uniform in a first approximation. A
uniform polarization is consistent with the response of a po-
lar, nonferroelectric material in a uniform field. This sug-
gests that any charges deposited during the EBC process tend
to remain concentrated near the surfaces, The responses for
the BaTiO;-filled samples are seen to deviate strongly from
the response of the neat polymer. This may indicate simply
an inhomogeneous distribution of particles. An alternative
explanation based on space charge distortions of the poling
field would imply extended charge distributions, which is
markedly unlike the neat polymer results.

Figure 8 shows G(z) in the near surface region obtained
by deconvolving the go(¢) and g, (¢) results in Figs. 6 and 7,
respectively. The statistical error bars with a 68% confidence
limit (omitted for clarity) have, at most, the same size as the
symbols. These results confirm that the polymer is nearly
homogeneously poled, whereas the composites show a more
complex behavior. The evolution of G(z) with an increasing
BaTiO; content indicates increasing deviations of the polar-
ization distribution from the uniform distribution of the poly-
mer. For samples containing 70 wt. % BaTiO,, the devia-
tions include sharp features within shallow depths of both
surfaces (negative for the front surface and positive for the
rear surface), and a broad negative peak in the front half of
the sample. The broad peak is assigned to ferroelectric po-
larization in the inhomogeneously dispersed ceramic par-
ticles. The shape of this broad peak is determined by both the
ceramic particle concentration and the EBC-induced poling
field. It is reasonable to expect that, at a high BaTiO, con-
tent, enough electrons were stopped in the rear half of the
sample to reverse the poling field near the rear. This may
account for the positive values of G(z) towards the rear sur-



J. Appl. Phys., Vol. 86, No. 5, 1 September 1999

=
o

diffusivity (10°m%s)

2 00 02 04 06 08
BaTiO, concentration (%)

FIG. 9. Effective thermal diffusivities as a function of the BaTiO, particle
concentration.

e

face along with the negative values of G(z) towards the front
surface. The rear-to-front ceramic particle density ratio of six
revealed by EDX may be explained by an offsetting weak-
ness of the EBC field in the thickness range where this field
is reversed.

Figure 9 shows the values for the thermal diffusivity D
(standard uncertainty is ~10%) versus the BaTiO; content.
These values were determined by treating D as a
z-independent fitting parameter. In case of a z dependence in
D, this value becomes an effective value, influenced by the
weighting effects of both the kernel T(z,z) and the sample-
dependent G(z). The dependence of D on the BaTiO; con-
tent is then no longer simply interpretable.

The observed decrease in D for the BaTiO; contents
higher than 20% was not expected, since the diffusivity of
BaTiO; exceeds the corresponding value of the polymer by a
factor of about 20, see e.g., in Ref. 28. A radiation-induced
sample porosity may be the reason for this behavior. This
possibility is now under investigation.

For constant G(z),4(r) is most strongly affected by D at
long times meaning an effective value of D is more strongly
determined by the thickness range near the sample/substrate
interface (see discussion for Fig. 5 in Sec. Il A?2). Since D
of BaTiO; is bigger than D of the polymer, a bigger D indi-
cates a higher BaTiO; content. Consequently, a bigger D
obtained from g4(¢) than D obtained from q(t) indicates a

penetration depth ( ym)
1 10 100

TTvrTT— vroT

-

i L 1

107 10° 10° 10* 10° 10* 10"
time (s)

FIG. 10. Front side TP response for the sample with a 40 wt. % BaTiO,
concentration and L=62 um. Numbers represent mean fields in V/um,
where the bias voltage is applied to the back side of the sample. Penetration
depth is y(2Dr) with D=9.5X 108 m¥s,
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FIG. 11. Spatial distributions, G(z), determined from the TP responses in
Fig. 10. Open and solid symbols are for negative and positive voltages
applied to the back side, respectively. Thickness is L=62 pm.

higher BaTiO; particle content at the rear side (the side at the
substrate during EBC). The conclusion from D is that the
BaTiO; particles are more highly concentrated near the rear
side as shown by the EDX results described in Sec. IIC.

3. Samples with additional poling

The EBC-poled samples were additionally poled at room
temperature under various applied voltages. Figure 10 shows
the TP responses for the 40 wt. % BaTiO,, L= 62- um-thick
(front-side sample), for several voltages applied to the back
electrode in the following order: (—36, —40, —48, +44, and
+52) V/um. The front electrode was grounded. Each voltage
was applied for 2 h at room temperature. Afterwards the
electrodes were shorted for 3 h and then the TP experiment
was performed. The spatial distributions G(z) obtained by
the deconvolution of the responses in Fig. 10 are shown in
Fig. 11. Figure 12 shows an expanded front surface region.

As expected, negative voltages produce electric polariza-
tion over most of the thickness in the same direction as the
polarization already produced by the EBC process when the
electron energy was high enough for the electron range to be
comparable to L. The positive fields tend to reverse this po-
larization, the highest field (+52 V/um) having switched the
polarization over a large part of the sample.

-0.1 - <48 4

pyroelectric responsivity (a. u. )
&

0 2 4 6 8 10
front depth (um)

FIG. 12. Same as Fig. 11, but near front surface region expanded.
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IV. CONCLUSION

This work shows conclusively that EBC produces rather
complex internal field distributions with peak values large
enough to partially pole the ferroelectric particles and the
polymeric binder. An estimate of the peak magnitude of the
EBC-induced fields of 50 V/um may be made from the
strength of the TP responses of the virgin samples or from
the strength of the reverse external fields required to cancel
the TP responses of the virgin samples. As we have seen, the
inhomogeneity in the powder dispersion affects not only the
polarization distribution but also the thermal properties dis-
tribution. The large disparity in diffusivity between the ce-
ramic and polymer is clearly seen as a
BaTiO;-concentration-dependent effective diffusivity. This
means that a more detailed numerical analysis of the TP
results would need to take into account the diffusivity distri-
bution.
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