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Figure 2-1. Comparingthe properties of normal arakfective SrBjTa,0, films with 13

molar % excess Bi. A normal SBT film has high Polarization, Pr, and low leakage current,
J*, while a defectiveSBT film has highJ*. XRD wasnot able to explairthe different
behavior of theséwo films which hadthe same stoichiometry, depositionethod, and

heat treatment. However, thefectivefilm with 50 % smaller grainsad a 340 %igher
optical extinction coefficient.
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Figure 2-2. Optical dispersion ofSBT films.
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A standard SBTfilm with excellent

ferroelectric properties has a wide bayap absorption peak near 541 eV with an
absorption edge at 4:6.6 eV. AdefectiveSBT film also showed a strong absorption
peak near 380.1 eV, with an absorption edge at 3012 eV. Defective SBT films

exhibited n and lspectra that were naharacteristics of standard SBT; howewary
similar features were found in J8),.
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Thin Film Bi203(#42)
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Figure2-3. Optical dispersion of bulktop) and thinfilm (bottom) BLO,. Bothforms of
Bi,O, showed a strong absorption peak neat@DeV,with an absorption edge at 3.5

0.2 eV forbulk and3.45t0.08 eV for thinfilm Bi,O;. The fact that these features match

the anomalous absorption in defective SBT films suggests that defectividiB8dontain
Bi,O; as a separate phase.
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Figure2-4. Estimating BjO, contentfrom optical dispersion. VASEpectra of thirfilm
sampleswere modeled as Bruggeman EM#ixtures of X % bulk BJO, and standard
SBT film material. This method couldetect small fractions of BiO, because the
extinction coefficient, k, of BO; was 10 times higher than that of standard SBT.
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Figure2-5. Leakage current of SBAnd BLO, films. Leakage currentlensity at 100
kV/icm, J*, was estimateflom the |-V characteristics of each sample. SincgOBihas a
high leakage current, the conductivity of a defecB& film (#C10) with 8.21 % Bi,O,
was about 1000 times higher than a standard SBT film.
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Figure2-6. Optical explanation of conductivityFilms with 5% to10% BIi,O, (according

to the VASE EMA method) had leakage currents up ¢odgrs ofmagnitude higher than
standard SBT, with J*~1®A/cm?.  In filmswith less than 10 % BD,, the J*values are
significantly lower than calculated for a continuous,®j network (at thegrain
boundaries, for example), indicating thas®ij behaved more like isolated particlgslms
made from solutions thatereonly stirred for 6 hours (total hours stirred is indicated by
eachdata point) contained about 15 %,®j and had 2 to 6 orders ofagnitude higher
conductivity than standard SBT. The behavior of J* vg,X is consistent with
percolation models assuming,Bj, particles begin to form conductiliaks near threshold
compositions, Xc, between 7 % and 18 %@Bi The presence of optically detectable
Bi,O; generally explained higleakage currents in defecti@BT films. However BiO,
contentalone didnot accurately predict leakage current. Other factors, sugarisle
geometry, seem to play a dominant role in determining conductivity.
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Figure2-7. Hfect of particle geometry on the net leakage current of comdosise If
Bi, O, forms a continuousetwork, then thenaximumnet conductivity is proportional to
the conductive path's cross-sectional andach scaledinearly with Xg,qs If Bi,O5 is in
separated particles, then tihraximumnet resistivity is poportional to thdength of the
insulator'spath, which scaledinearly with the % of SBT, 100-X,o5 According to
percolation theory, leakage currengkes a transition frorthe lowerlimit to the upper
limit as isolated particles merge into conductive links at some critical compositions.
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