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Abstract

Photoconductive properties of SrBi2Ta2O9 thin ®lms
in the 250±400 nm wavelength range were investi-
gated. The ®lms were deposited on Pt/SiO2/Si sub-
strates using the Chemical Solution Deposition and
were crystallized by conventional thermal annealing
at 850�C. One sensitivity maximum was observed in
the spectral distribution of the photoconductive sig-
nal and was attributed to band-to-band generation in
the ®lm. The wavelength corresponding to this max-
imum was found to be dependent on the applied vol-
tage, on the delay time, de®ned as the time between
the application of light on the ®lm and the reading of
the generated photocurrent, and on the wavelengths
sweeping direction (up or down). The gap value was
estimated to be around 3.94±4 eV. # 1999 Elsevier
Science Limited. All rights reserved
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1 Introduction

Ferroelectric thin ®lms were subjected to an inten-
sive research in the last decade due to their poten-
tial use in memory devices.1,2 The e�ort was
focused mainly on the preparation method, struc-
tural quality and ferroelectric properties of the
®lms. The major problems regarding the ferro-
electric memories are the polarization fatigue in
case of memory cells based on ferroelectric capaci-
tors3 and the low retention time in case of memory
cells based on ferroelectric ®eld e�ect transistors.4

In both cases the read±write procedure used until
now was purely electric and is based on ferro-
electric polarization reversal. To overcome the
above mentioned problems new optical read±write

procedures were proposed.5 Such procedures can
be applied only if the ferroelectric ®lms have pho-
toelectric properties. Besides this aspect, the pho-
toelectric properties investigation of ferroelectric
thin ®lms can give information about the semi-
conductor properties like energy gap, energetic
trap distribution in the gap and presence of inter-
nal electric ®elds.6±8 Even the switching behavior
can be a�ected by the presence of the photo-
generated carriers.9 New applications for the fer-
roelectric ®lms, such as UV detectors, can also be
found.10 Until now only a few studies were devoted
to the investigation of photoelectric properties in
ferroelectric thin ®lms with perovskite or layered
perovskite structure.11±13 The present study inves-
tigates the photoconductive properties in SrBi2-
Ta2O9 (SBT) thin ®lms, which is known as a
representative layered-perovskite material widely
used in ferroelectric memories' devices.

2 Experimental

SBT thin ®lms were deposited by Chemical Solu-
tion Deposition (CSD) method on Pt/SiO2/Si sub-
strates. The metalorganic solution was prepared
using Bi-diethylhexanoate, Sr-diethylhexanoate
and Ti-isopropoxide as metal precursors and
xylene as solvent. The ®lms were obtained by
solution spinning at 2500 rpm for 35 s followed by
a pyrolize at 300�C for 5min. Deposition±pyrolize
process was repeated three times to obtain 550 nm
thick SBT ®lms. The ®lms were crystallized by
conventional thermal annealing in air for 30min at
850�C. Semi-transparent gold electrodes were eva-
porated on the free SBT surface de®ning ferro-
electric capacitors with an e�ective area of
0.63mm2. For photoconductive measurements the
samples were placed in a electrically shielded black
box having a window with 10mm in diameter. The
light source was a xenon lamp model SVX-1000.
The light beam was collimated on the entrance slit
of a grating monochromator model SPEX 270. The
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generated photocurrent was measured with an
electrometer model Keithley 6517. The electro-
meter has a built-in d.c. voltage source which
allows to apply a d.c. voltage on the sample. The
polarity of the applied voltage was considered with
respect to the illuminated top gold electrode, which
is connected to the ground through the electro-
meter. Photoconductive measurements were per-
formed for di�erent values and polarities of the
applied voltage. Two values of the delay time
(1 and 30 s) were used and the wavelengths were
swept up and down. The delay time is de®ned as
the time between the moment when the light is
applied on the surface of the SBT ®lm and the
moment when the photocurrent value is read.
Figure 1 presents the normalized spectral dis-

tribution of photoconductivity in case of a positive
voltage of 0.01 V applied on the sample and for
short delay times (1 s). It can be readily seen that
the position of the maximum in the spectral dis-
tribution is dependent on the wavelength sweeping
direction. This maximum is located at 324 nm
when the wavelengths are swept up and at 304 nm
when they are swept down. A small second peak
occurs at short wavelengths (256 nm) but only
when the wavelengths are swept up. The same
`hysteretic' behavior at short delay times was
observed for negative polarity on the bottom elec-
trode. The corresponding peak wavelengths are
somewhat smaller than for positive polarities. A
second maximum occurs around 260 nm, also only
when the wavelengths are swept up.
As it can be seen from Fig. 2 the `hysteretic'

behavior in the spectral distribution disappears if
long delay times (30 s) are used. In this case the
maximum in the spectral distribution occurs at the
same wavelength no matter the wavelengths are
swept up or down. The wavelength corresponding to
the maximum sensitivity is about 315 nm for positive
polarity and about 310nm for negative polarity.

Identical behavior can be observed for other
values of the applied voltage (0.1 and 1V). How-
ever it was observed that increasing the applied
voltage the peak wavelength is moving towards
longer wavelengths (312 nm for 0.01V compared
with 320 nm for 1V) in case of negative polarities
and towards shorter wavelengths (320 nm for
0.01V compared to 312 nm for 1V) in case of
positive polarities. This fact can be seen from Figs 3
and 4 that present the wavelength dependencies of
the photocurrent (non-normalized curves) for dif-
ferent values and polarities of the applied voltage.
The same delay time (30 s) and the same sweeping
direction (down) were used. It can be also seen that
the polarity of the photogenerated current changes
with increasing the applied voltage. At small bias
the photocurrent has an opposite polarity com-
pared with the applied voltage.

3 Discussions

There are several aspects which have to be con-
sidered when we start to judge the experimental
results. First, depending on the polarity of the
applied voltage, the photogenerated electrons or
holes are extracted from the sample.14 Second, the
light penetration depth, de®ned as the reverse of
the absorption coe�cient �, is dependent on the
incident light wavelength. For short wavelengths
compared with the peak wavelength in the spectral
distribution, the value of � can reach values as high
as 106 cmÿ1. Consequently, the penetration depth
can be of the order of 10 nm meaning that the
entire light is absorbed in a very thin layer near the
surface. In this case the carriers' generation is very
non-uniform across the ®lm thickness and the dif-
fusion current is important. For long wavelengths

Fig. 1. Normalized spectral distribution of photoconductivity
in SBT thin ®lms in case of a 0.01V positive voltage applied
on the bottom electrode and for a delay time of 1 s: 1, wave-

length swept down; 2, wavelength swept up.

Fig. 2. Normalized spectral distribution of photoconductivity
in SBT thin ®lms in case of a 0.01V voltage applied on the
bottom electrode and for a delay time of 30 s: 1, negative
polarity, wavelength swept up; 2, negative polarity, wave-
length swept down; 3, positive polarity, wavelength swept up;

4, positive polarity, wavelength swept down.
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the penetration depth becomes comparable with
the ®lm thickness and the carriers' generation can
be considered uniform within the ®lm. The di�u-
sion current can be neglected in this case.
A third aspect is that the surface, or rather

interface, recombination can not be neglected when
the carriers' generation takes place near the one of
the two ferroelectric/metal interfaces. The recom-
bination rate is di�erent at these interfaces due to
di�erent metals and processing.
A fourth aspect that has to be considered is that,

generally, the ferroelectric ®lms are good insula-
tors, therefore the density of the equilibrium free
carriers is much lower than that of the photo-
generated carriers. In this case, the life time of the
photogenerated carriers is dependent on the inten-
sity and the wavelength of the incident light.15 The
consequence is that the time-dependence of the
photogenerated current can change from one
wavelength to another. The charge carriers' mobi-
lity could be, also, very low in such insulating ®lms.
A ®fth element that can in¯uence the kinetics of

photogenerated carriers is the presence of some

internal electric ®elds in the ferroelectric ®lm. An
internal electric ®eld can occur in a non-poled fer-
roelectric ®lm due to the band bending near elec-
trodes.16 Depending if the charge carriers are
generated near the top or bottom electrode, the
band bending can change and the internal electric
®eld can have di�erent values. The presence of an
internal electric ®eld, which is opposite in orienta-
tion and larger than the applied ®eld, is evidenced
in Figs 3 and 4 by the fact that the photocurrent has
an opposite sign with the applied voltage for small
values. Finally, the possible presence of traps at the
grain boundaries or near the electrodes can also
a�ect the kinetic of photogenerated carriers. The
traps could be responsible for the long time needed
to reach a steady-state under illumination.
In case of the long delay time (30 s) it can be

assumed that the system reaches a steady state. The
photocurrent is constant in time and has almost
the same value no matter if the wavelengths are
swept up or down. The spectral distribution has the
same shape and the maximum of photosensitivity
occurs at the same wavelength. The peak wave-
length (310±315 nm) can be used for the gap com-
putation giving a value of about 3.94±4 eV. This
value is in very good agreement with that reported
in literature.17

For short delay time (1 s) the steady state cannot
be reached, the photocurrent is in a transitory state
and its value can be in¯uenced by the elements
mentioned above. All these can a�ect the wave-
length at which the maximum in the spectral dis-
tribution occurs. The time dependence of the
photocurrent being wavelength dependent it is
possible to obtain the maximum sensitivity at dif-
ferent wavelengths for di�erent delay times. The
fact that the maximum in spectral distribution, in
the case of short delay times, does not occur at the
same wavelength when the wavelength domain is
swept up or down can be due to a di�erent carriers
kinetic when the carriers' photogeneration starts
from the bottom or from the top electrode. When
the sweeping starts with short wavelengths the
carriers are generated ®rst near the top electrode
leading to a high concentration gradient and, con-
sequently, to an important contribution of the dif-
fusion current. This current superimposes the drift
current and generates the peaks observed at shorter
wavelengths. If a negative polarity is applied to the
bottom electrode (the top illuminated electrode
positive) electrons will be subtracted from the ®lm
while the holes will be pushed to the sample
volume. The situation reverses if a positive polarity
is applied on the bottom electrode. Noting that in
the ®rst case the photocurrent is higher than in the
second case (see Fig. 2) we can presume that the
surface recombination rate near the top gold

Fig. 4. Spectral distribution of photocurrent in SBT thin ®lms
in case of di�erent negative voltages applied on the bottom
electrode. The delay time was 30 s and the wavelengths were

swept down: 1, 0.01V; 2, 0.1V; 3, 1V.

Fig. 3. Spectral distribution of photocurrent in SBT thin ®lms
in case of di�erent positive voltages applied on the bottom
electrode. The delay time was 30 s and the wavelengths were

swept down. 1, 0.01V; 2, 0.1V; 3, 1V.
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electrode is higher for electrons than for holes. For
longer wavelengths the contribution of the di�u-
sion current disappears because the carriers' gen-
eration takes place in whole volume and the surface
recombination can be neglected.
If the wavelength sweeping starts with long wave-

lengths the carriers will be generated ®rst near the
bottom electrode. The carriers' photogeneration can
be considered uniform and the current is dominated
by the drift current. However, only a very small
part of the photogenerated carriers will be col-
lected due to their small mobility. Decreasing the
wavelength the carriers' photogeneration becomes
non-uniform and the concentration gradient
increases, leading to an increased contribution of
the di�usion current.
Depending on the photogenerated carriers which

are extracted from the ®lm when the generation
takes place near the top or bottom electrode and
depending on the type of traps that are dominant
near electrodes the value of the internal electric
®eld can be di�erent. This fact can a�ect the position
of the maximum in the spectral distribution, at
least for short delay times when the photocurrent is
in a transitory state. The consequence is the occur-
rence of a `hysteresis' in the spectral distribution
depending on the wavelengths sweeping direction.

4 Conclusions

Photoelectric properties of ferroelectric SBT thin
®lms deposited on Pt/SiO2/Si substrates by Chemi-
cal Solution Deposition method were investigated
in the 250±400 nm wavelength range. A 3.94±4 eV
gap value was determined. The wavelength corre-
sponding to the maximum in spectral distribution
is dependent on the delay time and on the wave-
length sweeping direction (up or down). The pre-
sence of an internal electric ®eld in the ®lm and the
non-equivalence of the two metal±ferroelectric
interfaces was con®rmed by the photoconductive
measurements.
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