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A new photo-ferroelectric effect has been observed, and was named by us photo-
ferroelectric noise. Its gist is that when a c-domain BaTiO; single crystal is
illuminated, there appears on electrodes deposited on the (001) face a fluctuating
voltage in a wide frequency range, greatly exceeding the thermal-noise level.
Some singularities of the phenomenon are investigated and its possible
mechanisms are considered.

PACS numbers: 78.20.Jq

The few existing studies of noise in ferroelectrics have been devoted to the devel-
opment of a new noise-based research method and to the result of measurements of
parameters of ferroelectrics in a linear and field-free regime, and unfortunately do not
contain new data on the specifics and the mechanism of photo-ferroelectric processes
(e.g.,'?).

Yet it is known that a study of the fluctuation processes in semiconductors makes
it possible in principle to obtain extensive information both on the nature of the differ-
ent nonequilibrium processes that occur in them and on the parameters of the local
centers in homogeneous crystals, on the mechanisms of current flow through inhomo-
geneous structures, contacts, p-n junctions, and heterostructures (e.g.,’*). Pursuing
similar aims, we have investigated electrical noise in BaTiO, single crystals in darkness
and under illumination.

We describe below a new photo-ferroelectric noise effect, observed by us and
connected with the photo-ferroelectric properties of BaTiO,.

The investigations were carried out in the temperature interval 7=20-180 °C on
plate-like c-domain single crystals 100-300 um thick, grown by the Remeika proce-
dure and having a resistivity 10°*-10"! £2-cm, and etched in H;PO, at 130 °C before the
measurements. Semitransparent electrodes were deposited on the (001) faces perpen-
dicular to the ferroelectric axis, by evaporating gold in vacuum, and also by chemical
deposition of silver. To measure the noise across such contacts, we used the installa-
tion and the procedure described in®’. The crystal impedance Z (f) was determined
with a VM401E bridge. The samples were illuminated through the electrodes with
polarized light from an incandescent lamp; a set of light filters passed light in the range
410 <A <460 nm, corresponding to absorption. The sample temperature in the ther-
mostat was measured with a chromel-alumel thermocouple placed in the immediate
vicinity of the sample. Thermostabilization was accurate to ~0.01 °C in the tempera-
ture region 20-180 °C.

The results of the investigations reduced to the following.
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FIG. 1. Spectral density of noise: e—in darkness, o-in light; 1-at
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1. The equilibrium thermal noise voltage observed in darkness at temperatures
below the phase transition (7,=118.5°C) is determined, as expected, from the Ny-
quist formula. The spectral density shown in Fig. 1 (curve 1) of the thermal noise
measured in darkness and of the noise measured under the same condition but with
the crystal illuminated are in full agreement in the entire frequency range 1-10* GHz.
The frequency dependences of the impedance Z (f), measured in light and in darkness,
are the same. This means that in the investigated temperature region the photoconduc-
tivity 4o, was much lower than the dark conductivity o, for example, as a result of
the strong recombination of the photocarriers. Moreover, the equivalent noise resis-
tance determined from the spectral noise density coincides with ReZ (f) of the crystal,
thus demonstrating the absence of excess noise. This pattern is preserved in the ferro-
electric region up to temperatures near the phase transition.

2. At temperatures close enough to T, (T=117.5 to 118.2 °C), illumination of the
c-domain single crystals through the semitransparent electrodes produces on the elec-
trodes a fluctuating voltage in a wide frequency band, greatly exceeding the level of the
thermal (Nyquist) noise (Fig. 2). The spectral density of this noise (curve 2) differs
strongly from the spectrum of the thermal noise (curve 1), while the impedances of
the crystal under illumination and in darkness remain the same in this temperature
region.

3. The observed effect vanishes when the temperature is increased by 1-2 °C and
the transition into the paraelectric phase takes place. Thus, the spectral density of the
noise of the sample in darkness and under illumination, shown in Fig. 1, become equal
(curve 2) already at T=118.8 °C. In the paraelectric phase, as in the ferroelectric
phase, the equivalent noise resistance of the illuminated and non-illuminated crystal
coincide with the ReZ (f) of the crystal.

4. When the crystal is iluminated with modulated light, a photo-emf is produced
on its contants, but only in the narrow temperature interval in which the considered
photo-noise effect is observed.
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FIG. 2. Spectral density of the noise at the temperature
T =T=118.5°C: 1-in darkness, 2-in light.
-13
0 -
-15
0 -
70-'7_‘; 1 1 1 1 l“
2
7 10 10°f,H

5. The effect is observed both on recovered and nonrecovered crystals, and on
various contacts (gold, silver, aquadag, LiCl solution).

Thus, the photo-ferroelectric noise effect consists of fluctuations of the photovol-
tage (exceeding thermal noise) which are produced when the ferroelectric is illuminat-
ed in the region of the phase transition. One can consider several possible causes of this
noise: a) The investigated fluctuations may accompany the onset of anomalously high
photo-emfs in a homogeneous ferroelectric if it is uniformly illuminated (these were
observed by Glass®). In this case, however, one should expect a wider temperature
interval in which the effect is observed, in accordance with the larger temperature
range where the anomalous emf is observed.® b) The noises in question are fluctuations
of the ordinary photo-emf in an initially inhomogeneous ferroelectric. However, such
an emf (and, accordingly, noise) should remain also in the paraelectric phase, where
the inhomogeneities do not vanish, and this contradicts the results. ¢) The measured
noise constitutes fluctuations of the photo-emf produced on inhomogeneities which are
absent from the sample far from the phase transition, but appear in the region of the
transition when the sample is illuminated, for example because of the appearance of
interphase boundaries.”!° Taking into account the properties of such phase boundaries,
namely stability at the temperature T, the presence of a structure that has the proper-
ties of a heterojunction and therefore leads to the appearance of noise,* we are inclined
to think that it is precisely this cause of the observed photo-noise effect which is the
most probable.
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