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The internal photoeffect in polythiopentacene (PTP) films is
investigated. It is discovered that, in capacitor cells, the spectral
dependence of the frontal photo-emf V; correlates with the
PTP absorption spectrum, while that of the back photo-emf V4,
anticorrelates with it. The polarities of V; and V}, coincide. In
this case, the charge of the free PTP surface is negative, whereas
that of the frontal SnOg-electrode is positive. V¢ = Vpr — Vy¢ and
Vo = Vab — Vbb, where Vps and Vpy, are diffusion components,
Var Vap are drift frontal and back components, respectively. The
quantities Vg¢ and Vyy, are caused by the antiblocking bending of
the bands for holes near the free PTP surface and the back SnO»-
electrode, respectively. The strong-absorption monochromatic
frontal illuminations with the energies of quanta of 1.73 and 2.67
eV increase the absolute value of V¢, which decreases the resulting
V; in the spectral range 1.4-2.2 eV and changes its polarity in
the range 1.4-1.6 eV. The low-absorption frontal illuminations
with the energy of quanta of 1.54 and 2.15 eV decrease Vy¢ in
the spectral range 1.6-2.0 eV and increase it in the range 1.4—
1.6 eV. If the intensity of these illuminations Ip; > 2 W/m?,
Vi = Vpr in the range 1.6-2.0 eV and determines the magnitude
of the true diffusion photo-emf. Back low- and strong-absorption
illuminations photogenerate holes that diffuse to the free PTP
surface and decrease Vg¢. These illuminations change the polarity
of V;,. The spectra of the density of short-circuit current Jsc
of the sandwich cells SnO2PTPAg and Vj, correlate. Under the
modulated illumination of these cells through the SnO2 and Ag-
electrodes, the drift flow of nonequilibrium holes in the electric
field, conditioned by the antiblocking bending of the PTP bands
near these electrodes, prevails.

1. Introduction

The discovery of the comparatively low dark
resistance p(300 K) = 100 Ohm'm in thioderivatives
of tetracene [1-3] has stimulated the synthesis
of thioderivatives of pentacene [4]. Tetracene and
pentacene belong to the homologous series of
rectilinear acenes, whose molecules contain four or
five benzene rings connected in series, respectively.
Moreover, adjacent benzene rings have two common
carbon atoms C. The investigation of electrophysical
properties of these compounds is urgent from the
viewpoint of the search for mnew photosensitive
materials.
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Pentacene forms thioderivatives with various
numbers of sulfur atoms S. Photovoltaic and optical
properties of their mixture, PTP, were investigated
in [5]. The most probable components of PTP are
tetrathiopentacene (TTP) and hexathiopentacene
(HTP). The nature of their long-wave absorption
bands was established in [6]. Moreover, field-controlled
transistors were fabricated [7], and the photovoltaic
properties of thin-film HTP-based heterostructures were
investigated [8]. Possible configurations of molecules of
pentacene thioderivatives were considered, and it was
established that the position of the maximum of long-
wave absorption bands of these molecules was described
by a linear function of the number of valence electrons
of S atoms that took part in the conjugation with the
m-system of the pentacene frame of a PTP molecule.
The analysis of the spectra of the photocurrent I, and
the capacitor photo-emf (CPE) in the region of the
first electron transitions of PTP demonstrated that the
photoconductivity was of the p-type and conditioned by
dissociation of excitons at electron capture centers [9].

The given paper deals with the investigation of the
influence of a permanent illumination on CFE for the
purpose to attain a deeper understanding of the nature
of the photovoltaic effect in PTP films.

2. Experimental Technique

PTP films were obtained by means of thermal deposition
in 0.6-mPa vacuum onto quartz substrates at room
temperature. Their thickness was measured by an MII-4
interference microscope.

The cells were illuminated through an SPM-2
monochromator by a halogen incandescent lamp or
xenon lamp with a power of 100 or 120 W, respectively.
The halogen lamp was used to obtain the CPE spectra
in the range 1.40-2.48 eV, while the xenon one — in
the range 2.48-3.50 eV. The illumination with constant
intensity was realized with the help of a DRSh-50
mercury lamp directly or through light filters that
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transmitted quasimonochromatic spectral domains. The
power of permanent or modulated light falling on the
measuring cell was measured by means of an RTN-20
thermopile and a pyroreceiver with sensitivities of 0.83
and 250 V /W, respectively.

The CPE was measured in a capacitor cell, in which
PTP films deposited onto quartz substrates with a
conducting SnO4 layer were separated from an analogous
substrate by a transparent dielectric teflon film of 10 pm
in thickness. The capacity of the cell amounted to 200
pF. The frequency of the modulated light was equal to
72 Hz.

As a light modulator, we used an aluminum disk
with symmetric sector cuttings, whose rotation was
accompanied with the formation of rectangular pulses
with a duration of 7 ms and a leading-edge time of 20 us.

The signal was registered with the help of a phase-
sensitive amplifier UPI-1 with a digital voltmeter or
recorder at the output. The input resistance of the setup
was equal to 20 MOhm. A reference signal was applied
to the phase detector simultaneously with the amplified
CPE signal, which allowed one to monitor the change of
its sign.

Sandwich sells MePTPMe and SnO>,PTPMe, where
Me=Ag or Al were obtained by successive thermal
deposition in 0.6-mPa vacuum onto quartz substrates
of the lower electrode, PTP layer, and upper electrode.
The construction of these cells allowed one to control the
magnitude of resistances of the electrodes. The cells were
connected to the input of a UPI-1 or U5-9 amplifier.

The absorption spectra of the PTP films
were obtained with the help of a double-beam
spectrophotometer “Hitachi” at the spectral width of
the gap of 2 nm and room temperature.

The CPE spectra of the capacitor cells and Jy. of the
sandwich cells were recalculated to the same power of
incident light.

3. Obtained Results and Their Discussion

Figure 1 presents the absorption and CPE spectra
of PTP films with the thicknesses of 560 and 1750
nm, respectively. The illumination through the SnOs-
electrode and the teflon film will be considered frontal,
while that through the opposite similar electrode that
directly contacts with the PTP film — back. From the
left, the ordinate axis indicates the magnitude of the
potential of the frontal electrode, from the right — the
absorption coefficient.
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Fig. 1. Absorption spectrum of 0.56-uym PTP film (1), spectra of
frontal (2) and back (8) CPE in 13-mPa vacuum and back CPE

in air (4) of 1.75-pm PTP film

In 13-mPa vacuum, the frontal CPE spectrum
(curve 2) correlates with the absorption spectrum
(curve 1) in the region 1.45-3.50 eV. In this case,
the free surface of PTP that contacts with the teflon
film is charged negatively, while the frontal electrode
is charged positively due to electrostatic induction.
Back illumination doesn’t change the sign of CPE. Its
spectrum (curve 3) anticorrelates with the absorption
spectrum except for the weak band at 1.77 eV. The
absolute value of the back CPE is lower than that of
the frontal one by an order of magnitude. The position
of its long-wave 1.48-eV band is close to that of the
photocurrent band I}, that was registered in the case
of permanent illumination of a surface cell with a PTP
layer of 560 nm in thickness [9] (not presented in Fig.1).
The spectrum of I, correlates with the back CPE
spectrum in the range 1.45-2.40 eV.

After the filling of air in the measuring cell, the
peak intensity of the 1.77-eV band of the frontal CPE
decreases by 9% without disturbing its correlation with
the absorption spectrum. In this case, the peak intensity
of the 1.48-¢V band of the back CPE decreases by 13%,
whereas that of the band in the region 1.60-1.80 eV
increases by a factor of three (curve 4).

The CPE spectra for PTP films with various
thicknesses d were measured. In the range of thicknesses
560-1750 nm, the absolute value of the back CPE
doesn’t change, while that of the frontal CPE slightly
decreases with decrease of d. If d < 560 nm, one observes
a more abrupt decrease of the frontal CPE against the
background of constant back CPE. For d = 190 nm, the
frontal CPE is lower than that for films with d > 560
nm by an order of magnitude and comparable with the
back CPE in absolute value. The CPE magnitudes were
compared by their peak values in the spectral range
1.40-2.40 V.
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Fig. 2. Spectra of the frontal CPE of a 1.54-pm PTP film in air
without illumination (1) and with low- (2) and strong-absorption
(3) frontal illuminations with the energies of quanta of 1.54 and
2.64 eV, respectively. The difference of curves & and 1 is described
by curve 4

In order to determine the regions of strong and weak
absorption of PTP films, the Bouguer-Lambert law was
used [10]

I = Iyexp(—ad), (1)

where Iy and I denote the intensities of light that falls
on the surface of a PTP film and passes through it,
respectively; a is the absorption coefficient; d is the
thickness of the film.

The transmission coefficient of PTP films T =
1/Iy, whereas the relative number of absorbed photons
(absorption factor) in the case where their reflection
from the surface of the film and scattering in its volume
can be neglected A = 1—T. The boundary coefficient «y
that separates the regions of strong and weak absorption
was determined with regard for (1) from the condition
A/T = 10. It was established that ag = 2.398¢~1. For a
PTP film of 1540 nm in thickness, ag = 15600 cm~*!. If
a < «, the PTP film absorbs weakly. For a > g, PTP
absorption is strong.

The influence of permanent illumination was
investigated for films with thicknesses of 1540 and 1750
nm in the region of the first electron transition of PTP.
In Fig. 2, curve 1 corresponds to the frontal CPE of the
1540-nm film without illumination. The low-absorption
monochromatic 1.54-eV frontal illumination (curve 2)
decreases this CPE in the spectral range 1.45-1.60 eV
and increases it for quantum energies 1.60 < hv < 2.20
eV. The strong-absorption 2.67-eV frontal illumination
decreases the frontal CPE and, in the region of weak
PTP absorption, one observes the change of its sign,
that is, the free surface of the film is charged positively,
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Fig. 3. The same as in Fig. 2 for back CPE

while the frontal electrode is charged negatively (curve
3). Curve 4 is obtained by subtracting curve I from
curve 8. It reflects the contribution of the frontal strong-
absorption illumination to the frontal CPE. Similar
changes were observed in the case of strong-absorption
illumination with the energy of quanta of 1.73 eV,
whose magnitude was close to the energy of the first
singlet transition of PTP. The maximum of the negative
CPE (by the sign of charge on the frontal electrode) is
located at 1.55 eV (curve 4) and is close to that for
Ion [9]-

Unfiltered light of a mercury lamp acts as strong-
absorption monochromatic illumination. In contrast to
analogous 1.54-eV illumination, low-absorption frontal
illumination with the energy of quanta of 2.15 eV
changes the polarity of the frontal CPE in the region
of weak PTP absorption. In the region of strong PTP
absorption, all frontal low-absorption monochromatic
illuminations act in the same way, that is, they increase
the frontal CPE.

Back illuminations (both strong- and low-
absorption) increase the frontal CPE without disturbing
its correlation with the PTP absorption spectrum. In the
case of low-absorption back illumination, the increase of
CPE is higher as compared with strong-absorption back
illumination, their intensities being the same.

The spectrum of the back CPE without illumination
for the PTP film of 1540 nm in thickness in the range
1.20-2.20 €V is presented in Fig. 3 (curve ). Low- and
strong-absorption back illuminations at 1.54 and 2.67
eV, respectively, change the sign of this CPE in the
whole spectral region indicated above. The comparison
with curve 1 demonstrates that the 1.54-eV illumination
(curve 2) hypsochromatically (to the short-wave side)
shifts the long-wave maximum of the negative CPE by
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Fig. 4. Dependences of the frontal CPE normalized to the
initial value on the intensity of low-absorption frontal 1.54-eV
illumination (1, 8) and strong-absorption 1.73-eV illumination
(2, 4). Curves 1 and 2 correspond to strong PTP absorption
(Ef =1.77 V), 3 and 4 — weak PTP absorption (Ef = 1.51 eV)

0.1 eV. In this case, its peak intensity doesn’t change.
The back 2.67-¢V illumination (curve 3) doesn’t change
the position of the maximum and increases the peak
value of CPE by a factor of 2.8.

In all the cases considered above, the intensity of
illuminations exceeded that for modulated light by an
order of magnitude. Figure 4 presents the dependences
of the frontal CPE normalized to the initial value
at a specified energy of photons on the intensity of
illumination I,;. For modulated monochromatic light
with the energies of quanta of 1.51 and 1.77 eV, the
intensity amounts to 1.32 and 0.94 W /m?, respectively.
In the region of strong PTP absorption (1.77 V), CPE
nonlinearly increases as the intensity of low-absorption
frontal 1.54-eV illumination rises up to the value I,; =
2 W/m? (curve 1). A further increase of Ip; doesn’t
change the value of CPE, and curve I passes to a
horizontal straight line. The strong-absorption frontal
1.73-eV illumination (curve 2) gradually decreases the
frontal CPE. In this case, the transition to the horizontal
level takes place at I; >6 W/m?. In the region of weak
PTP absorption (1.51 e€V), a nonlinear decrease of the
frontal CPE under the action of low-absorption frontal
illumination takes place at I, <2 W/m? (curve 3). At
Ii >2 W/ m?2, one observes its rectilinear drop without
transition to the horizontal level. One can assume that,
in this case, the change of a sign of the frontal CPE is
possible at high I,,;, as it was observed for low-absorption
frontal 2.15-eV illumination. The largest changes of CPE
take place in the case of weak PTP absorption (1.51 eV)
and strong-absorption frontal 1.73-eV illumination
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Fig. 5. Spectra of the density of short-circuit current Jsc of the
sandwich SnO2PTPAg cell under modulated lighting through the
SnO3-electrode without illumination (1) and with strong- (2) and
low-absorption (8) 2.67-eV and 1.54-eV illuminations through this
electrode; AgPTPAI cells without illumination under modulated
lighting through the Ag-electrode (4) and Al-electrode (5). The
thickness of the PTP layer in all the cells amounted to 1.54 pm

(curve /). In this case, it nonlinearly decreases with
increase of I,;, changes the sign, and passes to the
horizontal level at Iy = 0.4 and Iy >7.0 W/m?,
respectively. All nonlinear regions of CPE variation
turn into straight lines, if we plot the logarithm of the
illumination intensity on the abscissa axis, that is, CPE
in these regions is proportional to the logarithm of the
illumination intensity.

The spectra of Js. of the sandwich cells AgPTPAI
and SnO;PTPAg with a PTP layer of 1540 nm in
thickness are given in Fig. 5. Illumination through the
upper electrodes (Al or Ag) will be considered frontal,
whereas that through the lower electrodes (Ag or SnOs)
— back. In the case of AgPTPAI, the position of the long-
wave maximum of frontal Js. (curve 5) coincides with
that for the absorption and frontal CPE spectra (Fig. 1,
curves I and 2, respectively). In this case, the spectra of
back Js. (curve 4) and the back CPE (Fig. 1, curve 3)
correlate in the spectral range 1.30-3.4 eV.

For the SnO3;PTPAg cell, the spectrum of back
Jse (curve I) correlates with the back CPE spectrum
(Fig. 3, curve I). The strong-absorption 2.67-eV back
illumination increases the peak intensity of the long-
wave band of back Js (curve 2). Moreover, in the
spectral range 1.68-1.76 eV, back Js. changes a
direction. The low-absorption back 1.54-eV illumination
doesn’t influence the peak intensity of the long-wave
band of back Js. (curve 3) and changes its direction
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in the spectral range 1.58-2.26 eV. For the both back
illuminations, the change of the direction of Js. occurs
in the region of strong PTP absorption.

The photo-emf V (potential difference across the
opposite surfaces of a semiconductor layer) appears
under the conditions of illumination of one of the surfaces
due to the diffusion-drift motion of free nonequilibrium
charge carriers. At the beginning of illumination, one
of the components of the flow of nonequilibrium charge
carriers (diffusion or drift one) prevails depending on
specific conditions. The stationary photo-emf Vg is
established when the resulting flow of charge carriers
through the semiconductor is equal to zero. If we put
electrodes on surfaces of a semiconductor and connect
a device to them, the potential difference measured by
the latter won’t be equal to the value of Vg, as it
is influenced by diffusion and drift of charge carriers
through the electrodes.

The Bergmann method [11, 12| allows one to
avoid the influence of electrodes. According to it,
a comparatively thick crystal or a pressed tablet of
semiconductor is coated with a thin layer of transparent
isolator (glass, mica) from both sides and placed between
metal electrodes, one of them being semitransparent.
The obtained capacitor cell is illuminated with
modulated light through the semitransparent electrode.
In this case, the alternating voltage was induced across
the electrodes, which, after amplification, is registered by
a device. The absolute value of the instantaneous voltage
is numerically equal to V. An approximate theory of the
Bergmann method is presented in [13].

In our paper, a modified capacitor cell is used, in
which one surface of the PTP film is free, while the other
contacts with the SnOs-electrode.

The volt-ampere characteristics (VAC) of the
dark resistance of sandwich cells SnO;PTPAg have
demonstrated that the SnOs- and Ag-electrodes are
quasiohmic for PTP.

In the modified cell, the capacitor disks were
presented by the free surface of PTP and the frontal
SnOs-electrode separated with a transparent teflon film.
In [9], it is established that the photoconductivity of
PTP is of the p-type. Photogenerated holes diffuse in
the bulk of the film from the illuminated free surface
of PTP to the back SnOs-electrode, near which they
are accelerated due to the electric field created by
the antiblocking bending of PTP energy bands and
recombine in the electrode with electrons of the external
region of the circuit. In this case, the free surface
is charged negatively, while on the frontal electrode,
positive charge is induced.
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The voltage drop at the input impedance of the
device doesn’t equal the value of V. The electric circuit
of the modified cell and the device represents a series
connection of the active resistance of the PTP layer
R. = 155 MOhm, reactance of the cell X, = 11 MOhm,
and the active input resistance of the device Rqey = 20
MOhm and its capacitive resistance Xgo, = 44 MOhm
connected in parallel. The calculation of this circuit gives
the value of the instantaneous voltage Ugey at the input
impedance of the device:

Udev = 0.1V(1 — 0.34), (2)

where V' is the instantaneous value of the photo-emf, i
is the imaginary unity.

Analyzing formula (2), one can see that Ugey is a
complex-valued quantity, in which the active component
prevails. The absolute value |Ujey| = 0.1 V, i.e. |Ugey|<
V. This means that the photoeffect in the modified cell
is measured in the mode of short-circuit current.

CPE(V) is considered as an algebraic sum of the
Dember volume photo-emf (PE) (Vp), surface-barrier
PE (Vbarr), and surface PE (Veapt). Veapt is conditioned
by the capture of nonequilibrium charge carriers by
surface states of the donor or acceptor type, whereas
Vbarr 18 caused by the separation of free charge carriers
by the field of the space-charge region (SCR) [14]. The
signs of the quantities Veapt and Viarr are determined,
respectively, by the type of captured charge carriers
and the direction of the bending of energy bands
close to the semiconductor surface under equilibrium
conditions.

The capture of free charge carriers with surface states
influences the magnitude of the near-surface bending of
the bands. That’s why Vi, and Veape are inseparably
linked with each other. In what follows, by Vg, we’ll
imply the algebraic sum of Vi and Veaps.

The quantity Vp is determined by the formula [15]

kT i, —
V= — bl 2L (3)
€ HUn +/”'p 02

where T denotes the absolute temperature; e = 1.6 x
107! C is the elementary charge; u, and pu, stand for
mobilities of electrons and holes, respectively; o1 and o5
are specific electroconductivities of the semiconductor
close to the illuminated and non-illuminated electrodes,
respectively.

The analysis of formula (3) shows that Vp appears in
the case of the bipolar diffusion of nonequilibrium charge
carriers due to a difference of mobilities. If p, > pn,
the sign of the quantity Vp on the illuminated surface is
negative, and it is changed to the positive one if jt;, < piy,.
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The specific electroconductivity is determined by the
formula

o = (unn + ppp)e, (4)

where n and p are concentrations of nonequilibrium
electrons and holes, respectively.

In the case of monopolar diffusion, for example, hole
one, i, < pyp and np, < pu,. In this case, Eq. (3) is
simplified. With regard for (4), we obtain

kT

Vo= =L (5)
e b2

where p; and p; are the concentrations of

photogenerated holes near the illuminated and non-
illuminated surfaces of the semiconductor, respectively.

In the case of illumination of the semiconductor
layer with modulated light, the device registers only the
variable component V' caused by nonequilibrium charge
carriers. Let the concentration of nonequilibrium holes
change by the exponential law,

P = po exp(—ax), (6)

where pg is a constant numerically equal to the
concentration of nonequilibrium holes close to the
illuminated surface of the semiconductor; x is the
distance from the illuminated surface to the given point
of the semiconductor volume.

At x1 =0, p1 = po and, at x5 = d (d is the thickness
of the semiconductor layer), po = pgexp(—ad). The
substitution of the expressions for p; and p, into Eq.
(5) simplifies the expression for Vp:

Vb = ——ad. (7)
e

The analysis of Eq.(7) shows that, at constant T and
d, Vp ~ a, i.e. the spectrum of the quantity Vp and the
absorption one correlate.

The decrease of the magnitude of the resulting frontal
PE V; following the reduction of the film thickness
d as well as correlation of its spectrum with the
PTP absorption spectrum (Fig. 1, curves 2 and I,
respectively) according to Eq. (7) indicate that the
main contribution to V; is made by the frontal diffusion
component Vps. The change of a sign of V; and the
decrease of its value under the action of frontal strong-
absorption 1.73-eV and 2.67-eV illuminations (Fig. 2,
curve 3; Fig. 4, curves 2 and 4) testify to the fact that
Vbt is superposed with PE of the opposite sign (Fig. 2,
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curve 4). The maximum at 1.58 eV in its spectrum is
formed due to the surface recombination [14], and its
position is close to that in the spectrum of I, for PTP
surface cells [9]. Based on this fact, one can consider that
this PE is Vy.

The depth of light penetration in the bulk of the PTP
film & = 2.398/c. This quantity for low- and strong-
absorption light amounts to: ;1 = 358 and x5 = 1500
nm, respectively, i.e. at the thickness of the film d =
1540 nm, z; < d and x2 = d. Taking this fact into
account, one can put down: Vi = Vpg — Ve, where Vi
and Vg are the diffusion and drift components of Vi,
respectively.

In the spectral range 1.40-1.62 eV (weak PTP
absorption), the frontal low-absorption 1.54-eV and
2.15-eV illuminations increase the antiblocking bending
of PTP bands (Fig. 2, curve 2; Fig. 4, curve 3).
This effect is weaker as compared with that for
strong-absorption illuminations. In the case of strong
PTP absorption (1.62-2.10 eV region), low-absorption
illuminations increase Vi (Fig. 2, curve 2; Fig. 4, curve
1). With increase of their intensity, the spectrum of V¢
in the region of strong PTP absorption approaches the
spectrum of true Vp¢. At I; >2 W/m? (Fig. 4, curve 1),
this effect saturates and Vs &~ Vp¢, while Vs = 0 (the
case of straight bands).

The question about the opposite action of the low-
absorption frontal 1.54-eV and 2.67-eV illuminations in
the regions of weak and strong PTP absorption remains
open.

The increase of V; under the action of the back low-
and strong-absorption 1.54-eV and 2.67-eV illuminations
can be explained by a decrease of the antiblocking
bending of the bands close to the free PTP surface
due to the recombination of holes photogenerated
by illuminations with electrons captured with surface
states. These holes are photogenerated close to the back
electrode and in the bulk of the film and diffuse to the
free PTP surface. At the same intensities, the action of
low-absorption illumination is stronger, because, in this
case, more holes appear in SCR.

The resulting back CPE V4, has all attributes of
surface-barrier Vyp,. The position of its maximum at 1.48
eV (Fig. 3, curve 1) is close to that for Ipn[9]. Vi, =
Vab — Vpb, where Vg, and Vpy, are the back barrier and
diffusion PE, respectively. The quantities Vps and Vpy,
have opposite signs. One can assume that their absolute
values are close as the conditions of illumination are the
same in both cases. As Vg, > Vpp, the antiblocking
bending of the bands near the back SnOs-electrode is
larger than that near the free PTP surface.
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Back low- and strong-absorption illuminations
decrease the antiblocking bending of the bands near
the back electrode and, respectively, the wvalue of
Vap- In this case, Vpy, is not practically changed and
predominates over Vg, which causes the change of a
sign of the resulting V},. Under the action of the strong-
absorption illumination, this change is larger, which is
confirmed by a more abrupt spectral dependence of
Vb and its higher peak value as compared with those
for the low-absorption illumination (Fig. 3, curves 3
and 2, respectively). An abrupt decrease of Vj, in the
region of strong PTP absorption can be caused by the
surface recombination [14]. After turning on the back
illuminations, holes photogenerated by modulated light
diffuse mainly to the free PTP surface. The device
measures Vigt, which is established in the case of positive
charge on the free PTP surface and negative charge on
the frontal electrode.

The calculation of the electric circuit of the sandwich
cell and the device has shown that the instantaneous
value of photocurrent is determined by the formula

Ion = I.(0.90 + 0.044), (8)

where I, = V/R,. is the absolute value of the short-
circuit photocurrent.

According to (8), the photocurrent represents a
complex-valued quantity, in which the active component
prevails.

The absolute value of I,, = 0.90 I, i.e. the
measurements were performed in the mode of short-
circuit current.

The spectral dependences of Js. of the sandwich
cells SnO3PTPAg and Ag PTPAI illuminated through
the SnOs- and Ag-electrodes (Fig. 5, curves 1 and /,
respectively) are similar to that for V4, of the capacitor
cell (Fig. 1, curve 3). It means that the main contribution
to the photocurrent is made by the drift flow of
nonequilibrium holes in the electric field created by the
antiblocking bending of the PTP bands close to the
SnOs,- and Ag-electrodes.

The spectral dependence of the quantity Js. of the
sandwich cell AgPTPAI illuminated through the Al-
electrode (Fig. 5, curve &) correlates with the PTP
absorption spectrum (Fig. 1, curve 7). One can assume
that, near the Al-electrode, the antiblocking bending
of the bands is formed for holes, and the directions
of the diffusion and drift currents are same, or the
surface recombination near this electrode in the case of
its quasiohmicity is absent. A more detailed study of
the nature of PE near the Al-electrode will represent
the subject of further investigations. The difference
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between the peak values of Jy. is caused by different
transmissions of the electrodes.

The illumination of the sandwich cells was performed
only through the SnOs-electrode. The strong- and low-
absorption illuminations with the energies of quanta of
2.67 and 1.54 eV (Fig. 5, curve 2 and &, respectively)
change the direction of Jy in the region of strong PTP
absorption. The effect of a change of J. is stronger
in the case of low-absorption illumination. These data
testify to the fact that, under the action of illuminations,
the drift direction of Js. conserves in the spectral range
1.4-1.6 eV (weak PTP absorption) and changes to the
diffusion direction in the range 1.6-2.0 eV (strong PTP
absorption).

The V4 spectrum was recorded in vacuum (Fig. 1,
curve 3). After the filling of air in the cell, a less gap in
the CPE spectrum at 1.54 eV (Fig. 1, curve /) testifies
to a decrease of the rate of surface recombination. After
keeping the cell in air in darkness, the V4 spectrum
changes and can be described by a curve close to that
of the initial V4, spectrum measured in vacuum (Fig. 1,
curve 3). This fact testifies to changes in PTP films, due
to which the energy level distribution of electrons close
to the surface of the PTP film in air becomes the same
as in vacuum in the course of time.

The influence of the electric field on the magnitude
of CPE for capacitor cells will be the subject of further
investigations.

4. Conclusions

Based on the investigations performed in the given
paper, one can make the following conclusions:

The spectrum of the resulting frontal photo-emf V;
correlates with the PTP absorption spectrum. It is
formed by the spectra of the diffusion photo-emf Vpg¢
and the drift one Vy¢ of opposite signs. In this case,
the free surface of the PTP film is charged negatively,
whereas, on the frontal SnOs-electrode, a positive charge
is induced. The strong-absorption 1.73-eV and 2.67-
eV frontal illuminations increase the magnitude of the
antiblocking near-surface bending of the bands for holes
and, respectively, Vg¢, which results in the decrease of
V% in the spectral range 1.4-2.2 eV and the change of its
polarity in the range 1.4-1.6 ¢V (weak PTP absorption).
The frontal low-absorption illuminations with the energy
of quanta of 1.54 eV and 2.15 eV increase V; in the
range 1.6-2.0 eV due to a decrease of the antiblocking
bending of the bands close to the free PTP surface. If
the intensities of these illuminations I; >2 W/m?, then
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Vit = Vpg, i.e. it determines the magnitude of the true
diffusion component. Back low- and strong-absorption
illuminations photogenerate holes that diffuse to the free
surface of PTP and decrease V.

The spectrum of back V4, anticorrelates with the PTP
absorption spectrum and correlates with the spectrum
of I,,. It is formed by the drift photo-emf Vi, and the
diffusion one Vpy, of opposite polarities. By polarity, W,
coincides with V; and is lower than the former by an
order of magnitude. Moreover, Vg, > Vpp. Strong- and
low-absorption back illuminations change the sign of V4,
in the spectral range 1.4-2.2 eV.

The spectra Jy. of the sandwich cells SnO;PTPAg
are similar to those for 1}, of the capacitor cells.
In the case of illumination of the sandwich -cells
through the SnOs- and Ag-electrodes, the drift flow
of nonequilibrium holes in the near-electrode electric
fields prevails. In the spectral range 1.6-2.2 eV, low-
and strong-absorption illuminations change the direction
of Jyc.

The work is performed in the framework of theme
Ne141V/69 of the Nat. Acad. Sci. of Ukraine.
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®OTOEJIEKTPUYHUN E®EKT ¥V ILJIIBKAX
ITOJIITIOIIEHTAIIEHY I BIL/INB HA HHOT'O
IMOCTIMHOI IIJICBITKU

M.II. Topiwmnruid
Pezmowme

Hocimkeno BHyTpimHiil dporoedekT y mIiBKax MOJiTiomeHTaALCHY
(TIITII). BusiByieHo, 1o y KOHJEHCATOPHHUX KOMIpKaX CHEKTDaJIb-
Ha 3aJjieXKHiCTb (poHTaIbHOI (doTo-epc Vi KOpesoe, a THUIbHOL
doro-epc V}, anTuKOopestoe i3 crnekrpom norauuanus [ITII. ITo-
asipuaocti Vi 1V}, 36iratorbes. [Ipu npomy 3apsiz BiJibHOT HOBEPXHI
IITII merarusHuii, a dpporTambHOro SnO2-eJIeKTPOIa — HO3UTHUB-
auit. Vi = Vpr — Var i Vi, = Vap — Voo, aie Vpr 1 Vb — audysitini,
Vas 1 Vgp — apeitdosi ppoHTanbHa i TUIIBHA CKJIAIOBI BIAIOBITHO.
Benunuunu Vg 1 Vyy, 3yMOBJIeHI aHTHU3aIIIPHUMYA BUTHHAMUA 30H JIJIs1
nipok 6insa BimbaO! moBepxui IITII i TumbpHOro SnOsz-exexTpona
Bignosiguo. CHyibHOIOIIIMHAIBHA MOHOXPOMATHYHA (DPOHTAIBHA
migceitka 1,73 i 2,67 eB 306inbiiye momyss Vys, 1m0 3MeHIIye pe-
3ysbTyiody Vi y cunekTpasbHOMy Aiamaz3oHi 1,4-2,2 eB i 3minioe
11 monspuicTs y mianasoni 1,4-1,6 eB. Cnabonornunanbaa dbpoH-
TajbHa migcBiTka KBanTamu 1,54 1 2,15 eB 3menmye Vyr y cnek-
TpajbHOMY AianasoHi 1,6-2,0 eB i 36inbinye 11 y gianasoni 1,4-1,6
eB. fxmo inTencuBHiCTE UX miACBITOK Ip; >2 Br/m2, o Vi & Vg
y mianasoni 1,6-2,0 eB i Busnauae Besimunny icTunHOL Judy3iiiHOT
doro-epc. Tunbui ciabo- i cunbHONONIMHAIBHI HiICBITKH (hOTO-
PeHEPYIOTh JIipKH, fKi audyHayooTs g0 BimbaO! mosepxui IITIT i
aMennryiorhb Vgr. Li migcsiTku 3minooTs nonapuicts Vy,. Cnekrpu
TYCTUHH CTPYMY KOPOTKOTO 3aMHUKaHHHA Jgc CAHABIYHUX KOMipOK
SnO2IITITAg i Besmuuna V}, xopesoiors. B pasi mozmysiboBaHo-
ro ocBiTieHHsa UX KOMIipok depe3 SnOsz- i Ag- emekTpomu mepe-
Barka€ JpeitdoBuil TOTIK HEPIBHOBAXKHUX JIPOK B €JIEKTPUIHOMY
o, 3yMmoBsienoMy anru3amipuumM BuruHoM 30H IITII 6ims mux
€JIEKTPOJIIB.
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