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1. INTRODUCTION

Thin film systems with photoconducting (PC) and electroluminescent (EL)
elements can be divided into three groups. The first group comprises sys-
tems without feedback, the second, systems in which an optical feedback
occures between the elements PC and EL, and the third, systems with
unidirectional optical coupling occuring between the elements PC and EL.
Each of these groups may found numerous applications'~, but the most
interesting are the PC-EL systems with optical feedback, as upon satisfy-
ing some conditions, these systems become bistable. A system composed
of one PC element and two connected in parallel EL elements (Fig. 1),
supplied with sinusoidal voltage, can be such a simple bistable system.
In such a system, the rectangular light pulses illuminating the PC element
is the input signal and the light emitted from the element EL, is the output
signal. Owing to the occurrence of the optical feedback, the PC element is
additionally illuminated with the light emitted by the EL, element.

*Corresponding author.

53



54 Z. PORADA and E. SCHABOWSKA-OSIOWSKA

CdS(Cu,Cl) ZnS(Cu,Cl,Mn)

SiO,
WZANY
PC EL q .

glass glass glass

L \\ /

In,04(Sn)

Lo TN

FIGURE 1 Arrangement of the thin film optoelectronic system with optical feedback

In the presented paper, the dependence of the output signal B on the
time for a bistable system was measured and the influence of supplying
voltage and value of input signal on this dependence was determined.

2. THEORETICAL CONSIDERATIONS

A mathematical model describing the dynamic characteristics of the
PC-EL system with optical feedback has been elaborated utilizing the
arrangement presented in Fig. 1. In this model, the elements EL; and EL,
have been assumed to have the same parameters, as they were prepared in
the very same technological process.

PC-EL systems are supplied with an alternating sinusoidal voltage:

U = U, sin(wt + ¢), D

where U, is the amplitude, o is the angular frequency, and ¢ is the initial
phase.

The instantaneous value of voltage Uy, on the electroluminescent ele-
ments can be described by the equation:
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GV =36 (U~ Un)(Guy + G @
where Cy; is the capacitance of the EL element, G, is the “dark” con-
ductance of the photoconductive element PC, and G, is the instantaneous
value of the conductance of PC element.

The instantaneous value of conductance G, can be expressed*® by the
equation:

d G,
thl =a(L + BB)) — - 3)

where L is the instantaneous value of external illumination of the PC
element (input signal), B, is the instantaneous value of the luminance of
the EL, element, 3 is the optical feedback coefficient of the PC element
with the EL, element, a is a constant parameter for the given PC element,
and T is the photoconductivity rise time for this element.

The luminance B (B; = B, = B, where B, is the luminance of the EL,)
can be expressed by the formula given by Alfrey and Taylor®:

B = B, exp(—v?) exp(——?— (€Y

)

where B,, vy, and b are constant parameters for given electroluminescent
elements.

Solving the set of equations (1)-(4), one can calculate the dynamic
characteristics of a system containing PC and EL elements.

3. EXPERIMENTAL DETAILS AND RESULTS

The PC devices (Figure 1) were prepared as gate-type systems on a glass
substrate. The photoconductive layer was a CdS film’ doped with copper
and chlorine and evaporated under vacuum at a pressure 0.007 Pa. Special
purity undoped cadmium sulphide was used, evaporated from an alundum
crucible heated by a tungsten wire resistor. The temperature of the source
was in the range of 900°C to 950°C. The distance of the substrate from the
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source was 12 cm. During evaporation the temperature of the substrate
was held constant at 150°C. CdS films were simultaneously doped with
Cu and Cl, and recrystallized by heating the films whilst embedded in a
CdS powder that had previously been doped with Cu and Cl. The recrys-
tallization was carried out at 550°C in air for 30 min. The thickness of the
CdS(Cu, Cl) films was in the range of 6 to 14 ym. A metallic indium layer,
deposited by vacuum evaporation, formed the upper electrode.

The electroluminescent device (Fig. 1) was a thin-film capacitor pro-
duced by the vacuum evaporation of copper-, chlorine-, and manganese-
doped ZnS*’. The evaporation was carried out under the pressure of 0.01
Pa from an alundum crucible heated to about 1100°C onto the substrate,
which was placed 8 cm apart from the source and heated to 200°C. The
obtained ZnS(Cu, Cl, Mn) films were recrystallized by heating in a
vacuum for 30 min at 300°C. The thickness of the ZnS(Cu, Cl, Mn) films
was in the range of 0.6 to 1.3 pm.

The lower transparent conducting electrode was tin-doped In,O5, ob-
tained by the reactive cathode sputtering of 90% In—-10% Sn alloy on a
glass substrate, while the upper electrode was a vacuum-evaporated thin
aluminium film.

A PC-EL system shown in Fig. 1 was supplied with a sinusoidal volt-
age. The input signal was in the shape of rectangular light pulses illumi-
nating the photoconducting element, and the output signal was the lumi-
nance of the light emitted from the electroluminescent element. Part of the
output signal was directed to the input, and thus, an optical feedback was
produced in the system.

The theoretical analysis has shown that a PC-EL system with optical
feedback may be a bi-stable system® on condition that the feedback coef-
ficient 3 will have a value higher than ,,,,. As demonstrated in carried
out investigations®®, the limiting value B, ,,, depends on the amplitude and
frequency of the voltage supplying the PC-EL system.

The results were compared with values computed using the above theo-
retical model. The experimental values of the parameters of the PC and EL
elements were found to be as follows: C,;, =3 X 107° F; y = 620s '3
b=171V"Y% B, =190 cd/m* Gy, =7 X 10°°Q 1 =06ms;a =
1.1 X 1020 "x 's™"; and B = 0.6 Ix.m%/cd.

In Fig. 2, the dependence of B on the time for frequency 500 Hz and
three values of supplying voltage amplitude (280, 420, and 560 V) are
presented.
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FIGURE 2 Dependences of luminance B on time for frequency 500 Hz and U, 280, 420,
and 560 V

Fig. 3 shows the dependence of luminance B on the time for applied
voltage of amplitude 420 V at frequencies 100, 200, 500, and 1000 Hz, at
illumination of the PC element with light pulse of L = 20 Ix and duration
t, = 0.5 ms.

In Fig. 4, the dependence on time of luminance B for various values of
input signal L (1, 2 and 5 1x) is shown at fixed parameters of supplying
voltage (U, = 420 V, f = 500 Hz), and in Fig. 5, the dependence of
amplitude of luminance B on the duration ?, of the light pulse, being the
input signal (for L = 1 Ix), is given.

In Fig. 6, the dependences of luminance B on the time for various
values of input signal L by fixed duration of this signal (At = 0.5 ms) and
fixed parameters of supplying voltage (U, = 420 V, f = 500 Hz) are
presented. As can be seen from this figure, at the input signal 0.2 1x, the
output signal B vanishes with time. For L = 0.3 Ix, the second pulse B has
the same amplitude as the first pulse; it is then a boundary case (L = L;,,)
for PC-EL system. For L = 0.5 Ix (L > L;,,,), the second pulse of signal
B. is higher than the first pulse. Thus, even at switched off L signal, the
system PC-EL will be in the ON state.
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FIGURE 3 Dependences of luminance B on time for U, = 420 V and frequencies 100, 200,
500 and 1000 Hz

The boundary value of input signal L, ;,, for various values of supplying
voltage amplitude (frequency 500 Hz) was also determined. As can be
seen from the characteristic presented in Fig. 7, the boundary value of
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FIGURE 4 Dependence of luminance B on time for various values of input signal L (1, 2,
5 1x) at f = 500 Hz, U, = 420 V, t, = 2 ms
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FIGURE 5 Dependence of amplitude B, of luminance on duration 7, of input pulse at
L=11Ix
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FIGURE 6 Dependence of the luminance B on time for the PC-EL system for various
values of input signal L (L = 0.2 1x < L, L = 03 1x = Ly, and L = 0.5 1x > L))
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FIGURE 7 Dependence of boundary value of the input pulse height on the supplying
voltage amplitude
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input pulse height L, ,,, decreases with the increase of the supplying volt-
age amplitude U,

4. CONCLUSIONS

Both the analysis of the proposed theoretical model and the measurements
have shown, that for a photoconducting-electroluminescent optoelectronic
system with optical feedback, the value of amplitude of luminance B,
increases with the increase of the amplitude of the supplying voltage. The
value of the luminance B, also changes with frequency of this voltage and
achieves a maximum for the frequency of about 500 Hz. The increase of
the value of input signal L also results in an increase of luminance B,,.
Furthermore, the value of luminance B, increases with the lengthening of
the duration ¢, of the light pulse being the input signal, but for the values
of 1, above 1 ms, this increase is very low. Moreover, the boundary value
of the input pulse height L, ,,, decreases with the increase of the supplying
voltage amplitude U,

All the measurements discussed in the paper have been carried out for a
bistable PC-EL system (B > ,,,,)- The characteristics obtained from the
measurement showed a good conformity with the characteristics calcu-
lated on the base of the proposed theoretical model.
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