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INTRODUCTION

Since the observation of optical bistability by Gibbs
et al.', optical bistability has been the field where
researchers from many fields have found a common place
to work. More recently, when Ikeda and co-workers2-3
discussed the effect of a delayed feedback on instability
of a ring cavity containing a non linear dielectric mediunm,
and pointed out that the transmitted light from the ring
cavity can be periodic or chaotic in time under a certain
condition, optical bistable devices have shown new possi-
bilities to be applied in many different fields. The no-
vel phenomenon has been predicted to be observed in the
hybrid optical device3 and has been confirmed by Gibbs et
al.4. Moreover, as we have shown5, a similar effect can
be obtained when ligquid crystal cells are employed as non
linear element.

In this paper sumarize the empirical and theoretical
results that have been obtained by us. The electrooptic
light intensity modulator has been a nematic liquid crys-
tal cell with twisted configuration. A He-Ne laser beam,
5 mW of power, was incident to the device. Some of the
here reported results were presented previously by us.

As it will be shown, 1f certain conditions are achieved,
a sustained oscillatory optical output can be obtained.
Moreover, a selfbeating phenomena is achieved both, theo-
retical and empirically.


https://core.ac.uk/display/148667616?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

136 J. A. MARTIN-PEREDA AND M. A. MURIEL

EXPERIMENTAL

The experimental configuration is the conventional
one employed in hybrid optical bistable systems and it
is shown, schematically, in Fig.1.
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Fig. 1. Hybrid optical bistable system.

The main point concerning this arrangement is the
electrooptic light intensity modulator, in our case, a
twisted nematic liquid crystal cell. When this cell 1is
orthogonal to the incident laser beam, its transmission
curve, as a function of the cell applied voltage, is the
one shown in Fig. 2, for 0°. 1In this case, polarizes
are crossed. But when the cell is forming two aagles,
Fig. 3, with the input beam direction, this transmission
no longer verifies.
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Fig. 2. Optical transmission versus voltage in T.N. cells
with crossed polarizers.
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The experimental results give the appearance of .
several maxima and minima. A theoretical study is being

under progress and it will published elsewhere. For

@ = 45° and X= 0° the new transmission curve is shown
in Fig. 2. This curve has been obtained for the static
case. When the applied voltage is varying with time, its
shape changes to a more complex form.

With the above considerations, the final set up is
shown in Fig. 4. ]
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Fig. 3. Orientation of the TNLC cell.

The light, after crossing the liguid crystal cell
and a crossed polarizer, impinges on a phototransistor,
in our case a TIL 78, working as a current source. The
obtained current is afunction of the output intensity
level. Feedback is obtained through the variable resis-
tor R. Its value gives the feedback coefficient. This
electrooptical system is equivalent, from an alectronic
standard point of wview, to the circuit shown in Fig.5.a,
where C stands for the liquid crystal cell capacitance.
This circuit, because the phototransistor is operating
as a current source, is equivalent' to the one shown in
Fig. 5.b. Moreover, by Norton and Thevenin theorems ,
its electrical equivalent ig shown in Fig. 5.c. This
circuit has been the basis of our study.

THEORETICAL MODEL

Several are the considerations involving the circuit
of Fig. 5.c. Everyone of them gives a certain contribu-
tion to the total behaviour of the system,. Moreover ,
some are responsible for the peculiar results obtained
by us.
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Fig. 4. Experimental setup.

The first consideration is the one concerning the
time constant, Tq, for the photodetector. Because 1its
apperance, the equation governing the variation of wvol-
tage V, at Fig. 5.c is

de:B

+ T
Vo T1 dt ouT (1)

where B is the feedback coefficient.
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Experimental circuit Fig.5.c. Thevenin circuit
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Together with the above time constant, is the one
associated with R and C components. If we call it, Ty
we will have

ch Ts

+ —
VCL T2 dt vo (2)

where Vep stands for the effective voltage applied to

the liguid crystal cell. C 1is due to the capacitive
effect due to the cell. Moreover, this cell has associa-
ted with it capacitive and resistive effects, both giving
the value for 'I‘2

Finally, a third time constant, T , appears. It is
the time needed by the molecules to reorientate according
to the electric field inside the cell. This tima constant
is, certainly, not a constant, Its value depends on the
voltage value and on its derivative with time. The first
dependence is the strongest and it will be main source

for our model. The equation will be
dVe f
— =V
Vef Cdt CL i)

From these three equations we can obtain

at a“t
v + -——-['Z‘; + (T]+T2) (1+EE) + T T2 dtzl +

a’v
T aee [:C(T1 ¥ Ty) ¥ TyDy (192 _‘“)1
a3y
t (e Tzl Iy T (V+v) (4)

where V=V,¢ and T(V+VB) stands for the transmission

function. For T% T(t) this equation simplifies to the
one previously reported by us?. A further aproach to
solve equation (4), is to consider T.% 0 . This aproxima-
; . i " i :
tion is valid because Tq is around two orders of magnitude
smaller than either T2 and T . Equation (4) hence be-
comes
ar. av a’v
+ T + —) — 4+ =
Vb (Tpr T, we) gt Tat ez

(5)

= B IIN T (V + vB)
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Numerical solutions of this equation,

values of Tp and B ,
tion with time of T ,
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T LYK= 107s.

The corresponding values for T
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for different
are shown in Figs., 6-9, The varia-

has been taken as
when voltage is rising, with

V,..=V of threshold, and

th

when voltage is going to zero.
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Figs. 6, 7, 8 y 9. Numerical results.
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EXPERIMENTAL RESULTS

The main expexrimental results are shown in Figs. 10
13. Their different waveforms correspond as before to
different values for both B Irny and To. As it can be
seen, a good agreement with the empirical results obtain-
ed from our theoretical model is obtained for the lowest
values. This agreement is not so good for higher values.
In particular, for B Iin = 9 volts the discrepancy is
evident. The difference is due, according to our calcu-
lations, to the simplification had from equation (4) to
equation (5). Moreover, in the present model the value
for C, liguid crystal cell capacitance, has been taken
as a constant, but its wvalue depend on V.
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Figs. 10, 11, 12 y 13. Experimental results.
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