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Fig. 1. Schematic of a regenerative optron
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1. The foundations of the stationary theory of the regenerative optron with a
photoresistor as the light receiver were developed in works (1~7). Nonstation-
ary phenomena are determined by the inertia of the generation-recombination
processes in the photoresistor, which is the most inertial element of the optron
(3%). Therefore, in formulating the dynamic problem one should modify only
the equation of the photoresistor, leaving the description of all the other com-
ponents and connections in the same form as for the stationary problem. The
basic system of equations of the dynamic theory of the regenerative optron with
a photoresistor can be written as follows:

Vio=V{ +Vi; Voo = Vg + Va; B = B(By,B’);
I=GV; Vy = V5 (1y); Vi =Vi(l;,V,); (1)
dG/dt = f(G, B); By = B (1y); Iy = I,(14, V).

Here G = G, + G, is the total conductance of the photoresistor; B is its illu-
mination; B is the brightness of the light-emitting diode; B’ is the intensity of
external illumination. The remaining notation is clear from Fig. 1. As in work
("), we consider an optron in which the input may be either the photoresistor
circuit or the light-emitting-diode circuit; moreover, in the photoresistor circuit
the input may be both electrical and optical.

Fig. 1. Schematic of a regenerative optron

2. For B independent of G, the equation

dG/dt = f(G, B) (2)
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describes the kinetics of the photoconductivity of a photoresistor under specified
illumination conditions. Owing to the system of connections implemented in
the optron, the illumination of the photoresistor B, in turn, depends on its
conductance G and on the value of the controlling (input) parameter X (X =V,
and X = B’ for an EO"-optron with electrical and optical input, respectively;
X = V, in the case of an electrical input in the light-emitting-diode circuit).
Eliminating the intermediate dependences by means of equations (1), we obtain

dG/dt = P(G, X), (3)

where

P(G,X) = f|G, B(G, X)]. (4)

The equation P(G, X) = 0 expresses the stationary characteristic of the optron
G(Vyg), G(Vyy), or G(B’), which, with the aid of the same equations (1), is
reduced to the current-voltage characteristic (I-V characteristic) for electrical
input and to the lux-ampere characteristic (L-A characteristic) for optical in-
put. In the dynamic regime, P(G,X) determines the course of nonstationary
processes in the optron. We shall show that, just as in the stationary theory,
extensive information on the dynamic properties of regenera-

of the regenerative optocoupler can be obtained in general form without specify-
ing the form of the function P(G, X), i.e., without detailing the characteristics
of its components and connections.

3. Let us consider nonstationary processes in the optocoupler for
a small signal. Let B, and G correspond to some stationary state of the
optocoupler: P(Gg, By.) = 0. Denote b= B— B, g = G — G.

st

Equation (3) in this case takes the form

dg g9 _~
dtJrTin’ (5)
where
v _oG o )
r- oGl 7T 8Bl " TeBly

with 7 and ~ being the differential values of the lifetime and the photoconduc-
tivity coefficient.

When the photoresistor is illuminated by an external independent source, the
photoconductivity signal g(t) is found from equation (5) and is determined by
the form of the light signal b(¢). In the optocoupler, equation (5) is complicated
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owing to the additional relation between B and G. According to (4), it is
transformed into

dg a
It + —9=na, (7)
where
0B v OB
a=1=75. 287\0 ®)
Noting that
0B 0B 0B, 01, 01,

0Gly 0B, 01, dI, 0G X’

and introducing the differential coefficients of light output of the emitter a@ =
0B, /0I,, light transmission of the optical path § = 0B/9dB;, and current gain
of the matching electrical stage k = 01, /01, as well as calculating

o _ 1JG

oG 14+7r,G "’
we obtain

a=1-— Hy (9)
where
I,/G
= Ok — 7 1
n=anbk g (10)

is the regeneration coefficient of the optocoupler (7).

The study of the stability of the stationary state (By, Gy ) reduces to solving
equation (7) for X = 0. A necessary and sufficient condition for stability is the
inequality

a=1—p>0, (11)

as was to be expected, since with the opposite sign of inequality (11) the opto-
coupler becomes an autonomous element (®).

The transient and frequency characteristics
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nt nt/a wT
t)="(1—eat/7 ; w)| = —/—/——; ar jw) = —arctg —,
g(t) = —( ) l9(jw)l NiE==rar g9(jw) &~

(12)

show that the kinetics of the regenerative optocoupler for a small signal differs
from the kinetics of the electronic processes in the photoresistor itself only in
that, instead of 7, it contains 7.4 = 7/a > 7. The increase in relaxation time is
due to partial regeneration, carried out in the optocoupler by positive feedback.

It follows from (12) that comparison of the frequency (or transient) dependences
for a small signal in the optocoupler and in the photoresistor can serve

* The calculation method is set forth in (7).

by means of an experimental determination of the regeneration coefficient in
any stable stationary state of the optocoupler.

4. Among the nonlinear problems corresponding to large signals, of particular
interest are the processes of switching the optocoupler from one stable
state to another, caused by the application of a voltage step or a step in
the external illumination: X = X, for t < 0; X = X, for t > 0. In this
case the solution is found in quadratures

¢ 4G
t:/Gl Xy (13)

Since P(G4, X,) = 0, it follows from (13) that the slowest portion of the switch-
ing process is the neighborhood of the final state G5. Expanding P(G,, X,) in
a series in the neighborhood of G = G, and retaining only the linear term of
the expansion, we reduce (13) to the asymptotic formula

g = const - e /T, (14)

from which it follows that the switching time is equal to

tsw ~ T/(l - :u)7 (15)

where p is the value of the regeneration coefficient in the final state. From
expression (14) it follows, in particular, that the times of the direct and reverse
switching of the optocoupler between two states are different, and moreover they
can be controlled independently by specifying p; and p,.

5. As an example for which the kinetics of optocoupler switching can be rep-
resented in elementary functions and studied in detail, let us consider an
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optocoupler with constant values of «, -, 8, and other differential coeffi-
cients, for which the stationary problem was solved in (134). P(G, X) in
equation (3) for such an optocoupler has the form

P(G,U,) = — (16)

G—Go_i_om@k{ Uy,G }

T T 1+rG 10

and, according to (13), the process of switching from the nonluminous state to
the luminous one is described by the formula

Gy —G (Gy—Gy\"™ —(—py)t/
= 2)t/T, 1
e (@) ()

Here G = G3/G, < G, is the second root of the equation P(G,U,) = 0, to
which no real state of the optocoupler corresponds, since for G < G, o = 0*.

It follows from (17) that the differential values of the relaxation time at the
beginning and at the end of the switching of the optocoupler are, respectively,

N (kg + Go/Gs) T

t/ ; t// ~ ,
L —py L=y

(18)

and for rG, <« 1, when the switching of the optocoupler is accompanied by a
significant change in current,

THa
o~ —=.
L —pg
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