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Optocoupler Pulse and Digital Circuits

Elena Koleva' and Ivan Kolev®

Abstract — The advantages of introducing the optocouplers into
the pulse and digital circuits are as follows: additional control
inputs, galvanic separation of the control signals by the circuit,
higher noise immunity, current control inputs, etc.

Keywords — Optocoupler Pulse circuit, Optocoupler Digital
circuit.

1. INTRODUCTION

Common pulse and digital circuits are usually realized by
means of one optocoupler. In our case the two active elements
in these circuits are suggested to be replaced by optocouplers.

II. PULSE CIRCUITS

A. Schmitt trigger — fig. 1.
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Fig. 1. Schmitt trigger

The input If; is controlling and the input I, is blocking,.
In order for the Schmitt trigger to normally operate, it is
required that I, = 0.

In order for the Schmitt trigger to switch, the following
conditions must be fulfilled — Eq. 1:

Ucc _UCEsatl + Ucc & hZIEl (1)
Flon ° °
K, .R, R,+R, R, K,
where K;; — the current transmission coefficient of the
phototransistor optocoupler O;, hyg; — the current

amplification factor of the phototransistor optocoupler Oy,
Ucgsan — the voltage between the collector and the emitter of
the phototransistor optocoupler O; in a saturation mode.
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For example K;; = 0,2 (R4 = 100 kQ), Ucgsant

h21E1 = 100, IFlon > 12,4 mA.

To keep the blocking of the Schmitt trigger, the following
condition should be fulfilled — Eq. 2:
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e.2. Ucgsar = 0,5 V, K = 0,2 from expression (2) Iz > 20 mA.

B. Monostable multivibrator — fig. 2.
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Fig. 2. Monostable multivibrator

Input I, is triggering and input If, is blocking. To overturn
the monostable multivibrator, the following is required — Eq. 3:

> Ucc - UCEsatl

A3)
K, Re
To block the switching of the monostable multivibrator, the
following is required — Eq. 4:

> Ucc _UCEsatZ (4)
KiZ'RC

The output pulse duration of the monostable multivibrator is
Eq. 5:

t=0,7.R,.C; t;=2,7ms (5)
The reset time of the monostable multivibrator is Eq. 6:
tg = 3.Rc.C; tg= 600 us (6)

C. Autofluctuating multivibrator. Simulation of Autofluctoation
multivibrator with photodiode optocouplers with PSPICE
package.

The time-setting resistors of the autofluctuating multivibrator
are replaced by the photodiodes of the optocouplers O; and O,.
The period of pulse repetition is Eq. 7:

499



O

‘@
CD\.-‘/O |C EST 2009 25-27 JUNE, 2009, VELIKO TARNOVO, BULGARIA
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Ci=C=C Iy =1py =1, Rppy = Rppy = Rppy r 20

(simulated)

where Rpp (Ir) — the resistance of the photodiodes of the When Irs = Ips = 02 mA, Ty = 0,98 ms, f = 1 Hz from
optocouplers O; and Oj, nj, n, — constants depending on the equation (1), i.e. the frequency changes over approximately
degree of saturation of the phototransistors of the optocouplers 50

01 and O, (= 1+1,15). Using table 1, a transfer characteristic of the

. Autofluctoation multivibrator has been worked out (see
Ry Irs Iry R, tUcc
10K O Os Uk +sv fig-3) - L
(SZ: 4;32) ] It can be seen that the transfer characteristic is linear within
[ =, Uo  therange [ =5 +30 mA.
Uo R; Ty, [l | | I;» R.
—T—3— 0 <

[
| 11 i :
g C, C, P 39 TABLE I
e 0y, 0,, 05, 0,-HI1A4 % If, mA 0,2 1 3 5 10

T, ms 960 | 185 | 87 64 42
F, Hz 1,04 | 5,41 | 11,5 | 15,6 | 23,8

Fig. 3. Autofluctoating multivibrator

By means of the currents of the LEDs Ig; and Iy, the

period T can be adjusted over 50 times, n; =n, = 1,1; I, mA | 15 20 25 30
Rpp = 130 kQ, I =30 mA, T = 20 ms (f= 50 Hz); T. ms 31 25 71 18
Rpp = 0,640 MQ, Ir =0,2 mA; C=100nF, T =~ 0,98 ’

(Fm 1 ﬁf) O M 1r=0.2mA; “’ ° F,Hz | 323 |40 |48 |556

A traditional circuit of a transistor autofluctuation
multivibrator (AMV) has been used, where the transistors

60

have been replaced with phototransistor optocouplers in a 5 -~
photodiode mode, and the base time-setting resistors with ~
optocoupler photodiodes — fig. 3. 40
The simulated time diagrams of the output voltage Uq (p. 1) ¥ 3 //
and the voltage of one of the time-setting capacitor C; (p. 2) 20 //
are shown in fig. 4.
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! Fig. 5. A transfer characteristic of the Autofluctuation multivibrator

i - . D. Optoelectronic Fantastron generator. Simulation of
/ Optoelectronic Fantastron generator with PSPICE package.
A
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Fig. 4. The simulated time di /'0‘;
1g. 4. The simulated time diagrams Ip=3~+
+ 10 mA (SZ:‘ y
The simulation refers to the following case: — 1 VT,
Ip3 = Ipg = 30 mA, Iy = I, = 0 mA. Rg
The reported simulated period of the generated pulses 150K

shown in fig. 4 is T (simulated) = 21ms.

The equation for the period of the generated pulses, which Fig. 6. Optoelectronic Fantastron generator

has been theoretically worked out (Eq. 7).
When Ig; = Iy = 30 mA, I = I, = 0 mA, ny, ny = 1, It operates in a stand-by mode. The transistor fantastron
T =20 ms, f=50 Hz from Eq. 7. generator has a collector coupling. The generator has an
The error is Eq. 8: amplifier tracking coupling and contains a generator of line

altering negative feedback voltage — Miller integrator with
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transistors VT, and VT,. The transistors VT, and VT; form a
trigger with an emitter coupling where the emitter resistor is
replaced with the transistor VT of the optocoupler O;.

The circuit simulation is shown in fig. 7.
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Fig. 7. Simulation of Optoelectronic Fantastron generator

Square pulses are taken at the output p. 1 and line altering
voltage at the output p. 2. The circuit is set into motion at
input p. 3 by symmetric square pulses of 5 V amplitude and
T =4 ms (f = 250 Hz) period, where the T period of the
generator of line altering voltage (GLAV) can be regulated
within the range from 3,4 to 2,8 ms by changing the LED
current from 3 + 10 mA. The period of simulations is
Tc =4 ms when Iz =3 mA (fig. 7).

Circuit application:

- Generator of line altering voltage

- Square pulse generator

- Pulse-width modulator

- Time-to-current (voltage) converter

The equations for the pulse duration (t,), the pause
between pulses (t,), the non-linearity (Ky), controlled voltage
(Uc), supply voltage (Ucc) and the period T of the generator
are — Eq. 9, Eq. 10, Eq. 11, Eq. 12, and Eq. 13:

U —U
L GLA 9 12-
1= R € OLGLAY 10368100 23 30 D)
P 11,5
on GLAV >
U
= R Cn——CC 5210368100 n—2— —0268ms  (10)
b 371 U _ _
cc ~Uy
U
Up=—CE— R, = 39~ 10V (11)
R, +R 7,8+ 39
6 7
T = tb +tp =3,62ms + 0,268 ms = 0,388 ms (12)
Un-U R 10-3 68
Ky = ¢ _“oL 75 _ , —o1 (13)
Uoe  Ryhyp 12722180

The non-linearity of the generator of line altering voltage
is Kn=10 %.
The error, when T =4 ms, is Eq. 14:

T(simu/azed) ~Tcalculated ) 1 4-3388
&= )

00% = ——.100% =3% (14)
4

T(simulated )

III. DIGITAL CIRCUITS

A. RS — trigger — fig. 8.
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g. 8. RS — trigger

This trigger differs from the common ones — there is not an
emitter connection (emitter-resistor).

To switch the RS trigger at input S (R), the following is
required — Eq. 15:

> UCC — UCEsat
g R. K,

1

(15)

The condition of saturating the phototransistor of the
optocouplers can be worked out — Eq. 16, Eq. 17 and Eq. 18:

U..-U
IB — C]‘g BEsat (16)
C +RB
U.,.-U
IC — cC CEsat (17)
RC
I
Iy 2—= (18)
h21E

From the expressions (16), (17) and (18) the following is
obtained — Eq. 19:

R, <R. Yec " Sy —1 (19)
cC ~ Y CEsat
Taking into consideration — Eq. 20 and Eq. 21:
Usgsat = Ucksat; Uce >> Upgsa; Uce >> Ucgsas hoig >>1 - (20)
Rg <Rc.hyig @1)
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IV. CONCLUSION

Unlike common circuits the input signals here are not [1]

voltage but current ones. This results in higher noise immunity

of circuits. All input starting, control and blocking signals are (2]

galvanically separated by a pulse circuit.

Optoelectronic pulse circuits have been developed. They
have been simulated by means of a PSPICE package. Methods
for calculating the basic parameters have been elaborated. The
circuits have been developed in practice. The simulation and
calculation error has been determined — it does not exceed
5 %.

502

REFERENCES

EpmakoB, O. M. [lpuknaonas onmosnekmponuxa. M.
Texnocdepa, 2004.

Kones, WU. C. wm E. H. Konesa. Hnugpauepsena
onmoenexmponuxa. I'abposo, Yuus. usz. ,,B. Anpunos”, 2008.
Hewlet Packard. Optoelectronics Designers Catalog, 2000.
OSRAM. Optosemiconductors, 2001.



