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INTRODUCTION

The optical coupler is a venerable device that offers the de-
sign engineer new freedoms in designing circuits and sys-
tems. Problems such as ground loop isolation, common mode
noise rejection, power supply transformations, and many
more problems can be solved or simplified with the use of an
optical coupler.

Operation is based on the principle of detecting emitted
light. The input to the coupler is connected to a light emitter
and the output is a photodector, the two elements being sepa-
rated by a transparent insulator and housed in a light—exclud-
ing package. There are many types of optical couplers; for
example, the light source could be an incandescent lamp or
alight emitting diode (LED). Also, the detector could be photo-
voltaic cell, photoconductive cell, photodiode, phototransistor,
or a light—sensitive SCR. By various combinations of emitters
and detectors, a number of different types of optical couplers
could be assembled.

Once an emitter and detector have been assembled as a
coupler, the optical portion is permanently established so that
device use is only electronic in nature. This eliminates the
need for the circuit designer to have knowledge of optics.
However, for effective application, he must know something of
the electrical characteristics, capabilities, and limitations of
the emitter and detector.

COUPLER CHARACTERISTICS

The 4N25 is an optical coupler consisting of a gallium arse-
nide (GaAs) LED and a silicon phototransistor. (For more in-
formation on LEDs and phototransistors, see References 1
and 2.)

The coupler’s characteristics are given in the following se-
quence: LED characteristics, phototransistor characteristics,
coupled characteristics, and switching characteristics. Table
1 shows all four for the 4N25 series.

INPUT

For most applications the basic LED parameters Ig and VE
are all that are needed to define the input. Figure 1 shows
these forward characteristics, providing the necessary in-
formation to design the LED drive circuit. Most circuit applica-
tions will require a current limiting resistor in series with the
LED input. The circuit in Figure 2 is a typical drive circuit.

REV 1

The current limiting resistor can be calculated from the fol-
lowing equation:

IN"'F
R = I ,
F
where VE = diode forward voltage
Ig = diode forward current
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Figure 2. Simple Drive Circuit for an LED
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LED CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
*Reverse Leakage Current IR — 0.05 100 HA
(VR =3.0V, R_=1.0 M ohms)
*Forward Voltage VE — 1.2 15 Volts
(Ig = 50 mA)
Capacitance C — 150 — pF
(VR =0V, f=1.0 MHz)
PHOTOTRANSISTOR CHARACTERISTICS (T =25°C and I = 0 unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
*Collector—Emitter Dark Current 4N25, 4N26, 4N27 IcEO — 3.5 50 nA
(Vce =10V, Base Open) 4AN28 — — 100
*Collector-Base Dark Current IcBO — — 20 nA
(Vcg = 10V, Emitter Open)
*Collector-Base Breakdown Voltage V(BR)CBO 70 — — Volts
(Ic =100 pA, Ig = 0)
*Collector—Emitter Breakdown Voltage V(BR)CEO 30 — — Volts
(Ic=1.0mA,Ig=0)
*Emitter—Collector Breakdown Voltage V(BR)ECO 7.0 — — Volts
(Ig =100 pA, Ig =0)
DC Current Gain hrg — 250 — —
(Vcg =5.0V, Ic =500 pA)
COUPLED CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
*Collector Output Current(1) 4N25, 4N26 Ic 2.0 5.0 — mA
(VCE=10V, Ig=10mA, Ig = 0) 4N27, 4N28 1.0 3.0 —
*Isolation Voltage(2) 4N25 Viso 2500 — — Volts
4N26, 4N27 1500 — —
4N28 500 — —
Isolation Resistance(2) — — 1011 — Ohms
(V =500 V)
*Collector-Emitter Saturation VCE(sat) — 0.2 0.5 Volts
(Ic =2.0mA, Ig = 50 mA)
Isolation Capacitance(z) — — 1.3 — pF
(V=0,f=1.0 MHz)
Bandwidth(3) — — 300 — kHz
(Ic =2.0 mA, R = 100 ohms, Figure 11)
SWITCHING CHARACTERISTICS
Delay Time 4AN25, 4N26 tq — 0.07 — us
(Ic =10mA, Ve =10 V) 4N27, 4N28 — 0.10 —
Rise Time Figures 6 and 8 4N25, AN26 t — 0.8 — us
4N27,4N28 — 2.0 —
Storage Time 4N25, 4N26 tg — 4.0 — us
(Ic =10mA, Vce =10 V) 4N27, 4N28 — 2.0 -
Fall Time Figures 7 and 8 4N25, AN26 t — 7.0 — ps
4N27, 4AN28 — 3.0 —
* Indicates JEDEC Registered Data 1. Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.
2. For this test LED pins 1 and 2 are common and Photo Transistor pins 4, 5 and 6 are common.
3. IF adjusted to yield Ic = 2.0 mA and Ic = 2.0 mAp p at 10 kHz.
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The output of the coupler is the phototransistor. The basic 25 T3=25°C
parameters of interest are the collector current Ic and collector 5 I
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To fully characterize the coupler, a new parameter, the dc >°$ A ‘;’ ,'
current transfer ratio or coupling efficiency (n) must be de- o — — - _.-Q% -
fined. This is the ratio of the transistor collector current to diode .4N28_
current Ic/Ig. Figures 4A and 4B show the typical dc current 0 -
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transfer functions for the couplers at Vcg = 10 volts. Note that
n varies with Ig and VCE.

I, Collector Current (mA)
Figure 3. Collector Saturation Voltage
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Once the required output collector current Ic is known, the TURN-ON TIME
input diode current can be calculated by 20 —
— Veec=10V
IF=Ic/, 10 » IE=201c3
where IF is the forward diode current 50 = ~—17 1) =25°CH
Ic is the collector current 4 A M~
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The switching times for the couplers are shown in Figures 2 10 —
5A and 5B. The speed is fairly slow compared to switching g 07 —~ R =100 Q)
transistors, but is typical of phototransistors because of the 3 N S
T . Q N N
large base—collector area. The switching time or bandwidth of 5 05 500 ONN]
the coupler is a function of the load resistor R|_ because of the 3 N N
R Co time constant where Cq is the parallel combination of 503 N 1000 0N
the device and load capacitances. Figure 6 is a curve of fre- = 02 N ™
quency response versus R| . % \\‘
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Figure 6. Frequency Response
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Figure 7. Pulse Mode Circuit

Figure 8. Linear Mode Circuit
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Figure 9. Circuit Connections for Using the 4N26 as a Diode—Diode Coupler

OPERATING MODE

The two basic modes of operation are pulsed and linear. In
the pulsed mode of operation, the LED will be switched on or
off. The output will also be pulses either in phase or 180° out
of phase with the input depending on where the output is tak-
en. The output will be 180° out of phase if the collector is used
and in phase if the emitter is used for the output.

In the linear mode of operation, the input is biased at a dc
operating point and then the input is changed about this dc
point. The output signal will have an ac and dc component in
the signal.

Figures 7 and 8 show typical circuits for the two modes of
operation.

THE 4N26 AS A DIODE-DIODE COUPLER

The 4N26, which is a diode—transistor coupler, can be used
as a diode—diode coupler. To do this the output is taken be-
tween the collector and base instead of the collector and emit-
ter. The circuits in Figure 9 show the connections to use the
coupler in the diode—diode mode.

The advantage of using the 4N26 as a diode—diode coupler is
increased speed. For example, the pulse rise time for adiode—
transistor coupler is in the order of 2 to 5 us, where the diode—
diode coupler is 50 to 100 ns. The one disadvantage with the
diode—diode coupler is that the output current is much lower
than the diode—-transistor coupler. This is because the base
currentis being used as signal current and the  multiplication
of the transistor is omitted. Figure 10 is a graph of Ig versus
IE using the coupler in the diode—diode mode.
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Figure 10. | g versus | g Curve for Using the 4N26
as a Diode—Diode Coupler
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Figure 11. Coupler—Driven SCR

APPLICATIONS

The following circuits are presented to give the designer
ideas of how the 4N26 can be used. The circuits have been
bread—-boarded and tested, but the values of the circuit com-
ponents have not been selected for optimum performance
over all temperatures.

Figure 11 shows a coupler driving a silicon controlled rectifi-
er (SCR). The SCR is used to control an inductive load, and
the SCR is driven by a coupler. The SCR used is a sensitive
gate device that requires only 1 mA of gate current and the
coupler has aminimum current transfer ratio of 0.2 so the input
current to the coupler, I, need only be 5 mA. The 1 k resistor
connected to the gate of the SCR is used to hold off the SCR.
The 1N4005 diode is used to supress the self-induced voltage
when the SCR turns off.

Figure 12 is a circuit that couples a high voltage load to a low
voltage logic circuit. To ensure that the voltage to the MTTL

ANS571A

Gate

Signal MTTL

4
Flip-Flop
250

Figure 12. Opto Coupler in a Load to Logic
Translation

flip—flop exceeds the logic—one level, the coupler output cur-
rent must be atleast 10 mA. To guarantee 10 mA of output cur-
rent, the input current to the LED must be 50 mA. The current
limiting resistor R can be calculated from the equation

R = V=VE
0.05
than VF, the equation for R reducesto R =

. If the power supply voltage, V, is much greater

Vv
0.05°

The circuit of Figure 13 shows a coupler driving an opera-
tional amplifier. In this application an ac signal is passed
through the coupler and then amplified by the op amp. To pass
an ac signal through the coupler with minimum distortion, it is
necessary to bias the LED with a dc current. The ac signal is
summed with the dc current so the output voltage of the cou-
pler will have an ac and a dc component. Since the op amp is
capacitively coupled to the coupler, only the ac signal will ap-
pear at the output.

IAC (peak)
5mA

Figure 13. Coupling an AC Signal to an Operational Amplifier
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The circuit of Figure 14 shows the 4N26 being used as a diode—diode coupler, the output being taken from the collector-base
diode. In this mode of operation, the emitter is left open, the load resistor is connected between the base and ground, and the
collector is tied to the positive voltage supply. Using the coupler in this way reduces the switching time from 2 to 3 ps to 100 ns.

Input

|__ 10ps _’I 01uF  output

Vout
Input 3V
Pulse 1k

0

6V 1

06V MC1733 =

90 =
0
10

ty 10-90=100 ns

Figure 14. Using the 4N26 as a Diode—Diode Coupler

The circuit of Figure 15 is a standard two—transistor one—shot, with one transistor being the output transistor of the coupler.
The trigger to the one—shot is the LED input to the coupler. A pulse of 3 us in duration and 15 mA will trigger the circuit. The
output pulse width (PWQ) is equal to 0.7 RC + PW1 + 6 ps where PW1 is the input pulse width and 6 ps is the turn—off delay of

the coupler. The amplitude of the output pulse is a function of the power supply voltage of the output side and independent of the
input.

O +5V
4.7k
— V0
5 5V
_AN26 |
g1 r
—_— I
I, I Z—» PW=0.7Rc
Input
R — Output
Input “Q PWoyt = 0.7 RC + PWppin
IF=15mA = PWmin = PWijp + 6 s
PWip =~ 3 ps VO(Low) = 0:2V
(Minimum) VO(High) =50V (for R > 4.7k)

Figure 15. Pulse Stretcher
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The circuit of Figure 16 is basically a Schmitt trigger. One of
the Schmitt trigger transistors is the output transistor of a cou-
pler. The input to the Schmitt trigger is the LED of the coupler.
When the base voltage of the coupler’s transistor exceeds
Ve+Vpe the output transistor of the coupler will switch on. This

ANS571A

will cause Q2 to conduct and the output will be in a high state.
When the input to the LED is removed, the coupler’s output
transistor will shut off and the output voltage will be in a low
state. Because of the high impedance in the base of the cou-
pler transistor, the turn—off delay is about 6us.

MPS6518 1.2k
—O +12V
== 30 mA — Output
PP g 1 [T
I , |
Input |_
3V
Input ov
25V
Output ov
Ms 0
Figure 16. Optically Coupled Schmitt Trigger
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45V
Output / \
05V
Reset 20V ——
Input /_\_
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t(S)IIIIIIIIIIIIIIIIIIIII
MS) 0 1 2 3 456 7 8 910111213 14 15 16 17 18 19 20

Figure 17. Optically Coupled R-S Flip—Flop
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The high base impedance (100 k ohms) represents a com-
promise between sensitivity (input drive required) and frequen-
cy response. A low value base resistor would improve speed
but would also increase the drive requirements.

The circuitin Figure 17 can be used as an optically coupled
R-S flip—flop. The circuit uses two 4N26 couplers cross
coupled to produce two stable states. To change the output
from a low state to a high state requires a positive 2 V pulse
at the set input. The minimum width of the set pulse is 3 ys. To
switch the output back to the low state needs only a pulse on
the resetinput. The reset—operation is similar to the set opera-

systems, various subsystems may be placed in a stand-by
mode to conserve power until actually needed. Or the power
may be turned OFF in response to occurrences such as over-
heating, over—voltage, shorted output, etc.

With the use of the 4N26 optically coupler, the regulator can
be shut down while the controlling signal is isolated from the
regulator. The circuit of Figure 18 shows a positive regulator
connected to an optical coupler.

To ensure that the drive to the regulator shut down control
is 1 mA, (the required current), itis necessary to drive the LED
in the coupler with 5 mA of current, an adequate level for logic

tion. circuits.
Motorola integrated voltage regulators provide an input for
the express purpose of shutting the regulator off. For large
lg=1mA
3 1 Rsc +V
- _C \ 4 NN OO‘-
. 2N706
R 4
s MC1569R I
0.001 uF
R MC1469R . 1: H
—o0————— 4
1 2y 7 RLS
—0] co]+
2 0.1 F 1LO0pF T
60 Case ]_: = =
R* = Vi, —1.7 VIKQ =
Figure 18. Optical Coupler Controlling the Shut Down
of MC1569 Voltage Regulator
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- | ¢  10PF \psesis
Ip = 15 mA - Wy
|
— fe4 s
2 L ] 100k3 L
4-([ = Input
= 2ps 4ps
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tr = 0.5 s
Figure 19. Simple Pulse Amplifier
The circuitin Figure 19 is a simple pulse amplifier using pos- REFERENCES

itive, ac feedback into the base of the 4N26. The advantage
of the feedback is in faster switching time. Without the feed-
back, the pulse rise time is about 2.0 us, but with the positive
feedback, the pulse rise time is about 0.5 ps. Figure 17A
shows the input and output wave—forms of the pulse amplifier.

1. “Theory and Characteristics of Phototransistors,“ Motorola
Application Note AN440.
2. “Motorola Switching Transistor Handbook."

3. Deboo, G.J. and C.N. Burrous, Integrated Circuits and
Semiconductor Devices Theory and Application. New
York: McGraw—Hill, 1971.
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