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INFRARED'’ LIGHT-EMITTING DIODE APPLICATION CIRCUITS

Serial Conne ction And Parallel Connection

Figure 1 shows the most basic and commonly used
circuits for driving light-emitting diodes.

In Figure 1(A), a constant voltage source (Vcc) is
connected through a current limiting resistor (R) to an
LED so that it is supplied with forward current (I). The
Iz current flowing through the LED is expressed as
Ie = (Ve - VE)/R, providing a radiant flux proportional
to the Ir. The forward voltage (Vg) of the LED is
dependent on the value of I, butitis approximated by
a constant voltage when setting R.

Figures 1(B) and 1(C) show the circuits for driving
LEDs in serial connection and parallel connection,
respectively. In arrangement (B), the current flowing
through the LED is expressed as I = (Ve - VE X N)/R,
while in arrangement (C), the current flowing through
each LED is expressed as I = (Vcc - VE)/R and the
total supply currentis N x I, where N is the number of
LEDs.
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Figure 1. Driving Circuit of Light-
Emitting Di ode (LED)

The V¢ of an LED has a temperature dependency
of approximately -1.9 mV/°C. The operating point for
the load R varies in response to the ambienttempera-
ture as shown in Figure 2.

Constant Current Drive

To stabilize the radiant flux of the LED, the forward
current (Ig) must be stabilized by using a constant
current source. Figure 3 shows a circuit for constantly
driving several LEDs using a transistor. The transistor
(Try) is biased by a constant voltage supplied by a
zener diode (ZD) so that the voltage across the emitter
follower loaded by resistor Rg is constant, thereby
making the collector current (Ic = Ig) constant. The Ic
is given as Ic = Ig = (Vz = Vge)/Re. If too many LEDs
are connected, the transistor enters the saturation
region and does not operate as a constant current
circuit. The number of LEDs (N) which can be con-
nected in series is calculated by the following equa-
tions.

Vee- N X Vi -Ve> Ve (sat)

Ve =Vz- Vge

These equations give:

N <(Vcc - Vz+ Vge - Vce(sat)/Ve

Figures 4 and 5 show other constant current driving
circuits that use diodes or transistors, instead of zener
diodes.

OP1-2

Figure 2. Current vs. Voltage of Light-
Emitting Diode (LED)
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Figure 3. Constant Current Driving Circuit (1)
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Figure 5. Constant Current Driving Circuit (3)

Driving Circuit Activated By A Logic IC

Figures 6 and 7 show LED driving circuits that
operate in response to digital signals provided by TTL
or CMOS circuits.

Figure 8 shows a driving circuit connected with a
high level logic circuit.

In Figure 6, a high input signal V|5 from a TTL circuit
makes the NPN transistor (Tr;) conductive so that the
forward current (Ig) flows through the LED. Accord-
ingly, this circuit operates in the positive logic mode,
in which a high input activates the LED.
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Figure 4. Constant Current Driving Circ  uit (2)
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Figure 6. Connection with the
TTL Logic Circuit (1)

In Figure 7, alow input signal V,\ from a TTL circuit
makes the PNP transistor (Tr;) conductive so that the
forward current flows through the LED. This circuit
operates in the negative logic mode, in which a low
input activates the LED.

In Figure 8, the circuit operates in the positive logic
mode, and current IF is stabilized by constant current
driving so that the radiant flux of LED is stabilized
against variations in the supply voltage (Vcc).
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Figure 7. Conne ction with the
TTL Logic C ircuit (2)

Driving Circuit With An AC Signal

Figure 9 (A) shows a circuit in which an AC power
source supplies the forward current (Ig;) toan LED. A
diode (D) in inverse parallel connection with the LED
protects the LED againstreverse voltage, suppressing
the reverse voltage applied to the LED lower than Vg,
by using areverse voltage protection diode of an LED.
The LED provides a radiant flux proportional to the
applied AC current, (emitting only in half wave).

Figure 9 (B) shows the driving waveform of the AC
power source.

Figure 10 (A) shows a driving circuit which modu-
lates the radiant flux of LED in response to a sine wave
or modulation signal. Figure 10 (B) shows modulation
operation.
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Figure 8. Connection with the
TTL Logic Circ uit (3)

If an LED and light detector are used together in an
environment of high intensity disturbing light, it is
difficult for the light detectorto detectthe optical signal.
Inthis case, modulating the LED drive signal alleviates
the influence of disturbing light and facilitates signal
detection.

To drive an LED with a continuous modulation sig-
nal, it is necessary to operate the LED in the linear
region of the light-emitting characteristics. In the ar-
rangement of Figure 10, a fixed bias (I¢;) is applied to
the LED using R; and R, so that the maximum ampli-
tude of the modulation signal voltage (V) lies within
the linear portion of the LED characteristics. More-
over, to stabilize the radiant flux of the LED, itis driven
by a constant current by the constant current driving
circuit shown in Figure 3. The capacitor (C) used in
Figure 10 (A) is a DC signal blocking capacitor.
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Figure 9. (A) Driving Circ uit with AC Power S ource
(B) Driving Waveform
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Figure 10. (A) Modulation Driving Circuit
(B) Modulation Operation

Pulse Driving

LED driving systems fall into three categories: DC
driving system, AC driving system (including modula-
tion systems), and pulse driving system.

Features of the pulse driving system:
1. Large radiant flux

2. Less influence of disturbing light
3. Information transmission

1. The radiant flux of the LED is proportional to its
forward current (I), but in reality a large I heats up
the LED by itself, causing the light-emitting efficiency
to fall and thus saturating the radiant flux. In this
circumstance, a relatively large I can be used with no
risk of heating through the pulse drive of the LED.
Consequently, a large radiant flux can be obtained.

2. When an LED is used in the outdoors where dis-
turbing light is intense, the DC driving system or AC
driving system which superimposes an AC signal on a
fixed bias current provides low radiant flux, making it
difficult to distinguish the signal (irradiation of LED)
from disturbing light. In other words, the S/N ratio is
small enough to reliably detect the signal. The pulse
driving system provides high radiant flux and allows
the detection of signal variations at the rising and
falling edges of pulses, thereby enabling the use of
LED-light detector where disturbing light is intense.

3. Transmission of information is possible by vari-
ations in pulse widthor co unting of thenumber of pulse
used to encode the LED emission.

Figures 11 through 14 show typical pulse driving
circuits. Figure 15 shows the pulse driving circuit used
in the optical remote control. The circuit shown in
Figure 11 uses an N-gate thyristor with voltage be-
tween the anode and cathode oscillated at a certain
interval determined by the time constant of C x R so
that the LED emits light pulse. To turn off the N-gate
thyristor, resistor R; must be used so that the anode
current is smaller than the holding current (L), i.e.,
Iy > Vcc/Rs. Therefore, R; has a large value, resulting
in a large time constant (1 + C x R3) and the circuit
operates for a relatively long period to provide short
pulse widths. The circuit shown in Figure 12 uses a
type 555 timer IC to form an astable multivibrator to
produce light pulses on the LED. The off-period (t;)
and the on-period (t,) of the LED are calculated by the
following equations.

t1:1n2X(R1+R2)><C1
t2:1n2XR2><C1

The value of R, is determined so that the rating of
I,y of a 555 timer IC is not exceeded, i.e. S; > Vc/ln-

This pulse driving circuit uses a 555 timer IC to
provide wide variable range in the oscillation period
and light-on time. It is used extensively.
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Figure 11. (A) Pulse Driving Circuit using N-Gate
Thyristor (B) Operating Waveform
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Figure 12. (A) Pulse Driving using a 555 Timer IC
(B) Output Waveform
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Figure 13. (A) Pulse Driving Circuit using
Astable Multivibrator (B) Output Waveform
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Figure 15. (A) Pulse Driving Circuit
(B) Output Waveform

The circuit shown in Figure 13 uses transistors to
form an astable multivibrator for pulse driving an LED.
The off-period (t;) ofthe LED is given by C; x R, while
its on-period (t,) is given by C, x R,. For oscillation of
this circuit, resistors must be chosen so that the R1/R3
and R/Rs ratios are large.

The circuit shown in Figure 14 uses a CMOS logic
IC (inverter) to form an oscillation circuit for pulse
driving an LED. The pulse driving circuit using a logic

IC provides a relatively short oscillation period with a
50% duty cycle.

Figure 15 (A) shows an LED pulse driving circuit
used forthe light projector of the optical remote control
and optoelectronic switch. The circuit is arranged by
combining two different oscillation circuits i.e., a long
period oscillation (f1) superimposed with a short period
oscillation (f2) as shown in Figure 15 (B). Frequencies
f1 and f2 can be set independently.
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PHOTODIODE/PHOTOTRANSISTOR
APPLICATION CIRCUITS

Fundamental Photodiode Circuits

Figures 16 and 17 show the fundamental photo-
diode circuits.

The circuit show in Figure 16 transforms a photocur-
rent produced by a photodiode without bias into a
voltage. The output voltage (Vout) is given as Vgout =
1, x R.. It is more or less proportional to the amount
of incident light when Vout < Voc. It can also be
compressed logarithmically relative to the amount of
incident light when Vgoyr is near Voc. (Voc is the
open-terminal voltage of a photodiode).

Figure 16 (B) shows the operating point for a load
resistor (R.) without application of bias to the photo-
diode.

Figure 17 shows a circuit in which the photodiode
is reverse-biased by V¢ and a photocurrent (Ip) is

transformed into an output voltage. Also in this ar-
rangement, the Vgout is given as Vour = Ip X R, An
output voltage proportional to the amount of incident
lightis obtained. The proportional region is expanded
by the amount of V¢ { proportional region:V oyt < (Voc
+ Vce)} . On the other hand, application of reverse
bias to the photodiode causes the dark current (Iy) to
increase, leaving a voltage of I x R_ when the light is
interrupted, and this point should be noted in designing
the circuit.

Figure 17 (B) shows the operating point for a load
resistor R, with reverse bias applied to the photodiode.

Features of a circuit used with a reverse-biased
photodiode are:

1. High-speed response
2. Wide-proportional-range of output

Therefore, this circuit is generally used.
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Figure 16. (A) Fundamental Circuit of Ph otodiode
(without bias)
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Figure 17. Fundamental Circuit of Ph  otodiode
(with bias)
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The response time is inversely proportional to the
reverse bias voltage and is expressed as follows:

r=Cy xR
1
Cj:A(VD_VR)_n

C;: junction capacitance of the photodiode
R.: load resistor

Vp: diffusion potential (0.5V ~0.9V)

Vg: Reverse bias voltage (negative value)
n: 2~3

Photocurrent Amplifier Circuit ~ Using The

Transistor Of Photodiode

Figures 18 and 19 show photocurrent amplifiers
using transistors.

The circuit shown in Figure 18 are most basic com-
binations of a photodiode and an amplifying transistor.
In the arrangement of Figure 18 (A), the photocurrent
produced by the photodiode causes the transistor (Tr)
to decrease its output (Voyt) from high to low. In the
arrangement of Figure 18 (B), thephotocurrent causes
the Vgyt to increase from low to high. Resistor Rgg in
the circuit is effective for suppressing the influence of
dard current (ly) and is chosen to meet the following
conditions:

Ree > Vee/ {lp - Vcc/(RL X heg)}

Figure 19 shows simple amplifiers utilizing negative
feedback.
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Figure 18. Photocurrent A mplifier Circuit
using Transistor

In the circuit of Figure 19 (A), the output (Voyr) is
given as:

Vour = Ip xRy + Ig X Ry + Vg

This arrangement provides a large output and rela-
tively fast response.

The circuit of Figure 19 (B) has an additional tran-
sistor (Tr,) to provide a larger output current.
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Figure 19. Photocurrent Amplifier Circ  uit
with Negative F eedback
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Amplifier Circuit Using Operational Amplifier

Figure 20 shows a photocurrent-voltage conversion
circuit using an operational amplifier. The output volt-
age (Vour) is given as Voyur = I x Ry (Ip Olse). The
arrangement utilizes the characteristics of an opera-
tional amplifier with two input terminals at about zero
voltage to operate the photodiode without bias. The
circuit provides an ideal short-circuit current (Isc) in a
wide operating range.

Figure 20 (B) shows the output voltage vs. radiant
intensity characteristics. An arrangementwith no bias
and high impedance loading to the photodiode pro-
vides the following features:

1. Less influence by dark current

2. Wide linear range of the photocurrent relative to
the radiant intensity.

Figure 21 shows a logarithmic photocurrent ampli-
fier using an operating amplifier. The circuit uses a
logarithmic diode for the logarithmic conversion of
photocurrent into an output voltage. In dealing with a
very wide irradiation intensity range, linear amplifica-

tion results in a saturation of output because of the
limited linear region of the operational amplifier,
whereas logarithmic compression of the photocurrent
prevents the saturation of output. With its wide meas-
urement range, the logarithmic photocurrent amplifier
is used for the exposure meter of cameras.
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Figure 21. Logarithmic Photocurrent A mplifier
using an Operational Amplifier
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Figure 20. Photocurrent A mplifier using an
Operational Amplif ier (without bias)
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Light Detecting Circuit For Modulated
Light Input

Figure 22 shows a light detecting circuit which uses
an optical remote control to operate a television set,
air conditioner, or other devices. Usually, the optical
remote control is used in thesunlight or the illumination
of a fluorescent lamp. To alleviate the influence of
such a disturbing light, the circuit deals with pulse-
modulation signals.

The circuit shown in Figure 22 detects the lightinput
by differentiating the rising and falling edges of a pulse
signal. To amplify a very small input signal, an FET
proving a high input impedance is used.

Color Sensor Amplifier Circuit

Figure 23 shows a color sensor amplifier using a
semiconductor color sensor. Two short circuit currents
(Isc1s Isc2) conducted by two photodiodes having dif-
ferent spectral sensitivities are compressed logarith-
mically and applied to a subtraction circuit which

produces a differential output (Voyt). The output volt-
; ’VF\{\'—OVCC age (Vour) is formulated as follows:
PIN 5
KT I
N PHOTODIODE Re ¢, Vour = . % log (Iscz) A
SC1
Cl ) VOUT . . . . .
J {Tr Where Ais the gain of the differential amplifier. The
. ! gain becomes A = R,/R; when R; = Rz and R, = Ry,
Z7 C, 1 then:
KT Isc2, _ Rz
R; R Ve = x lo x
§ § N ouT q g (|ISC1) R,
Rs Cs
The output signal of the semiconductor color sensor
/77 77 77 is extrgmely I.ow Ie_vel. Thgrefore, great care must bg
oP1-22 taken in dealing with the signal. For example, low-bi-
. . _ _ _ ased, low-drift operational amplifiers must be used,
Figure 22. Light Detecting Circ  uit for Modulated and possible current leaks of the surface of P.W.B.
Light Input PIN Photodiode must be taken into account.
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Figure 23. Color Sensor Amplifier Circuit
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Fundament Phototransistor Circuits

Figures 24 and 25 show the fundamental phototran-
sistor circuits. The circuit shown in Figure 24 (A) is a
common-emitter amplifier. Light input at the base
causes the output (Voyt) to decrease from high to low.
The circuit shown in Figure 24 (B) is acommon-collec-
tor amplifier with an output (V oy7) increasing from low
to high in response to light input. For the circuits in
Figures 24 (A) and 24 (B) to operate in the switching
mode, the load resistor (R,) should be set in relation
with the collector current (Ic) as Vee < R X .

The circuit shown Figure 25 (A) uses a phototran-
sistor with a base terminal. A Rgg resistor connected
between the base and emitter alleviates the influence
of a dark current when operating at a high tempera-
ture. The circuit shown in Figure 25 (B) features a
cascade connection of the grounded-base transistor
(Try) sothat the phototransistor is virtually less loaded,
thereby improving the response.

Amplifier Circuit Using Transistor

Figures 26 (A) and 26 (B) show the transistor am-
plifiers used to amplify the collector current of the
phototransistor using a transistor (Tr;). The circuit in
figure 26 (A) increases the output from high to low in
response to a light input. The value of resistor R;
depends on the input light intensity, ambient tempera-
ture, response speed, etc., to meet the following con-
ditions:

R1 < Vge/lceo,R1 > Vee/lc

Where Icgo is the dark current of phototransistor
and I is the collector current.
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Figure 24. Fundamental Phototransistor
Circuit (1)

Modulated Signal Detection Circuit

Figures 27 (A) and 27 (B) show the circuits used to
detect a modulated signal such as an AC or pulse
signal. The phototransistor has a base terminal with
a fixed bias through resistors R; and R,. An R, emitter
resistor maintains the DC output voltage constant. A
modulated signal provides a base current through
bypass capacitor C causing current amplification so
that the signal greatly amplified.
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Figure 25. Fundamental Phototransistor
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Figure 26. A mplifier Circuit Using Tra nsistor
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Figure 27. Modula ted Signal Detection Circuit

Amplifier Circuit Using Operational Amplifier

Figure 28 shows a current-voltage conversion cir-
cuit using an operational amplifier. Its output voltage
(Vout) is expressed as Voyr = Ic X Ry.

The current-voltage conversion circuit for the pho-
totransistor is basically identical to that of the photo-
diode, except that the phototransistor requires a bias.
The circuit shown if Figure 28 (A) has a negative bias
(-V) for the emitter against the virtually grounded col-
lector potential. Figure 28 (B) shows the output volt-
age vs. irradiation intensity characteristics.

Auto-stroboscope Circuit

Figure 29 shows the auto-stroboscope circuit of the
current cut type. This circuit is most frequently used
because of advantages such as continuous light emis-
sion and lower battery power consumption.

When the switch is in the ON-state, the SCR, and
SCR3 turn on to discharge capacitor C4 so that the
xenon lamp is energized to emit light. The anode of
the SCR; is then reverse-biased, causing it to turn off
and light emission of the xenon lamp ceases. The
irradiation time is set automatically in response to
variations in the collector current of the phototransis-
tor. This follows the intensity of reflected light from the
object and the value of Cin the circuit. In other words,
the irradiation time is long for a distant object, and
short for a near object.

PHOTOCOUPLER/PHOTOTHYRISTOR
COUPLER/PHOTOTRIAC COUPLER
APPLICATION CIRCUITS

For the effective use of photocouplers, the usage
utilizing the features and fundamental circuits using
photocouplers are described below.

Logic Gate Circuit Using Photocouplers

Figure 30 shows logic gates using photocouplers
and their associated truth tables. The circuit of Figure
30 (A) forms an AND gate while the circuit of Figure 30
(B) forms an OR gate. These circuitsare converted to
a NAND gate and NOR gate, respectively, when the
R, load resistor is connected to the collector.

Level Conversion Circuit

Figure 31 shows simple level converters using a
photocoupler. The circuit simple level converters us-
ing a photocoupler. The circuit shown in Figure 31 (A)
converts the MOS level to the TTL level. Because of
the small output current from the MOS IC, a photo-
coupler with a high current transfer ratio (CTR) at low
input is required.

The circuit shown in Figure 31 (B) is a Schmitt
trigger arranged using a photocoupler and transistor
and a convert signal into an arbitrary level.
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Figure 28. A mplifier C ircuit using an
Operational Amplifier
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Figure 30. Logic Gate Circuits using Photocouplers
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Figure 31. Level Conversion Circuit

Isolation Amplifier

Figure 32 shows a non-modulated isolation ampli-
fier operable with low-frequency signals. In the ar-
rangement, the photocoupler input is biased by DC
forward current which is superimposed by a low-fre-
guency signal. This gives the operating region of the
good linearity of photocoupler. The DC bias currentis
adjusted by VR;.

*Veer

OP1-32

Figure 32. Isolation A mplifier

Noise Prote ction

Figure 33 shows some noise protection examples.
The example shown in Figure 33 (A) includes the
parallel connection of a capacitor (C,) and resistor (R;)
across the input of the photocoupler where relatively
long signal lines are connected for example where a
computer and a terminal unit. The larger the capaci-
tance of C,, the greater the effect is expected, although
signal propagation time is sacrificed.

The examples in Figure 33 (B) and 33 (C) use a
photocoupler with a base terminal. Example (B) is
effective against noise, but only in exchange for the
response time, while example (C) tends to have low
current transfer ratio (CTR).

However, when the photocoupler is operated in the
switching mode, the base terminal tends to be affected
by noise. Therefore, the use of photocouplers without
a base terminal is recommended.

Lamp Driving Circuit and Relay
Driving Circuit

Figures 34 and 35 show circuits for driving a lamp
and relay, respectively, directly at the output of the
photocoupler.

For this purpose, a suitable photocoupler includes
a Darlington transistor providing a high CTR. The
circuit shown in Figure 34 includes an R2 resistor for
supplying a preheating current to the lamp so as to
prevent a rush current in lighting the lamp. The circuit
in Figure 35 includes a diode D1 for suppressing a
counter-electromotive voltage produced when the re-
lay is in the OFF-state.
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Figure 33. Noise Protection Example
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J [ designed to detect and indicate leak currentin a circuit
N/ using a photocoupler. The LED indicator lights off if
'—\ § R, the leak current exceeds the VF/R1 value.
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Figure 36. Current Monitoring Circuit
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Figure 35. Relay Driving Circuit
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Solid State Relay
Solid State Relay Using Photocoupler

Figure 37 shows a solid state relay circuit using a
photocoupler. Figure 37 includes an input circuit, pho-
tocoupler, thyristor for triggering, rectifying diode
bridge, snubber circuit, and high power triac. In op-
eration, the photocoupler turns on the thyristor for
triggering and its ON-current activates the high power
triac to drive the load. Because of a low collector
withstand voltage and the low output current of the
photocoupler, a thyristor for triggering is needed to

interface it with power control devices such as a power
triac or power thyristor.

By appropriately choosing the R; and R, values, a
high sensitive solid state relay having a wide range of
input signal of the photocoupler type is realized. The
zero-cross voltage is determined from the voltage
division ratio by R, and Rs.

Solid State Relay Using Photothyristor Coupler

Figure 38 shows the drive circuit of thyristor using
a half-wave control type photothyristor coupler.
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Figure 37. Solid State Relay with B uilt-in
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Figure 39 shows the drive circuit of triac using a
half-wave control type photothyristor coupler. In this
circuit, D; ~ D, rectifying bridges are required for AC
control using a half-wave control type photothyristor
coupler.

Figure 40 shows the drive circuit of triac using a
full-wave control type photothyristor coupler.

In each figure, R; is a resistor used to prevent
mistriggering of a large power thyristor and triac by
leak current (Iprm) When the photothyristor coupler is
OFF. Therefore, the setting is required by checking
the photothyristor coupler (Ipry) and gate trigger cur-
rent (Ig1) of a large power thyristor and triac. Rsi, Rs»
and Cs form a snubber circuit.

Solid State Relay Using Phototriac Coupler

Figure 41 shows the basic operating circuit of a triac
using a phototriac coupler.

Figure 42 shows a circuit example of controlling
forward and reverse rotation of the motor, using a
control signal as one example of phototriac coupler
application circuit.

Input Drive Circuit

Figure 43 shows the input drive circuit of a solid
state relay (SSR). (A) and (B) operate with a positive
signal, and (C) and (D) operate with a negative signal.
(B) and (C) are effective when the output current of
control circuit is small.

(E) is a drive circuit using IC (TTL/DTL), which
operates when IC is in the "L" state.

(F) and (G) are drive circuits using CMOS IC, each
of which cannot drive the primary side of SSR with
CMOS IC only; it therefore drives via a transistor.
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Figure 39. Triac Drive Circ uit (1)
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Arrival Bell Signal Dete ction Of Telephone

Figure 44 shows a circuit for transmitting an arrival
bell signal to a telephone related device while main-
taining the electrical isolation between the device and
the telephone subscriber line. The ring signal is an AC
signal (75 Vrms, 16 Hz) superimposed on the 48V line.

A non-polarized photocoupler (designed for AC in-
put response) is suited for this purpose.

( (
7 )

SUBSCRIBER LINE
(75 Vrms, 16 Hz)

| L‘CP\% | O
Rz§ CZ&QXZQ K) OUTPUT
L o

OP1-44

TO TELEPHONE SET

(
)

Figure 44. Telephone Arrival B ell Signal
Detection

Telephone Line Interface

Figure 45 shows an interface circuit used to link a
telephone related device to the telephone line.
Through parallel connections of photocouplers, tele-
phone related devices can be linked to the telephone
line.

Telephone Line Polarity De tection
(Ring Counter)

Figure 46 shows an example of a photocoupler
used for the polarity detecting circuit in a telephone
line.

Dial Pulse Mon itor Circuit

Figure 47 shows an example in which a photocoup-
ler is actuated due to dial pulse current if the circuit is
connected to the telephone line, the light detector side
of photocoupler operates as a dial pulse monitor cir-
cuit.

Power Control Circuit By Bell Signal

Figure 48 shows an application example for
ON/OFF switching of the power supply of a particular
equipment by a telephone bell signal.

Servo Motor Driving Circuit

Figure 49 shows an inverter-type AC servo motor
speed control circuit. A transistorized inverter is fea-
tured to readily control an AC motor in a wide speed
range. Itis increasingly used in appliances such as air
conditioners.

The photocoupler is used to drive the power tran-
sistor base amplifier so that it interfaces with a micro-
computer. Because of the high surge voltage applied
to the PWM base signal circuit (input) and driver circuit
(output) at the switching of magnetic polarity, a high
noise resistance (high dv/dt) photocoupler is used.
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Figure 45. Telephone Line Interface
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Servo Motor Braking Control Circuit

Figure 50 shows a servo motor braking control
circuit in which a photocoupler is used to separate the
control circuit from the brake driving circuit. A serial

A connection of C, and R; across the coil is designed to

/Y — absorb the inductive current by the coil. C; is used to
/TL PHOTO- ™ absorb high frequency noise on the DC power line.
N—

CURRENT
O A% O

co // _ _—
pCEL;JZZLER | Switching Regulator Circuit

Figure 51 shows a switching regulator circuit using
§ g a photocoupler.
In operation, the AC power line voltage is rectified

into a DC voltage and is inverted into an AC voltage of
around 50 kHz. It is then converted back to a DC

/77 e) voltage by a choke-input rectifying circuit. The output
POSITIVE ELECTRODE NEGATIVE ELECTRODE voltage is determined by the values of Ry, R,, and ZD.
DETECTION OUTPUT ~ DETECTION OUTPUT
Op1-46 Chopper Circuit
Figure 46. Telephone Line Polarity Detection Figure 52 shows a chopper circuit featuring high
Circuit response and low signal amplification.

Conventional choppers are formed by FETs and
PHOTOCOUPLER transistors and create problems by swm_:hmg spike
O— VW, ' PC713V, PC703V noise which adversely affects the output signal.

Use of a photocoupler allows electrical isolation of
TELEL'ID,:'EONEZZ § AV DIAL the control and amplifying circuits. A small signal can
o~ oPUUTLPSUET then readily be amplified with no affect from spike

LNW noise.
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Figure 47. Dial Pulse Monitor Circuit
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Figure 48. Power Control Circ uitby Bell S ignal
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Figure 50. Servo Motor Brake Control Circuit
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