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Infra-Red Data Communication

RY5ATO01 IR Data Transmitter

The RY5ATO1 IR Data Transmitter is designed for
transmission of 500 kHz ASK-modulated serial data.
The unit is composed of an input buffer, a 500 kHz
modulator, and the output IR LED. The application of
a positive logic ‘1’ (+5 V) to the input enables the
500 kHz modulation at the IR output. A logic ‘0’ (0 V)
disables the output. As serial data is applied to the
input, the output is gated to correspond to the data
stream. Observe correct data protocols for the trans-
mission and reception of serial data to insure correct
recovery of the transmitted data. The transmitter ex-
ternal interface is composed of three pins extending
flat in the plane of the circuit board. Power, ground,
and a signal input are provided.

RY5BDO01 IR Bidirectional Data Unit

The RY5BDO1 IR Bidirectional Data Unit is de-
signed for transmission and reception of 500 kHz
ASK-modulated serial data. This unit incorporates all
of the features of the RY5AR01 IR Data Receiver. The
transmitting LEDs are the only portion of the RY5ATO1
transmitter in this package. The 500 kHz modulation
source and input buffer must be incorporated external
to the unit. All other data transmission characteristics
are the same.

RY5AR021 Three-Meter IR Data Receiver

The RY5AR021 is an enhanced-range version of the
RY5AR01 IR Data Receiver. It has identical electrical
characteristics with the exception of the enhanced range.
The mechanical package has been changed to incorpo-
rate two photodetectors. This unit is used in conjunction
with the standard RY5ATO1 one-meter transmitter to
provide a total three-meter effective operating range. If
additional transmission distance is required, a discrete
transmitter unit should be developed and used with the
RY5AR021. A discrete transmitter implementation will
allow for additional transmitting diodes to increase the
total radiated signal.

CIRCUIT APPLICATION

RY5AR01

The RY5AR01 IR Data Receiver is a compact,
lightweight unit designed for reception of Amplitude-
Shift-Keying (ASK) format serial data. The unit is
composed of a photodiode, amplifier chain, bandpass
filter, detector, and hysteresis comparator (Figure 1).

The photodiode is the detector for the IR signal.
Even though the received IR energy is in the 900-1,050
nanometer range, consideration should be given to
reducing the amount of light received from ambient or
local light sources. Light sources such as the sun,
halogen, and tungsten lamps have a fairly high IR
output over a broad frequency range. Reception of
broadband light sources by the photodiode detector
will tend to raise the internal noise level and reduce
the overall sensitivity of the receiver circuits. One easy
way to test for the amount of background light interfer-
ence is with an IR transparent window. Refer to the IR
Window section. If high ambient IR levels are ex-
pected, consideration should be given to the incorpo-
ration of an IR filter in the system design.

The recovered signal is amplified through a chain
of five amplifiers. An internal AGC and limit stage is
used to prevent saturation of the amplifier chain if a
strong signal is present. A signal thatis at the low end
of the receiver sensitivity will be amplified to a usable
level. A bandpass filter is incorporated to select the
desired signal source as the primary input recovered
by the receiver system. The bandpass characteristic
suppresses signals in the 38 kHz modulation band
used by many in-home consumer products such as
television receivers and VCRs. In addition, many new
inverter-supply fluorescent fixtures for commercial and
in-home application use power sources driven in the
20 kHz to 38 kHz region. The light sources can gener-
ate background noise that in some circumstances will
raise the overall noise and interference levels in a
room.

The receiver will respond to the 500 kHz transmitter
signal source and reject signals without the 500 kHz
modulation. For example, an IR signal source in the
900-1,050 nanometer band with 38 kHz modulation
will be rejected, and the receive unit will not generate
an output.

The detector stage is an envelope detector which
responds to the presence of a correctly modulated
signal. The detector output feeds the hysteresis com-
parator which provides a TTL/CMOS compatible out-
put. A positive-going signal that exceeds the upper
comparator threshold will set the comparator, and a
negative-going signal that exceeds the lower threshold
will reset the comparator. Hysteresis minimizes the
probability of receiving incorrect information. [1] The

AMPLIFIERS FILTER

DETECTOR X

BANDPASS
DETECTOR
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HYSTERESIS

COMPARATOR GND

RF6-1

Figure 1. RY5AR01 Block Diagram
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comparator output is the logical complement of the
received signal. For a logical ‘1’ at the transmitter, a
logic ‘0’ is presented at the output of the receiver. The
data receiver has an open-collector output that can be
used with signals that do not exceed +10 V. A 33 kQ
pull-up resistor from V. is recommended in a normal
+5 V system architecture. The nominal design current
for the output is 150 pA. Do not exceed 200 pA. The
receiver external interface is composed of three pins
in a shrouded connector block; power, ground, and the
inverted sense output signal. (See Figure 2.)

Information about where to obtain matching con-
nectors is included in the References section.

RY5ARO01

]

RF6-9

Figure 2. RY5AR01 Output Configuration

IR Window

A convenient source of IR transparent material is to
use a piece of color film. Obtain a roll of color print film
with an ASA rating of 100. Pull the film out of the can
until the end is reached and expose the film to sunlight
for several seconds. Roll the film back into the can and
have it processed. Explain to your photo shop what
you are doing so that they will correctly process the
film and not try to make prints. The processed film
material will provide a good IR test filter. [2] Double
layers of the processed film material will be difficuit to
see through, yet will remain transparent to most IR
wavelengths.

RY5ATO1

The RY5ATO1 IR Data Transmitter is a compact,
lightweight unit designed for transmission of 500 kHz
ASK-modulated serial data. The unit is composed of
an input buffer, a 500 kHz modulator, and the output
IR LED (Figure 3).

Vee O

aLas\/ "

RF6-2

Figure 3. RY5ATO01 Block Diagram

The application of a positive logic ‘1’ (+5 V) to the
input inverting buffer enables the 500 kHz modulation
at the IR output. Alogic ‘0’ (0 V) disables the output.
Serial data at the input creates a corresponding modu-
lated output. Observing correct data protocols for
transmission and reception of serial data will insure
correct recovery of the transmitted data. Half-duplex
protocols will provide high reliability data transmission.
Full-duplex operation is difficult in the IR environment
due to local echo at each end of the transmission
system, and from reflective objects in short-range
line-of-sight. Half-duplex operation can achieve high
transfer rates and low error rates when packet transfer
and error checking are employed.

The transmitter external interface is composed of
three pins extending flat in the plane of the circuit
board. Power, ground, and a signal input are pro-
vided.

Amplitude Shift Keying

The 500 kHz modulator runs continuously and is
enabled by the input signal. The modulation process
is Amplitude-Shift-Keying (ASK) (Figure 4). In this
application, ASK essentially refers to the presence or
absence of a modulated carrier. [3] In transferring
datafiles, ‘mark’ and ‘space’ correspond to logic ‘1’ and
‘0’ respectively. [4] With a logic ‘1’ (mark) applied at
the input, a modulated signal will be gated to the output
IR LED. With a logic ‘0’ (space) at the input, no signal
will be sent. In this condition, the IR carrier will not be
transmitted. The time period of a logic ‘1’ data bit is
filled in with the 500 kHz modulation frequency. The
envelope detector at the receiver will respond to the
presence of the modulation envelope. The rising and
falling edges of the envelope will drive the hysteresis
comparator to generate the recovered output. Prob-
ability data for the correct transmission and recovery

DATA INPUT I |
MODULATED
OUTPUT

RF6-3

Figure 4. ASK Modulation Diagram
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of ASK data is available in reference 1. With correct
application of these modules, error rates of 10 can
be demonstrated.

RY5BDO1

The RY5BDO1 IR Bidirectional Data Unit is a com-
pact unit designed for transmission and reception of
500 kHz ASK-modulated serial data. This unit incor-
porates all of the features of the RY5AR01 IR Data
Receiver. The transmitting LEDs are the only portion
of the RY5ATO1 transmitter in this package. The
500 kHz modulation source and input buffer are added
in external supporting hardware for the unit. (See
Figures 5 and 7).

The RY5BDO01 unit is designed for mounting on the
surface of a circuit board. Consider a reflector as an
easy method for conducting the IR energy to and from
the unit. This will allow for direct mounting of the
module without a separate circuit board mounted per-
pendicular to a normal backplane or motherboard (Fig-
ure 6). The mirror surface should be mounted as close
as possible to the LEDs and photodiode.

Reflector Material

A recommended material for use as the reflector is
‘PET’ (Polyethylene Terephthalate) with ‘Al’ layer by
evaporative deposition. This material is essentially a
Polyethylene substrate with a reflective layer and
should be available as an off-the-shelf item. Or, a
similar material with a highly reflective surface should
suffice.

Modulator Circuit

The RY5BDO01 does not include a 500 kHz modula-
tor circuit in order to keep the package size small. A
modulator circuit of some type is required to provide
the modulation signal and drive the IR LEDs. One
possible circuit is shown in Figure 7. The ceramic
resonator and CMOS inverters comprise the 500 kHz

oscillator. The transistor arrangement is the LED driver
network. The limit resistor controls the LED forward
current at different duty cycle rates. The ceramic reso-
nator in the oscillator has been chosen for the good
frequency stability offered.

Try to maintain the 500 kHz modulation frequency
within £25 kHz of the fundamental. This will guarantee
dependable signal recovery over temperature and
other operating environment changes. The diagramin
Figure 7 shows a low-cost, reliable, low gate-count
design, but not the lowest possible gate-count. Other
modulator schemes can be devised. The primary con-
siderations should be frequency stability, and for a
logic ‘1’ (+5 V) at the Signal Input, the LEDs are
enabled to provide an IR output. If a 500 kHz sub-mul-
tiple of a microprocessor clock is available, as shown
in Figure 8, then it may be used as the modulation
signal source. In that case, it would be applied to the
second NAND gate input in place of the clock signal.

A stable RC oscillator comprised of CMOS gates is
described in National Semiconductor® Application
Note 118°. This circuit can be used to provide a 500
kHz source when no other methods are desired. (See
Figure 9.)

The frequency of operation is described by the
expression f = 1/[2C(0.405 Rq + 0.693 R1)]. Req is
the parallel combination of R1 and R2.

IR SIGNAL % REFLECTOR

U U

RF6-5

Figure 6. RY5BD01 With Reflector
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Figure 5. RY5BDO01 Block Diagram
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Figure 7. Sample 500 kHz Modulator Circuit

| DATA
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INPUT O
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Figure 8. 500 kHz Modulation Source

SAMPLE SYSTEM

A sample RS-232 connection using two RY5ATO1
IR Transmitters and two RY5ARO01 IR Receivers is
shown in Figure 10. Standard RS-232 pin assign-
ments are assumed here. This example employs the
use of MAXIM® MAX233 RS-232 Drivers/Receivers,
which may be operated from +5 VDC without any
additional external components. This configuration
duplicates a standard RS-232 connection for two-way
data transfer.

Insure that the correct line-driver connections are
made from the MAX233 device to the RS-232 port and
to the TTL/CMOS interfaces. Short connection
lengths from the MAX223 chips and the RY5AT01 and
RY5AR01 modules are possible without additional
power supply decoupling. If the run lengths are more
than 3 inches, consider additional power supply de-
coupling if your system environment is noisy.

For full-duplex operation, isolate the co-located
transmitter and receiver pairs from direct viewing by
each other. A simple divider plate or other physical
separation will suffice. When fully isolated, full-duplex
operation may be achieved. Without separation, a
local echo will be generated at each end of the trans-
mitting system. In this normal operating environment,
half-duplex operation is standard, and depending on

RF6-7

Figure 9. Three-Gate Oscillator

the setup, the system software must strip the echo
characters from the received data.

Currently, the RY5BDO01 bidirectional data unit will
support half-duplex operation only, due to the transmit-
ter and receiver devices being co-located on the mod-
ule. High data transfer rates may be accomplished by
the use of direction control routines in the supervisory
software in your final system. System test with a
modem software package may appear to demonstrate
full-duplex operation when echo canceling is chosen
as a set-up parameter. Half-duplex operation will be
more reliable and provide an overall lower error rate.
Data transfer protocols that use a packet format that
are not dependent on simultaneous bidirectional hand-
shakes will operate most effectively.

Most commercially available communications soft-
ware packages for Personal Computers (PCs) may be
used to test the IR link. Data rates up to 38,400
bits-per-second work with minimal data errors, if rec-
ommended system parameters are not exceeded.
Check your computer system data transfer specifica-
tions to determine if higher data rates can be sup-
ported without errors. Direct communication between
the two modules is a first step in demonstrating the
operation of the IR link.

Another method is to prepare a test file for evaluat-
ing the serial connection. Prepare the file prior to the

RF Application Note
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test. After configuring the port setup in the software,
select ‘file transfer.’ Use a file transfer protocol without
error correction to demonstrate a one-way data file
transfer, with or without handshake. Check for file
transfer errors. If present, check for system parame-
ters that have been violated, such as range. Bidirec-
tional capabilities may be tested by selecting a
protocol that employs echo canceling, half-duplex
handshake, or packet transfer methods. The file may
be tested for data errors by using comparison routines
that are part of the PC system programs.

Manufacturing Considerations

Several considerations should be kept in mind for
best overall system results: the ground plane of the
circuit board on which the RY5AR01 or RY5BDO1 is
mounted should be extended under the area of the
photodiode. Including ground plane under as much of
the units as possible will be of additional help. The
receiver circuits and photodiode are susceptible to
Electro-Magnetic Interference, and additional ground
plane helps reduce the unit sensitivity. In the same

context, the mounting tabs of the metal enclosures
should also be soldered to plated-through holes that
are tied to the ground plane.

Efficient mounting of the RY5BDO01 requires the
relief of several areas on the circuit board. Figure 11
provides information on the areas that need to be
removed.

All of the RY5-series parts should be hand-mounted
and soldered. These devices are not suitable for IR
process systems used in Surface-Mount Technology
production lines. The high IR temperatures beyond
100°C will soften the material in the IR photodiode and
LEDs, distorting the optical characteristics. Under cir-
cumstances where due caution is exercised, the
RY5AR01, RY5AR021, and RY5AT01 may be proc-
essed on a flow-solder system as long as the compo-
nents do not heat soak to a 100°C level and solder will
not wick to the underside of the modules. Short tem-
perature transitions on the leads for less than five
seconds should not harm the devices if the above
stated considerations are kept in mind.

MAX233 RY5ATO1

J7 +5V

7
v T

RY5AR01

47 uF 1000 pF

RY5AR01 MAX233

+5V /J7

RY5ATO1

47uF 1000 pF

RF6-8

Figure 10. Bidirectional System Diagram
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Figure 11. RY5BD01 Mounting and Soldering Details
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‘INFRARED’ LIGHT-EMITTING DIODE APPLICATION CIRCUITS

Serial Connection 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 (V¢c) is
connected through a current limiting resistor (R) to an
LED so that it is supplied with forward current (Ig). The
Ie current flowing through the LED is expressed as
I = (Vee - VE)/R, providing a radiant flux proportional
to the Ig. The forward voltage (Vi) of the LED is
dependent on the value of I, but it is 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 = (Vgc - VE X N)/R,
while in arrangement (C), the current flowing through
each LED is expressed as Ig = (Ve - VE)/R and the
total supply currentis N x I, where N is the number of
LEDs.

Vee Vee

//

(R) (8)

OP1-1

Figure 1. Driving Circuit of Light-
Emitting Diode (LED)

The Vg 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 ambient tempera-
ture as shown in Figure 2.

Constant Current Drive

To stabilize the radiant flux of the LED, the forward
current (lg) 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 (I = I¢) constant. The I¢
is given as Ig = g = (Vz = Vgg)/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 Vg - Ve> Ve (sat)

Ve =Vz- Vg

These equations give:

N < (Vce - Vz+ Ve - Vee(sat))/Ve

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

| Ta=25°C

OoP1-2

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

Figure 4. Constant Current Driving Circuit (2)
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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,y from a TTL circuit
makes the NPN transistor (Tr) conductive so that the
forward current (lg) flows through the LED. Accord-
ingly, this circuit operates in the positive logic mode,
in which a high input activates the LED.

Figure 6. Connection with the
TTL Logic Circuit (1)

In Figure 7, a low input signal V,y 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 I is stabilized by constant current
driving so that the radiant flux of LED is stabilized
against variations in the supply voltage (Vcc).

4-2
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Figure 7. Connection with the
TTL Logic Circuit (2)

Driving Circuit With An AC Signal

Figure 9 (A) shows a circuit in which an AC power
source supplies the forward current (Ig;) to an LED. A
diode (D4) in inverse parallel connection with the LED
protects the LED against reverse voltage, suppressing
the reverse voltage applied to the LED lower than Vg,
by using a reverse 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.

Figure 8. Connection with the
TTL Logic Circuit (3)

If an LED and light detector are used together in an
environment of high intensity disturbing light, it is
difficult for the light detector to detect the optical signal.
In this 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 (lg4) is applied to
the LED using R4 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, it is 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.

Ve \
AC POWER
SOURCE <Z§ <§2§
D, ‘?e
(A) (B) OP1-9
Figure 9. (A) Driving Circuit with AC Power Source
(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 (Ig), 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 Iz 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 width or counting of the number 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 Rz must be used so that the anode
current is smaller than the holding current (Iy), i.e.,
Iy > Vcc/Rs. Therefore, R; has a large value, resulting
in a large time constant (t + 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)XC1
t2=1n2><R2><C1

The value of R, is determined so that the rating of
Iy of a 555 timer IC is not exceeded, i.e. Sq > Vc/In.

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.

4-4
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(A) (B)

OP1-11

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

Vee O

OFF ON

N >
P

(A) (B)

|

OP1-13

Figure 13. (A) Pulse Driving Circuit using
Astable Multivibrator (B) Output Waveform
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Figure 14. Pulse Driving Circuit using CMOS Logic IC

(A)

OP1-15

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;) of the LED is given by C; x Ry, while
its on-period (1) is given by C, x Rs. For oscillation of
this circuit, resistors must be chosen so that the Ry/R3
and Ry/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 for the 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.

4-6
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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 (Vour) is given as Voyr =
1p x R_. It is more or less proportional to the amount
of incident light when Voyr < Vog. It can also be
compressed logarithmically relative to the amount of
incident light when Vgyt 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 Vgc and a photocurrent (lp) is

transformed into an output voltage. Also in this ar-
rangement, the Voyr is given as Voyr = lIp X R.. An
output voltage proportional to the amount of incident
light is obtained. The proportional region is expanded
by the amount of V¢ {proportional region: Voyr < (Voc
+ Vee)} - On the other hand, application of reverse
bias to the photodiode causes the dark current (ly) to
increase, leaving a voltage of Iy 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.

Eyvi <Eva <Eys
|

] v
EV1 ——
~
Ev \éb R Vour Eyp ——
Eyg — A
Vour t
(A) (B)
OP1-16
Figure 16. (A) Fundamental Circuit of Photodiode
(without bias)
Vee
Q Eyy <Eva2 <Eys
lp Vee |1
AN N BV
~
Qg l Ey j
Evo
R § Vour Eys
Vour \RL
77
(A) (B)
OP1-17
Figure 17. Fundamental Circuit of Photodiode
(with bias)
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The response time is inversely proportional to the
reverse bias voltage and is expressed as follows:

|'=Cj>( RL
1
Ci=AVo~ Vi)~

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

Vp: diffusion potential (0.5 V ~ 0.9 V)

Vg: Reverse bias voltage (negative value)
n2-~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 (Try)
to decrease its output (Vout) from high to low. In the
arrangement of Figure 18 (B), the photocurrent causes
the Voyr to increase from low to high. Resistor Rgg in
the circuit is effective for suppressing the influence of
dard current (lg) and is chosen to meet the following
conditions:

RBE < VBD/Id
Ree > Vee/ {lp - Voo/(RL X heg)}

Figure 19 shows simple amplifiers utilizing negative
feedback.

O Vec O Vee
~ A e § Ry RBE§ Vee
Q) (
—OVour 1 Tr

Tr —COVour

(A) (B)

OP1-18

Figure 18. Photocurrent Ampilifier Circuit
using Transistor

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

VOUT= |pXR1 + IBX R1 +VBE

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.

Ry

——OVour

o

Try

——OVee
R3 é

OVour

//

OP1-19

Figure 19. Photocurrent Amplifier Circuit
with Negative Feedback
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Ampilifier Circuit Using Operational Amplifier

Figure 20 shows a photocurrent-voltage conversion
circuit using an operational amplifier. The output volt-
age (VOUT) is given as Vout = I X Ry (Ip = Isc). 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 arrangement with 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.

LOG-DIODE (1S002)
NI
A
+Vee
~
~ @5 A(K/IPP —OVour
+
~Vee
/77
oP1-21

Figure 21. Logarithmic Photocurrent Amplifier
using an Operational Ampilifier

R

——OVour

~Vee

(A)

(lp=lsg)
o Ry

Vour

(8)

OP1-20

Figure 20. Photocurrent Amplifier using an
Operational Amplifier (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 the sunlight or the illumination
of a fluorescent lamp. To alleviate the influence of
such a disturbing light, the circuit deals with pulse-
modulation signals.

PIN Rs

PHOTODIODE C,

\@ —{Fovar

' "
+
777 C4
i +
/77 /77

Figure 22. Light Detecting Circuit for Modulated
Light Input PIN Photodiode

ANN—O Ve
% R

OP1-22

The circuit shown in Figure 22 detects the light input
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
(Isc1, 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-
age (Vour) is formulated as follows:

Vour = kq x log (Iscz) xA
Where Ais the gain of the differential amplifier. The
gain becomes A = R,/R; when Ry = Rz and R, = Ry,
then:
kT Isca, _Re
Vour=—Xlo =
our="4 g (I o1 ) % R,

The output signal of the semiconductor color sensor
is extremely low level. Therefore, great care must be
taken in dealing with the signal. For example, low-bi-
ased, low-drift operational amplifiers must be used,
and possible current leaks of the surface of P.W.B.
must be taken into account.

Cy

1
(LOG-DIODE)

D

Ro

+Vee

AP O Vour

O
“Vee

OP1-23

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 a common-collec-
tor amplifier with an output (Voyr) 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 (I¢) as Ve < Ry X lc.

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
(Tr4) so that the phototransistor is virtually less loaded,
thereby improving the response.

Ampilifier 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 (Try). 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:

R+ < Vae/lceo,R1 > Vee/lc

Where Icgo is the dark current of phototransistor
and I is the collector current.

Vee Vee
~
R, ~

+—OVour
—COVour
=
/77 77
(A) (B)
oP1-24

Figure 24. Fundamental Phototransistor
Circuit (I)

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.

Vee Vee
R R
+——OVour Vour
~
~
Tr
NN
Ree
77
(A) (B)
oP1-25

Figure 25. Fundamental Phototransistor

Circuit (1)
Voo Vee
R, Ro

|
© o
+—0O Vour

le=1o|Ry Ny @

/"\7 /7@ /"g

(A) (B)

//

—OVour

Try

OP1-26

Figure 26. Amplifier Circuit Using Transistor
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(A) (8)

OP1-27

Figure 27. Modulated Signal Detection Circuit

Amplifier Circuit Using Operational Amplifier

Figure 28 shows a current-voltage conversion cir-
cuit using an operational amplifier. Its output voltage
(Vour) 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
SCR; turn on to discharge capacitor C, 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 C,in 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 circuits are 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.

(A)

o Ry

Ey

(B)

OP1-28

Figure 28. Amplifier Circuit using an
Operational Amplifier
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OP1-29
Figure 29. Auto-Stroboscope Circuit
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Figure 30. Logic Gate Circuits using Photocouplers
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MOS

(A)

(B)

OP1-31

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-
quency signal. This gives the operating region of the
good linearity of photocoupler. The DC bias current is
adjusted by VR;.

+V
Vin cct

OP1-32

Figure 32. Isolation Amplifier

Noise Protection

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 C4, 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 Rz 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.

4-14
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OP1-33

Figure 33. Noise Protection Example

v Current Monitoring Circuit
O— \ . - - .
«t Lavp  °* The current monitoring circuit shown in Figure 36 is
3 designed to detect and indicate leak current in a circuit
using a photocoupler. The LED indicator lights off if
R, the leak current exceeds the VF/R1 value.
R1
T Vee
OP1-34 LEAK Ry
CURRENT Ry
Figure 34. Lamp Driving Circuit J LED
INDICATOR
Try
RELAY O___ O / ~
RiZ Ve SZ ~
Vees —@—OVCCZ \\
~ ’
~ D, I Ry
OP1-36
R Figure 36. Current Monitoring Circuit
77 OP1-35
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.

Ry

INPUT D,

O

THYRISTOR

D, Re Ry

OP1-37

Figure 37. Solid State Relay with Built-in
Zero-Cross Circuit

Mol
" v [ Loap]
S1 'S2
— o

THYRISTOR
oF

§
~
~
-
Rg _l_ Ca
PHOTOTHYRISTOR COUPLER

OP1-38

Figure 38. Large Power Thyristor Drive Circuit
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Figure 39 shows the drive circuit of triac using a
half-wave control type photothyristor coupler. In this
circuit, Dy ~ D4 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, Ry is a resistor used to prevent
mistriggering of a large power thyristor and triac by
leak current (Ipry) When the photothyristor coupler is
OFF. Therefore, the setting is required by checking
the photothyristor coupler (Iprm) and gate trigger cur-
rent (Ig7) of a large power thyristor and triac. Rgy, Rgo
and Cg 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.

D1
§ ] AW [Loan]
Rs1 R
~ D2
~ — —
D. TRIAC ) AC
. ) VA %
Ra Cs
% La
P E—" ™ AN
PHOTOTHYRISTOR COUPLER opias
Figure 39. Triac Drive Circuit (l)
— ANA——ANN ]I LOAD Ll
Re ._L c Rs+ Rs2
X T
. —cs
_ TRIAC
| £ ¥ /a or
e Lo
Tl
PHOTOTHYRISTOR COUPLER
OP1-40
Figure 40. Triac Drive Circuit (Il)
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Figure 41. Triac Drive Circuit (lll)
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Figure 42. Motor Drive Circuit
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Figure 43. Input Drive Circuit
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Arrival Bell Signal Detection 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 48 V line.

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

4 {
7 gl

SUBSCRIBER LINE
(75 Vrms, 16 Hz) TO TELEPHONE SET

5 A, 5

L‘Q—WV ©

Ry PACN VAN O OUTPUT
Lo

OP1-44

Figure 44. Telephone Arrival Bell 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 Detection
(Ring Counter)

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

Dial Pulse Monitor 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. It is 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.

TELEPHONE LINE

CONTROL INPUT Try

OUTPUT

O GND

OP1-45

Figure 45. Telephone Line Interface
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Figure 46. Telephone Line Polarity Detection

Circuit
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Figure 47. Dial Pulse Monitor Circuit

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
connection of C, and R; across the coil is designed to
absorb the inductive current by the coil. C; is used to
absorb high frequency noise on the DC power line.

Switching Regulator Circuit

Figure 51 shows a switching regulator circuit using
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
voltage by a choke-input rectifying circuit. The output
voltage is determined by the values of Ry, Ry, and ZD.

Chopper Circuit

Figure 52 shows a chopper circuit featuring high
response and low signal amplification.

Conventional choppers are formed by FETs and
transistors and create problems by switching spike
noise which adversely affects the output signal.

Use of a photocoupler allows electrical isolation of
the control and amplifying circuits. A small signal can
then readily be amplified with no affect from spike
noise.
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Figure 48. Power Control Circuit by Bell Signal
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Figure 49. Servo Motor Driving Circuit
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Figure 50. Servo Motor Brake Control Circuit
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Figure 51. Switching Regulator Circuit
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Figure 52. Chopper Circuit

Electrostatic Printer Control Circuit

In an electrostatic printer, the print head driving
circuit, which operates at high voltage, is separated
from the control circuit.

Photocoupler Application Fields

A photocoupler with a high isolation voltage be-
tween the input and output is useful in the electrostatic
printer control circuit. Figure 53 shows an electrostatic
printer control circuit using a photocoupler.

Table 1 summarizes the industrial applications of
the photocoupler.
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PHOTOINTERRUPTER
APPLICATION CIRCUITS

Photointerrupters are used to detect the passage or
existence of an object. Accordingly, an output digital
signal, i.e., high or low, is required in most applications.

Photointerrupters fall into two categories: transmis-
sive and reflective. Many variations in performance,
such as detecting gap width, resolution and focal dis-
tance are provided to meet various application needs.

The fundamental circuits for operating a photointer-
rupter are described below.

DC Signal Processing Circuits

Figure 54 shows signal processing circuits for a
transmissive type photointerrupter.

This type of photointerrupter provides an output
signal with a relatively large S/N ratio, allowing detec-
tion of an object with a simple circuit as shown below,
Circuits (A), (B) and (C) are used with a logic circuit,
while (D) is used in the case of a large current leaks.
The voltage division by resistors Rz and R4 determine
the threshold level of detection.

AC Signal Processing Circuits

Figure 55 shows the signal processing circuits of a
reflective type photointerrupter.

This type of photointerrupter provides a very small
output signal with an inferior S/N ratio. Therefore, the
AC signal processing circuit eliminates disturbing light
and amplifies only a varying signal.

Circuit (A) is fixed level slicing, (B) is a floating level
slicing, and (C) is light level compensating circuit.

Detection Of Moving Objects

Figure 56 shows a circuit example including a trans-
missive type photointerrupter for detecting a moving
object, such as a coin. In operation, the output (Vout)
is high when the object is absent and low for a certain

period as the object passes through the gap of the
photointerrupter. The duration of a "low" signal is de-
termined from values C, and R,.

Detection Of Paper Moving Direction
And Speed

The circuit in Figure 57 includes two photointer-
rupters disposed at a certain interval so that the mov-
ing direction and speed of a sheet of paper are
detected by the outputs of the circuit.

Detection Of A Tape Edge

The circuit in Figure 58 is designed to correct the
edge position of tape when wound on a reel. Two
photointerrupters are located at both edges of the
tape. The circuit provides differential output Voyrq and
VouTe- The reel position is controlled in the traversing
direction so that the difference between Voyry and
Vours is zero.

Detection Of Disk Rotation

Figure 59 shows a circuit designed to detect the
number of rotations of a disk using a transmissive type
photointerrupter. The slit signal is converted into digi-
tal signal as shown in Figure 60 and is used for motor
speed control.

Detection Of Arm Angle In Record Player

Figure 61 shows a mechanism for correcting the
angular deflection of the player tone arm using the
differential outputs of two photointerrupters so that the
tone arm is always parallel to the tangent of the
grooves in the disk.

Detection Of Cassette Tape End

Figure 62 shows a circuit designed to detect the end
of cassette tape using a reflective type photointer-
rupter so that the tape driving motor is deactivated at
the end of the tape.

CONTROL INPUT
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Figure 53. Electrostatic Printer Control Circuit
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Table 1.
Photocoupler Application Fields
FIELD EQUIPMENT APPLICATIONS
A |Computer peripheral |Computer peripherals and /O units Interface circuit between computer and peripheral
Battery backup circuit

B | Control equipment

Programmable controllers, numerical control
machines

Isolation circuit in input unit

Contact input circuit for small signal

Isolation of signal transmission system

Servo motor control circuit

Power control, distribution board

Current monitoring circuit

Contact input circuit

Noise protection circuit

AC power line monitoring circuit

Ground isolation

Elevator, auto-door

Isolation of signal transmission system

Auto-door control circuit

Others

Self-hold switch circuit

Lamp and relay driving system

C |Instrument

Measuring, testing instruments

Isolation of signal transmission system (line driver,
line receiver)

|1/Q isolation of isolation amplifier
Inductive noise protection circuit

Level conversion circuit

D |Office equipment

Copiers, facsimiles

Ground isolation

Power circuit (primary-secondary isolation)

Printers

High voltage control circuit of electrostatic printer
Printer drive circuit
I/Q interface

E |Automatic vendors

I/Q interface
Commodity/ticket selection circuit

F {Home appliances

Television sets

Audio multiplexing circuit isolation
R - G - B signal interface
Power circuit

Electronic sewing machines

Motor control circuit

Microwave oven, room heaters

Ground isolation
I/Q interface

Air-conditioners

Inverter control base amplifier circuit
Over-current detection circuit

G |Audio equipment

Players, cassette tape recorders

Power circuit (primary-secondary isolation)
Isolation of signal transmission system

H |Telephone system Telephone sets Dial pulse monitoring circuit
Ring signal counter circuit
Chiming circuit
Modem switching circuit
Exchangers Subscriber line/control system separation
I |Power supply unit Switching regulators Pulse width modulation circuit
Feedback circuit
Isolation between primary and secondary
J |Others SSR Isolation between primary and secondary
Motor control Over-current detection circuit of induction motor

Braking control circuit of servo motor
Chopper circuit
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Figure 54. DC Signal Processing Circuit
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Figure 58. Tape Edge Detection
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Opto Application Note 4-29



Optoelectronics SHARP Application Circuits

Weight Detection In Electronic Balance together to count the number of slits formed in the disk
Figure 64 shows a weight detection example in ?nr;dn:%fd;rslznt?:nate the upward and downward move-
electronic balance. Two photointerrupters are used Y-
RECORDING/
PHOTO- PLAYBACK HEAD RUBBER SHEET
INTERRUPTER \‘ /SPINDLE
—— ERASING HEAD
U U —
TAPE —s=H ————— P
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Y v
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o162 Figure 63. Disk Size Detection

Figure 62. Tape End Detection in Cassette Desk
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Figure 64. Weight Detection in Electronic Balance
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Speed Alarm Device

Figure 65 shows the mechanism and circuit of a
speed alarm device in which a disk is provided
coaxially on the speedometer pointer and the associ-
ated photointerrupter responds to the output section
of the disk to activate the acoustic element.

Upper/lower Limit Detection In
Measuring Instrument

Figure 66 shows a mechanism and circuit for de-
tecting the upper and lower limit on the instrument
scale indicated by the pointer. The instrument pointer

is provided with a mask tab which moves in the gap of
the photointerrupters located at the upper and lower
limit positions of the scale. The circuit lights ared LED
when the pointer reaches the upper limit, a yellow LED
when the lower limit is reached, or a green LED when
the pointer is within the proper range.

Card Mark Reader

Figure 67 shows a card mark detecting circuit oper-
ating according to the floating level slice system using
the envelope circuit. The circuit is sensitive and less
affected by paper quality and smears. Yet it performs
consistently even if the sensor output falls by half.
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Figure 65. Speed Alarm Device
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Figure 66. Upper/Lower Limits Detection
in Instrument
Opto Application Note 4-31




Optoelectronics SHARP Application Circuits

Although the marking must be done carefully, par- Figure 68 shows the signal waveforms observed at
ticularly to prevent faint or thin marks and imperfect various parts of the circuit.
erasure, any spot or mark outside the specified entry . .
position must be disregarded by referring to the timing Copy Paper Feed Detection In Copier
signal. Figure 69 shows circuit example using a reflective
type photointerrupter designed to detect paper fed

Figure 67 shows the circuit for a mark reader. from the paper stocker.
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Figure 67. Card Mark Reading Circuit
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Figure 69. Copy Paper Feed Detection in Copier

Print Paper Detection

Figure 70 and 71 show the circuit example using a
reflective type photointerrupter designed to detect the
existence of print paper (detection of a mark on the
paper).

The circuit in Figure 70 employs the floating level
slicing system in which the threshold level is varied
depending on the white level. The key of this circuit is
the setup of load resistor R, so that the voltage of point
A is not saturated by the collector current of the pho-
totransistor at the white level.

The circuit in Figure 71 uses a peak hold circuit so
as to detect the peak of the white level in advance. The
threshold level is set in accordance with the peak
value. The value of R, is also determined in this circuit
so that the operating point of the phototransistor is not
saturated.

Smoke Detector

Figure 72 shows the example of a smoke detector
using a reflective type photointerrupter.

The infrared light emitted from the LED of the pho-
tointerrupter is dispersed by particles of smoke. The
dispersion of light is sensed by the light detector of the
photointerrupter.

Thread-cut Detection

Figure 73 shows the example of thread-cut detec-
tion, in which a cut thread falls across the gap of the
photointerrupter, and circuit detects a slight variation
in the output of the photointerrupter. A high resolution
photointerrupter is used to detect such slight signal.

Photointerrupter Application Fields

Table 2 summarizes the application fields of pho-
tointerrupters.

Opto Application Note

4-33



Optoelectronics SHARP Application Circuits

¢ RIPPLE
POINT (&) WHITE LEVEL
POINT(B) — -~ -~ b------= ~ - - - THRESHOLD LEVEL
BLACK LEVEL

Vour

Tw

O Vee
% RI

OP1-70

¢ RIPPLE POINT (B) (PEAK HOLD)
WHITE LEVEL
——————— - - - - THRESHOLD LEVEL

POINT (&)

BLACK LEVEL
Vour WHITE BLACK WHITE
OVee
Ry
oP
AMP Vour
+

OP1-71

Figure 71. Print Paper Detection (i)
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Table 2.
Photointerrupter Application Fields
FIELD EQUIPMENT APPLICATIONS
A |Computer peripheral devices | Input/output units Paper tape reader, punched card reader
Magnetic disk unit Head start position detection (heading)
Disk write-protection notch detection (erasure
prevention)
B |Measuring instruments Industrial measuring instruments Upper of panel meter/lower limit detection
Counter circuit
Electronic micrometer, caliper Detection of the number of rotations, and
rotational direction
Electronic balances Weight counter
Water meters, gas meters Flow meter
C |Office equipment Copiers Paper feed timing detection
Paper feed direction detection
Drum timing detection
Toner quantity detection
Facsimiles Paper feed timing detection
Paper passage detection
Printers Timing detection of print drum
End detection of inked ribbon
Timing detection of paper-out and paper feed
ECRs Bar code reading
D |Automobiles Speedometers Speed alarm, power steering, automatic
doorlocks, auto-driving controls
E |Automatic vending machines Coin passage detection
Ticket vending machines Ticket paper detection
F|Home appliances VCRs End detection of magnetic tape
Slack detection of magnetic tape
Rotation control of tape reel
Electronic sewing machines Needle up/down position detection
Thread-cut detection
Lower thread quantity detection
Pattern recognition
Room heaters Fuel quantity detection
G |Audio equipment Record players Rotational speed monitoring of turntable
Disk size detection
Tone arm angle detection
Unrecorded portion detection
Cassette tape recorders Tape end detection/Auto-return position
detection
Counter circuit
H |Medical equipment Pulse counter Pulse detection
| |Communications equipment | Transceivers Digital tuning circuits
J |Others Fuel pumps Automatic shut off devices
Telephone responders Tape end detection
Smoke detectors Smoke particle detection
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SOLID STATE RELAY
APPLICATION CIRCUITS

Solid state relays (SSR) have extensive applica-
tions, from industrial equipment to home appliances,
including SSRs for triggering for activating high power
thyristors and triacs and SSRs for power control for
directly switching AC loads. The following describes
the fundamental circuit example of SSRs.

(1) Snubber circuit

Application of a voltage above the rating at the
output side of SSR would result in a malfunction or
even destruction of the device due to overcurrent. The
snubber circuit is designed to absorb and suppress
impulse noise.

Figure 74 shows some examples of a snubber
circuit.

Circuit (A) is most commonly used for CR absorb-
ers.

Circuit (B) is more effective for noise absorption
since it can have a smaller Rg value.

Circuit (C) uses a varistor which can absorb high
energy noise such as that caused by lightning.

The values of the resistors and capacitors in the
snubber circuit depend on the kind of load and power
capacity.
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Figure 74. Snubber Circuits
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Serial/Parallel Connections

Figures 75 and 76 show the circuit of two SSRs
connected in series and parallel, respectively. The
following precautions should be considered when op-
erating two photothyristors type SSRs connected in
series or parallel.

For Serial Connections:

Due to dispersion of leak current in forward and
reverse of photothyristors, there can be a difference in
the voltage across each device. For this reason, a
resistor (R4, Ry) is connected in parallel with each
device so as to minimize the voltage difference.

There are dispersion in the critical rate of rise of
off-state voltage (dV/dt) among photothyristors de-
pending on the junction capacity and sensitivity of
devices. For this reason, the serial connection of re-
sistor and capacitor (Rs, Cs) is connected in parallel
to each device so that both SSRs are balanced.

For Parallel Connections:

(1) Two SSRs connected in parallel must be turned
on simultaneously. If one SSR turns on first, the other
SSR has both its terminals short-circuited through the
first one and possibly cannot turn on even if the device
has low on-voltage characteristics. For this reason,
adjustments must be done through the gate resistor or
gate capacitor so that both SSRs have an equal turn-
on time.

Vee O

LOAD

SSR

o

SSR

OP1-75

Figure 75. Serial Connection Example

SSR

SSR

OP1-76

Figure 76. Parallel Connection Example
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(2) There are slight differences in the turn-on volt-
age according to devices. This causes an unbalanced
current distribution among the photothyristors, resuit-
ing in the possibility of an overcurrent. On this account,
a resistor of low resistance is connected serially to the
photothyristor so as to adjust the on-voltage. This
equalizes the current distribution in both devices.

Zero-cross circuit

Figure 77 shows a zero-cross circuit using photo-
couplers, As shown in waveforms A and B, both pho-

tocouplers are off around the zero voltage level of the
AC power voltage. One of the photocouplers is on in
the remaining time. Accordingly, a zero-detect signal
can be produced by taking the logical product of sig-
nals Aand B. Azero-cross made SSRis thus arranged
through activation of the SSR by the zero-detect sig-
nal Q.

This system is particularly useful in operating mul-
tichannel SSRs in a zero-cross mode in a programma-
ble controller etc.
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Figure 77. Zero-Cross Circuit
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Application Circuits Of SSR

Programmable Controller

A programmable controller is a sequence controller
which takes the place of conventional relay sequence
controllers. It consists of a CPU, memory, I/O interface
and peripheral devices for programming. The in-
put/output unit of the programmable controller em-
ploys photocouplers for the input post and
photocouplers or SSRs for the output in place of con-
ventional relay contacts.

Figure 78 is a block diagram of a typical program-
mable controller.

Figure 79 shows the circuit of an output unit includ-
ing 8 or 16 SSRs. The SIP-type SSR features a
compact, built-in snubber circuit and input current
limiting resistors and is frequently used in modern
programmable controllers.

Copier

Figure 80 (A) shows an internal view of a copy
machine in which SSRs are used. Figure 80 (B) shows
a circuit example of the copy lamp control circuit using
SSRs.

The copy lamp has a start-up period of several
power cycles in which a rush current 10 times or more
than the steady-state current flows as shown in Figure
80 (C), causing control circuits of Figure 80 (B), the
SSR is shunted by resistor Ry so as to supply a small
current to the lamp for preheating. This reduces the
rush current when starting.

Reversible Motor Driver

Figure 81 (A) shows the circuit of a reversible motor
driver using an SSR. The circuit operates in response
to the input signal shown in Figure 81 (B) to produce
the motor current and voltage shown in Figure 81 (C).

The reversible motor in driven in the forward or
reverse direction by one of two SSRs. If both SSRs
are made conductive simultaneously, the motor will
overheat. To prevent this, a time length of 1/2 cycle or
more is used in switching the rotational direction as
shown if Figure 81 (B). Each SSR is applied across
its output terminals with a voltage twice the peak-to-
peak voltage of the power line. Therefore, for a 100
VAC power source, SSRs with a withstand voltage of
300 V or more must be used.
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Figure 78. Block Diagram of Programmable Controller
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Heater Control Circuit

Figure 82 shows a heater control circuit designed
to maintain a constant temperature. A copper-con-
stantan thermocoupler is used as a temperature sen-
sor. An SSR is used to switch the power to the heater.
The circuit shown features a wide temperature setting
range and high control accuracy. Setup is made by a
variable resistor (VR).

Microcomputerized Rice Cooker

In the circuit arrangement of Figure 83, three heat-
ers (a main heater, side heater and lid heater) installed
in a rice cooker are controlled by two SSRs. The three
heaters are connected in series. The side and lid
heaters are short-circuited by the cooking SSR during
the cooking, while the warming SSR is turned on and
off cyclically on completion of cooking so as to main-
tain a constant temperature inside the rice cooker.

HEATER
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SSR [@/\N\j AC
RS
1 OO
FUSE
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Figure 82. Heater Control Circuit
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Figure 83. Microcomputerized Cooker
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Table 3.
SSR Application Fields
FIELD EQUIPMENT APPLICATION

A |Home appliances Air conditioners On/off control of compressor, Speed control of blower motor
Washing machine Speed control pulsator
Refrigerators Onl/off control of compressor, defrosting circuit
Electric blankets Automatic temperature control
Electric carpets Automatic temperature control
Electric jars Automatic temperature control
Electric powered tools Motor speed control
Electric sewing machines Motor speed control

B |Office equipment Copiers On/off control of copy lamp, heater control
Facsimiles Speed control of motor (drum)
Computers Power switching of peripheral equipment
Printers On/off and speed control of motor
Photograph processors Exposure control

C |Automobiles Ignition system Switching of discharge circuit
Generators Output voltage control
Others Onl/off control of wiper motor and side mirror motor

D |Automatic vending machines |Coin sensors Interface between coin sensor and indicator
Vendors Onl/off control of solenoid and indicator

E |Control equipment Electric furnaces On/off and temperature control of heater
Process controllers On/off and speed control of motor, an/off control of solenoid
Programmable controllers OQutput board (interface)
Numerical control machines Onl/off control of motor and solenoid
Elevators Onloff control of indicator lamp, open/close control of door,

on/off control of fan motor

F  |Nlluminators and others Traffic signals Flickering control of lamp
Electric sign boards On/off control of road information lamp
Fluorescent lamps Lighting circuit
llumination controllers Phase control circuit
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‘VISIBLE’ LIGHT-EMITTING DIODE APPLICATION CIRCUITS

Serial Connection 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
Ie current flowing through the LED is expressed as
I = (Ve - VE)/R, providing a radiant flux proportional
to the lg. The forward voltage (Vg) of the LED is
dependent on the value of I, but it is 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 = (Vgc - VE X N)/R,
while in arrangement (C), the current flowing through
each LED is expressed as lg= V¢ - VE)/R and the total
supply current is N x |g, where N is the number of
LEDs.

Vee Vee Ve
@]
IFl R IF‘ R
o > IF\§R1 R, Rn
VF'@Z I N
- 2 @ @z Q3
-L___Y__._J
77 77 N
(A) (B) ()

oP2-1

Figure 1. Driving Circuit of Light-
Emitting Diode (LED)

The Vg 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 ambient tempera-
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 I¢
is given as Ig = Ig = (Vz = Vgg)/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 Vg - Ve > Ve (sat)
Ve=Vz- Ve

These equations give:

N < (Voc - Vz + Vie - Vee(sat))/Ve

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

| Ta=25°C

OoP2-2

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 4. Constant Current Driving Circuit (2)
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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,y from a TTL circuit
makes the NPN transistor (Tr;) conductive so that the
forward current (lg) flows through the LED. Accord-
ingly, this circuit operates in the positive logic mode,
in which a high input activates the LED.

Figure 6. Connection with the
TTL Logic Circuit (1)

In Figure 7, a low 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 Ir 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. Connection with the
TTL Logic Circuit (2)

Driving Circuit with an AC Signal

Figure 9 (A) shows a circuit in which an AC power
source supplies the forward current (I¢;) to an LED. A
diode (D) in inverse parallel connection with the LED
protects the LED against reverse voltage, suppressing
the reverse voltage applied to the LED lower than Vg,
by using a reverse 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.

Figure 8. Connection with the
TTL Logic Circuit (3)

If an LED and light detector are used together in an
environment of high intensity disturbing light, it is
difficult for the light detector to detect the optical signal.
In this 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|y) lies within
the linear portion of the LED characteristics. More-
over, to stabilize the radiant flux of the LED, it is 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.

Ve VE1
WEQ (A (O
D,

(A)

IFq

ANA NS
\VARRV/

‘NN

(8)

OP2-9

Figure 9. (A) Driving Circuit with AC Power Source
(B) Driving Waveform
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Vee O

o

(A)

(B)

OP2-10

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

The radiant flux of the LED is proportional to its
forward current (Ig), 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.

When an LED is used in the outdoors where disturb-
ing lightis 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 dis-
turbing 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 de-
tection of signal variations at the rising and falling
edges of pulses, thereby enabling the use of LED-light
detector where disturbing light is intense.

Transmission of information is possible by vari-
ations in pulse width or counting of the number of
pulses used to encode the LED emission.

Figures 11 through 15 show typical pulse driving
circuits. The circuit shown in Figure 11 uses an N-gate
thyristor with voltage between 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 R3 must be used
so that the anode current is smaller than the holding
current (Iy), i.e., Iy > Vec/Ra. Therefore, R has a large
value, resulting in a large time constant (t + C x Rj)
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 multivi-
brator to produce light pulses on the LED. The off-pe-
riod (t;) and the on-period (tp) of the LED are calculated
by the following equations:

t1=1n2X(R1+R2)XC1
t, =1n2 x Ry x Cy4

The value of R, is determined so that the rating of
Iy of a 555 timer IC is not exceeded, i.e. Sy > Vgc/lin.

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.

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

(A)

(B)

OP2-15

Figure 15. (A) Pulse Driving Circuit
(B) Output Waveform

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 for the 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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Numeric and Symbolic LEDs Driving Circuit

Figure 16 shows an example of a static lighting
circuit for a single-digit display. There are two types of
pin connections for numeric and symbolic LEDs: the
common cathode type, and the common anode type.
Driving circuits differ depending on the type.

In practice, the digital display usually has multiple
digits in a row, with dynamic lighting by time-sharing.
Figure 17 shows an example of the dynamic lighting
circuit for a four-digit display, Input signals A, B, C, and
D determine numbers 0 to 9; input signals DS1 to DS4
select digit positions.

Figure 18 shows a basic circuit for dynamic lighting.
The following equation gives the current (Igp/seg.) that
flows through each segment.

Irp/s€g. = Ve — VeksayS — VE — Vegsand
R

where,

Vce: Supply voltage

Vee@sayS: Segment driver saturation voltage
Ve: LED forward voltage

Veesayd: Digit driver saturation voltage

R: Current limiting resistor

Although pulse peak current increases for greater
luminous intensity, care should be taken to set the
current limiting resistor to an appropriate value so as
not to exceed the maximum rating.

*D.P.: DECIMAL POINT

PIN CONNECTIONS
7-SEGMENT DISPLAYS COMMON CATHODE COMMON ANODE
_a a b ¢ d e f g DP
f c
g Py
e b
d DP é
a b ¢ d e f g DP
Ic RESISTOR LED
a
AMY ™
1_
b D
l|2n 1 C ,\/\/\/ L
BCD g N[
INPUT AN
g | 2
LAYy P —
g |
LEEDYV D —
9w D
D.P
A I

BCD— 7-SEGMENT DECODER/DRIVER —

OP2-16

Figure 16. 7-Segment Display Driving Circuit
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Figure 17. 4-Digit Dynamic Lighting Circuit
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Figure 18. Basic Circuit For Dynamic Driving

OP2-18

Since recent advances in microcomputer technol-
ogy have brought many types of microcomputer capa-
ble of serial signal output, suitable LED drivers were
developed. Figure 19 shows an example of such a
driver. It has built-in a 32 to 35 bit shift register, a latch
circuit and a constant-current output circuit driver for

LEDs. One external resistor can vary the current value
for all bits. By static operation and with only one chip,
this IC can drive a four-digit display. This is very useful.
In addition to the digital display, the IC can be used for
5 x 7 dot matrix displays.

Application of Level Meter Circuit

Level meters that indicate voltage, current, tem-
perature humidity or sound volume by bar graphs have
advantages such as color coding displacement, quick
response and long life. They are used in many fields
in place of needle meters. Figure 20 shows an exam-
ple of a circuit for a 12-dot single row level meter used
instead of VU meters in audio systems. It also has a
constant-current circuit for output. Therefore, it needs
few external components. This makes it easy to use.

In addition, an IC for 5-dot, 2-row and 7-dot, 2-row
level meters is also on the market.

Dot Matrix Circuit

Recently, many large information boards using
LEDs can be seen on station platforms, in plazas, and
on building walls.

In general, 16 x 16 dot or 24 x 24 dot matrix circuits
are used for indoor information boards. In many
cases, a dynamic driving system is adopted. Figure
21 shows an example. For outdoor use, because
display panels must be of greater brightness, static
driving systems, as shown in Figure 19, are mainly
used.

SERIAL SERIAL
DATA SHIFT-REGISTER DATA
INPUT OUTPUT

LATCH

SIGNAL LATCH
INPUT

R
INPUT LED DRIVER WITH CONSTANT AA—O
ENABLE CURRENT OUTPUT CIRCUIT

/Xﬁ ;F;F ce 32 BITS OR 35 BITS

0oP2-19

Figure 19. LED Driver with Constant Current
Output Circuit
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Figure 20. Driving Circuit using 12-Dot LED
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Figure 21. Indoor use of Dot Matrix LED
Driving Circuit
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DEVELOPERS CONTINUE TO REFINE BLUE
LED TECHNOLOGIES FOR DISPLAY USE

Thanks to ongoing progress, light-emitting diodes
(LEDs) today are much brighter and less expensive
than the first models, which entered the market 20
years ago. To achieve these gains, developers se-
lected the proper light-emitting materials and improved
device technologies. Applications for LEDs now ex-
pand rapidly among indoor and outdoor display de-
vices. Until recently, LEDs mainly emitted red, yellow
and green. However, developers have improved the
brightness of blue LEDs by using silicon carbide. This
makes it possible to introduce full-color displays with
the three primary colors of red, green and biue (RGB).

Various kinds of materials work in LEDs. Full-color
LEDs ideally should exhibit three features: their con-
stituent material should emit monochromatic colors as
close as possible to true RGB, the LEDs should use
common electrodes to simplify driving circuits, and the
materials should exhibit excellent luminosity and
linearity with respect to current.

MATERIALS AND STRUCTURE OF
RGB LED CHIPS

During attempts to fabricate full-color LEDs, makers
run into difficulties with the poor emission efficiency of
blue LEDs. In correcting this problem, materials selec-
tion is the mostimportant consideration. Existing LEDs
for blue light emission use SiC, GaN or ZnSe; of these,
SiC, by its nature, has an indirect transition band
structure and a low emission efficiency.

Recent developments in substrate crystal growth
technology and control technology for impurity con-
centrations, however, enable stable production of fine-
quality P-N junctions. With such developments, light
emission efficiency has improved steadily over the
years.

GaN-based blue LEDs have direct transition band
structures and light emission efficiencies one order of
magnitude greater than that of SiC models. With GaN
LEDs, though, formation of P-N junctions is difficult
and the forward voltage is strong, from 5 to 9 V,
creating problems with power supplies. Additionally, it
is difficult to fabricate excellent-quality GaN crystal on
a sapphire substrate, and makers have concerns
about the devices’ reliability. These conditions bar the
mass production of GaN LEDs for now.

ZnSe LEDs are under study at various research
laboratories for use in blue lasers. These LEDs offer
emission efficiencies one order of magnitude lower
than SiC models, however, so they are not yet in
practical use.

After studying all the considerations, Sharp se-
lected SiC for LED chips (Figure 1A) because this
material is useful in stably producing crystals of excel-
lent quality for use in blue LEDs. In the past, production
of large single crystals of SiC was problematic. How-
ever, with the introduction of the Lely method, it is
possible to produce ingots of superior quality with
diameters larger than one inch.

sic GaAsP GaP
/  PTYPESIC \ P TYPE GaAsP P TYPE GaP
/ :
N TYPE SiC N N TYPE GaAsP N TYPE GaP
N TYPE SiC N TYPE GaP N TYPE GaP
SUBSTRATE SUBSTRATE SUBSTRATE

(A) BLUE LED

(B) RED LED

(C) GREEN LED

OP3-1

Figure 1. LED Structures
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Generally, engineers fabricate SiC LEDs with a
liquid phase epitaxial method using Si solution on an
N-type SiC substrate. Recently, though, some makers
have attempted to use the vapor phase epitaxial
growth method [1], which is suitable for mass produc-
tion. The emission efficiencies of LEDs using the vapor
phase epitaxial method cannot compare to those of the
LEDs using the liquid phase epitaxial method, but
makers expect much of the vapor phase method for
the future.

Nitrogen serves as the impurity in the N-type sub-
strates, while aluminum works in P-type substrates.
The addition of a small amount of aluminum to an
N-type layer enhances the emission efficiency [2].
P-layers usually measure 4 to 5 pm thick. To separate
the P-N junction, engineers perform mesa etching
after attaching the electrodes. The die-bonded surface
is the N-type SiC substrate side, which forms the
cathode. The wire-bonded surface is the P-type SiC
side, forming the anode. For polarity matching that of
SiC LEDs, engineers selected LEDs whose die-
bonded surface is the cathode, for the red and green
LEDs.

Red LEDs use GaP, GaAsP, and GaAlAs. GaP
LEDs have poor linearity with current, while GaAlAs
LEDs use P-type crystal substrates. Preferring to use
devices in which the die-bonded surface forms the
anode, Sharp selected GaAsP LEDs (Figure 1B).

The only green LED in practical use is the GaP LED.
Here, doping the N into the emission layer improves
the emission efficiency. However, doping N shifts the
emission wavelength to the longer side, changing the
color to a yellowish green. To avoid this condition,
Sharp selected pure green LEDs that do not use N
(Figure 1C).

STRUCTURE OF FULL-COLOR LED LAMP

To create the lamp, the engineers mount the RGB
LED chip on a four-leg metal stem and resin-mold it
into a lamp with a 5 mm diameter (Figure 2A). The
metal frame enhances the heat radiation. Silica filler
in the resin facilitates color mixing. Electrically, the
device adopts common-cathode wiring (Figure 2B).

ELECTRICAL AND OPTICAL
CHARACTERISTICS

In the current-voltage characteristics of R, G, and B
LEDs (Figure 3), red LEDs require 1.7 to 1.8 V, green
ones require 2.1t0 2.2V and blue requires 3.3t0 3.5 V.
Additionally, in R, G, and B LEDs, luminosity rises
linearly with the current (Figure 4). For the emission
spectrum (Figure 5), the red LEDs offer a peak wave-
length of 66 nm with a half-value width of 35 nm. For
the green LEDs, this number is 555 nm, with a half-
value width of 25 nm. Among blue LEDs, the peak
wavelength reaches 470 nm and the half-value width
is 70 nm. Makers hope to shorten the peak wave-
lengths of blue and green LEDs, ideally by trimming
10 nm or so from the existing figures.

In the CIE chromaticity diagrams for R, G, and B
LEDs (Figure 6), white occursat X =0.33and Y =0.33,
indicating that the devices can emit white light. In
Sharp’s RGB LED, the engineers created a 12 med
white LED by applying 4 mA to the red LED, 10 mA to
the green LED and 50 mA to the blue LED.

Tests of blue LEDs in continuous operation (Fig-
ure 7) show that even after 2,000 hours of operation
at 50 mA. the device does not exhibit any substantial
optical deterioration. Red and green LEDs, in compari-
son, have operated for 20,000 to 30,000 hours. These
performance levels for the three colors of LEDs indi-
cates that full-color LEDs have a reliability level that is
adequate for practical use (Table 1).

RGB LED CHIP WHITE DIFFUSED
~ EPOXY RESIN
‘ i 1 ~— KOVAR
l ——LEAD
(A) STRUCTURE

BLUE GREEN RED
ANODE

CATHODE

(B) PIN CONNECTION

OP3-2

Figure 2. Full Color LED
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Figure 7. SiC LED Degradation Curve
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Table 1. Full-color LED Characteristics

COLOR | MATERIALS | WAVELENGTH (nm) CHROMATICITY |FEU2“3|:?\S(:Z d)
X Y =

Red GaAsP 660 0.71 0.28 23

Green GaP 555 0.35 0.63 15

Blue SiC 470 0.14 0.16 2

APPLICATION OF FULL-COLOR LED LAMP

Using RGB LEDs as indicators requires a transistor
to drive each LED (Figure 8). Simultaneously lighting
two colors enables a mixed-color display. Thus these
devices will display even a seven-color rainbow.

RED GREEN BLUE

OP3-8

Figure 8. Full Color LED Driving Circuit

When full-color LEDs work as display panels, the
most suitable arrangement is a dot-matrix unit consist-
ing of 256 LEDs with a configuration of 16 vertical dots
and 16 horizontal dots. Arranging multiple units verti-
cally and horizontally allows construction of a large
display panel. For displaying TV pictures, the arrange-
ment must consist of at least 256 dots x 160 dots (16
horizontal x 10 vertical units).

Sharp’s LED panel uses static driving (Figure 9).
The system inputs data to a 256-bit shift register
sequentially, and when the input process is complete,
the shift register latches. The system holds the data
and the output transistors turn on or off. Users input
characters and patterns to computers before opera-
tion. Lighting the desired LEDs permits users to draw
arbitrary figures. When each dot has gradations, the
frame frequency (the number of frames that appears
each second) rises and the duty of the On/Off ratio
alters.

In a unit consisting of 16-dot x 16-dot, 5 mm-diame-
ter lamps in a 6 mm pitch arrangement, the display

emits a brightness of 300 cd/m? when the red LED
receives 4 mA, the green receives 10 mA and the blue
receives 50 mA. With all LEDs lit, the system’s total
power consumption is 85 W. An aluminum hood pro-
motes heat radiation, but because the system gener-
ates quite a lot of heat, it requires forced-air cooling if
multiple units are in use. Examples of configurations
include connections of two vertical units by four hori-
zontal units.

FULL-COLOR ASSEMBLY LAMPS

Even though developers have improved the lumi-
nosity of blue LEDs, these devices have not yet at-
tained sufficient luminosity for daytime use. To
overcome this problem, developers are conducting
trials, using conventional red, green and yellow LEDs
in the daytime and blue LEDs at night. Such display
panels are effective as advertising bulletins in busy
commercial districts. Because large outdoor displays
so far have offered insufficient reliability, demand will
grow substantially for these displays in the future.

STRUCTURE OF FULL-COLOR
ASSEMBLY LAMPS

Large displays light up many separate RGB LEDs,
but from a distance, the human eye perceives the
overall effect of these lights, rather than distinguishing
the individual lamps. This is because the human eye
has a resolution of only 1/60°. Therefore, makers
devise waterproof lamps scaled with silicon (Figure
10) for outdoor displays. Normally, large displays use
only strong-luminosity red and green LEDs measuring
5 mm in diameter, but it is possible to replace these
devices with LEDs measuring 3 mm in diameter and
to mix blue LEDs with red and green LEDs.

To obtain a sufficient level of luminance for daytime
recognition, LED displays must offer a luminosity of
more than 2,000 cd/m?. The luminosity changes with
3 mm-diameter lamps, as does the number of lamps
necessary for use in assembly lamps (Table 2). A
26 mm-diameter assembly of four red LEDs, eight
green LEDs and nine blue LEDs produces a luminosity
of 2.4 cd.

Arranging this assembly lamp at a 30 mm pitch
enables a brightness of 2,700 cd/m?. A combination of
80 mcd luminosity for red, 160 mcd for green and
54 mcd for blue produces white light at night, at a
320 cd/m? brightness, sufficient for nighttime use.

Opto Application Note

4-59



Optoelectronics

SHARP

Blue LED Technologies

Table 2. Full-color Solid-State Lamp

NUMBER OF DAYTIME MODE NIGHTTIME MODE
COLOR | LUMINOSITY AMPS TOTAL LUMINOSITY | TOTAL LUMINOSITY
(mcd) (mcd)
Red 350 (20 mA) 4 1,400 80
Green 130 (20 mA) 8 1,040 160
Blue 6 (30 mA) 9 - 54
SHIFT
BLUEG—"1 ResISTOR
O\
—  tatcH [
\ 4
SHIFT
GREEN O RESISTOR
[ = LATCH (/\)
N4
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RED O RESISTOR
LATCH
SIGNAL © LaTeH [ 1]
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RL & B Rl @l B Rl & B
1 2 256 A7
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Figure 9. Full Color LED Matrix Driving Circuit

APPLICATIONS FOR FULL-COLOR
ASSEMBLY LAMPS

Itis possible to drive a full-color assembly lamp with
a static circuit (Figure 9). In large outdoor displays, the
panels fully light the red and green LEDs. At night, the
system lowers the luminosity of the red and green
LEDs by controlling the duty ratio of the pulse widths,
and it turns on the blue LEDs. To display TV pictures,
it is necessary to attain individual gradation control
over RGB colors. Normally, display panels conduct
gradation control by governing the duty ratio of each
dot. Forinstance, if the system constructs images with

one second duration in 60 frames, obtaining 16 grada-
tions requires 16 times the original number of frames,
or a total of 960 frames. To produce this quantity, the
system turns each dot on and off, enabiing the repre-
sentation of 4,096 colors. For neat TV image reproduc-
tion, each dot must be able to display 64 gradations.
Achieving this goal and to diminish the variability of
luminosity in LEDs requires developers to cultivate
rapid resistors faster than 20 MHz. In the near future,
manufacturers will introduce large, full-color LED dis-
plays.
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Figure 10. Full Color Solid State Lamps
CONCLUSION not provide sufficient brightness, at least for daytime

LEDs feature long service lives, the ability to emit
the three primary colors, red, green and blue, for
full-color displays, and sharp emission spectra with
excellent visibility. Except for blue lamps, LED displays
work anywhere, indoors or outdoors, because they
feature excellent brightness. They respond rapidly,
making them suitable for displaying dynamic pictures,
and they use low operating voltages, so they will
incorporate into other devices and will offer excellent
reliability.

In the future, a new market will develop that will
make use of the characteristics of LEDs. This market
also will introduce blue LEDs to join the red and green
ones; together these devices will replace neon signs.
For now, though the recently developed blue LEDs do

use. Large display systems use more than one million
LEDs, so they must attain reliability levels of less than
one frame interline transfer (FIT). Thus developers will
have to find ways to improve LED quality. Step-by-step
solution of these problems will pave the way for LEDs
to play an important role as displays devices in infor-
mation and other fields.

REFERENCES

[1]1 Suzuki et al., Journal of Crystal Growth 115, pp.
623-627, 1991.

[2] Matsushita et al. Japanese Journal of Applied
Physics, Vol 29, No. 2, pp. L343-L345, February,
1990.
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LOW-CURRENT DRIVE, HIGH OUTPUT POWER ARE THE KEY FACTORS
TO IMPROVE 780 nm SEMICONDUCTOR LASERS

Among the short-wavelength laser devices now in
use, 780 nm semiconductor laser diodes are the most
reliable. They hold an established position as impor-
tant devices in the field of optical information process-
ing equipment. To improve equipment performance,
however, manufacturers will have to reinforce the
characteristics of the lasers. Additionally, itis important
to expand the applications for laser diodes. Toward this
end, manufacturers are seeking ways to incorporate
advanced and multiple functions, which are not possi-
ble with conventional lasers.

As CDs and CD-ROMs have gained popularity, the
electronics industry has promoted the development of
compact, lightweight, portable systems with low power
consumption. The introduction of miniature equipment
causes arise in the light noise that returns to the laser.
Thus there is a growing need for low-noise lasers. To
lower power consumption in CD players, it is neces-
sary to drive lasers at low currents. Responding to
these demands, developers are making progress in
cultivating lasers compatible with low-current drives
and that offer low-noise characteristics. Thus the in-
dustry follows specific trends in developing 780 nm
laser diodes (Figure 1).

In applications of the lasers for erasable optical
disks, makers seek to improve the data transfer rates,
because the rates for erasable optical disks are slower
than those for magnetic disks. One way to achieve this
goal is to accelerate the rotation speed, but this in-
volves raising the optical output power of the laser
diode. Conventionally, lasers with 30 to 40 mW optical
output powers have served users with these needs.
However, itis possible to double the rotation frequency
of optical disks by pushing the output power to 50 mW
or more. Consequently, in its efforts to develop strong
power lasers, Sharp focuses on increasing the optical
output power.

In efforts to explore new applications for semicon-
ductor laser diodes, researchers have studied applica-
tions in holographic equipment, which incorporates
diffraction gratings. For this kind of use, makers prefer
lasers that remain unaffected by changes in external
temperature and that do not exhibit skipping charac-
teristics under direct modulation. One solution calls for
the development of a distributed feedback (DFB) laser
in which an incorporated diffraction grating inside the
laser cavity suppresses wavelength fluctuation. Other
proposed solutions involve developing lasers with in-
novative structures for application in parallel optical
information processing and optical interconnection
systems.

PORTABLE
CD-ROMS

CD PLAYERS,

LOW CURRENT

780 nm

LASER DIODES

STRONG POWER

EXCELLENT PERFORMANCE

ERASABLE OPTICAL
DISK MEMORIES WITH
SWIFT DATA TRANSFER

* APPLICATION SYSTEMS WITH HOLOGRAPHS
¢ OPTICAL PROCESSING SYSTEMS
* OPTICAL INTERCONNECTION SYSTEMS

0OP4-1

Figure 1. Development Trends Among 780 nm Lasers
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EXAMPLES OF RECENT TECHNOLOGY

Low-Current Lasers

Lowering coherence by inducing self-oscillation is
an effective means for inhibiting the noise that arises
from the return of light to semiconductor diodes. How-
ever, self-oscillation lasers with a low current drive
pose a problem, because the threshold current rises
with the gains in the ineffective current components.
Sharp cut the threshold current by adopting a graded-
index separate confinement hetero structure (GRIN-
SCH structure) in layers near the active layer. This
structure provides large optical confinement in the
active layer than that in conventional double-hetero
structure (DH structure). While the GRIN-SCH struc-
ture poses a problem of expanding radiation beams
from the augmented light confinement, Sharp solved
this by improving the layer structure.

Specific features of this structure become apparent
upon examination of a cross-section of an improved
GRIN-SCH structure (Figure 2) and of the layer struc-
ture of the center of the stripe (Figure 3). To grow the
layers near the active layer, the engineers used mo-
lecular beam epitaxy (MBE), which offers excellent
properties for controlling the layer thickness. Then
they fabricated a layer segment with a low Al compo-
sition ratio at both ends of the GRIN-SCH structure.
This suppresses the expansion of the radiation beams.
After forming the stripe ditches, the engineers re-grew
the layer using liquid phase epitaxy (LPE), thereby
refilling the ditch. They incorporated a 250 um cavity
length and applied a facet coating of a half a wave-
length.

The improved GRIN-SCH structure produced a
threshold current of 39.6 mA and sufficient self-oscil-
lation to suppress the return light noise. Conventional
DH structures offer a 45 mA threshold current, so the
GRIN-SCH structure provides a 5 mA drop in this
figure. Also, because of the incorporation of low Al
composition ratio layers on both sides of the GRIN-
SCH structure, the engineers diminished the spread
of the radiation beam to the same level as that in the
DH structure. In addition, the optimum structure of the
improved GRIN-SCH laser makes it possible to de-
crease the threshold current to less than 30 mA.

High-Power Lasers

In high-output-power operation of semiconductor
lasers, there is a problem with deteriorating beam
emissions, because of the gains in output intensity
within the device. For output power greater than
50 mW, it is essential to control the deterioration of the
laser facet. Some developers proposed a window
structure laser with a non-absorbing region near the
facet. This region would not absorb the laser light at
the oscillation wavelength. However, this involved a
complicated structure and fabrication process.

Instead, Sharp developed a window-structure laser
by growing on the facet surface a thin aluminum gal-
lium-arsenide (AlGaAs) crystal layer that does not
absorb at the oscillation wavelength. To fabricate this
window-grown-on-facets (WGF) laser, the engineers
employed a regrowth technology to grow a crystal on
the cleaved facet of the laser, using metal organic
chemical vapor deposition (MOCVD) [1].

LPE
REGROWTH

MBE
GROWTH

} GRIN-SCH

OP4-2

Figure 2. Cross-Section of Improved
GRIN-SCH Structure

GRIN-SCH

Al COMPOSITION RATIO

OP4-3

Figure 3. Improved GRIN-SCH Structure
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With the structure of the WGF laser (Figure 4), the
internal laser is a V-channeled substrate inner stripe
(VSIS), one that features excellent transverse-mode
stability and reliability under high output power condi-
tions. A thin AlGaAs window layer is re-grown on the
laser facet using MOCVD processes.

During optical output power of 150 mW or more, the
facet did not exhibit any observable deterioration. The
observation took place with a device thathad a 375 um
cavity length and a 15 to 95 percent asymmetrical
coating on the facet. Furthermore, the researchers
could not observe any fluctuation of the radiation beam
with output power of up to 150 mW. During accelera-
tion tests of the WGF laser at a 780 nm oscillation
wavelength, a 60°C ambient temperature and a
70 mW output power, the device operated safely for
more than 2,000 hours without deterioration (Figure 5)
[2]. When the researchers applied the WGF structure
to an 830 nm laser with a 480 um cavity length and a
3 to 95 percent asymmetrical facet coating, the device
performed stably for more than 2,500 hours at optical
output power of 100 mW and 150 mW under specific
conditions (Figure 6). In all the tests, the WGF laser
demonstrated excellent reliability during high power
operations greater than 50 mW.

CONCLUSIONS

In refining 780 nm semiconductor lasers, develop-
ers aim to improve the performance of lasers. The
efforts to improve these lasers focus on achieving
low-current drive and high power operations. Develop-
ers are making progress along these lines.

Advanced-performance features not available in
conventional lasers are necessary for new laser appli-
cations. Laser development has progressed to a cer-
tain degree as makers have started using lasers for
applications in holographic equipments. Developers
will continue their rigorous pursuit of lasers for appli-
cation in parallel optical information processing equip-
ment and optical interconnection.
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CONSIDERATIONS WHEN DESIGNING WITH PHOTOCOUPLERS
Chuck Bohac, Field Applications Engineer

PHOTOCOUPLER PRIMER

Photocouplers (Optocouplers, or Optoisolators) are
compound semiconductors that are used to transmit
signals, data, or DC levels across a circuit interface
while providing high isolation between input and out-
put. Typically, photocouplers are used: to eliminate
ground loops (in circuits of differing voltages or ground
planes), to reduce noise within a circuit (such as the
feedback to an FET in a switching power supply), to
communicate between circuits with different operating
voltages (such as a 5 V programmable controller and
higher voltage I/0 module), as well as a variety of other
uses. Fundamentally, a photocoupler consists of a
light emitter and a light detector as shown in Figure 1.

An equivalent circuit of a photocoupler is shown in
Figure 2. The light emitter consists of a GaAs Infrared
(IR) Light Emitting Diode (LED). The light detector
consists of a photo transistor (a photodiode connected
to the collector/base of a transistor of a common silicon
substrate). The structure of the phototransistor is
shown in Figure 3.

There are differing ways of manufacturing photo-
couplers. Some manufacturers mount the emitter ad-
jacent to the detector while other manufacturers mount
the emitter above the detector. SHARP mounts the IR
LED die on the upper arm of a stamped, lead frame
using a conductive epoxy paste such that the emitter
is located directly above the detector (the advantage
of placing the emitter directly above the detector
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Figure 1. Basic Components of a Photocoupler
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Figure 2. Equivalent Circuit of a Photocoupler
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allows for the most efficient coupling of IR energy from
the emitter to the detector). A gold bond wire is then
attached to both the die and the lead frame. An iden-
tical process is used to mount the Photo transistor die
to the lower lead frame. A minute deposit of transpar-
ent silicon epoxy is deposited around the LED die, and
ball bond. This transparent silicon epoxy has a higher
coefficient of expansion than the surrounding trans-
parent epoxy which allows the LED die, ball bond and
bond wire to expand and contract during temperature
cycling without imposing physical stress on the ball
bond (weakest point). A cross-section of the SHARP
PC700 and PC800 series of photocouplers is shown
in Figure 4.

Once the die are mounted, bond wires attached and
silicon epoxy applied to the LED, SHARPs patented
double transfer mold process is used. The emitter and
detector are encapsulated into a single IR transparent
epoxy mold. Then a second transfer mold encapsu-
lates the transparent mold with an opaque epoxy. Both
epoxy resins are of the same basic chemical com-
pound. The advantage of this process lies in the fact
that since both epoxy resins are of the same chemical
makeup (with the exception of a proprietary darkening
agent added to the opaque resin), they adhere to each
other as a homogenous compound. The netresult is a
chemically homogenous mold with a uniform expan-
sion coefficient. The homogenous compound elimi-
nates the potential for the creation of a void that would

BASE ELECTRODE
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EMITTER ELECTRODE

-

Si0,

P LAYER (BASE)

N

-
(OXIDE FILM)

N LAYER
N LAYER (COLLECTOR) (EMITTER)
COLLECTOR ELECTRODE
OP5-3
Figure 3. Phototransistor Structure
NO. | PARTS MATERIAL
1 Infrared Light- Gallium-
Emitting Diode Chip Arsenic
Phototransistor Chip Silicon
3 Lead Frame Ni-Fe ailoy
4 Paste Silver-
Epoxy
5 Wire Gold
Transparent Compound | Silicone
7 Opaque Compound Epoxy
(min. 0.4 mm thick)
8 Semitransparent Epoxy
OP5-4

Figure 4. Cross-Section of the PC700 and PC800
Series Photocouplers
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exist between two chemically different compounds. As
a result, the minimum discharge distance is trans-
ferred from the inside of the package (labeled 1) to the
outside of the package (labeled 2) as shown in Figure
5. With the type of transparent epoxy resins used
today coupled with an internal spacing of between 0.3
and 0.4 mm between the emitter and detector, the
Isolation voltage becomes a function of the ambient air
and is approximately 10 kVrms in dry air or 7 kVrms in
normal humidity.

DESIGN CONSIDERATIONS

Photocoupler Model

It is useful to create a model of the photocoupler in
order to better understand its transfer characteristics.
Figure 6 can be used to model a photocoupler.

lo = IEn(Ir,H)K1K2K3RB(Ip)

where:
lo = Output current of the photocoupler
Ir = Forward current of the LED

n(lgt) = Efficiency of the emitter
(photons per electron)

Ky = Transmissivity of transparent silicone resin
K, = Transmissivity of the transparent epoxy resin
K3 = Sensitivity of the photo diode

B(lp) = Gain of transistor

As shown by the model above, the output current I
is a function of the efficiency of the LED (which we will
show degrades with time, temperature, and forward
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Figure 5. Double Transfer Mold Process of the PC700
and PC800 Series Photocouplers
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Figure 6. Phototcoupler Model
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current), the transmissivity of the optical link, the sen-
sitivity of the photo diode and the gain of the transistor.
The transmissivity of the transparent silicone resin, the
transmissivity of the transparent epoxy resin, the sen-
sitivity of the photo diode and the gain of the transistor
can be considered to be constant with time and tem-
perature. Therefore, the most critical variable to the
designer is the Current Transfer Ratio (CTR) as it
changes with time, temperature, and Forward Current.

CTR

The CTR is defined as the ratio of the output current
of the photocoupler (or more specifically the collector
current of the photo transistor) to the input current of
the IR LED expressed as a percentage value.

IC x 100
I

CTR=

As an LED ages, its efficiency degrades with time
at an approximate logarithmic rate for a given junction
temperature and forward current (Figures 7 and 8).
Since the CTRis a function of I, time and temperature,
it will decrease as the LED’s efficiency degrades. This
degradation must be considered when designing a
product for a long life cycle.
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105
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v

104 \. C

108
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FORWARD CURRENT Ig (mA)

NOTES:
A =50% DEGRADATION (HALF LIFE)
B = 20% DEGRADATION
C = 10% DEGRADATION

OoPs5-7

Figure 7. Lifetime vs. Forward Current
at 25°C

Degradation of Forward Current vs. Lifetime

Figure 7 shows a plot of the degradation of a generic
photocoupler LED operated at +25°C over time as a
function of forward current. As can be expected, a
greater current density yields a more rapid degrada-
tion. For this reason, long life products should be
designed with a lower forward current.

Degradation of Forward Current vs.
Temperature

Comparing Figures 7 and 8, one can see the impact
of ambient temperature on Lifetime vs. Forward Cur-
rent. The designer should always consider the antici-
pated ambient temperature when selecting the forward
current. It should be noted that Figures 7 and 8 allow
the designer to graphically interpolate the degradation
of CTR for a given temperature. The interpolation of
these graphs provides sufficiently accurate plots from
which an estimate of the CTR degradation due to
lifetime and forward current may be obtained. The
graphical interpolation method allows the designer to
forgo the more tedious method of calculating the junc-
tion temperature for both the emitter and detector
using junction resistance’s, etc.
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Figure 8. Lifetime vs. Forward Current
at 85°C
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Once the percent of degradation is determined by
interpolation between Figures 7 and 8, the CTR vs.
Forward Current curve (Figure 9) can be derated for
time and temperature of the application. As an exam-
ple, if the lifetime and temperature were interpolated
to a curve that suggested a 20 percent decrease in
CTR over the life of the product, then the CTR curve
shown in Figure 9 should be reduced by an equal
amount.

RESPONSE TIME

In time critical designs or when several photocou-
plers are used in parallel (such as in a data bus) a race
condition could exist. The response time of the signal
is the summation of the delay time through the photo-
coupler added to the rise time (Tg) or fall time (Tg) of
the signal to guarantee a logic "high" or "low" respec-
tively. The rise and fall time is typically a function of the
load capacitance, load resistance, phototransistor,
and Vce. Curves such as the one shown in Figure 10
indicate response times with given Load Resistance’s.
As can be seen, additional capacitive effects (created
by adding external capacitors) are not shown. By
observing the Response Time vs. Load Resistance
curve, an output load resistor can be selected to meet
the response time. Response Time vs. Load Resis-
tance curves are generally given with minimum collec-
tor-emitter voltage. If the collector-emitter voltage is
greater than 2 V, the response time will be faster than
that provided by the graph
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Figure 9. CTR vs. Forward Current Curve

ONE DESIGN APPROACH

When selecting a photocoupler, the obvious con-
cerns such as the Isolation Voltage, Safety Approval
rating, package type, Operating Temperature, re-
sponse time, Emitter-Collector Voltage and Collector-
Emitter Voltage should be addressed. Other factors
such as product lifetime and ambient operating tem-
perature must be considered to ensure reliable opera-
tion for the life of the product. The following is one
design approach that aids the designer in addressing
these issues. This approach does not consider all
potential factors since each application is unique, how-
ever it does address those crucial to ensuring opera-
tion for the life of the product over the expected
temperature range response time.

1. Determine the lifetime of the product in hours.

2. Determine the expected operating temperature
range.

3. Interpolate between Figures 7 and 8 to obtain a
CTR derating for product temperature, lifetime and
Forward Current (the CTR can also be derated by
using the Relative CTR vs. Ambient Temperature
curves, however, these curves typically do not
provide multiple Forward Current curves).

4. Derate the CTR vs. Forward Current curve to
accommodate the degradation attributed to time
and temperature.

5. Add engineering guardband of 5% to CTR by
again derating the CTR vs. Forward Current curve.

6. Determine the response time needed for proper
circuit operation.

7. From the Load Resistance vs. Response Time
curves a load resistor can be selected.

8. Generally, the maximum collector-emitter voltage
is determined by the interface. Therefore, with the
load resistor selected and collector-emitter deter-
mined, the maximum collector current is easily
calculated. The designer should consult the Col-
lector Current vs. Collector-Emitter voltage curves
to ensure that the photo transistor is not operated
outside the maximum power envelope. (See Fig-
ure 11)

9. With the maximum collector current identified, and
worst case CTR determined, the minimum For-
ward Current can be obtained by the minimum
CTR vs. Ig. Figure 12 Assumes a typical digital
interface interconnecting two logic gates with a
photocoupler.

I _ |o x 100

F(Min) = CTR(Min.)

R = Veci=Ve- Vo
m lrmin
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If the supply voltage is unstable, the below equa- .
tions should be used to determine the variation of
Forward Current as they relate to Figure 12.

Veeiming = VFmaxy — Vou

IrMiny =

Rin(Max.)
| _ Vecimax) — VF(Min.) - VoL .
Fikax) = RinMin,
VERIFY THE DESIGN

The designer should review the design to ensure
that no Absolute Maximum Rating will be exceeded.

Peak Forward Current. If the photocoupler is not
operated in continuous mode but is pulsed, particu-
lar attention should be paid to the Peak Forward
Current vs. Duty Ratio curve. Operating outside this
curve could cause permanent damage to the de-
vice.

Forward Current. If operated in continuous mode,
the Forward Current vs. Ambient Temperature curve
should be verified to ensure operation is within this
envelope.

Particular attention should be paid to the following:

e Power Dissipation of the Emitter. Review the
Diode power vs. Ambient temperature graph and
ensure the diode power is within the allowed enve-
lope.

e Power Dissipation of the Collector. Review the
Collector power dissipation vs. Ambient tempera-
ture graph and ensure the Collector power is within
the allowed envelope.

o Total Power. It is quite possible that the Collector
Power and Diode Power can operate within its the
allowable range for each independently, however,
the package as a whole is not capable of dissipating
the maximum power of each. This measurement
should be verified by the Total Power Dissipation vs.
Ambient Temperature plot.
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PHOTOCOUPLERS
Bob Laird, Field Applications Engineer

INTRODUCTION

Sharp, as the world’s leading producer of optoelec-
tronic devices, currently has the broadest offering of
photocouplers on the market. The number of different
models offered easily exceeds 500 if you include all
variations of a given base model. For example, the
base model of the PC817 is offered in a standard DIP
package and as the PC817! with formed leads for
surface mounting. For each of these package types,
there are multiple current transfer ratio (CTR) ranked
versions offered, and there are also specially tested
versions available that meet the TUV-0884 safety rat-
ing. The standard DIP packaged version is also avail-
able as a dual channel (PC827), triple channel
(PC837), or quad channel (PC847) with multiple CTR
ranked versions of each of these. When including all
variations, the PC817 is offered as 76 different models.
The purpose of this technical note is to offer some
clarification of Sharp’s photocoupler offering and to
help simplify the photocoupler selection process.

Part Numbering Scheme The Sharp photocoupler
part number scheme uses the prefix "PC" followed by
a three digit model number. A breakout of the model
number classification is shown below.

e PC100 Series DIP (long creepage distance type)

e PC300 Series Surface Mount (Phototransistor out-
put type)

e PC400 Series Surface Mount (OPIC output type)

e PC700 Series DIP, 6 pin

e PCB800 Series DIP, 4 pin or multi-channel type

e PC900 Series DIP (OPIC output type)

NOTE: OPIC is a trademark of Sharp and is an
acronym for OPtical Integrated Circuit.

Special alphanumeric designators are used as a
suffix to denote such things as CTR rank, lead forming,
package type, special testing, etc. For example, a "V"

suffix was added to several models when a packaging
change was made by Sharp. Previously these models
were all molded individually during assembly. A new
assembly process was implemented that involves
molding several photocouplers together in a long strip.
The strip is then diced up with a diamond saw. As a
result, the "V" type package is a little shorter than the
older package. There are a few exceptions to the part
number scheme described above. First, a general
purpose 6N series is offered. These are standard,
industry compatible devices that are still used in older
designs. Second, Sharp offers a full line of phototriacs
and photothyristors that use a different part number
scheme.

DESIGN CONSIDERATIONS

Mechanical Requirements

The market demand today for photocouplers is still
dominated by through-hole devices, but surface mount
packages are gaining rapidly in popularity. As men-
tioned above, some of Sharp’s standard DIP models
are offered with a lead forming option. In this case, the
leads are cut and formed in a gull wing to achieve a
surface mount package (see Figure 1A). The lead
forming option is denoted by an "I" suffix on the part
number except in the case of the PC725 in which it is
denoted by a "W".

Sharp is a pioneer in the development of new, ultra
small surface mount packages (see Figure 1B). These
packages are much smaller than the DIP packages
with formed leads. For new surface mount designs, the
photocoupler selection can usually be narrowed to the
PC300 series or PC400 series. The main drawback of
the small surface mount package is a reduced isola-
tion voltage. Due to the shorter distance between
leads, the standard isolation voltage of 5000 Vrms on
the DIP packages drops to either 2500 Vrms or 3750
Vrms, depending on the model.
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Figure 1B. Ultra-Small Surface Mount Package
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There are various safety ratings that photocouplers
must meet depending on the country and product that
they will be used in. Agencies such as UL in the U.S.,
CSA in Canada, BS in Britain, and TUV/VDE in Ger-
many maintain and update the safety ratings. Sharp’s
photocouplers are approved against many of the key
safety ratings, so they generally do not represent an
obstacle. The most important parameter for meeting
the various ratings is isolation voltage (Viso), and
Sharp’s patented double transfer mold assembly proc-
ess provides the best performance to Viso in the
industry. Certain safety ratings specify a minimum
external creepage distance and internal insulation dis-
tance that must be met by the photocoupler. Sharp
offers the PC100 series with long creepage distances
to meet these safety ratings. Also, on several models,
Sharp is offering specially screened versions that com-
ply with the new TUV-0884/VDE-0884 safety rating. A
"Y" suffix is used to denote the special screening.

Electrical Requirements

The most common reason for requiring a photocou-
pler is to transmit a signal between two circuits while
maintaining a very high level of isolation between
these circuits. Since a photocoupler transmits a signal
from its input side to its output side via light instead of
an electrical conductor, the input and output are iso-
lated from each other. The electrical requirements of
each of the circuits being isolated help define which of
the various photocouplers is best suited to the design.

Photocouplers offer only a few variations on their
inputs. Most models have a standard IR LED with a
maximum DC forward current of 50 mA. One variation
is an AC input type, in which two IR LEDs are used.
The two LEDs are connected in the opposite direction
(see Figure 2), so that one of the LEDs will always turn
on regardless of the polarity of the input signal. The
PC814 series are the most popular AC input photocou-
plers offered by Sharp. AC input photocouplers are
commonly used in industrial controllers or telecommu-

nications equipment. Another less common variation
on the input pertains to the forward current or input
current of the LED. A high input current model such as
the PC724V is available in which the maximum DC
forward current is 150 mA. Or several low input current
models are available such as the PC866 in which the
electrical characteristics of the device are specified
with an input current of 1 mA.

O O
~ AC INPUT
~ RESPONSE
O

OP6-2

Figure 2. AC Input LED

Many different variations are offered on the output
side of a photocoupler. A selection tree is shown in
Figure 3. When selecting an output configuration,
there are a few different decisions to be made. The
OPIC output offers simplified design and improved
reliability since a lot of external circuitry has been
integrated onto one chip. The fact that they offer a
digital output makes them ideal for interfacing to stand-
ard digital circuitry. They are an excellent choice when
a photocoupler is used to clock digital data. One
common application where our OPIC photocouplers
are used is electronic musical instruments that support
the Musical Instrument Digital Interface (MIDI) stand-
ard. The PC900V or PC400 are typically the models
used in the MIDI designs. There are several applica-
tions where the output of the photocoupler is used as
a simple switch. In this case, a simple phototransistor
output will work fine, so the higher cost of the OPIC
type photocoupler is not justified. Phototransistor out-
puts are also good for interfacing to circuits operating
at non standard voltage levels. Some of the issues that
must be addressed when selecting a phototransistor
output are discussed below.

PHOTOCOUPLER
OUTPUTS

PHOTOTRANSISTOR

|
i l

| |

PHOTOTRIAC/
OpIC PHOTOTHYRISTOR

et

SINGLE DARLINGTON
PHOTOTRANSISTOR | [ PHOTOTRANSISTOR

COLLECTOR

TOTEM BUILT-IN FULL HALF
POLE PULL UP WAVE | | WAVE

OP6-3

Figure 3. Photocoupler Output Selections
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PHOTOTRANSISTOR OUTPUT

Collector-Emitter Voltage

Most commonly the phototransistor has a maximum
collector-emitter voltage (Vceo) rating of 35 V. For
those applications where the load circuit will be sup-
plying a collector-emitter voltage in excess of 35 V,
models are available with a Vceo of 70 V or higher.
Such models as the PC729 and PC829 have a Vceo
of 300 V for interfacing to telephone lines where large
electrical disturbances commonly occur.

Base Terminal

Older photocouplers, such as many of the PC700
series photocouplers, offer a base terminal connection
to allow the design engineer more control over the
output current. With todays more advanced process
controls, the variation in common emitter current gain
from one phototransistor to the next is small enough
that it is generally not necessary to use the base
terminal to control output current.

Noise Immunity

Phototransistors that are fabricated to have large
junction capacitances offerimproved immunity to com-
mon mode noise over standard phototransistors be-
cause of the larger inherent time constant. Models
such as the PC812 and the PC813 series utilize pho-
totransistors with larger junction capacitances. The
larger junction capacitances do result in slower re-
sponse times.

Response Time

Phototransistors do not have a fast response time
in comparison to photodiodes. Therefore, for true high
speed requirements a photodiode type output is re-
quired. An OPIC uses a photodiode, so high speed
OPIC photocouplers are available such as the PC910
and PC911 with 10 Mb/s response times. The 6N
series also use photodiodes, and are capable of high
speeds. For those specialized applications in which it
is necessary to drive a load that is highly resistive
relative to typical loads, Sharp offers the PC810 and
PC818. Both devices are rated at relatively high
speeds with 1k Q loads.

Collector Current

The available collector current is represented by the
CTR specification which is a ratio of collector current
to input current specified as a percentage. The mini-
mum and maximum ratings for the CTR are specified
for a given input current. A plot of typical data for CTR
versus input current is included in the specification to
provide for extrapolation for the various input currents
that different designers will be using. The difference in
the minimum and maximum ratings for CTR can be
very large depending on the model. Many designers

cannot tolerate such a large potential variation; there-
fore, some models are offered with different CTR rank-
ings. For example, the PC817 is specified with a CTR
of 50% minimum and 600% maximum. The other rank-
ings available are shown in Table 1.

Table 1. CTR Rankings

MODEL NO. CTR (%)
PC817A 80to 160
PC817B 130 t0 260
PC817C 200 to 400
PC817D 300 to 600
PC817AB 800 260
PC817BC 130 to 400
PC817CD 200 to 600
PC817AC 800 400
PC817BD 130 to 600
PC817AD 80 to 600
PC817 50 to 600

Some circuits require a higher output current drive
than what can be achieved with a single phototransis-
tor. For these applications, photodarlington outputs
are used. In the photodarlington configuration (see
Figure 4), a second transistor is used for amplification
purposes resulting in increased sensitivity. The im-
proved sensitivity is represented by large CTR values
in the specification. The photodarlington transistors do
have a slower response time than single phototransis-
tors.

~ DARLINGTON
PHOTOTRANSISTOR

OP6-4

Figure 4. Darlington Phototransistor

SUMMARY

Sharp’s line-up of photocouplers were designed for
a multitude of different applications. This technical
note has touched on many of the issues that should
be addressed when selecting a photocoupler. Since
many of the photocouplers are very similar in perform-
ance, it is possible that several different models would
function properly in a given application. Therefore, it is
important for the designer to work closely with the
appropriate Sharp salesperson and Field Applications
Engineer during the selection process.
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