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General Product Information

Motorola Optoelectronic products include gallium arsenide
and gallium aluminum arsenide infrared-emitting diodes,
silicon photodetectors, optoisolators, power optoisolators,
slotted optical switches and emitters/detectors for fiber optic
communication systems. Emphasis is given to custom
assemblies for use in specific automotive, industrial and
consumer applications.

Technology leadership in optoelectronic products is demon-
strated by state-of-the-art 800 volt, zero-crossing triac drivers
(MOC3081); the industry’s only standard high temperature

Darlington isolator (MOCB8080) and the industry’s only suppli-
er of standard products with 7500 Vac peak isolation voltage.

The broad optoisolator line includes nearly all the transistor,
Darlington, triac driver and Schmitt trigger devices now
available in the industry. Motorola optoisolators come in the
standard 6-pin DIP package, and the new smali outline
SOIC-8 style, surface mount package. Each device is listed in
the easy-to-use Selector Guide (Section 3) and a detailed data
sheet is presented in a succeeding chapter.

The Motorola Spectrum of OPTOELECTRONICS

Optoelectronics is a special branch of semiconductor
technology which has come into prominence during the last
fifteen to twenty years. Solid state optoelectronic components
have proven to be versatile design tools, offering the engineer
inexpensive, reliable alternatives to their bulky predecessors.

Solid state light emitting diodes (LEDs) in the visible portion
of the electromagnetic spectrum have virtually eliminated the
usage of incandescent lamps as panel indicators. Infrared
emitters and silicon photodetectors are finding wider applica-
tion as sensor pairs, replacing electro-mechanical switches.
Optoisolators are being designed into circuits previously using
small mechanical relays and pulse transformers.

Over the years, solid state optoelectronic technology has
advanced dramatically. Research into new and improved
materials and processing techniques have led to devices
having higher efficiencies, improved reliability, and lower cost.

Emitters

Early emitters, both visible and infrared, suffered from low
power output and rapid power output deterioration (degrada-
tion) when compared to present day devices. Emitter chip
materials, commonly referred to as 1ll-V compounds, are
combinations of elements from the Il and V columns of the
periodic chart. The P-N junction is formed by either diffusing
or by epitaxially growing the junction. Typical materials used
for emitters include gallium arsenide (GaAs) and gallium
aluminum arsenide (GaAlAs), among others.

When a forward bias current (IF) flows through the emitter’s
P-Njunction, photons are emitted. This is shown schematical-
ly in Figure 1. The total output power (PQ) is a function of the
forward current (IF), and is measured in milliwatts. Likewise,
the axial radiant intensity (Ip0) of an emitting device, which is
the portion of the total emitted power radiated within a
specified cone angle directly on axis, is also a function of this
forward current (IF), and is measured in milliwatts per
steradian.
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Figure 1. The LED

Motorola’s line of emitters operate at wavelengths of either
660, 850 or 940 nanometers (nm). See Figure 2. This
encompasses the red and the near infrared portions of the
electromagnetic frequency spectrum. Emitters of various
wavelengths are produced for the purpose of optimizing
system efficiency, when the emitter is operated in conjunction
with a variety of applications and environments.

The 940 nm emitters are the most cost effective, however,
their spectral emission is not ideally matched to that of the
silicon detectors. Most applications can tolerate a certain
amount of spectral mismatch, and this sacrifice is generally
justified by the devices’ lower price. Aimost all optoisolators,
for example, use the 940 nm emitter.

The 850 nm emitters have a peak emission which almost
exactly matches that of silicon. This emitter finds usage in
applications where this efficiency, and the emitter’s faster
speed, are the primary concerns.

The 660 nm emitters are not well matched to silicon, but are
ideal for use in plastic fiber optic systems. Plastic fiber has a
characteristic attenuation curve which reaches a minimum at
660 nm. This attenuation is the predominant factor to consider
when designing a plastic fiber system.
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Figure 2. Emissivity versus Wavelength

The above emitters find wide usage in a variety of isolating,
sensing, remote control and fiber optic applications.

Newly developed materials and refinements in chip pro-
cessing and handling have led to more efficient and more
reliable emitters. New packaging techniques have made low
cost plastic devices suitable for applications formerly requiring
glass lensed units, by providing efficient molded-in lenses. In
this way, higher on-axis radiant intensities can be achieved,
for a given amount of total radiated power. A narrow radiation
angle provides for a lower drive current when operating in a
configuration where the opto detector is on-axis with the
emitter, such as in sensing applications or when launching
power into an optical fiber. When a very wide or off-axis
viewing angle is required, such as in a remote control
situation, emitters with less directional lenses, or unlensed
emitters are generally used.

Motorola’s selection of emitters includes the low-cost plastic
Case 422A devices, such as MLED91, MLED96 and
MLED97. Also in a plastic package is the remote control
emitter, MLED81.

Metal and glass packages, such as the TO-18 (MLED930)
are utilized in applications where high axial intensity or
absolute hermeticity are essential.

Advances made in emitter technology over the years have
eliminated many of the problems of early-day devices. Even
the problem of degradation of emitter power output over time
has been brought to a level which is tolerable and predictable.
When coupled to a silicon detector, today’s devices can be
expected to lead a long and useful life.

Detectors

As emitters have developed over the years, photodetectors
have also advanced dramatically. Early phototransistors and
photodiodes were soon joined by photodarlington detectors,
and then by light-activated SCRs. Innovations in design have
created devices having higher sensitivity, speed and voltage
capabilities. A variety of detectors is shown in Figure 3.
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Figure 3. Light Sensitive Detectors

Recent developments in detector technology have led to
larger and more complex circuit integration. Photodetectors
incorporating Schmitt trigger logic outputs are becoming
increasingly popular in applications requiring very fast speed,
hysteresis for noise immunity, and logic level outputs.

Motorola introduced the world’s first photo-triac driver, a
planar silicon device capable of controlling loads on an ac
power line. This was followed by the zero- crossing triac driver,
also a Motorola development. This device stands as a classic
example of opto technology’s dramatic progress. Bipolar
circuitry, photo-optic technology, high voltage solid state
physics and field effect transistor (FET) technology are all
incorporated on a monolithic integrated circuit chip inside this
device.




Future trends point to even higher performance characteris-
tics and more circuit integration in photodetectors.

Detectors, like emitters, are available in plastic and in
lensed metal packages.

Fiber Optics

Motorola offers devices specifically designed for plastic
fiber systems.

For low cost plastic systems, Motorola’s POF (plastic
optical fiber) series is the most economical way to go. Using
the MFOE76 emitter, distances of up to 180 meters can be
achieved, depending on the MFOD detector which is selected.
Convenient termination techniques make the POF system the
first truly practical fiber optic system for general purpose
usage.

Optoisolators

Optoisolators, a block diagram of which is shown in Figure
4, are devices which contain at least one emitter, which is
optically coupled to a photodetector through some sort of an
insulating medium. This arrangement permits the passage of
information from one circuit, which contains the emitter, to the
other circuit containing the detector.

Because this information is passed optically across an
insulating gap, the transfer is one-way; that is, the detector
cannot affect the input circuit. This is important because the
emitter may be driven by a low voltage circuit utilizing an MPU
or logic gates, while the output photodetector may be part of
a high voltage DC or even an ac load circuit. The optical
isolation prevents interaction or even damage to the input
circuit to be caused by the relatively hostile output circuit.

The most popular isolator package is the general purpose
six-pin DIP, or dual in-line, package. Motorola also offers a
small outline surface mountable SOIC-8 package along with
6-pin surface mount leadform options. This offers answers to
many problems that have been created in the use of insertion
technology. Printed circuit costs are lowered with the reduc-
tion of the number of board layers required and eliminates or
reduces the number of plated through-holes in the board,
contributing significantly to lower PC board prices.
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Figure 4. Block Diagram of Optoisolator
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Various geometric designs have been used over the years
for the internal light cavity between the emitter and detector.
Motorola is the industry leader in isolation technology. All 6-pin
optoisolators are guaranteed to meet or exceed 7500 Vac (pk)
input-to-output isolation. See Figure 5.
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Figure 5. Geometric Design for Optoisolators

The wide selection of photodetectors mentioned earlier is
also available in the isolator packages. A variety of optoisola-
tors is shown in Figure 6. With the emitters and detectors both
sealed inside an ambient-protected package, the user need
not be concerned with any of the optical considerations
necessary with separate packages. An important operating
parameter of the isolator is efficiency. This parameter defines
the amount of input (emitter) current that is required to obtain
a desired detector output. In the case of transistor or
darlington output isolators, this efficiency is referred to as
“current transfer ratio, or CTR. This is simply the guaranteed
output current divided by the required input current. In the
case of trigger-type isolators, such as one having Schmitt
trigger (logic) or triac driver output, efficiency is defined by the
amount of emitter current required to trigger the output. This
is known as “forward trigger current or IFT.

Efficiency and isolation voltage are two of the most
important operating parameters of the optoisolator.

All Motorola six-pin DIP optoisolators are recognized by the
Underwriters’ Laboratories Component Recognition Pro-
gram. It should be noted that this recognition extends up to
operating voltages of 240 volts ac(rms). Under UL criteria,
these devices must have passed isolation voltage tests at
approximately 5000 volts ac peak for one second. In addition,
Motorola tests every six-pin DIP optoisolator to 7500 vac peak
for a period of 1 second. Also, Motorola’s six-pin DIP
optoisolators are offered in a variety of lead form/trim options.
See the section on Package Dimensions for more detailed
information.

All Motorola 6-pin optoisolators are approved by VDE, the
optoisolator standard which is accepted in most European
countries. Check the Motorola data sheet section for specific
information on approvals to various VDE norms.
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Figure 6. Various Optoisolator Configurations

Opto Interrupters

Assemblies consist of one or more emitters and detectors
in a special purpose package. Common assembly configura-
tions include multiple detector arrays, slotted optical switches
and reflective optical sensors. A slotted optical switch is a
transmissive device made up of an emitter and a detector
inserted into a housing. The housing serves to maintain optical
alignment between the emitter and detector and to space
them apart from one another to form a sensing area, usually
an air gap, between them. These devices perform the same
function as optoisolators, with the added feature of mechani-
cal interruptibility. This enables them to detect the presence of
an object, orits speed, or in the case of a dual-channel device,
its direction of travel. Slotted optical switches, also known as
interrupters, are available in a variety of package styles to
accommodate a range of size and mounting restrictions.

Applications for slotted optical switches include paper
sensing in printing and copy machines, cursor controls in
video game track balls and computer mice, motor speed
tachometer sensors, position sensing in computer disk and
tape drivers, and as a replacement for mechanical switches in
machine control equipment. Angular position can be moni-
tored as well, by means of an optical shaft encoder.

A reflective optical sensor is another type of opto assembly.
This incorporates an emitter and a detector in a common
housing, and is designed so that the emitted radiation strikes
the target object and reflects back to the detector. While the
reflective sensor is somewhat trickier to use than the slotted
optical switch, it is popular in locations where there is no
access to the opposite side of the target object. It is essential
that the operating environment around the reflective sensor be
free from unwanted stray light sources and reflective surfaces.
Applications include end-of-tape sensing, paper sensing and
coin-sensing in vending machines.

Motorola has the capability to produce optical assemblies
to many custom configurations. Contact your local Motorola
sales office for information on this option.

Chips

Many of the Motorola’s emitters and detectors are available
in chip form. Please refer to the appropriate section of this
Data Book for specific chip information.

Motorola Custom Optoelectronic Sensing Modules

Background

From its inception in 1968, the Motorola Semiconductor
Sector’s Optoelectronics Operation has grown to be a major,
broad-based manufacturer of infrared opto components.
Along with discrete gallium arsenide emitters and silicon
detectors, the portfolio includes both through-hole and surface
mount optoisolators, power control opto units, opto interrupt-
ers, fiber optics components and high power optocouplers.
Motorola is in the enviable position of being one of the largest

manufacturers of quality optoelectronics components in North
America. In 1984, the product offering was further enhanced
by the addition of CUSTOM OPTO MODULES.

Why would a Motorola operation which has built a
reputation in semiconductor components branch into hybrid
assemblies? CUSTOMER SATISFACTION! One of the major
automobile manufacturers came to Motorola Cpto with a
quality problem involving a small, semi-custom device being




purchased from another vendor. Motorola quickly responded
and provided a superior part, and ultimately a lower cost. From
this innocuous beginning, other applications of a more custom
nature opened up and the hiring and staffing of a development
group for custom product began. By 1991, Custom Opto
Assemblies accounted for a significant portion of the revenue
generated by the Optoelectronics Operation.

What Are Custom Opto Modules?

Custom Opto Modules are standard Motorola Optoelectro-
nics components packaged together with additional signal
conditioning circuitry in a customized mechanical housing to
provide a sensing unit which is ready forimmediate installation
by the original equipment manufacturer. In other words, “A
CUSTOMER-SPECIFIC HYBRID ASSEMBLY.” Special
lenses and circuit techniques can be incorporated to tailor the
optical path in order to optimize the sensor for each individual
requirement. Among customer options available are signal-
conditioning circuitry using either through-hole or surface
mount printed circuit boards, digital or analog outputs, any
type of electrical connector, either integrally mounted to the
housing or on fly leads, and custom mechanical housings to
fit any shape specified. In addition, fiber optic cables can be
integrated right into the assembly, taking advantage of hot
alignment to insure that maximum power is launched into the
fiber.

Either transmissive or reflective sensing is available as
needed to fit any application. Prototype turn-around is rapid
and precise. Machined sample parts have been delivered in
as little as three weeks from the initial customer contact. in
addition to the in-house capabilities in optoelectronics compo-
nents, the design team can draw from the entire line of
Motorola Semiconductor products, and utilize the resources
of the Corporate Research Labs to optimize product design.
Outside the company, the Custom Opto Module Team has
developed a stable core of suppliers to provide all of the other
pieces necessary to produce application-specific assemblies.

Where Is Our Strength?

The customer-oriented design team consists not only of
experts in electro-optics, but also includes engineers with
expertise in printed circuit board assembly, mechanical
packaging, reliability, production, environmental testing, and
marketing. The Optoelectronics engineering group holds a
commendable portfolio of 65 patents, more than half for
breakthroughs in the design of Custom Modules. Unlike
typical semiconductor manufacturers, the Custom Opto
Modules Team specializes in packaging innovation.

The Modules Team’s strength lies in CONCURRENT
ENGINEERING. Starting early in the project, ideally before
the design cycle is very far advanced, Motorola’s engineers
work closely with the customer’s project engineers to provide
a SENSING SOLUTION rather than just a component to fill a
pre-defined socket. Including the customer as a participating
member of the design team results in a more direct path to the
finalanswer to his sensing problems and greatly enhances the
probability of providing exactly the right solution. Success,
shown through satisfied customers and continuing shipments,
has been amply demonstrated not only in automotive
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applications but in industrial and computer segment chal-
lenges as well.

Millions of custom modules, capable of meeting the most
stringent reliability requirements, have been shipped to both
automotive and industrial customers over the last four years.
The return rate for quality issues on these units has been close
to zero. Custom Modules has the honor of having received the
prestigious Ford Q1 award from both the engineering and
manufacturing operations.

Why Use Custom Modules?

Custom Modules can offer a significant advantage from a
standpoint of overall system cost. While not intended to be
competitive with a single component, the overall cost to the
customer of the total application can be greatly reduced by
having much of the additional circuit requirements and
packaging included in a module. By purchasing a value-added
component, the non-electronic OEM is freed of the necessity
of having an electronic assembly area, or of having to contract
the assembly in another facility. Inventory issues are simplified
by having only one part type rather than stocking all of the
individual components necessary to make up the module.
Experience in module assembly and coordination of
components allows Motorola to begin the learning curve for at
a more advanced point, resulting in still larger savings to the
customer.

Onthe performance side, the optoelectronic circuitry can be
optimized to give maximum sensitivity, and frequency re-
sponse. Higher resolution and accuracy are possible, since all
of the components and mechanical parts have been optimized
by design to work together.

Applications

The list of potential applications is limited only by the
imagination of the user. Motorola has successfully supplied
Custom Modules to automotive, industrial, consumer and
computer peripherals manufacturers. Some of the potential
applications are listed as a reference. The list is by no means
all-inclusive, and the ready availability of low cost sensing
modules opens up new opportunities every day.

Automotive Applications

Automatic Wiper Control
Steering Rotational Sensor
Speedometer Sensor

Ambient Light Detector
Headlight Dimmer
Dash Backlight Control

Crank Angle Sensor Air Conditioner Control
Remote Audio Link Remote Controls
Door Lock Monitor Ride Control

Load Leveling

Industrial/Reprographic Applications

Paper Sensing Automatic Parts Counting
Edge and End Detection End-Of-Ribbon Detecting
Positioning Bar Code Detection
Background Density Sensor Motion and Direction
Weight and Stiffness Detection

HVAC Control Speed Detection

Automatic Light Control Small Drop Detection



Is Motorola Really The Benchmark
In Custom Opto?

As a result of years of experience in working with
demanding customers to provide solutions where previously
there had been no solution, Motorola has developed a solid
understanding of the sensor market. The dedication of the
team members and their “Can-Do” spirit, combined with a
wide open charter to get the job done, have resulted in an
outstanding track record of accomplishments in the Opto
sensing field.

The Module is only as strong as its weakest component, and
power degradation has been the nemesis of optoelectronic
performance from the beginning. Motorola has spent two
years in developing a world-class “Low-Deg” process to

manufacture its GaAs LEDs to insure the highest level of
performance with the lowest possible degradation of power
output over time and temperature. These LEDs make up the
most basic building blocks of the Custom Modules.

Motorola is uniquely organized to develop and manufacture
low cost hybrid assemblies, each tailored specifically to the
individual customer’s needs. The Quality and Reliability of
Motorola’s Custom Opto Assemblies are built in from the
beginning. Each module is designed from the start for
manufacturability, with consideration taken to insure that all of
the processes will be compatible with Motorola’s corporate
edict of Six Sigma product to its customers. A strong
commitment to concurrent engineering is normal operating
procedure.

SOLUTIONS TO YOUR CUSTOM SENSING NEEDS!
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Optocoupler Reliability & Quality

Reliability Considerations
Emitter Life

The area of optocoupler reliability that is of most concern to
users is the life of the IRED (Infrared Emitting Diode). Anything
which alters the carrier-recombination process (the light-emit-
ting mechanism) will cause a decrease in coupling efficiency
with time. There are several possible ways this can happen,
depending upon the device and process design:

1. Propagation of initial crystal stress or damage through the
device in the vicinity of the junction can cause an increase
in non-radiative recombination, since carrier lifetimes are
poor in such regions. Motorola now uses exclusively a
Liquid Phase Epitaxial (LPE) process which allows a
stress-free growth and minimizes the effect of substrate
integrity, since the junction is formed some distance from
the substrate.

. Damage caused by assembly of the IRED chip into a
package can also cause degradation, usually observable
in less than a few hundred hours of operation. Motorola
uses automatic die attach and wire attach equipment, so
that operator control of pressure is eliminated. In addition,
the application of a die passivation during assembly
insures that the IRED chip is protected from external
mechanical stress.

. Impurities which exist in the chip as a result of process
contamination can be detrimental if they are mobile in
gallium arsenide. Forward current bias will energize these
impurities and the current drift will draw them toward the
junction where they can affect recombination to a greater
degree. Proper process design and control of equipment is
necessary to minimize this effect. Motorola continually
audits its process to provide the necessary monitor on LED
life characteristics.

. Impurities external to the chip can be drawn into the device
and affect recombination under certain conditions.

Detector Stability

While the detector has a lesser overall influence on the
reliability of an optocoupler than the IRED (due to the
difference between gallium arsenide and silicon characteris-
tics), there still remain important considerations here as well.
These primarily are measures of its ability to remain reliably
“off” when the IRED is not energized, requiring that breakdown
voltages and leakage be stable.

Efficient optically sensitive semiconductors place an extra
burden on the manufacturer to produce stable devices. Large
surface areas are needed to capture large amounts of light,
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but also give higher junction leakage. Low doping concentra-
tions are necessary for long carrier lifetimes, but also create
more chance for surface inversion which leads to leakage
instability. High electrical gains magnify currents due to
captured photons but do the same to junction leakage
currents.

Package Integrity

There are several packaging considerations which are
unique to an optocoupler. It is necessary, of course, that light
be efficiently coupled from input to output. As a result, most
optocouplers have internal constructions that are radically
different than other semiconductor devices and use materials
that are dictated by that construction. Just as parametric
stability of the IRED and detector chips used in an optocoupler
isimportant, so also is it important that package parameters be
stable. Areas of concern are:

1. Isolation Voltage — Together with the transmission of a
signal from input to output, the ability of an optocoupler to
isolate its input from high voltage at its output is probably its
most important feature. Human safety and equipment
protection are often critically dependent upon dielectric
stability under severe field conditions. Motorola uses a dual
molding scheme, whereby an opaque epoxy overmold
surrounds an infrared transparent epoxy undermold. Both
materials are very stable under repeated applications of
high fields and the integrity of the interface between the two
materials is assured due to the basic similarity of the
compounds. Industry leading isolation voltage capability,
both in terms of voltage level and stability, is the result.
Motorola specifies all of its optocouplers at 7500 Vac peak
isolation.

. Mechanical Integrity — It is also important that the
package be capable of withstanding vibration and temper-
ature stresses that may be found in the field environment.
Motorola’s solid package construction and the use of
repeatable automatic ball bond wire attach equipment
provide this performance at rated conditions.

. Moisture Protection — Relatively high humidity is charac-
teristic of many field environments, although usually not on
a continuous basis. Motorola’s chip design minimizes the
effect of moisture internal to the package, usually by
covering the aluminum metallizations with protective pas-
sivations. The package materials typically provide stable
isolation voltage after well over 1000 hours of continuous
exposure to a high temperature, high humidity environment
and will provide very long term service under intermittently
humid conditions.



Design Driven LED Degradation Model for Optoisolators

Results from a matrix of temperature and current stress
testing of optoisolator LEDs are presented. Extensive statisti-
cal analysis of this large data base is shown, along with the
method used to define the shape of the LED degradation
curves. A basic equation was developed based on the
Arrhenius model for temperature dependent effects and the
author’s experience with the physics of LED degradation. Also
shown are the results of multiple regression analysis of the
plotted points and how they were used to resolve the
constants associated with this equation. In addition, explana-
tions are presented of unusual findings and their causes. This
equation can be used by circuit designers to predict LED
degradation for any time, operating current and ambient
temperature (an industry first). A graph of percent degradation
versus time is shown, and was derived by plugging into the
equation typical use currents and temperatures. A further
refinement s presented that describes degradation in terms of
a “Six Sigma” distribution, giving the ability to encompass
variations encountered during production.

Background

Light Emitting Diodes (LEDs) are devices which use PN
junctions to convert electrical current to light. This emitted light
can be of the visible or infrared wave length. In the case of the
LEDs in Motorola’s optocouplers, this light is in the infrared
(~940 nm) wave length. The externally applied current injects
minority carriers which recombine with majority carriers in
such a way as to give off light (or photons). This process is
called “radiative recombination.”1 Figure 1 depicts the overall
construction of Motorola’s 940 nm LED die.
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Figure 1. Amphoterically Doped LPE Grown Junction

The junction is an amphoterically doped liquid phase
epitaxial (LPE) grown junction on a Gallium Arsenide (GaAs)
substrate. The back side of the die uses AuGe metal to form
an eutectic attach to the lead frame. A very thin Zn diffused
layer is used to spread current across the junction. The top Al
metal is used to provide ohmic contact for a wire bond
connection.

LED Degradation

LED degradation occurs when the efficiency of radiative
recombination of minority carriers is decreased with time.2 At
Motorola the following processing/assembly steps have been
found to affect LED performance as it relates to LED
degradation (Figure 2).

1. Wafer related defects

. Zn diffusion defects

. Substrate dislocations

. Surface polishing

. EPI defects

. Doping concentration
Junction heating

. Ohmic contact stress

2. Assembly related defects
A. Die attach stress
B. Wire bond damage
C. Molding stress
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ZING DIFFUSION SURFACE
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Figure 2. LED Degradation Sources

Approaches

In the past, a circuit designer needing information about
LED degradation in optoisolators (couplers) would only
receive curves that depicted LED degradation over time for a
specific drive current, measurement current and ambient
temperature. This forced the designer to assume a very worst
case degradation and excluded the use of couplers in circuits
requiring tighter limits on the amount of allowable degradation.
No one in the Optoisolator industry supplied data about their
LED performance to allow the designer to predict the amount
of LED degradation for his specific application.



Solutions

Over the past three years Motorola’s Optoelectronics
Operation has invested significant resources to improve LED
degradation performance. More than thirty experiments were
designed and performed generating some 30 megabytes of
computer data in an effort to identify and prove out the LED
wafer processing improvements. These improvements in-
clude a number of critical wafer processing steps that required
change and exact control.

Initial Room Temperature Testing

Transistor optocouplers (see Figure 3) samples were
assembled using the above improvements and placed on LED
burn-in.

Figure 3. Transistor Optocoupler

The conditions were room temperature at a forward current
(IF) stress of 50 mAdc. The transistor was not biased. The ratio
of the transistor collector current (IC) to the | current is the
measurement used to gauge LED light output. This ratio is
known as Current Transfer Ratio (CTR). LED light output was
measured at specified intervals during testing. The conditions
for measurement were:

IF=10mA; VCE=10 V.

Figure 4 is a graph of the average percentage degradation
over 10,000 hours. The dotted lines represent the capabilities
of the measurement system. As can be seen, little degradation
occurred. Data generated from samples provided to one of our
customers confirmed these results.
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Figure 4. Plot of Average LED Degradation
@ |F(stress) =50 mA; |F(meas) =10 mA @ 25°C

Accelerated Testing

In an effort to provide customers with information that would
help them predict CTR degradation at any current and
ambient, a temperature and stress current matrix evaluation
was designed (see Table 1).

Ambient Stress Temperature

85°C 105°C 125°C
Group A Group B Group C
< 0.5mA | 30 Devices | 30 Devices | 30 Devices
@ Group D Group E Group F
£ 3mA 30 Devices | 30 Devices | 30 Devices
@»
a
w GroupG | GroupH Group |
|| 50 mA 30 Devices | 30 Devices | 30 Devices
Table 1

This testing led to results on a total of 270 devices with
measurements taken at 6 times (0, 71, 168, 250, 500 and 1000
hours). The measurements were taken on Ig and Ic at 4
current levels (0.5, 3, 10 and 50 mA). This produced a total of
or 12,960 data points.

The following (Table 2) is a summary of the results of the
testing expressed in average percent degradation of Icand Ig
from 0 to 1000 hours. Ig is the transistor base photo current
generated by the LED light output. Ic is the collector current of
the phototransistor and is related to the LED light output
multiplied by the hrg of the transistor. Note that the 0.5 mA
measurement results are not included. This was because the
detector current generated at 0.5 mA LED drive current was
very low (nA range). It was determined that measurement
error was significant at this very low current.

Ambient Stress Temperature
85°C 105°C 125°C

Ic B Ic 1B Ic I8

0.5mA 3mA | 40 29 1.7 81 242 173
10mA} 36 47 63 84 217 174

= Glsoma| 10 68 07 82 24 183
E 5
3|3mA|S|amA| 55 42 133 90 235 167
2 S|10mA| 49 48 76 93 210 169
£ Slsoma| 1.2 77 08 106 21 182
@« 5
o 17}
| 50 mA é 3mA [ 111 81 230 172 271 203

10mA| 80 81 172 155 21.6 19.1
50mA| 14 106 23 123 33 176

Table 2

Analysis of Results

A review of the above results reveals an unusual response
for Ic degradation for the 50 mA measurement current. The
percent degradation is much less when compared to the



10 mA Ig measurement. This apparent improvement in CTR
is actually a function of the phototransistor’s hpg changing. To
explain, the following graph (Figure 5) represents the hpg of
the transistor versus drive current (Ig).

NFE
490 INCREASING
480
y
470 /I \
460
—
4!
w 50
= 440
430
420 IF=I10mA IF =50 mA
410 f f
anl: [ V|
52749411313 1516.818.827 33 40 45 51 55 60 65
I8 (1A)
IF=3mA

Figure 5. hFg versus Photo Generated Current (IB)

What this means is that as Ig decreases during stress
testing (as would be the case with LED light output decreas-
ing) in the area of 65 to 55 pA, the hpg rises. Therefore as the
LED degrades at high IF currents (50 mA) the hpg actually
increases, compensating for the decrease in LED light output
degradation. The overall result is that the CTR degradation
appears to be less at the higher measurement currents.

This problem shows the need to express LED degradation
more clearly. By using a term called Differential Quantum
Efficiency (DQE) a truer picture of LED degradation can be
obtained. DQE can be graphically pictured (see Figure 6).

IF

Figure 6. DQE is Expressed as Alg Divided by Alg

In the case of this evaluation, DQE was derived by
measuring Ig at the IF delta of 3 to 10 mA. A summary table of
the average DQE degradation percent from 0 to 1000 hours is
shown below (Table 3). The calculated junction temperatures
in degrees K are in parenthesis.

Ambient Stress Temperature
85°C 105°C 125°C
Group A Group B Group C
0.5 mA 5.4 8.5 17.4
~ (358) (378) (398)
g
a Group D Group E Group F
2 3mA 5.0 9.4 17.0
:‘% (359) (379) (399)
q
= Group G Group H Group |
50 mA 8.1 14.8 18.6
(371.5) (391.5) (411.1)

Table 3. Average DQE Degradation (%) 0 to 1000 Hours

A plot of these values on a graph (Figure 7) compares the
DQE degradation at 1000 hours to LED junction temperature.
The junction temperature was calculated based on a Theta J
of 180°C/W. Note that the percent degradation appears to be
affected only by overall junction temperature. That is, only the
junction heating due to the surrounding ambient and the
heating affects of LED current cause degradation, and not the
affects due to current density (Group G ~ Group B).
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Figure 7. DQE Degradation (%)

Abestfit straight line can be drawn through these points and
its slope can be used to calculate the activation energy. A plot
of the relative DQE versus time for all the groups are similar to
B, E and H as shown in Figure 8.
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Figure 8. Relative DQE Degradation (%)

These curves can be fit to a polynomial of the kind that
relates temperature to DQE degradation over time. This
relationship can be expressed as:

Relative DQE (1)
= 1+(1+e(A-Ea/T{K) x In(1+12 x e(Ea/T{K-B)))

Where:
A & B = Constant
Ea = Activation Energy
TJ=TA + (VE x IF x Theta J) +273
K = Boltzmann’s Constant (8.617 x10-5eV/°K)3
t = Time under stress testing
Theta J = 180°C/Watt

Conclusions

By plugging in applicable junction temperatures and I drive
currents, a prediction of degradation at any time can be made.
A few representative curves of temperature and drive current
are shown in Figure 9. By using this relationship, LED drive
currents can now be much more accurately chosen at circuit
design and can assure long operating life.
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84 TA =40°C
8
& ot 10000 100000
HOURS

Figure 9. Average Degradation
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A further refinement to the above expression was made to
encompass the lot to lot variations that would be typically seen
in alarge volume production mode. This was accomplished by
adjusting the constant “A” based on the Table 2 sample
distributions. The six sigma points of each group in the sample
were calculated and used to adjust their averages downward
(X bar + 6 sigma). Replotting the curves in Figure 9 would look
like those below in Figure 10. This predictability is made
possible through the LED wafer processing improvements
implemented, and the data analysis presented here.
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Figure 10. Six Sigma Degradation
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Reliability Testing Considerations for

Optoelectronic Sensors

Abstract

With the increasing use of optoelectronic devices in a wider
variety of sensing applications that require longer life, a closer
look at reliability testing is needed. Applications in the
automotive arena (ride control and speed sensing), along with
office equipment (copy machines and printers), require longer
life under conditions with unique environmental stress for
optoelectronic sensors. These applications are the result of
using a combination of optoelectronic and mechanical solu-
tions that present a challenge for reliability testing and
assessment. In addition, applications using solutions such as
motion and/or reflective sensing require careful consideration
from a reliability assessment standpoint. The use of the clear
epoxy plastics and cast resin components as inserts for
custom molded housing has made the cycle time from idea
inception to final product much shorter, but also presents
limitations on the types and levels of stress testing that can be
performed. This paper discusses a number of unique reliability
considerations that the optoelectronic sensor presents.

Background

Optoelectronic sensors, typically composed of a light
emitting diode (LED) and a photodetector are becoming more
pervasive in many applications. These applications range
from automotive and office equipment to home improvement
products. Solutions to sensing problems vary from the
standard motion sensing using slotted interrupters to clever
reflective techniques. Packaging technology has been chang-
ing as often as the applications require. Plastic housings with
clear plastic inserts made of epoxy that are molded or cast
have the significant advantage of low cost and faster
development times (see Figure 1).

LED WITH

MOLDED LENS PHOTODETECTOR
N

N

APERTURE —>

HOUSING

| |

Figure 1. Typical Slotted Interrupter

Metal can packages have significant advantages in applica-
tions where harsh environments, especially high humidity are
encountered. This paper will discuss the reliability test issues
mostly related to the plastic inserts and their long term effect
on the performance of the optoelectronic sensor.

Reliability Tests
LED Stress Testing

One of the key reliability indices for any optoelectronic
device is the LED optical power output degradation. LEDs are
devices which use PN junctions to convert electrical current
into light (known as radiative recombination). This light can be
of the visable or infrared (~940 nm) wavelength. Degradation
is generally described as a reduction in the efficiency of
radiative recombination of minority carriers over time. Figure
2 details some possible sources of LED degradation from a
processing and assembly standpoint.
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Figure 2. LED Degradation Sources

Circuit designers obtain a very significant advantage if a
predictable amount of LED degradation can be calculated,
given a specific operating current and ambient temperature.
The following expression was developed for Motorola’s
infrared LEDs:

% Deg = 100 x (1+(1+e(A-Ea/TiK) x 1]
In(1+t2 x e(Ea/TIK-B)y))
Where:

A and B = Constants

Ea = Activation Energy

TJ=TA + (VF x IF x Theta J)+273

K = Boltzmann’s Constant

(8.617 x10-5eV/°K) [2]

t = Time under stress testing

Theta J = 180°C/Watt

This expression includes considerations for a six sigma
process distribution which makes it particularly useful by
encompassing lot to lot variations.




Temperature Cycling

Many of the LEDs and photodetectors that are used in
optosensor assemblies are molded in epoxy plastic (see
Figure 3).

DIE COAT

CLEAR
PLASTIC

Figure 3. Case 422A Clear Epoxy Package

These plastic mold compounds are non-filled resin epoxies
that allow them to produce the clear packaging needed to
transmit / receive light. This compound has a glass transition
temperature of around 125°C and has a much larger
coefficient of thermal expansion (CTE) than the glass-filled
black epoxy used for most semiconductors.

Anotherfactor that affects temperature cycle reliability is the
need for a protective die coat over the LED die. This is needed
to cushion the GaAs die from the mechanical pressure of the
epoxy mold compound as it shrinks and expands. Mechanical
stress on the LED causes micro fractures that lead to the
so-called “dark line defect” and the resulting decrease in
power out. This decrease in light emission is believed to be
attributed to the formation of “non-radiative recombination
sites.” It is theorized that when minority carriers recombine
with majority carriers in these sites, recombination occurs but
no photon is emitted. The effects of the mechanical stress (i.e.
non-radiative recombination sites) are not manifested until a
forward stress current is applied for a period of time, although
large decreases in light out become apparent in a short period
of time (<72 hours). The addition of the silicon die coat
cushions the LED, but introduces the possible problem of
broken wire bonds due to the large mismatch in CTE between
the die coat (300 PPM/°C), the epoxy (65 PPM/°C)[3] and the
copper lead frame (16.4 PPM/°C). Although the photodetector
does not require the die coat (silicon die), the mismatch
between the epoxy and the copper lead frame still needs to be
evaluated for reliability through temperature cycling. The
typical temperature cycling conditions are —40°C to +100°C,
air to air, 15 minutes at each extreme with < 15 seconds
transfer time.

The use of the cast resin packaging for LEDs and detectors
presents a similar problem, but with the added problem of even

larger CTE mismatch. Because of this, most of these
packages are restricted to temperature extremes of —25°C to
+70°C. With an epoxy package, thermal shock (liquid to liquid)
can be performed but the cast resin package will literally
shatter if subjected to these rapid changes in temperature.
Typically, the cast resin devices are molded into the panel
mount package configuration such as the T1-3/4 and T1 (see
Figure 4).

LED DIE WITH DIE COAT

. : L

Figure 4. Panel Mount LED

Moisture Testing

As mentioned previously, the clear epoxy mold compound
has a large CTE. This factor, along with addition of moisture,
causes problems with lead-to-package sealing. If this lead-to-
package interface is fractured from excessive expansion due
to excessive heat, then moisture can easily travel up the lead
and onto the die surface. As mentioned earlier, the glass
transition temperature for the clear epoxy is approximately
125°C. This limit precludes the use of autoclave (121°C, 15
PSIG) as an accelerated test. The results in Table 1 testify to
this limit.

Sample
Tests Conditions Size Failures
Autoclave Ta = 121°C;
RH = 100%
PSIG =15
t=8 Hours 49 0
t=16 Hours 49 6
t =24 Hours 49 17

(Results of Case 422A Autoclave testing) [4]
Table 1

These results provide proof that this type of packaging is not
really capable of withstanding wave solder followed by an
aggressive wash cycle. Most manufactures are resigned to
using hand soldering and mild cleanups. The cast resin
devices, of course, cannot withstand the high temperature of
autoclave.

The use of biased humidity (TA = 85°C; RH = 85%) is
generally a much more useful test in detecting marginal
designs and poor performing mold compounds, along with
inconsistent assembly processes. In the case of phototransis-
tors, the current must be monitored and controlled while
turning up the bias voltage. This is due to ambient light
entering the humidity chamber. The use of current limiting
resistors is strongly recommended. Once the chamber is
closed, the bias current will generally be close to the dark
current limit value. Of course, opening the chamber to remove



other samples during testing must be taken into consideration
and monitored accordingly.

Solder Testing

There are two types of solder testing that should be used to
evaluate the optosensors in plastic packages. Solder heat
testing (260°C for 10 seconds) is very effective in identifying
poorly performing mold compounds and lead frame designs.
Typical failures noted are lifted wire bonds and, in the case of
epoxy die attach, a lifted die. In addition, flux may wick up the
lead frame package seal area if the mold compound is not
adequately attached. Solderability testing (260°C with 90%
coverage) will not only identify plating problems, but will also
highlight any problems with cleaning agents that could harm
the plastic housings for slotted interrupters. Many of these
housings are polysulfone and can be damaged by Freon TMC
and alcohol. This is also the case when using similar solvents
during marking permanency testing. The polyester-type
housings are generally much less susceptible to this solvents.

Dust Testing

This test is a very good method of assessing an optical
sensor that is to be used in an environment that is susceptible
to dust accumulation, particularly on the lens or in the aperture
slot of the slotted interrupters. This is valid in automotive and
some office equipment applications. Typically, this test is

performed by placing the sensors in a chamber of a specified
size with a specified amount of dust (Arizona type) and pulsing
the chamber with bursts of compressed air for about 5 hours.
Measuring optical coupling of the LED to detector initially, and
at the end of testing will identify designs with inadequate
coupling and/or devices with poor optical alignment.

Summarizing Results

Detailed analysis of testing results can be of significant
importance. Table 2 is an example of a method that can be
used to statistically characterize optosensor testing results.
Note that percentiles are given instead of average and sigma.
This is to provide a more realistic picture of the distribution,
since most devices undergo electrical screening which results
in lots that are skewed through parameter selection. Close
inspection of the delta shifts reveals the direction of shift and
changes in the shape of the distribution.

Conclusions

Optical sensors offer a wide variety of solutions to problems
of motion sensing and other optical detecting. The use of cost
effective plastic sensors and housings brings with them some
significant reliability testing issues that have been addressed
in this paper. Utilizing these tests and their results will provide
help in choosing appropriate designs, materials and assembly
processes that will give rise to a more reliable product.

Device Type Maximum
Specification Actual 10 920 Actual Specification
Parameters Limit Minimum Percent Median Percent Maximum Limit
IR:VR=6V
PRE NONE 0.001 nA 0.003 nA 0.026 nA 0.081 nA 14.35nA 100 pA
POST NONE 0.001 nA 0.002 nA 0.017 nA 0.054 nA 7.664 nA 100 pA
Delta Percent NONE 0.0% 0.0% 0.0% 0.0% 0.0% NONE
VE: IF=50 mA
PRE NONE 1.361V 1.375V 1.387V 14V 1.408 V 1.8V
POST NONE 1371V 1.376 V 1.429V 1.579V 1.747V 1.8V
Delta Percent NONE 0.7% 0.1% 3.0% 12.8% 24.1% NONE
Po: IF =50 mA
PRE 2.0mw 2.059 mW 2113 mW 2172 mW 2.232 mW 2.359 mW NONE
POST 2.0mw 2315 mW 2.374 mW 2.489 mW 2.575 mwW 2.631 mwW NONE
Delta Percent NONE 12.4% 12.4% 14.6% 15.4% 11.5% NONE

Table 2. H3TRB Test Summary (Example of data summary) [5]
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Optocoupler Dome Package

WHITE OVERMOLD (EPOXY)

“T" LEAD BEND

THICKNESS THROUGH
INSULATION
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DETECTOR .
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SPECIAL

Dome Package Evaluation
Package: 6-Pin DIP, Case 730A-04 (WHITE)

Parameters Monitored

The DOME package is a manufacturing/quality improve-
ment in that it represents a significant reduction in the
complexity of the assembly steps. This is consistent with
Motorola’s goal of continual quality improvement by reduction
in process variations (in this case through assembly simplifica-

The following reliability testing summary confirms the quality
of design and material selection.

Limits
Initial End Points
Parameter Conditions Min Max Min Max
IR VR=3V 100 pA 100 pA
VE IF—-10mA 1.5V 15V
ICEO VCE 50 nA 50 nA
IcBO veB 20nA 20nA
V(BR)CEO Ic=1mA 30V 30V
V(BR)CBO Ic= 70V 0oV
V(BR)ECO Ig= 7V 7V
Ic VCE 2mA 2mA
IF=10mA
VCE(sat) Ic=2mA 05V 05V
IF =50 mA
Viso f=60Hzt=1 Sec. 5.35k —
Life and Environmental Testing Results
Rejects
Test Conditions Sample Size | Limit Catastrophic -
IRED Burn-In IF =50 mA t = 1000 Hrs. 100 0 0
H3TRB TA = 85°C RH = 85% 71 0 0
Ve =50V, t= 1000 Hrs.
HTRB TA=100°CVcp =50V 80 0 0
t=1000 Hrs.
Intermittent Operating Life IF=50mAIc=10mA 100 0 0
VCE =10V Ton = Toff = 1 Min
t=1000 Hrs.
High Temperature Storage TA =125°C t = 1000 Hrs. 99 0 0
Temperature Cycle —40°C to +125°C 58 0 0
Air-To-Air 15 Min at
Extremes 1200 Cycles
Thermal Shock Liquid-To-Liquid 100 0 0
0°C to +100°C
500 Cycles
Resistance to Solder Heat MIL-Std-750, Method 50 0 0
2031 260°C for 10 sec Followed by Vigo
Lead Pull MIL-Std-750, Method 2036 Cond A, 2 Lbs. 1 Min 5 0 0
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Optocoupler Process Flow and QA Inspections

(Dome Package)

E] PRE PROBE INSPECTION: A sampled microscopic
inspection of class probed wafers for die related defects on the
detector and emitter.

|Z| POST PROBE INSPECTION: Each lot of wafers is
sampled and inspected microscopically and electrically to
insure quality before shipping to the die cage. This includes
both detector and emitter.

E] POST SAW INSPECTION: A sample of die is moni-
tored by microscopic inspection for correct saw cut, and
checks for cracks, chips, foreign material and missing metal
are made. This includes both the detector and emitter.

E DIE BOND INSPECTION: This microscopic inspec-
tion checks both die for die placement and orientation, cracks,
chips and die attachment. In addition, a random sample of
both bonded die are pushed off and the percent of remaining
material evaluated.

E] WIRE BOND INSPECTION: Wire bonds are checked
microscopically for placement, bond formation, damaged
wire, lifted bonds and missing wire. In addition, a random
sample of wire from the emitter and detector are subjected to
a destructive wire pull test.

EI QA INTERNAL VISUAL GATE: This is a sampled QA
gate to microscopoically inspect for all of the defects described
in numbers 4 and 5 above. All lots rejected are 100%
rescreened before resubmitting.

QA VISUAL GATE: This is a sampled gate for the
quality and dimensions of the dome coating operation.

2-11

MOLD INSPECTION: This is monitor inspection of a
sample of molded units for defects such as voids, incomplete
fills etc.

E LEAD TRIM AND FORM INSPECTION: The final
trimmed and formed units are monitored through a visual
inspection.

QA VISO GATE: This is a sampled electrical high
voltage test of the capabilities of the device and assures the
100% Viso testing performed just prior is without error.

E QA FINAL VISUAL INSPECTION: This is a final
external microscopic inspection for physical defects or dam-
age, plating defects and lead configuration.

@ WEEKLY LED BURN-IN AND TEMPERATURE
CYCLING AUDIT: Currenttransfer ratio (CTR) is measured on
a sample prior to and after the application of 72 hours of a high
forward LED stress current and the percentage change is
calculated. Also a sample of completed units is subjected to
300 cycles of air to air temperature cycling. This information
provides trend data which is fed back to direct assembly/pro-
cessing improvements.

ﬁ_?l QA VISUAL/MECHANICAL AND ELECTRICAL
GATE: A random sample from each final test lot is electrically
tested to documented limits. In addition, marking and mechan-
ical defects are gated.

OUTGOING FINAL INSPECTION: Outgoing lots are
sample inspected for correct packing, part type, partcountand
documentation requirements.
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OPTO Case 422/422A Package
Side-Looking Plastic Discrete Devices

The Case 422/422A package is a manufacturing/quality
improvement over other plastic side-looking products due to
its use of highly automated assembly processes. Superior die
placement yields maximum optical performance. A custom

designed optical grade mold with a state of the art mold
process controller guarantees the finest quality and best
reliability. The following life and environmental testing condi-
tions are specified.

Life and Environmental Testing

Rejects
Test Conditions Sample Size Limit Catastrophic
Solder Heat 260°C for 10 sec 45 0 0
Solderability Includes 8 hrs Steam Aging 10 0 0
Temperature Cycle —40°C to 100°C, 15 min dwell, 50 0 0
immediate transfer.
1000 cycles
Thermal Shock Liquid to Liquid 50 0 0
0°C to 100°C, 1 min dwell,
<15 sec transfer. 500 cycles
High Humidity, High Ta = 60°C, RH = 90% 50 0 0
Temperature, Reverse Bias VCE = 100% Rated
(H3TRB) 1000 hours
High Temperature Storage Ta = 100°C 50 0 0
(HTS) 1000 hours
LED Burn-in Ig =50 mA Tp =25°C 50 0 0
1000 hours
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Motorola’s families of optoelectronic components encompass red
andinfrared GaAs emitters and silicon detectors that are well matched
for a variety of applications.

Optoisolators

Motorola’s “Global” 6-Pin Dual In-line Package (DIP) devices use
infrared emitting diodes that are optically coupledto a wide selection of
output (Transistor, Darlington, Triac, and Schmitt trigger) silicon
detectors. These devices are guaranteed to provide at least 7500 volts
of isolation between the input and output and are 100% VISO tested.
The entire line of Motorola 6-Pin DIP packages are recognized by all
major safety regulatories including UL and VDE. This extensive line of
regulatory approvals attest to their suitability for use under the most
stringentconditions. Motorola also offers a line of SOIC-8 small outline,
surface mount devices that are UL approved and ideally suited for high
density applications.

Emitters and Detectors

Motorola emitters (LEDs) are manufactured to operate at wave-
lengths of 660, 850 or 940 nanometers (nm).

The 940 nm emitters are least expensive. They are well suited for
applications where close proximity to the detector tolerates amoderate
mismatch in spectral response in exchange for lower cost.

The 850 nm emitters have peak emission which almost exactly
matches thatofsilicon detectors. These emitters are widely usedwhere
efficiency and high speeds are of primary importance.

The 660 nm are visible and well matched to the characteristics of
low-cost plastic fiber and find wide use in fiber optics communications.

Coupledwith a line of silicon photodetectors with outputs tailored for
specific applications (diodes, transistors, Darlingtons, triacs and
Schmitt triggers), Motorola’s product line offers the engineer a choice
of components that can result in optimum system design.

Fiber Optics

Low cost components offer 10 MHz bandwidth for short distance
communications. High performance emitter detector components
provide transmission up to I kilc with bandwidths in
excess of 100 MHz.

Optointerrupters

Infrared LEDs facing photodetectors in a wide range of slotted
packages permit custom design of systems to virtually any physical
requirement. A wide selection of outputs (transistor, Darlington, logic,
etc.) offers an excellent match for a variety of applications.

Chips

A number of LED and detector functions are available in chip form

for hybrid system designs.

Section Three

Selector Guide

Optoisolators ....................cooevinnn. 3-2
6-Pin Dual In-line Package .................... 3-2
6-Pin SurfaceMount ................. ... 3-6
Small Outline — Surface Mount ............... 3-9

POWER OPTOlsolators .................... 3-10

Emitters/Detectors ......................... 3-11

Optointerrupters ........................... 3-12

Fiber Optic Components ................... 3-13

OptoelectronicChips ....................... 3-16




Optoisolators

6-Pin Dual In-line Package
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An optoisolator consists of a gallium arsenide infrared
emitting diode, IRED, optically coupled to a monolithic silicon
photodetector in a wide array of standard devices and
encourages the use of special designs and selections for
special applications. All Motorola optoisolators have V|go ForS T
rating of 7500 Vac(pk), exceeding all other industry standard CASE (F) CASE 730F-04 (T) CASE 730D-05
ratings. 730A-04 Surface-mountable Wide-spaced (0.400,)
Motorola offers global regulatory approvals, including UL, gull-wing low-profile option  lead form option
NEMKO, BABT, SETI, SEMKO, DEMKO and CSA. VDE(1) (S) CASE 730C-04
approved per standard 0884/8.87, with additional approvals to s"";_c":i"“°:“:i‘:::°
DIN IEC950 and IEC380/VDE 0806, IEC435/VDE 0805, optoisolator 0P
IEC65/VDE 0860, VDE 110b, also covering all other plols

standards with equal or less stringent requirements, including
IEC204/VDE 0113, VDE 0160, VDE 0832, VDE 0833.
(1) VDE 0884/8.87 testing is an option; the suffix “V” must be

added to the standard part number (see page 14-2).

Lead Form Options

All Motorola 6-pin, dual in-line optoisolators are
available in either a surface-mountable, gull-wing lead
form or a wide-spaced 0.400” lead form, which is used to
satisfy 8 mm pc board spacing requirements.

o Attach “F” to any Motorola 6-pin, dual in-line part
number for low-profile, surface-mountable, gull-wing
lead form.

e Attach “S” to any Motorola 6-pin, dual inline part
number for surface-mountable, gull-wing lead form.

o Attach “T” to any Motorola 6-pin, dual in-line part
number for wide-spaced 0.400" lead form.




Optoisolators
6-Pin Dual In-line Package (continued)

Table 1. Transistor Output CASE 730A-04
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 1)
Current Transfer ty/tg or ton*/toff*
Ratio (CTR) VCE(sat) Typ V(BR)CEO VF
% e If | VCE | Volts @ IF Ic @ Ic |Vcc | RL IF Volts Volts @ Ir

Device Min mA | Volts | Max " mA | mA us mA |Voits | Q mA Min Max ~ mA
TIL112 2 10 5 0.5 50 2 2/2 2 10 100 20 1.5 10
TIL111 8 16 0.4 0.4 16 2 5/5 2 10 100 30 1.4 16
4N27 10 10 10 0.5 50 2 1.21.3 10 10 100 30 15 10
4N28 10 10 10 0.5 50 2 1.21.3 10 10 100 30 1.5 10
4N38,A 10 10 10 1 20 4 1.6/2.2 10 10 100 80 15 10
H11A4 10 10 10 0.4 10 0.5 1.211.3 2 10 | 100 30 1.5 10
4N25,A 20 10 10 0.5 50 2 1.21.3 10 10 | 100 30 15 10
4N26 20 10 10 0.5 50 2 1.21.3 10 10 100 30 15 10
H11A2 20 10 10 0.4 10 0.5 1.21.3 2 10 100 30 15 10
H11A3 20 10 10 0.4 10 0.5 1.2/1.3 2 10 100 30 15 10
H11A520 20 10 10 0.4 20 2 5%/5* 2 10 100 30 1.5 10
H11AV3 20 10 10 0.4 20 2 5*/4* 2 10 100 70 15 10
MCT2 20 10 10 0.4 16 2 1.21.3 5 2k 15 30 15 20
MCT2E 20 10 10 0.4 16 2 1.21.3 2 10 | 100 30 1.5 20
TIiL116 20 10 10 0.4 15 22 5/5 2 10 | 100 30 1.5 60
H11A5 30 10 10 0.4 10 0.5 1.213 2 10 100 30 17 10
CNX35 40-160 10 0.4 0.4 10 2 3/3* 2 5 100 30 15 10
CNX36 80-200 10 0.4 0.4 10 4 8/6* 2 5 100 30 1.5 10
CNX83 40 10 0.4 0.4 10 4 3/3” 2 5 100 50 1.5 10
CNY17-1 40-80 10 5 0.4 10 25 | 1.6/2.3” 5 75 10 70 1.65 | 60
MCT271 45-90 10 10 0.4 16 2 |149'45°| 2 5 100 30 1.5 20
MOC8100 50 1 5 0.5 1 0.1 3.8/5.6 2 10 | 100 30 14 1
H11A1 50 10 10 0.4 10 0.5 1213 2 10 100 30 15 10
H11A550 50 10 10 0.4 20 2 5*/5* 2 10 100 30 15 10
H11AvV2 50 10 10 0.4 20 2 5*/4* 2 10 100 70 1.5 10
TIL117 50 10 10 0.4 10 0.5 5/5 2 10 100 30 1.4 16
TiL126 50 10 10 0.4 10 1 2/2 2 10 100 30 1.4 10
SL5501 45-250 | 10 0.4 0.4 20 2 20*/50* 5 1k 16 30 1.3 20
CNY17-2 63-125 10 5 0.4 10 25 | 1.6/23 5 75 10 70 165 | 60
MCT275 70-210 10 10 0.4 16 2 4.5*/3.5* 2 5 100 80 15 20
MCT272 75-150 10 10 0.4 16 2 6%/5.5* 2 5 100 30 15 20
4N35 100 10 10 0.3 10 0.5 3.2/4.7 2 10 100 30 1.5 10
4N36 100 10 10 0.3 10 0.5 | 3.2/47 2 10 100 30 1.5 10
4N37 100 10 10 0.3 10 05 | 3.2/47 2 10 100 30 15 10
H11A5100 100 10 10 0.4 20 2 5%/5* 2 10 100 30 1.5 10
CNY17-3 100-200 | 10 5 0.4 10 25 1.6/2.3 5 75 10 70 1.65 60
SL5500 50-300 10 0.4 0.4 50 10 20*/50* 5 1k 16 30 1.3 20
H11AV1 100-300 | 10 10 0.4 20 2 5*/4* 2 10 100 70 1.5 10
MCT273 125-250 | 10 10 0.4 16 2 7.6"/6.6* 2 5 100 30 1.5 20
MCT274 225-400 | 10 10 0.4 16 2 9.1*/7.9* 2 5 100 30 15 20

Table 2. Transistor Output with No Base Connection
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 3)

Mocs101 50-80 10 10 0.4 5 05 | 3.2/4.7 2 10 | 100 30 1.5 10
MOoC8102 73-117 10 10 0.4 5 05 | 3.2/47 2 10 | 100 30 1.5 10
MOC8103 108-173 | 10 10 0.4 5 0.5 | 3.2/4.7 2 10 | 100 30 15 10
MOC8104 160-256 | 10 10 0.4 5 05 | 3.2/47 2 10 | 100 30 15 10
Mmocs111 20 10 10 0.4 10 05 | 3.2/47 2 10 | 100 30 15 10
CNX82 40 10 0.4 0.4 10 4 3/3* 2 5 100 50 15 10
MOC8112 50 10 10 0.4 10 05 | 3.2/47 2 10 | 100 30 1.5 10
MOC8113 100 10 10 0.4 10 0.5 | 3.2/47 2 10 | 100 30 1.5 10

Devices listed in bold, italic are Motorola preferred devices.



Optoisolators
6-Pin Dual In-line Package (continued)

CASE 730A-04
Table 3. AC Input - Transistor Output

Pinout: 1-LED 1 Anode/LED 2 Cathode, 2-LED 1 Cathode/LED 2 Anode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 8)

Current Transfer te/ty or ton*/toff*
Ratio (CTR) VCE(sat) Typ V(BR)CEO VF
% e If | Vcg | Volts @ IF Ic @ Ilc {Vcc | RL IF Volts Volts @ I
Device Min mA | Volts | Max “mA | mA us mA |Voits | Q mA Min Max = mA
H11AA1 20 +10 10 04 |£10 | 05 30 15 | £10
H11AA2 10 +10 10 04 | £10 | 05 30 1.8 | £10
H11AA3 50 +10 10 04 | £10 | 05 30 15 | £10
H11AA4 100 +10 10 04 | 10 | 05 30 15 | £10

Table 4. AC Input - Resistor Darlington Output
Pinout: 1-LED 1 Anode/LED 2 Cathode, 2-LED 1 Cathode/LED 2 Anode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 8)

[ Mocsoso | 1000 [+10] 10 | 2 [+10 [ 100 | | | | | [ 50 |15 ]zx10

Table 5. Darlington Output
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 1)

4N31 50 10 10 1.2 8 2 0.6*/17* | 50 10 200 30 15 10
4N29,A 100 10 10 1 8 2 0.6*/17* | 50 10 200 30 15 10
4N30 100 10 10 1 8 2 0.6*/17* | 50 10 200 30 15 10
H11B255 100 10 5 1 50 50 |125*/100*] 10 10 | 100 55 1.5 20
MCA230 100 10 5 1 50 50 10/35 10 | 100 | 50 30 15 20
MCA255 100 10 5 1 50 50 10/35 10 | 100 | 50 55 1.5 20
H11B2 200 1 5 1 1 1 1/2 10 10 | 100 25 1.5 10
MCA231 200 1 1 1.2 10 50 80 10 10 | 100 30 15 20
TIL113 300 10 125 1 50 | 125 300 125 15 | 100 30 1.5 10
4N32,A 500 10 10 1 8 2 0.6*/45* | 50 10 200 30 15 10
4N33 500 10 10 1 8 2 0.6"/45" | 50 10 200 30 15 10
H11B1 500 1 5 1 1 1 12 10 10 | 100 25 15 10
MOC8080 500 10 5 1 1 1 1/2 10 | 100 5 55 15 10

Table 6. Darlington Output with No Base Connection
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-N.C. (Style 3)

MOC119 300 10 2 1 10 10 1/2 25 10 | 100 30 1.5 10
TIL119 300 10 2 1 10 10 300 25 10 | 100 30 1.5 10
MOC8030 300 10-| 15 12 50 | 100 | 10 80 2 10
MOC8020 500 10 5 1/2 50 | 100 | 10 50 2 10
MOC8050 500 10 15 12 50 | 100 | 10 80 2 10
MOC8021 1000 10 5 12 50 | 100 | 10 50 2 10

Table 7. Resistor Darlington Output
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 1)

H11G1 1000 | 10 1 1 1 1 5*/100* 5 100 | 10 100 1.5 10
H11G2 1000 10 1 1 1 1 5*/100* 5 100 | 10 80 1.5 10
H11G3 200 1 5 12 | 50 20 | 5*/100* 5 100 | 10 55 1.5 10

Devices listed in bold, italic are Motorola preferred devices.
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Optoisoiators

6-Pin Dual In-line Package (continued)

Table 8. High Voltage Transistor Output

Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 1) CASE 730A-04
Current Transfer te/tf or ton*/toff*
Ratio (CTR) VCE(sat) Typ V(BR)CEO VF
% @ If | VCg | Volts @ IF ic @ Ic |Vcc | RL IF Volts Volts @ IF
Device Min mA | Volts | Max “ mA | mA us mA |Volts| Q mA Min Max ~ mA
MOC8204 20 10 10 0.4 10 0.5 5*/5* 2 10 100 400 15 10
H11D1 20 10 10 0.4 10 0.5 5*/5* 2 10 100 300 15 10
H11D2 20 10 10 0.4 10 0.5 5%/5* 2 10 100 300 1.5 10
Table 9. Triac Driver Output
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Main Terminal, 5-Substrate, 6-Main Terminal (Style 6)
LED Trigger Zero Crossing
Peak Blocking Current-IfT Inhibit Voltage Operating
Voltage Vtm=3V) (at rated IT) Voltage dv/dt
Device Min mA Max Voits Max Vac Pk Vius Typ
MOC3009 250 30 — 125 10
MOC3010 250 15 — 125 10
MOC3011 250 10 — 125 10
MOC3012 250 5 — 125 10
MOC3020 400 30 — 125/220 10
MOC3021 400 15 - 125/220 10
MOC3022 400 10 — 125/220 10
MOC3023 400 5 — 125/220 10
MOC3031 250 15 ’ 20 125 2000
MOC3032 250 10 20 125 2000
MOC3033 250 5 20 125 2000
MOC3041 400 15 20 125/240 2000
MOC3042 400 10 20 125/240 2000 !
MOC3043 400 5 20 125/240 2000
MOC3061 600 15 20 280 1500
MOC3062 600 10 20 280 1500
MOC3063 600 5 20 280 1500
MOC3081 800 15 20 320 1500
MOC3082 800 10 20 320 1500
MOC3083 800 5 20 320 1500
Table 10. Schmitt Trigger Output
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Output, 5-Ground, 6-V¢c (Style 5)
Threshold Threshold
Current On Current Off IF(off)/IF(on) vee tp b Viso
Device mA Max mA Min Min Max Min Max us Typ Vac Pk
H11L1 1.6 0.3 0.5 0.9 3 15 0.1 7500
H11L2 10 0.3 0.5 0.9 3 15 0.1 7500
MOC5007 1.6 0.3 0.5 0.9 3 15 0.1 7500
MOC5008 4 0.3 0.5 0.9 3 15 0.1 7500
MOC5009 10 0.3 0.5 0.9 3 15 0.1 7500

Devices listed in bold, italic are Motorola preferred devices.
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Optoisolators

6-Pin Surface Mount

&

Table 11. Transistor Output (S) CASE 730C-04
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 1) (F) CASE 730F-04
Current Transfer tr/tf or ton*/toff*
Ratio (CTR) VCE(sat) Typ V(BR)CEO
% @ IF | VcE | Volts IF | Ic | ® Ic |Vec | BL | IF Volts Volts I
Device Min mA | Volts | Max ~ mA | mA us mA | Voits | Q@ |mA Min Max ® mA
TIL112S,F 2 10 5 0.5 50 2 2/2 2 10 100 20 1.5 10
TIL111S,F 8 16 0.4 0.4 16 2 5/5 2 10 100 30 14 16
4N27S,F 10 10 10 0.5 50 2 1.2/1.3 10 10 100 30 1.5 10
4N28S,F 10 10 10 0.5 50 2 1.211.3 10 10 100 30 1.5 10
4N38S,F 10 10 10 1 20 4 1.6/2.2 10 10 100 80 1.5 10
H11A4S,F 10 10 10 0.4 10 | 05 1.2/1.3 2 10 100 30 15 10
4N25S,F 20 10 10 05 | 50 2 1213 10 10 100 30 15 10
4N25AS,F 20 10 10 0.5 50 2 1213 10 10 100 30 15 10
4N26S,F 20 10 10 0.5 50 2 12113 10 10 100 30 1.5 10
H11A2S,F 20 10 10 0.4 10 | 05 1213 2 10 100 30 15 10
H11A3S,F 20 10 10 0.4 10 | 05 1.21.3 2 10 100 30 15 10
H11A520S,F 20 10 10 0.4 20 2 5*/5* 2 10 100 30 15 10
H11AV3S,F 20 10 10 04 | 20 2 5*/4* 2 10 100 70 15 10
MCT2S,F 20 10 10 0.4 16 2 1213 5 2k 15 30 1.5 20
MCT2ES,F 20 10 10 0.4 16 2 1213 2 10 100 30 15 20
TIL116S,F 20 10 10 0.4 15 | 2.2 5/5 2 10 100 30 15 60
H11A5S;F 30 10 10 0.4 10 { 05 1.21.3 2 10 100 30 17 10
CNX35S,F 40-160 10 0.4 0.4 10 2 3/3* 2 5 100 30 1.5 10
CNX36S,F 80-200 10 0.4 0.4 10 4 8/6* 2 5 100 30 15 10
CNX83S,F 40 10 0.4 0.4 10 4 3/3* 2 5 100 50 15 10
CNY17-1S,F 40-80 10 5 0.4 10 | 25 1.6/2.3 5 75 10 70 165 | 60
MCT271S,F 45-90 10 10 0.4 16 2 4.9%/4.5* 2 5 100 30 15 20
MOCB8100S,F 50 1 5 0.5 1 0.1 3.8/5.6 2 10 100 30 14 1
H11A1S,F 50 10 10 0.4 10 | 05 1.21.3 2 10 100 30 15 10
H11A550S,F 50 10 10 04 | 20 2 5*/5* 2 10 100 30 15 10
H11AV2S,F 50 10 10 04 20 2 5*/4* 2 10 100 70 15 10
TILI17S,F 50 10 10 0.4 10 | 05 5/5 2 10 100 30 14 16
TIL126S,F 50 10 10 0.4 10 1 2/2 2 10 100 30 14 10
SL5501S,F 45-250 10 0.4 04 | 20 2 20*/50* 5 1k 16 30 13 20
CNY17-2S,F 63-125 10 5 0.4 10 | 25 1.6/2.3 5 75 10 70 165 | 60
MCT275S,F 70-210 10 10 0.4 16 2 4.5*/3.5* 2 5 100 80 15 20
MCT272S,F 75-150 10 10 0.4 16 2 6*/5.5* 2 5 100 30 15 20
4N35S,F 100 10 10 0.3 10 | 05 3.2/4.7 2 10 100 30 15 10
4N36S,F 100 10 10 0.3 10 |05 3.2/4.7 2 10 100 30 15 10
4N37S,F 100 10 10 0.3 10 | 05 3.2/4.7 2 10 100 30 1.5 10
H11A5100S,F 100 10 10 04 | 20 2 5*/5* 2 10 100 30 15 10
CNY17-3S,F 100-200 | 10 5 0.4 10 | 25 1.6/2.3 5 75 10 70 165 | 60
SL55008,F 50-300 10 0.4 04 | 50 10 20*/50* 5 1k 16 30 13 20
H11AV1S,F 100-300 | 10 10 0.4 20 2 5*/4* 2 10 100 70 15 10
MCT273S,F 125-250 | 10 10 0.4 16 2 7.6%/6.6" 2 5 100 30 15 20
MCT274S,F 225-400 | 10 10 0.4 16 2 9.1*/7.9* 2 5 100 30 1.5 20

Devices listed in bold, italic are Motorola preferred devices.
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Optoisolators
6-Pin Surface Mount (continued)

%

Table 12. Transistor Output with No Base Connection () g::z ;3323:
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-N.C. (Style 3) () -
Current Transfer tr/ty or ton*/toff*
Ratio (CTR) VCE(sat) Typ V(BR)CEO VE
% o IF | VCE [ Voltsg IF | Ic @ Ic |Vec | RL | IF Volts Volts _ If
Device Min mA [Volts | Max  mA | mA us mA | Volts Q mA Min Max © mA

MOC8101S,F 50-80 (10 | 10 | 04 | 5 |05 | 3247 | 2 10 | 100 30 15 | 10
MOC8102S,F 73-117 [ 10 [ 10 | 04 | 5 |05 | 3247 | 2 10 | 100 30 1.5 | 10
MOC8103S,F 108-173 | 10 | 10 | 04 | 5 |05 | 3247 | 2 10 | 100 30 1.5 | 10
MOC8104S,F 160-256 | 10 | 10 | 04 | 5 |05 | 3247 | 2 10 | 100 30 15 | 10
MOC8111S,F 20 10 | 10 | 04 | 10 |05 | 3247 | 2 10 | 100 30 15 | 10
CNX82S,F 40 10 | 04 [ 04 |10 | 4 3/3* 2 5 100 50 15 | 10
MOCB8112S,F 50 10 [ 10 [ 04 | 10 |05 | 3247 | 2 10 | 100 30 15 | 10
MOCB8113S,F 100 10 [ 10 | 04 | 10 |05 | 3247 | 2 10 | 100 30 15 | 10

Table 13. AC Input - Transistor Output

Pinout: 1-LED 1 Anode/LED 2 Cathode, 2-LED 1 Cathode/LED 2 Anode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 8)
H11AA1S,F 20 +10| 10 | 04 |x10 |05 30 1.5 | £10
H11AA2S,F 10 +10 | 10 | 04 {+10] 05 30 1.8 | 10
H11AA3S,F 50 +10| 10 | 04 [+10 | 05 30 1.5 | £10
H11AA4S,F 100 +10| 10 | 04 [+10 | 05 30 15 | 10

Table 14. AC Input - Resistor Darlington Output
Pinout: 1-LED 1 Anode/LED 2 Cathode, 2-LED 1 Cathode/LED 2 Anode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 8)

MOC8060S,F 1000 [+10] 10 [ 2 [+10]100] [ ] | [ | s0 [15]+0]
Table 15. Darlington Output
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 1)
4N31S,F 50 10 | 10 |12 ]| 8 2 | 06*/17* | 50 10 200 30 1.5 | 10
4N29S,F 100 10 | 10 1 8 2 | 0.6*/17* | 50 10 200 30 1.5 | 10
4N30S,F 100 10 | 10 1 8 2 | 06*17* | 50 10 200 30 1.5 | 10
H11B255S,F 100 10 5 1 50 | 50 |125*100* | 10 10 | 100 55 15 | 20
MCA230S,F 100 10 5 1 50 | 50 10/35 10 | 100 | 50 30 15 | 20
MCA255S,F 100 10 5 1 50 | 50 10/35 10 | 100 | 50 55 1.5 | 20
H11B2S,F 200 1 5 1 1 1 12 10 10 | 100 25 1.5 | 10
MCA231S,F 200 1 1 12 | 10 | 50 80 10 10 | 100 30 1.5 | 20
TIL113S,F 300 10 (125 | 1 50 | 125 300 125 | 15 | 100 30 15 | 10
4N32S,F 500 10 | 10 1 8 2 | 0.6*/45* | 50 10 200 30 15 | 10
4N33S,F 500 10 | 10 1 8 2 | 0.6*/45* | 50 10 200 30 15 | 10
H11B1S,F 500 1 5 1 1 1 12 10 10 | 100 25 15 | 10
MOC8080S,F 500 10 5 1 1 1 1/2 10 | 100 | 5 55 1.5 | 10
Table 16. Darlington Output with No Base Connection
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-N.C. (Style 3)
MOC119S,F 300 10 2 1 10 | 10 1/2 25| 10 | 100 30 15 | 10
TIL119S,F 300 10 2 1 10 | 10 300 25 | 10 | 100 30 15 | 10
MOC8030S,F 300 10 | 15 1/2 50 | 100 | 10 80 2 10
MOC8020S,F 500 10 5 1/2 50 | 100 | 10 50 2 10
MOC8050S,F 500 10 | 15 1/2 50 | 100 | 10 80 2 10
MOC8021S,F 1000 10 5 1/2 50 | 100 | 10 50 2 10

For Surface Mountable standard leadform, Order “S” suffix devices; e.g., MOC3043S.
For low profile Surface Mountable leadform, Order “F” suffix devices; e.g., MOC5007F.
For 24 mm Tape and Reel, add R2 suffix to the 6-pin optoisolator part number; e.g., H11A1SR2. (See Tape and Reel Specifications Section for more information)

Devices listed in bold, italic are Motorola preferred devices.



Optoisolators

6-Pin Surface Mount (continued)

%

(S) CASE 730C-04
Table 17. Resistor Darlington Output (F) CASE 730F-04
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 1)
Current Transfer te/ts or ton*/toff*
Ratio (CTR) VCE(sat) Typ V(BR)CEO VE
% @ Ig | VCE | Volts @ IF | Ic @ Ic |Vec | RL | IF Volts Volts I
Device Min mA | Voits | Max  mMA | mA us mA | Voits Q |mA Min Max =~ mA
H11G1S,F 1000 10 1 1 1 1 5*/100* 5 100 | 10 100 1.5 10
H11G2S,F 1000 10 1 1 1 1 5*/100* 5 100 | 10 80 15 10
H11G3S,F 200 1 12 | 50 | 20 | 5*100* 5 100 | 10 55 15 10
Table 18. High Voltage Transistor Output
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base (Style 1)
MOC8204S,F 20 10 10 0.4 10 | 05 5*/5* 2 10 100 400 1.5 10
H11D1S,F 20 10 10 0.4 10 | 05 5*/5* 2 10 100 300 15 10
H11D2S,F 20 10 10 0.4 10 | 05 5*/5* 2 10 100 300 15 10
Table 19. Triac Driver Output
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Main Terminal, 5-Substrate, 6-Main Terminal (Style 6)
LED Trigger Zero Crossing
Peak Blocking Current-lFT Inhibit Voltage Operating
Voltage (Virm=3V) (at rated IfT) Voltage dv/dt
Device Min mA Max Volts Max Vac Pk Vius Typ
MOC3009S,F 250 30 —_ 125 10
MOC3010S,F 250 15 —_ 125 10
MOC3011S,F 250 10 — 125 10
MOC3012S,F 250 5 — 125 10
MOC3020S,F 400 30 — 125/220 10
MOC3021S,F 400 15 —_ 125/220 10
MOC3022S,F 400 10 — 125/220 10
MOC3023S,F 400 5 — 125/220 10
MOC3031S,F 250 15 20 125 2000
MOC3032S,F 250 10 20 125 2000
MOC3033S,F 250 5 20 125 2000
MOC3041S,F 400 15 20 125/220 2000
MOC3042S,F 400 10 20 125/220 2000
MOC3043S,F 400 5 20 125/220 2000
MOC3061S,F 600 15 20 280 1500
MOC3062S,F 600 10 20 280 1500
MOC3063S,F 600 5 20 280 1500
MOC3081S,F 800 15 20 320/280 1500
MOC3082S,F 800 10 20 320/280 1500
MOC3083S,F 800 5 20 320/280 1500
Table 20. Schmitt Trigger Output
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Output, 5-Ground, 6-V¢c (Style 5)
Threshold Threshold [ 7\ V
Current On Current Off F(off)!'F(on) cc t b Viso
Device mA Max mA Min Min Max Min Max us Typ Vac Pk
H11L1S,F 1.6 0.3 0.5 0.9 3 15 0.1 3535
H11L2S,F 10 0.3 0.5 0.9 3 15 0.1 3535
MOC5007S,F 1.6 0.3 0.5 0.9 3 15 0.1

For Surface Mountable standard leadform, Order “S” suffix devices; e.g., MOC3043S.
For low profile Surface Mountable leadform, Order “F” suffix devices; e.g., MOC5007F.
For 24 mm Tape and Reel, add R2 suffix to the 6-pin optoisolator part number; e.g., H11A1SR2. (See Tape and Reel Specifications Section for more information

Devices listed in bold, italic are Motorola preferred devices.




Optoisolators
6-Pin Surface Mount (continued)

Table 20. Schmitt Trigger Output (continued)

Threshold Threshold . I v :
Current On Current Off F(off)'F(on) cc tr, t¢ Viso
Device mA Max mA Min Min Max Min Max us Typ Vac Pk
MOC5008S,F 4 0.3 05 0.9 3 15 0.1
MOC5009S,F 10 0.3 0.5 0.9 3 15 0.1

For Surface Mountable standard leadform, Order “S” suffix devices; e.g., MOC3043S.
For low profile Surface Mountable leadform, Order “F” suffix devices; e.g., MOC5007F.
For 24 mm Tape and Reel, add R2 suffix to the 6-pin optoisolator part number; e.g., H11A1SR2. (See Tape and Reel Specifications Section for more information

Small Outline — Surface Mount |

CASE 846-01
Table 21. Transistor Output $0-8 DEVICES
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-N.C., 5-Emitter, 6-Collector, 7-Base, 8-N.C. (Style 1)
Current Transfer Ratio VCE(sat) te/ts Typ VE
V(BR)CEO
% @ I | Vce | Volts @ IF | Ic elc | Vec RL Volts Volts @ IF
Device Marking Min mA | Volts | Max mA | mA | us mA | Voits Q Min Max ~ mA
MOC205R1/R2 205 40-80 10 10 0.4 10 2 1.6 2 10 100 70 15 10
MOC206R1/R2 206 63-125 10 10 0.4 10 2 1.6 2 10 100 70 1.5 10
MOC207R1/R2 207 100-200 10 10 0.4 10 2 16 2 10 100 70 15 10
MOC211R1/R2 211 20 10 10 0.4 10 2 3.2 2 10 100 30 15 10
MOC212R1/R2 212 50 10 10 0.4 10 2 3.2 2 10 100 30 15 10
MOC213R1/R2 213 100 10 10 0.4 10 2 32 2 10 100 30 1.5 10
MOC215R1/R2 215 20 10 5 0.4 1 01 | 32 2 10 100 30 13 1
MOC216R1/R2 216 50 10 5 0.4 1 0.1 | 32 2 10 100 30 1.3 1
MOC217R1/R2 217 100 10 5 0.4 1 0.1 3.2 2 10 100 30 1.3 1
Table 22. Darlington Output
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-N.C., 5-Emitter, 6-Collector, 7-Base, 8-N.C. (Style 1)
MOC221R1/R2 221 100 1 5 1 1 05 2 5 10 100 30 13 1
MOC222R1/R2 222 200 1 5 1 1 0.5 2 5 10 100 30 13 1
MOC223R1/R2 223 500 1 5 1 1 0.5 2 5 10 100 30 13 1

All devices are shipped in tape and reel format. (See Tape and Reel Specifications Section for more information.)

Devices listed in bold, italic are Motorola preferred devices.



K

POWER OPTO™ Isolators

CASE 417-02
PLASTIC PACKAGE
Table 23. POWER OPTO Isolator 2 Amp Zero-Cross Triac Output
Pinout: (1,4,5,6,8 No Pin), 2 — LED Cathode, 3—- LED Anode, 7-Main Terminal, 9-Main Terminal)
On State Voltage | Zero Crossing
Peak Blocking Led Trigger VTm Inhibit Voltage dv/dt (static)
Voltage Current If T (Rated IfT (I = Rated IT) Operating (VIN=200V)
(Volts) (Vim=2V)mA | Itm=2A)(Volts) (Volts) Voltage (Vius)
Device Min Max Max Max Vac rms (Volts) Min
MOC2A40-5/F 400 5 1-3 10 125 400
MOC2A40-10/F 400 10 1-3 10 125 400
MOC2A60-5/F 600 5 1-3 10 125/220 400
MOC2A60-10/F 600 10 1-3 10 125/220 400

No suffix = Style 2 (Standard Heat Tab), “F” suffix = Style 1 (Flush Mount Heat Tab).
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Infrared Emitting Diodes

Motorola’s infrared emitting diodes are made by the liquid
phase epitaxial process for long life and stability. They provide

Emitters/Detectors %

) . CASE 82-05 CASE 209-01
high power output and quick response at 660 nm, 850 nm or Metal Metal
940 nm with low input drive current.
Table 24. Infrared Emitting Diodes
Power Forward
Output Peak Voltage
W Angle | Wavelength @ | Case/

Device | Typ@ma | Typ amTyp | Max mA | Styie CASE 210-01 CASE 209-02
MLEDS1 | 2500 | 50 60° 940 18 | 50 | 4228011 Flat Lens Convex Lens
mLED9S | 4000 | 100 60° 660 22 | 60 | az2a014 Metal Metal
MLED97 2500 100 60° 850 2 100 | 422A-01/4
MLED81 16000 | 100 60° 940 1.7 | 100 | 279B-01/1
MLED930 650 100 30° 940 15 50 209-01/1

Silicon Photodetectors CASE 2798.01 CASE 42201

A variety of silicon photodetectors are available, varying from Plastic Plastic
simple PIN diodes to complex, single chip 400 volt triac
drivers. They offer choices of viewing angle and size in either
economical plastic cases or rugged, hermetic metal cans.
They are spectrally matched for use with Motorola infrared
emitting diodes.

Table 25. PIN Photodiodes — Response Time = 1 ns Typ CASE 422A-01 CASE 381-01
Light Current Plastic Plastic
@VR=20V, Dark Current Table 27. Photodarlingtons
H =5 mW/cm?2 @VR=20V Case/ Light
Device HA nA (Max) Style Current
MRD500 9 2 209-02/1 @Vge=5, v
H=0.5 (BR)CEO te/tg
MRD51 2 10-01/1 T
510 2 oo mW/cm?2 Volts | @Vvgg=5V | Case/
MRD921 4 10 422A-01/1 Device mA (Typ) (Min) us (Typ) Style
MRD821 250 60 381-01/1 MRD370 10 40 15/40 82-05/1
MRD360 20 40 15/65
Table 26. Phototransistors MRD911 25 60 125/150 [422A-01/2
Light Table 28. Photo Triac Drivers
Current HFT | ITRMS) | VDRM | IDRM
@Vcc=20, it mWicm2 | mA | VoltsPeak | nA | Casef
H=SmWic | V@RicEO | @ Vee=20, Device Max Max Min T Style
m2 mA Voits |1 =1000yuA | Cases i yp | Sy
Device (Typ) (Min) us (Typ) Style MRD3010 5 100 250 10 | 82-05/3
MRD310 3.5 50 2/25 82-05/1 . .
MRD300 8 50 2025 Table 29. Photo Schmitt Triggers
MRD3050 0.1 Min 30 2/2.5 Threshold
MRD3056 2 Min 30 2/25 Current
mA
ton/tott IF(off)
@Vgge=5V ON | OFF [ iF(on) | Vec | tefts Case/
Device Max | Min Volts | us T Style
MRD901 o5 [ a0 [ toe0 [azeaotr Tve welyp | Sty
- MRD950 20 1 0.75 |3-15 0.1 422-01/3
All case 422 and 422A devices are available in Tape and Reel format. Add
RLRE suffix to the part number; e.g. MRD901RLRE. (See Tape and Reel MRD5009 | 20 1 075 |3-15] 0.1 82-05/1
Specifications Section for more information)

Devices listed in bold, italic are Motorola preferred devices.
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Optointerrupters

An Optointerrupter consists of an infrared emitting diode
facing a photodetector in a molded plastic housing. A siot in
the housing between the emitter and detector provides a
means for interrupting the signal transmission.

Motorola Optointerrupters are available in a wide selection of
detector functions and housings to meet the designer’s
system requirements.

Motorola also offers custom designed packaging in a broad
range of output functions, including those shown below, and
more. Contact your nearest Motorola Sales Office or call us at
602-BIG-OPTO.

a ¢

CASE 354-03

CASE 354A-03

CASE 354J-01 CASE 792-01
Table 30. Transistor
C t Transfer Rati V, V|
urrent Transter aflo CE(sat) F Output Voltage Range
@ IF VCE Volts e IF Ic Volts e IF Volts Package
Device % Min mA Volts Max mA mA Max mA Max Case/Style
H21A1 5 20 5 0.4 30 1.8 1.7 60 30 354A-03/1
H21A2 10 20 5 0.4 20 1.8 1.7 60 30 354A-03/1
H21A3 20 20 5 0.4 20 18 1.7 60 30 354A-03/1
H22A1 5 20 5 0.4 30 1.8 1.7 60 30 354-03/1
H22A2 10 20 5 0.4 20 1.8 17 60 30 354-03/1
H22A3 20 20 5 0.4 20 1.8 1.7 60 30 354-03/1
MOC70T1 5 20 10 0.4 30 1.8 1.8 50 30 354A-03/1
Moc70T2 10 20 10 0.4 20 1.8 1.8 50 30 354A-03/1
MOC70P1 5 20 10 0.4 30 1.8 1.8 50 30 354J-01/1
MOC70P2 10 20 10 04 20 1.8 1.8 50 30 3544-01/1
MOC70V1 5 20 10 0.4 30 1.8 1.8 50 30 354G-02/1
Table 31. Dual Channel — Transistor
mocrowt | o5 | 20 | 10 | o4 | 20 | o1 | 18 | 50 30 | 792012 |
Table 32. Darlington
H21B1 75 10 15 1 10 1.8 1.7 60 30 354A-023/1
H22B1 75 10 15 1 10 18 17 60 30 354-03/1
Table 33. Logic
VE
LED Trigger Current Hysteresis Ratio t(on)ll(oﬁ) Volts @ IF Output Voltage Range Package
Device mA IF(off)/IF(on) us Max mA Volts Case/Style
MOC75T1 30 0.75 12 1.6 20 3-15 354C-03/1
Devices listed in bold, italic are Motorola preferred devices.
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Fiber Optic Components

Emitters

Motorola offers two families of emitters for fiber optic systems.

« “High Performance” family in hermetic Case 210 for CASE 209-02/1 CAig 22:)2:2‘/1

(TO-52)

systems requiring greater than 100 MHz analog
bandwidth over several kilometers. An additional family in
Case 210 provides electrical performance (120 MHz)
over moderate distances (500 meters) and is specified for
use with hard clad silica fiber (Ensign-Bickford HCP —

MO200T-06)

« “POF” family in unique Plastic Optic Fiber package is
designed for applications requiring low cost, speeds up to CASE 210D-01/1
10 MHz and distances under 200 meters. (The POF (TO-52 Type)

package serves as its own connector.) It is used with
inexpensive 1000 micron plastic core fiber (Eska
SH4001).

Detectors

Detectors are available with a variety of output configurations
that greatly affect Bandwidth and Responsivity.

All Motorola fiber optic components, except the POF family, POF POF
are designed for use with 100 micron (or larger) core glass CASE 363C-01/1 CASE 363B-01/1
fiber and fit directly into the following industry standard (3-lead) (2-lead)

connector systems. AMP #228756-1, AMPHENOL #905-
138-5001, OFTI #PCRO001.

Table 34. Emitters

Total Power Response Time
Output
tr t¢ A
mw e ns ns nm
Device Typ IgmA Typ Typ Typ Case/Style

MFOE71 35 100 25 25 820 363B-01/1
MFOE76 35 100 200 150 660
MFOE200 3 100 250 250 940 209-02/1
MFOE1100 2.6 100 15 16 850 210A-01/1
MFOE1101 4 100 15 16 850
MFOE1102 5 100 15 16 850
MFOE1200 0.9 100 5 5 850 210A-01/1
MFOE1201 1.5 100 2.8 35 850
MFOE1202 2.4 100 2.8 3.5 850
MFOE1203 2.8 100 2.8 3.5 850
MFOE1300 5 100 15 16 850 210A-01/1
MFOE1400 25 100 2.8 35 850

Devices listed in bold, italic are Motorola preferred devices.

3-13



Fiber Optic Components: Detectors (continued)
Table 35. Detectors

Response Time
us Typ
BWE Responsivity V(BR)
pA/pW ton” toff* Volts
Device MHz Typ tr tf Min Case/Style
Photo PIN Diodes
MFOD1100 350 0.35 0.5ns 0.15ns 50 210A-01/1
MFOD71 70 0.2 1*ns 1*ns 100 363B-01/3
Phototransistors
MFOD72 6 kHz 125 10* 60* 30 363B-01/2
Photodarlingtons
MFOD73 2 kHz 1500 125" 150" 60 363B-01/2
Detector Preamps mV/uw Vecc Range
MFOD2404 10 35 0.035 0.035 4-6 210D-01/1
MFOD2405 35 6 ' 0.010 0.010 4-6

Devices listed in bold, italic are Motorola preferred devices.




Fiber Optic Components (continued)

ACT Align Series
Receptacle Mounted

Fiber Optic Transmitter
and Receiver Components

Motorola ACT Align Fiber Optic Components eliminate the
time consuming and often performance robbing process of
aligning fiber optic components within commercial housings.
Utilizing advanced techniques Motorola can install any
Motorola fiber optic component into the connector of your
choice and guarantee the listed performance characteristics.

e Guaranteed Performance
o Cost Effective Installation

* Improved Coupling Efficiency

o Lowers Connector Loss

* High Launched Power

o Industry Standard Connectors

¢ Designed for 100 Micron Core Fibers (62.5 and 50 Micron
Core Fibers Available)

MFOE1300/1400 Designed for use with 200 Micron Core
Hard Clad Silica Fiber (Ensign-Bickford
HCP-MO200T-06)

Connectors Designed for Board or Panel Mounting

If you desire another connector type, or are using a fiber
core diameter other than stated, please contact us at
602-BIG-OPTO

Ordering Information

To order Fiber Optic Components simply add the connector
suffix to the Motorola base device designation. For example:
to order an MFOE 1201 fiber optic emitter in an SMA low profile
connector order part number MFOE1201SMA.

Table 36. Emitters

Response
Power Launched Time

tr tf A
uw ns ns nm
Device Min Max |lgmA | Typ Typ Typ
MFOE200 100 940
MFOE1100 60 — 100 15 16 850
MFOE1101 120 240 100 15 16 850
MFOE1102 180 360 100 15 16 850
MFOE1200 60 — 100 5 5 850
MFOE1201 40 80 100 238 35 850
MFOE1202 75 150 100 2.8 3.5 850
MFOE1203 135 270 100 2.8 35 850
MFOE1300 | 1000 — 100 15 16 850
MFOE1400 800 — 100 2.8 35 850

Devices listed in bold, italic are Motorola preferred devices.

CASE 364-01
Low Profile SMA

CASE 364A-01
Low Profile SMA

CASE 364B-01 CASE 364C-01
Low Profile ST® Low Profile ST®
Table 37. Detectors
Response Time
T
BWE | Responsivity ks VP V(BR)
pA/pW ton toff Volts
Device MHz Typ tr tf Min
Photo Pin Diodes
MFop1100 | 350 | 035 [osns [osns | s0 |
Detector Preamps
Vee
mV/uW Range
MFOD2404 | 10 35 0.035 | 0.035 4-6
MFOD2405 | 35 6 0.0t | 0.01 4-6




Optoelectronic

Chips

Motorola offers Optoelectronic Chips for use in hybrid
assembly and other customer applications. These chips are
thesame high quality, high performance Light Emitting Diodes
and Detectors utilized in Motorola Optoisolators and Discrete

Electrical Specifications and Ordering Information
¢ All dice have Aluminum front metallization (minimum
10000 A) and Gold back metal (minimum 15000 A).

o All wafers are .008 to .010 inch thick

o All wafers are unsawn and shipped in Anti-static
protective containers

L]

Minimum order quantity is one whole wafer, see “Good

Die Per Wafer” column for estimated die quantity

components. o All shipments in whole wafer increments
Table 38. LED
Chip Die Estimated
Part Geometry Good Chip
Number Reference # Parameter Symbol Min Typ Max Units | Per Wafer
MLEDC1000WP 1 Peak Wavelength Ap — 940 — nm 10450
(IF = 50 mA)
Total Power Out Po 2 — —_ mw
(IF =50 mA) !
Forward Voltage VE — — 1.5 \
(IF =50 mA)
MFOEC1200WP 2 Peak Wavelength Ap —_ 850 - nm 1470
Fiber Optic (IF = 100 mAdc)
Total Power Out Po 1.5 — —_ mwW
~ (IF =100 mA)
Forward Voltage VE 1 — 25 \
(IF = 100 mA)
Table 39. Pin Diode
MRDC100WP 3 Responsivity R 0.3 0.4 —_ HA/UW 9860
(VR =20V, A = 850 nm)
Dark Current Ip — — 10 nA
(VR=20V,H=0)
MFODC1100WP 4 Responsivity R 0.3 0.4 — HA/pW 9860
Fiber Optic (VR=5V,A=850nm,P =10 uW)
Dark Current Ip — — 1 nA
(VR=5V,H=0,RL =1Mohm)
Table 40. Transistor
MRDC200WP 5 Light Current I 0.8 — 22 mA 11600
(VGE =5 V, H =5 mW/cm2)
Collector-Emitter V(BR)CEO 40 — — \
Breakdown Voltage
(IcE = 100 pA)
Table 41. Darlington
MRDC400WP 6 Light Current I 0.8 —_ 20 mA 14600
(VCE =5V, H=1mW/cm2)
Collector-Emitter V(BR)CEO 45 — — v

Breakdown Voltage
(IcE=1mA)

Devices listed in bold, italic are Motorola preferred devices.
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Optoelectronic Chips (continued)

Table 42. Triac Driver ‘

Chip Die Estimated
Part Geometry Good Chip B
Number Reference # Parameter Symbol Min Typ Max Units | Per Wafer '
MRDC800WP 7 Trigger Current HeT — 5 10 |mW/icm2 5444
Random Phase (A =940 nm, VT =3V, |
R = 150 ohm)
On-State RMS Current IT(RMS) — — 100 mA

(Full Cycle 50-60 Hz)

Off-State Output VDRM — — 400 v
Terminal Voltage

Peak Blocking Current IDRM — 10 100 nA |
(VDRM =400 V) ‘
MRDC600WP 8 Trigger Current HET 0 5 10 |mW/iem2| 4180
Zero Crossing (A=940 nm, VT =3V,
RL = 150 ohm)
Peak Repetitive Current IT — — 300 mA
(PW = 100 ps, 120 pps)
Off-State Output "VDRM - —_ 600 \'
Terminal Voltage
Peak Blocking Current IDRM — 60 500 nA
(VDRM =400 V)
Inhibit Voltage ViH — 10 20 \

(H =20 mW/cm2, MT1-MT2;
voltage above which
device will not trigger

Devices are available in sawn wafer format by substituting the WP suffix with a CP suffix; e.g. use MRDCB00CP to order MRDC600 in sawn wafer format.

Devices listed in bold, italic are Motorola preferred devices.
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Optoelectronic Chips (continued)

Geometries, Chip Size, Bond Pad Size

Chip Size: 30 x 30 mils/0.76 x 0.76 mm

Chip Size: 25 x 25 mils/0.64 x 0.64 mm

1 2
Chip Size: 15 x 15 mils/0.4 x 0.4 mm Chip Size: 24 x 24 mils/0.6 x 0.6 mm Chip Size: 30 x 30 mils/0.76 x 0.76 mm
Bond Pad Size: Bond Pad Size: Bond Pad Size:
Anode — 4x4mis/0.1 x0.1 mm Anode — 24 x24 mils/0.6 x 0.6 mm Anode — 4.5x4.5mils/0.11x0.11 mm
Cathode — =15 15 mils/0.4 x 0.4 mm Cathode — 3.5 mils dia./0.09 mm dia. Cathode — 30 x 30 mils/0.76 x 0.76 mm
4 5 6

Chip Size: 27 x 27 mils/0.69 x 0.69 mm

Chip Size: 40 x 40 mils/1.0 x 1.0 mm

Bond Pad Size:
MT — .14.0x5.0mils/0.1 x0.13mm
MT — .24.0x5.0mils/0.1x0.13 mm

Chip Size: 45 x 45 mils/1.14 x 1.14 mm
Bond Pad Size:
MT  — .14.6 mils dia./0.12 mm dia.
MT — .24.6 mils dia./0.12 mm dia.

Front Metallization Thickness — a minimum of 10000 A
Back Metallization Thickness — a minimum of 15000 A

3-18

Bond Pad Size: Bond Pad Size: Bond Pad Size:
Anode — 4.0 mils dia./0.1 mm dia. Emitter — .3.5x3.5mils/0.09x0.09mm Emitter — .4.0x4.0 mils/0.1 x 0.1 mm
Cathode — 30 x 30 mils/0.76 x 0.76 mm Base — .3.5x3.5mils/0.09x0.09mm Baser — .4.0mils dia./0.1 mm dia.
7
A = Anode
B = Base
C = Collector
E = Emitter
G = Gate
K = Cathode
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GLOBAL OPTOISOLATORS

There is no need to worry about meeting the broad range of
requirements imposed throughout the world. With
Motorola optoisolators, your marketplace is indeed global.

Motorola 6-PIN DIP Optoisolators Feature:

“Global” Safety Regulatory Approvals: VDE(1), UL, CSA, SETI, SEMKO, DEMKO, NEMKO,
AUSTEL and BABT

¢ The Industry’s Highest Input-Output Voltage Isolation, Guaranteed and 100% tested — 7500 Vac
Peak.

* VDE approved per standard 0884/8.87(1) (Certificate number 62054), with additional approval to
DIN IEC950/VDE0806 & VDFE0805, IEC65/VDE0860, VDE110b, covering all other standards with
equal or less stringent requirements, including IEC204/VDE0113, VDE0160, VDE0832, VDE0833.

¢ Special leadform available to satisfy VDE0884/8.87 requirement for 8 mm minimum creepage
distance between input and output solder pads (add suffix “T” to part number). VDE 0884 testing is
an option.

¢ Surface mount leadforms are available for all 6-PIN DIP devices. To obtain standard profile “S” or
low profile “F” stand off heights simply add the suffix to the end of the part number (ie. MOC8104S
or MOC8104F).

* Tape and Reel option available for both “S” and “F” Surface Mount leadform options (1,000 pieces
per reel) add the suffix “R2” (ie. MOC8104FR2).

* Available in a wide variety of output types — Transistor, Darlington, Schmitt Trigger, and Zero
Cross/Random Phase Triac Drivers.

(1) VDE 0884 testing is an option; the suffix letter “V” must be added to the part number.



MOTOROLA
SEMICONDUCTOR 1

TECHNICAL DATA
2N [ UOHSHONMIEE 4N25*

VDE uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT 4N25A* ‘
6-Pin DIP Optoisolators 4N26*

[CTR = 20% Min]

Transistor Output 4N27

The 4N25/A, 4N26, 4N27 and 4N28 devices consist of a gallium arsenide infrared 4N28

emitting diode optically coupled to a monolithic silicon phototransistor detector. [CTR =10% Min] i
. . *Motorola Preferred Devices |
e Most Economical Optoisolator |

STYLE 1 PLASTIC
e Meets or Exceeds all JEDEC Registered Specifications

Applications
e General Purpose Switching Circuits e /O Interfacing
® Interfacing and coupling systems of e Solid State Relays

different potentials and impedances
STANDARD THRU HOLE I
CASE 730A-04 ‘

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
(2) Refer to Quality and Reliability Section for test information. '
PIN 1. LED ANODE
LED CATHODE
N.C.

EMITTER
COLLECTOR
BASE

i
[ Rating ] Symbol Value Unit I i
INPUT LED ‘
Reverse Voltage VR 3 Volts “T” LEADFORM
Forward Current — Continuous IF 60 mA WIDE SPACED 0.4” |
LED Power Dissipation @ Tp = 25°C Pp 120 mw CASE 730D-05 i
with Negligible Power in Output Detector i
Derate above 25°C 141 mW/°C )
\9
OUTPUT TRANSISTOR ,' 21
Collector-Emitter Voltage VCEO 30 Volts «gr/«E» LEADFORM |
Emitter-Collector Voltage VECO 7 Volts SURFACE MOUNT !
CASE 730C-04 |
Collector-Base Voltage VcBoO 70 Volts (STANDARD PROFILE) |
Collector Current — Continuous Ic 150 mA |
Detector Power Dissipation @ Tp = 25°C Pp 150 mw |
with Negligible Power in Input LED ‘
Derate above 25°C 1.76 mW/°C ? i
TOTAL DEVICE CASE 730F-04
(LOW PROFILE)
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Ta = 25°C Pp 250 mw SCHEMATIC
Derate above 25°C 2.94 mwW/°C
Ambient Operating Temperature Range (2) TA -55to +100 °C ] p )
Storage Temperature Range Tstg -55 to +150 °C }\
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C 2 5 |
30— 4

ol S
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4N25, 4N25A, 4N26, 4N27, 4N28

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Tvp | Max [ unit |
INPUT LED
Forward Voltage (If = 10 mA) TA = 25°C VE - 1.15 15 Volts
TA = —55°C - 13 —
TA = 100°C — 1.05 - _
Reverse Leakage Current (VR = 3V) IR — — 100 nA
Capacitance (V = 0V, f = 1 MHz) Cy - 18 -— pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current 4N25,25A,26,27 ICEO — 1 50 nA
(VCE = 10V, Tp = 25°C 4N28 —_ 1 100
(VCE = 10V, TA = 100°C) All Devices ICEO — 1 — A
Collector-Base Dark Current (Vcg = 10 V) IcBO — 0.2 — nA
Collector-Emitter Breakdown Voltage (Ic = 1 mA) V(BR)CEO 30 45 — Volts
Collector-Base Breakdown Voltage (ic = 100 uA) V(BR)CBO 70 100 — Volts
Emitter-Collector Breakdown Voltage (Ig = 100 pA) V(BR)ECO 7 7.8 — Volts
DC Current Gain (Ic = 2 mA, Vcg = 5V) hrg — 500 — —
Collector-Emitter Capacitance (f = 1 MHz, VCg = 0) Cce - 7 — pF
Collector-Base Capacitance (f = 1 MHz, Vcg = 0) Ccs — 19 — pF
Emitter-Base Capacitance (f = 1 MHz, Vgg = 0) CEB . — 9 — pF
COUPLED
Output Collector Current (I = 10 mA, Vcg = 10V) Ic mA
4N25,25A,26 2 7 —_
4N27,28 1 5 —
Collector-Emitter Saturation Voltage (Ic = 2 mA, Ig = 50 mA) VCE(sat) —_ 0.15 0.5 Volts
Turn-On Time (I = 10 mA, Vgc = 10V, RL = 100 Q) ton — 2.8 — s
Turn-Off Time (IF = 10 mA, Vce = 10V, R = 100 Q) toff — 45 — | us
Rise Time (I = 10 mA, Vgg = 10V, R = 100 Q) tr — 1.2 — us
Fall Time (If = 10 mA, Vgc = 10V, R = 100 Q) tf —_ 1.3 —_ us
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 —_ — Vac(pk)
Isolation Resistance (V = 500 V) Riso 1011 — — Q
Isolation Capacitance (V = 0V, f = 1 MHz) Ciso - 0.2 —_ pF
TYPICAL CHARACTERISTICS
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§ 18 A g | - 10 mA
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Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current
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4N25, 4N25A, 4N26, 4N27, 4N28
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Ic, TYPICAL COLLECTOR CURRENT (mA)

4N25, 4N25A, 4N26, 4N27, 4N28
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MOTOROLA
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TECHNICAL DATA

2 e HOASHOMIEES

VDE uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT

6-Pin DIP Optoisolators
Darlington Output

The 4N29/A, 4N30, 4N31, 4N32/A and 4N33 devices consist of a gallium arsenide
infrared emitting diode optically coupled to a monolithic silicon photodarlington detector.
It is designed for use in applications requiring high sensitivity at low input currents.

o High Sensitivity to Low Input Drive Current
e Meets or Exceeds all JEDEC Registered Specifications

Applications

e Low Power Logic Circuits

e Interfacing and coupling systems of
different potentials and impedances

e Telecommunications Equipment
e Portable Electronics
e Solid State Relays

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

4N29
4N29A
4N30*

[CTR = 100% Min]

4N31

[CTR = 50% Min]

4N32*
4N32A*
4N33

[CTR = 500% Min]
*Motorola Preferred Devices
STYLE 1 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“S”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04

(STANDARD PROFILE)

CASE 730F-04
(LOW PROFILE)

Rating I Symbol—[ Value Unit
INPUT LED
Reverse Voltage VR 3 Volts
Forward Current — Continuous IF 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mwW
Derate above 25°C 1.41 mw/°C
OUTPUT DETECTOR
Collector-Emitter Voltage VCEO 30 Volts
Emitter-Collector Voltage VECO 5 Volts
Collector-Base Voltage VcBO 30 Volts
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mwW
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mwW
Derate above 25°C 294 mwW/°C
Ambient Operating Temperature Range (2) TA -55 to +100 °C
Storage Temperature Range Tstg -55to0 +150 °C
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, § and 6 are common.

(2) Refer to Quality and Reliability Section for test information.

SCHEMATIC
1 6
i
s0—

PIN 1. LED ANODE

. LED CATHODE
N.C.

EMITTER

. COLLECTOR
BASE

LR N




4N29, 4N29A, 4N30, 4N31, 4N32, 4N32A, 4N33

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic I Symbol | Min | Typ | Max Unit
INPUT LED
*Reverse Leakage Current IR — 0.05 100 nA
(VR = 3V,RL = 1 M ohms)
*Forward Voltage VE — 1.34 15 Volts
(I = 10 mA)
Capacitance C — 18 — pF
(VR =0V, f=1MHz)
OUTPUT DETECTOR (Tp = 25°C and g = 0, unless otherwise noted)
*Collector-Emitter Dark Current ICEO — — 100 nA
(VCg = 10V, Base Open)
*Collector-Base Breakdown Voltage V(BR)CBO 30 — — Volts
(Ic = 100 pA, Ig = 0)
*Collector-Emitter Breakdown Voltage V(BR)CEO 30 — — Volts
(Ic = 100 pA, Ig = 0)
*Emitter-Collector Breakdown Voltage V(BR)ECO 5 - — Volts
(I = 100 uA, Ig = 0)
DC Current Gain hre — 16K —_ -
(VCg = 5V, Ic = 500 pA)
COUPLED (TA = 25°C unless otherwise noted)
*Collector Output Current (1) 4N32, 4N33 Ic 50 — — mA
(VCE = 10V, Ig = 10mA, Ig = 0) 4N29, 4N30 10 - —
4N31 5 —_ —
Isolation Surge Voltage (2, 3) Viso 7500 - — Volts
(60 Hz ac Peak, 1 Second) *4N29, 4N32 2500 — —
*4N30, 4N31, 4N33 1500 - —
Isolation Resistance (2) RisoO — 10M — ~ Ohms
(V = 500 V)
*Collector-Emitter Saturation Voltage (1) 4N31 VCE(sat) — —_— 1.2 Voits
(Ic = 2mA, If = 8 mA) 4N29, 4N39, 4N32, 4N33 — — 1
Isolation Capacitance (2) Ciso - 0.2 — pF
V=0V, f=1MHz)
Turn-On Time " ton - 0.6 5 us
(Ic = 50 mA, Ig = 200 mA, Vce = 10V)
Turn-Off Time toff us
(ic = 50 mA, If = 200 mA, Vce = 10V) 4N29, 30, 31 — 17 40
4N32, 33 — 45 100
*Indicates JEDEC Registered Data.
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2%.
(2) For this test, Pins 1 and 2 are common and Pins 4, 5 and 6 are common.
(3) Isolation Surge Voltage, V|gQ. is an internal device dielectric breakdown rating.
TYPICAL CHARACTERISTICS
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IF, LED FORWARD CURRENT (mA)
Figure 1. LED Forward Voltage versus Forward Current
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I, LED INPUT CURRENT (mA)
Figure 2. Output Current versus Input Current



4N29, 4N29A, 4N30, 4N31, 4N32, 4N32A, 4N33
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4N29, 4N29A, 4N30, 4N31, 4N32, 4N32A, 4N33
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6-Pin DIP Optoisolators
Transistor Output

The 4N35, 4N36 and 4N37 devices consist of a gallium arsenide infrared emitting diode
optically coupled to a monolithic silicon phototransistor detector.
o High Current Transfer Ratio — 100% Minimum @ Spec Conditions
e Guaranteed Switching Speeds
o Meets or Exceeds all JEDEC Registered Specifications

Applications

e General Purpose Switching Circuits

e Interfacing and coupling systems of
different potentials and impedances

e Regulation Feedback Circuits
® Monitor & Detection Circuits
e Solid State Relays

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

4N35*
4N36
4N37

[CTR = 100% Min]
*Motorola Preferred Device
STYLE 1 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

\g
“S”/*F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

CASE 730F-04
(LOW PROFILE)

Rating J Symbol [ Value Unit
INPUT LED
Reverse Voltage VR 6 Volts
Forward Current — Continuous IF 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mw
with Negligible Power in Output Detector
Derate above 25°C 1.41 mW/°C
OUTPUT TRANSISTOR
Collector-Emitter Voltage VCEO 30 Volts
Emitter-Base Voltage VEBO 7 Volts
Collector-Base Voltage VcBo 70 Volts
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mw
with Negligible Power in Input LED
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Isolation Source Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 2.94 mwW/°C
Ambient Operating Temperature Range (2) TA -55to +100 °C
Storage Temperature Range Tstg —-55to +150 °C
Soldering Temperature (10 sec, 1/16” from case) T 260 °C

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.

SCHEMATIC

NN
2 \ 5
30— 4
PIN 1. LED ANODE
2. LED CATHODE
3. N.C.
4. EMITTER

5. COLLECTOR
6. BASE




4N35, 4N36, 4N37

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic symbol | Min [ Typ | Max | unit
INPUT LED
Forward Voltage (If = 10 mA) TA = 25°C VE 0.8 1.15 15 \
TA = —55°C 0.9 13 17
TA = 100°C 0.7 1.05 14
Reverse Leakage Current (VR = 6 V) IR — — 10 nA
Capacitance (V = 0V, f = 1 MHz) Cy — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current (Vcg = 10V, TA = 25°C) ICEO — 1 50 nA
(VCE = 30V, TA = 100°C) — — 500 uA
Collector-Base Dark Current (Vcg = 10 V) Ta = 25°C icBO — 0.2 20 nA
Ta = 100°C — 100 —
Collector-Emitter Breakdown Voltage (Ic = 1 mA) V(BR)CEO 30 45 — v
Collector-Base Breakdown Voltage (Ic = 100 nA) V(BR)CBO 70 100 — v
Emitter-Base Breakdown Voltage (I = 100 nA) V(BR)EBO 7 7.8 — v
DC Current Gain (Ic = 2mA, Vcg = 5V) hFe — 400 — —
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 0) Cce - 7 — pF
Collector-Base Capacitance (f = 1 MHz, Vcg = 0) CcB — 19 — pF
Emitter-Base Capacitance (f = 1 MHz, VgEg = 0) CeB — 9 — pF
COUPLED
Output Collector Current Ta = 25°C Ic 10 30 — mA
(If = 10 mA, Vgg = 10V) TA = —55°C 4 — —
Ta = 100°C 4 — —
Collector-Emitter Saturation Voltage (ic = 0.5 mA, I = 10 mA) VCE(sat) — 0.14 0.3 \
Turn-On Time ton — 75 10 us
Turn-Off Time (Ic =2mA,Vee = 10V, toff —_ 5.7 10
Rise Time RL = 100 Q, Figure 11) t — 3.2 —
Fall Time tf —_ 4.7 —
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
Isolation Current (V|.g = 3550 Vpk) 4N35 liso - — 100 HA
(V).0 = 2500 Vpk) 4N36 - — 100
(Vi.0 = 1500 Vpk) 4N37 — 8 100
Isolation Resistance (V = 500 V) RiSO 101 — - Q
Isolation Capacitance (V = 0V, f = 1 MHz) Ciso —_ 0.2 2 pF
TYPICAL CHARACTERISTICS
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Figure 1. LED Forward Voltage versus Forward Current
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Figure 2. Output Current versus Input Current
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4N35, 4N36, 4N37
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4N35, 4N36, 4N37
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6-Pin DIP Optoisolators
Transistor Output

The 4N38 and 4N38A devices consist of a gallium arsenide infrared emitting diode
optically coupled to a monolithic silicon phototransistor detector.
* Guaranteed 80 Volt V(BR)CEO Minimum
e Meets or Exceeds all JEDEC Registered Specifications

Applications

e General Purpose Switching Circuits

¢ Interfacing and coupling systems of
different potentials and impedances

e Monitor & Detection Circuits

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

4N38
4N38A

[CTR = 20% Min]

STYLE 1 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
l Rating [ symbol | value unit | WIDE SPACED 0.4”
INPUT LED CASE 730D-05
Reverse Voltage VR 3 Volts
Forward Current — Continuous IF 80 mA 9
Forward Current — Pk (PW = 300 ps, 2% duty cycle) 1F(pk) 3 A
“8”/“F” LEADFORM
LED Power Dissipation @ Tp = 25°C Pp 150 mwW SURFACE MOUNT
with Negligible Power in Output Detector CASE 730C-04
Derate above 25°C 1.41 mW/°C (STANDARD PROFILE)
OUTPUT TRANSISTOR
Collector-Emitter Voltage VCEO 80 Volts
Emitter-Collector Voltage VECO 7 Volts X
Collector-Base Voltage VcBo 80 Volts CASE 730F-04
Collector Current — Continuous Ic 100 mA (LOW PROFILE)
Detector Power Dissipation @ Tp = 25°C Pp 150 mwW
with Negligible Power in Input LED
Derate above 25°C 1.76 mw/eC SCHEMATIC
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac 1 6
(Peak ac Voltage, 60 Hz, 1 sec Duration) . \
5
Total Device Power Dissipation @ Ta = 25°C Pp 250 mwW
Derate above 25°C 2.94 mwW/°C 30— 4
Ambient Operating Temperature Range (3) TA —-551t0 +100 °C
PIN1. LED ANODE
Storage Temperature Range Tstg —55to0 +150 °C 2. LED CATHODE
Soldering Temperature (10 sec, 1/16” from case) T 260 °C 3.NC.
(1) Isolation surge voltage is an internal device dielectric breakdown rating. 4. EMITTER
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 5. gg;lE-ECTOR
6.

(2) 4N38 does not require UL approval; 4N38A does. Otherwise both parts are identical. Both parts built by Motorola have UL approval.
(3) Refer to Quality and Reliability Section for test information.
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4N38, 4N38A

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

I Characteristic | Symbol —I Min Typ Max l Unit ]
INPUT LED
Forward Voltage (I = 10 mA) TA = 25°C VE — 1.15 1.5 Volts
: Ta = —55°C — 13 -
Ta = 100°C — 1.0 —
Reverse Leakage Current (VR = 3 V) IR — - 100 nA
Capacitance (V = 0V, f = 1 MHz) Cy - 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current ICEO — 20 50 nA
(VCE = 60V, Tp = 25°C)
(VCE = 60V, T = 100°C) ICEO — 6 - pA
Collector-Base Dark Current (Vcg = 60 V) IcBO —_ 2 20 nA
Collector-Emitter Breakdown Voltage (Ic = 1 mA) V(BR)CEO 80 120 — Volts
Collector-Base Breakdown Voltage (Ic = 1 uA) V(BR)CBO 80 120 — Volts
Emitter-Collector Breakdown Voltage (i = 100 pA) V(BR)ECO 7 7.8 —_ Volts
DC Current Gain (Ic = 2mA, VCg = 5V) hrg — 400 — —
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 0) Cce —_ 8 — pF
Coll -Base Cap (f = 1 MHz, Vcg = 0) Ccs — 21 — pF
Emitter-Base Capacitance (f = 1 MHz, Vgg = 0) Ces — 8 — pF
COUPLED
Output Collector Current (If = 20 mA, Vcg = 1V) Ic 4 7 — mA
Collector-Emitter Saturation Voltage (Ic = 4 mA, IF = 20 mA) VCE(sat) — - 1 Volts
Turn-On Time (i = 2 mA, Vcc = 10V, R = 100 Q, Figure 11) ton — 5 — us
Turn-Off Time (Ic = 2 mA, Vge = 10V, R = 100 Q, Figure 11) toff — 4 — ns
Rise Time (Ic = 2mA, Vcc = 10V, R = 100 Q, Figure 11) tr — 2 - s
Fall Time (Ic = 2 mA, Vcc = 10V, RL = 100 ©, Figure 11) tf - 3 — us
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
Isolation Resistance (V = 500 V) RisO 1011 - - Q
Isolation Capacitance (V = 0V, f = 1 MHz) Ciso — 0.2 — pF
TYPICAL CHARACTERISTICS
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Figure 1. LED Forward Voltage versus Forward Current

Ir, LED INPUT CURRENT (mA)

Figure 2. Output Current versus Input Current
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4N38, 4N38A

Ic, COLLECTOR CURRENT (mA)

Icg0. COLLECTOR-EMITTER DARK CURRENT (NORMALIZED)
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Ic, TYPICAL COLLECTOR CURRENT (mA)

4N38, 4N38A

T
=8uA

17
//
y4

[

=

T4
~

7 uA

6 pA

5 uA

CLED

4 uA

Suh CeB

C, CAPACITANCE (pF)

2 pA

TpA

0 2 4 6 8 0 12 14 16
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS)
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA
&NaAa®O®0ss [ cny17-1

VDE uL CSA | SETI | SEMKO | DEMKO | NEMKO | BABT
[CTR = 40~80%]

6-Pin DIP Optoisolators CNY17-2

Transistor Output CNY17-3

[CTR = 100-200%]
The CNY17-1, CNY17-2 and CNY17-3 devices consist of a gallium arsenide infrared Motorola Preferred Devices
emitting diode optically coupled to a monolithic silicon phototransistor detector. STYLE 1 PLASTIC

e Closely Matched Current Transfer Ratio (CTR)
® Guaranteed 70 Volt V(BR)CEO Minimum

Applications

e Feedback Control Circuits e General Purpose Switching Circuits

e Interfacing and coupling systems of * Monitor and Detection Circuits STANDARD THRU HOLE
different potentials and impedances CASE 730A-04

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

r Rating lSymbol L Value l UnitJ

INPUT LED “T” LEADFORM
WIDE SPACED 0.4”
Reverse Voltage VR 6 Volts CASE 730D-05
Forward Current — Continuous IF 60 mA
Forward Current — Pk (PW = 1 us, 330 pps; IF(pk 15 A )
( s, 330 pps) F(pk)
LED Power Dissipation @ Tp = 25°C Pp 120 mw \_a‘l"
with Negligible Power in Output Detector g g
S”/“F” LEADFORM
o o
Derate above 25°C 1.41 mW/°C SURFACE MOUNT
OUTPUT TRANSISTOR CASE 730C-04
Collector-Emitter Voltage VCEO 70 Volts (STANDARD PROFILE)
Emitter-Base Voltage VEBO 7 Volts \
Collector-Base Voltage VcBo 70 Volts
llector C — Conti I 10 A g
Collector Current — Continuous c 0 m CASE 730F-04
Detector Power Dissipation @ Tp = 25°C Pp 150 mw (LOW PROFILE)
with Negligible Power in Input LED
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
- SCHEMATIC
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Ta = 25°C Pp 250 mwW ! 6
Derate above 25°C 294 mW/°C 2 N 5
Ambient Operating Temperature Range (2) T, ~55 to +100 °C
P! g p! 9 A 30} 4
Storage Temperature Range Tstg —55to +150 °C
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C
(1) Isolation surge voltage is an internal device dielectric breakdown rating. PIN 1. LED ANODE
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 2. LED CATHODE
(2) Refer to Quality and Reliability Section for test information. 3. N.C.
4, EMITTER
5. COLLECTOR
6. BASE
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CNY17-1, CNY17-2, CNY17-3

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

1 Characteristic | symbot [ min [ Typ | Max [ unit |
INPUT LED
Forward Voltage (I = 60 mA) Ta = 25°C VE —_ 1.35 1.65 Volts
TA = —55°C — 15 —
TA = 100°C — 1.25 —
Reverse Leakage Current (VR = 6 V) IR —_ —_ 10 RA
Capacitance (V = 0, f = 1 MHz) Cy — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current CNY17-1,2 ICEO — 5 50 nA
(VCE = 10V, Ta = 25°C) CNY17-3 - 5 100
(VCE = 10V, Ta = 100°C) All devices IcEO — 1.6 — nA
Collector-Base Dark Current (Vcg = 10 V) IcBO — 0.5 — nA
Collector-Emitter Breakdown Voltage (Ic = 1 mA) V(BR)CEO 70 120 — Volts
Collector-Base Breakdown Voltage (Ic = 100 pA) V(BR)CBO 70 120 — Volts
Emitter-Base Breakdown Voltage (Ig = 100 pA) V(BR)EBO 7 7.8 — Volts
DC Current Gain (Ic = 2 mA, Vcg = 5V) hgg — 400 — —
Collector-Emitter Capacitance (f = 1 MHz, VCg = 0) Cce — 8 — pF
Collector-Base Capacitance (f = 1 MHz, Vcg = 0) CcB — 21 — pF
Emitter-Base Capacitance (f = 1 MHz, VgEg = 0) CeB — 8 — pF
COUPLED
Output Collector Current CNY17-1 Ic 4 6 8 mA
(IF = 10mA, Vcg = 5V) CNY17-2 6.3 10 12,5
CNY17-3 10 15 20
Collector-Emitter Saturation Voltage (Ic = 2.5 mA, Ig = 10 mA) VCE(sat) — 0.18 0.4 Volts
Delay Time (I = 10 mA, Vcc = 5V, R = 75 Q, Figure 11) td — 1.6 5.6 us
Rise Time (If = 10 mA, Vgc = 5V, RL = 75 Q, Figure 11) tr —_ 1.6 4 us
Storage Time (I = 10 mA, Vcc = 5V, RL = 75 Q, Figure 11) ts - 0.7 4.1 us
Fall Time (If = 10 mA, Vcc = 5V, R = 75 Q, Figure 11) tf —_ 23 35 us
Delay Time td ns
(IF = 20 mA, Vcc = 5V, R = 1kQ, Figure 11)  CNY17-1 — 1.2 5.5
(IF = 10 mA, Vgec = 5V, RL = 1kQ, Figure 11) CNY17-2,3 — 18 8
Rise Time tr us
(IF = 20 mA, Vce = 5V, RL = 1kQ, Figure 11)  CNY17-1 — . 33 4
(I = 10 mA, Vce = 5V, R = 1kQ, Figure 11) CNY17-2,3 —_ 5 6
Storage Time ts us
(IF = 20 mA, Vec = 5V, R = 1k, Figure 11)  CNY17-1 —_ 4.4 34
(IF = 10 mA, Ve = 5V, RL = 1kQ, Figure 11) CNY17-2,3 — 2,7 39
Fall Time tf s
(If = 20 mA, Vce = 5V, R = 1 k@, Figure 11) CNY17-1 _ 9.7 20
(If = 10 mA, Vge = 5V, RL = 1kQ, Figure 11) CNY17-2,3 _ 9.4, 20 24
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
Isolation Resistance (V = 500 V) RISO 1011 - — Q
Isolation Capacitance (V = 0, f = 1 MHz) Ciso — 0.2 0.5 pF
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IceQ. COLLECTOR-EMITTER DARK CURRENT (NORMALIZED)

Ic, COLLECTOR CURRENT (mA)

CNY17-1, CNY17-2, CNY17-3

TYPICAL CHARACTERISTICS
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If, LED INPUT CURRENT (mA)

Figure 6. Rise and Fall Times
CNY17-1 and CNY17-2




CNY17-1, CNY17-2, CNY17-3
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA
Q BS
SN0 | Hi1a1

th 1
6-Pin DIP Optoisolators H1 1?\5

Transistor Output

STYLE 1 PLASTIC

The H11A1 thru H11A5 devices consist of a gallium arsenide infrared emitting diode
optically coupled to a monalithic silicon phototransistor detector.

e Current Transfer Ratios (CTR) Ranging from 10% to 50%

e Economical
Applications o o ) ) o STANDARD THRU HOLE
e General Purpose Switching Circuits * Monitor and Detection Circuits CASE 730A-04

e Interfacing and coupling systems of
different potentials and impedances

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

“T” LEADFORM
Rating | symbol vaue | unit | WIDE SPACED 0.4”
INPUT LED CASE 730D-05
Reverse Voltage VR 3 Volts
Forward Current — Continuous IF 60 mA Q
LED Power Dissipation @ Tp = 25°C Pp 120 mwW I )

with Negligible Power in Output Detector S”/“F” LEADFORM

Derate above 25°C 1.4 mW/°C Sl::FX:S‘\ch;ong-:)j:"
OUTPUT TRANSISTOR (STANDARD PROFILE)

Collector-Emitter Voltage VCEO 30 Volts

Emitter-Collector Voltage VECO 7 Volts )

Collector-Base Voltage VcBo 70 Volts 5o

Collector Current — Continuous Ic 150 mA CASE 730F-04

— (LOW PROFILE)

Detector Power Dissipation @ Tp = 25°C Pp 150 mwW

with Negligible Power in Input LED
Derate above 25°C 1.76 mwW/°C

TOTAL DEVICE SCHEMATIC
Isolation Surge Voltage (1) Viso 7500 Vac

(Peak ac Voltage, 60 Hz, 1 sec Duration) 1 6
Total Device Power Dissipation @ Ta = 25°C Pp 250 mwW }\

Derate above 25°C 2.94 mwW/°C 2 5
Ambient Operating Temperature Range (2) TA —-551t0 +100 °C 30— 4
Storage Temperature Range Tstg —-55to +150 °C
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C PIN ; II:ES é':‘I('JHD(EDE

(1) Isolation surge voltage is an internal device dielectric breakdown rating. 3. N.C.

For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 4. EMITTER

(2) Refer to Quality and Reliability Section for test information. 5: COLLECTOR
6. BASE

4-23



H11A1 thru H11A5

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

I, LED FORWARD CURRENT (mA)

Figure 1. LED Forward Voltage versus Forward Current
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I, LED INPUT CURRENT (mA)

Characteristic | Symbol I Min Typ | Max | Unit
INPUT LED
Forward Voltage (I = 10 mA, Tp = 25°C) VE —_ 1.156 1.5 Volts
Ta = —55°C — 1.3 —
Ta = 100°C — 1.05 —
Reverse Leakage Current (VR = 3 V) IR — 0.01 10 kA
Capacitance (V = 0V, f = 1 MHz) Cy — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current (Vcg = 10 V) TA = 25°C ICEO — 1 50 nA
Ta = 100°C — 1 — HA
Collector-Base Dark Current (Vcg = 10 V) TA = 25°C Iceo — 0.2 20 nA
TA = 100°C — 100 —
Collector-Emitter Breakdown Voltage (Ic = 10 mA) V(BR)CEO 30 45 — Volts
Collector-Base Breakdown Voltage (Ic = 100 pA) V(BR)CBO 70 100 — Volts
Emitter-Collector Breakdown Voltage (Il = 100 xA) V(BR)ECO 7 7.8 — Volts
DC Current Gain (Iic = 5 mA, Vcg = 5 V) hrg - 500 — —
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 0V) Cce — 7 — pF
Collector-Base Capacitance {f = 1 MHz, Vcg = 0 V) Ccs — 19 — pF
Emitter-Base Capacitance (f = 1 MHz, VEg = 0 V) Ces — 9 — pF
COUPLED
Output Collector Current (I = 10 mA, Vcg = 10 V) H11A1 Ic 5 12 —_ mA
H11A2,;3 2 7 —
H11A4 1 5 —
H11A5 3 9 —
Collector-Emitter Saturation Voltage (Ic = 0.5 mA, I = 10 mA) VCE(sat) — 0.1 0.4 Volts
Turn-On Time (I = 10 mA, Vcc = 10V, R = 100 Q, Figure 11) ton — 2.8 — us
Turn-Off Time (I = 10 mA, Vcc = 10V, R = 100 £, Figure 11) toff — 4.5 — us
Rise Time (If = 10 mA, Vcc = 10V, R = 100 €, Figure 11) tr — 1.2 — us
Fall Time (If = 10 mA, Vg = 10V, R = 100 Q, Figure 11) tf — 13 - us
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
Isolation Resistance (V = 500 V) Riso 101 — — Q
Isolation Capacitance (V = 0V, f = 1 MHz) Ciso — 0.2 — pF
TYPICAL CHARACTERISTICS
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Figure 2. Output Current versus Input Current




H11A1 thru H11A5
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Ic, OUTPUT COLLECTOR CURRENT (NORMALIZED)
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Ic, TYPICAL COLLECTOR CURRENT (mA)
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MOTOROLA

SEMICONDUCTOR 1

TECHNICAL DATA

AaNa®0 0 Wd®ss

VDE UL CsA SETI | SEMKO | DEMKO [ NEMKO | BABT

6-Pin DIP Optoisolators
AC Input/Transistor Output

The H11AA1, H11AA2, H11AA3, H11AA4 devices consist of a two Gallium-Arsenide
infrared emitting diodes connected in inverse parallel, optically coupled to a monolithic
silicon phototransistor detector.

e Built-In Protection for Reverse Polarity

Applications

e Detecting or Monitoring ac Signals
¢ AC Line/Digital Logic Isolation

e Programmable Controllers

o Interfacing and coupling systems of
different potentials and impedances
e AC/DC — Input Modules

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

H11AA1*

[CTR = 20% Min]

H11AA2

[CTR = 10% Min}]

H11AAS3

[CTR = 50% Min]

H11AA4*

[CTR = 100% Min]
*Motorola Preferred Devices
STYLE 8 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

Rating | Symbol Value | Unit ]
INPUT LED
Forward Current — Continuous (RMS) IF 60 mA «wp LEADFORM
LED Power Dissipation @ Tp = 25°C Pp 120 mw WIDE SPACED 0.4”
with Negligible Power in Output Detector CASE 730D-05
Derate above 25°C 1.41 mW/°C
OUTPUT TRANSISTOR Q
Collector-Emitter Voltage VceEo 30 Volts \‘."‘
Emitter-Base Voltage VEBO 5 Volts «g7“F» LEADFORM
Collector-Base Voltage VeBo 70 Volts SURFACE MOUNT
- CASE 730C-04
Collector Current — Continuous Ic 150 mA (STANDARD PROFILE)
Detector Power Dissipation @ Tp = 25°C Pp 150 mw
with Negligible Power in Input LEDs
o »
Derate above 25°C 1.76 mwW/°C
TOTAL DEVICE 5o
Isolation Surge Voltage (1) Viso 7500 Vac CASE 730F-04
(Peak ac Voltage, 60 Hz, 1 sec Duration) (LOW PROFILE)
Total Device Power Dissipation @ T = 25°C Pp 250 mw
Derate above 25°C 294 mW/°C
SCHEMATIC
Ambient Operating Temperature Range (2) TA -55to +100 °C
Storage Temperature Range Tstg -55to +150 °C
10 o6
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C B\ o5
(1) Isolation surge voltage is an internal device dielectric breakdown rating. 20 N\
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 04
(2) Refer to Quality and Reliability Section for test information. 30—1—NC
PIN 1. INPUT LED
2. INPUT LED
3. NO CONNECTION
4. EMITTER
5. COLLECTOR
6. BASE
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H11AA1 thru H11AA4

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic | symbol Mn | Typ | Max | unit
INPUT LEDS
Forward Voltage H11AA1,3,4 VF - 1.15 1.5 Volts
(I = 10 mA, either direction) H11AA2 — 1.15 1.8
Ta = —55°C  All devices - 1.3 —
Ta = 100°C All devices - 1.05 -~
Capacitance (V = 0V, f = 1 MHz) Cy — 20 — pF
OUTPUT TRANSISTOR .
Collector-Emitter Dark Current H11AA1,3,4 Iceo — 1 100 nA
(Vcg = 10V) H11AA2 — 1 200 nA
Ta = 100°C All devices — 1 - nA
Collector-Base Dark Current (Vcg = 10 V) IcBO — 0.2 — nA
Collector-Emitter Breakdown Voltage (Ic = 10 mA) V(BR)CEO 30 45 — Volts
Collector-Base Breakdown Voltage (Ic = 100 nA) V(BR)CBO 70 100 — Volts
Emitter-Collector Breakdown Voltage (Ig = 100 pA) V(BR)ECO 5 7.8 — Volts
DC Current Gain (ic = 2 mA, Vcg = 5V) hrg — 500 — —
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 0 V) Cce — 1.7 — pF
Collector-Base Capacitance {f = 1 MHz, Vcg = 0 V) Ccs — 20 - pF
Emitter-Base Capacitance (f = 1 MHz, VEg = 0 V) CeB — 10 — pF
COUPLED
Output Collector Current H11AA1 Ic 2 5 - mA
(IF = =10 mA, Vcg = 10V) H11AA2 1 2 —
H11AA3 5 10 -
H11AA4 10 15 —_
Output Collector Current Symmetry (Note 1) H11AA1,34 —- 0.33 — 3 -
Icatlg = +10 mA, Vcg = 10 V)
Icatlp = —10 mA, Vcg = 10V,
Collector-Emitter Saturation Voltage (Ic = 0.5 mA, If = =10 mA) VCE(sat) — 0.1 0.4 Volts
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
Isolation Resistance (V = 500 V) RisO 1011 — - Q
Isolation Capacitance (V = 0V, f = 1 MHz) Ciso — 0.2 — pF

Note 1. This specification guarantees that the higher of the two Ic readings will be no more than 3 times the lower at If = 10 mA.

TYPICAL CHARACTERISTICS
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Figure 1. Input Voltage versus Input Current’ Figure 2. Output Characteristics
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H11AV1,A*

6-Pin DIP Optoisolators

Transistor Output

The H11AV1,A, H11AV2,A and H11AV3,A devices consist of a gallium arsenide infrared
emitting diode optically coupled to a monolithic silicon phototransistor detector.

¢ Guaranteed 70 Volt V(BR)CEO Minimum

o ‘A Suffix for 0.400” Wide Spacing Same as ‘T’ Suffix for this Series

Applications

e General Purpose Switching Circuits

e Interfacing and coupling systems of
different potentials and impedances

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

® Monitor and Detection Circuits
e Regulation and Feedback Circuits
e Solid State Relays

[CTR = 100% Min]

H11AV2,A

[CTR = 50% Min]
H11AV3,A
[CTR = 20% Min]

*Motorola Preferred Devices
STYLE 1 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

Rating | symbo Value Unit
INPUT LED “T” LEADFORM
WIDE SPACED 0.4”
Reverse Voltage VR 6 Volts CASE 730D-05
Forward Current — Continuous g 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mwW
with Negligible Power in Output Detector '.|"
Derate above 25°C 1.41 mwW/°C
“S”/“F” LEADFORM
OUTPUT TRANSISTOR SURFACE MOUNT
Collector-Emitter Voltage VCEO 70 Volts CASE 730C-04
Emitter-Base Voltage VEBO 7 Volts (STANDARD PROFILE)
Collector-Base Voltage VcBO 70 Volts ‘
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mwW .
with Negligible Power in Input LED (fg‘?ﬁ,ﬁ‘giﬁ)
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration) SCHEMATIC
Total Device Power Dissipation @ Tp = 25°C Pp 250 mwW
Derate above 25°C 2.94 mwW/°C 1 6
Ambient Operating Temperature Range (2) TA —55to0 +100 °C ) }\
Storage Temperature Range Tstg —55 to +150 °C S
) 4
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C 8

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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H11AV1, H11AV1A, H11AV2, H11AV2A, H11AV3, H11AV3A

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic Symbol | Min v | Max | unit |
INPUT LED
Forward Voltage (I = 10 mA) TA = 25°C VE 0.8 1.156 15 Volts
TA = —55°C 0.9 1.3 17
Ta = 100°C 0.7 1.05 14
Reverse Leakage Current (VR = 6 V) IR — — 10 nA
Capacitance (V = 0V, f = 1 MHz) Cy — 18 — pF
OUTPUT TRANSISTOR
Coliector-Emitter Dark Current (Vcg = 10 V) ICEO — 5 50 nA
Collector-Base Dark Current (Vcg = 10 V) ICBO — 0.5 — nA
Collector-Emitter Breakd Voltage (Ic = 1 mA) V(BR)CEO 70 100 — Volts
Collector-Base Breakdown Voltage (ic = 100 pA) V(BR)CBO 70 100 — Volts
Emitter-Collector Breakdown Voltage (Ig = 100 pA) V(BR)ECO 7 8 - Volts
DC Current Gain (ic = 2 mA, Vcg = 10 V) heg — 500 — —
Collector-Emitter Capacitance (f = 1 MHz, VCg = 10 V) Cce —_ 45 — pF
COUPLED
Output Collector Current (If = 10 mA, Vcg = 10V) Ic mA
H11AV1, H11AV1A 10 15 30
H11AV2, H11AV2A 5 10 —_
H11AV3, H11AV3A 2 7 —_
Coll Emitter S ion Voltage (Ic = 2 mA, Ig = 20 mA) VCE(sat) — 0.15 04 Volts
Turn-On Time (Ic = 2 mA, Vcc = 10V, R = 100 Q, Figure 11) ton — 5 15 us
Turn-Off Time (Ic = 2 mA, Vgc = 10V, R = 100 Q, Figure 11) toff — 4 15 us
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — - Vac(pk)
Isolation Resistance (V = 500 V) Riso 101 — — Q
Isolation Capacitance (V = 0V, f = 1 MHz) Ciso —_ 0.2 0.5 pF
TYPICAL CHARACTERISTICS
ZJ S I o B R L ~ W0 =
| ————- PULSE ONLY A g Tt
O e PULSE OR DC 7 g [~ NORMALIZED TO:
@ 71—+ IF = 10mA
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a A = p 4
= 8% =4 pd
o [
x 14 - CaARwd o vl
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— o o 5
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IF, LED FORWARD CURRENT (mA)

Figure 1. LED Forward Voltage versus Forward Current

4-31

I, LED INPUT CURRENT (mA)

Figure 2. Output Current versus Input Current



Ig, COLLECTOR CURRENT (mA)

IcEQ. COLLECTOR-EMITTER DARK CURRENT (NORMALIZED)
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Ic, TYPICAL COLLECTOR CURRENT (mA)

H11AV1, H11AV1A, H11AV2, H11AV2A, H11AV3, H11AV3A
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Figure 9. DC Current Gain (Detector Only) Figure 10. Capacitances versus Voltage
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6-Pin DIP Optoisolators
Darlington Output
(Low Input Current)

The H11B1, H11B2 and H11B3 devices consist of a gallium arsenide infrared emitting
diode optically coupled to a monolithic silicon photodarlington detector. They are designed
for use in applications requiring high sensitivity at low input currents.

e High Sensitivity to Low Input Drive Current

Applications

e Appliances, Measuring Instruments
e |/O Interfaces for Computers

e Programmable Controllers

e |nterfacing and coupling systems of
different potentials and impedances

e Solid State Relays

e Portable Electronics

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

H11B1*

[CTR = 500% Min]

Hi1B2*

[CTR = 200% Min]
H11B3
[CTR = 100% Min]

*Motorola Preferred Devices
STYLE 1 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

9

CASE 730F-04
(LOW PROFILE)

.,
‘/‘

Rating | Symbol Value Unit
INPUT LED
Reverse Voltage VR 3 Volts
Forward Current — Continuous Ig 60 mA
LED Power Dissipation @ Ta = 25°C Pp 150 mwW
with Negligible Power in Output Detector
Derate above 25°C 141 mW/°C
OUTPUT DETECTOR
Collector-Emitter Voltage VCEO 25 Volts
Emitter-Base Voltage VEBO 7 Volts
Collector-Base Voltage VcBo 30 Volts
Collector Current — Continuous Ic 100 mA
Detector Power Dissipation @ Tp =25°C Pp 150 mw
with Negligible Power in Input LED
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 2.94 mW/°C
Ambient Operating Temperature Range (2) TA —-55t0 +100 °C
Storage Temperature Range Tstg -55t0 +150 °C
Soldering Temperature (10 sec, 1/16” from case) T 260 °C

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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H11B1, H11B2, H11B3

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic Symbol Mn | Typ | Max [ unit |

INPUT LED I
Forward Voltage (I = 10 mA) H11B1, H11B2 VE — 1.15 1.5 Voits ;
Forward Voltage (I = 50 mA) H11B3 VE — 1.34 156 Volts '
Reverse Leakage Current (VR = 3 V) IR — — 10 pA
Capacitance (V = 0V, f = 1 MHz) Cy — 18 — pF

OUTPUT DETECTOR i
Collector-Emitter Dark Current (Vcg = 10 V) Iceo — 5 100 nA
Collector-Emitter Breakdown Voltage (Ic = 10 mA) V(BR)CEO 25 80 — Volts
Collector-Base Breakdown Voltage (Ic = 100 nA) V(BR)CBO 30 100 — Volts
Emitter-Collector Breakdown Voltage (Ig = 100 uA) V(BR)ECO 7 — — Volts
DC Current Gain (Ic = 5 mA, Vcg = 5V) hFe — 16K — —
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 5 V) Cce — 49 — pF
Collector-Base Capacitance (f = 1 MHz, Vcg = 5 V) Ccs — 6.3 — pF
Emitter-Base Capacitance (f = 1 MHz, Vgg = 5 V) Ce — 3.8 — pF

COUPLED
Output Collector Current H11B1 Ic 5 — — mA

(lg=1mA,Vcg =5V) H11B2 2 — —
H11B3 1 - -

Collector-Emitter Saturation Voltage (Ic = 1 mA, I = 1 mA) VCE(sat) — 0.7 1 Volts i
Turn-On Time (If = 5 mA, Vgc = 10V, R = 100 Q) ton — 35 — us ;
Turn-Off Time (I = 5 mA, Vge = 10V, R = 100 Q) toff — 95 — us ‘
Rise Time (Il = 5 mA, Vcc = 10V, R = 100 Q) tr — 1 — us
Fall Time (I = 5 mA, Vcc = 10V, R = 100 Q) tf - 2 — us :
Isolation Voltage (f = 60 Hz, t = 1 sec) (2) Viso 7500 — — Vac(pk) |
Isolation Resistance (V = 500 V) (2) RisO 1011 — — Q |
Isolation Capacitance (V = 0V, f = 1 MHz) (2) Ciso — 0.2 — pF j

Note 2. For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

TYPICAL CHARACTERISTICS
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Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus input Current
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H11B1, H11B2, H11B3
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Ic, TYPICAL COLLECTOR CURRENT (mA)
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6-Pin DIP Optoisolators
High Voltage Transistor Output

(300 Voits)

The H11D1 and H11D2 consist of gallium arsenide infrared emitting diodes optically
coupled to high voltage, silicon, phototransistor detectors in a standard 6-pin DIP
package. They are designed for applications requiring high voltage output and are
particularly useful in copy machines and solid state relays.

Applications

e Copy Machines

® Interfacing and coupling systems of
different potentials and impedances

o Monitor and Detection Circuits
o Solid State Relays

H11D1*
H11D2

[CTR = 20% Min]

*Motorola Preferred Device
STYLE 1 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
MAXIMUM RATINGS (T = 25°C unless otherwise noted) WIDE SPACED 0.4”
Rating [symbot | vae | unit | CASE 7300-05
INPUT LED
Forward Current — Continuous IF 60 mA %
W
Forward Current — Peak IF 12 Amps
Pulse Width = 1 ps, 330 pps “S”/“F” LEADFORM
SURFACE MOUNT
LED Power Dissipation @ Tp =25°C Pp 120 mwW CASE 730C-04
Derate above 25°C 1.41 mW/°C (STANDARD PROFILE)
OUTPUT TRANSISTOR
Collector-Emitter Voltage V 300 Volts y
oltag CER
Emitter-Collector Voltage VECO 7 Volts A7
Collector-Base Voltage VcBo 300 Volts CASE 730F-04
Collector Current — Continuous Ic 100 mA (LOW PROFILE)
Detector Power Dissipation @ Tp = 25°C Pp 150 mw
Derate above 25°C 1.76 mwW/°C SCHEMATIC
TOTAL DEVICE
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 2.94 mW/°C 1 : } \ 6
Operating Temperature Range (3) Ty -55to +100 °C 2 N 5
Storage Temperature Range Tstg —55to +150 °C 30— 4
Soldering Temperature (10 s) T 260 °C
Isolation Surge Voltage Viso 7500 Vac(pk) PIN 1. ANODE
Peak ac Voltage, 60 Hz, 1 Second Duration (1) 2. CATHODE
(1) Isolation surge voltage is an internal device dielectric breakdown rating. 3. NC.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 4. EMITTER
(2) H1D1 is rated @ 5656 Volts peak (Vigo) 5. COLLECTOR
H11D2 is rated @ 3535 Volts peak (Vigo) 6. BASE

Otherwise they are identical, both parts built by Motorola are rated @ 7500 Volts peak (Vg0)

(3) Refer to Quality and Reliability Section for test information.
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H11D1, H11D2

ELECTRICAL CHARACTERISTICS

Characteristic

| symbol | Min [ Typ | Max [ umt |

INPUT LED (Tp = 25°C unless otherwise noted)

Reverse Leakage Current IR —_ - 10 pA
(VR = 6V)

Forward Voltage VEF - 1.2 1.5 Volts
“(Ilg = 10 mA)

Capacitance C — 18 — pF
(V=0V,f=1MHz)

OUTPUT TRANSISTOR (Tp = 25°C and I = 0 unless otherwise noted)

Collector-Emitter Dark Current (Rgg = 1 MQ2) ICER
(VCE = 200V, Tp = 25°C) H11D1,2 — — 100 nA
(TA = 100°C) H11D1,2 — — 250 HA

Collector-Base Breakdown Voitage V(BR)CBO Volts
(ic = 100 pA) H11D1,2 — — 300

Collector-Emitter Breakdown Voltage V(BR)CER Volts
(Ic = 1 mA, Rgg = 1 MQ) H11D1,2 - - 300

Emitter-Base Breakdown Voltage V(BR)EBO 7 — — Volts
(Ig = 100 pA)

COUPLED (Tp = 25°C unless otherwise noted)

Current Transfer Ratio CTR %
(VCe = 10V, I = 10 mA, Rgg = 1 MQ) H11D1,2, 20 — —

Surge Isolation Voltage (Input to Output) (1) Viso 7500 - — Volts
Peak ac Voltage, 60 Hz, 1 sec

Isolation Resistance (1) RisO — 1011 — Ohms
(V = 500 V)

Collector-Emitter Saturation Voltage VCE(sat) — — 0.4 Volts
(Ic = 0.5 mA, If = 10 mA, RBg = 1 MQ)

Isolation Capacitance (1) Ciso - 0.2 - pF
(V=0,f=1MHz)

Turn-On Time ton — 5 — us

Vee = 10V, Ic = 2mA, R = 100 ©
Turn-Off Time toff - 5 -

NOTE: 1. For this test LED Pins 1 and 2 are common and phototransistor Pins 4, 5, and 6 are common.
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Figure 1. Output Current versus LED Input Current
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IcER. OUTPUT CURRENT (mA)

Rge = 1060
Veg = 10V

20

r
IF = 20mA

10 —

y
IF = 10mA

I
IF=5mA
2 o

~—]

—60 -4 -2 0 20 40 60 80 100
Ta, AMBIENT TEMPERATURE (°C)

Figure 2. Output Current versus Temperature




H11D1, H11D2,

TYPICAL ELECTRICAL CHARACTERISTICS
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Figure 7. Capacitance versus Voltage
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MOTOROLA
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TECHNICAL DATA
&NAa@®O 0O

VDE uL CSA SETI | SEMKO | DEMKO | NEMKO

6-Pin DIP Optoisolators
Darlington Output
(On-Chip Resistors)

The H11G1, H11G2 and H11G3 devices consist of gallium arsenide IREDs optically
coupled to silicon photodarlington detectors which have integral base-emitter resistors.
The on-chip resistors improve higher temperature leakage characteristics. Designed with
high isolation, high CTR, high voltage and low leakage, they provide excellent
performance.

e High CTR, H11G1 & H11G2 — 1000%
¢ High V(BR)CEO, H11G1 — 100 Volts, H11G2 — 80 Volts

Applications

e Interfacing and coupling systems of
different potentials and impedances

e Phase and Feedback Controls

e General Purpose Switching Circuits
e Solid State Relays

MAXIMUM RATINGS (T = 25°C unless otherwise noted)

H11G1*

[CTR = 1000% Min]

H11G2*

[CTR = 1000% Min]
H11G3
[CTR = 200% Min]

*Motorola Preferred Devices
STYLE 1 PLASTIC

&

6
1

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

¥,

“S”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

\9
N\¢o~
CASE 730F-04
(LOW PROFILE)

Rating I Symbol I Value I Unit
INPUT LED
Reverse Voltage VR 6 Volts
Forward Current — Continuous IF 60 mA
Forward Current — Peak IF 3 Amps
Pulse Width = 300 ps, 2% Duty Cycle
LED Power Dissipation @ Tp = 25°C Pp 120 mwW
Derate above 25°C 1.41 mW/°C
OUTPUT DETECTOR
Collector-Emitter Voltage VCEO Volts
H11G1 100
H11G2 80
H11G3 55
Emitter-Base Voltage VEBO 7 Volts
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mwW
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Total Device Power Dissipation @ Ta = 25°C Pp 250 mw
Derate above 25°C 2.94 mW/°C
Operating Junction Temperature Range (2) TA —55to +100 °C
Storage Temperature Range Tstg —55to +150 °C
Soldering Temperature (10 s) T 260 °C
Isolation Surge Voltage (1) Viso 7500 Vac(pk)

(Peak ac Voltage, 60 Hz, 1 sec Duration)

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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SCHEMATIC
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PIN 1. ANODE
2. CATHODE
3. N.C.
4. EMITTER
5. COLLECTOR
6. BASE




H11G1, H11G2, H11G3

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

[ Characteristic Symbol Min Tvp Max | unit |
INPUT LED
Reverse Leakage Current (VR = 3 V) IR — 0.05 10 nA
Forward Voltage If = 10 mA) ' VE — 1.1 1.5 Volts
Capacitance (V = 0V, f = 1 MHz) Cy — 18 — pF
DARLINGTON OUTPUT (TA = 25°C and If = 0 unless otherwise noted)
Collector-Emitter Breakdown Voltage V(BR)CEO Volts
(ic =1mA I =0) H11G1 100 — —
H11G2 80 — —
H11G3 55 — —
Collector-Base Breakdown Voltage V(BR)CBO Volts
(Ic = 100 wA, I = 0) H11G1 100 - —
H11G2 80 — —
H11G3 55 —_ -
Emitter-Base Breakdown Voltage (I = 100 pA, If = 0) V(BR)EBO 7 — — Volts
Collector-Emitter Dark Current ICE
(VCE = 80 V) H11G1 —_ — 100 nA
(VCE = 80V, Tp = 80°C) H11G1 — — 100 uA
(VCE = 60 V) H11G2 — — 100 nA
(VCE = 60V, TA = 80°C) H11G2 — — 100 nA
(VCE = 30V) H11G3 — — 100 nA
Capacitance (Vcg = 10V, f = 1 MHz) Ccs — 6 — pF
COUPLED (TA = 25°C unless otherwise noted)
Collector Output Current Ic mA
(VCE = 1V, If = 10 mA) H11G1, 2 100 — —
(VCE = 5V, If = 1 mA) H11G1, 2 5 — —
(VCE = 5V, If = 1mA) H11G3 2 — —
Collector-Emitter Saturation Voltage VCE(sat) Volts
lg = 1mA,Ic = 1 mA) H11G1, 2 - 0.75 1
(If = 16 mA, I = 50 mA) H11G1, 2 — 0.85 1
(I = 20 mA, Ic = 50 mA) H11G3 — 0.85 1.2
Isolation Surge Voltage (1, 2) (60 Hz ac Peak, 1 Second) Viso 7500 — — Volts
Isolation Resistance (1) (V = 500 Vdc) — 1011 — Ohms
Isolation Capacitance (1) (V = 0V, f = 1 MHz) Cio — 2 — pF
SWITCHING (TA = 25°C)
Turn-On Time (IF = 10 mA, Vcc = 5V, R = 100 Q, ton - 5 - ns
Turn-Off Time Pulse Width < 300 us, f = 30 Hz) toff — 100 —
(1) For this test LED Pins 1 and 2 are common and Photodarlington Pins 4 and 5 are common.
(2) Isolation Surge Voltage, V|gQ, is an internal device dielectric breakdown rating.
100 e 100
z 5 z
g g Ip=50mA"|
S et 3 —
5 7 HH 5 10 IF = 5mA—]
[ & ORMALIZED TO:
2 o o
3, ] o 3! Ta = 25°C
8 = 2 IF = 1 mA (300 s PULSES)
8 g Veg = 5V
= =
E nE: ! IF=1mA—]
g0 =2 = g S
(3] 7 [s) | |
< > = [ I
= IF = 05mA—]
0.01 0.1 |
0.1 1 10 100 1000 —60 —40 -20 0 20 40 60 80 100 120 140
IF, IRED INPUT CURRENT (mA} Ta, AMBIENT TEMPERATURE (°C)
Figure 1. Output Current versus Input Current Figure 2. Output Current versus Temperature

4-42



H11G1, H11G2, H11G3
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INTERFACING TTL OR CMOS LOGIC TO 50-VOLT, 1000-OHMS RELAY

FOR TELEPHONY APPLICATIONS

In order to interface positive logic to negative-powered electromechanical relays, a change in voltage level and
polarity plus electrical isolation are required. The H11Gx can provide this interface and eliminate the external amplifiers
and voltage divider networks previously required. The circuit below shows a typical approach for the interface.

Vop

H11Gx

CMOS T02

L A
—

Uo:

e
&~ IJU\
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA
&

VDE

NWa®O®®ss

uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT

6-Pin DIP Optoisolators

Logic Output

The H11L1 and H11L2 have a gallium arsenide IRED optically coupled to a high-speed
integrated detector with Schmitt trigger output. Designed for applications requiring
electrical isolation, fast response time, noise immunity and digital logic compatibility.

e Guaranteed Switching Times — ton, toff <4 pus

o Built-In On/Off Threshold Hysteresis
e High Data Rate, 1 MHz Typical (NRZ)
e Wide Supply Voltage Capability
o Microprocessor Compatible Drive

Applications

e Interfacing Computer Terminals to
Peripheral Equipment

¢ Digital Control of Power Supplies

e Line Receiver — Eliminates Noise

o Digital Control of Motors and Other
Servo Machine Applications
e Logic to Logic Isolator
e Logic Level Shifter — Couples TTL to CMOS

H11L1*

[IF(on) = 1.6 mA Max]
[IF(on) = 10 mA Max]
*Motorola Preferred Device
STYLE 5 PLASTIC

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“S”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

CASE 730F-04
(LOW PROFILE)

[ Rating [ symbot | vawe [ unit |
INPUT LED
Reverse Voltage VR 6 Volts
Forward Current — Continuous IF 60 mA
— Peak 1.2 Amp
Pulse Width = 300 ps, 2% Duty Cycle
LED Power Dissipation @ Tp = 25°C Pp 120 mw
Derate above 25°C 1.41 mwW/°C
OUTPUT DETECTOR
Output Voltage Range Vo 0-16 Volts
Supply Voltage Range Vee 3-16 Volts
Output Current lo 50 mA
Detector Power Dissipation @ Tp =25°C Pp 150 mw
Derate above 25°C 1.76 mwW/°C
TOTAL DEVICE
Total Device Dissipation @ Ta = 25°C Pp 250 mwW
Derate above 25°C 2.94 mW/°C
Maximum Operating Temperature (2) TA -40to +85 °C
Storage Temperature Range Tstg —55 to +150 °C
Soldering Temperature (10 s) TL 260 °C
Isolation Surge Voltage Viso 7500 Volts
(Pk ac Voltage, 60 Hz, 1 Second Duration) (1)

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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SCHEMATIC

PIN1. ANODE

2. CATHODE
3. Vp
4. GROUND

5.Vee




H11L1, H11L2

ELECTRICAL CHARACTERISTICS (Tp = 0 to 70°C)

" Characteristic | Symbol l Min Typ Max Unit
INPUT LED
Reverse Leakage Current (VR = 3V, R = 1 MQ2) IR — 0.05 10 HA
Forward Voltage (If = 10 mA) VEF —_ 1.2 15 Volts
(lf = 0.3 mA) 0.75 0.95 —
Capacitance (VR = 0V, f = 1 MHz) C — 18 — pF
OUTPUT DETECTOR
Operating Voltage Vee 3 — 15 Volts
Supply Current (If = 0, Vcc = 5V) Icc(off) — 1 5 mA
Output Current, High (If = 0, Vce = Vo = 15 V) 1 1on — — 100 uA
COUPLED
Supply Current (I = If(on), Vcc = 5 V) Icc(on) — 1.6 5 mA
Output Voltage, Low (R = 270 Q, Vcc = 5V, IF = IF(on)) VoL — 0.2 04 Volts
Threshold Current, ON H11L1 IF(on) — 1 1.6 mA
(R =270Q,Vcc =5V) H11L2 — - 10
Threshold Current, OFF H11L1 IF(off) 0.3 0.75 — mA
(R = 2709, Vce = 5V) H11L2 0.3 — —
Hysteresis Ratio (R = 270 Q, Ve = 5 V) IF(off) 0.5 0.75 0.9
IF(on)
Isolation Voltage (1) 60 Hz, AC Peak, 1 second, Tp = 25°C Viso 7500 — — Vac(pk)
Turn-On Time RL = 2700 ton — 1.2 4 1S
Fall Time Vee =5V, tf - 0.1 —
Turn-Off Time IF = IF(on) toff — 1.2 4
Rise Time Ta = 25C tr — 0.1 -

(1) For this test IRED Pins 1 and 2 are common and Output Gate Pins 4, 5, 6 are common.

tr =t = 001 us
2=50Q

| |
Il
-y T

Figure 1. Switching Test Circuit
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H11L1, H11L2

TYPICAL CHARACTERISTICS
_ 6
g 5 You
g
] 4
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e 3 ! RL=210Q
=
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3 TA = 25°C
e voo | ]
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If, INPUT CURRENT (mA)
Figure 2. Transfer Characteristics for H11L1
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05 L Ta = 0°C
25°C

02 L.

-

N
/ﬁ
Y4

01 a

1- —~[oC
= 2%°C

= | T

|~
%” IF = 0mA
0 1

1 2 5 10 20 50 100 0 2 4 6 8 10 12 14 16
10, LOAD CURRENT (mA) Ve, SUPPLY VOLTAGE (VOLTS)

0.05

I

VoL, OUTPUT VOLTAGE, LOW (VOLTS)

Ic, SUPPLY CURRENT (mA)
\
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA &ne®60/0 ®ss

woe | u | oo | sen | sewmco | ooweo | neweo | eaer MCT2
6-Pin DIP Optoisolators MCT2E
Transistor Output

STYLE 1 PLASTIC

The MCT and MCT2E devices consist of a gallium arsenide infrared emitting diode
optically coupled to a monolithic silicon phototransistor detector.

Applications

e General Purpose Switching Circuits ¢ 1/O Interfacing

. Itherfacmg and.couphng systems of . Sollq State Relays . o STANDARD THRU HOLE
different potentials and impedances * Monitor and Detection Circuits CASE 730A-04

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

[ Rating [symbot | vawe [ umit |
INPUT LED “T” LEADFORM
Reverse Voltage VR 3 Volts WIDE SPACED 0.4”
- CASE 730D-05
Forward Current — Continuous IF 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mwW \
with Negligible Power in Output Detector \g
Derate above 25°C 1.41 mwW/°C N
OUTPUT TRANSISTOR “S”/“F” LEADFORM
Collector-Emitter Voltage VCEO 30 Volts SURFACE MOUNT
CASE 730C-04
Emitter-Collector Voltage VECO 7 Volts (STANDARD PROFILE)
Collector-Base Voltage VcBo 70 Volts
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mwW 9
with Negligible Power in Input LED CASE 730F-04
Derate above 25°C 1.76 mW/°C (LOW PROFILE)
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration) SCHEMATIC
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 2.94 mW/°C 1 6
Ambient Operating Temperature Range (2) TA —-55to +100 °C ZE | \ 5
Storage Temperature Range Tsty —-55 to +150 °C
‘ ¢ 30— 4
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C
(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. PIN 1. LED ANODE
(2) Refer to Quality and Reliability Section for test information. 2. LED CATHODE
3. N.C.
4. EMITTER
5. COLLECTOR
6. BASE
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MCT2, MCT2E

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

I Characteristic Symbol I Min l Typ l Max l Unit I
INPUT LED
Forward Voltage (If = 20 mA) Ta = 25°C VE — 1.23 15 Volts
Ta = —55°C — 1.35 —
Ta = 100°C —_ 1.15 _
Reverse Leakage Current (VR = 3 V) IR — 0.01 10 pA
Capacitance (V = 0V, f = 1 MHz2) Cy — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current (Vcg = 10 V) Ta = 25°C ICEO — 1 50 nA
Ta = 100°C — 1 — HA
Collector-Base Dark Current (Vcg = 10 V) Ta = 25°C IcBO — 0.2 20 nA
Ta = 100°C — 100 —
Collector-Emitter Breakdown Voltage (Ic = 1 mA) V(BR)CEO 30 45 — Volts
Collector-Base Breakdown Voltage (Ic = 10 pA) V(BR)CBO 70 100 — Volts
Emitter-Collector Breakdown Voltage (Ig = 100 pA) V(BR)ECO 7 7.8 —_ Volts
DC Current Gain (Ic = 5 mA, VCE = 5V) hre — 500 — —_
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 0 V) Cce — 7 — pF
Collector-Base Capacitance (f = 1 MHz, Vcg = 0 V) CcB — 19 — pF
Emitter-Base Capacitance (f = 1 MHz, Vgg = 0 V) CeB — 9 — pF
COUPLED
Output Collector Current (I = 10 mA, VCg = 10 V) ic 2 7 - mA
Collector-Emitter Saturation Voltage (Ic = 2 mA, If = 16 mA) VCE(sat) — 0.19 0.4 Volts
Turn-On Time (I = 10 mA, Vcc = 10V, R = 100 Q, Figure 11) ton — 2.8 — us
Turn-Off Time (I = 10 mA, Vgc = 10V, R = 100 Q, Figure 11) toff — 45 - us
Rise Time (If = 10 mA, Vgc = 10V, RL = 100 Q, Figure 11) tr — 1.2 —_ us
Fall Time (IF = 10 mA, Ve = 10V, R = 100 Q, Figure 11) tf — 1.3 — us
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
Isolation Resistance (V = 500 V) RisoO 1011 — — Q
Isolation Capacitance (V = 0V, f = 1 MH2) Ciso — 0.2 — pF
TYPICAL CHARACTERISTICS
. LB R R 7y =R =
| ————~ PULSE ONLY 4 '4 / o T
————— PULSE OR DC /ST S NORMALIZED TO:
@18 + E [ F=1mA
2 7 =] L F
3 1/ 2 L
= " = =
[m 1, ,l / ]
216 717 &
= 4 7 =1
3 41 [=] A
> V1 "4 -3 A
a AL S 2 7
g > 717 3
= A aiillg ERN b
5 —1TA = —55°C TP e}
4 L~ A4 '3 Z
@12 25°C T > 2
1| 00°c [ L1 3
1 1 et o
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IF, LED FORWARD CURRENT (mA)

Figure 1. LED Forward Voltage versus Forward Current
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If, LED INPUT CURRENT (mA)

Figure 2. Output Current versus Input Current



Ic, COLLECTOR CURRENT (mA}
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MCT2, MCT2E
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Figure 7. Turn-On Switching Times
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MCT2, MCT2E
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VDE uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT
. . MOC119
G.Pln DIP optolsolator [CTR=30°%, MI"]
Darlington Output STYLE 3 PLASTIC
(No Base Connection)
The MOC119 device consists of a gallium arsenide infrared emitting diode optically
coupled to a monolithic silicon photodarlington detector.
It is designed for use in applications requiring high sensitivity at low input currents.
L3 NP Base C.c?n.nectlon for Improv'ed Noise Immunity STANDARD THRU HOLE
e High Sensitivity to Low Input Drive Current CASE 730A-04
Applications
e Appliance, Measuring Instruments o |/O Interfaces for Computers
o Interfacing and coupling systems of e Solid State Relays
different potentials and impedances e Portable Electronics
o Monitor and Detection Circuits e Programmable Controllers “T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)
l Rating | Symbol | Value Unit ‘
INPUT LED
Reverse Voltage VR 3 Volts
“§”/“F” LEADFORM
Forward Current — Continuous IF 60 mA SURFACE MOUNT
LED Power Dissipation @ Tp = 25°C PD 120 mw CASE 730C-04
with Negligible Power in Output Detector (STANDARD PROFILE)
Derate above 25°C 1.41 mW/°C
OUTPUT DETECTOR
Collector-Emitter Voltage VCEO 30 Volts \;‘j‘ g
Emitter-Collector Voltage VECO 7 Volts CASE 730F-04
Detector Power Dissipation @ Tp = 25°C Pp 150 mw (LOW PROFILE)
with Negligible Power in Input LED
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE . SCHEMATIC
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration) 1 —{6
Total Device Power Dissipation @ T = 25°C Pp 250 mw 2 \ 5
Derate above 25°C 2.94 mW/°C
Ambient Operating Temperature Range (2) TA —-55to +100 °C Elm 4
Storage Temperature Range Tstg ~55to +150 °C
- PIN 1. LED ANODE
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C 2. LED CATHODE
(1) Isolation surge voltage is an internal device dielectric breakdown rating. 3. N.C.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 4. EM“‘"ER
(2) Refer to Quality and Reliability Section for test information. 5. COLLECTOR
6. N.C.
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MOC119

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic Symbol | Min | Typ Max | Unit
INPUT LED
Reverse Leakage Current IR — 0.05 100 pA
(VR = 3V)
Forward Voltage VE —_ 1.15 15 Volts
(If = 10 mA)
Capacitance C — 18 — pF

(VR =0V, f =1MHz)

PHOTOTRANSISTOR (Ta = 25°C and If = 0 unless otherwise noted)

Collector-Emitter Dark Current ICEO — — 100 nA
(VCg = 10V)

Collector-Emitter Breakdown Voltage V(BR)CEO 30 — — Volts
ic = 100 pA)

Emitter-Collector Breakdown Voltage V(BR)ECO 7 - — Volts
(Ig = 10 pA)

COUPLED (Tp = 25°C unless otherwise noted)

Collector Output Current (1) Ic 30 45 —_ mA
(VCE = 2V, I = 10 mA)

Isolation Surge Voltage (2, 5), 60 Hz ac Peak, 1 Second Viso 7500 — — Volts

Isolation Resistance (2) Riso — 101 — Ohms
(V = 500 V)

Collector-Emitter Saturation Voltage (1) VCE(sat) — — 1 Volt
(Ic = 10 mA, If = 10 mA)

Isolation Capacitance (2) Ciso — 0.2 —_ pF

V=0V, f=1MHz)

SWITCHING (Figures 4, 5)

Turn-On Time ton — 35 _ us
Turn-Off Time toff — 95 —_
VCE = 10V,RL =100 Q, I = 5 mA
Rise Time t — 1 —
Fall Time tf — 2 —

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2%.
(2) For this test LED Pins 1 and 2 are common and Phototransistor Pins 4 and 5 are common.
(3) Isolation Surge Voltage, V|s0, is an internal device dielectric breakdown rating.

TYPICAL CHARACTERISTICS

~
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CTTTIT T 4/ g8 =Ssstses
————— PULSE ONLY yarid E -
@ 18— PULSE OR DC 47 £ [TNORMALZEDTO:lf = 10 mA i
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= ¥ s 1
218 W 4 /l &
= 11 A =
53 7+ 3
o 7y v o«
< 14 A 1 2
S AT U & 01lTa= —55°CTH
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= 12 1] ] e 1
=" 2°c [ HH 4 5 T
T 5 T +100°C]
L love L] % o LT T
1 10 100 1000 = 05 1 2 5 10 20 50
IF, LED FORWARD CURRENT (mA) If, LED INPUT CURRENT (mA)
Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current

4-52



Ic, COLLECTOR CURRENT (mA)

Ve, COLLECTOR-EMITTER VOLTAGE (NORMALIZED)
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Figure 3. Collector Current versus
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Ambient Temperature
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MOC119

TEST CIRCUIT WAVEFORMS

INPUT PULSE
Vee =10V P

RL = 1000

IF = 5mA
| -
INPUT ¥, UTPUT

OUTPUT PULSE

Figure 9. Switching Times
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MOTOROLA
SEMICONDUCTO R 150

VDE uL CSA | SETI |SEMKO | DEMKO [ NEMKO | BABT [IFT = 30 mA Max]

. . MOC3010*
6-Pin DIP Optoisolators UFT =15 mA M
Triac Driver Output (250 Volts) MOC3011

[IFT = 10 mA Max]
*
The MOC3009 Series consists of gallium arsenide infrared emitting diodes, optically Mocao 1 2
coupled to silicon bilateral switch and are designed for applications requiring isolated triac . [IFT =5 mA Max] .
triggering, low-current isolated ac switching, high electrical isolation (to 7500 V peak), high Motorola Preferred Devices
detector standoff voltage, small size, and low cost. STYLE 6 PLASTIC
Applications
e Solenoid/Valve Controls e Static ac Power Switch
e | amp Ballasts e Solid State Relays
o Interfacing Microprocessors to 115 Vac Peripherals e Incandescent Lamp Dimmers
e Motor Controls STANDARD THRU HOLE
CASE 730A-04
MAXIMUM RATINGS (T = 25°C unless otherwise noted)
I Rating | Symbol Value Unit
INFRARED EMITTING DIODE
Reverse Voltage VR 3 Volts “T” LEADFORM
- WIDE SPACED 0.4”
Forward Current — Continuous IF 60 mA CASE 730D-05
Total Power Dissipation @ Tp = 25°C Pp 100 mw
Negligible Power in Transistor ‘
Derate above 25°C 1.33 mw/°C
OUTPUT DRIVER
i “S”/“F” LEADFORM
Off-State Output Te | Volt: V| 250 Volt:
ate Output Terminal Voltage DRM olts SURFACE MOUNT
Peak Repetitive Surge Current ITsm 1 A CASE 730C-04
(PW =1 ms, 120 pps) (STANDARD PROFILE)
Total Power Dissipation @ Tp = 25°C Pp 300 mw
Derate above 25°C 4 mW/°C
TOTAL DEVICE /"i‘i
Isolation Surge Voltage (1) Viso 7500 Vac ASE 7 OF-04
(Peak ac Voltage, 60 Hz, 5 Second Duration) (EOVSV PR30FILE)
Total Power Dissipation @ Tp = 25°C Pp 330 mw
Derate above 25°C 4.4 mwW/°C
Junction Temperature Range Ty —40to +100 °C COUPLER SCHEMATIC
Ambient Operating Temperature Range (2) TA —40to +85 °C 1 6
Storage Temperature Range Tstg —40 to +150 °C N
- 2 0s
Soldering Temperature (10 s) TL 260 °C
(1) Isolation surge voltage, V|g0, is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 30 4
(2) Refer to Quality and Reliability Section for test information.
1. ANODE
2. CATHODE
3. NC
4. MAIN TERMINAL
5. SUBSTRATE
DO NOT CONNECT
6. MAIN TERMINAL
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MOC3009, MOC3010, MOC3011, MOC3012

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic | symbot | Min | Typ Max | Unit
INPUT LED
Reverse Leakage Current IR — 0.05 100 uA
(VR =3V)
Forward Voltage VE — 1.15 1.5 Volts
(I = 10 mA)
OUTPUT DETECTOR (Ig = 0 unless otherwise noted)
Peak Blocking Current, Either Direction IDRM — 10 100 nA
(Rated VpRrm. Note 1)
Peak On-State Voltage, Either Direction VM — 1.8 3 Volts
(rm = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage (Figure 7, Note 2) dv/dt — 10 — Vius
COUPLED
LED Trigger Current, Current Required to Latch Output IFT mA
(Main Terminal Voltage = 3V, Note 3) MOC3009 - 15 30
MOC3010 — 8 15
MOC3011 — 5 10
MOC3012 — 3 5
Holding Current, Either Direction IH —_ 100 — RA

Notes: 1. Test voltage must be applied within dv/dt rating.
2. This is static dv/dt. See Figure 7 for test circuit. Commutating dv/dt is a function of the load-driving thyristor(s) only.
3. All devices are guaranteed to trigger at an I value less than or equal to max IgT. Therefore, recommended operating If lies between max
IFT (30 mA for MOC3009, 15 mA for MOC3010, 10 mA for MOC3011, 5 mA for MOC3012) and absolute max If (60 mA).

TYPICAL ELECTRICAL CHARACTERISTICS

Ta = 25°C
2 +800
- //
_ / 4
@18 7 —
g | _—-——- PULSE ONLY a7 E +400 //
:u:_',‘ " ~—————— PULSE OR DC '1/;/ % y
2 47 g V
=] 7 © 0
= 117 / =
€ 14 4T = /
E e BPLIVa 2 //
2 o= e [l AT 2 -400 7
B — =
= e L | L1 //
=T A .
111 8¢ L _goolL
1 10 100 1000 = -2 -1 1
IF, LED FORWARD CURRENT (mA) VM. ON-STATE VOLTAGE (VOLTS)

Figure 1. LED Forward Voltage versus Forward Current Figure 2. On-State Characteristics
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MOC3009, MOC3010,
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Figure 5. dv/dt versus Temperature
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Figure 4. LED Current Required to Trigger versus
LED Pulse Width
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Figure 6. dv/dt versus Load Resistance

1. The mercury wetted relay provides a high speed repeated pulse to
the D.U.T.

2. 100x scope probes are used, to allow high speeds and voltages.

3. The worst-case condition for static dv/dt is established by triggering
the D.U.T. with a normal LED input current, then removing the
current. The variable RTEST allows the dv/dt to be gradually
increased until the D.U.T. continues to trigger in response to the
applied voltage pulse, even after the LED current has been removed.
The dv/dt is then decreased until the D.U.T. stops triggering. 7RC is
measured at this point and recorded.

Vimax = 250V

]
TRC

aviat = 283 Vmax _
R

Figure 7. Static dv/dt Test Circuit
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MOC3009, MOC3010,

MOC3011, MOC3012

TYPICAL APPLICATION CIRCUITS

Note: This optoisolator should not be used to drive a load directly. It is
intended to be a trigger device only. Additional information on
the use of the MOC3009/3010/3011/3012 is available in
Application Note AN-780A.

00 MoC3009 60 He
2] wocao *
—o
D’o— MOCa011

MOC3012 4
DN
o

L— o
Figure 8. Resistive Load
Ve Rin 1
oo MOC3008
DO}_ MOC3010
MOC3011
o Moc3om2

Vee R
MOC3009
2| Moc3oio
D“’_‘ MOC3011
MOC3012

o—

Figure 9. Inductive Load with Sensitive Gate Triac
(IgT < 15 mA)

Figure 10. Inductive Load with Non-Sensitive Gate Triac
(15 mA < IgT < 50 mA)
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA
A&NaAa@EO O ®ss [ MoCc3020

VDE | UL | CSA | SETI |SEMKO | DEMKO | NEMKO | BABT [IFT = 30 mA Max]

*
6-Pin DIP Optoisolators M%Q?mgﬁl'

Triac Driver Output (400 Volts) MOC3022

[IFT = 10 mA Max]

The MOC3020 Series consists of gallium arsenide infrared emitting diodes, optically MOC3023
coupled to a silicon bilateral switch. . UFT=5mAMax]
They are designed for applications requiring isolated triac triggering. Motorola Preferred Device

STYLE 6 PLASTIC
e Output Driver Designed for 240 Vac Line

Applications

e Solenoid/Valve Controls e Static ac Power Switch

e Lamp Ballasts e Solid State Relays

o Interfacing Microprocessors to 115 Vac Peripherals e Incandescent Lamp Dimmers

o Motor Controls STANDARD THRU HOLE

CASE 730A-04

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

Rating | symbol Value unit |
INFRARED EMITTING DIODE
“T” LEADFORM
Reverse Voltage VR 3 Volts WIDE SPACED 0.4”
Forward Current — Continuous e 60 mA CASE 730D-05
Total Power Dissipation @ Tp = 25°C Pp 100 mw
Negligible Power in Triac Driver
Derate above 25°C 1.33 mW/°C . <7<
U
OUTPUT DRIVER
“S”/“F” LEADFORM )
Off-State Output Terminal Voltage VDRM 400 Volts SURFACE MOUNT |
Peak Repetitive Surge Current ITsm 1 A CASE 730C-04
(PW =1 ms, 120 pps) (STANDARD PROFILE)
Total Power Dissipation @ Tp = 25°C Pp 300 mw
Derate above 25°C 4 mW/°C
TOTAL DEVICE A7
Isolation Surge Voltage (1) Viso 7500 Vac CASE 730F-04
(Peak ac Voltage, 60 Hz, 5 Second Duration) (LOW PROFILE)
Total Power Dissipation @ Tp = 25°C Pp 330 mw
Derate above 25°C 4.4 mW/°C
COUPLER SCHEMATIC
Junction Temperature Range Ty —40to +100 °C
Ambient Operating Temperature Range (2) TA —40to +85 °C ! 8
Storage Temperature Range Tstg —40 to +150 °C 2 N\ Os
Soldering Temperature (10 s) T 260 °C
(1) Isolation surge voltage, V|g0. is an internal device dielectric breakdown rating. 3 D 4
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
(2) Refer to Quality and Reliability Section for test information. 1. ANODE
2. CATHODE
3. NC
4. MAIN TERMINAL
5. SUBSTRATE
DO NOT CONNECT
6. MAIN TERMINAL
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MOC3020, MOC3021, MOC3022, MOC3023

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

[ Characteristic | symbot | min | Ty Max | Unit
INPUT LED
Reverse Leakage Current IR — 0.05 100 nA
(VR = 3V)
Forward Voltage Vg — 1.16 1.5 Volts
(IF = 10 mA)
OUTPUT DETECTOR (I = 0 unless otherwise noted)
Peak Blocking Current, Either Direction IDRM — 10 100 nA
(Rated VpRrMm. Note 1)
Peak On-State Voltage, Either Direction VTm —_ 1.8 3 Volts
(M = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage (Figure 7, Note 2) dv/dt —_ 10 - Vius
COUPLED
LED Trigger Current, Current Required to Latch Output IFT mA
(Main Terminal Voltage = 3 V, Note 3) MOC3020 - 15 30
MOC3021 — 8 15
MOC3022 — — 10
MOC3023 — — 5
Holding Current, Either Direction IH - 100 —_ pA
Notes: 1. Test voltage must be applied within dv/dt rating.
2. This is static dv/dt. See Figure 7 for test circuit. Commutating dv/dt is a function of the load-driving thynstor(s) only
3. All devices are guaranteed to trigger at an If value less than or equal to max IfT. Therefore, g I lies b max
IFT (30 mA for MOC3020, 15 mA for MOC3021, 10 mA for MOC3022, 5 mA for MOC3023) and absolute max |F (60 mA)
TYPICAL ELECTRICAL CHARACTERISTICS
Ta = 25°C
2
Jira //
7 18 7 = / /
38 | ———- PULSE ONLY /41 R
o —————— PULSE OR DC 17/ [~
g 16 P /7 E /
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Figure 1. LED Forward Voltage versus Forward Current
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MOC3020, MOC3021, MOC3022, MOC3023
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i <é 1. The mercury wetted relay provides a high speed repeated pulse to
4 the D.U.T.
PULSE ! CrEST 2. 100x scope probes are used, to allow high speeds and voltages.
INPUT MERCURY 3. The worst-case condition for static dv/dt is established by triggering
WETTED the D.U.T. with a normal LED input current, then removing the
current. The variable RTEST allows the dv/dt to be gradually
RELAY increased until the D.U.T. continues to trigger in response to the
applied voltage pulse, even after the LED current has been removed.
The dv/dt is then decreased until the D.U.T. stops triggering. 7RC is
measured at this point and recorded.
Vimax = 400V
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WAVEFORM
0.63 V, 252
dvidt = ——aK — —
ovorrS — — -4+~ —————— — — — — = _—— TRC TRC

Figure 7. Static dv/dt Test Circuit
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MOC3020, MOC3021, MOC3022, MOC3023

Rn 1 6 360 470
VeC o0—m—0— MOC  |—0—a AA- O HOT
2 ot > S b 240
3021 }—O 0.05 uF 7R :,39
3 3022/ 4 L VAC
——o——.
o— ¥B =R 001 uF
LOAD GROUND

*This optoisolator should not be used to drive a load directly. It is
intended to be a trigger device only.

Additional information on the use of optically coupled triac drivers is

available in Application Note AN-780A.

In this circuit the “hot” side of the line is switched and
the load connected to the cold or ground side.

The 39 ohm resistor and 0.01 uF capacitor are for snub-
bing of the traic, and the 470 ohm resistor and 0.05 uF
capacitor are for snubbing the coupler. These compo-
nents may or may not be necessary depending upon the
particular triac and load used.

Figure 8. Typical Application Circuit
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA
&NaA@®O®®ss

VDE uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT

6-Pin DIP Optoisolators
Triac Driver Output (250 Volts)

The MOC3031, MOC3032 and MOC3033 devices consist of gallium arsenide infrared
emitting diodes optically coupled to a monolithic silicon detector performing the function of
a Zero Voltage crossing bilateral triac driver.

They are designed for use with a triac in the interface of logic systems to equipment
powered from 115 Vac lines, such as teletypewriters, CRTs, printers, motors, solenoids
and consumer appliances, etc.

e Simplifies Logic Control of 115 Vac Power
e Zero Voltage Crossing
e dv/dt of 2000 V/us Typical, 1000 V/us Guaranteed

Applications

e Solenoid/Valve Controls e Temperature Controls
e Lighting Controls e E.M. Contactors

e Static Power Switches ¢ AC Motor Starters

e AC Motor Drives e Solid State Relays

MAXIMUM RATINGS (T = 25°C unless otherwise noted)

MOC3031*

[IFT = 15 mA Max]

MOC3032

*Motorola Preferred Device
STYLE 6 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“S”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

NG
9!

5o

CASE 730F-04
(LOW PROFILE)

A

-

!

V

r Rating | Symbol Value I Unit J
INFRARED LED
Reverse Voltage VR 3 Volts
Forward Current — Continuous IF 60 mA
Total Power Dissipation @ Tp = 25°C Pp 120 mw
Negligible Power in Output Driver
Derate above 25°C 1.41 mW/°C
OUTPUT DRIVER
Off-State Output Terminal Voltage VDRM 250 Volts
Peak Repetitive Surge Current ITsm 1 A
(PW =100 us, 120 pps)
Total Power Dissipation @ Tp = 25°C Pp 150 mw
Derate above 25°C 1.76 mwW/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 Second Duration)
Total Power Dissipation @ Tp =25°C PD 250 mw
Derate above 25°C 2.94 mW/°C
Junction Temperature Range TJ —40 to +100 °C
Ambient Operating Temperature Range (2) TA -40to +85 °C
Storage Temperature Range Tstg —40 to +150 °C
Soldering Temperature (10 s) T 260 °C

(1) Isolation surge voltage, V|g0, is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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MOC3031, MOC3032, MOC3033

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

VM. ON-STATE VOLTAGE (VOLTS)

Figure 1. On-State Characteristics
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Ta, AMBIENT TEMPERATURE (°C)

Characteristic T Symbol ‘l Min r Typ Max J Unit
INPUT LED ‘
Reverse Leakage Current IR — 0.05 100 pA
(VR = 3V)
Forward Voltage VE —_ 1.3 15 Volts
(Ip = 30 mA)
OUTPUT DETECTOR (I = 0 unless otherwise noted)
Leakage with LED Off, Either Direction IDRM1 — 10 100 nA
(Rated Vprm. Note 1)
Peak On-State Voltage, Either Direction V™M —_ 1.8 3 Volts
{lrm = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage dv/dt 1000 2000 — Vius
COUPLED
LED Trigger Current, Current Required to Latch Output IFT mA
(Main Terminal Voltage = 3 V, Note 2) MOC3031 — — 15
MOC3032 — — 10
MOC3033 — — 5
Holding Current, Either Direction Iy - 100 — pA
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
ZERO CROSSING
Inhibit Voltage VIH - 5 20 Volts
{Ig = Rated IgT, MT1-MT2 Voltage above which device will
not trigger.)
Leakage in Inhibited State IDRM2 - — 500 pA
(Ilf = Rated IfT, Rated VpRrm, Off State)
Notes: 1. Test voltage must be applied within dv/dt rating.
2. All devices are guaranteed to trigger at an Ig value less than or equal to max IgT. Therefore, ded operating I lies b max
IFT (15 mA for MOC3031, 10 mA for MOC3032, 5 mA for MOC3033) and absolute max If (60 mA).
TYPICAL ELECTRICAL CHARACTERISTICS
OUT:’UT PUILSE WIIDTH IBO TMALZED.
+800 e = 20 ma —80us 13 NORMﬁLIZEP T0] |
E=30m / T = 25°C
Z +600[-f = 60 Hz 7 12
£ | Tp = 25°C ’ N
= +400
& / £
&£ +200 a
S 8 \\\
w
= - z ™
5 — 20 / % 09 ~]
5w Y B
E-ow0 // :
—800 0.7
-4 -3 -2 -1 0 1 2 3 4 —40 -2 0 20 40 60 80 100

Figure 2. Trigger Current versus Temperature




MOC3031, MOC3032, MOC3033
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Figure 5. Trigger Current versus Temperature
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Figure 6. LED Current Required to Trigger
versus LED Pulse Width

T VWA
Vde [ Prest
o— : R =10kQ
: <€ 1. The mercury wetted relay provides a high speed repeated pulse to
i 3 ———0 the D.U.T.
r
PULSE ! CTEST 2. 100x scope probes are used, to allow high speeds and voltages.
INPUT MERCURY 3. The worst-case condition for static dv/dt is established by triggering
WETTED X100 the D.U.T. with a normal LED input current, then removing the
I! SCOPE current. The variable RTEgT allows the dv/dt to be gradually
RELAY D.UT. increased until the D.U.T. continues to trigger in response to the
PROBE applied voltage pulse, even after the LED current has been removed.
The dv/dt is then decreased until the D.U.T. stops triggering. TRC is
measured at this point and recorded.
—0
Vmax = 250V
APPLIED VOLTAGE
WAVEFORM
0.63 V, 158
dvidt = ——08% = —
ovoLrS— — — - —f-———— — — — — — — = _——— TRC TRC

Figure 7. Static dv/dt Test Circuit
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MOC3031, MOC3032, MOC3033

Vee,

mp=
3
N

Rin

MOC3031/
3032/3033

~ 0.01

*For highly inductive loads (power factor < 0.5), change this value to
360 ohms.

115 VAC

LOAD NEUTRAL

Typical circuit for use when hot line switching is
required. In this circuit the “hot” side of the line is
switched and the load connected to the cold or neutral
side. The load may be connected to either the neutral or
hot line.

Rin is calculated so that IF is equal to the rated IfT of
the part, 5 mA for the MOC3033, 10 mA for the MOC3032,
or 15 mA for the MOC3031. The 39 ohm resistor and 0.01
wF capacitor are for snubbing of the triac and may or may
not be necessary depending upon the particular triac and
load used.

Figure 8. Hot-Line Switching Application Circuit

R DY

v 1 6
cc o——
; )
W Mocao3y | 5 el
303213033 .
3 4 7
oO——— AN

y

)[ SCR

15 VAi\J

Suggested method of firing two, back-to-back SCR’s,
with a Motorola triac driver. Diodes can be 1N4001; resis-
tors, R1 and R2, are optional 1 k ohm.

*For highly inductve loads (power factor < 0.5), change this value to
180 ohms.

Note: This optoisolator should not be used to drive a load directly. It is
intended to be a trigger device only.

E Y

Figure 9. Inverse-Parallel SCR Driver Circuit
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6-Pin DIP Optoisolators
Triac Driver Output (400 Volis)

The MOC3041, MOC3042 and MOC3043 devices consist of gallium arsenide infrared
emitting diodes optically coupled to a monolithic silicon detector performing the function of

a Zero Voltage Crossing bilateral triac driver.

They are designed for use with a triac in the interface of logic systems to equipment
powered from 115 Vac lines, such as solid-state relays, industrial controls, motors, sole-

noids and consumer appliances, etc.

o Simplifies Logic Control of 115 Vac Power
e Zero Voltage Crossing

e dv/dt of 2000 V/us Typical, 1000 V/us Guaranteed

Applications

e Solenoid/Valve Controls
e Lighting Controls

e Static Power Switches
e AC Motor Drives

Temperature Controls
E.M. Contactors

AC Motor Starters
Solid State Relays

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

MOC3041*

[IFT = 15 mA Max]

MOC3042

MOC3043*
[IFT = 5 mA Max]

*Motorola Preferred Devices
STYLE 6 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“8”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

-

9

CASE 730F-04
(LOW PROFILE)

Rating I Symbol Value Unit
INFRARED EMITTING DIODE
Reverse Voltage VR 6 Volts
Forward Current — Continuous IF 60 mA
Total Power Dissipation @ Tp = 25°C Pp 120 mw
Negligible Power in Output Driver
Derate above 25°C 1.4 mwW/°C
OUTPUT DRIVER
Off-State Output Terminal Voltage VDRM 400 Volts
Peak Repetitive Surge Current ITsm 1 A
(PW =100 ps, 120 pps)
Total Power Dissipation @ Tp = 25°C Pp 150 mwW
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 Second Duration)
Total Power Dissipation @ Tp = 25°C Pp 250 mwW
Derate above 25°C 2.94 mW/°C
Junction Temperature Range Ty —40 to +100 °C
Ambient Operating Temperature Range (2) TA —40to +85 °C
Storage Temperature Range Tstg —40 to +150 °C
Soldering Temperature (10 s) T 260 °C

(1) Isolation surge voltage, V|g0, is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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ITM, ON-STATE CURRENT (mA)

MOC3041, MOC3042, MOC3043

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic l Symbol —[ Min l Typ J Max | Unit
INPUT LED
Reverse Leakage Current IR —_ 0.05 100 pA
(VR = 6V)
Forward Voltage VE — 1.3 1.5 Volts
(I = 30 mA)
OUTPUT DETECTOR (I = 0 unless otherwise noted)
Leakage with LED Off, Either Direction IDRM1 — 2 100 nA
(Rated VprM. Note 1)
Peak On-State Voltage, Either Direction VTm — 1.8 3 Volts
(Itm = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage (Note 3) dv/dt 1000 2000 — Vius
COUPLED
LED Trigger Current, Current Required to Latch Output IFT mA
(Main Terminal Voltage = 3V, Note 2) MOC3041 — — 15
MOC3042 — — 10
MOC3043 — —_ 5
Holding Current, Either Direction IH — 100 — pA
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
ZERO CROSSING
Inhibit Voltage VIH — 5 20 Volts
(Il = Rated |gT, MT1-MT2 Voltage above which device will
not trigger.)
Leakage in Inhibited State IDRM2 — — 500 wA
(If = Rated IfT, Rated VpR\. Off State)

Notes: 1. Test voltage must be applied within dv/dt rating.
2. All devices are guaranteed to trigger at an If value less than or equal to max IgT. Therefore, recommended operating If lies between max
IFT (15 mA for MOC3041, 10 mA for MOC3042, 5 mA for MOC3043) and absolute max If (60 mA).
3. This is static dv/dt. See Figure 7 for test circuit. Commutating dv/dt is a function of the load-driving thyristor(s) only.

TYPICAL ELECTRICAL CHARACTERISTICS

+a0 1] ||
QUTPUT PULSE WIDTH — 80 s /| 15 NORMALIZEDTO | |
+600 —— - Tp = 25°C
I = 30 mA 4 1
+4oo__‘f=60Hz A 13
20 TA = 25°C g
+ 12
0 d g 1 \
g
—200 g‘ 1 -~
—400 » g gz =
_ / )
600 / 0.7
—800
-4 -3 -2 -1 0 1 2 3 4 5 -4 -2 0 20 40 60 80
VM, ON-STATE VOLTAGE (VOLTS) Ta AMBIENT TEMPERATURE (°C)
Figure 1. On-State Characteristics Figure 2. Trigger Current versus Temperature
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MOC3041, MOC3042, MOC3043
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Figure 5. Trigger Current versus Temperature Figure 6. LED Current Required to Trigger
versus LED Pulse Width
+400 T 17
Vde i RTEST
o— : R =10k
<
} 1. The mercury wetted relay provides a high speed repeated pulse to
[} | comm—] the D.U.T.
PULSE ! CTEST 2. 100x scope probes are used, to allow high speeds and voltages.
INPUT MERCURY 3. The worst-case condition for static dv/dt is established by triggering
WETTED X100 the D.U.T. with a normal LED input current, then removing the
E x! SCOPE current. The variable RTEST allows the dv/dt to be gradually
RELAY D.UT. increased until the D.U.T. continues to trigger in response to the
PROBE applied voltage pulse, even after the LED current has been removed.
The dv/dt is then decreased until the D.U.T. stops triggering. 7R is
measured at this point and recorded.
Vmax = 400V
APPLIED VOLTAGE X
WAVEFORM
o = O _ 2
ovoLTS — — — - —f———————— — — — — —_——— 7RC 7RC

Figure 7. Static dv/dt Test Circuit
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MOC3041, MOC3042, MOC3043

Vee Rin g Typical circuit for use when hot line switching is
p————o0 HOT required. In this circuit the ““hot” side of the line is
switched and the load connected to the cold or neutral
side. The load may be connected to either the neutral or
hot line.

Rijn is calculated so that IF is equal to the rated IfT of
the part, 5 mA for the MOC3043, 10 mA for the MOC3042,
or 15 mA for the MOC3041. The 39 ohm resistor and 0.01

uF capacitor are for snubbing of the triac and may or may
@O NEUTRAL  hot be necessary depending upon the particular triac and
load used.

2

240 Vac

< 0.01

*For highly inductive loads (power factor < 0.5), change this value to
360 ohms.

Figure 8. Hot-Line Switching Application Circuit

g Y
1 Suggested method of firing two, back-to-back SCR's,
Vi 1 6 with a Motorola triac driver. Diodes can be 1N4001; resis-
€€ o— \ tors, R1 and R2, are optional 330 ohms.
[: Rin Mo?waglw 5 & scr
3043 an )! SR
3 4 o *For highly inductve loads (power factor < 0.5), change this value to
o— WA~ 360 ohms.
Note: This optoisolator should not be used to drive a load directly. It is
2 ]k D2 intended to be a trigger device only.
R2Y
LOAD r\j

Figure 9. Inverse-Parallel SCR Driver Circuit
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6-Pin DIP Optoisolators
Triac Driver Output (600 Volts)

The MOC3061, MOC3062 and MOC3063 devices consist of gallium arsenide infrared
emitting diodes optically coupled to monolithic silicon detectors performing the functions of
Zero Voltage Crossing bilateral triac drivers.

They are designed for use with a triac in the interface of logic systems to equipment
powered from 240 Vac lines, such as solid-state relays, industrial controls, motors, sole-
noids and consumer appliances, etc.

o Simplifies Logic Control of 240 Vac Power
e Zero Voltage Crossing
e dv/dt of 1500 V/us Typical, 600 V/us Guaranteed

Applications

e Solenoid/Valve Controls
e Lighting Controls

o Static Power Switches
® AC Motor Drives

Temperature Controls
E.M. Contactors

AC Motor Starters
Solid State Relays

MAXIMUM RATINGS

MOC3061

[IFT = 15 mA Max]

MOC3062

*Motorola Preferred Device
STYLE 6 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“g"/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

CASE 730F-04
(LOW PROFILE)

Rating Symbol Value Unit
INFRARED EMITTING DIODE
Reverse Voltage VR 6 Volts
Forward Current — Continuous IE 60 mA
Total Power Dissipation @ Tp = 25°C Pp 120 mw
Negligible Power in Output Driver
Derate above 25°C 1.41 mW/°C
OUTPUT DRIVER
Off-State Output Terminal Voltage VDRM 600 Volts
Peak Repetitive Surge Current ITsm 1 A
(PW =100 ps, 120 pps)
Total Power Dissipation @ Tp = 25°C Pp 150 mwW
Derate above 25°C 1.76 mwW/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 Second Duration)
Total Power Dissipation @ Ta = 25°C Pp 250 mwW
Derate above 25°C 2.94 mwW/°C
Junction Temperature Range Ty —40to +100 °C
Ambient Operating Temperature Range (2) TA —40to +85 °C
Storage Temperature Range Tstg —40 to +150 °C
Soldering Temperature (10 s) TL 260 °C

(1) Isolation surge voltage, V|gQ, is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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MOC3061, MOC3062, MOC3063

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Typ l Max Unit
INPUT LED
Reverse Leakage Current IR - 0.05 100 RA
(VR = 6V)
Forward Voltage © VF — 1.3 1.5 Volts
(IF = 30 mA)
OUTPUT DETECTOR (If = 0)
Leakage with LED Off, Either Direction IDRM1 — 60 500 nA
(Rated VpRrm, Note 1)
Critical Rate of Rise of Off-State Voltage (Note 3) dv/dt 600 1500 — Vius
COUPLED
LED Trigger Current, Current Required to Latch Output IFT mA
(Main Terminal Voltage = 3 V, Note 2) MOC3061 —_ — 15
MOC3062 — —_ 10
MOC3063 —_ — 5
Peak On-State Voltage, Either Direction VTm — 1.8 3 Volts
(ltm = 100 mA, If = Rated IfT)
Holding Current, Either Direction IH — 100 —_ nA
Inhibit Voltage (MT1-MT2 Voltage above which device will not VINH — 5 20 Volts
trigger.)
(IF = Rated IgT)
Leakage in Inhibited State IDRM2 — — 500 nA
(If = Rated T, Rated VpRM, Off State)
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)

Notes: 1. Test voltage must be applied within dv/dt rating.
2. All devices are guaranteed to trigger at an If value less than or equal to max IfT. Therefore, recommended operating I lies between max
IFT (15 mA for MOC3061, 10 mA for MOC3062, 5 mA for MOC3063) and absolute max I (60 mA).
3. This is static dv/dt. See Figure 7 for test circuit. C ing dv/dt is a fi ion of the load-driving thyristor(s) only.

TYPICAL CHARACTERISTICS

L 1] by [ [ ]
v QUTPUT PULSE WIDTH — 81 M ) 710 |
UT PULSE WIDTH —80 us NORMALIZEDTO | |
o T I = 30 mA V4 13 Tp = 25°C
E +400 fr= SOHZC 2 1.2
= = 25°
g +200 A ,/ S uf ]
—
= A X -
E ~200 £ 09
% = ~
Z —4o0 A — =08
§ —600 / 07
T80 06
05
-4 -3 -2 -1 0 1 2 3 4 5 -4 -2 0 20 40 60 80
VM, ON-STATE VOLTAGE (VOLTS) TA. AMBIENT TEMPERATURE (°C)
Figure 1. On-State Characteristics Figure 2. Inhibit Voltage versus Temperature
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MOC3061, MOC3062, MOC3063
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Figure 6. LED Current Required to Trigger
versus LED Pulse Width

. The mercury wetted relay provides a high speed repeated pulse to

the D.U.T.

100x scope probes are used, to allow high speeds and voltages.

. The worst-case condition for static dv/dt is established by triggering
the D.U.T. with a normal LED input current, then removing the
current. The variable RTEST allows the dv/dt to be gradually
increased until the D.U.T. continues to trigger in response to the
applied voitage pulse, even after the LED current has been removed.
The dv/dt is then decreased until the D.U.T. stops triggering. TRC is
measured at this point and recorded.

wn

Vmax = 400V

063 Vimax _ 378
RC RC

dvidt =

Figure 7. Static dv/dt Test Circuit
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Vee  Rin

MOC3061-63

Wl

Vee 00— ]

Rin )
D)—Wv— MOC3061-63

MOC3061, MOC3062, MOC3063

Typical circuit for use when hot line switching is
required. In this circuit the “hot” side of the line is
switched and the load connected to the cold or neutral
$39 side. The load may be connected to either the neutral or
1 aovec  hotline.
Rin is calculated so that If is equal to the rated IfT of
L 001 the part, 15 mA for the MOC3061, 10 mA for the
’ MOC3062, and 5 mA for the MOC3063. The 39 ohm resis-

:-o tor and 0.01 uF capacitor are for snubbing of the triac
LOAD NEUTRAL .

and may or may not be necessary depending upon the
particular triac and load used.

Figure 8. Hot-Line Switching Applicatibn Circuit

2140 VCC\J

R14 D1 !!

Suggested method of firing two, back-to-back SCR's,
6 with a Motorola triac driver. Diodes can be 1N4001; resis-

\[ tors, R1 and R2, are optional 330 ohms.
5 SCR
C  Scr
" r *For highly inductive loads (power factor < 0.5), change this value to

4 .37A 360 ohms.

VW

Note: This optoisolator should not be used to drive a load directly. It is
1: 02 intended to be a trigger device only.

fos -1\

Figure 9. Inverse-Parallel SCR Driver Circuit
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6-Pin DIP Optoisolators
Triac Driver Output (800 Volits)

The MOC3081, MOC3082 and MOC3083 devices consist of gallium arsenide infrared
emitting diodes optically coupled to monolithic silicon detectors performing the function of
Zero Voltage Crossing bilateral triac drivers.

They are designed for use with a triac in the interface of logic systems to equipment
powered from 240 Vac lines, such as solid-state relays, industrial controls, motors, sole-
noids and consumer appliances, etc.

e Simplifies Logic Control of 240 Vac Power
e Zero Voltage Crossing
e dv/dt of 1500 V/us Typical, 600 V/us Guaranteed

Applications

e Solenoid/Valve Controls e Temperature Controls
e Lighting Controls e E.M. Contactors

e Static Power Switches o AC Motor Starters

e AC Motor Drives e Solid State Relays

MAXIMUM RATINGS

MOC3081

[IFT = 15 mA Max]

MOC3082

[IFT = 10 mA Max]

MOC3083

[IFT = 5§ mA Max]
STYLE 6 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“S”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

N
CASE 730F-04
(LOW PROFILE)

Rating ISymbol 1 Value 1 Unit
INPUT LED
Reverse Voltage VR 6 Volts
Forward Current — Continuous IF 60 mA
Total Power Dissipation @ Tp = 25°C Pp 120 mwW
Negligible Power in Output Driver
Derate above 25°C 1.41 mW/°C
QUTPUT DRIVER
Off-State Output Terminal Voltage VDRM 800 Volts
Peak Repetitive Surge Current ITsm 1 A
(PW =100 ps, 120 pps)
Total Power Dissipation @ Tp = 25°C Pp 150 mw
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 Second Duration)
Total Power Dissipation @ Tp = 25°C Pp 250 mW
Derate above 25°C 2.94 mW/°C
Junction Temperature Range Ty —40 to +100 °C
Ambient Operating Temperature Range (2) TA —40 to +85 °C
Storage Temperature Range Ts(g —-40 to +150 °C
Soldering Temperature (10 s) TL 260 °C

(1) Isolation surge voltage, Vg0, is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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MOC3081, MOC3082, MOC3083

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic _ Symbol Min ] Typ l Max Unit ]
INPUT LED
Reverse Leakage Current (VR = 6 V) IR — 0.05 100 pA
Forward Voltage (I = 30 mA) VE -— 1.3 1.5 Volts
OUTPUT DETECTOR (If = 0) ’
Leakage with LED Off, Either Direction (Vprm = 800 V, Note 1) IDRM1 — 80 500 nA
Critical Rate of Rise of Off-State Voltage (Note 3) dv/dt 600 1500 — Vius
COUPLED
LED Trigger Current, Current Required to Latch Output IFT mA
(Main Terminal Voltage = 3V, Note 2) MOC3081 — — 15
MOC3082 — — 10
MOC3083 — — 5
Peak On-State Voltage, Either Direction VTm — 1.8 3 Volts
(Itm = 100.mA, Ig = Rated IgT)
Holding Current, Either Direction IH — 100 —_ uA
Inhibit Voltage (MT1-MT2 Voltage above which device will not VINH — 5 20 Volts
trigger) ’
(IF = Rated Ig)
Leakage in Inhibited State IDRM2 - 300 500 HA
(If = Rated IfT, VDRM = 800 V, Off State)

Notes: 1. Test voltage must be applied within dv/dt rating.
2. All devices are guaranteed to trigger at an Ig value less than or equal to max IFT. Therefore, recommended operating IF lies between max
IFT (15 mA for MOC3081, 10 mA for MOC3082, 5 mA for MOC3083) and absolute max Ig (60 mA).
3. This is static dv/dt. See Figure 7 for test circuit. Commutating dv/dt is a function of the load-driving thyristor(s) only.

TYPICAL CHARACTERISTICS

+800 |—— QUTPUT PULSE WIDTH — 80 us :: ] ] T
IF = 30mA K 4 i NORMALIZED TO
FL e T 7 : Tp = 25°C
= +400f——Tp = 25°C o 12
'-Z'-' / S [~
= 4200 2 u S
= Z 1 -
= =]
- = T~
£ -200 = 09 —
3 E ~
5 - 400 =08
E om0 Ve 07
—800 06
05
-4 -3 -2 -1 0 1 34 5 -4 -20 0 20 40 60 80 1
V., ON-STATE VOLTAGE (VOLTS) TA. AMBIENT TEMPERATURE (°C)
Figure 1. On-State Characteristics Figure 2. Inhibit Voltage versus Temperature

4-76



\
MOC3081, MOC3082, MOC3083 |

o

IDRM1. PEAK BLOCKING CURRENT (mA)

500 I I ‘
14 \ T T i
v
20 r 13 N If = RATED Ip |
e 12 \\ |
100 N |
EaRA! \ !
=
50 - g N
=
S 09 i
= \
2 B s
: VpRm = 800V 07 N
10 -
i} 0.6
5
-4 -20 0 20 40 60 8 100 -4 -20 0 20 40 60 80 100
TA. AMBIENT TEMPERATURE ( C) Ta, AMBIENT TEMPERATURE (°C)
Figure 3. Leakage with LED Off Figure 4. IpRM2. Leakage in Inhibit State
versus Temperature versus Temperature
25
LT 1T [ T I
T 1T 11 = T T I
15 NORMALIZED TO & 9 NORMALIZED TO:
14 Tp = 25°C < \ PWin = 100 ps
o
213 = \
~N [}
= 12 P a5
20 - £\
e 1 — s} 10
) — a
=09 ] &
T~ =
08 E N\
07 S ~ ]|
I —— ]
-0 I
-40 20 0 20 40 60 80 100 1 2 5 10 20 50 100 |
Ta. AMBIENT TEMPERATURE ( Ci PWipn, LED TRIGGER PULSE WIDTH (us) |
i
|
Figure 5. Trigger Current versus Temperature Figure 6. LED Current Required to Trigger |

versus LED Pulse Width

0

+ 400
Vdc f | ‘[R\‘Es?}r
[ : 10 k(2
: 1 1. The mercury wetted relay provides a high speed repeated pulse to
| -~ ———O the D.U.T. )
PULSE ! W CresT 2. 100x scope probes are used, to allow high speeds and voltages. :
INPUT MERCURY 3. The worst-case condition for static dv/dt is established by triggering |
D X100 the D.U.T. with a normal LED input current, then removing the i
WETTE ! current. The variable R allows the dv/dt to be gradually
SCOPE TEST
RELAY DUT. increased until the D.U.T. continues to trigger in response to the
PROBE applied voltage pulse, even after the LED current has been removed.
The dv/dt is then decreased until the D.U.T. stops triggering. 7RC is
o measured at this point and recorded.
Vimax = 400V
APPLIED VOLTAGE
WAVEFORM I
0.63 V, 504
dvidt = ——max _ 77
ovoLrS———f — |- —————- —_ TRC "RC

Figure 7. Static dv/dt Test Circuit
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MOC3081, MOC3082, MOC3083

Ve R ¢ Typical circuit for use when hot line switching is
O—AAA— O HOT required. In this circuit the “"hot” side of the line is
switched and the load connected to the cold or neutral
:Do_2 MOC3081-83 side. The load may be connected to either the neutral or
hot line.
o

20 Vac Rin is calculated so that If is equal to the rated If1 of
the part, 15 mA for the MOC3081, 10 mA for the

MOC3082, and 5 mA for the MOC3083. The 39 ohm resis-

O NEUTRAL tor and 0.01 uF capacitor are for snubbing of the triac

and may or may not be necessary depending upon the
*For highly inductive loads (power factor < 0.5), change this value to partlcular triac and load used.
360 ohms.

Figure 8. Hot-Line Switching Application Circuit

240 Varc\J

Suggested method of firing two, back-to-back SCR's,
with a Motorola triac driver. Diodes can be 1N4001; resis-
\ tors, R1 and R2, are optional 330 ohms.

k SCR

v, 1
CC O——+

Rin

D)-W\r— MOC3081-83

~
:.lm E

2%

)! SCR *For highly inductive loads (power factor < 0.5), change this value to
360 ohms.

Note: This device should not be used to drive a load directly. It is
y i intended to be a trigger device only.

foo -1\

Figure 9. Inverse-Parallel SCR Driver Circuit

R2
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA
A&Na@® O @O ss

VDE uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT

6-Pin DIP Optoisolators
Logic Output

The MOC5007, MOC5008 and MOC5009 have a gallium arsenide IRED optically
coupled to a high-speed integrated detector with Schmitt trigger output. Designed for
applications requiring electrical isolation, fast response time, noise immunity and digital
logic compatibility.

e Guaranteed Switching Times — tgn, toff 4 < s
o Built-In ON/OFF Threshold Hysteresis

e High Data Rate, 1 MHz Typical (NRZ)

e Wide Supply Voltage Capability

e Microprocessor Compatible Drive

Applications

o Interfacing Computer Terminals to o Digital Control of Motors and Other
Peripheral Equipment Servo Machine Applications

¢ Digital Control of Power Supplies e Logic to Logic Isolator

e Line Receiver — Eliminates Noise ® Logic Level Shifter — Couples TTL to CMOS

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

MOC5007*

[IF(on) = 1.6 mA Max]

MOC5008

[IF(on) = 4 mA Max]
MOC5009
[IF(on) = 10 mA Max]

*Motorola Preferred Device
STYLE 5 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

Rating l Symbol Value | Unit ] Q
INPUT LED \-“‘ﬂ
Reverse Voltage VR 6 Volts «g”/“F” LEADFORM
Forward Current — Continuous I 60 mA SURFACE MOUNT
Peak 1.2 Amp CASE 730C-04
Pulse Width = 300 pis, 2% Duty Cycle (STANDARD PROFILE)
LED Power Dissipation @ Tp = 25°C Pp 120 mwW
Derate above 25°C 141 mWw/°C ( 7
OUTPUT DETECTOR \'/‘." -
Output Voltage Range Vo 0-16 Volts CASE 730F-04
(LOW PROFILE)
Supply Voltage Range Vee 3-16 Volts
Output Current . lo 50 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mw
Derate above 25°C 1.76 mW/°C SCHEMATIC
TOTAL DEVICE
Total Device Power Dissipation @ T = 25°C Pp 250 mw 1 R 6
Derate above 25°C 2.94 mW/°C | B
i i 2 " 5
Maximum Operating Temperature (2) TA -40to +85 °C
Storage Temperature Range Tstg -55 to +150 °C 3 O_IE 4
Soldering Temperature (10 s) TL 260 °C -
Isolation Surge Voltage (1) Viso 7500 Voits PIN 1. ANODE
(Peak ac Voltage, 60 Hz, 1 Second Duration) 2. CATHODE
(1) Isolation surge voltage is an internal device dielectric breakdown rating. 4. VD
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 5. GROUND
(2) Refer to Quality and Reliability Section for test information. 6. VCC
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MOC5007, MOC5008, MOC5009

ELECTRICAL CHARACTERISTICS (TA = 0 to 70°C)

[ Characteristic Symbol | Min | Typ | Mex | Unit
INPUT LED
Reverse Leakage Current (VR = 3V, R = 1 MQ) IR — 0.05 10 pA
Forward Voltage (I = 10 mA) VE — 1.2 1.5 Volts
(IF = 0.3 mA) 0.75 0.95 _
Capacitance (VR = 0V, f = 1 MHz) Cc - 18 — pF
OUTPUT DETECTOR
Operating Voltage Vee 3 — 15 Volts
Supply Current (If = 0, Vg = 5 V) Icc(off) — 1 5 mA
Output Current, High (I = 0, Vg = Vg = 15V) IOH — — 100 nA
COUPLED
Supply Current (If = If(on), VcCc = 5 V) IccC(on) - 1.6 5 mA
Output Voltage, Low (R = 270 Q, Vcc = 5V, If = IF(on)) VoL — 0.2 04 Volts
Threshold Current, ON MOC5007 IF(on) - 1 16 mA
(RL =270Q,Vee = 5V) MOC5008 — — 4
MOC5009 - - 10
Threshold Current, OFF MOC5007 IF(off) 0.3 0.75 —_ mA
(RL=270Q,Vce =5V) MOC5008, 5009 0.3 — —
Hysteresis Ratio (R = 270 Q, V¢c = 5 V) IF(off) 0.5 0.75 0.9
IF(on)
Isolation Voltage (1) 60 Hz, AC Peak, 1 second, Tp = 25°C Viso 7500 - —_ Vac(pk)
Turn-On Time t — 1.2 4
- RL =270 Q 20 K
Fall Time Vee =5V, tf _ 0.1 —_
Turn-Off Time IF = IF(on) toff — 1.2 4
Ta = 25°C
Rise Time tr — 0.1 —_

(1) For this test IRED Pins 1 and 2 are common and Output Gate Pins 4, 5, 6 are common.

ty = tf = 0.01 us
Z=50Q

Figure 1. Switching Test Circuit
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MOC5007, MOC5008, MOC5009

TYPICAL CHARACTERISTICS
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Figure 2. Transfer Characteristics for MOC5007
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Figure 3. Threshold Current versus Supply Voltage
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Figure 5. Output Voltage, Low versus Load Current
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA alnla ® @ @ @ BS

VDE uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT

6-Pin DIP Optoisolators
Darlington Output
(No Base Connection)

The MOC8020 and MOCB8021 devices consist of a gallium arsenide infrared emitting
diode optically coupled to a monolithic silicon photodarlington detector.
* No Base Connection for Improved Noise Immunity
e High Sensitivity to Low Input Drive Current

Applications

e Appliances, Measuring Instruments
* |/O Interfaces for Computers

* Programmable Controllers

e Portable Electronics

e Interfacing and coupling systems of
different potentials and impedances
e Solid State Relays

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

[ Rating [ symbot | vawe | unit |
INPUT LED
Reverse Voltage VR 3 Volts
Forward Current — Gontinuous IF 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mw
with Negligible Power in Output Detector
Derate above 25°C 1.41 mW/°C
OUTPUT DETECTOR
Collector-Emitter Voltage VCEO 50 Volts
Emitter-Collector Voltage VECO 5 Volts
Detector Power Dissipation @ Tp = 25°C Pp 150 mw
with Negligible Power in Input LED
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mwW
Derate above 25°C 2.94 mW/°C
Ambient Operating Temperature Range (2) TA —55to +100 °C
Storage Temperature Range Tstg -55to0 +150 °C
Soldering Temperature (10 sec, 1/16” from case) To 260 °C

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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MOC8020

[CTR = 500% Min]

MOC8021

[CTR = 1000% Min]
STYLE 3 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

«g"[“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

o
CASE 730F-04
(LOW PROFILE)

SCHEMATIC

PIN1. LED ANODE
LED CATHODE
N.C.

EMITTER
COLLECTOR
N.C.

oo s wn




MO0C8020, MOC8021

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic l Symbol | Min L Typ J Max l Unit I
INPUT LED
Reverse Leakage Current IR _— 0.05 10 nA
(VR =3V)
Forward Voltage VE — 1.156 2 Volts
(I = 10 mA)
Capacitance C — 18 - pF
(VR =0V, f =1MHz)
PHOTODARLINGTON (Ta = 25°C and Ig = 0, unless otherwise noted)
Collector-Emitter Dark Current IcCEO — — 100 nA
(Vce = 10V)
Collector-Emitter Breakdown Voltage V(BR)CEO 50 — — Volts
(Ic = 1mA)
Emitter-Collector Breakdown Voltage V(BR)ECO 5 — — Volts
(Ig = 100 pA)
COUPLED (Tp = 25°C unless otherwise noted)
Collector Output Current Ic mA
(VCE = 5V, I = 10 mA) MOC8020 50 — —
‘ MOC8021 100 - —_
Isolation Surge Voltage (1, 2), 60 Hz Peak ac, 1 Second Viso 7500 — — Volts
Isolation Resistance (1) Riso — 1011 — Ohms
(V = 500 V)
Isolation Capacitance (1) Ciso - 0.2 — pF
(V=0,f=1MHz)
SWITCHING
Turn-On Time ton — 35 — us
Turn-Off Time toff — 95 —
Vece = 10V, RL =100 Q, I = 5 mA
Rise Time ty — 1 —
Fall Time tf — 2 —
(1) For this test LED Pins 1 and 2 are and Ph Pins 4 and 5 are common.
(2) Isolation Surge Voltage, V|gQ, is an internal device dielectric breakdown rating.
TYPICAL CHARACTERISTICS
2 T8 5 Wi T & /= e 1]
CTTTI T Al & B
- PULSE ONLY ZUTTT E P e Ay Sy
@ 18— PULSE OR DC ra | = I~ NORMALIZED TC: If = 10 mA i
6 / /l II H % TA = 25°C [
= AV S
&g £ AL o
vt vl Ay 5
=] + o
z PZiaS% =
g 7 5
z eyl D 01[Ta= -SCTHR
—14 = —5850 = = o
“Ot TA 55°C . ] » 3 — J+ 21;5 C
& 12 eI > S 7
ao l I %
e o = 'é +100°C
1 100°C L 2001 T
1 10 100 1000 - 05 1 2 5 10 20 50

I, LED FORWARD CURRENT (mA}

Figure 1. LED Forward Voltage versus Forward Current
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IF, LED INPUT CURRENT (mA)

Figure 2. Output Current versus Input Current




MOC8020, MOC8021
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MOC8020, MOC8021

TEST CIRCUIT WAVEFORMS
INPUT PULSE
Vee = 10V
RL =100 Q
IF = 5mA
-
INPUT — OUTPUT OUTPUT PULSE

Figure 9. Switching Times
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA alnla @ @ @ @ BS

VDE uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT

6-Pin DIP Optoisolators
Darlington Output
(No Base Connection)

The MOC8030 and MOCB8050 devices consist of gallium arsenide infrared emitting
diodes optically coupled to monolithic silicon photodarlington detectors.

They are designed for use in applications requiring high sensitivity at low input currents.
e High Sensitivity to Low Input Drive Current
e High Collector-Emitter Breakdown Voltage — 80 Volts Minimum
e No Base Connection for Improved Noise Immunity

Applications

e Appliances, Measuring Instruments
e |/O Interfaces for Computers

e Programmable Controllers

e Portable Electronics

¢ Interfacing and coupling systems of
different potentials and impedances
e Solid State Relays

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

Rating [ symbot | valwe | unit |

INPUT LED
Reverse Voltage VR 3 Volts
Forward Current — Continuous IF 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mwW
with Negligible Power in Output Detector
Derate above 25°C 141 mW/°C
OUTPUT DETECTOR
Collector-Emitter Voltage VCEO 80 Volts
Emitter-Collector Voltage VECO 5 Volts
Detector Power Dissipation @ Tp =25°C Pp 150 mw
with Negligible Power in Input LED
Derate above 25°C 1.76 mwW/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 2.94 mW/°C
Ambient Operating Temperature Range (2) TA —55to +100 °C
Storage Temperature Range Tstg -55to +150 °C
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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MOC8030

Motorola Preferred Devices
STYLE 3 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“S”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

3

CASE 730F-04
(LOW PROFILE)

SCHEMATIC

123 —{6
2 \ 5
o—

PIN1. LED ANODE
LED CATHODE
N.C.

EMITTER
COLLECTOR
N.C.

el o




MOC8030, MOC8050

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic Symbol Min I Typ —[ Max ' Unit J
INPUT LED |
Reverse Leakage Current IR — 0.05 10 nA
(VR = 3V)
Forward Voltage VE - 1.15 2 Volts
(If = 10 mA)
Capacitance [ — 18 — pF
(VR =0V, f=1MHz)
PHOTODARLINGTON (Tp = 25°C and I = 0, unless otherwise noted)
Collector-Emitter Dark Current IcEO - — 1 HA
(VCg = 60 V)
Collector-Emitter Breakdown Voltage V(BR)CEO 80 — — Volts
(Ic = 1 mA)
Emitter-Collector Breakdown Voltage V(BR)ECO 5 — — Volts
{I|g = 100 pA)
COUPLED (Ta = 25°C unless otherwise noted)
Collector Output Current Ic mA
(VCE = 1.5V, If = 10 mA) MOC8030 30 - —_
MOC8050 50 — —
Isolation Surge Voltage (1, 2), 60 Hz Peak ac, 5 Second Viso 7500 — — Volts
Isolation Resistance (1) RisO — 1011 — Ohms
(V = 500 V)
Isolation Capacitance (1) Ciso — 0.2 — pF
V=0V, f=1MHz)
SWITCHING
Turn-On Time ton — 35 — us
Turn-Off Time toff — 95 —
Ve =10V, RL = 1009, If = 5mA
Rise Time tr — 1 — !
Fall Time tf — 2 — .

(1) For this test LED Pins 1 and 2 are common and Phototransistor Pins 4 and 5 are common.
(2) Isolation Surge Voltage, V|50, is an internal device dielectric breakdown rating.

TYPICAL CHARACTERISTICS
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Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current
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MOC8030, MOC8050
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MOC8030, MOC8050

TEST CIRCUIT WAVEFORMS
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Figure 9. Switching Times
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA alna@ @ @ @ ® BS

VDE uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT

6-Pin DIP Optoisolator
AC Input/Darlington Output

This device consists of two gallium arsenide infrared emitting diodes connected in
inverse-parallel, optically coupled to a silicon photodarlington detector which has integral
base-emitter resistor.

Applications

e Detection or Monitoring of ac Signals

o Interfacing and coupling systems of
different potentials and impedances

e Phase Feedback Controls
e Solid State Relays
e General Purpose Switching Circuits

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

[ Rating | symbol | vawe | unit |
INPUT LED
Forward Current — Continuous IF 60 mA
Forward Current — Peak (PW = 100 ps, 120 pps) IF(pk) 1 A
LED Power Dissipation @ Tp = 25°C PD 120 mw
Derate above 25°C 1.41 mW/°C
OUTPUT TRANSISTOR
Collector-Emitter Voltage VCEO 50 Volts
Emitter-Base Voltage VECO 7 Volts
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mw
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Input-Output Isolation Voltage (1) Viso 3750 Vac
(60 Hz, 1 sec. Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 150 mw
Derate above 25°C 2.94 mW/°C
Ambient Operating Temperature Range (2) TA —55to +100 °C
Storage Temperature Range Tstg —-55to +150 °C
Lead Soldering Temperature TL 260 °C
(1/16” from case, 10 sec. duration)

MOC8060

[CTR = 1000% Min]

STYLE 8 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“8”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

CASE 730F-04
(LOW PROFILE)

(1) Input-Output Isolation Voltage, Vg0, is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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SCHEMATIC
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MOC8060

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic I Symbol Min Typ Max I Unit
INPUT LEAD
Forward Voltage (If = 10 mA) VE 1.0 1.15 1.5 \
Capacitance (V =0, f = 1.0 MHz) C — 18 — pF
DARLINGTON OUTPUT
Collector-Emitter Dark Current (VCe =10V, Tpo =25°C) Iceo1 — — 0.001 mA
(Vce =10V, Tp = 100°C) IcEO2 — 0.1 — mA
Collector-Emitter Breakdown Voltage (Ic = 1.0 mA) V(BR)CEO 50 65 — \
Collector-Base Breakdown Voltage (Ig = 100 pA) V(BR)CBO 55 75 — \
Collector-Emitter Capacitance (f = 1.0 MHz, Vcg = 0) CcE — 7.0 — pF
COUPLED
Output Collector Current (If = 10 mA, Vcg = 10 V) Ic 100 — — mA
(lF=1.0mA,Vcg=10V) 5.0 — —
Output Current Symmetry (Note 1) 0.33 — 3.0 —
Icatlp=+10mA, Vcg=10V )
Icatlgp=-10mA,Vcg=10V
Collector-Emitter Saturation Voltage (I = 100 mA, I = 10 mA) VCE(sat) _ — 2.0 \
Isolation Voltage (f = 60 Hz, t = 1 sec.) Viso 3750 — — Vac(rms)
Isolation Resistance (V|.Q = 500 V) RiSO 1011 — — Q
Isolation Capacitance (V|.0 =0, f = 1.0 MHz) Ciso —_ 0.2 — pF
Note 1: This specification guarantees that the higher of the two I readings will be no more than 3 times the lower at Ig = 10 mA.
10 100 = e P rr
- = NORMALIZED TO: VG =5V, IF = 1 mA (300us PULSES)
& = I
£ | —NORMALIZED TO: Tp = 25°C & T
=2 [+ 1
o 3 10
5 =
o Pl
= o
3 ! 5
a =}
N 2
2 g
& Z
= =}
S =
- °
0.1 0.1
-50°C  -25°C  0°C 25°C  50°C  75°C 100°C 0.1 1 10 100 1000

Ta, AMBIENT TEMPERATURE

Figure 1. Output Current versus Ambient Temperature
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I, IRED INPUT CURRENT (mA)

Figure 2. Output Current versus Input Current
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Figure 3. Output Current versus Collector-Emitter Voltage Figure 4. Collector-Emitter Dark Current
versus Temperature
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Figure 6. Input Current versus Total Switching Speed

4-92

0

200 400 600 800 1000

If, INSTANTANEOUS INPUT CURRENT (mA)

Figure 7. Input Voltage versus Input Current



120VAC
50-60 Hz

Typical Component Values

RL
C
RF
Vce
Vout

2500 Q
50 uF
24 kQ

5 Volts
4.4 Volts

MOC8060

C LOAD RF
NG
1 60
MOC8060
5 ———————0 Ve
as 4 T’Vout
ALZ ¢

Component values may vary depending upon
the details of the actual application. The resistor
RL represents the load device. RF represents
the limiting resistor for the input diodes.

Figure 8. Typical Application Circuit: AC to DC Detector Circuit
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA
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VDE uL

Q

CSA

®

SETI

)

SEMKO

®

DEMKO

®

NEMKO

BS

BABT

6-Pin DIP Optoisolator
High Temperature Darlington Output

The MOCB8080 device consists of a gallium arsenide infrared emitting diode optically
coupled to a monolithic silicon photodarlington detector. They are designed for use in
applications requiring high sensitivity at low input currents.

o High Sensitivity to Low Input Drive Current

e |ow, Stable Leakage Current at Elevated Temperature

Applications

® Appliances, Measuring Instruments
e General Purpose Switching Circuits
e Programmable Controllers

e Portable Electronics

e [nterfacing and coupling systems of
different potentials and impedances
e Solid State Relays

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

MOC8080

[CTR = 500% Min]

STYLE 1 PLASTIC

N
STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“S”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

NG
CASE 730F-04
(LOW PROFILE)

Rating ['symbot | vawe | unit |
INPUT LED
Reverse Voltage VR 6 Volts
Forward Current — Continuous IF 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mwW
with Negligible Power in Output Detector
Derate above 25°C 1.41 mW/°C
OUTPUT DETECTOR
Collector-Emitter Voltage VCEO 55 Volts
Emitter-Collector Voltage VECO 5 Volts
Collector-Base Voltage VcBO 55 Volts
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mwW
with Negligible Power in Input LED
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 2.94 mW/°C
Ambient Operating Temperature Range (2) TA —55 to +100 °C
Storage Temperature Range Tstg —-55to +150 °C
Soldering Temperature (10 sec, 1/16” from case) T 260 °C

(1) Isolation surge voltage is an internal device dielectric breakdown rating.

For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
(2) Refer to Quality and Reliability Section for test information.
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MOC8080 ‘

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
INPUT LED |
Forward Voltage (If = 10 mA) Ta = 25°C VE 08 115 15 v |
Tp = —55°C 0.9 1.3 1.7
Ta = 100°C 0.7 1.05 14
Reverse Leakage Current (VR = 3 V) IR — — 100 nA
Capacitance (V = 0V, f = 1 MHz) C — 18 — pF
OUTPUT DETECTOR .
Collector-Emitter Dark Current (Vcg = 10V) Tp = 25°C IcEO — 5 100 nA
Ta = 100°C — 5 100 nA !
Collector-Base Dark Current (Vcg = 10 V) Ta = 25°C IcBO — 1 20 nA
Ta = 100°C - 100 —
Collector-Emitter Breakdown Voltage (Ic = 1 mA) V(BR)CEO 55 80 —_ \
Collector-Base Breakdown Voltage (Ic = 100 pA) V(BR)CBO 55 100 — \
Emitter-Collector Breakdown Voltage (I = 100 nA) V(BR)ECO 5 7 — \"
DC Current Gain (Ic = 5 mA, VCcg = 5 V) hFg — 16 k — —
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 5 V) Cce — 3.9 — pF
Collector-Base Capacitance (f = 1 MHz, Vcg = 5 V) CcB — 6.3 — pF
Emitter-Base Capacitance (f = 1 MHz, VEg = 5 V) Ceg — 38 — pF
COUPLED
Output Collector Current (If = 10 mA, VCg = 5 V) Ic 50 17 — mA
Collector-Emitter Saturation Voltage (ic = 1 mA, I = 1 mA) VCE(sat) — 0.6 1 \
Turn-On Time ton — 35 - ns
Turn-Off Time toff — 95 —
Vee = 10V, RL = 100 ©, If = 5 mA
Rise Time tr — 1 —
Fall Time tf — 2 —_
Isolation Voltage (f = 60 Hz, t = 1 sec) (1) Viso 7500 — — Vac(pk)
Isolation Resistance (V = 500 V) (1) RISO 1011 — — Q
Isolation Capacitance (V = 0V, f = 1 MHz) (1) Ciso — 0.2 2 pF

Note: (1) For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

TYPICAL CHARACTERISTICS

~

10

RERLUNINY ) é/ § Bt
i PULSE ONLY i 2 A
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3 A/l g Tp = 25°C nua
o AN/ R
216 - ara &
3 g A7 €
= peil) 94 =
< 14 A Cd ,/ S
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1 D > 001
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I, LED FORWARD CURRENT (mA) IF, LED INPUT CURRENT (mA)
Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current
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MOC8080
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MOC8080
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Figure 9. DC Current Gain (Detector Only)

Figure 10. Detector Capacitances versus Voltage

TEST CIRCUIT WAVEFORMS
Vee =10V
IF = 5mA RL = 1000
-
INPUT - OUTPUT

INPUT PULSE

OUTPUT PULSE

Figure 11. Switching Times
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MOTOROLA
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TECHNICAL DATA
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6-Pin DIP Optoisolator
Transistor Output

SEMKO

The MOC8100 device consists of a gallium arsenide infrared emitting diode optically
coupled to a monolithic silicon phototransistor detector. It is designed for applications

requiring low LED drive current.

o High Current Transfer Ratio Guaranteed at 1 mA LED Drive Level

Applications

e Appliances, Measuring Instruments
General Purpose Switching Circuits
Programmable Controllers

Portable Electronics

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

e Interfacing and coupling systems of
different potentials and impedances

o Low Power Logic Circuits

e Telecommunications Equipment

MOC8100

[CTR = 50% Min]

STYLE 1 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

“T” LEADFORM
WIDE SPACED 0.4”
CASE 730D-05

“g”/“F” LEADFORM
SURFACE MOUNT
CASE 730C-04
(STANDARD PROFILE)

$

CASE 730F-04
(LOW PROFILE)

I Rating | symbot | vawe | unit
INPUT LED
Reverse Voltage VR 6 Volts
Forward Current — Continuous I 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mw
with Negligible Power in Output Detector
Derate above 25°C 1.41 mW/°C
OUTPUT TRANSISTOR
Collector-Emitter Voltage VCEO 30 Volts
Emitter-Base Voltage VEBO 7 Volts
Collector-Base Voltage Veeo 70 Volts
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mw
with Negligible Power in Input LED
Derate above 25°C 1.76 mw/°C
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 2.94 mW/°C
Ambient Operating Temperature Range (2) TA —55 to +100 °C
Storage Temperature Range Tstg —-55to +150 °C
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

(2) Refer to Quality and Reliability Section for test information.
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MOC8100

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

{ Characteristic I Symbol l Min I Typ l Max I Unit
INPUT LED
Forward Voltage (I = 10 mA) Ta = 0-70°C VE — 1.15 1.4 Volts
Ta = —55°C — 1.3 —
TA = 100°C —_ 1.05 —
Reverse Leakage Current (VR = 6 V) IR - 0.05 10 pA
Capacitance (V = 0V, f = 1 MHz) Cy — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current ICEO — 3 25 nA
(VCE = 5V, Ta = 25°C)
(VCE = 30V, Ta = 70°C) ICEO — 0.05 50 uA
Collector-Base Dark Current (Vcg = 5 V) IcBO — 0.2 10 nA
Collector-Emitter Breakdown Voltage (ic = 1 mA) V(BR)CEO 30 45 —_ Volts
Collector-Base Breakdown Voltage (Ic = 100 pA) V(BR)CBO 70 100 — Volts i
Emitter-Base Breakdown Voltage (Ilg = 100 nA) V(BR)EBO 7 7.8 — Volts
DC Current Gain (Ic = 1 mA, VCg = 5V) hre — 600 — —
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 0) Cce — 7 — pF
Collector-Base Capacitance (f = 1 MHz, Vcg = 0) Ccs - 19 — pF
Emitter-Base Capacitance (f = 1 MHz, Vgg = 0) CeB — 9 — pF
COUPLED
Output Collector Current Ic mA

(IF =1mA Vcg =5V) 0.5 1 —

(IF = 1mA,Vcg = 5V, Tp = 0to +70°C) 0.3 0.6 —
Collector-Emitter Saturation Voltage (ic = 100 pA, I = 1 mA) VCE(sat) — 0.22 0.5 Volts
Turn-On Time (Ic = 2 mA, Ve = 10V, R = 100 Q, Figure 11) ton — 9 20 us
Turn-Off Time (Ic = 2 mA, Vgc = 10V, R = 100 Q, Figure 11) toff — 7 20 us
Rise Time (Ic = 2 mA, Vgc = 10V, R = 100 Q, Figure 11) tr — 3.8 — us
Fall Time (Ic = 2 mA, Vcc = 10V, R = 100 Q, Figure 11) tf —_— 5.6 —_ ©s
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
Isolation Resistance (V = 500 V) Riso 101 - — Q
Isolation Capacitance (V = 0V, f = 1 MHz) Ciso — 0.2 2 pF

TYPICAL CHARACTERISTICS
T T 7 g 1 s mesasie
| - PULSE ONLY L1 8 ]
————— PULSE OR DC ,’ U < [——1~NORMALIZED TO:
z 18 + E [T g=10mA
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3 Ay ¥l g
ks 16 17 ', g
5‘ wa [=] 2
> // vV Y S 4
=] 14 A v = 7
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I, LED FORWARD CURRENT (mA) If, LED INPUT CURRENT (mA)

Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current
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Figure 5. Dark Current versus Ambient Temperature
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MOC8100
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MOTOROLA
SEMICONDU C T O R 0

TECHNICAL DATA
&NaAa@®O 0 ®ss [mocsiol*

VDE uL CsA SET! | SEMKO | DEMKO | NEMKO | BABT [CTR = 50-80%]

*
6-Pin DIP Optoisolators M?cfglgz

For Power Supply Applications MOC8103

- [CTR = 108-173%]

(No Base Connection) MOC8104

[CTR = 160-256%]
The MOC8101, MOC8102, MOC8103 and MOC8104 devices consist of a gallium “Motorola Preferred Devices

arsenide LED optically coupled to a silicon phototransistor in a dual-in-line package. STYLE 3 PLASTIC

e Closely Matched Current Transfer Ratio (CTR)

o Narrow (CTR) Windows that translate to a Narrow and Predictable Open Loop Gain
Window

e Very Low Coupled Capacitance along with No Base Connection for Minimum Noise
Susceptability

STANDARD THRU HOLE
Applications CASE 730A-04
e Switchmode Power Supplies (Feedback Control) e Interfacing and coupling systems of
e AC Line/Digital Logic Isolation different potentials and impedances

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

Rating | symbot [ vatue | unmit | “T" LEADFORM
INPUT LED WIDE SPACED 0.4”
Forward Current — Continuous IF 60 mA CASE 730D-05
Forward Current — Peak (PW = 100 us, 120 pps) IF(pk) 1 A
Reverse Voltage VR 6 Volts Q
LED Power Dissipation @ Tp = 25°C Pp 120 mw I
Derate above 25°C 1.41 mw/°C S”/“F” LEADFORM
SURFACE MOUNT
OUTPUT TRANSISTOR CASE 730C-04
Collector-Emitter Voltage VCEO 30 Volts (STANDARD PROFILE)
Emitter-Collector Voltage VECO 7 Volts
Collector Current — Continuous ic 150 mA
Detector Power Dissipation @ T = 25°C Pp 150 mw 2
Derate above 25°C 1.76 mW/°C CASE 730F-04
TOTAL DEVICE (LOW PROFILE)
Input-Output Isolation Voltage (1) Viso 3750 Vac(rms)
f=60Hz, t=1sec. 7500 Vac(pk)
¢ ) P SCHEMATIC
Total Device Power Dissipation @ Tp = 25°C Pp 250 mwW
Derate above 25°C 2.94 mwW/°C
Ambient Operating Temperature Range (2) TA ~55to +100 °C 10 * NH'O 6
Storage Temperature Range Tstg —55to +150 °C 20— \\ 0%
Lead Soldering Temperature ) T 260 °C 30— Ne | l o4
(1/16” from case, 10 sec. duration)

(1) Input-Output Isolation Voltage, Vg, is an internal device dielectric breakdown rating. PIN1. ANODE
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. .

(2) Refer to Quality and Reliability Section for test information. g gngglelsECTION

4. EMITTER
5. COLLECTOR
6. NO CONNECTION
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MOC8101, MOC8102, MOC8103, MOC8104

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

[ Characteristic Symbol Min Typ Max | unit |
INPUT LED
Forward Voltage (If = 10 mA) VF 1.0 1.15 15 v
Reverse Leakage Current (VR = 5.0 V) IR —_ 0.05 10 pA
Capacitance [ — 18 —_ pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current (VCe = 10V, Tp = 25°C) ICEO1 — 1.0 50 nA
(VCE = 10V, TA = 100°C) IcEO2 — 1.0 — wA
Collector-Emitter Breakdown Voltage (ic = 1.0 mA) V(BR)CEO 30 45 — .V
Emitter-Collector Breakdown Voltage (Ig = 100 pA) V(BR)ECO 7.0 7.8 — v
Collector-Emitter Capacitance (f = 1.0 MHz, Vcg = 0) Cce — 7.0 — pF
COUPLED
Output Collector Current MOC8101 Ic 5.0 6.5 8.0 mA
(I = 10 mA, Vcg = 10V) MOC8102 7.3 9.0 1.7
MOC8103 10.8 14 173
MOC8104 16 20 25.6
Collector-Emitter Saturation Voltage (Ic = 500 pA, If = 5.0 mA) VCE(sat) -— 0.15 0.4 v
Turn-On Time (Ic = 2.0 mA, Vec = 10V, R = 100 Q) ton — 75 20 us
Turn-Off Time (Ic = 20 mA, Vcc = 10V, R = 100 Q) toff — 5.7 20 us
Rise Time (Ic = 2.0 mA, Vcc = 10V, R = 100 ©) tr — 3.2 —_ s
Fall Time (Ic = 2.0 mA, V¢c = 10V, R = 100 Q) tf — 4.7 — us
Isolation Voltage (f = 60 Hz, t = 1.0 sec.) Viso 3750 — — Vac(rms)
Isolation Resistance (V.0 = 500 V) RISO 101 — — Q
Isolation Capacitance (V.0 = 0, f = 1.0 MHz) Ciso — 0.2 — pF
TYPICAL CHARACTERISTICS
7 a B
CT T s E=EE
g 18— PULSE OR DC Y &) A = N IRW :L;‘Z)LDATO:
g / / / g 1 F m
",'é 16 . £ /) /‘, %
§ ” 4 ’/ § V i
214 AL A &
g A g o £
§ —Ta = _—5?'1' B > H é 7,
12 2T » §
e e § 001
1 10 100 1000 <" 05 1 2 5 10 2 50
If, LED FORWARD CURRENT (mA) IF, LED INPUT CURRENT {mA)
Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current
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MOC8101, MOC8102, MOC8103, MOC8104

IceQ, COLLECTOR-EMITTER DARK CURRENT

TA, AMBIENT TEMPERATURE (°C)

Figure 5. Dark Current versus Ambient Temperature
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MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA
&Na®0 ®Wdss [mocg111*

VDE uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT

[CTR = 20% Min]

6-Pin DIP Optoisolators MOC8112
Transistor Output MOC8113
(No Base Connection) (GTR = 100% Min)

*Motorola Preferred Device
STYLE 3 PLASTIC

The MOC8111, MOC8112 and MOC8113 devices consist of a gallium arsenide infrared
emitting diode optically coupled to a monolithic silicon phototransistor detector. The
internal base-to-Pin 6 connection has been eliminated for improved noise immunity.

Applications

e Appliances, Measuring Instruments ¢ Interfacing and coupling systems of
o Regulation and Feedback Control different potentials and impedances STANDARD THRU HOLE
e Programmable Controllers e General Purpose Switching Circuits CASE 730A-04

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

[ Rating [ symbol | vawe | unit |
INPUT LED “T” LEADFORM
Reverse Voltage VR 6 Volts WIDE SPACED 0.4”
Forward Current — Continuous IF 60 mA CASE 730D-05
LED Power Dissipation @ Tp = 25°C Pp 120 mw
with Negligible Power in Output Detector
Derate above 25°C 1.41 mW/°C '-i"
OUTPUT TRANSISTOR “8”/“F” LEADFORM
Collector-Emitter Voltage VCEO 30 Volts SURFACE MOUNT
- CASE 730C-04
Emitter-Collector Voltage VECO 7 Volts (STANDARD PROFILE)
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mw P
with Negligible Power in Input LED \3 4
Derate above 25°C 1.76 mW/°C c SE i
ASE 730F-04
TOTAL DEVICE (LOW PROFILE)
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 2.94 mW/°C SCHEMATIC
Ambient Operating Temperature Range (2) TA ~55to +100 °C
Storage Temperature Range Tstg —55to +150 °C 1 2 } Os
Soldering Temperature (10 sec, 1/16” from case) T 260 °C 2 A

K:E 5
(1) Isolation surge voltage is an internal device dielectric breakdown rating.
30— 4

For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
(2) Refer to Quality and Reliability Section for test information.

PIN1. LED ANODE
2. LED CATHODE
3. N.C.
4, EMITTER
5. COLLECTOR
6. N.C.
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MOC8111, MOC8112, MOC8113

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

[ Characteristic symbol [ Min [ Typ | Max | unit |
INPUT LED
Forward Voltage (If = 10 mA) Ta = 25°C VF — 1.15 15 Volts
TA = —-55°C - 13 -
Ta = 100°C — 1.05 —
Reverse Leakage Current (VR = 6 V) IR - 0.05 10 nA
Capacitance (V = 0, f = 1 MHz) Cy — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current IcCEO — 1 50 nA
(VCE = 10V, Ta = 25°C)
(VCg = 10V, Ta = 100°C) ICEO — 1 — pA
Collector-Emitter Breakdown Voltage (Ic = 1 mA) V(BR)CEQO 30 45 — Volts
Emitter-Collector Breakdown Voltage (Ig = 100 uA) V(BR)ECO 7 7.8 —_ Volts
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 0) Cce — 7 —_ pF
COUPLED
Output Collector Current MOC8111 Ic 2 5 - mA
(lr = 10 mA, Vcg = 10 V) MOC8112 5 10 —
MOC8113 10 20 —_
Collector-Emitter Saturation Voltage (Ic = 500 uA, I = 10 mA) VCE(sat) —_ 0.15 0.4 Volts
Turn-On Time (Ic = 2 mA, Vcc = 10V, RL = 100 (, Figure 10) ton — 7.5 20 us
Turn-Off Time (Ic = 2 mA, Vcc = 10V, R = 100 Q, Figure 10) toff — 5.7 20 us
Rise Time (Ic = 2 mA, Vgc = 10V, R = 100 ©, Figure 10) tr — 3.2 — us
Fall Time (Ic = 2 mA, Vcc = 10V, R = 100 Q, Figure 10) tf — 4.7 — us
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
Isolation Resistance (V = 500 V) Riso 101 — — Q
Isolation Capacitance (V = 0, f = 1 MHz) Ciso —_— 0.2 —_ pF
TYPICAL CHARACTERISTICS
a 10 =
T T 1T Jéf g ===
T PULSE ONLY 7Y 2 f-normaLzeb To:
@ 18— PULSE OR DC 7#—H x 1 g=10mA
§ 4vai = -
= 7 =
&5 AV.9i g 1
jar M / ! 5
g ptilie" S g
=) ’ =] %
g 14 — e 5 7
z 1 45°C paill'e E 0.1
9 = 7 T 1 3 7
s = T = 2
H] o E
1 1 |00C LT %
1 10 100 1000 oo 0.5 1 2 5 10 20 50
If, LED FORWARD CURRENT (mA) I, LED INPUT CURRENT (mA)
Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current
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Ic, COLLECTOR CURRENT (mA)

IceQ. COLLECTOR-EMITTER DARK CURRENT

ton TURN-ON TIME (us)

(NORMALIZED)

MOC8111, MOC8112, MOC8113
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Figure 5. Dark Current versus Ambient Temperature
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MO0C8111, MOC8112, MOC8113
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MOTOROLA |
SEMICONDUCTOR

TECHNICAL DATA
&Na000dss [mocs20s*

VDE uL CSA SETI | SEMKO | DEMKO | NEMKO | BABT

[CTR = 20% Min]

6-Pin DIP Optoisolators MOC8205 ;

[CTR = 10% Min]

High Voltage Transistor Output MOC8206
(400 Volts) o

*Motorola Preferred Device
STYLE 1 PLASTIC

The MOC8204, MOC8205 and MOCB8206 devices consist of gallium arsenide infrared
emitting diodes optically coupled to high voltage, silicon, phototransistor detectors in a
standard 6-pin DIP package. They are designed for applications requiring high voltage
output and are particularly useful in copy machines and solid state relays.

Applications
e Copy Machines o Monitor and Detection Circuits STANDARD THRU HOLE
o Interfacing and coupling systems of e Solid State Relays CASE 730A-04

different potentials and impedances

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

L Rating ijmbol L Value [ Unit J W‘I;;LSEPII‘\%FE(I)JRJt
INPUT LED CASE 730D-05
Forward Current — Continuous IF 60 mA
T R
LED Power Dissipation @ Tp = 25°C Pp 120 mwW «gr/F” LEADFORM
Derate above 25°C 1.41 mW/°C SURFACE MOUNT
OUTPUT TRANSISTOR CASE 730C-04
Collector-Emitter Voitage VCER 400 Volts (STANDARD PROFILE)
Emitter-Collector Voltage VECO 7 Volts \
Collector-Base Voltage VeBO 400 mA \§
Collector Current (Continuous) Ic 100 mA CASE 730F-04
Detector Power Dissipation @ Tp = 25°C PD 150 mw (LOW PROFILE)
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
- - ~ oro
s b zoc AT o2 | marc SCHEMATIC
Operating Temperature Range (2) Ty —55 to +100 °C
Storage Temperature Range Tstg ~55 to +150 °C 1 :3 \ 8
Soldering Temperature (10 s) T 260 °C 2 N 5
Isolation Surge Voltage Viso 7500 Vac(pk) so— 4
Peak ac Voltage, 60 Hz, 1 Second Duration (1)

(1) Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
(2) Refer to Quality and Reliability Section for test information. PIN1. ANODE
2. CATHODE

3. N.C.

4. EMITTER

5. COLLECTOR
6. BASE
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MOC8204, MOC8205, MOC8206

ELECTRICAL CHARACTERISTICS
Characteristic | symbot | Min | Typ | Max | unit
INPUT LED (TA = 25°C unless otherwise noted)
Reverse Leakage Current IR — — 10 uA
(VR =6V)
Forward Voltage VE - 1.2 1.5 Volts
(I = 10 mA)
Capacitance Cy — 18 — pF

(V=0V,f=1MHz)

OUTPUT TRANSISTOR (Tp = 25°C and If = 0 unless otherwise noted)

Collector-Emitter Dark Current (Rgg = 1 MQ) ICER
(VCg = 300V) TA = 25°C — — 100 nA
TA = 100°C - —_ 250 uA
Collector-Base Breakdown Voltage V(BR)CBO 400 — — Volts
(Ic = 100 nA)
Collector-Emitter Breakdown Voltage V(BR)CER 400 — — Volts
(ic = 1mA, RBg = 1 MQ)
Emitter-Base Breakdown Voltage V(BR)EBO 7 — —_ Volts
(Ig = 100 uA)
COUPLED (TA = 25°C unless otherwise noted)
Current Transfer Ratio CTR %
(VCE = 10V, If = 10 mA, Rgg = 1 MQ) MOC8204 20 — —
MOC8205 10 - —_
MOC8208 5 — —
Surge Isolation Voltage (Input to Output) (1) Viso 7500 -— —_ Volts
Peak ac Voltage, 60 Hz, 1 sec
Isolation Resistance (1) Riso — 101 - Ohms
(V = 500 V)
Collector-Emitter Saturation Voltage VCE(sat) - — 0.4 Volts
(Ic = 0.5 mA, Ig = 10 mA, Rgg = 1 MQ)
Isolation Capacitance (1) Ciso - 0.2 — pF
(V=0V,f=1MHz)
Turn-On Time ton — 5 —_ us
Veec =10V, Ic = 2mA, R = 100 Q
Turn-Off Time toff - 5 —_—
NOTE: 1. For this test LED Pins 1 and 2 are and phototransi Pins 4, 5, and 6 are common.
i
o = g A
=0 — =3P ¢ |
o e =
3 5 = E IF = 20mA
= 10 1
1
E 2 Rgg = 10502 g IF = 10mA
1 Veg = 0V 3 5 ———
& Tp = 25°C <
05 ~ ks If = 5mA
02 A 2
i B4 ~
01 1 [
1 2 5 10 20 50 -60 —40 -20 0 20 40 60 80 100
I, LED INPUT CURRENT (mA) Ta, AMBIENT TEMPERATURE (°C)
Figure 1. Output Current versus LED Input Current Figure 2. Output Current versus Temperature
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MOC8204, MOC8205, MOC8206
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MOTOROLA
TECHNICAL DATA

Small Outline Optoisolators
Transistor Output

These devices consist of a gallium arsenide infrared emitting diode optically coupled
to a monolithic silicon phototransistor detector, in a surface mountable, small outline,
plastic package. They are ideally suited for high density applications, and eliminate the
need for through-the-board mounting.

® Convenient Plastic SOIC-8 Surface Mountable Package Style
® Closely Matched Current Transfer Ratios

m SEMICONDUCTOR ]

MOC205

[CTR = 40-80%]

MOC206

[CTR = 63-125%]

MOC207

[CTR = 100-200%}

Motorola Preferred Devices
STYLE 1 PLASTIC

® Minimum V(gR)CEQ of 70 Volts Guaranteed SMALL OUTLINE

® Standard SOIC-8 Footprint, with .050" Lead Spacing Rgprsﬁgﬁgmgons

o Shipped in Tape and Reel, which Conforms to EIA Standard RS481A TRAN R OUTPUT

® Compatible with Dual Wave, Vapor Phase and IR Reflow Soldering

® High Input-Output Isolation of 2500 Vac (rms) Guaranteed

® UL Recognized S\) File #E54915

Ordering Information:

® To obtain MOC205, 206, 207 in Tape and Reel, add R1 or R2 suffix to device numbers

as follows:
R1-500 units on 7" reel
R2-2500 units on 13" reel

® To obtain MOC205, 206, 207 in quantities of 75 (shipped in sleeves) — No Suffix

Marking Information:

e MOC205 = 205

e MOC206 = 206 CASE 846-01

e MOC207 = 207

Applications:

e Feedback Control Circuits SCHEMATIC

o Interfacing and coupling systems of different potentials and impedances

® General Purpose Switching Circuits

® Monitor and Detection Circuits 1 D 8

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) ) 7

Rating | SVmbol—l Value r Unit \

INPUT LED 30— 6
Forward Current — Continuous If 60 mA 4 D___ 5
Forward Current — Peak (PW = 100 us, 120 pps) 1g(pk) 1.0 A
Reverse Voltage VR 6.0 v
LED Power Dissipation @ Ta = 25°C Pp 90 mwW

Derate above 25°C 0.8 mW/°C
OUTPUT TRANSISTOR
N 1: LED ANODE
Collector-Emitter Voltage Vceo 70 v 2 LED CATHODE
Collector-Base Voltage VcBO 70 3: NO CONNECTION
- 4: NO CONNECTION
Emitter-Collector Voltage VECO 7.0 \ 5: EMITTER
Collector Current — Continuous Ic 150 mA 6: COLLECTOR
7: BASE
Detector Power Dissipation @ Tp = 25°C Pp 150 mWwW 8: NO CONNECTION
Derate above 25°C 1.76 mW/°C
(continued)




MOC205, MOC206, MOC207

MAXIMUM RATINGS — continued (Ta = 25°C unless otherwise noted)

Rating Symbol _[ Value J Unit
TOTAL DEVICE
Input-Output Isolation Voltage (1) Viso 2500 Vac(rms)
(60 Hz, 1.0 sec. duration)
Total Device Power Dissipation @ Tp = 25°C Pp 150 mwW
Derate above 25°C 294 mW/°C
Ambient Operating Temperature Range TA ~55to +100 °C
Storage Temperature Range Tstg —55to +150 °C
Lead Soldering Temperature — 260 °C
(1/16" from case, 10 sec. duration)

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

L Characteristic —l Symbol Min ] Typ T Max Unit
INPUT LED
Forward Voltage (If = 10 mA) VE — 1.15 1.5 \"
Reverse Leakage Current (VR = 6.0 V) IR — 0.1 100 pA
Capacitance Cc — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current (VCE = 10V, Tpo = 25°C) Iceo? — 1.0 50 nA
(VCe = 10V, Ta = 100°C) Iceo2? — 1.0 — nA
Collector-Emitter Breakdown Voltage (Ic = 100 pA) V(BR)CEO 70 120 — Vv
Emitter-Collector Breakdown Voltage (Ig = 100 uA) V(BR)ECO 7.0 7.8 — v |
Collector-Emitter Capacitance (f = 1.0 MHz, Vcg = 0) Cce — 7.0 — pF |
COUPLED !
Output Collector Current MOC205 Ic 4.0 6.0 8.0 mA !
(lf = 10 mA, Vcg = 10V) MOC206 6.3 9.4 125 i
MOC207 10 15 20 |
Collector-Emitter Saturation Voltage (Ic = 2.0 mA, Ig = 10 mA) VCE(sat) — 0.15 0.4 \ “
Turn-On Time (Ic = 2.0 mA, Vcc = 10V, R = 100 Q) ton — 3.0 — us 1
Turn-Off Time (Ic = 2.0 mA, Vcc = 10V, R = 100 Q) toff — 2.8 — us |
Rise Time (Ic = 2.0 mA, Vcc = 10V, R = 100 Q) tr — 1.6 _ us ‘
Fall Time (Ic = 2.0 mA, Vcc = 10V, R = 100 Q) tf — 2.2 — us
Isolation Voltage (f = 60 Hz, t = 1.0 sec.) Viso 2500 — — Vac(rms)
Isolation Resistance (V.0 = 500 V) Riso 1011 — — Q
Isolation Capacitance (V|.0 = 0, f = 1.0 MHz) Ciso — 0.2 — pF

(1) Input-Output Isolation Voltage, V|g0. is an internal device dielectric breakdown rating. For this test, pins 1 and 2 are common, and pins 5, 6 and 7
are common.

TYPICAL CHARACTERISTICS
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Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current




MOC205, MOC206, MOC207
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MOTOROLA
TECHNICAL DATA

Small Outline Optoisolators
Transistor Output

These devices consist of a gallium arsenide infrared emitting diode optically coupled
to a monolithic silicon phototransistor detector, in a surface mountable, small outline,
plastic package. They are ideally suited for high density applications, and eliminate the
need for through-the-board mounting.

® Convenient Plastic SOIC-8 Surface Mountable Package Style
Standard SOIC-8 Footprint, with .050” Lead Spacing

EE SEMICONDUCTO R 15—

MOC211

[CTR = 20% Min]

MOC212

[CTR = 50% Min]

MOC213

[CTR = 100% Min]

Motorola Preferred Devices
STYLE 1 PLASTIC

.
' Shipped in Tape and Reel, which Conforms to EIA Standard RS481A SMALL OUTLINE
® Compatible with Dual Wave, Vapor Phase and IR Reflow Soldering OPTOISOLATORS
® High Input-Output Isolation of 2500 Vac (rms) Guaranteed TRANSISTOR OUTPUT
® UL Recognized Q\\ File #£54915
Ordering Information:
® To obtain MOC211, 212, 213 in Tape and Reel, add R1 or R2 suffix to device numbers
as follows:
R1-500 units on 7" reel
R2-2500 units on 13" reel
® To obtain MOC211, 212, 213 in quantities of 75 (shipped in sleeves) — No Suffix
Marking Information:
e MOC211 = 211
e MOC212 = 212
e MOC213 = 213 CASE 846-01
Applications:
® General Purpose Switching Circuits
® Interfacing and coupling systems of different potentials and impedances
® Regulation Feedback Circuits SCHEMATIC
® Monitor and Detection Circuits
1 ——l | 8
MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)
Rating | symbol Value unit | 2 7
INPUT LED 30} \ p
Forward Current — Continuous IF 60 mA
Forward Current — Peak (PW = 100 us, 120 pps) IF(pk) 1.0 A 4 D—- 5
Reverse Voltage VR 6.0 \
LED Power Dissipation @ Tp = 25°C Pp 20 mwW
Derate above 25°C 0.8 mW/°C
OUTPUT TRANSISTOR
- 1: LED ANODE
Collector-Emitter Voltage VCEO 30 v 2 LED CATHODE
Collector-Base Voltage VcBO 70 v 3: NO CONNECTION
~ 4: NO CONNECTION
Emitter-Collector Voltage VECO 7.0 v 5: EMITTER
Collector Current — Continuous Ic 150 mA 33 gg;'éECTOR
Detector Power Dissipation @ Ta = 25°C Pp 150 mw 8 NO CONNECTION
Derate above 25°C 1.76 mW/°C
(continued)
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MOC211, MOC212, MOC213

MAXIMUM RATINGS — continued (Ta = 25°C unless otherwise noted)

l Rating r Symbol Value Unit
TOTAL DEVICE
Input-Output Isolation Voltage (1) Viso 2500 Vac(rms)
(60 Hz, 1.0 sec. duration)
Total Device Power Dissipation @ Tp = 25°C Pp 150 mw
Derate above 25°C 2.94 mW/°C
Ambient Operating Temperature Range Ay -55to +100 °C
Storage Temperature Range Tstg —55to +150 °C
Lead Soldering Temperature — 260 °C
(1/16" from case, 10 sec. duration)

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

[ Characteristic Symbol Min | Typ L Max | Unit
INPUT LED :
Forward Voltage (If = 10 mA) VE — 1.15 15 v
Reverse Leakage Current (VR = 6.0 V) IR — 0.1 100 nA
Capacitance C — 18 _ pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current (VCg = 10V, Ta = 25°C) IcCEO? — 1.0 50 nA
(VCg = 10V, Ta = 100°C) IcEO2 — 1.0 — uA
Collector-Emitter Breakdown Voltage (Ic = 100 pA) V(BR)CEO 30 90 — \"
Emitter-Collector Breakdown Voltage (Ig = 100 pA) V(BR)ECO 7.0 7.8 — v
Collector-Emitter Capacitance (f = 1.0 MHz, Vcg = 0) Cce — 7.0 — pF
COUPLED
Output Collector Current Moc211 Ic 2.0 6.5 — mA
(IF = 10 mA, VG = 10 V) MOC212 5.0 9.0 —
MOC213 10 14 —
Collector-Emitter Saturation Voltage (ic = 2.0 mA, I = 10 mA) VCE(sat) — 0.15 0.4 \"
Turn-On Time (Ic = 2.0 mA, Vcc = 10V, R = 100 Q) ton — 75 — us
Turn-Off Time (Ic = 2.0 mA, Vcc = 10V, R = 100 Q) toff — 5.7 — us
Rise Time (Ic = 2.0 mA, Vg = 10V, R = 100 Q) tr — 3.2 — us
Fall Time (Ic = 2.0 mA, Vg = 10V, R = 100 ) tf — a7 — us
Isolation Voltage (f = 60 Hz, t = 1.0 sec.) Viso 2500 — — Vac(rms)
Isolation Resistance (V|.0 = 500 V) Riso 1011 — — Q
Isolation Capacitance (V). = 0, f = 1.0 MHz) Ciso — 0.2 — pF

(1) Input-Output Isolation Voltage, V|gQ, is an internal device dielectric breakdown rating. For this test, pins 1 and 2 are common, and pins 5, 6 and 7
are common.

TYPICAL CHARACTERISTICS

L s s 0 B BN 7

1
T

T

| m e PULSE ONLY 4 A0
————— PULSE OR DC 7

~q

3 N
o
54

- NORMAL

0
~
+

If=1

~.

>
N
AN
~

=
\
N

~1 LA
F—Ta = — 55t it
A

N

R

25°c I >

=T 100°C | L4
L et

Vr, FORWARD VOLTAGE (VOLTS)
\
I¢, OUTPUT COLLECTOR CURRENT (NORMALIZED)

1 10 00 1000 0.01 05 1 2 5 0 2 50
I, LED FORWARD CURRENT (mA) If, LED INPUT CURRENT (mA)

Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current

5-6



MOC211, MOC212, MOC213
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MOTOROLA
TECHNICAL DATA

Small Outline Optoisolators
Transistor Output (Low Input Current)

These devices consist of a gallium arsenide infrared emitting diode optically coupled
to a monolithic silicon phototransistor detector, in a surface mountable, small outline,
plastic package. They are ideally suited for high density applications, and eliminate the
need for through-the-board mounting.

® Convenient Plastic SOIC-8 Surface Mountable Package Style
Low LED Input Current Required, for Easier Logic interfacing

EE SEMICOND U CT O R  /5mm

MOC215

[CTR = 20% Min]

MOC216

[CTR = 50% Min]

MOC217

[CTR = 100% Min]

Motorola Preferred Devices
STYLE 1 PLASTIC

.
® Standard SOIC-8 Footprint, with .050" Lead Spacing gmﬁ;g&%’:’;
® Shipped in Tape and Reel, which Conforms to EIA Standard RS481A TRANSISTOR OUTPUT
® Compatible with Dual Wave, Vapor Phase and IR Reflow Soldering
® High Input-Output Isolation of 2500 Vac (rms) Guaranteed
® UL Recognized S\ File #E54915
Ordering Information:
® To obtain MOC215, 216, 217 in Tape and Reel, add R1 or R2 suffix to device numbers
as follows:
R1-500 units on 7" reel
R2-2500 units on 13" reel
® To obtain MOC215, 216, 217 in quantities of 75 (shipped in sleeves) — No Suffix
Marking Information:
® MOC215 = 215
e MOC216 = 216 CASE 846-01
e MOC217 = 217
Applications:
® Low power Logic Circuits SCHEMATIC
e Interfacing and coupling systems of different potentials and impedances
® Telecommunications equipment
e Portable electronics
1 —{s
MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)
2 7
Rating J Symbol l Value { Unit |
INPUT LED 3 D,_ 6
Forward Current — Continuous IF 60 mA
Forward Current — Peak (PW = 100 us, 120 pps) IF(pk) 1.0 A o[— 5
Reverse Voltage VR 6.0 \
LED Power Dissipation @ Tp = 25°C Pp 90 mw
Derate above 25°C 0.8 mW/°C
OUTPUT TRANSISTOR 1+ LED ANODE
Collector-Emitter Voltage VCEO 30 " 2 LED CATHODE
Collector-Base Voltage VcBO 70 v 21 :8 ggx:‘ég:g:
Emitter-Collector Voltage VEco 7.0 v 5 EMITTER
Collector Current — Continuous Ic 150 mA Si gg;tECTOR
Detector Power Dissipation @ Tp = 25°C Pp 150 mwW 8 NO CONNECTION
Derate above 25°C 1.76 mwW/°C
(continued)
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MOC215, MOC216, MOC217

MAXIMUM RATINGS — continued (Tp = 25°C unless otherwise noted)

Rating Symbol [ Value Unit —l
TOTAL DEVICE
Input-Output Isolation Voltage (1) Viso 2500 Vac(rms)
(60 Hz, 1.0 sec. duration)
Total Device Power Dissipation @ Tp = 25°C Pp 150 mwW
Derate above 25°C 2.94 mwW/rC
Ambient Operating Temperature Range TA —55to +100 °C
Storage Temperature Range Tstg —55to +150 °C
Lead Soldering Temperature — 260 °C
(1/16” from case, 10 sec. duration)
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
[ Characteristic Symbol Min [ Typ Max Unit
INPUT LED
Forward Voltage (I = 1.0 mA) VE — 1.05 1.3 \"
Reverse Leakage Current (VR = 6.0 V) IR — 0.1 100 HA
Capacitance C — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current (VCE = 5.0V, Tp = 25°C) IcEO! — 1.0 50 nA
(VCg = 5.0V, Ta = 100°C) IcEQ2 — 1.0 — nA
Collector-Emitter Breakdown Voltage (Ic = 100 nA) V(BR)CEO 30 90 — 3
Emitter-Collector Breakdown Voltage (I = 100 uA) V(BR)ECO 7.0 7.8 — \
Collector-Emitter Capacitance (f = 1.0 MHz, VCcg = 0) Cce — 7.0 — pF
COUPLED
Output Collector Current MOC215 Ic 200 500 — nA
(If = 1.0 mA, Vcg = 5.0V) MOC216 500 800 — nA
MOC217 1.0 1.3 — mA
Collector-Emitter Saturation Voltage (Ic = 100 pA, If = 1.0 mA) VCE(sat) — 0.35 0.4 \
Turn-On Time {Ic = 2.0 mA, Vcc = 10V, R = 100 Q) ton — 75 —_ us
Turn-Off Time (Ic = 2.0 mA, Ve = 10V, R = 100 Q) toff —_ 5.7 — us
Rise Time (Ic = 20 mA, Vcc = 10V, R = 100 Q) tr — 3.2 — us
Fall Time (Ic = 2.0 mA, Vcc = 10V, R = 100 Q) tf — 4.7 — us
Isolation Voltage (f = 60 Hz, t = 1.0 sec.) Viso 2500 — — Vac(rms)
Isolation Resistance (V|.g = 500 V) RiSO 1011 — — Q
Isolation Capacitance (V.0 = 0, f = 1.0 MHz) Ciso — 0.2 — pF

(1) Input-Output Isolation Voltage, V|s0. is an internal device dielectric breakdown rating. For this test, pins 1 and 2 are common, and pins 5, 6 and 7

are common.

TYPICAL CHARACTERISTICS
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MOTOROLA
E SEMICONDUCTO R 150

TECHNICAL DATA
MOC221

[CTR = 100% Min]

Small Outline Optoisolators MOC222

H R = 200% Mi
Darlington Output [cbéwé";3
These devices consist of a gallium arsenide infrared emitting diode optically coupled [CTR = 500% Min]
to a monolithic silicon photodarlington detector, in a surface mountable, small outline, Motorola Preferred Devices

plastic package. They are ideally suited for high density applications, and eliminate the STYLE 1 PLASTIC

need for through-the-board mounting.

® Convenient Plastic SOIC-8 Surface Mountable Package Style

® Hllgnrle%:ﬁ‘ngt Transfer Ratio (CTR) at Low LED Input Current, for Easier Logic SMALL OUTLINE ‘
OPTOISOLATORS |

Standard SOIC-8 Footprint, with .050” Lead Spacing DARLINGTON O?JTPUT ' i

Shipped in Tape and Reel, which Conforms to EIA Standard RS481A

Compatible with Dual Wave, Vapor Phase and IR Reflow Soldering

High Input-Output Isolation of 2500 Vac (rms) Guaranteed

UL Recognized G\) File #E54915

Ordering Information:
©® To obtain MOC221, 222, 223 in Tape and Reel, add R1 or R2 suffix to device numbers
as follows:
R1-500 units on 7" reel
R2-2500 units on 13" reel
® To obtain MOC221, 222, 223 in quantities of 75 (shipped in sleeves) — No Suffix

Marking Information:

o MOC221 = 221 CASE 846-01
® MOC222 = 222
e MOC223 = 223
Applications: SCHEMATIC

® Low power Logic Circuits

® Interfacing and coupling systems of different potentials and impedances
® Telecommunications equipment

® Portable electronics

1 —{s
MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)
Rating Symbol L Value Unit ] 2 7
INPUT LED N
Forward Current — Continuous IF 60 mA 3 D 6
Forward Current — Peak (PW = 100 us, 120 pps) Ig(pk) 1.0 A s D 5
Reverse Voitage VR 6.0 \"
LED Power Dissipation @ TA = 25°C Pp 90 mwW
Derate above 25°C 0.8 mwW/r°C
OQUTPUT DARLINGTON
- 1: LED ANODE
Collector-Emitter Voltage VCEO 30 v 2: LED CATHODE
Collector-Base Voltage Veso 70 v 3: NO CONNECTION
- 4: NO CONNECTION
Emitter-Collector Voltage VECO 7.0 \ 5: EMITTER
Collector Current — Continuous Ic 150 mA 6: COLLECTOR
7: BASE
Detector Power Dissipation @ Ta = 25°C Pp 150 mwW 8: NO CONNECTION
Derate above 25°C 1.76 mW/°C
(continued)
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MOC221, MOC222, MOC223

MAXIMUM RATINGS — continued (Tp = 25°C unless otherwise noted)

Rating Symbol J Value Unit J
TOTAL DEVICE
Input-Output Isolation Voltage (1) Viso 2500 Vac(rms)
(60 Hz, 1.0 sec. duration)
Total Device Power Dissipation @ Tp = 25°C Pp 150 mw
Derate above 25°C 294 mwW/rC
Ambient Operating Temperature Range TA —55to +100 °C
Storage Temperature Range Tstg -55to +150 °C
Lead Soldering Temperature — 260 °C
(1/16” from case, 10 sec. duration)
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Mn | Typ | Max [ unit |
INPUT LED
Forward Voltage (If = 1.0 mA) VE — 1.0 13 \
Reverse Leakage Current (VR = 6.0 V) IR — 0.1 100 nA
Capacitance C — 18 — pF
OUTPUT DARLINGTON
Collector-Emitter Dark Current (VCE = 5.0V, Tp = 25°C) Ice0? — 1.0 50 nA
(VCe = 5.0V, Tpo = 100°C) ICEO2 — 1.0 — nA
Collector-Emitter Breakdown Voltage (Ic = 100 uA) V(BR)CEO 30 20 — v
Emitter-Collector Breakdown Voltage (Ig = 100 pA) V(BR)ECO 7.0 7.8 - v
Collector-Emitter Capacitance (f = 1.0 MHz, Vcg = 0) Cce — 6.5 — pF
COUPLED
Output Collector Current MOC221 Ic 1.0 2.0 — mA
(lF = 1.0 mA, Vcg = 5.0V) MOC222 2.0 4.0 —
MOC223 5.0 10 —_
Collector-Emitter Saturation Voltage (Ic = 500 uA, I = 1.0 mA) VCE(sat) —_ —_ 1.0 \
Turn-On Time (I = 6.0 mA, Vce = 10V, R = 100 Q) ton — 3.5 - us
Turn-Off Time (I = 5.0 mA, Vcc = 10V, R = 100 Q) toff — 95 — us
Rise Time (I = 5.0 mA, Ve = 10V, R = 100 Q) tr — 1.0 - us
Fall Time (I = 5.0 mA, Vcc = 10V, R = 100 Q) tf — 2.0 — us
Isolation Voltage (f = 60 Hz, t = 1.0 sec.) Viso 2500 — — Vac(rms)
Isolation Resistance (V.0 = 500 V) RisO 101 - - Q
Isolation Capacitance (Vj.0 = 0, f = 1.0 MHz) Ciso — 0.2 — pF

(1) Input-Output Isolation Voltage, V|gQ. is an internal device dielectric breakdown rating. For this

are common.

TYPICAL CHARACTERISTICS
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ISOLATORS
General Information

Equivalent Discrete Semiconductors

The MOC2A40 and MOC2A60 Series are the first members of the POWER OPTO™ Isolator family from Motorola. The
MOC2A40/MOC2A60 are 2 Amp @ 40°C/400 Vac [pk]}/Zero-Crossing/Optically Coupled Triacs. These isolated AC output devices
are ruggedized to survive the harsh operating environments inherent in Industrial Controller applications. Additionally, their
thermally optimized SIP package profile allows for high density stacking on .200” centers, and can handle 2 Amps @ 40°C (Free-Air
Rating) without the need for heatsinks, thermal grease, etc.

e o & o o

® & o o

® © 0 & & & 0 & o ¢ o o

General Characteristics

2 Amp @ 40°C, Zero-Cross, Optically Coupled Triac.
3,750 Vac (rms) Isolation Voltage.

Zero-Voltage Turn-on. Zero-current Turn-off.

60 Amp Single Cycle Surge Withstand Capability.
Meets NEMA 2-230 & IEEE 472 Noise Immunity
Standards.

Guaranteed 400 V psec dv/dt (Static).

Low 0.96 V (Typical) On-State Voltage.

Thermally Efficient Package yields 8.0°C/W RgJC.
Single In-Line Package Mounts on .200” Centers for High
Density Applications.

U.L. Recognized. C.S.A. approved, V.D.E. (in process).

Types of
Applications and Loads

Programmable Logic Controllers
Distributive Process Controls

Industrial Controls & Automation Systems
Temperature Controllers

HVAC & Energy Management Systems
Gaming Machines

Vending Machines

Gas Pumps

Photocopiers

AC Motor Starters

EM Contactors

AC Solenoids/Valves

6-2
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o Data Sheets
e Sample Pack

Customer Benefits

A World Class POWER OPTO™ Isolator

Meets Isolation Requirements for V.D.E.

Protects Loads from High In-rush Currents

Robust Surge Withstand Performance

Stability against Noise-Induced False Turn-on

Good Inductive Load Switching Capability

Generates 30-50% Less Heat than Competitive Devices
No Heatsink, Grease or Hardware Required

Allows for Optimal Channel Density in Programmable
Controller Applications

Global Regulatory Approvals

Literature

MOC2A40-10/D & MOC2A60-10/D
KITMOC2A40-10/D KITMOC2A60-5/D
Evaluation Board DEVB109



MOTOROLA

SEMICONDUCTOR m

TECHNICAL DATA

POWER OPTO™ Isolator
2 Amp Zero-Cross Triac Output

This device consists of a gallium arsenide infrared emitting diode optically coupled to
a zero-cross triac driver circuit and a power triac. It is capable of driving a load of up to 2
amp (rms) directly, on line voltages from 20 to 140 volts ac (rms).

Provides Normally Open Solid State A.C. Output With 2 Amp Rating

L]
e 60 Amp Single Cycle Surge Capability

e Zero-Voltage Turn-on and Zero-Current Turn-off
e High Input-Output Isolation of 3750 vac (rms)

e Static dv/dt Rating of 400 Volts/us Guaranteed
L]

2 Amp Pilot Duty Rating Per UL508 9117 (Overload Test)
and 9118 (Endurance Test)' WY [File No. 129224]

CSA Approved [File No. CA77170-1]. VDE Approval in Process

e Exceeds NEMA 2-230 and IEEE472 Noise Immunity Test Requirements (See Fig.15)

DEVICE RATINGS (Ta = 25°C unless otherwise noted)

[ Rating [ symbol | vawe | unit |
INPUT LED
Forward Current — Maximum Continuous IF 50 mA
Forward Current — Maximum Peak IF(pk) 1.0 A
(PW = 100us, 120 pps)
Reverse Voltage — Maximum VR 6.0 \
OUTPUT TRIAC
Off-State Output Terminal Voltage — Maximum [1] VDRM 400 Vac(pk)
Recommended Operating Voltage Range \'ad 20to 140 | Vac(rms)
(f =47 - 63 Hz)
On-State Current Range (Free Air, Power Factor 20.3) | IT(rms) 0.01t02.0 A
Non-Repetitive Peak Overcurrent — Max ITsm1 24 A
(f=60Hz, t=1.0 sec)
Non-Repetitive Single Cycle Surge Current — ITsm2 60 A
Maximum Peak (t = 16.7 ms)
Main Terminal Fusing Current (t = 8.3 ms) 12T 15 A2sec
Load Power Factor Range PF 0.3t0 1.0 —
Junction Temperature Range Ty -40to0 125 °C
TOTAL DEVICE
Input-Output Isolation Voltage — Maximum [2] Viso 3750 Vac(rms)
47 - 63 Hz, 1 sec Duration
Thermal Resistance — Power Triac Junction to Case ReJc 8.0 °C/W
(See Fig. 16)
Ambient Operating Temperature Range Toper —40to +100 °C
Storage Temperature Range Tstg ~40to +150 °C
Lead Soldering Temperature — Maximum — 260 °C
(1/16” From Case, 10 sec Duration)

MOC2A40-10
MOC2A40-5

Motorola Preferred Devices

OPTOISOLATOR
2 AMP ZERO CROSS
TRIAC OUTPUT
400 VOLTS

CASE 417-02
PLASTIC PACKAGE
STYLE 2

DEVICE SCHEMATIC

i

* Zero Voltage Activate Circuit

N
1

0l 7

1,4,5,6,8. NoPin
2. LED Cathode
3. LED Anode
7. Main Terminal
9. Main Terminal

Notes:
[1] Test voltages must be applied within dv/dt rating.

{2] Input-Output isolation voltage, V|g(, is an internal device dielectric breakdown rating. For this test, pins 2, 3 and the heat tab

are common, and pins 7 and 9 are common.

Preferred devices are Motorola recommended choices for future use and best overall value.




MOC2A40-10 « MOC2A40-5

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

l ‘Characteristic | Symbol I Min l Typ | Max Unit
INPUT LED
Forward Voltage (IF = 10 mA) VE 1.00 117 1.50 \"
Reverse Leakage Current (VR =6.0 V) IR — 1.0 100 pA
Capacitance C — 18 —_ pF
OUTPUT TRIAC
Off-State Leakage, Either Direction (If =0, VDRrM =400 V) Ta =25°C IDRM1 — — 10 HA
Ta=100°C IDRM2 — — 1.0 mA
Critical Rate of Rise of Off-State Voltage (Static) dv/dt(s) 400 - —_ Vius
Vin =200 vac(pk)) [1][2]
Holding Current, Either Direction (I = 0, Vp = 12 V, It = 200 mA) IH — 300 — pA
COUPLED
LED Trigger Current Required to Latch Output MOC2A40-10 | IFT(0on) — 7.0 10 mA
Either Direction (Main Terminal Voltage = 2.0 V) [3] [4] MOC2A40-5 IFT(on) — 35 5.0 mA
On-State Voltage, Either Direction (If = Rated IgT(on), ltm = 2.0 A) V1M — 0.96 1.3 v
Inhibit Voltage, Either Direction (If = Rated IgT(on)) [5] VINH —_ 8.0 10 \%
(Main Terminal Voltage above which device will not Trigger)
Commutating dv/dt (Rated VDR, IT = 30 mA — 2.0 A(rms), dv/dt (c) 5.0 —_ —_ V/iuS
Ta =—40+100°C, f = 60 Hz) [2]
Common-mode Input-Output dv/dt [2] dv/dt(cm) — 40,000 —_ V/uS
Input-Output Capacitance (V =0, f = 1.0 MHz) Ciso —_ 1.3 — pF
Isolation Resistance (V|.Q = 500 V) Riso 109 1014 — Q
Notes:
[1] Per EIA/NARM standard RS-443, with Vp = 200 V, which is the i peak of the maxi ing voltage.
[2] Additional dv/dt information, including test methods, can be found in Motorola applications note AN1048/D, Figure 43.
[3] All devices are guaranteed to trigger at an I value less than or equal to the max IgT. Therefore, the recommended operating I
lies between the device’s maximum Igr(on) limit and the Maximum Rating of 50 mA.
[4] Current-limiting resistor required in series with LED.
[5] Also known as “Zero Voltage Turn-On”.
TYPICAL CHARACTERISTICS
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Figure 1. Maximum Allowable Forward LED
Current versus Ambient Temperature

6-4

Figure 2. LED Forward Voltage
versus LED Forward Current
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Figure 11. dv/dt versus Ambient Temperature Figure 12. Operating Waveforms
Select the value of R1 according to the following formulas:
vee [11  R1=(Vcc - VF)/Max. IFT (on) per spec.
[21 R1=(Vcc-VF)/0.050
R1 Typical values for C1 and R2 are 0.01 uF and 39 Q,

*ZERO VOLTAGE ACTIVATE CIRCUIT

Figure 13. Typical Application Circuit

respectively. You may adjust these values for specific
applications. The maximum recommended value of C1 is
0.022 pF. See application note AN1048 for additional
information on component values.

The MOV may or may not be needed depending upon the
characteristics of the applied ac line voltage. For
applications where line spikes may exceed the 400 V rating
of the MOC2A40, an MOV is required.
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Use care to maintain the minimum spacings as

shown. Safety and regulatory requirements dictate
a minimum of 8.0 mm between the closest points O O : O O
between input and output conducting paths,

Pins 3 and 7. Also, 0.070 inches distance is
required between the two output Pins, 7 and 9.

0.070" MIN
Keep pad sizes on Pins 7 and 9 as large as possible for B ———
i 0.315" MIN
optimal performance. 8 MM MIN]

Figure 14. PC Board Layout Recommendations

E X X X L DEVICE UNDER TEST NOISE
ach device, when installed in the circuit SOURCE
shown in Figure 15, shall be capable of 2 3 79 |
passing the following conducted noise tests: L AC
o IEEE 472 (2.5 KV) _L SUPPLY
o Lamp Dimmer (NEMA Part DC33, § 3.4.2.1) - 10Q MOV
e NEMA ICS 2-230.45 Showering Arc > 150V
¢ MIL-STD-461A CS01, CS02 and CS06 Ip=RATED I 0.022uF 7L04D

T AAA

v VYV

Figure 15. Test Circuit for Conducted Noise Tests

NO ADDITIONAL HEATSINK
TEM‘L%%%‘\?#E OF e Roc AMBIENT AIR
MOC2A40. .. HEATFLOW TEMPERATURE
OUTPUT CHIP WITH ADDITIONAL HEATSINK
ReJc Recs Rosa

Terms in the model signify:
TaA = Ambient temperature RgsA = Thermal resistance, heat sink to ambient

Tg = Optional additional RgcA = Thermal resistance, case to ambient
heat sink temperature  Rgcg = Thermal resistance, heat sink to case
Tc = Case temperature Rgyc = Thermal resistance, junction to case

Ty =Junction temperature

Thermal measurements
Pp = Power dissipation

of RgJC are referenced to

Values for thermal resistance components are: Rgc = 36°C/W/in maximum the point on the heat tab
RgJc = 8.0°C/W maximum indicated with an X’
The design of any additional heatsink will determine the values of Rggp and Rgcs. Measurements should be
Tc-Ta=Pp (Reca) taken with device orientated
= Pp (Rgyc) + RgsA), where Pp = Power Dissipation in Watts. along its vertical axis.

Figure 16. Approximate Thermal Circuit Model

6-7




MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA
Advance Information MOC2A60-10

POWER OPTO™ Isolator MOC2A60-5

2 Amp Zero-Cross Triac Output Hotoroln Prefered Deviees
This device consists of a gallium arsenide infrared emitting diode optically coupled to

a zero-cross triac driver circuit and a power triac. It is capable of driving a load of up to 2

amp (rms) directly, on line voltages from 20 to 280 volts ac (rms). OPTOISOLATOR
Provides Normally Open Solid State A.C. Output With 2 Amp Rating 2 AMP ZERO CROSS
60 Amp Single Cycle Surge Capability TRIAC OUTPUT
Zero-Voltage Turn-on and Zero-Current Turn-off 600 VOLTS

High Input-Output Isolation of 3750 vac (rms)

Static dv/dt Rating of 400 Volts/us Guaranteed

2 Amp Pilot Duty Rating Per UL508 1117 (Overload Test)

and 9118 (Endurance Test) WY [File No. 129224]

CSA Approved [File No. CA77170-1]. VDE Approval in Process

Exceeds NEMA 2-230 and IEEE472 Noise Immunity Test Requirements (See Fig.15)

DEVICE RATINGS (Tp = 25°C unless otherwise noted)

Rating | symbot | vawe | unit |
INPUT LED
Forward Current — Maximum Continuous IE 50 mA
Forward Current — Maximum Peak IE(pk) 1.0 A

(PW = 100us, 120 pps)

Reverse Voltage — Maximum VR 6.0 \
CASE 417-02
OUTPUT TRIAC PLASTIC PACKAGE

Off-State Output Terminal Voltage — Maximum [1] VDRM 600 Vac(pk) STVLE2
Recommended Operating Voltage Range A4 20t0 280 | Vac(rms)

(f =47 — 63 Hz)
On-State Current Range (Free Air, Power Factor 20.3) | IT(rms) 0.01t02.0 A
Non-Repetitive Peak Overcurrent — Max ITsmt 24 A

(f=60 Hz, t = 1.0 sec) DEVICE SCHEMATIC
Non-Repetitive Single Cycle Surge Current — ITsm2 60 A

Maximum Peak (t = 16.7 ms)

Main Terminal Fusing Current (t = 8.3 ms) 2T 15 A2sec
Load Power Factor Range PF 03t0 1.0 — 3
Junction Temperature Range Ty —-401t0 125 °C 2
TOTAL DEVICE
Input-Output Isolation Voltage — Maximum [2] Viso 3750 Vac(rms)
47 - 63 Hz, 1 sec Duration
* Zero Voltage Activate Circuit
Thermal Resistance — Power Triac Junction to Case ReJc 8.0 °C/W
(See Fig. 16) 1,4,5,6,8. NoPin
Ambient Operating Temperature Range Toper | —4010+100 °C é: L|_Eg 2,,"‘{,'},";’“
Storage Temperature Range Tstg —40to +150 °C g: 33'12 }.:::::::4'
Lead Soldering Temperature — Maximum — 260 °C
(1/16” From Case, 10 sec Duration)
Notes:

[1] Test voltages must be applied within dv/dt rating.

{2] Input-Output isolation voltage, Vg0, is an internal device dielectric breakdown rating. For this test, pins 2, 3 and the heat tab are common, and pins 7 and 9 are common.
This document contains information on a new product. Specifications and information herein are subject to change without notice.
POWER OPTO is a trademark of Motorola Inc.
Preferred devices are Motorola recommended choices for future use and best overall value.
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ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted|
Characteristic Symbol | Min J Typ Max l Unit J
INPUT LED 1
Forward Voltage (Ig = 10 mA) VE 1.00 117 1.50 \ ;
Reverse Leakage Current (VR =6.0 V) IR — 1.0 100 pA }
Capacitance [} — 18 — pF
OUTPUT TRIAC
Off-State Leakage, Either Direction (IF = 0, VDRM = 600 V) Ta =25°C IpRM1 — — 10 HA
Ta =100°C IDRM2 — — 1.0 mA
Critical Rate of Rise of Off-State Voltage (Static) dv/dt(s) 400 - — Vips
Vin = 200 vac(pk)) [1] (2]
Holding Current, Either Direction (I =0, Vp =12 V, IT =200 mA) IH — 300 —_ HA
COUPLED
LED Trigger Current Required to Latch Output MOC2A60-10 | IFT(on) — 7.0 10 mA
Either Direction (Main Terminal Voltage = 2.0 V) [3] [4] MOC2A60-5 IFT(0n) — 35 5.0 mA
On-State Voltage, Either Direction (IF = Rated IFT(on), ITm = 2.0 A) VTm — 0.96 1.3 \
Inhibit Voltage, Either Direction (I = Rated IFT(on)) [5] VINH — 8.0 10 )
(Main Terminal Voltage above which device will not Trigger)
Commutating dv/dt (Rated VpRM, IT = 30 mA — 2.0 A(rms), dv/dt (c) 5.0 —_ —_ V/us
TA =—-40+100°C, f = 60 Hz) [2]
Common-mode Input-Output dv/dt [2] dv/dt(cm) — 40,000 — V/iusS
Input-Output Capacitance (V =0, f = 1.0 MHz) Ciso — 1.3 — pF
Isolation Resistance (V|.o = 500 V) Riso 109 1014 — Q
Notes:
[1] Per EIA/NARM standard RS-443, with Vp = 200 V, which is the i peak of the maxi ing voltage.

[2] Additional dv/dt information, including test methods, can be found in Motorola applications note AN1048/D, Figure 43.

[3] All devices are guaranteed to trigger at an I value less than or equal to the max IT. Therefore, the recommended operating I
lies between the device’s maximum Ir(on) limit and the Maximum Rating of 50 mA.

[4] Current-limiting resistor required in series with LED.

[5] Also known as “Zero Voltage Turn-On”.

TYPICAL CHARACTERISTICS
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Figure 1. Maximum Allowable Forward LED Figure 2. LED Forward Voltage
Current versus Ambient Temperature versus LED Forward Current
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I\, FORWARD TRIGGER CURRENT

I7, TERMINAL CURRENT (A(pk)

Pp, POWER DISSIPATION (WATTS)
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Figure 11. dv/dt versus Ambient Temperature Figure 12. Operating Waveforms

Select the value of R1 according to the following formulas:

vee [11 R1=(Vcc - VF)/Max. IFT (on) per spec.
[2] R1=(Vcc-~VF)/0.050
R1 Typical values for C1 and R2 are 0.01 uF and 39 Q,

respectively. You may adjust these values for specific
applications. The maximum recommended value of C1 is
0.022 pF. See application note AN1048 for additional
information on component values.

*ZERO VOLTAGE ACTIVATE CIRCUIT

The MOV may or may not be needed depending upon the

characteristics of the applied ac line voltage. For

applications where line spikes may exceed the 600 V rating
Figure 13. Typical Application Circuit of the MOC2A60, an MOV is required.
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Use care to maintain the minimum spacings as
shown. Safety and regulatory requirements dictate
a minimum of 8.0 mm between the closest points
between input and output conducting paths,

Pins 3 and 7. Also, 0.070 inches distance is
required between the two output Pins, 7 and 9.

0.070” MIN

Keep pad sizes on Pins 7 and 9 as large as possible for
optimal performance.

0.315” MIN
8 MM MIN]

Figure 14. PC Board Layout Recommendations

E i ) ) _ DEVICE UNDER TEST NOISE
ach device, when installed in the circuit SOURCE
shown in Figure 15, shall be capable of 2 3 79
passing the following conducted noise tests: T £ Ac
o IEEE 472 (2.5 KV) _L . . _ SupPLY
o Lamp Dimmer (NEMA Part DC33, § 3.4.2.1) - 10Q MOV
o NEMA ICS 2-230.45 Showering Arc — 150V
© MIL-STD-461A CS01, CS02 and CS06 IF=RATED I 0.022uF Z10AD
T AVAVAV

Figure 15. Test Circuit for Conducted Noise Tests

NO ADDITIONAL HEATSINK
TEMPERATORE OF ol Floc AMBIENT AIR
MOC2A60 ... HEATFLOW TEMPERATURE
QUTPUT CHiP WITH ADDITIONAL HEATSINK
Resc Recs Resa

Terms in the model signify:

TA = Ambient temperature Rgsa = Thermal resistance, heat sink to ambient

Tg = Optional additional RgCA = Thermal resistance, case to ambient
heat sink temperature  Rgcg = Thermal resistance, heat sink to case
Tc = Case temperature RgJc = Thermal resistance, junction to case

Ty = Junction temperature Thermal measurements
Pp = Power dissipation

of RgJc are referenced to
Values for thermal resistance components are: Rgca = 36°C/W/in maximum

the point on the heat tab
ReJc = 8.0°C/W maximum indicated with an X’.
The design of any additional heatsink will determine the values of Rggp and Rgcs. Measurements should be
Tc-TAa=Pp (Reca) taken with device orientated
=Pp (Rgyc) + RggA), where Pp = Power Dissipation in Watts. along its vertical axis.

Figure 16. Approximate Thermal Circuit Model
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MOTOROLA

SEMICONDUCTOR I

APPLICATION NOTE

AN1511

Applications of the MOC2A40 and MOC2A60
Series POWER OPTO™ ISOLATORS

Prepared by: Horst Gempe
Discrete Applications Engineering

INTRODUCTION

Electronic controls of AC power loads based on micropro-
cessor controllers, digital or linear sensor circuits are
increasing in popularity. Consequently, there is an increasing
need for a simple and robustinterface between the low voltage
control circuitry and the AC line and loads. This interface must
galvanically isolate the AC power line and its superimposed
transients from the noise sensitive, low-voltage dc control
circuits. It also must be simple to use, regulatory approved,

Optically Reflective
Mold Compound

Patented Co-Planar
Optical Dome Construction

Gallium Arsenide
Light Emitting Diode

MOC Series ZeroCross
Triac Driver Chip

Meets VDE 8mm
Min. Creepage 8 Amp Power

Triac Chip

consume little PC board space and be able to switch the most
common loads such as small motors, power relays, incandes-
cent lights and resistive loads without generating excessive
heat.

The MOC2A40 and MOC2A60 POWER OPTO Isolator
families meet all the above requirements and offer an ideal
system solution.

Nominal dimensions
1.0" () x 0.7" (H) x 0.18" (W)

Electrically Isolated
~ a— HeatTab

Patented Thermal
Management System

eavy Duty Wire
Bond System

Figure 1. Internal Construction of the POWER OPTO Isolator

POWER OPTO is a trademark of Motorola, Inc.
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PRODUCT DESCRIPTION
The Motorola AC POWER OPTO Isolator is a hybrid device
containing three individual active semiconductor chips.
Figure 1 shows the internal structure of this device. An
infrared light emitting diode on the input side converts the input

current signal of several milliamps into an infrared radiation of -

940 nm. This is transferred through a transparent isolation
barrier onto the photo sensitive area of an AC compatible
detector which controls the gate of a power triac. This creates
galvanic isolation between the dc input control circuit and the
output AC line voltage potential. The light sensitive detector
contains a AC zero voltage detector which allows turn on of the
detector chip by the LED only when the AC line voltage is
below the specified inhibit voltage of +10 V. This feature guar-
antees turn on of the load close to the AC line zero cross point
and prevents excessive inrush surge currents for most loads.
High inrush currents are still experienced for loads such as
motor startup and inductors which saturate at turn-on. For this
reason, a guaranteed inrush surge current capability of 60 A is
provided. This extremely high surge capability can be attrib-
uted to the rugged 120 x 120 mil power triac chip which is
mounted on a large internal copper heat spreader. A patented
interdigitated interface between the internal heat spreader
and the devices integral heat tab provides optimized heat
transfer and meets the regulatory requirements for safe (rein-
forced) isolation. This regulatory requirement mandates an
external 8.0 mm creepage and clearance between the input
and output leads and the isolated heat tab of the device. A 0.4
mm thick isolation barrier which must be able to withstand a
surge voltage of 3750 Vymg is also mandated. The isolation
barrier between dc input and the AC output leads is formed by
the silicone optical dome. The isolation barrier for the integral

heat sink is formed by the package epoxy which isolates the
interlaced internal heat spreader from the external heat tab. A
heavy duty 15 mil aluminum wire bond on the output side of the
power triac ensures high surge capability.

Equivalent Electrical Circuit Diagram

Figure 2 shows in detail the internal circuitry of the
MOC2A40 and MOC2A60 POWER OPTO Isolator families.
Details of the of the triac driver ICs internal circuitry is shown
and discussed to explain the theory of operation for these
devices.

LED D1 emits light which is received by the detector light
sensitive integrated circuit which is commonly named triac
driver. PNP transistor, Q1, and light sensitive NPN transistor,
Q2, form a light sensitive SCR with a gate resistor R1. Diode,
D2, and FET, Q3, form the inhibiting network. The leakage
current of D2 transfers the main terminal voltage to the FET
gate and Zener diode, D3, clamps this voltage to about 15V to
prevent gate oxide breakdown when the main terminal voltage
rises with the line voltage. A voltage on the main terminals
above the gate threshold voltage of Q3 switches FET Q3 on,
which shorts the photo sensitive gate and inhibits it to latch on.
Q1’,Q2,Q3, R1’, D2’, D3’ form the same circuit as described
above.

The two circuits are connected inverse parallel and may be
described as two inverse parallel light sensitive photo SCRs
with zero cross voltage detectors. This circuit can be further
simplified and described as an optically controlled small signal
triac with an AC zero cross detection circuit. The triac driver
controls the gate of the main triac. Resistor R2 limits the
current through the triac driver.

INPUT

o |

LED TRIAC DRIVER

8 AMP TRIAC

Figure 2. 2 Amp Optocoupler Circuit
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h \ .

o

0X

g O
Opto Triac

Figure 3. Triac Driver Simplified Circuits

h
Vo \ ey o o
0X
0X
O
Opto Inverse Parallel SCR
OPERATION

An LED current of several mA will generate a photo current
of several tens of micro amps in the collector base junctions of
the NPN transistors of the triac driver chip. The SCR formed by
the NPN-PNP transistor combination latches on when the
photo generated current is present and the line voltage is
below the inhibit voltage window, or in other words, within the
zero cross window. Once the triac driver is latched on it allows
sufficient current flow to the gate of the main triac which in turn
latches on and carries the load current.

If the LED is turned on at a time when the line voltage
exceeds the inhibit voltage, the driver is effectively disabled
and will wait to latch on until the line voltage falls below the
inhibit voltage. The driver and triac, however, are not able to
switch on at absolute zero line voltage because they need a
minimum voltage and current to be able to latch on. For
example, if the LED is switched on when the line voltage is
zero, the LED flux generates a photo current in the detector of
several tens of micro amps, but the triac driver is not able to
latch on until the line voltage rises to the driver’s minimum main
terminal voltage of about 1.0 V and a latching current of

several 100 pA is present. A further increase in line voltage is
necessary to trigger the main triac because its minimum gate
voltage requirement in respect to MT1 voltage is also about
1.0V and has to be added to the voltage drop across the triac
driver. The main triac is able to turn on when at least 2.0 V are
across its main terminals and enough gate current is gener-
ated to meet the triacs gate trigger current requirement. This is
the earliest possible turn-on point within the zero-cross
window. Conversely, the maximum inhibit voltage represents
the last possible opportunity to turn on within the zero-cross
window.

When the main triacis triggered, the voltage across its main
terminals collapses to about 1.0 V. Figure 4 shows the zero
voltage turn-on characteristic of a POWER OPTO Isolator as
observed with an oscilloscope by monitoring the voltage
across the main terminals of the device. Figure 5 shows a
curve tracer plot which gives information about the voltage and
current characteristic.
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Figure 5. Curve Tracer Voltage versus Current Plot

After the power triac is turned on, the triac driver conducts
only several hundred micro amps when the LED is still on but
switches off and stays off when the LED current is removed.
The main triac remains latched on until the load current falls
below the triacs holding current. After this transition point, the
driver will exclusively conduct the load current until the current
falls below several 100 micro amps. At this point only the photo
generated current of several tens of micro amps remains.
Triac driver and main triac are switched off and are retriggered
every half cycle until the LED is turned off. As the LED is
switched off the triac driver is switched off, and the main triac
falls out of conduction when the load current falls below the
main triac’s holding current ( typically 20 mA).

The fact that the triac driver has an extremely low holding
current allows the minimum load currents to be below the main
triac trigger and holding current. In this triac driver only mode,
the main triac never conducts and the load is only carried by
the triac driver. In this low current triac driver only mode,
commutating dv/dt is no longer a function of the main triac
commutating capability, but is dependent on the triac drivers
commutating dv/dt capability. This is only about 0.5 V/us and
should be considered marginal. Therefore, the use of a
snubber is absolutely mandatory when switching loads in triac
driver only mode is anticipated.

LIS

APPLICATIONS

Snubber Requirements

The application of the 2 amp POWER OPTO Isolators is
very simple. Most loads ranging from 30 mA up to 2 A rms,
including complex loads as discussed below, may be
controlled without the use of a snubber network. Snubbers are
required when the static and commutating dv/dt either gener-
ated by the load switched by the POWER OPTO Isolators or
generated elsewhere on the AC line exceed the device’s dv/dt
ratings. In industrial environments where large inductive loads
are switched on and off by contactors, transients may be
generated which surpass the devices static dv/dt rating or the
maximum VpRM rating. For these cases a snubber consisting
of aresistor and a capacitor will attenuate the rate of rise of the
transient. A voltage clipping device (Metal Oxide Varistor

MOV) which limits the amplitude of the transients should be |

used when the amplitude of the transients exceed the devices
VDRM ratings. Snubber and transient suppressors are
connected across the main terminals of the POWER OPTO
Isolator as shown in Figure 6.

load

Figure 6. Application with Snubber and MOV
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Typical values for the snubber capacitor C’s and snubber
resistor R’s are 0.01 uF and 39 Q respectively. These values
may be adjusted for specific applications. See Application
Note AN1048 for detailed information about snubber design
considerations.

The placement of the load has no influence on the opto-
coupler's performance. It may be switched from the line
neutral to the phase (hot) side or from the phase to neutral.

Amp
40__ n

30+

U[\Uf\ut\v

Figure 7. Size No. 4 Contactor Inrush
Current

Input Current Requirement

Itis very important to supply the data sheet specified input
currentto the device. Less input current may preventturn-on of
either both light sensitive SCRs or worse, be able to turn on
only one SCR due to slight differences in IFT for the positive
and negative AC half wave. This situation causes half-waving
of the load. Most inductive loads draw excessive current under
this condition which may destroy either the load or the opto-
coupler. Low temperature operation requires increased input
LED current as shown on the data sheet’s [FT vs. Temperature
graph .

For example:

The lrTforaMOC2A40-10at25°C is 10 mA, butis at—40°C
15,5 mA (IFT @ 25°C*factor 1.55 as shown on the graph).

This minimum control current requirement dictates the
value of the input current limiting resistor Rj, for a given input
voltage.

in—V
Rin(max) _Vin— VF(LED)
v |FT(\(I)n)
Rin(rminy = —in~ VFL(LED)
in(min) IFmax
Vin = Input Voltage
VF(LED) = voltage drop across LED =13 V
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IFT(on)=specifiedLEDtriggercurrent*factorforlowtemper-
ature operation
IF(max)=maximum continues LED forward current (50mA)

Complex Loads

Surge Currents in Inductive Loads

Inductive loads may cause very high inrush surge currents
because their magnetic core is forced into saturation as
observed with transformers or the inductance is low at the
initial startup which is typical for relays, solenoids and motors.

Example 1: Size No. 4 Contactor Control

The MOC2A40 has demonstrated its ability to handle large
inrush currents by driving a size No. 4 contactor out to 2 million
cycles without failure. The device is cycled one second on and
one second off. The 115 Vymg input coil generates a 50 A peak
in the first half cycle, and 20 A peak in the second half cycle as
shown in Figure 7. The RMS steady state current is below 1 A.
AMOC2A40in free air is able to control this load without addi-
tional heat sinking and without the use of a snubber.

Two million device cycles without failure represent a
reliability of M.T.B.F of >19.8 million device cycles.

Example 2: Transformer Inrush Current

It is mandatory in this application to make certain that the
inrush current does not exceed the maximum 60 A specified
surge current of the device. Residual core magnetization
combined with zero cross turn-on may force the transformer
into saturation with only the winding resistance left as effective
load current limitation. Forexample, a 150 VA transformer with
a 1.5 Qwinding resistance may draw in the first half-cycle up to
80 A of surge current. This excessive surge current can be
avoided by using a NTC thermistor in series with the load as
shown in Figure 8. A negative temperature coefficient therm-
istor has a relative high initial resistance when cold, which fast
becomes lower due to self-heating in the steady-state opera-
tion.

NTC WA

Rin

O_AVAVAV
T
(o)

Figure 8. Thermistor Limits Excessive
Inrush Current

Transformer

i@

AC line

LT® Y

Example 3: Surge Currents in Capacitive Loads

A rectifier bridge or a single diode in combination with a
large capacitor in the micro Farad range represent a very low
impedance at startup when the capacitor is being charged.
When this type of load is switched on at the peak of the line
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voltage, the inrush peak current is only limited by the wiring
resistance and the ESR of the capacitor. However, the
maximum inrush current Ip at zero voltage turn-on s limited by
the AC line frequency and the peak line voltage and can be
calculated as Ip= C 2r f Vp, where C is the capacitance in
Farad, f the line frequency in Herz and Vp the peak line
voltage. Foran ACline voltage of 120 Vymg 60 Hzand a capac-
itor of 100 uF, the surge current Ip is 6.4 A.

The above calculation for Ip applies to absolute zero
voltage turn-on. Turn-on within the zero cross window voltage
range of the POWER OPTO Isolators generates considerable
higherinrush currents. A 100 uF capacitor switchedonat5.0 V
already produced an inrush current of 25 A. Accidental turn-on
of the device at the peak of the line voltage charging a 100 uF
capacitor without current limitation leads to certain destruction
of the power triac. Turn on outside the zero-cross window may
be caused by line transients exceeding the devices VTM or
dv/dt ratings. A inrush current limiting resistor or NTC Therm-
istor connected in series to the AC side of the rectifier and the
POWER OPTO Isolators output can prevent this potential
problem.

(o]
A 4
External
2’ 100 kQ2
S Bleeder
Resistor

O
Figure 9. AC-DC Solenoid with Integral
Diode

Example 4: AC-DC Solenoid with
Internal Rectifier Diode

Some AC-DC relays and solenoids are made ac-dc
compatible by using an internal rectifier diode in series with the
coil. This poses a problem to a zero-crossing switch because
the rectifier diode allows a dc build up across the input termi-
nals. This DC forces the zero-cross switch into the inhibit mode
which prevents the load from being switched on. A 100 K
bleeder resistor across the input terminals of this type of load
prevents dc build up thus allowing proper control. The wattage
rating of this resistor is

e Vrms2  where P = 1/2 W for 220 Vyms and
- R 1/4 W for 115 Vrms

Example 5: Controlling an Inductive Load in a
Rectifier Bridge

This configuration may cause triac switch off difficulties
when the L/R time constant of the inductor to be switched is
longer than 1/2 cycle of the line AC. In this case, the load
current is not sinusoidal but constant, which causes the

current to be switched off rapidly as the line voltage changes
polarity. The resulting high commutating di/dt may prevent the
triac from turning off. The effect of this commutating dv/dt can
be minimized by using a snubber across the device in
combination with a commutating softening inductor Ls as
shown in Figure 10. Ls is a small high permeability “square
loop” inductor which can be constructed by using a ferrite
torroid of 3/4” outside diameter with 33 turns of a number 18
gauge wire. lts core saturates when the load current is high but
adds a high inductance when the load current falls below the
holding current of the triac. This arrangement slows the rapid
di/dt and delays the reapplication of the line voltage which
improves the dv/dt capability of the triac.

Thermal Management

To insure proper and reliable operation of the isolated 2 A
power switch, it is mandatory to operate the junction of the
power triac within or below the maximum specified junction
temperature. Temperatures above 125°C may lead to a
possible loss of control (permanent latch on) and shortened
life of the semiconductors. Junction over temperature prob-
lems can be avoided in the application when the devices
thermal ratings are properly observed.

Free Standing Power Rating

The 2 Amp POWER OPTO Isolator device families are
designed to be able to switch 2 A of AC rms and dissipate 2 W
at an ambient free air temperature of up to 40°C without any
additional heat sink. The single device rating only applies
when free air circulation around the device — i.e. — natural air
convection is allowed. There are major differences in effective
air convection and the resulting temperature drop between the
junction-to-air, depending on the amount and position of the
devices on the PC board, and the PC board itself in respect to
the natural air flow. Other power dissipating devices in close
vicinity of the power switch will raise the ambient temperature
which means less power can be dissipated by the switch. This
also holds true for enclosures which inhibit or restrict the free
air flow around the power switch and result in an increased
ambient temperature. The maximum allowed power dissipa-
tion versus the increase of ambient temperature is shown in
Figure 11. A horizontally positioned PC board with the device
in its center will restrict natural air convection, while a vertical
positioned PC board with the device positioned along the
vertical axis will result in an optimized air convection. Free air
flow around the epoxy body of the device and its heat sink
creates a thermal air convection that cools the power semicon-
ductor junction. Pin 7 conducts some of the generated heat to
the PC board because it is part of the internal power semicon-
ductor heat spreader. This heat transfer can be enhanced
when one allows a large metalized area on the PC board at the
vicinity of this pin for increased heat spreading.

Thermal Resistances of the Device

The heat of the power semiconductor junction is conducted
to the internal heat spreader where it is then distributed to the
epoxy body and the integral and electrically isolated heat tab
of the device. Some of the heat in the heat spreader is trans-
ferred to the printed circuit board through main terminal pin 7.
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Inductive Load with Bridge Rectifier and L/R >1/f

DC Motor with AC Bridge Rectifier and L/R >1/f

.
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[1 []
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L1 L
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Figure 10. Inductive Loads with Bridge Rectifier

The epoxy body, integral heat sink and the PC board transfer
this heat to the ambient air. Each heat path has its own thermal
resistance. All these thermal resistances are in parallel and
groupedtogetherinthe device’s thermal rating of Rgya whichis
40°C/W for a free-standing, single device mounted on a PC
board.

Thermal resistances are as follows:

RgJA  Thermal resistance from junction to ambient
air = 40°C/W
RpJc  Thermal resistance junction to case
(epoxy body back side and heat tab) = 8°C/W
ReyT  Thermal resistance junction to heat tab only -
~14°C/W. (This is not specified in the data sheet)
Rgyg p7 Junction to pin 7 (thermocouple on pin 7)
~10°C/W (This is not specified in the data sheet).
RgsSA Thermal resistance of additional

heat sink to ambient.
The junction temperature for a free standing single device
is calculated as follows:

Ty = (VTM*Irms*RgyA) + TA.
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Power dissipation equals P = VTM*Irms which is approxi-
mately 1 W per Ampere RMS flowing through the main termi-
nals of the device. For exact calculation use the data sheet
VTM value for a given current.

The maximum power dissipation for a free standing
device is

TJ .(max) —-TA
P(max) = RoJA

For example, the maximum power dissipation for a free
standing MOC2A40 at an ambient temperature of
70°Cis
125°C - 70°C

= 1.375 Wor Ifmay) is 1.37 A.
40°CW (max)

P(max) =
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Figure 11. Power Derating versus Ambient

Temperature
Material Conductivity Resistivity
Watts In °C °C In/Watt

Air (100°C) 0.001 1,000
Aluminum 5.63 0.178
Alumina (Al Oxide) 0.55 1.82
Brass 297 0.337
Copper 9.93 0.101
Epoxy (Conductive) 0.02 50.0
Iron (Pure) 1.90 0.526
Nickel 1.52 0.658
Nickel Silver 0.84 1.19
Phosphor Bronze 1.80 0.555
Steel (1045) 1.27 0.787
Steel, Stainless (347) 0.41 2.44
Tin 1.60 0.625
Zinc 2.87 0.348

Figure 12. Thermal Resistance of Common Materials
Used for Heat Sinking

Devices with Additional Heat Sink

All AC POWER OPTO isolators contain an 8 A triac chip,
but the maximum allowable switching current is limited by the
heat dissipation of the package. Significant increase in
switching current and the consequent power dissipation is
possible by the use of an additional heat sink.

Since the integral sink and the epoxy body of these devices
transfer heat, the best results are seen when the devices’
entire back side is held in contact with the external heat sink,
and thermal grease is used. This mounting method results in
optimized heat conduction with the lowest practical possible
thermal resistance of 8°C/W which is specified as Rgjc. This
includes the thermal resistance of the interface between the
device and the heat sink.

Connecting the heat tab only to the external heat sink
results in an thermal resistance RgyT of 14°C/W which
includes the thermal interface resistance between the integral
heat sink to the external heat sink .

The external heat sink can be of an extruded type which is
commercially available, a flat aluminum plate or simply a part
of a sheet metal frame or housing to which the device is held by
a steel spring clip. External heat sinks are characterized by
RgsA which is the thermal resistance from the heat sink to the
ambient air. The lower the rating of the heat sink in terms of
°C/W the better its thermal efficiency is. Figure 12 shows the
thermal resistance of common heat sink materials. This
thermal resistance must be added to the optocouplers thermal
resistance RgyC or RgJT where applicable.

There are no electrical safety considerations because the
device’s heat sink is electrically isolated and regulatory
approved.

Itis possible to calculate the devices junction temperature
Ty as follows, Ty = (VTM*Irms*(RgJC + Reca)) + TA.

We are also able to calculate the maximum current and
power dissipation allowed as follows,

TJ(max) — TA

ReJc + RecA

For example, a MOC2A40 device is mounted with its entire

back side to a flat aluminum heat sink with a thermal rating

RgsA of 5°C/W. Thermal grease is used on the interface and
the ambient temperature is maximum 70°C.

125°C — 70°C
Pmax) = gocow + socw

P(max) =

=423W

The same external heat sink is used but only the device’s
heat tab is connected to aluminum heat sink which increases
the thermal resistance from the semiconductor junction to the
external heat sink. Note the considerable loss of power
handling capability.

125°C-70°C  _
P(max) =1g°c/w + soorw = 289 W
Figure 11 shows the maximum allowed power dissipation
for a single free standing device without heat sink and for
devices with various external heat sinks versus the ambient
temperature.
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Figure 13. Clusters of Devices on a PC Board
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Devices Stacked in Clusters with
Minimal Spacing of 200 Mils

One of the great advantages of the 2 A optocoupler family is
its small footprint on a PC board. This enables the user to
cluster many devices in one row with only 200 mil spacing from
lead to lead as shown in Figure 13. Devices in this close
approximation influence each other thermally by heat transfer
through the epoxy bodies, the integral heat sinks and by heat
conduction through pin 7 to the PC board. Prudence would
suggests that clustered devices are running much hotter than
a single free standing device and the maximum power
handling must be derated when all devices within this cluster
are switched on. It can be also predicted that devices in the
center of the cluster run much hotter than the devices at each
end. This also means the individual devices within the cluster
are not able to dissipate the full rated power but must be ther-
mally derated. The following study with clusters show the
impact of this derating. Of course, the position of this cluster in
respect to the natural air convection is also very important.
Clusters on a horizontal positioned circuit board run much
hotter than devices on a vertical oriented circuit board. Vertical
orientation of the devices and the circuit board allow optimized
heat flow due to the “chimney” effect. Figure 14 shows the heat
distribution for each individual device in a cluster of 10 devices
for vertical and horizontal circuit board positions. All devices
are conducting 1 A of current which is about 1 W of power

145 — roT
TJ max Board Horizontal

125

05 e AN
g V' NN
iV N
ED g5 Board Vertical
@
s
g
ER

45

25

1 2 3 4 5 6 7 8 9 10
Unit
Figure 14. Cluster Tj Junction Temperature

Distribution in a Cluster of 10 TA = 25°C, Ali
Devices on with 1 =1 Arms

PDMAXW]
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dissipation. As predicted, the devices in the center of the
cluster show the highest temperature, while the devices at the
end run cooler but are still much hotter than the stand alone
rating would predict. The graph also demonstrates the impor-
tance of free air flow versus restricted air flow caused by a hori-
zontal positioned PC board. It is important to note that the
junction temperature of the center devices on the vertical posi-
tioned board exceeds the maximum rating of 125°C with a
input power of only 1 watt! The dissipated power for these
devices has to be lowered in order to stay within their
maximum junction temperature rating.

Itis now of interest to know the maximum power dissipation
allowed for devices in various sized clusters or the maximum
power allowed for devices within a large cluster versus the
amount of devices switched on at the same time. The graphin
Figure 15 is taken from a cluster of 25 devices where the X
axis shows the number of units which are turned on with the
same power dissipation and the Y axis shows the resulting
maximum allowed power dissipation for each unit. The power
is first applied to device#1 then to device#1 and device #2 then
to device#1 and 2 and 3, and so on. The junction temperature
of the hottest unitin the cluster (which is always in the center of
the units turned on within the cluster) is the limiting factor. Itis
also interesting to note that the power derating is not a linear
function of the cluster size but asymptotically levels out to a
steady value for cluster sizes exceeding 20 devices.

2.5

20

0.5

Figure 15. Maximum Allowed Power Dissipation
per Device Versus Cluster Size
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MOTOROLA
EE SEMICONDUCT O R /00500
TECHNICAL DATA

Features: Motorola Preferred Device
® Low Cost
® Popular T-13%4 Package
® |deal Beam Angle for Most Remote Control Applications in Conjunction with MRD821 INFRARED
® Uses Stable Long-Life LED Technology LED
o Clear Epoxy Package 940 nm
Applications:
Remote Controls and Long Distance Interruptive Sensing
MAXIMUM RATINGS
Rating Symbol Value Unit
Reverse Voltage VR 5 Volts
Forward Current — Continuous IF 100 mA
Forward Current — Peak Pulse IF 1 A
Total Power Dissipation @ Tp = 25°C Pp 100 mwW ‘
Derate above 25°C 22 mW/°C CASE 279B-01
- : o STYLE 1
Ambient Operating Temperature Range TA -30to +70 C
7 Storage Temperature Tstg —30to +80 °C
Lead Soldering Temperature, — 260 °C 0_*___0
5 seconds max, 1/16 inch from case 2 1
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current (VR = 3 V) IR —_ 10 — nA
Reverse Leakage Current (VR = 5 V) IR — 1 10 HA
Forward Voltage (Il = 100 mA) VE — 1.35 1.7 "
Temperature Coefficient of Forward Voltage AVE — -1.6 - mV/K
Capacitance (f = 1 MHz) C — 25 — pF
OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Peak Wavelength (I = 100 mA) Ap —_ 940 —_ nm
Spectral Half-Power Bandwidth AA — 50 - nm
Total Power Output (I = 100 mA) De — 16 — mwW
Temperature Coefficient of Total Power Output AQe —_ -0.25 —_ %/K
Axial Radiant Intensity (I = 100 mA) le 10 15 — mW/sr
Temperature Coefficient of Axial Radiant Intensity Alg — -0.25 - %/K
Power Half-Angle ® — +30 — °
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Figure 1. LED Forward Voltage versus Forward Current
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MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

Advance Information ’ MLED91
Infrared 940 nm LED Series

The MLED91 series 940 nm LEDs are multi-purpose devices capable for use Motorola Preferred Devices
in numerous applications. These Gallium Arsenide devices are manufactured to
tight tolerances for maximum performance and long lifetime. The devices can be
purchased in tape and reel format (in compliance with the EIA 468-A specifica-
tion) to meet auto-insertion needs.

940 nm LED

Features:

e Low Cost

Well Suited for Use with Any MRD900 Series Optical Detector

Low Degradation

New Mold Technology Improves Performance Under Variable

Environmental Conditions

New Lens Design Offers Improved Optical Performance

e EIA 468-A Compliant Tape and Reel Option Available
(MLED91RLRE and MLED91ARLRE)

Applications:
Low Bit Rate Communication Systems CASE 422A-01
Keyboards Style 1
Coin Handlers
Paper Handlers
Touch Screens
Shaft Encoders
General Purpose Interruptive and Reflective Event Sensors o—p}—o

e ®© o o o o o

MAXIMUM RATINGS

Rating Symbol Value Unit

Reverse Breakdown Voltage VR 6.0 Volts

Continuous Forward Current IF 100 mA

Peak Pulse Forward Current IF 1.0 A

Device Power Dissipation @ Tp = 25°C (1) Pp 100 mwW mw
Derate above 55°C 2.0 mW/°C

Ambient Operating Temperature Top —40to 100 °C

Storage Temperature Tstg ~40to 100 °C

Lead Soldering Temperature (2) TL 260 °C

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Reverse Leakage Current (VR = 6.0 V) IR — 0.05 100 HA

Forward Voltage (IF = 50 mA) VE — 1.3 15 Volts

Temperature Coefficient of Forward Voltage AVE - -1.6 — mv/°C

Capacitance (V=0V, f= 1.0 MHz) C _ 24 50 pF

(1) Measured with device soldered into a typical printed circuit board.
(2) Maximum exposure time: five seconds. Minimum of 1/16 inch from the case. A heat sink should be applied in order to prevent the case temperature from exceeding 100°C.

This document contains information on a new product. Specifications and information herein are subject to change without notice.
Preferred devices are Motorola recommended choices for future use and best overall value.
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OPTICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

PD, POWER DISSIPATION (mW)

Characteristic Symbol Min Typ Max Unit
Peak Emission Wavelength (If = 50 mA) A 930 940 950 nm
Spectral Half Power Wavelength — 48 — nm
Spectral Output Temperature Shift — 0.3 — nm/°C
Axial Power Output Intensity MLED91 Po 50 150 - uW/sq cm
(IF =20 mA) (3) MLED91A 100 — 200 puW/sq cm
Intensity Per Unit Solid Angle MLED91 Ee 0.2 0.65 — mW/Sr
(IF =20 mA) (3) MLED91A 0.4 — 0.9 mW/Sr
Power Half-Angle Q — +20 — °
Rise Time and Fall Time tr tf — 1.0 — usS
(3) Measured using a 11.28 mm diameter detector placed 21 mm away from the device under test.
150 2500 T T T TTT
DC Ta=-40°C
- == == — PULSED
& 2000 A1
5 AN
100 \ I , 3 TA/ =25°C
=
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5 4 //
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Figure 1. Power Dissipation
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Figure 2. Power Output versus Forward Current
See Note 3 for Conditions.
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SEMICONDUCTOR
TECHNICAL DATA

Advance Information
660 nm (RED) Light Emitting Diodes | MLCD96

Features: Motorola Preferred Device
e AlGaAs Technology Utilizing Low Degradation Processing

e Great for Use as an Indicator

e Well Suited for Use in Plastic Optical Fiber (POF) Applications
e E|A-468-A Compliant Tape and Reel Available (MLED96RLRE)

Applications:
e Plastic Optical Fiber (POF) Transmitters
e Visible Red LED Indicators

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 5.0 Volts CASE 422A-01
Forward Current — Continuous IF 60 mA STYLE 4
Forward Current — Peak Pulse IF 1.0 A
Total Power Dissipation @ Tp = 25°C (1) Pp 100 mw
Derate above 35°C 2.0 mW/°C
Ambient Operating Temperature Range TA —40to +100 °C i
Storage Temperature Tstg —40to +100 °C ?_»'—g
Lead Soldering Temperature (2) T 260 °C
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) |
Characteristic Symbol Min Typ Max Unit ‘
Reverse Leakage Current (VR = 3.0 V) IR — 100 — nA
Reverse Leakage Current (VR = 5.0 V) IR —_ 10 100 HA
Forward Voltage (IF = 60 mA) VE — 1.8 22 Volts
Temperature Coefficient of Forward Voltage AVE — -22 - mV/K
Capacitance (f = 1.0 MHz) C — 50 —_ pF
OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Peak Wavelength (If = 60 mA) Ap — 660 — nm
Spectral Half-Power Bandwidth AL — 20 —_ nm
Axial Power Output Intensity Po 80 220 — UW/sq cm
(I = 100 mA) (3)
Instantaneous Axial Intensity (Ir = 100 mA) (4) lo 0.8 1.3 — mW/sr
Power Half-Angle 9 —_ +20 — °
Optical Turn-On Time ton - 200 — ns
Optical Turn-Off Time toff — 150 — ns
Half-Power Electrical Bandwidth (5) BWe — 6.0 — MHz

(1) Measured with device soldered into a typical printed circuit board.

(2) 5 seconds max; 1/16 inch from case. Heat sink should be applied during soldering, to prevent case temperature from exceeding 100°C.
(3) Measured using a 11.28 mm diameter detector placed 21.0 mm away from the device under test.

(4) On-axis, with cone angle of + 13°,

(5) g = 100 mA pk-pk, 100% modulation.

This document contains information on a new product. Specifications and information herein are subject to change without notice.
Preferred devices are Motorola recommended choices for future use and best overall vaiue.
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MOTOROLA

SEMICONDUCTOR m
TECHNICAL DATA

Advance Information MLED97 |
850nm Light Emitting Diode |

Motorola Preferred Device

Features:

o Low Degradation AlGaAs Processing

e High Power

e Well-Matched to Si Detectors

e Plastic Optical Fiber (POF) Transmission Matched

Applications: !
o Plastic Optical Fiber Transmitters
e Silicon Sensors Requiring Close Wavelength Matching

CASE 422A-01

STYLE 4
MAXIMUM RATINGS
Rating Symbol Value Unit
Reverse Voltage VR 6.0 Volts
Forward Current — Continuous IF 60 mA
Forward Current — Peak Pulse IF 1.0 A
Total Power Dissipation @ Tp = 25°C (1) PD 120 mw
Derate above 40°C 2.0 mW/°C
Ambient Operating Temperature Range TA —40to +100 °C
Storage Temperature Tstg —40to +100 °C
Lead Soldering Temperature (2) T 260 °C |
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current (Vg = 6.0 V) IR — 0.05 100 pA
Forward Voltage (IF = 50 mA) VE — 1.4 2.0 Voits
Temperature Coefficient of Forward Voltage AVE — -1.6 — mV/K
Capacitance (V=0V, f=1.0 MHz) C — 200 — pF
OPTICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Peak Wavelength (I = 60 mA) Ap —_ 850 — nm
Spectral Half-Power Bandwidth AL — 40 — nm
Axial Power Output Intensity Po 200 — — uW/sq cm
(IF = 100 mA)
Power Half-Angle 9 — +30 — °
Optical Rise and Fall Time (10% - 90%) (See Figure 7) trn tf —_ 25 35 ns
(1) Measured with device soldered into a typical printed circuit board.
(2) 5 seconds max; 1/16 inch from case. Heat sink should be applied during ing, to prevent case from ing 100°C.

This document contains information on a new product. Specifications and information herein are subject to change without notice.
Preferred devices are Motorola recommended choices for future use and best overall value.
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TYPICAL CHARACTERISTICS
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MOTOROLA
m SEMICONDUCTOR
TECHNICAL DATA

Infrared LED (940 nm) MLED930

) R L N ) ) Motorola Preferred Device
The MLED930 is designed for applications requiring high power output, low drive power
and very fast response time. It is spectrally matched for use with silicon detectors.

Features:
® High-Power Output — 4 mW (Typical) @ If = 100 mA, Pulsed INFRARED
® [nfrared-Emission — 940 nm (Typical) LED

® Low Drive Current — 10 mA for 450 uW (Typical) 940 nm
® Popular TO-18 Type Package for Easy Handling and Mounting

® Hermetic Metal Package for Stability and Reliability

Applications:
® Industrial Processing and Control CONVEX
® Shaft or Position Readers LENS

® Optical Switching

® Remote Control

® Light Modulators

® Punched Card Readers
® Logic Circuits

CASE 209-01
METAL
STYLE 1
MAXIMUM RATINGS
Rating Symbol Value Unit
Reverse Voltage VR 6 Volts |
Forward Current — Continuous IF 60 mA ;
Forward Current — Peak Pulse (PW = 100 us, d.c. = 2%) IF 1 A }
Total Device Dissipation @ Tp = 25°C Pp 250 mwW !
Derate above 25°C (Note 1) 2.27 mW/°C .
Operating Temperature Range TA —-55t0 +125 °C
Storage Temperature Range Tstg —65to +150 °C
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Fig. No. Symbol Min Typ Max Unit
Reverse Leakage Current (VR = 3V) — IR - 2 — nA
Reverse Breakdown Voltage (IR = 100 uA) - V(BR)R 6 20 — Volts
Forward Voltage (I = 50 mA) 2 VE — 1.32 1.5 Volts
Total Capacitance (VR = 0V, f = 1 MHz) — Ccr — 18 — pF
OPTICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Total Power Output (Note 2) (If = 60 mA, dc) 3,4 Po — 25 — mwW
(IF = 100 mA, PW = 100 us, duty cycle = 2%) 1 4 —
Radiant Intensity (Note 3) — lo — 15 — mW/
(IF = 100 mA, PW = 100 us, duty cycle = 2%) steradian
Peak Emission Wavelength 1 AP — 940 — nm
Spectral Line Half Width 1 A —_ 40 —_ nm

Notes: 1. Printed Circuit Board Mounting
2. Power Output, Py, is the total power radiated by the device into a solid angle of 2 steradians. It is measured by directing all radiation leaving the
device, within this solid angle, onto a calibrated silicon solar cell.
Irradiance from a Light Emitting Diode (LED) can be calculated by
le where H is irradiance in mWicm2; lg is radiant intensity in mW/steradian;

d2 is distance from LED to the detector in cm.

w
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TYPICAL CHARACTERISTICS
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MOTOROLA
SEMICONDUCTO R
TECHNICAL DATA

Advance Information
OPTO Transceiver and
Reflective Sensor

MOC9000

Motorola Preferred Device
Features:
e Low Degradation IR LED and NPN Phototransistor
o Low Cost OPTO TRANSCEIVER AND
* New Mold Technology Improves Performance Under Variable REFLECTIVE SENSOR

Environmental Conditions
* New Lens Design Offers Improved Optical Performance
o EIA 468-A Compliant Tape and Reel Option Available (MOC9000RLRE)

Applications:

e Low Bit Rate, Short Distance Communication Systems
o Reflective Sensors

e Non-Contact Sensing and Communications

CASE 422-01
Style 4
1 2 3 |
MAXIMUM RATINGS 1
Rating Symbol Value Unit |
Reverse Breakdown Voltage (LED) VR 6.0 Volts
Continuous Forward Current (LED) IF 50 mA
Peak Pulse Forward Current (LED) Ig 1.0 A
Collector-Emitter Voltage (Transistor) VCEO 30 Volts
Device Power Dissipation @ Tp = 25°C (1) Pp 100 mW mw
Derate above 55°C 2.0 mW/°C
Ambient Operating Temperature Top — 40 to 100 °C
Storage Temperature Tstg —40to 100 °C
Lead Soldering Temperature (2) TL 260 °C
LED ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current (VR =6.0 V) IR —_ 0.05 100 RA
Forward Voltage (IF = 50 mA) VE — 1.3 1.5 Volts
Temperature Coefficient of Forward Voltage AVE — -1.6 — mV/°C
Capacitance (V=0V, f=1.0 MHz) C — 24 50 pF

(1) Measured with device soldered into a typical printed circuit board.
(2) Maximum exposure time: five seconds. Minimum of 1/16 inch from the case. A heat sink should be applied in order to prevent the case temperature
from exceeding 100°C.

This document contains information on a new product. Specifications and information herein are subject to change without notice.
Preferred devices are Motorola recommended choices for future use and best overall value.
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MOC9000

LED OPTICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Peak Emission Wavelength (If = 50 mA) A 930 940 950 nm
Spectral Half Power Wavelength — — 48 — nm
Spectral Output Temperature Shift — — 0.3 — nm/°C
Axial Power Output Intensity MLED91 Po 25 50 — uW/sq cm
(IF =20 mA) (3)
Intensity Per Unit Solid Angle MLED91 Ee 0.2 0.65 — mW/Sr
(IF =20 mA) (3)
Power Half-Angle Q — +30 — °
Rise Time and Fall Time t t — 1.0 — us
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Collector Dark Current (Vcg = 10 V, H = 0 (Dark)) Ip — 10 100 nA
Collector Emitter Breakdown Voltage (Ic = 100 pA) BVCEO 30 — — Volts
OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Collector Light Current (Vg =5.0V, MRD901 IL 0.1 1.0 — mA
H =500 pW/sq cm @ 940 nm) MRD901A 0.7 — 2.6 mA
Saturation Voltage (H = 3.0 mW/sq cm, VCE(sat) — — 0.4 Volts
Wavelength = 940 nm, Ic =2.0 mA, Vcg =5.0 V)
(3) Measured using a 11.28 mm diameter detector placed 21 mm away from the device under test.
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Figure 1. Power Dissipation
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Figure 2. LED Forward Voltage versus
Forward Current
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MOTOROLA
EE SEMICOND U CT O R  5mm
TECHNICAL DATA

MRD300
Photo Detectors MRD310*

Tra.‘SIStor OUtput *Motorola Preferred Device
The MRD300 and MRD310 are designed for applications requiring radiation sensitivity

and stable characteristics. PHOTO DETECTORS

Features: TRANSISTOR OUTPUT

® Popular TO-18 Type Package for Easy Handling and Mounting NPN SILICON

e Sensitive Throughout Visible and Near Infrared Spectral Range for Wider Application
® Minimum Light Current 4 mA at H = 5 mW/cm, (MRD300)

e External Base for Added Control

® Annular Passivated Structure for Stability and Reliability

Applications:

o Industrial Processing and Control o Light Modulators

® Shaft or Position Readers ® Punched Card Readers

® Optical Switching ® Logic Circuits

® Remote Control e Counters

CASE 82-05

METAL
STYLE 1

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

7 Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 50 Volts
Emitter-Collector Voltage VECO 7 Volts
Collector-Base Voltage Veeo 80 Volts
Total Device Dissipation @ Tp = 25°C Pp 250 mwW

Derate above 25°C 2.27 mW/°C
Operating Temperature Range TA —-55t0 +125 °C
Storage Temperature Range Tstg —65to +150 °C

STATIC ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Collector Dark Current (VCg = 20V, H = 0) Tp = 25°C Iceo - 5 25 nA
TA = 100°C — 4 — nA
Collector-Base Breakdown Voltage (Ic = 100 uA) V(BR)CBO 80 120 —_ Volts
Collector-Emitter Breakdown Voltage (Ic = 100 uA) V(BR)CEO 50 85 — Volts
Emitter-Collector Breakdown Voltage (Ig = 100 nA) V(BR)ECO 7 85 — Volts
OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Light Current MRD300 I 4 7 — mA

(Vce = 20V, RL = 10 Ohms) Note 1 MRD310 1 35 —

Light Current MRD300 IL - 25 — mA

(Vcc = 20 V, RL = 100 Ohms) Note 2 MRD310 — 0.8 -

Photo Current Rise Time (Note 3) tr — 2 25 ns

(RL = 100 Ohms, I = 1 mA peak)

Photo Current Fall Time (Note 3) tf — 25 4 us

(RL = 100 Ohms, I = 1 mA peak)

NOTES: 1. Radiation flux density (H) equal to 5 mW/cm2 emitted from a tungsten source at a color temperature of 2870 K.
2. Radiation flux density (H) equal to 0.5 mW/cm?2 (pulsed) from a GaAs (gallium-arsenide) source at A = 940 nm.
3. For unsaturated resp time measur ion is provided by pulsed GaAs (gallium-arsenide) light-emitting diode (A =~ 940 nm) with a
pulse width equal to or greater than 10 microseconds (see Figure 2) Il = 1 mA peak.
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MRD300, MRD310

TYPICAL CHARACTERISTICS
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