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General Information 

Motorola Optoelectronic products include gallium arsenide and gallium aluminum 
arsenide infrared-emitting diodes, silicon photodetectors, optoisolators, slotted opti
cal 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 demonstrated by state-of-the
art 800 volt, zero-crossing triac drivers (MOC3081 ); the industry's only standard high 
temperature Darlington isolator (MOC8080) and the industry's only supplier of stan
dard products with 7500 Vac peak isolation voltage. 

The broad optoisolator line includes nearly all the transistor, Darlington, SCR, triac 
driver and Schmitt trigger devices now available in the industry. Motorola optoiso
lators come in the standard 6-pin DIP package. Each device is listed in the easy-to
use Selector Guide (Chapter 3) and a detailed data sheet is presented in a succeeding 
chapter. 

1-1 

• 



• 
The Motorola Spectrum of OPTOELECTRONICS 

Optoelectronics is a special branch of semiconductor tech
nology 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 appll
ca tio n as sensor pairs, replacing electro-mechanical 
switches. Optoisolators are being designed into circuits pre
viously 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 hav
ing higher efficiencies, improved reliability and lower cost. 

Emitters 
Early emitters, both visible and infrared, suffered from low 

power output and rapid power output deterioration (degra
dation) when compared to present day devices. Emitter chip 
materials, commonly referred to as 111-V compounds, are 
combinations of elements from the Ill and V columns of the 
periodic chart. The P-N junction is formed by either diffusing 
or by ep1tax1ally growing the junction. Typical materials used 
for emitters include gallium arsenide (GaAs) and gallium alu
minum arsenide (GaAIAs), among others. 

When a forward bias current (IF) flows through the emitter's 
P-N junction, photons are emitted. This is shown schemati
cally in Figure 1. The total output power (Po) is a function 
of the forward current (IF), and is measured in m1ll1watts. 
Likewise, the axial radiant intensity (IQ) 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 
sterad1an. 

Figure 1. The LED 

Motorola's line of emitters operate at wavelengths of either 
660, 850 or 940 nanometers (nm). See Figure 2. This encom
passes the red and the near infrared portions of the electro
magnetic frequency spectrum. Emitters of various wave
lengths 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. Almost 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 min
imum 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 requir
ing 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 
conf1gurat1on where the opto detector 1s on-axis with the emit
ter, 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, emit
ters with less d1rect1onal lenses, or unlensed emitters are 
generally used. 

Motorola's selection of emitters includes the low-cost plas
tic "Case 349" devices, such as MLED71, MLED76 and 
MLED77. Also in a plastic package is the remote control 
emitter, MLED81. 

Metal and glass packages, such as the T0-18 (MLED930) 
are utilized in applications where high axial intensity or abso
lute 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, photo

detectors have also advanced dramatically. Early photo
transistors and photod1odes were soon Joined by photo
darlmgton detectors, and then by light-activated SCRs. 
Innovations m design have created devices having higher 
sensitivity, speed and voltage capab1lit1es. A variety of 
detectors 1s shown in Figure 3. 
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Figure 3. Light Sensitive Detectors 
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Recent developments m detector technology have led to 
larger and more complex circuit integration. Photodetectors 
incorporating Schmitt trigger logic outputs are becoming 
increasingly popular in applications requmng very fast speed, 
hysteresis for noise immunity, and logic level outputs. 

In 1977, Motorola introduced the world's first photo-triac 
driver, a planar silicon device ~apable of controlling loads on 
an ac power line. This was followed m 1979 by the zero
crossing triac driver, also a Motorola development. This 
device still stands as a classic example of opto technology's 
dramatic progress. Bipolar c1rcu1try, photo-optic technology, 
high voltage solid state physics and field effect transistor 
(FET) technology are all incorporated on a monolithic inte
grated circuit chip inside this device. 

Future trends point to even higher performance charac
teristics and more circuit integration in photodetectors. 

Detectors, like emitters, are available 1n plastic and m 
lensed metal packages. 

Fiber Optics 
Motorola offers devices specifically designed for either 

plastic or glass fiber systems. For g\ass fiber systems, fiber 
optic emitters and detectors are available m a high perfor
mance glass and metal hermetic package, which 1s compat
ible with many industry standard fiber optic connectors. A 
more cost effective choice may be the "MOD" series of emit
ters and detectors. These devices are packaged with plastic 
caps instead of metal, and offer moderate performance with 
moderate price. 

For low cost plastic systems, Motorola's popular FLCS 
(Fiber optic Low Cost System) series 1s 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 1s selected. Convenient termination techniques make 
the FLCS system the first truly practical fiber optic system 
for general purpose usage. 

Optoisolators 
Optoisolators, a block diagram of which 1s shown m Figure 

4, are devices which contain at least one emitter, which is 
optically coupled to a photo-detector through some sort of an 
insulating medium. This arrangement permits the passage of 
information from one c1rcu1t, which contains the emitter, to 
the other c1rcu1t containing the detector. 

Because this information 1s passed optically across an insu
lating gap, the transfer is one-way; that 1s, the detector cannot 
affect the input circuit. This 1s important because the emitter 
may be driven by a low voltage circuit utilizing an MPU or 
logic gates, while the output photo-detector may be part of 
a high voltage DC or even an ac load circuit. The optical 
1solat1on prevents interaction or even damage to the input 
c1rcu1t to be caused by the relatively hostile output c1rcu1t. 

The most popular isolator package 1s the general purpose 
six-pm DIP, or dual-in-line, package. In this conf1gurat1on, Pins 
1 and 2 are generally connected to the emitter, while Pins 4, 
5 and 6 are connected to the detector. Between emitter and 
detector 1s an isolating medium which incorporates the 
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• 
THE MOTOROLA SPECTRUM OF OPTOELECTRONICS (continued) 

desired characteristics of high dielectric breakdown, infrared 
transmissivity, environmental properties, manufacturability 
and cost. 

Figure 4. Block Diagram of Optoisolator 

Various geometric designs have been used over the years 
for the internal light cavity between the emitter and detector. 
These include opposed lead-frame, co-planar, light pipe, and 
sandwich methods. The first two techniques shown in Figure 
5 have been recognized as being superior methods of achiev
ing the high 1solat1on voltage levels which are demanded 
today. Six-pin DIPs using these isolation techniques are avail
able from Motorola with the industry's highest rating of 7500 
volts ac (peak). 

Black Overmold 

Opposed Isolator Package 

Dome 

Co-Planar Isolator Package 

Figure 5. Geometric Designs for Optoisolators 
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The wide selection of photodetectors mentioned earlier is 
also available in the isolator packages. A variety of optoiso
lators 1s 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 dar
lington output isolators, this efficiency is referred to as "cur
rent transfer ratio," or CTR. This is simply the guaranteed 
output current d1v1ded by the required input current. In the 
case of trigger-type isolators, such as one having Schmitt 
trigger (logic), SCA or triac driver outputs, efficiency is defined 
by the amount of emitter current required to trigger the output. 
This is known as "forward trigger current," or lfT. 
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Figure 6. Various Optoisolator Configurations 



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

All Motorola six-pin DIP opto1solators 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(rm~.). Under U.L. 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 opto
isolators are offered in a variety of lead form/trim options. 
These are shown in detail on page 3-13. 

Many Motorola opto1solators are approved by VOE, the 
opto1solator standard which 1s accepted in most European 
countries. Check the Motorola data sheet for spec1f1c infor
mation on approvals to various VOE norms. 

Opto Assemblies 
Assemblies consist of one or more emitters and detectors 

in a special purpose package. Common assembly conf1gu
rat1ons include multiple detector arrays, slotted optical 
switches and reflective optical sensors. A slotted optical 
switch ts a transm1ss1ve device made up of an emitter and a 
detector inserted into a housing. The housing serves to main
tain optical altgnment 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 opto1solators, with the added feature of 
mechanical interrupt1b11tty. This enables them to detect the 
presence of an object, or tis speed, or 1n the case of a dual-
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channel device, its d1rect1on of travel. Slotted optical switches, 
also known as interrupters, are available in a variety of pack
age styles to accommodate a range of size and mounting 
restrictions. 

Applications for slotted optical switches include paper sen
sing in printing and copy machines, cursor controls in video 
game track balls and computer mice, motor speed tachom
eter sensors, position sensing 1n computer disk and tape 
drivers, and as a replacement for mechanical switches in 
machine control equipment. Angular pos1t1on can be moni
tored as well, by means of an optical shaft encoder. 

A reflective optical sensor 1s another type of opto assembly. 
This incorporates an emitter and a detector in a common 
housing, and is designed so that the emitted rad1at1on strikes 
the target object and reflects back to the detector. Whtie the 
reflective sensor ts somewhat trickier to use than the slotted 
optical switch, 1t ts popular in locations where there is no 
access to the opposite side of the target obiect. It 1s essential 
that the operating environment around the reflective sensor 
be free from unwanted stray ltght sources and reflective sur
faces. Appl1cat1ons include end-of-tape sensing, paper sen
sing and coin-sensing 1n vending machines. 

Motorola has the capab11tty to produce optical assemblies 
to many custom conf1gurat1ons You may want to 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 chapter 8 of tbis book for spec1f1c 
chip information. 
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OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS 

Current Transfer Ratio - The ratio of 
output current to input current, at a speci
fied bias, of an opto coupler . 

Commutating dv/dt - A measure of the 
ability of a triac to block a rapidly rising 
voltage immediately after conduction of 
the opposite polarity. 
Coupled dv/dt-A measure of the ability 
of an opto thyristor coupler to block when 
the coupler is subjected to rapidly 
changing isolation voltage. 

Luminous Flux Density (lllum1nance) 
[lumens/ft.2 = ft. candles] - The radia
tion flux density of wavelength within the 
band of v1s1ble light. 

Radiation Flux Density(lrradiance) 
[mW/cm2]- The total incident radiation 
energy measured in power per unit area. 

Collector Dark Current - The maximum 
current through the collector terminal of 
the device measured under dark condi
tions, (H = 0), with a stated collector 
voltage, load resistance, and ambient 
temperature. (Base open) 

Dark Current - The maximum reverse 
leakage current through the device mea
sured under dark conditions, (H = 0), with 
a stated reverse voltage, load resistance, 
and ambient temperature. 

Input Trigger Current - Emitter current 
necessary to trigger the coupled thyristor. 

Collector Light Current - The device 
collector current measured under defined 
conditions of irradiance, collector voltage, 
load resistance, and ambient temper
ature. 

Series Resistance - The maximum 
dynamic series resistance measured at 
stated forward current and ambient tem
perature. 

Silicon Controlled Rectifier - A reverse 
blocking thyristor which can block or 
conduct in forward bias, conduction 
between the anode and cathode being 
initiated by forward bias of the gate 
cathode junction. 

Photo Current Fall Time - The response 
time for the photo-induced current to fall 
from the 90% point to the 10% point after 
removal of the GaAs (gallium-arsenide) 
source pulse under stated conditions of 
collector voltage, load resistance and 
ambient temperature. 

Photo Current Rise Time - The response 
time for the photo-induced current to rise 
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from the 10% point to the 90% point when 
pulsed with the stated GaAs (gallium
arsenide) source under stated conditions 
of collector voltage, load resistance, and 
ambient temperature. 
A thyristor which can block or conduct in 
either polarity. Conduction 1s initiated by 
forward bias of a gate-MTI junction. 

Storage Temperature 

Reverse Breakdown Voltage - The 
minimum de reverse breakdown voltage 
at stated diode current and ambient tem
perature. 

Collector-Base Breakdown Voltage
The minimum de breakdown voltage, col
lector to base, at stated collector current 
and ambient temperature. (Emitter open 
and H = 0) 

Collector-Emitter Breakdown Voltage -
The minimum de breakdown voltage, 
collector to emitter, at stated collector 
current and ambient temperature. (Base 
open and H = 0) 

Emitter-Collector Breakdown Voltage -
The minimum de breakdown voltage, 
emitter to collector, at stated emitter 
current and ambient temperature. (Base 
open and H = 0) 

Collector-Base Voltage - The maximum 
allowable value of the collector-base 
voltage which can be applied to the device 
at the rated temperature. (Base open) 

Collector-Emitter Voltage - The maxi
mum allowable value of collector-emitter 
voltage which can be applied to the device 
at the rated temperature. (Base open) 

Emitter-Collector Voltage - The maxi
mum allowable value of emitter-collector 
voltage which can be applied to the device 
at the rated temperature. (Base open) 

Forward Voltage - The maximum for
ward voltage drop across the diode at 
stated diode current and ambient tem
perature. 

Isolation Surge Voltage - The dielectric 
withstanding voltage capability of an 
optocoupler under defined conditions 
and time. 

Reverse Voltage - The maximum allow
able value of de reverse voltage which can 
be applied to the device at the rated tem
perature 

Wavelength of maximum sensitivity in 
micrometers. 
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Optocoupler Reliability & Quality 

Reliability Considerations 
Emitter Life 

The area of optocoupler reliability that is of most con
cern to users is the life of the IRED (Infrared Emitting 
Diode). Anything which alters the carrier-recombination 
process (the light-emitting mechanism) will cause a de
crease in coupling efficiency with time. There are several 
possible ways this can happen, depending upon the de
vice 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. 

2. Damage caused by assembly of the IRED chip into a 
package can also cause degradation, usually observ
able 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 elim
inated. In addition, the application of a die passivation 
during assembly insures that the IRED chip is protected 
from external mechanical stress. 

3. 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 recombi
nation to a greater degree. Proper process design and 
control of equipment is necessary to minimize this ef
fect. Motorola continually audits its process to provide 
the necessary monitor on LED life characteristics. 

4. 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 char
acteristics), there still remain important cons1derat1ons 
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 de
vices. Large surface areas are needed to capture large 
amounts of light, but also give higher junction leakage. 
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Low doping concentrations are necessary for long carrier 
lifetimes, but also create more chance for surface inver
sion 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 de
vices and use materials that are dictated by that construc
tion. Just as parametric stability of the IRED and detector 
chips used in an optocoupler is important, so also is 1t 
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 opto
coupler to isolate its input from high voltage at its 
output is probably its most important feature. Human 
safety and equipment protection are often critically de
pendent upon dielectric stability under severe field 
conditions. Motorola uses a dual . molding scheme, 
whereby an opaque epoxy overmold surrounds an in
frared 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 ca
pability, both in terms of voltage level and stability, is 
the result. Motorola specifies all of its optocouplers at 
7500 Vac peak isolation. 

2. Mechanical Integrity - It is also important that the 
package be capable of withstanding vibration and tem
perature stresses that may be found in the field envi
ronment. Motorola's solid package construction and 
the use of repeatable automatic ball bond wire attach 
equipment provide this performance at rated 
conditions. 

3. Moisture Protection - Relatively high humidity is 
characteristic of many field environments, although 
usually not on a continuous basis. Motorola's chip de
sign minimizes the effect of moisture internal to the 
package, usually by covering the aluminum metalli
zations with protective pass1vations. The package ma
terials typically provide stable isolation voltage after 
well over 1000 hours of continuous exposure to a high 
temperature, high humidity environment and will pro
vide very long term service under intermittently humid 
conditions. 
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OPTO 400 - A High Reliability 
Package for Optocouplers 

OPTO 400 PERFORMANCE HIGHLIGHTS 

• Temperature Cycling over - 65°C to + 150°C 
• High Humidity Tolerance - H3TRB Test 
• Low IRED Degradation under Stress - IRED Burn-in Test 
• High Isolation Voltage - 7500 Vac peak min. 

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

~ 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. 

~ POST SAW INSPECTION: A sample of die is mon
itored 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. 

[!] 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 destructively pushed off 
and the percent of remaining die material evaluated. 

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

[!] QA INTERNAL VISUAL GATE: This is a sample QA 
gate to microscopically inspect for all of the defects 
described in numbers 4 and 5 above. All lots rejected are 
100% rescreened. 

[ZJ EMITTER DIE COAT INSPECTION: This is a sample 
inspection to assure the adequacy of the emitter die 
coating. 

Various methods of optocoupler packaging and pro
cessing can be found throughout the industry. The pri
mary differences are in the internal placement of the 
emitter and the detector chips and in the type of light 
transmission medium that is used. The Motorola OPTO 
400 package uses two separate lead frame sections, with 
the Infrared Emitting Diode (IRED) facing the detector 
chip. An epoxy undermold forms the infrared transmis
sion path, and an opaque epoxy overmold provides 
strength and immunity to ambient light. 

The OPTO 400 optocoupler package is a standard 6-pin 
DIP package in size and format. It has been subjected to 
severe and comprehensive environmental testing and 
demonstrates improved temperature cycling and humid
ity performance while maintaining the high level of IRED 
life, isolation voltage, and general environmental stability 
of the previous 6-pin DIP package. 

The package differs from its predecessor in the emitter 
die coat and undermold materials used. Motorola first 
developed the undermold-overmold technology to 

Optocoupler Process Flow and QA 

[!] OVERMOLD INSPECTION: This is a sample micro
scopic inspection for molding defects and voids. 

W TRIM AND FORM INSPECTION: This is a sample 
monitor visual inspection of the final trimmed and lead 
formed units. 

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

[!!] QA FINAL VISUAL GATE: This is a final external 
microscopic inspection for physical defects or damage, 
plating defects and lead configuration. 

[:!!] WEEKLY LED BURN-IN AND TEMPERATURE 
CYCLE AUDIT: Current Transfer Ratio (CTR) is measured 
on a sample prior to and after the application of 72 hours 
of a high forward LED current and the percentage change 
is calculated. Also a sample of completed units is sub
jected to 30 cycles of temperature (air-to-air). This infor
mation provides trend data which is fed back to direct 
assembly/processing improvements. 

[!!] QA VISUAUMECHANICAL AND ELECTRICAL 
GATE: A random sample from each final test lot is elec
trically tested to limits. In addition, marking and me
chanical defects are gated. 

[!!] OUTGOING FINALINSPECTION: Outgoing lots are 
sample inspected for correct packing, part type, part 
count and documentation requirements. 

2-4 



achieve 7500 Vac peak Isolation Voltage and high CTR. 
Considerable research and development has been done 
to improve the thermal and moisture stability of the orig
inal undermold compound. 

Quality Considerations 
The assembly sequence includes several in-process QA 

inspections for gating of marginal product and for pro
cess control feedback. The acceptance criteria for those 
inspections are based on a zero-reject philosophy for crit
ical operations. 

nspections (OPTO 400 Package) 

Also included are pre-conditioning screens to eliminate 
early failures, especially for open or intermittent devices. 
A 100% temperature cycling is performed prior to elec
trical testing. Finally, the 100% Group A computer testing 
includes a high current LED stress test to detect open or 
intermittent devices. 

Wafer Processing - Phoenix, Arizona 

Coupler Assembly and Test - Kuala Lumpur, Malaysia 
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II 

OPTO 400 Evaluation 
Package: 6-Pin DIP, Case 730A-02 
Die Geometry: GaAs IRED (KSCL93), Silicon Phototransistor Detector (KSC316X, KSC116X) 
Device Description: Gallium Arsenide, liquid phase epi, infrared emitting diode optically coupled to a silicon 

phototransistor detector. 
Preconditioning: Parts sampled for the tests covered by this report received only the normal production processing. 

Parameters Monitored 

Limits 

Parameter Conditions Min 

IR VR = 3 V 
VF IF= 10 mA 
VF IF= 100 mA 
ICEO VcE = 10 V 
lcso VcE = 10 V 
hFE ic = 500 µA, VcE = 5 v 50 
hFE le = 1 mA, VcE = 5 V 50 
hFEIC IF = 10 mA, VcE = 10 V 2 mA 
VcE IF = 50 mA, le = 2 mA 

In this report, any failures are identified by the following criteria: 
Catastrophic - Opens or shorts. 
Delta - Meet end-point spec limits, but fail established delta criteria. 
Limit - Fail end-point spec limits, but devices are still functional. 

Max 

100 µA 
1.5V 
3V 

50 nA 
20 nA 

0.5 v 

Failures and Sample size are indicated by: Number of failures/sample size. 

Life and Environmental Test Results 

End Point 
Limits 

Min Max Delta 

100 µA 10 µA, ±100% 
1.5 v 1 V, ±25% 
3V 2 V, ±25% 

50 nA 10 nA, :t 100% 
20 nA 10 nA, :t 100% 

50 50, ±25% 
50 50, ±25% 

2 mA 1 mA, ±25% 
0.5 v 0.2 V, ±25% 

Test results contained herein are for information only. This report does not alter Motorola's standard warranty or 
product specifications. 

IRED Burn-In 
The purpose of this test is to demonstrate the performance of power 

output of the LED versus time under accelerated current conditions. 
All readouts are normalized to initial values. 

Cumulative Results - 230 Devices 
--Mean -----Lower Decile 
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LIFE AND ENVIRONMENTAL TEST RESULTS (continued) 

High Temperature Reverse Bias 
The purpose of this test is to align mobile contami

nation via temperature and voltage stresses to form a 
high current leakage path between two or more termi
nals. In the case of plastic encapsulated devices, the 
contamination may be in or on the oxide or in the 
encapsulant. 

TA= 100°c, 168 500 1000 2000 
Vcs = 50 Vdc Hours Hours Hours Hours 

Product Line 316X 
Group I 0/150 0/150 0/150 0/150 
Group II 0/150 0/150 0/150 0/150 

Product Line 116X 
Group I 0/500 0/500 0/500 0/500 
Group II 0/50 0/50 0/50 0/50 

High Temperature Storage 
The purpose of this test is to generate time/temperature 

failure mechanisms and to evaluate long-term storage 
stability. 

168 500 1000 2000 5000 
Hours Hours Hours Hours Hours 

I TA ~ 10o·c 
Product Line 316X 01400 01400 01400 01400 01400 
Product Line 116X 0/600 0/600 0/600 01600 01600 

168 500 1000 2000 5000 
Hours Hours Hours Hours Hours 

lTA = 150°C 
Product Line 116X 0/50 0/50 0.50 0/50 0.50 

Temperature Cycling 
The purpose of this test is to evaluate the ability of the 

device to withstand both exposure to extreme temper
atures and the transition between these temperatures, 
and to expose thermal mismatch between all materials 
with the package. 

Mil-Std-750, Method 1051, Air-to-Air 

100 300 500 1000 
- 65°C to + 150°C Cycles Cycles Cycles Cycles 

Product Line 116X 1/1200 3/1199 0/1196 0/1196 

Device failures are catastrophic. 

High Temperature High Humidity Reverse Bias 
The purpose of this test is to evaluate the moisture 

resistance of the package. The additid'h of voltage bias 
accelerates any corrosive effect after moisture penetra
tion has taken place. 

TA = 85°C, RH = 85%, 168 500 1000 
vc8 = 50 v Hours Hours Hours 

Product Line 116X 0/50 0/50 *1/50 

*One device failed catastrophically. 
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Thermal Shock 
This test is a highly accelerated version of temperature 

cycling. 

Mil-Std-750, Method 1056, (liquid) 

0°C to 50 100 200 300 400 500 1000 
+100°C Cycles Cycles Cycles Cycles Cycles Cycles Cycles 

Product Line 
316X 01200 01200 01200 01200 01200 01200 01200 
Product Line 
116X *1/300 0/299 0/299 0/299 0/299 0/299 0/299 

*Catastrophic Failure. 

High Temperature High Humidity 
The purpose of this test is to evaluate moisture resis

tance of the package under accelerated temperature and 
humidity. 

168 500 1000 2000 
TA = 85°C, RH = 85% Hours Hours Hours Hours 

Product Line 316X 01200 *1/200 0/199 0/199 
Product Line 116X 0/300 0/300 0/300 0/300 

*One mechanical failure: broken external lead due to handling 
damage. 

Intermittent Operating Life 
The purpose of this test is to evaluate the bulk stability 

of the dice, wire and die bond integrity by means of ther
mal stressing. 

IF = 50 mA, IC = 20 mA, VcE = 10 V, 
Turn-on = Turn-off = 1 minute 

5000 30,000 
TA = 25°C Cycles Cycles 

Product Line 316X 01200 0/200 
Product Line 116X 0/300 0/300 

Moisture Resistance 

60,000 
Cycles 

0/200 
0/300 

The purpose of this test is to evaluate the moisture 
resistance of the component under temperature and hu
midity conditions typical of a tropical environment. 

Mil-Std-750, Method 1021 
RH - 90 98°/c - - 0 

10 20 30 40 50 
Days Days Days Days Days 

lProduct Line 316X 0/120 0/120 0/120 0/120 0/120 
Product Line 116X 0/180 0/180 *1/180 0/179 0/179 

*One Delta % reject; device still within specification. 
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European Telecommunications Test** 

Results 

1000 Hours 

CNET X% 
Ref: Test Conductions Rej./SS* Rej./SS* Ctr. Deg. 

E170H LED Burn-In TA = 25°C, IF (stress) = 100 mA, IF (measure) = 4 mA 0/50 95.3 
TA = 100°C, IF (stress) = 50 mA, IF (measure) = 2 mA 0140 92.5 

E1702 HTS TA= 100°c 0/250 

• E1703 HTVISO TA = 70°C, ""500 Vdc on LED 0/100 

E1704 HTVISO (LED Burn-In) TA = 100°c, IF = 50 mA, ""500 Vdc on LED 0140 92.5 

C-1501 H3T TA = 40°C, RH = 93% 0/1000 

C-1506B lntermittence TA = 25°C to + 125°C, 3 mm @! ext. 5 cycles 0/1000 

E1701-2-A HTRB TA = 100°c. VcE = 20 v 0/50 

**Results of tests performed at Motorola to CNET STC968-3521. *SS - Sample Size 

IRED Burn-In To Typical European Telecommunications Requirements 

Test Stress 
Temperature Current 

Temp (°C) IF(mA) Initial 168 Hours 1000 Hours 

25 10 Rej./SS 0/47 0/47 0141 
X % Ctr. Deg. 0.98 0.96 

25 50 Rej./SS 0/50 0/50 0/50 
X% Ctr. Deg. 1.01 0.97 

25 100 Rej./SS 0140 0140 0140 
X % Ctr. Deg. 0.96 0.92 

50 10 Rej./SS 0143 0/43 0/43 
X % Ctr. Deg. 0.98 0.95 

50 50 Rej /SS 0/48 0/48 0/48 
X% Ctr. Deg. 0.94 0.93 

50 100 ReJ.ISS 0/25 0/25 0/25 
X% Ctr. Deg. 0.92 0.90 

100 10 Rej./SS 0/45 0/45 0/45 
X% Ctr. Deg. 1.01 1.06 

100 50 Rej /SS 0140 0140 0140 
X% Ctr. Deg. 0.94 0.93 

100 100 Rej./SS 0/50 0/50 0/50 
X% Ctr. Deg. 0.90 0.85 

All readouts are normalized to 1n1t1al values. 
Note: All readout measurements were made at IF = 10 mA 

European Safety Tests* 

Group I Group II 

A. Functional Test A. Functional Test 
B. Temp Cycle - -40°C to + 150°C, 5 cycles B. H3T-TA = 40°C, RH = 95%, 21 days 

c. HTS - TA = 55°C, 6 hours 
D. Vibration - 55-2kHz, 10 G's, 90 minutes 

c. HTS - TA = + 70°C, - 500 Vdc on detector, 16 hours 
D. H3T - TA = 40°C, RH = 90%, 12 hours 
E. H3T-TA = 25°C, RH = 95%, 12 hours E. Functional Test a (Including V1so@ 100°C) 

Results On5 F. Storage - TA = -40°C, 12 hours 
G. H3T-TA = 40°C, RH = 90%, 12 hours 5 cycles 
H. H3T - TA = 25°C, RH = 95%, 12 hours 
!. HTS - TA = 55°C, 6 hours 
J. Functional Test (Including V1so @ 100°C) 

Results 0/150 

*Results of tests performed at Motorola to VOE0883. 
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Optocoupler Dome Package 

Thickness 
Through Insulation 

Dome Package Evaluation 
Package: 6-Pin DIP, Case 730A-02 (WHITE) 
Dice: Same as used in present Opposed Package 

Parameters Monitored 

Parameter Conditions 

IA VA= 3 V 
VF IF - 10 mA 

ICED VcE = 10 V 
icso Vcs = 10 v 
V(BR)CEO le= 1 mA 

V(BR)CBO le= 100 µ,A 

V(BR)ECO IE= 100 µ,A 
le/IF VcE = 120 V 

IF= 10 mA 

VcE(sat) le= 2 mA 
IF = 50 mA 

V1so f = 60 Hz t = 1 Sec 

Life and Environmental Testing Results 

Test Conditions 

IRED Burn-In IF = 50 mA t = 1000 Hrs 
H3TRB TA = 85°C RH = 85% 

Vcs = 50 V, t = 1000 Hrs 
HTRB TA= 100°c Vcs = 50 v 

t = 1000 Hrs 
Intermittent Operating Life IF = 50 mA le = 10 mA 

VcE = 10 V Ton = Tott = 1 Min 
t = 1000 Hrs. 

High Temperature Storage TA = 125°C t = 1000 Hrs. 
Temperature Cycle - 40°C to + 125°C 

A1r-To-A1r 15 Min at 
Extremes 1200 Cycles 

Thermal Shock L1qu1d-To-L1qu1d 
0°C to + 100°C 
500 Cycles 

Resistance to Solder Heat MIL-Std-750, Method 

The DOME package 1s a manufacturing/quality improve
ment in that 1t represents a significant reduction in the com
plexity of the assembly steps. This is consistent with 
Motorola's goal of continual quality improvement by reduc
tion in process variations (in this case through assembly 
simplification). 

The following rehab1hty testing summary confirms the qual
ity of design and material selection. 

Limits 

Initial End Points 

Min Max Min Max 

100 µ,A 100 µ,A 
1 5 v 15V 
50 nA 50 nA 
20 nA 20 nA 

30 v 30 v 
70 v 70 v 
7V 7V 

2 mA 2mA 

05V 05V 

5 35 k -

Rejects 

Sample Size Limit Catastrophic 

100 0 0 
71 0 0 

80 0 0 

100 0 0 

99 0 0 
58 0 0 

100 0 0 

50 0 0 
2031 260°C for 10 sec Followed by V1so 

Lead Pull MIL-Std-750, Method 2036 Cond A, 2 Lbs 1 Min 5 0 0 
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II 
W PRE PROBE INSPECTION: A sampled microscopic 

inspection of class probed wafers for die related defects on 
the detector and emitter. 

W 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. 

W 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. 

[!] 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. 

Ci] 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. 

~ QA INTERNAL VISUAL GATE: This 1s a sampled QA 

gate to microscopically inspect for all of the defects described 
in numbers 4 and 5 above. All lots rejected are 100% re
screened before resubmitting. 

[ZJ QA VISUAL GATE: This is a sampled gate for the 

quality and dimensions of the dome coating operation. 

Optocoupler Process Flow and 

[!] MOLD INSPECTION: This is monitor inspection of a 

sample of molded units for defects such as voids, incomplete 
fills etc. 

~ LEAD TRIM AND FORM INSPECTION: The final 

trimmed and formed units are monitored through a visual 
inspection. 

[!.QJ 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 1s without error. 

[!U QA FINAL VISUAL INSPECTION: This is a final exter

nal microscopic inspection for physical defects or damage, 
plallng defects and lead configuration. 

~ WEEKLY LED BURN-IN AND TEMPERATURE 

CYCLING AUDIT: Current transfer 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 a1rto air temperature cycling. This information 
provides trend data which 1s fed back to direct assembly/ 
processing improvements. 

~ QA VISUAUMECHANICAL AND ELECTRICAL 

GATE: A random sample from each final test lot 1s electrically 
tested to documented limits. In add1t1on, marking and 
mechanical defects are gated. 

~ OUTGOING FINAL INSPECTION: Outgoing lots are 

sample inspected for correct packing, part type, part count 
and documentation requirements. 
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QA Inspections (Dome Package) 

Wafer Processing 

Coupler Assembly, Test and Mark II 
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Selector Guide and Cross-Reference B 
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Emitters/Detectors 

Infrared Emitting Diodes 

Motorola's infrared emitting diodes are made by the liquid 
phase epitaxial process for long life and stability. They provide 
high power output and quick response at 660 nm, 850 nm or 
940 nm with low input drive current 

Power Peak Forward 
Output Emission Emission Voltage 

µW@ IF Angle Wavelength @IF Case/ 
Device Typ mA Typ nm Typ Max-mA Style 

MLED71 2500 50 60° 940 1.8 50 349-03/1 

MLED76 4000 100 60° 660 2.2 60 349-03/4 

MLED77 2500 100 60° 850 2 100 349-03/4 

MLED81 16000 100 60° 940 1 7 100 2798-01/ 
1 

MLED930 650 100 30° 940 1.5 50 209-01/1 

Silicon Photodetectors 

A variety of silicon photodetectors are available, varying 
from 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. 

PIN Photodiodes - Response Time = 1 ns Typ 
Light Current 
@VA= 20 V, Dark Current 

H = 5 mW/cm2 @VA= 20 V Case/ 
Device µA nA (Max) Style 

MRD500 9 2 209-02/1 

MRD510 2 2 210-01/1 

MRD721 4 10 349-03/1 

MRD821 250 60 381-01/1 

Phototransistors 
Light 

Current 
@Vcc=20, trltf 

H=5 mW/cm2 V(BAlCEO @Vcc=20, 
mA Vo ts IL=1000 µA Case/ 

Device (Typ) (Min) µs (Typ) Style 

MRD150 2.2 40 2 5/4 173-01/1 

MRD310 3.5 50 2/2.5 82-05/1 
MRD300 8 50 2/2.5 
MRD3050 01 Min 30 2/2 5 
MRD3051 0 2 Min 30 2/2 5 
MRD3054 0.5 Min 30 2/2.5 
MRD3055 1 5 Min 30 2/2 5 
MRD3056 2 Min 30 2/2 5 

tonltott 
@Vcc=5V 

MRD701 05 30 10/60 349-03/2 
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L-05~9-01 
Metal Metal Plastic 

~ 1!,9-02 
Case 173-01 0~~~e~C Lens 

Case 210-01 Plastic Metal 
Flat Lens 

Metal 

II II 
Case 349-03 

Plastic 
Case 381-01 

Plastic 
Case 349C-02 

Plastic 

Photodarlingtons 
Light 

Current 
@Vee= 5, 

H = 0.5 V(BRlCEO trltf 
mW/cm2 Vo ts (glVcc=s v Case/ 

Device mA (Typ) (Min) µs (Typ) Style 

MRD370 10 40 15/40 82-05/1 
MRD360 20 40 15/65 

MRD711 25 60 125/150 349-03/2 

Photothyristors - Triac Drivers 

HFT IT(RMS) VDRM IDRM 
mW/cm2 mA Volts Peak nA Case/ 

Device Max Max Min Typ Style 

MRD3010 5 100 250 10 82-05/3 
MRD3011 2 100 250 10 

Photo Schmitt Trigger 
Threshold 

Current 
mA IF(off) 

ON OFF l~on) Vee trltf 
Device Max Min yp Volts µs Typ Case/Style 

MRD750 20 1.0 0 75 3-15 0 1 349C-02/3 

MRD5009 20 1 0 0 75 3-15 0.1 82-05/1 



Optoisolators 

An optoisolator consists of a gallium arsenide infrared 
emitting diode, IRED, optically coupled to a monolithic 
silicon photo-detector in a light-shielding package. 
Motorola offers a wide array of standard devices and 
encourages the use of special designs and selections for 

Transistor Output 
Pinout: 1-Anode, 2-Cathode, 3-N.C, 4-Emitter, 5-Collector, 6-Base 

Current Transfer 
Ratio (CTR) VcE(sat) 

% @IF Vee V1so Volts@ IF le 
Device Min mA Volts Vac Pk Max mA mA 

TIL112 2 10 5 1500 0.5 50 2 
TIL111 8 16 0.4 1500 0.4 16 2 
4N27 10 10 10 1500 05 50 2 
4N28 10 10 10 500 0.5 50 2 
4N38,A 10 10 10 2500 1 20 4 
H11A4 10 10 10 1500 0.4 10 0.5 
4N25,A 20 10 10 2500 0.5 50 2 
4N26 20 10 10 1500 05 50 2 
H11A2 20 10 10 1500 0.4 10 0.5 
H11A3 20 10 10 2500 0.4 10 0.5 
H11A520 20 10 10 5656 04 20 2 
H11AV3,A 20 10 10 7500 0.4 20 2 
MCT2 20 10 10 2500(R) 0.4 16 2 
MCT2E 20 10 10 3000(R) 0.4 16 2 
TIL116 20 10 10 2500 0.4 15 2.2 
H11A5 30 10 10 1500 04 10 05 
CNY17-1 40-80 10 5 7500 0.4 10 2.5 
MCT271 45-90 10 10 3000(R) 0.4 16 2 
MOC8100 50 1 5 0.5 1 0.1 
H11A1 50 10 10 2500 0.4 10 05 
H11A550 50 10 10 5656 0.4 20 2 
H11AV2,A 50 10 10 7500 04 20 2 
TIL117 50 10 10 2500 0.4 10 0.5 
TIL126 50 10 10 5000 04 10 1 
CNY17-2 63-125 10 5 5000 0.4 10 25 
MCT275 70-210 10 10 3000(R) 04 16 2 
MCT272 75-150 10 10 3000(R) 0.4 16 2 
4N35 100 10 10 3500 03 10 05 
4N36 100 10 10 2500 0.3 10 0.5 
4N37 100 10 10 1500 0.3 10 0.5 
H11A5100 100 10 10 5656 04 20 2 
CNY17-3 100-200 10 5 5000 0.4 10 25 
H11AV1,A 100-300 10 10 7500 04 20 2 
MCT273 125-250 10 10 3000(R) 0.4 16 2 
MCT274 225-400 10 10 2500(R) 0.4 16 2 

(R) = RMS (D) = DC *Ion• Iott 

Case 730A-02 

special applications. All Motorola optoisolators are UL 
Recognized per File Number 54915 and VOE approved 
per Certificate Number 41853; all have V1so rating of 
7500 Vac(pk), exceeding all other industry standard 
ratings. 

tr, t1/ton * • loft* 
Typ 

V(BRleEO VF 

@le Vee RL IF Vo ts Volts@ IF 
µs mA Volts n mA Min Max mA 

2/2 2 10 100 20 1.5 10 

5/5 2 10 100 30 1 4 16 
1 2/1 3 10 10 100 30 1.5 10 
1 2/1 3 10 10 100 30 1.5 10 
1.6/2 2 10 10 100 80 1.5 10 
1 2/1.3 2 10 100 30 1.5 10 
1 2/1.3 10 10 100 30 1 5 10 
1 2/1 3 10 10 100 30 1.5 10 
1 2/1 3 2 10 100 30 1.5 10 
1 2/1 3 2 10 100 30 1 5 10 
5*/5* 2 10 100 30 1.5 10 
5*/4* 2 10 100 70 1.5 10 

1 2/1 3 5 2k 15 30 1 5 20 
1.2/1 3 2 10 100 30 1.5 20 

5/5 2 10 100 30 1 5 60 
1 2/1 3 2 10 100 30 1.7 10 
16/23 5 75 10 70 1.65 60 

4 9*/4.5* 2 5 100 30 1.5 20 
3 8/5 6 2 10 100 30 1.4 1 
1 2/1 3 2 10 100 30 1.5 10 
5*/5* 2 10 100 30 1.5 10 
5*/4* 2 10 100 70 1.5 10 
5/5 2 10 100 30 14 16 
2/2 2 10 100 30 1.4 10 

16/23 5 75 10 70 1.65 60 
4.5*/3 5* 2 5 100 80 1 5 20 
6*/5.5* 2 5 100 30 1.5 20 
3 2/4 7 2 10 100 30 1 5 10 
3 2/4.7 2 10 100 30 1.5 10 
3 2/4 7 2 10 100 30 1.5 10 
5*/5* 2 10 100 30 1.5 10 

1 6/2.3 5 75 10 70 1.65 60 
5*/4* 2 10 100 70 1.5 10 

7.6*/6.6* 2 5 100 30 1 5 20 
9.1*/7.9* 2 5 100 30 1 5 20 
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Optoisolators (continued) 

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

Current Transfer 
Ratio (CTR) VcE(satl 

% @If VcE V1so Volts@ If le 
Device Min mA Volts Vac (Pk) Max mA mA 

MOC8111 20 I 10 

10 o .• I 10 
0.5 

MOC8112 50 10 10 0.4 10 0.5 
MOC8113 100 10 10 0.4 10 0.5 

AC Input - Transistor Output 

Case 730A-02 

tr, tf/ton• toff* 
Typ 

@le Vee RL If 
µ.s mA Volts n mA 

3.2/4 7 H 10 100 
3.2/4.7 10 100 
3 2/4.7 10 100 

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

H11AA1 10 ±10 10 2500 04 ±10 0.5 
H11AA2 20 ±10 10 2500 0.4 ±10 0.5 
H11AA3 50 :!:10 10 2500 0.4 ±10 05 
H11AA4 100 :!: 10 10 2500 0.4 ±10 0.5 

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

4N31 50 10 10 1500 1.2 8 2 
4N29,A 100 10 10 2500 1 8 2 
4N30 100 10 10 1500 1 8 2 
H11B255 100 10 5 1500 1 50 50 
MCA230 100 10 5 4000(D) 1 50 50 
MCA255 100 10 5 4000(D) 1 50 50 
H11B2 200 1 5 2500 1 1 1 
MCA231 200 1 1 4000(D) 1 2 10 50 
TIL113 300 10 1.25 1500 1 50 125 
4N32,A 500 10 10 2500 1 8 2 
4N33 500 10 10 1500 1 8 2 
H11B1 500 1 5 2500 1 1 1 
MOC8080 500 10 5 7500 1 1 1 

Darlington Output with No Base Connection 
Pmout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-N.C. 

MOC119 300 10 2 1 10 10 
TIL119 300 10 2 1500 1 10 10 
MOC8030 300 10 1.5 
MOC8020 500 10 5 
MOC8050 500 10 1.5 
MOC8021 1000 10 5 

Resistor-Darlington Output 
Pmout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base 

H11G1 1000 10 1 3535 1 1 1 
H11G2 1000 10 1 3535 1 1 1 
H11G3 200 1 5 2125 1.2 50 20 

High Voltage Transistor Output 
Pinout: 1-Anode, 2-Cathode, 3-N.C., 4-Emitter, 5-Collector, 6-Base 

MOC8204 20 10 10 0.4 10 0.5 
H11D1 20 10 10 3500 0.4 10 0.5 
H11D2 20 10 10 2500 0.4 10 0.5 
H11D3 20 10 10 2500 0.4 10 0.5 
H1104 10 10 10 2500 0.4 10 0.5 
4N3B 10 10 10 1500 1 20 4 
4N3BA 10 10 10 2500 1 20 4 
MCT275 70-210 10 10 3000(R) 0.4 16 2 

(R) = RMS (D) = DC *ton• tott 

0.6*/17* 
0.6*/17* 
0.6*/17* 

125*/100* 
10/35 
10/35 
1/2 
80 

300 
0.6*/45* 
0.6*/45* 

1/2 
1/2 

1/2 
300 
1/2 
1/2 
1/2 
1/2 

5*/100* 
5*/100* 
5*/100* 

5*15* 
5*/5* 
5*/5* 
5*/5* 
5*15* 

1 6/2.2 
1.6/2.2 

4 5*/3.5* 
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50 
50 
50 
10 

10 
10 

125 
50 
50 
10 

2.5 
2.5 

2 
2 
2 
2 
2 
10 
10 
2 

10 
10 
10 
10 
10 
10 
10 
10 
15 
10 
10 
10 
10 

10 
10 
50 
50 
50 
50 

5 
5 
5 

10 
10 
10 
10 
10 
10 
10 
5 

100 
100 
100 
100 
100 
100 

100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 

100 
100 
100 
100 
100 

100 

200 
200 
200 

50 
50 

200 
200 

5 

10 
10 
10 
10 

10 
10 
10 

V(BRICEO 
Volts 
Min 

30 
30 
30 

30 
30 
30 
30 

30 
30 
30 
55 
30 
55 
25 
30 
30 
30 
30 
25 
55 

30 
30 
80 
50 
80 
50 

100 
80 
55 

400 
300 
300 
200 
200 
BO 
80 
80 

Vf 
Volts@ If 
Max mA 

1.5 I 10 
1.5 10 
1.5 10 

1.5 :!: 10 
1.8 :!: 10 
1.5 :!: 10 
1.5 :!: 10 

1.5 10 
1.5 10 
1.5 10 
1.5 20 
1.5 20 
1.5 20 
1.5 10 
1.5 20 
1.5 10 
1.5 10 
1.5 10 
1.5 10 
1.5 10 

1.5 10 
1.5 10 
2 10 
2 10 
2 10 
2 10 

1.5 10 
1.5 10 
1.5 10 

1.5 10 
1.5 10 
1.5 10 
1.5 10 
1.5 10 
1.5 10 
1.5 10 
1.5 20 



Optoisolators (continued) 

Triac Driver Output 
Pmout: 1-Anode, 2-Cathode, 3-N.C, 4-Main Terminal, 5-Substrate, 6-Mam Terminal 

LED Trigger Zero Crossing 
Pea~ Blocking Current-I FT Inhibit Voltage 

Voltage (VTM = 3 V) (at rated IFT) V1so dv/dt 
Device Min mAMax Volts Max Vac Pk V/µs Typ 

MOC3009 250 30 - 7500 10 
MOC3010 250 15 - 7500 10 
MOC3011 250 10 - 7500 10 
MOC3012 250 5 - 7500 10 
MOC3020 400 30 - 7500 10 
MOC3021 400 15 - 7500 10 
MOC3022 400 10 - 7500 10 
MOC3023 400 5 - 7500 10 
MOC3031 250 15 20 7500 2000 
MOC3032 250 10 20 7500 2000 
MOC3033 250 5 20 7500 2000 • MOC3041 400 15 20 7500 2000 
MOC3042 400 10 20 7500 2000 
MOC3043 400 5 20 7500 2000 
MOC3061 600 15 20 7500 1500 
MOC3062 600 10 20 7500 1500 
MOC3063 600 5 20 7500 1500 
MOC3081 800 15 20 7500 1500 
MOC3082 800 10 20 7500 1500 
MOC3083 800 5 20 7500 1500 

SCR Output 

LED Trigger 
Peak Blocking Current-I FT 

Voltage (VAK = 50 V) V1so dv/dt 
Device Min mAMax Vac Pk V/µs Typ 

4N39 200 30 1500 500 
4N40 400 30 1500 500 
H11C1 200 20 3535 500 Min 
H11C2 200 20 2500 500 Min 
H11C3 200 30 2500 500 Min 
H74C1 200 (TTL drive) 2500 
MCS2400 400 14(VAK = 100 V) 3000 RMS 
MOC3000 400 20 7500 500 
MOC3001 400 30 7500 500 
MOC3002 250 30 7500 500 
MOC3003 250 20 7500 500 
MOC3007 200 40 7500 500 
H11C4 400 20 3535 500 
H11C5 400 20 2500 500 
H11C6 400 30 2500 500 

Schmitt Trigger Output 

Threshold Threshold 
lf(off)llf(onl Vee Current On Current Off tr, tt V1so 

Device mAMax mAMin Min Max Min Max µsTyp Vac Pk 

H11L1 1.6 0.3 0.5 0.9 3 15 0.1 3535 
H11L2 10 0.3 0.5 0.9 3 15 0.1 3535 
MOC5007 1.6 0.3 0.5 0.9 3 15 0.1 
MOC5008 4 0.3 05 0.9 3 15 0.1 
MOC5009 10 0.3 0.5 0.9 3 15 0.1 
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VOE Approved Optocouplers 

VOE has approved Motorola's entire portfolio of DOME 
6-pin DIP OPTOCOUPLERS against their Component 
Standard VDE0883 and has granted Motorola compliance 
with many VOE and IEC Equipment Standards per approval 
No. 41853 Nov. 26, 1985. 

VOE approval 1s based on mechanical and electrical 
performance of the new "DOME" package shown in Figure 
1. This 6-pin DIP package incorporates specially developed 
materials and assembly processes optimizing thermal and 
moisture stability while maintaining the high level of IRED life 
and isolation voltage. Most 6-pin DIP optocouplers are now 
made in this package, but in the near future, all will use the 
"DOME" construction. 

VOE0833 Component Standard 

Electrical ratings in this standard are: 
Isolation withstand voltages: 

3750 VRMS· 1 min, TA = 100°C 
5300 Vdc, 1 min, TA= 100°c 

Isolation surge withstand voltage: 
10 kV per IEC 65, 50 discharges 

Isolation resistance: 
1011n,500 Vdc, TA= 100°C 

Mechanical ratings are shown in the table below. 

Equipment Standards Compliance 

With the approval of the "DOME" package to the 
Component Standard VDE0883 combined with their 
VOE approval ratings, a wide range of Equipment Stan
dards are covered. The following table summarizes the 

optocouplers approved for many of the equipment 
standards and insulation levels. 

Thickness 
Through Insulation 

Figure 1. "DOME" Package 

Two levels of electrical interface, or insulation, are 
used: 1. Reinforced, or safe, insulation; 2. Basic 
insulation. 

Reinforced Insulation (sometimes referred to as "safe 
electrical isolation") is required in an optocoupler inter
facing between a hazardous voltage circuit, like an ac line, 
and a touchable safe extra low voltage (SELV) circuit. 

Basic Insulation is required in an optocoupler which 
interfaces between a hazardous voltage circuit and a non
touchable, extra low voltage (ELV) c1rcu1t. 

Examples for Safety Applications for Motorola VOE Approved DOME Optoisolators 

Requirements for reinforced (double) or save insulation for 
equipment with an operating voltage up to 250 V rms (line 

Standard (2) voltage to ELV or SELV interfaces) 

DIN Clearance Isolation Dielectric Isolation 
VOE IEC Equipment Cree page (1) Barrier Strength Resistance 

[mm] [mm] [mm] [kV RMS] [!l] 

0806 380 Office Machines 8 8 0.5 3.75 7 x 106 
0805 435 Data Processing 8 8 - 3 75 7 x 106 
0804 - Telecommun1cat1on 8 8 - 2.50 2 x 106 
0860 65 Electrical Household 6 6 04 3.0 (10)* 4 x 106 
0113 204 Industrial Controls 8 8 - 2.5 1x106 
0160 - Power Installations with 8 8 - 2.70 1x106 

Electronic Equipment 
0832 - Traffic Light Controls 8 8 - 2.50 4 x 106 
0883 - Alarm Systems 8 8 - 2.50 2 x 106 
0831 - Electrical Signal System for Railroads 8 8 - 2.0 2 x 106 
0110 - General Std. for Electrical Equipment 8 8 - 2.0 -
0883 - Optoisolator Comp. Std. 8.5 8.3 (10.0) 0.5 3.75 (10)* 10 x 1011 

(1) 

VOE Rating for Motorola Opto1solators 

All Motorola VOE Approved DOME Opto1solators meet or exceed the requirements of above listed VOE and DIN IEC Standards. 
• Impulse discharge withstand voltage 
(1) To satisfy 8 mm creepage path on a PC board Motorola offers a special lead bend of 0 4 inch on all 6-p1n dual-in-line opto1solators. Order by 

attaching ''T'' to the end of the Motorola part number 
(2) VOE standards (translated into English language) and IEC standards can be ordered from the American National Standard Institute ANSI 

1430 Broadway, N.Y., N.Y. 10018, Sales Department, Phone 212-354-3300 

3-6 



Optointerrupters 
An Optomterrupter consists of an infrared emitting diode 

facing a photodetector 1n a molded plastic housing. A slot in 
the housing between the emitter and detector provides a 
means for interrupting the signal. 

Motorola Optomterrupters are available in a wide selection 
of detector functions and housings to meet the spec1f1c needs 
of the system designer. ThP available variables are: 

Detector Output; 
Package Outline; 
Performance Level. 

The various options are listed in the table below. 
The generic number for Motorola Optointerrupters 1s 

MOC7. To construct the final device number for a specific 
unit, the generic number 1s followed by: 

• a single D1g1t representing the desired output function; 
• a single Letter representing the desired package; 

u T p v 
Unflanged Flanged Wide Gap Large Profile 

-~ ~1f"r ~ • ~~ N~ 
Case 354-02 Case 354A-01 Case 354E-01 Case 354G-01 

K H W 
Low Profile Horizontal Dual-Channel 

' • Case 365-01 Case 374-01 Case 792-01 

• another single D1g1t md1cat1ng the desired performance 
level, as given in the table. 

These standard Interrupter packages can be supplemented with custom 
packages For details consult your Motorola Sales Representative 

In accordance with this code, the sample Part Number at 
the bottom of the table (MOC75T2) represents a logic output 
interrupter 1n a flanged package with an LED trigger current 
of 15 mA. 

Available 
Output Package Performance CTR @ IF VcE 

Function Outlines Level Min (mA) (V) 

Example 
of part number 
construction 

0 Transistor 

1 Darlington 

5 Logic 

H, P, K, 
1 

T, U, V 2 

3 

w 1 

2 

H, P, 1 
T,U, V 

3 

w 1 

1 
T,U 

2 

5% 20 5 

10% 20 5 

20% 20 5 

05% 20 10 

1 25% 20 10 

50% 5 1.5 

200% 10 1.5 

50% 5 5 

750% 10 5 

NIA 

VCE(S) LED 
Max @ IF le Trigger Current 
v (mA)(mA) (mA) 

0.4 30 1 8 NIA 

04 20 1.8 NIA 

0.4 20 1.8 NIA 

0.4 20 .05 NIA 

0.4 20 .125 NIA 

1 10 1 8 NIA 

1 10 1 8 NIA 

1 10 1.8 NIA 

30 
NIA 

15 

MOC? 5 T 2 
MOC75T2 1s a flanged, log.c output interrupter with LED trigger 
current of 15 mA 

Transistor and Darlington* 0 utputs (V lBf!l.CEO = 30 V) 

Current Transfer Ratio VcE(sat) tonltott VF 
% @ IF @ VcE Volts @ IF & le µS Volts @ 

Device Min mA Volts Max mA mA Typ(1) Max 

H21A1 5 20 5 0.4 30 1 8 12160 1.7 
H21A2 10 20 5 0.4 20 1.8 12160 1 7 
H21A3 20 20 5 0.4 20 1 8 12/60 1.7 
H21B1• 75 10 1 5 1 10 1.8 125/150 1.7 
H21B2• 140 10 1.5 1 10 1.8 125/150 1 7 
H21B3* 250 10 1 5 1 10 1.8 125/150 1 7 

H22A1 5 20 5 04 30 1.8 12160 1.7 
H22A2 10 20 5 04 20 1 8 12160 1.7 
H22A3 20 20 5 0.4 20 1.8 12/60 1.7 
H22B1• 75 10 1.5 1 10 1.8 125/150 1.7 
H22B2* 140 10 1.5 1 10 1 8 125/150 1 7 
H22B3* 250 10 1.5 1 10 1.8 125/150 1.7 
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Output 
VF Voltage 

Max @ IF Range 
v (mA) V Max 

1.8 50 30 

1 8 50 30 

1.8 50 30 

1 8 50 30 

1 8 50 30 

1.8 60 30 

1 8 60 30 

1.8 60 30 

1.6 20 
3-15 

1.6 20 

IF 
mA Case/Style 

60 354A-01/1 
60 
60 
60 
60 
60 

60 354-02/1 
60 
60 
60 
60 
60 

• 
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Fiber Optic Components 

Emitters 

Motorola offers three families of emitters for fiber optic 
systems. 

• "High Performance" family in hermetic Case 210 for 
systems requiring greater than 100 MHz analog 
bandwidth over several kilometers. 

• "MOD-LINE" family in plastic Case 366 provides mod
erate performance (60 MHz) over moderate distances 
(500 meters). 

• "FLCS" family in unique FLCS package is designed 
for applications requiring low cost, speeds up to 10 
MHz and distances under 2000 meters. (The FLCS 
package serves as its own connector.) It is used with 
inexpensive 1000 micron core fiber (Eska SH4001 ). 

Detectors 

Detectors are available with a variety of output configu
rations that greatly affect Bandwidth and Respons1v1ty. 

All Motorola fiber optic components, except the FLCS fam
ily, are designed for use with 100 micron (or larger) core glass 
fiber and fit directly into the following industry standard con
nector systems. AMP #228756-1, AMPHENOL #905-138-
5001, OFTI #PCR001. 

Emitters 

Total Power 
Output 

mW 
Device Typ @ IFmA 

MFOE71 35 100 
MFOE76 3.5 100 

MFOE200 3 100 

MFOE1100 2.6 100 
MFOE1102 4 100 
MFOE1102 5 100 

MFOE1200 0.9 100 
MFOE1201 1.5 100 
MFOE1202 2.4 100 

MFOE3100 0.85 50 
MFOE3101 1.65 50 
MFOE3102 2.2 50 

MFOE3200 1 50 
MFOE3201 1 8 50 
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FLCS 
Case 3638-01 

(2-lead) 

FLCS 
Case 363C-01 

(3-lead) 

STYLE 1 
PIN 1 OUTPUT 

2. GROUND 
3 Vee 

~~ 
·z_Nz
~~~, 

STYLE1· 
1 ~ '> 

PIN 1. ANODE ~'--0 
2 CATHODE 

STYLE 2 
PIN 1. EMITTER 

2 COLLECTOR 

STYLE 3 
PIN 1 CATHODE 

2 ANODE 

Case 210A-01 Case 210C-01 Case 2100-01 Case 366-01 
T0-206AC T0-206AC (T0-52 Type) 

(T0-52) (T0-52) 

Response Time 

tr tf >. 
ns ns nm 

Typ Typ Typ Case/Style 

25 25 850 3638-01/1 
250 250 660 

940 209-02/1 

15 16 850 210A-01/1 
15 16 850 
15 16 850 

5 5 850 210A-01/1 
2.8 35 850 
2.8 3.5 850 

19 14 850 356-01/1 
19 14 850 
19 14 850 

2.8 3.5 850 366-01/1 
2.8 3.5 850 



FIBER OPTIC COMPONENTS (continued) 

Photodetectors 

Response Time 

BWE Responsivity µs Typ 
V(BR) 

µAJµW ton * ton* Volts 
Device MHz Typ tr tf Min Case/Style 

Photo PIN Diodes 
MFOD1100 350 0 35 0 5 ns 0.5 ns 50 210A-01/1 
MFOD3100 70 0.3 2 ns 2 ns 50 366-01/2 
MFOD71 70 02 1* ns 1* ns 100 3638-01/3 

Phototransistors 
MFOD72 6 kHz 125 10* 60* 30 3638-01/2 

Photodarlington 
MFOD73 2 kHz 1500 125* 150* 60 3638-01/2 

Detector Preamp mV/µW Vee Range 
MFOD2404 10 35 0035 0 035 4-6 2100-01/1 
MFOD2405 35 60 0 010 0 010 4-6 • Logic Level Output 

Light Required Response Time 
to Trigger 

-H(on) Hysteresis Ratio 
(Vee= s V) ton Iott H(on)/H(off) 

Device µWTyp µs Typ µs Typ Typ Case/Style 

MFOD75 6 04 08 0 75 363C-01/1 
MFOD3510 4 0.4 08 0 75 366-01/3 
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Opto - Chip Geometries 

2 

Back= K Back = A 

• 
4 5 

Back= K Back= C 

7 8 

; I 
MT1 MT2 

Opto Chips 

MECHANICAL SPECIFICATIONS 

Die 
Geometry Die Die 

Chip Reference Size Thickness 
Type Part# # Mils Mils 

Pin Diode MRDC100 3 30x30 8-10 

Transistor MRDC200 5 25x25 8-10 

Samples available upon request, contact the Motorola Sales Office 
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3 

6 

Back= K 

.. ,fl 
A= Anode 
B = Base 

Back= C 

C =Collector 
E = Emitter 
G = Gate 
K = Cathode 

e 

Front Metallization Thickness - a minimum of 10,000 A 
Back Metall1zat1on Thickness - a minimum of 15,000 A 

Bond Pad Size 

Mils Mils 
Anode Cathode 

4 5x4 5 30x30 

Emitter Base 

3 5x3 5 35x35 

Metallization 

Front Back 

Al Au 

Al Au 

•Available Packaging 
- Not Available 

Packaging 

Multi Wafer Circle 
(none) (WP) (CP) 

* * * 

* * * 
(continued) 



Opto Chips - continued 

MECHANICAL SPECIFICATIONS (continued) 

Die 
Geometry 

Chip Reference 
Type Part# # 

Darlington MRDC400 6 

Zero Cross Tnac MRDC600 8 
Dnver 

Tnac Dnver MRDC800 7 

LED (940 nm) MLEDC1000 1 

LED (850 nm) MFOEC1200 2 

FO Pin Diode MFODC1100 4 

Die 
Size 
Miis 

27x27 

45x45 

40x40 

16x16 

24x24 

30x30 

Samples available upon request, contact the Motorola Sales Office 

ELECTRICAL SPECIFICATIONS 

Parameter Symbol Min Typ Max 

MRDC100 
Respons1t1v1ty A 
(VA = 20 V, 
A = 850 nm) 03 04 -

Dark Current lo 
(VA = 20 V, H = 0) - - 10 

MRDC200 
Light Current IL 
(VCE = 5 V, 
H = 5 mW/cm2) 08 - 22 

Collector-Emitter V(BR)CEO 
Breakdown Voltage 
(ICE = 100 µ,A) 40 - -

MRDC400 
Light Current IL 
(VCE = 5 V, 
H = 1 mW/cm2) 08 - 20 

Collector-Emitter V(BR)CEO 
Breakdown Voltage 
(le= 1 mA) 45 - -

MRDCGOO 
Light Required to Trigger HFT 

(A = 940 nm, 
VTM = 3 V, 
AL= 150!1) - 5 10 

Peak Repet1t1ve Current IT 
(PW= 100 µ,s, 
120 pps) - - 300 

Off-State Output Vo RM 
Terminal Voltage - - 600 

Peak Blocking Current IDRM 
(VDRM = 600 V) - 60 500 

Bond Pad Size 
Die 

Thickness Miis Miis 
Miis Emitter Base 

8-10 4 Ox40 4.0 d1a. 

MT1 MT2 

8-10 4.6 d1a. 4.6 d1a. 

8-10 4.0x5 0 4 Ox5.0 

Anode Cathode 

8-10 4x4 16x16 

Anode Cathode 

8-10 24x24 3.5 d1a. 

Anode Cathode 

8-10 4 0 d1a 30x30 

Unit Parameter 

MRDCGOO (continued) 

µ,N 
lnh1b1t Voltage 

(H = 20 mW/cm2, 
µ,W MT1-MT2, 

voltage above 

nA 
which device will 
not trigger) 

MRDC800 

Metalllzatlon Packaging 

Multi 
Front Back (none) 

Al Au * 

Al Au * 

Al Au * 

Al Au * 

Al Au * 

Al Au * 
'Available Packaging 
- Not Available 

Symbol Min Typ 

V1H 

- 10 

HFT 

Wafer Circle 
(WP) (CP) 

* * 

* * 

* * 

* * 

* * 

* * 

Max Unit 

20 Volts 

Light Required to Trigger 

mA 
(A = 940 nm, 
VTM = 3 V, mW/ 
RL=150!1) - 5 10 cm2 

Volts 
On-State RMS Current IT(RMS) 
(Full Cycle 
50-60 Hz) - - 100 mA 

Off-State Output Vo RM 

mA 
Terminal Voltage - - 400 Volts 

Peak Blocking Current IDRM 
(VORM = 400 V) - 10 100 nA 

Volts MFOEC1200 Ap 
Peak Wavelength 
(IF = 100 mAdc) - 850 - nm 

Total Power Out Po 
mW/ 
cm2 

(IF = 100 mA) 1 5 - - mW 

Forward Voltage VF 
(IF = 100 mA) 1 - 25 Volts 

mA MLEDC1000 Ap 
Peak Wavelength 
(IF= 50 mA) - 940 - nm 

Volts 
Total Power Out Po 
(IF= 50 mA) 2 - - mW 

nA 
Forward Voltage VF 
(IF= 50 mA) - - 1 5 Volts 
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Cross-Reference 
The following cross-reference is meant to serve as a 

substitution guide for existing competitive devices to Mo
torola's optoelectronic product line. 

Motorola's nearest equivalent devices are selected on 
the basis of general similarity of electrical characteristics 
and mechanical configuration. Before using a substitute, 

Industry Motorola Industry 
Device Equlvalent Code Device 

BP101 MRD3050 c FPT550A 
BP102 MRD3050 c FPT560 
BPW14 MRD300 A FPT570 
BPW15 MRD602 A GG686 
BPW24 MRD701 E GS600,3,6,9, 10 
BPW30 MRD360 A GS612 
BPW39A MRD701 B,C GS670 
BPX25A MRD370 A GS680 
BPX25 MRD300 A GS683 
BPX29A MRD370 A GS686 
BPX29 MRD310 A H11A1,2,3,4,5 
BPX37 MRD300 A H11A520 
BPX38 MRD3055 A H11A550 
BPX43 MRD300 A H11A5100 
BPX58 MRD300 A H74A1 
BPX59 MRD360 A H11AA1,23,4 
OPY62 MRD3055 A H11AV1,A 
CL100 MLED930 B H11AV2,A 
CL110 MLED930 A H11AV3,A 
CL110A MLED930 A H11B1,2,3 
CL110B MLED930 B H11B255 
CLl-2 4N38 B H11C1,2,3 
CLl-3 4N35 B H11C4,56 
CLl-5 4N26 A H11D1,234 
CLl-10 4N33 B H11G1,2,3 
CLR2050 MRD3050 A H11J1 
CLR2060 MRD360 A H11J2 
CLR2110 MAD310 A H11J3 
CLR2140 MRD310 A H11J4 
CLR2150 MRD300 A H11J5 
CLR2160 MRD300 A H11L1,2 
CLR2170 MRD370 A H21A1,2 3 
CLR2180 MRD360 A H21B1,2,3 
CNY17 CNY17 A H22A1,2,3 
CNY17-1 CNY17-1 A H22B1,2 3 
CNY17-2 CNY17-2 A H74C1 
CNY17-3 CNY17-3 A H74C2 
CNY18 4N25 A IL 1 
CNY21 4N25 E ILS 
CNY36 MOC70U1 B,C IL12 
CNY37 MOC70T1 B,C IL 15 
CQY10 MLED930 B IL16 
CQY11,B,C MLED930 B IL74 
CQY12,B MLED930 B IL250 
CQY13 4N26 B ILA30 
CQY14 4N25 B ILA55 
CQY15 4N26 B ILCA2-30 
CQY31 MLED930 B ILCA2-55 
CQY32 MLED930 B IRL40 
CQY40,41 4N26 A LS, L9 
CQY80 MOC1005 B L14F1 
CQY99 MLED81 B L14F2 
EP2 4N26 B L14G1 
EPY62-1 MRD3055 A L14G2,3 
EPY62-2 MRD3056 A L14H1,23,4 
EPY62-3 MRD310 A LED56,F 
FCD810,A,B,C,D 4N28 A MAH120 
FCD820,A,B,C,D TIL116 A MCA11G1 
FCD825,A,B,C,D TIL117 B MCA11G2 
FCD830,A,8,C,D TIL116 B MCA230 
FCD831,A,B,C,D TIL116 B MCA231 
FCD836,C,D 4N28 B MCA255 
FCD850,C,D 4N29 B MCA2230 
FCD855,C,D H118255 A MCA2231 
FCD860,C,D Special A MCA2255 
FPE100 MLED930 A MCP3009 
FPE410 MLED930 B MCP3010 
FPE500 MLED930 B MCP3011 
FPE520 MFOE200 D MCP3012 
FPT120,C MRD300 B MCP3020 
FPT400 MRD360 A MCP3021 
FPTSOO,A MRD300 A MCP3022 
FPT510 MRD3054 A MCP3023 
FPT510A MRD3055 A MCP3030 
FPT520 MRD300 A MCP3031 
FPT520A MRD300 B MCP3032 

FPT530A MRD300 A 
FPT450A MRD300 B 

MCP3033 
MCP3040 
MCP3041 

please compare the detailed specifications of the substi
tute device to the data sheet of the original device. 

CODE 
A = Direct Replacement 
B = Minor Electrical Difference 
C = Minor Mechanical Difference 
D = S1gnif1cant Electrical Difference 
E = S1gnif1cant Mechanical Difference 

Motorola Industry Motorola 
Equlvalent Code Device Equlvalent Code 

MRD300 B MCP3042 MOC3042 A 
MRD300 B MCP3043 MOC3043 A 
MRD360 A MCS2 MOC3002 A 
MRD300 B MCS21 MOC3003 A 
MRD300 A MCS2400 MOC3020 D,E 
MRD3050 A MCS2401 MOC3001 A 
MRD3050 A MCT2 MCT2 A 
MRD300 A MCT2E MCT2E A 
MRD300 A MCT26 4N26 A 
MRD300 A MCT270 4N35 B 
H11A1,2,3 4 5 A MCT271 MCT271 A 
H11A520 A MCT272 CNY17-2 B 
H11A550 A MCT273 CNY17-3 B 
H11A5100 A MCT275 MCT275 A 
4N26 B MCT276 CNY17·1 B 
H11AA1 2,34 A MCT277 4N35 A 
H11AV1 A A MCT2200 4N35 B 
H11AV2,A A MCT2201 4N35 B 
H11AV3,A A MCT2202 CNY17-2 B 
H1181,2,3 A MEK730 MLED81 B 
Hl 18255 A MEK760 MLED81 B 
H11C1,2,3 A MES560 MLED77 B,C 
H11C456 A MES760 MLE'D71 BC 
H11D1,2 3 4 A MFOD71 MFOD71 A 
H11G1,2,3 A MFOD72 MFOD72 A 
MOC3011 A MFOD73 MFOD73 A 
MOC3010 A MFOD75 MFOD75 A 
MOC3011 A MFOD100 MRD500 A 
MOC3010 A MFOD102F MFOD1100 E 
MOC3010 A MFOD104F MFOD1100 E 
H11L1 2 A MFOD110~ MFOD1100 E 
H21A1,2,3 A MFOD200 MFOD200 A 
H21B1,2 3 A MFOD202F MFOD1100 E 
H22A1 2,3 A MFOD300 MFOD300 A 
H2281,2,3 A MFOD302F MFOD1100 E 
H74C1 A MFOD404F MFOD2404 E 
MOC3020 DE MFOD405F MFOD2405 E 
IL 1 A MFOD1100 MFOD1100 A 
4N25 B MFOD2202 MFOD1100 A 
IL 12 A MFOD2302 MFOD1100 A 
IL 15 A MFOD2404 MFOD2404 A 
IL 16 A MFOD2405 MFOD2405 A 
IL74 A MFOD3100 MFOD3100 A 
H11AA1 A MFOD3510 MFOD3510 A 
4N33 B MFODC1100 MFODC1100 A 
4N33 B MFOE71 MFOE71 A 
MCA230 A MFOE76 MFOE76 A 
H11B255 A MFOE102F MFOE1200 E 
MLED930 B MFOE103F MFOE1200 E 
MRD3011 D MFOE106F MFOE1200 E 
MRD360 A MFOE107F MFOE1201 E 
MRD370 A MFOE108F MFOE1202 E 
MRD300 A MFOE200 MFOE200 A 
MRD310 A MFOE1100 MFOE1100 A 
MRD701 DE MFOE1101 MFOE1101 A 
MLED930 A MFOE1102 MFOE1102 A 
MRD360 B,C MFOE1200 MFOE1200 A 
H11G1 A MFOE1201 MFOE1201 A 
H11G2 A MFOE1202 MFOE1202 A 
MCA230 A MFOE3100 MFOE3100 A 
MCA231 A MFOE3101 MFOE3101 A 
MCA255 A MFOE3102 MFOE3102 A 
MCA230 A MFOE3200 MFOE3200 A 
4N33 B MFOE3201 MFOE3201 A 
4N33 B MFOE3202 MFOE3202 A 
MOC3009 A MFOEC1200 MFOEC1200 A 
MOC3010 A MLED15 MLED71 A 
MOC3011 A MLED71 MLED71 A 
MOC3012 A MLED76 MLED76 A 
MOC3020 A MLED77 MLED77 A 
MOC3021 A MLED81 MLED81 A 
MOC3022 A MLED92 MLED71 E 
MOC3023 A MLED93 MLED71 E 
MOC3031 A MLED94 MLED71 E 
MOC3031 A MLED95 MLED71 E 
MOC3032 A MLED930 MLED930 A 
MOC3033 A MLEDC1000 MLEDC1000 A 
MOC3041 A MOC70H1 ,2,3 MOC70H1,2,3 A 
MOC3041 A MOC70K1 ,2,3 MOC70K1 ,2,3 A 
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CROSS REFERENCE (Continued) 

lndu1try Motorola 
Device Equlvalent Code 

Industry Motorola 
Device Equivalent Code 

Industry Motorola 
Device Equivalent Code 

MOC70P1 ,2,3 MOC70P1,2,3 A MRD148 MRD711 E SD5442-1,-2,-3 MRD300 B 
MOC70T1 ,2,3 MOC70T1,2 3 A MRD150 MRD150 A SE1450 series MLED930 E 
MOC70U1,2,3 MOC70U1,2,3 A MRD300 MRD300 A SE2450 series MLED910 B 
MOC70V1,2,3 MOC70V1,2,3 A MRD310 MRD310 A 5E2460 series MLED910 B 
MOC70W1,2 MOC70W1,2,3 A MRD360 MRD360 A SE5450 series MLED930 A 
MOC71H1,3 MOC71H1,2,3 A MRD370 MRD370 A 5E5451 series MLED930 B 
MOC71P1,3 MOC71P1,2,3 A MRDSOO MRDSOO A 5G1001 series MLED910 B 
MOC71T1,3 MOC71T1,2 3 A MRD510 MRD510 A SPX2 4N35 A 
MOC71U1,3 MOC71U1 23 A MRD701 MRD701 A SPX2E 4N35 A 
MOC71V1,3 MOC71V1,2,3 A MRD711 MRD711 A SPX4,5,6 4N35 A 
MOC71W1 MOC71W1 A MRD721 MRD721 A SPX26 4N27 A 
MOC75T1,2 MOC75T1,2 A MRD730 MRD3011 A SPX28 4N27 A 
MOC119 MOC119 A MRD750 MRD750 A SPX35 4N35 A 
MOC601A,B 4N27 A MRD821 MRD821 A SPX36 4N35 A 
MOC602A B 4N26 A MRD3010 MRD3010 A SPX37 4N35 A 
MOC603A,B 4N35 A MRD3011 MRD3011 A SPX53 H11A550 A 
MOC604A,B 4N35 A MRD3050 MRD3050 A SPX103 4N35 A 
MOC622A 4N29 A MRD3051 MRD3051 A SPX1872-1 MOC70U1 c 
MOC623A 4N32 A MRD3054 MRD3054 A SPX1872-2 MOC70U1 c 
MOC624A 4N32 A MRD3055 MRD3055 A 5PX1873-1 MOC70T1 c 
MOC625A H11G2 A 
MOC626A MOC8030 A 
MOC627A MOC8050 A 
MOC628A MOC8050 A 
MOC629A MOC8021 A 
MOC633A,B MOC3020 A 

MRD3056 MRD3056 A 
MRD5009 MRD5009 A 
MRDC100 MRDC100 A 
MRDC200 MRDC200 A 
MRDC400 MRDC400 A 
MRDC600 MRDC600 A 

SPX1873-2 MOC70T1 c 
SPX1876-1 MOC70T1 c 
SPX1876-2 MOC70T1 c 
SPX2762-4 MOC70U2 c 
5PX7271 CNY17-1 A 
SPX7272 CNY17-2 A II 

MOC634A,B MOC3021 A MRDC800 MRDC800 A SPX7273 CNY17-3 A 
MOC635A,B MOC3022 A MTH320 1 MRD300 B,C S5L4,F MLED930 B 
MOC640A,B MOC3041 A MTH420,1 MRD300 B,C SSL34,54 MLED930 B 
MOC641A,B MOC3041 A MT5360,1 MRD701 B,C STP51 MRD3050 A 
MOC660B MOC3061 A MT5460,1 MRD701 B,C STP53 MRD3056 A 
MOC661B MOC3061 A OP130 MLED930 A STPT80 MRD3056 A 
MOC662B MOC3062 A OP131 MLED930 A STPT81 MRD3052 A 
MCC6808 MOC3081 A OP160,5L,5LA MLED81 A STPT82 MRD3053 A 
MOC6818 MOC3081 A OP800 MRD3055 A STPT83 MRD3054 A 
MOC6828 MOC3082 A OP801 MRD3050 A STPT84 MRD3056 A 
MOC1000 4N26 A OP802 MRD310 A 5TPT260 MRD360 A 
MOC1001 4N25 A OP803 MRD300 A STPT300 MRD300 A 
MOC1002 4N27 A OP804 MRD300 A STPT310 MRD360 c 
MOC1G03 4N28 A OP805 MRD300 A TIL23 MLED910 A 
MOC1005 4N26 A OP830 MRD300 A TIL24 MLED910 B 
MOC1006 4N38 A OPl110 MOC1005 DE TIL31 MLED930 B 
MOC1200 4N29 A OPl2150 4N28 A TIL33 MLED930 B 
MOC3000 MOC3000 A OPl2151 4N28 A TIL34 MLED930 A 
MOC3001 MOC3001 A OPl2152 4N26 A TIL63 MRD3050 A 
MOC3002 MOC3002 A OPl2153 TIL117 A TIL64 MRD3050 A 
MOC3003 MOC3003 A OPl2154 4N26 A TIL65 MRD3052 A 
MOC3007 MOC3007 A OPl2155 4N35 A TIL66 MRD3054 A 
MOC3009 MOC3009 A OPl2250 4N28 A TIL67 MRD3056 A 
MOC3010 MOC3010 A OPl2251 4N28 A TIL81 MRD300 A 
MOC3011 MOC3011 A OPl2252 4N26 A TIL111 TIL111 A 
MOC3012 MOC3012 A OPl2253 TIL117 A TIL112 TIL112 A 
MOC3020 MOC3020 A OPl2254 4N26 A TIL113 TIL113 A 
MOC3021 MOC3021 A OPl2255 4N35 A TIL 114 4N35 A 
MOC3022 MOC3022 A OPl2500 H11AA1 A TIL115 4N35 A 
MOC3023 MOC3023 A OPl3009 MOC3009 A TIL116 TIL116 A 
MOC3030 MOC3031 A OPl3010 MOC3010 A TIL117 TIL117 A 
MOC3031 MOC3031 A OPl3011 MOC3011 A TIL118 4N35 A 
MOC3032 MOC3032 A OPl3012 MOC3012 A TIL119 TIL119 A 
MOC3033 MOC3033 A OPl3020 MOC3020 A TIL 124 4N35 A 
MOC3040 MOC3041 A OPl3021 MOC3021 A TIL125 4N35 A 
MOC3041 MOC3041 A OPl3022 MOC3022 A TIL126 TIL126 A 
MOC3042 MOC3042 A OPl3023 MOC3023 A TIL127 4N33 A 
MOC3043 MOC3043 A OPl3030 MOC3031 A TIL128 MOC8111 A 
MOC3060 MOC3061 A OPl3031 MOC3031 A TIL153 4N35 A 
MOC3061 MOC3061 A OPl3032 MOC3032 A TIL154 4N35 A 
MOC3062 MOC3062 A OPl3033 MOC3033 A TIL155 4N35 A 
MOC3063 MOC3063 A OPl3040 MOC3041 A TLP501 4N27 B 
MOC3080 MOC3081 A OPl3041 MOC3041 A TLP503 4N25 B 
MOC3081 MOC3081 " OPl3042 MOC3042 A TLP504 4N25 B 
MOC3082 MOC3082 A OPl3043 MOC3043 A 2N5777 MRD711 DE 
MOC3083 MOC3083 A OPl3150 4N33 A 2N5778 MRD711 DE 
MOC5007 MOC5007 A OPl3151 4N33 A 2N5779 MRD711 DE 
MOC5008 MOC5008 A OPl3250 4N33 A 2N5780 MRD711 DE 
MOC5009 MOC5009 A OPl3251 4N33 A 2N25,A 4N25,A A 
MOC7811 MOC70T1 A OPl4201 H11C1 A 4N25,A 4N25,A A 
MOC7812 MOC70T2 A OPl4202 H11C3 A 4N26 4N26 A 
MOC7813 MOC70T3 A OPl5000 H11A520 A 4N27 4N27 A 
MOC7821 MOC70U1 A OPl5010 H11A520 A 4N28 4N28 A 
MOC7822 MOC70U2 A OPl6000 MOC8204 A 4N29,A 4N29,A A 
MOC7823 MOC70U3 A OPl6100 MOC8204 A 4N30 4N30 A 
MOC8020 MOC8020 A OPl8015 MOC5009 A 4N31 4N31 A 
MOC8021 MOC8021 A PC503 4N26 A 4N32 4N32 A 
MOC8030 MOC8030 A 5C511c1 l-'11C1 A 4N32A 4N32 A 
MOC8050 MOC8050 A 5C511C3 H11C3 A 4N33 4N33 A 
MOC8080 MOC8080 A 5D1440-1,-2,-3,-4 MRD3050 DE 4N35 4N35 A 
MOC8100 MOC8100 A 5D3420-1, -2 MRD510 A 4N36 4N36 A 
MOC8111 MOC8111 A 5D5400-1 MRD370 A 4N37 4N37 A 
MOC8112 MOC8112 A 5D5400-2 MRD360 A 4N38,A 4N38,A A 
MOC8113 MOC8113 A 5D5400-3 MRD360 A 4N39 4N39 A 
MOC8204 MOC8204 A 505420-1 MRD500 A 4N40 4N40 A 
MOC8205 MOC8204 A 5D5440-1 MRD3052 A 5082-4203 MRDSOO A 
MOC8206 MOC8204 A 5D5440-2 MRD3056 A 5082-4204 MRDSOO A 

5D5440-3 MRD300 A 5082-4207 MRDSOO A 
5D5440-4 MRD300 B 5082-4220 MRD500 A 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Infrared LED 
This device is designed for a wide variety of infrared applications, including keyboards, 

end-of-tape sensors, coin or paper handlers, and other general sensing applications. The 
MLED71 can be used in conjunction with any MRD700 series detector. It features high 
power output, using gallium arsenide technology. 

• Low Cost 
• Popular Case 349 Package, with Molded Lens 
• Uses Stable Long-Life LED Technology 
• Clear Epoxy Package 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Current - Continuous IF 

Forward Current - Peak Pulse IF 

Total Power Dissipation@ TA = 25°C (Note 1) Po 
Derate above 55°C 

Ambient Operating Temperature Range TA 

Storage Temperature Tstg 

Lead Soldering Temperature (Note 2) -
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min 

Reverse Leakage Current (VR = 6 V) IR -
Forward Voltage OF = 60 mA) VF -
Temperature Coefficient of Forward Voltage ~VF -
Capacitance (V = 0 V, f = 1 MHz) c -

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Peak Wavelength OF = 60 mA) ,\p -
Spectral Half-Power Bandwidth ~,\ -
Continuous Power Output OF = 50 mA) (Note 3) Po 2 

Instantaneous Power Output OF = 100 mA) Po -
Instantaneous Axial Intensity OF = 100 mA) (Note 4) lo -
Power Half-Angle ~ -
Optical Turn-On and Turn-Off Times ton• toff -

Notes: 1. Measured with device soldered into a typical printed c1rcu1t board. 

MLED71 

Value 

6 

60 

1 

90 
2 

2 

INFRARED 
LED 

940 nm 

CASE 349-01 
PLASTIC 

-40 to +100 

-40 to +100 

260 

Typ Max 

0.05 100 

1.3 1.5 

-1.6 -
18 -

940 -
48 -
2.5 -
5 -

3.5 -
::!:30 -

1 -

Unit 

Volts 

mA 

A 

mW 
mW!°C 

oc 
oc 
oc 

Unit 

µA 

v 
mV/K 

pF 

nm 

nm 

mW 

mW 

mW/sr 

µs 

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 Photodyne BBxLA with a #350 integrating sphere. 
4. On 0° axis, with cone angle of ± 13°. 
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MLED71 

TYPICAL CHARACTERISTICS 
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MLED71 

• 

OUTLINE DIMENSIONS 

NOTES· 

CASE 349-01 
PLASTIC 

1 DIMENSIONS A, BAND CARE DATUMS 
2. POSITIONAL TOLERANCE FORD DIMENSION: 

I t I 0 2510 010) ®I ·T· I A ®I c ®I 
3 POSITIONAL TOLERANCE FOR Q DIAMETER 

I t I 0 2510 010) ®I A ® I B ® I 
4 []] IS SEATING PLANE 
5 DIMENSIONING AND TOLERANCING PER ANSI 

Y14 5, 1973 

STYLE 1 
PIN 1. CATHODE 

2 ANODE 

4-4 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
N 
Q 

R 

MILUMITTRS INCHES 
MIN MAX MIN MAX 
343 460 0135 0185 
279 330 0110 0130 
203 318 0080 0125 
043 060 0017 0024 
114 140 0045 0055 

2 54 BSC 0100 BSC 
152 BSC 0 060 BSC 

023 056 0009 0022 
12 83 1905 0 505 0750 
305 330 0120 0130 
076 152 0 030 0060 
381 460 0150 0185 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Visible Red LED 

This device is designed for a wide variety of applications where visible light emission 
is desirable, and can be used in conjunction with any MRD700 series detector. The 
MLED76 features high power output, using gallium aluminum arsenide technology. 

• Low Cost 
• Popular Case 349 Package 
• Uses Stable Long-Life LED Technology 
• Clear Epoxy Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 5 Volts 

Forward Current - Continuous IF 60 mA 

Forward Current - Peak Pulse IF 1 A 

Total Power D1ss1pat1on ((1 TA = 25°C (Note 1) Po 132 mW 
Derate above 35°C 2 mWl°C 

Ambient Operating Temperature Range TA -40 to + 100 oc 
Storage Temperature Tstg -40 to + 100 oc 
Lead Soldering Temperature (Note 2) - 260 oc 

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

Characteristic Symbol Min 

Reverse Leakage Current (VR = 3 V) IR -
Reverse Leakage Current (VR = 5 V) IR -
Forward Voltage (IF = 60 mA) VF -
Temperature Coefficient of Forward Voltage ~VF -

Capacitance (f = 1 MHz) c -
OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Peak Wavelength OF = 60 mA) Ap -
Spectral Half-Power Bandwidth ~A -
Continuous Power Output (IF = 60 mA) (Note 3) Po -

Instantaneous Power Output (IF = 100 mA) Po -
Instantaneous Axial Intensity OF = 100 mA) (Note 4) lo 08 

Power Half-Angle {J -
Optical Turn-On Time ton -
Optical Turn-Off Time to ff -

Half-Power Electrical Bandwidth (Note 5) BWe -
Notes· 1. Measured with device soldered into a typical printed c1rcu1t board 

Typ 

100 

10 

1.8 

-2.2 

50 

660 

20 

2.2 

4 

1.3 

±30 

200 

150 

6 

MLED76 

VISIBLE RED 
LED 

660 nm 

CASE 349-01 
PLASTIC 

Max 

-
100 

2.2 

-
-

-
-
-
-
-
-
-
-
-

Unit 

nA 

µ.A 

v 
mV/K 

pF 

nm 

nm 

mW 

mW 

mW/sr 

ns 

ns 

MHz 

2. 5 seconds max; 1116 inch from case Heat sink should be applied during soldering, to prevent case temperature from exceeding 100°C 
3. Measured using a Photodyne 88xLA with a #350 integrating sphere 
4. On-axis, with cone angle of ± 13°. 
5 IF = 100 mA pk-pk, 100% modulation 
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MLED76 

TYPICAL CHARACTERISTICS 
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MLED76 

OUTLINE DIMENSIONS 

NOTES 
1 DIMENSIONS A, B ANO CARE DATUMS 
2 POSITIONAL TOLERANCE FOR D DIMENSION 

It I 025(00101 ®1-T-IA ®I c ®I 
3 POSITIONAL TOLERANCE FOR 0 DIAMETER 

l-t-1025100101 ®I A® le ®I 
4 DJ IS SEATING PLANE 
5 DIMENSIONING ANO TOLERANCING PER ANSI 

Y145, 1973 

STYLE4 
PIN 1 ANODE 

2 CAlHODE 

CASE 349-01 
PLASTIC 

4-7 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
N 
Q 
R 

lill.U!IETERS INCHES 
MIN MAX MN MAX 
343 460 0135 0185 
279 330 0110 0130 
203 318 0080 0125 
043 060 0017 0024 
114 140 0045 0055 

254BSC 0100 BSC 
152 BSC 0060 BSC 

023 056 0009 I 0022 
1283 1905 0505 0750 
305 330 0120 0130 
076 152 0030 0060 
381 460 0150 0185 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

Infrared LED 
This device is designed for a wide variety of infrared applications, including keyboards, 

end-of-tape sensors, coin or paper handlers, and other general sensing applications. The 
MLED77 can be used in conjunction with any MRD700 series detector. It features high 
power output, using gallium aluminum arsenide technology. 

• Low Cost 
• Popular Case 349 Package, with Molded Lens 
• Uses Stable Long-Life LED Technology 
• Clear Epoxy Package 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Current - Continuous IF 

Forward Current - Peak Pulse IF 

Total Power Dissipation@ TA= 25°C (Note 1) Po 
Derate above 40°C 

Ambient Operating Temperature Range TA 

Storage Temperature Tstg 

Lead Soldering Temperature (Note 2) -
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min 

Reverse Leakage Current (VR = 6 V) IR -
Forward Voltage (IF = 50 mA) VF -

Temperature Coefficient of Forward Voltage i1VF -
Capacitance (V = 0 V, f = 1 MHz) c -

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Peak Wavelength OF = 60 mA) Ap -
Spectral Half-Power Bandwidth t:i.A -
Instantaneous Power Output OF = 100 mA) Po 1.7 

Instantaneous Axial Intensity (IF = 100 mA) (Note 3) lo -
Power Half-Angle ~ -
Optical Rise and Fall Time (10%-90%) tr,tf -

Notes: 1. Measured with device soldered into a typical printed circuit board. 

MLED77 

Value 

6 

60 

1 

120 
2 

INFRARED 
LED 

850 nm 

CASE 349-01 
PLASTIC 

-40 to +100 

-40 to +100 

260 

Typ Max 

0.05 100 

1.4 2 

-1.6 -
200 -

850 -
40 -
2.5 -
3.5 -
±30 -
25 35 

Unit 

Volts 

mA 

A 

mW 
mW/"C 

·c 
·c 
·c 

Unit 

µ,A 

v 
mV/K 

pF 

nm 

nm 

mW 

mW/sr 

ns 

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. Ono• axis, with cone angle of ± 13°. 
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MLED77 

TYPICAL CHARACTERISTICS 
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MLED77 
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OUTLINE DIMENSIONS 

NOTF.S 
1 DIMENSIONS A, BAND CARE DATUMS 
2 POSITIONAL TOLERANCE FORD DIMENSION 

It 1025100101 ®1-T IA ®le ®I 
3 POSITIONAL TOLERANCE FOR Q DIAMETER 

It 1025100101 ®I A® Is® I 
4 [I] IS SEATING PLANE 
5 DIMENSIONING AND TOLERANCING PER ANSI 

Y145, 1973 

STYLE 4 
PIN 1 ANODE 

2 CATHODE 

CASE 349-01 
PLASTIC 

4-10 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
N 
Q 

R 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
343 460 0135 0185 
279 330 0110 0130 
203 318 0080 0125 
043 060 0017 0024 
114 140 0045 0055 

254 BSC 0100 SSC 
1 52 BSC 0060 SSC 

023 056 0009 0022 
1283 1905 0505 0750 
305 330 0120 0130 
076 152 0030 0060 
381 460 0150 0185 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Infrared LED 
This device is designed for infrared remote control and other sensing applications, and 

can be used in conjunction with the MRD821 photodiode. It features high power output, 
using long-life gallium arsenide technology. 

• Low Cost 
• Popular T-1% Package 
• Ideal Beam Angle for Most Remote Control Applications 
• Uses Stable Long-Life LED Technology 
• Clear Epoxy Package 

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 @ TA = 25°C Po 100 mW 
Derate above 25°C 22 mW/°C 

Ambient Operating Temperature Range TA -30 to + 70 oc 
Storage Temperature Tstg -30 to +BO oc 
Lead Soldering Temperature, - 260 oc 

5 seconds max, 1/16 inch from case 

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

Characteristic Symbol Min 

Reverse Leakage Current (VR = 3 V) IR -
Reverse Leakage Current (VR = 5 V) IR -
Forward Voltage OF = 100 mA) VF -

Temperature Coefficient of Forward Voltage !::i.VF -
Capacitance (f = 1 MHz) c -

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min 

Peak Wavelength OF = 100 mA) Ap -
Spectral Half-Power Bandwidth !::i.A -
Total Power Output OF = 100 mA) 0e -
Temperature Coefficient of Total Power Output t:i.0e -
Axial Radiant Intensity OF = 100 mA) le 10 

Temperature Coefficient of Axial Radiant Intensity !::i.le -
Power Half-Angle cp -

4-11 

Typ 

10 

1 

1.35 

-1.6 

25 

Typ 

940 

50 

16 

-0.25 

15 

-0.25 

±30 

MLED81 

INFRARED 
LED 

940nm 

CASE 2798-01 

Max 

-
10 

1.7 

-
-

Max 

-
-
-
-
-

-
-

Unit 

nA 

µA 

v 
mV/K 

pF 

Unit 

nm 

nm 

mW 

%/K 

mW/sr 

%/K 
0 
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MLED81 

TYPICAL CHARACTERISTICS 

J !I ~/l 
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Figure 1. LED Forward Voltage versus Forward Current 
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Figure 2. Relative Spectral Emission 
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1100 

Figure 3. Spatial Radiation Pattern Figure 4. Intensity versus Forward Current 

MILLIMETERS 
DIM MIN MAX 
A 5.52 5 96 
B 4 80 5 20 
c 813 914 
D 0 51 0 71 
E 1.15 1.39 
F 0.51 0.76 
G 2 29 2.79 
K 2540 26 67 
L 0.18 1.82 
R 2 42 2.79 

INCHES 
MIN MAX 
0 217 0 235 
0189 0 205 
0 320 0 360 
0 020 0028 
0.045 0055 
0 020 0030 
0 090 0110 
1 00 1.05 
0.007 0072 
0 095 0110 

OUTLINE 
DIMENSIONS 

CASE 2798-01 

NOTES 
DIMENSIONING AND TOLERANCING PER ANSI 
Y14 5M, 1982 

2 CONTROLLING DIMENSION INCH ~ 

STYLE 1 
PIN 1 CATHODE 

2 ANODE 

4-12 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Infrared LED 
... designed for applications requiring high power output, low drive power and very fast 
response time. This device is used in industrial processing and control, light modulators, 
shaft or position encoders, punched card readers, optical switching, and logic circuits. It 
is spectrally matched for use with silicon detectors. 

• High-Power Output- 4 mW (Typ)@ IF = 100 mA, Pulsed 
• Infrared-Emission - 940 nm (Typ) 
• Low Drive Current - 10 mA for 450 µ,W (Typ) 
• Popular T0-18 Type Package for Easy Handling and Mounting 
• Hermetic Metal Package for Stability and Reliability 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Current - Continuous IF 

Forward Current - Peak Pulse (PW = 100 µ.s, d.c. = 2%) IF 

Total Device Dissipation@ TA = 25°C Po 
Derate above 25°C (Note 1) 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

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

Characteristic Fig. No. Symbol Min 

Reverse Leakage Current (VR = 3 V) - IR -
Reverse Breakdown Voltage OR = 100 µ.A) - V(BR)R 6 

Forward Voltage OF = 50 mA) 2 VF -

Total Capacitance (VR = 0 V, f = 1 MHz) - CT -
OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Total Power Output (Note 2) OF = 60 mA. de) 3, 4 Po -
OF = 100 mA, PW = 100 µ.s, duty cycle = 2%) 1 

Radiant Intensity (Note 3) - lo -
OF = 100 mA, PW = 100 µ.s, duty cycle = 2%) 

Peak Emission Wavelength 1 A.P -
Spectral Line Half Width 1 8.\ -

Notes: 1. Printed Circuit Board Mounting 

MLED930 

INFRARED 
LED 

940 nm 

OON~ j/J 
LENS I jw. 

Value 

6 

60 

1 

250 
2.27 

CASE 209-01 
METAL 

-55 to +125 

-65 to +150 

Typ Max 

2 -

20 -

1.32 1.5 

18 -

2.5 -
4 -

1.5 -

Unit 

Volts 

mA 

A 

mW 
mW!°C 

oc 
oc 

Unit 

nA 

Volts 

Volts 

pF 

mW 

mW/ 
steradian 

940 - nm 

40 - nm 

2. Power Output, P0 , 1s the total power radiated by the device into a solid angle of 27T steradians. It 1s measured by directing all radiation leaving the 
device, within this solid angle, onto a calibrated silicon solar cell 

3. lrrad1ance from a Light Emitting Diode (LED) can be calculated by: 
le where H 1s 1rrad1ance in mW/cm2, le is radiant intensity in mW/sterad1an; 

H =-
d2 1s distance from LED to the detector in cm. 
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MLED930 

TYPICAL CHARACTERISTICS 
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Figure 1. Relative Spectral Output 
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if, INSTANTANEOUS FORWARD CURRENT (mA) 

Figure 4. Instantaneous Power Output 
versus Forward Current 

OUTLINE DIMENSIONS 

NOTES 
1 PIN 2 INTERNALLY CONNECTED TO CASE 
2 LEADS WITHIN 0 13 mm 10 005) RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 531 584 0209 0230 
B 452 495 0178 0195 
c 508 635 0200 0250 

0016 0019 D 041 048 
F 051 102 0020 0040 STYLE 1 

G 2 54 BSC 
H 099 117 
J 084 122 
K 1270 J_ -
L 335 401 
M 45° BSC 

0100 BSC 
0039 0046 
0033 0048 
0500 -
0132 0158 

45° BSC 

PIN 1.ANODE 
2 CATHODE 

CASE 209-01 
METAL 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detector 
Transistor Output 

... designed for application in punched card and tape readers, pattern and character rec
ognition equipment, shaft encoders, industrial inspection processing and control, 
counters, sorters, switching and logic circuits, or any design requiring radiation sensitiv
ity, stable characteristics and high-density mounting. 

• Economical Plastic Package 
• Sensitive Throughout Visible and Near Infrared Spectral Range for Wide Application 
• Small Size for High-Density Mounting 
• High Light Current Sensitivity (0.2 mA) for Design Flexibility 
• Annular Passivated Structure for Stability and Reliability 

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

Rating Symbol 

Collector-Emitter Voltage Vern 

Emitter-Collector Voltage VE co 

Total Device D1ss1pat1on @ TA = 25°C Note 1 Po 
Derate above 25°C 

Operating and Storage Junction Temperature Range TJ. Tstg 

Lead Soldering Temperature (5 sec. max) Note 2 -
STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min 

Collector Dark Current - lcEO 
(Vee = 20 V; Base Open) Note 3 TA = 25°C -

TA = 85°C -
Collector-Emitter Breakdown Voltage - V(BR)CEO 40 

Oc = 100 µ.A; Base Open) Note 3 

Emitter-Collector Breakdown Voltage - V(BR)ECO 6 
OE = 100 µ.A; Base Open) Note 3 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Collector Light Current 1 IL 0.2 
(Vee = 20 V; RL = 100 Ohms; Base Open) Note 4 

Photo Current Rise Time, Note 5 8 tr -
Photo Current Fall Time, Note 5 8 tf -
Wavelength of Maximum Sensitivity 7 As -

NOTES: 1. Printed c1rcu1t board mounting 
2 Heat Sink should be applied to leads during soldering to prevent Case Temperature from exceeding lOO'C. 
3. Measured under dark cond1t1ons. (H = 0) 

MRD150 

PHOTO DETECTOR 
TRANSISTOR OUTPUT 

NPN SILICON 
50 MILLIWATTS 

Value 

40 

6 

100 
1.33 

40 VOLTS 

CASE 173-01 
PLASTIC 

-40 to +100 

260 

Typ Max 

- 0.1 
5 -
- -

- -

0.45 -

2.5 -
4 -

0.8 -

Unit 

Volts 

Volts 

mW 
mWl°C 

oc 

oc 

Unit 

µ.A 

Volts 

Volts 

mA 

µ.s 

µ.s 

µ.m 

4. Rad1at1on Flux Density (HI equal to 5 mW/cm2 emitted from a tungsten source at a color temperature of 2870 K 
5. For unsaturated response time measurements, rad1at1on 1s provided by pulsed GaAs (gallium-arsenide) light-emitting diode (A = 940 nm) with a 

pulse width equal to or greater than 500 microseconds (see Figure 8) 
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Figure 2. Collector-Emitter Characteristics 
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Figure 8. Pulse Response Test Circuit and Waveform 

OUTLINE DIMENSIONS 

NOTE 
1 INDEX BUTIDN ON PACKAGE BOTIOM IS 0 251 

0 51 mm (O 010/0 020) DIA & 005/013 mm (O 0021 
0 005) OFF SURFACE 

STYLE 1 
PIN1 EMlffiR 

2 COLLECTOR 

CASE 173-01 
PLASTIC 
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DIM 
A 
c 
D 
F 
H 
K 
M 

• 
If 

MIUJMETERS INCHES 
MIN MAX MIN MAX 
198 234 0078 0092 
122 147 0048 0058 
025 041 0010 0016 
010 015 0004 0006 
051 076 0020 0030 
406 - 0160 -
3" 7" 3" 7" 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Photo Detectors 
Transistor Output 

... designed for application in industrial inspection, processing and control, counters, 
sorters, switching and logic circuits or any design requiring radiation sensitivity, and sta
ble characteristics. 

• Popular T0-18 Type Package for Easy Handling and Mounting 
• Sensitive Throughout Visible and Near Infrared Spectral Range for Wider Application 
• Minimum Light Current 4 mA at H = 5 mW/cm2 (MRD300) 
• External Base for Added Control 
• Annular Passivated Structure for Stability and Reliability 

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

Rating Symbol 

Collector·Emitter Voltage Vern 

Emitter-Collector Voltage VECO 

Collector-Base Voltage VcBo 

Total Device Dissipation@ TA = 25°C Po 
Derate above 25°C 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

STATIC ELE:TRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min 

Collector Dark Current (VcE = 20 V, H = 0) TA = 25°C icrn -
TA= 100°c -

Collector-Base Breakdown Voltage Uc = 100 µ.A) V(BR)CBO 80 

Collector-Emitter Breakdown Voltage Uc = 100 µ.A) V(BR)CEO 50 

Emitter-Collector Breakdown Voltage (IE = 100 µ.A) V(BR)ECO 7 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Light Current MRD300 IL 4 
(Vee = 20 v, RL = 10 Ohms) Note 1 MRD310 , 

Light Current MRD300 IL -
(Vee = 20 V, RL = 100 Ohms) Note 2 MRD310 -

Photo Current Rise Time (Note 3) tr -
IRL = 100 Ohms, IL = 1 mA peak) 

Photo Current Fall Time (Note 3) tf -
(RL = 100 Ohms, IL = 1 mA peak) 

MRD300 
MRD310 

PHOTO DETECTORS 
TRANSISTOR OUTPUT 

NPN SILICON 

Value 

50 

7 

80 

250 
2.27 

I 
CASE 82-05 

METAL 

-55 to + 125 

-65 to + 150 

Typ Max 

5 25 
4 -

120 -
85 -
8.5 -

7 -
3.5 -
2.5 -
0.8 -
2 2.5 

2.5 4 

Unit 

Volts 

Volts 

Volts 

mW 
mW/°C 

oc 

oc 

Unit 

nA 
µ.A 

Volts 

Volts 

Volts 

mA 

mA 

µ.s 

µ.s 

NOTES: 1. Rad1at1on 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/cm2 (pulsed) from a GaAs (gall1um-arsen1de) source at A = 940 nm 
3 For unsaturated response time measurements, rad1at1on 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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Figure 4. Rise Time versus Light Current 
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MRD300, MRD310 
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Figure 9. Pulse Response Test Circuit and Waveform 

OUTLINE DIMENSIONS 

NOTES 
1 LEADS WITHIN 13 mm I 005) RADIUS OF TRUE 

POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION 

2 PIN 3 INTERNALLY CONNECTED TO CASE 

STYLE 1 
PIN1 EMlmR 

2 BASE 
3 COLLECTOR 

CASE 82-05 
METAL 

4-20 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 

If 

MIWMmRS INCHES 
MIN MAX MIN MAX 
531 584 0109 0130 
452 495 0178 0195 
457 648 0180 0255 
041 048 0016 0019 
- 114 - 0045 

254 BSC 0100 BSC 
099 J 117 0039 0046 
084 112 0033 0048 

1270 - 0500 -
335 401 0132 0158 

45·esc 45•esc 

40 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detectors 
Darlington Output 

... designed for application in industrial inspection, processing and control, counters, 
sorters, switching and logic circuit or any design requiring very high radiation sensitivity 
at low light levels. 

• Popular T0-18 Type Hermetic Package for Easy Handling and Mounting 
• Sensitive Throughout Visible and Near Infrared Spectral Range for Wider Application 
• Minimum Light Current 12 mA at H = 0.5 mW/cm2 (MRD360) 
• External Base for Added Control 
• Switching Times -

tr@ IL = 1 mA peak = 15 µs (Typ) - MRD370 
tf@ IL = 1 mA peak = 25 µs (Typ) - MRD370 

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

Rating 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector-Base Voltage 

Light Current 

Total Device Dissipation@ TA = 25°C 
Derate above 25°C 

Operating Temperature Range 

Storage Temperature Range 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

Collector Dark Current (VcE = 10V,H=O)TA=25°C 

Collector-Base Breakdown Voltage Oc = 100 µ.A) 

Collector-Emitter Breakdown Voltage Oc = 100 µ.A) 

Emitter-Base Breakdown Voltage OE = 100 µ.A) 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Light Current MRD360 
(Vee = 5 V, RL = 10 Ohms) Note 1 MRD370 

Collector-Emitter Saturation Voltage 
(IL = 10 mA, H = 2 mW/cm2 at 2870K) 

Photo Current Rise Time (Note 2) MRD360 
(RL = 100 ohms, IL = 1 mA peak) MRD370 

Photo Current Fall Time (Note 2) MRD360 
(RL = 100 ohms, IL = 1 mA peak) MRD370 

Wavelength of Maximum Sens1t1vity 

Symbol 

VcEO 

VEBO 

Ve Bo 

IL 

Po 

TA 

Tstg 

Symbol 

lcEO 

V(BR)CBO 

V(BR)CEO 

V(BR)EBO 

IL 

VcE(sat) 

tr 

tf 

As 

Min 

-
50 

40 

10 

12 
3 

-

-
-
-
-
-

MRD360 
MRD370 

PHOTO DETECTORS 
DARLINGTON OUTPUT 

NPN SILICON 

Value 

40 

10 

50 

250 

250 
2.27 

CASE S2-05 
METAL 

-55to+125 

-65 to + 150 

Typ Max 

10 100 

- -
- -
- -

20 -
10 -

- 1 

40 100 
15 100 

60 150 
25 150 

0.8 -

Unit 

Volts 

Volts 

Volts 

mA 

mW 
mW/°C 

oc 

oc 

Unit 

nA 

Volts 

Volts 

Volts 

mA 

Volt 

µ.s 

µ.s 

µ.m 

NOTES. 1. Rad1at1on flux density (H) equal to 0.5 mW/cm2 emitted from a tungsten source at a color temperature of 2870 K. 
2. For unsaturated response time measurements, rad1at1on 1s provided by pulsed GaJ\s (gallium-arsenide) l1ght-em1tting diode (A = 940 nm) with a 

pulse width equal to or greater than 500 microseconds (see Figure 6) IL = 1 mA peak. 
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MRD360, MRD370 

TYPICAL CHARACTERISTICS 
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MRD360, MRD370 
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PLANE K 

_l 
D ~ 

OUTLINE DIMENSIONS 

NOTES 
1 LEADS WITHIN 13 mm I 0051 RADIUS OF TRUE 

POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION 

1 PIN 3 INTERNALLY CONNECTED TO CASE 

STYLE 1 
PINI EMITIER 

1 BASE 
3 COLLECTOR 

CASE 82-05 
METAL 

4-23 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
531 584 0209 0130 
451 495 0178 0195 
457 648 0180 0155 
041 048 0016 0019 
- 114 - 0045 

2548SC 0100 SSC 
099 117 0039 I 0046 
084 111 0033 J_ 0048 

1270 - 0500 -
335 401 0132 0158 

45° BSC 45° BSC 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

Photo Detectors 
Diode Output 

... designed for application in laser detection, light demodulation, detection of visible 
and near infrared light-emitting diodes, shaft or position encoders, switching and logic 
circuits, or any design requiring radiation sensitivity, ultra high-speed, and stable 
characteristics. 

• Ultra Fast Response - (<1 ns Typ) 
• High Sensitivity- MRD500 (1.2 µA/mW/cm2 Min) 

MRD510 (0.3 µA/mW/cm2 Min) 
• Available With Convex Lens (MRD500) or Flat Glass (MRD510) for Design Flexibility 
• Popular T0-18 Type Package for Easy Handling and Mounting 
• Sensitive Throughout Visible and Near Infrared Spectral Range for Wide Application 
• Annular Passivated Structure for Stability and Reliability 

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

Rating Symbol Value Unit 

Reverse Voltage VR 100 Volts 

Total Power Dissipation @ TA = 25°C Po 250 mW 
Derate above 25°C 2.27 mW/°C 

Operating Temperature Range TA -55 to + 125 oc 

Storage Temperature Range Tstg -65 to + 150 oc 

STATIC ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min 

Dark Current (VR = 20 V, RL = 1 megohm) Note 2 2 and 3 10 
TA = 25°C -
TA = 100°c -

Reverse Breakdown Voltage OR = 10 µA) - V(BR)R 100 

Forward Voltage OF = 50 mA) - VF -
Series Resistance OF = 50 mA) - Rs -
Total Capacitance (VR = 20 V, f = 1 MHz) 5 Cr -

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Light Current MRD500 1 IL 6 
(VR = 20 V) Note 1 MRD510 1.5 

Sensitivity at 0.8 µm MRD500 - S(A=0.8µ,m) -
(VR = 20 V) Note 3 MRD510 -

Response Time (VR = 20 V, RL = 50 Ohms) - t(resp) -
Wavelength of Peak Spectral Response 5 As -

Typ 

-
14 

200 

-
-
-

9 
2.1 

6.6 
1.5 

1 

0.8 

NOTES. 1. Rad1at1on Flux Density (H) equal to 5 mW/cm2 emitted from a tungsten source at a color temperature of 2870 K 
2. Measured under dark cond1t1ons. (H = 0) 
3. Rad1at1on Flux Density (H) equal to 0 5 mW/cm2 at 0 8 µm. 
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MRD500 
MRD510 

PHOTO DETECTORS 
DIODE OUTPUT 

PIN SILICON 
250 MILLIWATTS 

100 VOLTS 

CASE 209-01 
MRD500 

(CONVEX LENS) 

CASE 210-01 
MRD510 

(FLAT GLASS) 

Max 

2 
-
-
1.1 

10 

4 

-
-

Unit 

nA 

Volts 

Volts 

Ohms 

pF 

µA 

- µ,Nm WI 
- cm2 

- ns 

- µm 



MRDSOO, MRD510 

TYPICAL CHARACTERISTICS 
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MRD500, MRD510 
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Figure 6. Typical Operating Circuit 

OUTLINE DIMENSIONS 

II 'Rtl 
CASE 209-01 CASE 210-01 

MRD500 MRD510 
(CONVEX LENS) (FLAT GLASS) J[f, : j NOTES 

NOTES 
1 PIN 2 INTERNALLY CONNECTED TO CASE 1 PIN 2 INTERNALLY CONNECTED TO CASE 
2 LEADS WITHIN O 13 mm 10 005) RADIUS OF TRUE 2 LEADS WITHIN 0 13 IO 005) RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM POSITION Al SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION 

MATERIAL CONDITION 

o_jl--

~ 
MILUMmRS INCHES 

DIM MIN MAX MIN MAX MILUMmRS INCHES G A 531 584 0209 0230 DIM MIN MAX MIN] MAX " 
B 452 495 0178 0195 A 531 584 0209 0230 

~'Y c 508 635 0200 0250 B 452 495 0178 0195 
D 041 048 0016 0019 c 457 533 0180 0210 ;I 

fte 

~
1"1 

SlATING -t 
PlANE K 

_J 
o_jt-

F 051 102 0020 0040 D 041 048 0016 0019 
G 2 54 SSC O 100 BSC G 2 54 BSC 0 100 BSC 
H 099 117 0039 0046 H 099 117 0039 0046 

STYLE 1 J 084 122 0033_1 0048 J 084 122 0033 0048 
PIN 1 ANODE K 1270 0500 K 1270 0500 

2 CATHODE L 335 401 0132 0158 M 45° BSC 45° BSC 
M 45° BSC 45° BSC 

STYLE 1 
PIN 1 ANODE 

2 CATHODE 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detector 
Transistor Output 

... designed for industrial processing and control applications such as light modulators, 
shaft or position encoders, end of tape detectors. The MRD701 is designed to be used 
with the MLED71 infrared emitter in optical slotted coupler/interrupter applications. 

• Economical, Miniature Plastic Package 
• Package Designed for Accurate Positioning 
• Lens Molded into Package 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Total Device D1ss1pat1on @TA = 25°C Po 
Derate above 25°C (Note 1) 

Operating and Storage Junction Temperature Range TJ, Tstg 

Lead Soldering Temperature (5 sec max, 1/16" from case) (Note 2) -
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min 

Collector Dark Current (VcE = 10 V, H = 0) lo -
Collector-Emitter Breakdown Voltage !le = 10 mA, H = 0) V(BR)CEO 30 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Collector Light Current (VcE = 5 V, H = 500 µW/cm2) IL 100 

Turn-On Time 1 H = 5 mW/cm2, Vee = 5 V tan -
Turn-Off Time RL = 2400 !1 ta ff -
Saturation Voltage (H = 5 mW/cm2, le = 2 mA, Vee = 5 V) VcE(sat) -
Wavelength of Maximum Sens1t1v1ty As -

Notes 1 Measured with device soldered onto a typical PC board. 
2 Heat smk should be applied to leads during soldering to prevent case temperature from exceeding 100'C 
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MRD701 

PHOTO DETECTOR 
TRANSISTOR OUTPUT 

NPN SILICON 

Value 

30 

150 
2 

30 VOLTS 

CASE 349-01 
PLASTIC 

-40 to +100 

260 

Typ Max 

- 100 

- -

500 -
60 -

0.25 0.4 

0.25 0.4 

0.8 -

Unit 

Volts 

mW 
mWl°C 

oc 

oc 

Unit 

nA 

Volts 

µA 

µs 

Volts 

Volts 

µm 
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TYPICAL COUPLED CHARACTERISTICS USING MLED71 
EMITTER AND MRD701 PHOTOTRANSISTOR DETECTOR 

100 
j_ I 1 1 J 

1 1 l 

< 
1? .S 

I- 10 
I I :z 

,zz-
C7 ~ ~ ~ t t 0: 

0: 
:::> 
u 

~ 
~ SEPARATION 4mm 

-.;;;;:: ~ ............. 
1F sci mA:::j 

is;; 
~ 

~is,; - IF - 20 mA-=l 
-+-. ~, 

~ 
(.!) 
::::; 
_;;, 

I 
!-- ~F=10~ 

10 

=;;;;;; 
........... 

.k-"" 

100 500 
'F· MLED71 FORWARD CURRENT lmA) 

4 6 8 10 12 14 16 18 20 
D, SEPARATION BETWEEN DEVICES Imm) 

Figure 2. Continuous MRD701 Collector Light Current 
versus Distance from MLED71 

Figure 3. Instantaneous MRD701 Collector Light 
Current versus MLED71 Forward Current 

OUTLINE DIMENSIONS 

NOTES 

CASE 349-01 
PLASTIC 

1 DIMENSIONS A, SAND CARE DATUMS 
2 POSITIONAL TOLERANCE FORD DIMENSION 

[T[OJ5-100101 ®1-T-IA ®le ®I 

3 POSITIONAL TOLERANCE FOR 0 DIAMETER 

I t I 0 25 IO 0101 ®I A ® I B ® I 
4 [DIS SEATING PLANE 
5 DIMENSIONING AND TOLERANCING PER ANSI 

Y145, 1973 

STYLE 2 
PIN 1 EMITTER 

2 COLLECTOR 
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DIM 
A 
8 
c 
D 
F 
G 
H 
J 
K 
N 
a 
R 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
3 43 460 0135 0185 
279 330 0110 0130 
2 03 318 0080 0125 
043 060 0017 0024 
114 140 0 045 0055 

254 SSC 0 100 SSC 
1 52 SSC 0 060 SSC 

0 23 056 0009 0022 
12 83 1905 0 505 0750 
305 330 0120 0130 
0 76 152 0030 0060 
381 460 0150 0185 

I 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detector 
Darlington Output 

... designed for a wide variety of industrial processing and control applications requir
ing a sensitive detector. The MRD711 is in an identical package and is designed for use 
with the MLED71 infrared emitter. 

• Miniature, Low Profile, Clear Plastic Package 
• Designed for Automatic Handling and Accurate Positioning 
• Side Looking, with Molded Lens 
• High Volume, Economical 

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

Rating Symbol 

Collector-Emitter Voltage Vern 

Total Device Dissipation @ TA = 25°C Po 
Derate above 25°C (Note 1) 

Operating and Storage Junction Temperature Range TJ, Tstg 

Lead Soldering Temperature (5 sec. max, 1/16" from case) (Note 2) -
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol 

Collector Dark Current (VcE = 10 V, H = O) 10 

Collector-Emitter Breakdown Voltage Oc = 1 mA, H = 0) V(BR)CEO 

Capacitance (Vee = 5 V, f = 1 MHz) Cce 

OPTICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

Collector Light Current (VcE = 5 V, H = 500 µW/cm2, A = 940 nm) IL 

Turn-On Time J H = 500 µW/cm2, Vee = 5 v ton 

Turn-Off Time l RL = 100 n toff 

Saturation Voltage (H = 500 µW/cm2, A = 940 nm, le = 2 mA, Vee = 5 V) VcE(satl 

Wavelength of Maximum Sensitivity As 

Notes: 1. Measured with device soldered into a typical printed circuit board 

Min 

-
60 

-

5 

-
-
-
-

2. Heat sink should be applied to leads during soldering to prevent case temperature from exceeding 100°C. 
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MRD711 

PHOTO DETECTOR 
DARLINGTON OUTPUT 

NPN SILICON 

Value 

60 

150 
2 

60 VOLTS 

CASE 349-01 
PLASTIC 

-40 to +100 

260 

Typ Max 

- 100 

- -
3.9 -

25 -
125 -
150 -
0.75 1 

0.8 -

Unit 

Volts 

mW 
mWl°C 

oc 

oc 

Unit 

nA 

Volts 

pF 

mA 

µs 

Volts 

µm 

• 
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MRD711 
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TYPICAL COUPLED CHARACTERISTICS USING MLED71 
EMITTER AND MRD711 PHOTODARLINGTON DETECTOR 
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Figure 3. Continuous MRD711 Collector Light Current 
versus Distance from MLED71 

Figure 4. Instantaneous MRD711 Collector Light 
Current versus MLED71 Forward Current 

OUTLINE DIMENSIONS 

NOTES 

CASE 349-01 
PLASTIC 

1 DIMENSIONS A, B AND C ARE DATUMS. 
2 POSITIONAL TOLERANCE FOR 0 DIMENSION 

It lo2s100101 ®1-T-IA ®le ®I 
3 POSITIONAL TOLERANCE FOR Q DIAMETER 

~0101®IA®ls®I 
4. [I] IS SEATING PLANE 

5 DIMENSIONING AND TOLERANCING PER ANSI 
Y14 5, 1973 

STYLE 2. 
PIN 1 EMITIER 

2 COLLECTOR 

4-30 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
N 
Q 

R 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
343 4 60 0135 0185 
279 330 0110 0130 
203 318 0080 0125 
043 06-0 0017 0024 
1.14 140 0045 0055 

2 54 BSC 0 100 BSC 
152 BSC 0 060 BSC 

023 0 56 0009 0022 
12 83 1905 0505 0750 
305 330 0120 0130 
076 152 0030 006-0 
381 46-0 0150 0185 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detector 
PIN Diode Output 

... designed for application in laser detection, light demodulation, detection of visible 
and near infrared light-emitting diodes, shaft or position encoders, switching and logic 
circuits, or any design requiring radiation sensitivity, ultra high-speed, and stable 
characteristics. 

• Ultra Fast Response - (<1 ns Typ) 
• Sensitive Throughout Visible and Near Infrared Spectral Range for Wide Application 
• Annular Passivated Structure for Stability and Reliability 
• Economical, Low Profile, Miniature Plastic Package 
• Lens Molded Into Package 
• Designed for Automatic Handling and Accurate Positioning 

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

Rating Symbol 

Reverse Voltage VR 

Total Power Dissipation @ TA = 25°C Po 
De rate above 25°C (Note 1) 

MRD721 

PHOTO DETECTOR 
DIODE OUTPUT 

100 VOLTS 

Value 

100 

150 
2 

CASE 349-01 
PLASTIC 

BLUE 
BACK 

Unit 

Volts 

mW 
mW!°C 

Operating and Storage Junction Temperature Range TJ, Tstg -40 to + 100 oc 

Lead Soldering Temperature (5 sec. max, 1/16" from case) (Note 2) -
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min 

Dark Current (VR = 20 V, RL = 1 M!l; Note 3) 3 and 4 10 
TA= 25°C -
TA= 100°c -

Reverse Breakdown Voltage OR = 10 µ,A) - V(BR)R 100 

Forward Voltage OF = 50 mA) - VF -
Series Resistance OF = 50 mA) - Rs -
Total Capacitance (VR = 20 V; f = 1 MHz) 5 CT -

OPTICAL CHARACTERISTICS (TA = 25°C) 

Light Current (VR = 20 V, Note 4) 2 IL 1.5 

Sensitivity (VR = 20 V, Note 5) - S(A = 0.8 µ,m) -
- S(A = 0.94 µm) -

Response Time (VR = 20 V, RL = 50 !1) - t(resp) -
Wavelength of Peak Spectral Response 6 As -

Notes. 1 Measured with the device soldered into a typical printed c1rcu1t board 
2. Heat sink should be applied to leads during soldering to prevent case temperature from exceeding 100'C 
3. Measured under dark cond1t1ons (H = 0). 
4 Rad1at1on Flux Density (H) equal to 5 mW/cm2 emitted from a tungsten source at a color temperature of 2870 K. 
5. Rad1at1on Flux Density (H) equal to 0.5 mW/cm2. 
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260 oc 

Typ Max Unit 

nA 
0.06 10 
14 -

200 - Volts 

- 1.1 Volts 

B - Ohms 

3 - pf 

4 - µ,A 

5 - µ,A/mW/ 
1.2 - cm2 

1 - ns 

0.8 - µm 
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MRD721 

TYPICAL CHARACTERISTICS 
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Figure 1. Operating Circuit 
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Figure 3. Dark Current versus Temperature 
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Figure 5. Capacitance versus Voltage 
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MRD721 

OUTLINE DIMENSIONS 

NOTES 

CASE 349-01 
PLASTIC 

1 DIMENSIONS A, BAND CARE DATUMS 
2 POSITIONAL TOLERANCE FOR D DIMENSION 

I t I 0 25 IO 010) ®I -T-1 A ®I c ®I 
3 POSITIONAL TOLERANCE FOR Q DIAMETER 

I t I 0 2510 010) ®I A ® I B ® I 
4 DJ IS SEATING PLANE 
5 DIMENSIONING AND TOLERANCING PER ANSI 

Y145, 1973 

STYLE 1 
PIN 1 CATHODE 

2 ANODE 
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DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
N 
Q 
R 

MILUMffiRS INCHES 
MIN MAX MIN MAX 
343 460 0135 0185 
2 79 330 0110 0130 
203 318 0080 0125 
043 060 0017 0024 
114 140 0045 0055 

2 54 BSC 0100 BSC 
152 BSC 0 060 SSC 

023 056 0009 0022 
1283 1905 0505 0750 
305 330 0120 0130 
076 152 0030 0060 
381 460 0150 0185 

II 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Photo Detector 
Logic Output 

... incorporates a Schmitt Trigger which provides hysteresis for noise immunity and 
pulse shaping. The detector circuit is optimized for simplicity of operation and utilizes an 
open-collector output for application flexibility. 

• Popular Low Cost Plastic Package 
• High Coupling Efficiency 
• Wide Vee Range 
• Ideally Suited for MLED71 Emitter 
• Usable to 125 kHz 

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

Rating Symbol 

Output Voltage Range Vo 

Supply Voltage Range Vee 

Output Current lo 

Device Dissipation Po 
Derate above 25°C (Note 1) 

Maximum Operating Temperature TA 

Storage Temperature Range Tstg 

Lead Soldering Temperature TL 
(5 seconds maximum; 1/16 inch from case) (Note 2) 

Notes: 1. Measured with device soldered into a typical PC board. 
2. Heat sink should be applied to leads during soldering to prevent case temperature from exceeding 100°C. 

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

I Characteristic Symbol Min 

DEVICE (TA = 25°C) 

Operating Voltage Vee 3 

Supply Current with Output High, Figure 4 Ice( off) -
(IF = 0, Vee = 5 V) 

Output Current, High loH -
llF = 0, Vee= Vo= 15V, RL = 270n) 
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MRD750 

PHOTO DETECTOR 
LOGIC OUTPUT 

Value 

0-16 

0-16 

50 

150 
2 

CASE 349C-01 
PLASTIC 

-40 to +85 

-40 to +100 

260 

Typ Max 

- 15 

1.3 5 

- 100 

Unit 

Volts 

Volts 

mA 

mW 
mWf'C 

oc 

oc 

oc 

Unit 

Volts 

mA 

µ.A 

(continued) 



MRD750 

ELECTRICAL CHARACTERISTICS - continued (TA = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Typ Max Unit 

COUPLED (TA = 0-70°C) 

Light Required to Trigger (Tungsten Source, 2870 K) H(on) 0.50 mW/cm2 

The following characteristics are measured with an MLED71 emitter at a separation distance of 4 mm (0.155 inches) with the 
lenses of the emitter and detector on a common axis within 0.1 mm and parallel within 5 degrees. 

Supply Current with Output Low, Figure 5 lcc(onl - 3 5 
llF = IF(on)• Vee = 5 VI 

Output Voltage, Low 
(RL = 270 0, Vee = 5 v. IF = IF(on)I 

Threshold Current, ON 
(RL = 270 0, Vee = 5 V) 

Threshold Current, OFF 
(RL = 270 o. Vee = 5 V) 

Hysteresis Ratio, Figure 1 
(RL = 270 0, Vee = 5 V) 

Turn-On Time 

Fall Time 

Turn-Off Time 

Rise Time 

0 
0 

L 

Vin 
tr = If = 0.01 µ.s 
z = 500 

MLED71 

Vol - 0.2 0.4 

IF( on) - 10 20 

IF(off) 1 7.5 -

!EfQfil - 0.75 -
IF(on) 

ton - 1.2 5 
RL = 270 0, 

0.1 Vee= 5 v. tf - -
IF = IF(on) to ff - 1.2 5 
TA= 25°C 

0.1 tr - -

VoH 

IF(off) IF(on) 

.4~ 
,, RL = 2700 

Vee= sv --1 
TA= 25°C 

Vol 

0.75 

INCIDENT RADIATION (NORMALIZED) 

Figure 1. Transfer Characteristics 
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Figure 2. Switching Test Circuit 
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mA 

volts 

mA 

mA 

µ.s 
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MRD750 

TYPICAL CHARACTERISTICS 
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Figure 3. Output Voltage, Low versus Load Current 
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TYPICAL COUPLED CHARACTERISTICS USING MLED71 
EMITTER AND MRD750 DIGITAL OUTPUT DETECTOR 
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Figure 6. Threshold Current versus Supply Voltage 
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MRD750 

OUTPUT 

MLED71 

Figure 9. Test Circuit for Threshold Current 
Measurements 

1
:3 ~SVOLTS 

- OUTPUT 

2 
MLED71 -:- MRD750 

Figure 10. Test Circuit for Output Voltage versus Load 
Current Measurements 

OUTPUT 

Figure 11. Test Circuit for Supply Current versus 
Supply Voltage Measurements 

STYLE 3 
PIN 1 OUTPUT 

2 GROUND 
JV cc 

CASE 349C-01 
PLASTIC 
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NOTES 
1 DIMENSIONS A, BAND CARE DATUMS 
2 POSITIONAL TOLERANCE FOR D DIMENSION 

l+l <1>025100101 ®I Ti A® le ®I 
3 POSITIONAL TOLERANCE FOR Q DIAMETER 

l+l <1>025100101®IA®lc ®I 
4 -T- IS A SEATING LANE 
5 DIMENSIONING AND TOLERANCING PER 

ANSI 145, 1973 

MILUMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 343 460 0135 0185 
B 279 330 0110 0130 
c 203 318 OOBO 0125 
D 043 056 0017 0022 
G 254 BSC 0100 BSC 
H 152 BSC 0060 BSC 
J 023 056 0009 oon 
K 1270 - osool -~ 
l 127 BSC 0050 SSC 
N 178 BSC 0070 BSC 
Q 076 152 0030 006.Q_ 

• 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detector 
Diode Output 

This device is designed for infrared remote control and other sensing applications, and 
can be used in conjunction with the MLED81 infrared emitting diode. 

• Low Cost 
• Designed for Automated Handling and Accurate Positioning 
• Sensitive Throughout the Near Infrared Spectral Range 
• Infrared Filter for Rejection of Visible Light 
• High Speed 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 35 Volts 

II 
Forward Current - Continuous IF 100 mA 

Total Power Dissipation (ii TA = 25°C Po 150 mW 
Derate above 25°C 33 mW/°C 

Ambient Operating Temperature Range TA -30 to + 70 oc 
Storage Temperature Tstg -40 to +80 oc 
Lead Soldering Temperature, - 260 oc 

5 seconds max, 1/16 inch from case 

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

Characteristic Symbol Min Typ 

Dark Current (VR = 10 V) 10 - 3 

Capacitance (f = 1 MHz, V = O) CJ - 175 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ 

Wavelength of Maximum Sensitivity Amax - 940 

Spectral Range AA - 170 

Sensitivity (A = 940 nm, VR = 20 V) s - 50 

Temperature Coefficient of Sens1tiv1ty AS - 0.18 

Acceptance Half-Angle cp - ±:70 

Short Circuit Current (Ev= 1000 lux1) Is - 50 

Open Circuit Voltage (Ev = 1000 lux 1) VL - 03 

MRD821 

PHOTO DETECTOR 
DIODE OUTPUT 

CASE 381-01 

Max Unit 

30 nA 

- pF 

Max Unit 

- nm 

- nm 

- µ,AimW/cm2 

- %/K 

-
- µ,A 

- v 
NOTE 1. Ev is the illuminat1on from an unfiltered tungsten filament source, having a color temperature of 2856K (standard light A, in accordance with 

DIN5030 and IEC publ1cat1on 306-1) 
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MRD821 

TYPICAL CHARACTERISTICS 
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Figure 5. Dark Current versus Reverse Voltage 
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Figure 2. Short Circuit Current versus llluminance 
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MRD821 
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Figure 7. Capacitance versus Reverse Voltage Figure 8. Light Current versus Forward Voltage 

OUTLINE DIMENSIONS 

CASE 381-01 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M. 1982 
2 POSITIONAL TOLERANCE FOR LEAD DIMENSION 

D 
~(")ITIA®I 

3 CONTROLLING DIMENSION INCH 

STYLE 1 
PIN 1 ANODE 

2 CATHODE 

4-40 

DIM 
A 
8 
c 
D 
G 
H 
J 
K 
L 

C1 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
681 721 0268 0284 
780 820 0307 0323 
259 299 0102 0118 
051 076 0020 0030 

5 28 BSC 0208 BSC 
219 243 0086 0096 

0036 0045 0014 0018 
1199 1399 0472 0551 
064 088 0025 0035 
130 149 0051 0059 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detectors 
Triac Driver Output 

... designed for applications requiring light and infrared LED TRIAC triggering, small 
size, and low cost. 

• Hermetic Package at Economy Prices 
• Popular T0-18 Type Package for Easy Handling and Mounting 
• High Trigger Sensitivity 

HFT = 0.5 mW/cm2 (Typ-MRD3011) 

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

Rating Symbol 

Off-State Output Terminal Voltage Vo RM 

Peak Repetitive Surge Current ITSM 
(PW= 1 ms, 120 pps) 

Total Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

Operating Ambient Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 s) -
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic Symbol 

DETECTOR (IF = 0 unless otherwise noted) 

Peak Blocking Current, Either Direction (Rated VoRM· Note 1) IDRM 

Peak On-State Voltage, Either Direction llTM = 100 mA Peak) VTM 

Critical Rate of Rise of Off-State Voltage, Figure 3, Note 2 dv/dt 

OPTICAL 

Maximum lrradiance Level Required to Latch Output HTH 
(Main Terminal Voltage 3 V, RL = 150 n) MRD3010 

Color Temperature = 2870K MRD3011 

Holding Current, Either Direction Initiating Flux Density = 5 mW/cm2 IH 

Notes: 1. Test voltage must be applied within dv/dt rating. 

Min 

-
-
-

-
-
-

MRD3010 
MRD3011 

PHOTO DETECTORS 
TRIAC DRIVER OUTPUT 

250 VOLTS 

Value 

250 

1 

250 
2.27 

CASE 82-05 
METAL 

-55 to +85 

-65 to +150 

260 

Typ Max-

10 100 

2.5 3 

10 -

Unit 

Volts 

A 

mW 
mWl°C 

oc 
oc 
oc 

Unit 

nA 

Volts 

Vlµs 

mW/cm2 
1 5 

0.5 2 

100 - µA 

2. This 1s static dv/dt. See Figure 6 for test circuit. Commutating dv/dt 1s a function of the load-driving thynstor(s) only. 
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MRD3010, MRD3011 

TYPICAL CHARACTERISTICS 

------n MAIN TERMINAL 

Figure 1. Typical Operating Circuit 
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Figure 2. On-State Characteristics Figure 3. dv/dt versus Load Resistance 
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Figure 4. dv/dt versus Temperature Figure 5. Maximum Repetitive Surge Current 

Note: This device should not be used to drive a load directly. It is intended to be a trigger device only. 
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MRD3010, MRD3011 

PULSE 
INPUT 

APPLIED VOLTAGE 

I 
I 
I 
I 
I 
I 

1

1

1 MERCURY 
WETTED 

RELAY 

RLOAD 

cTEST 

XlOO 
SCOPE 
PROBE 

1. The mercury wetted relay provides a high speed repeated pulse to 
the DU T 
100x scope probes are used, to allow high speeds and voltages 
The worst-case cond1t1on for static dv/dt is established by triggering 
the D.U.T with a normal LED 1hput current, then removing the 
current The variable RTEST allows the dv/dt to be gradually 
increased until the DU T continues to trigger in response to the 
applied voltage pulse, even after the LED current has been removed. 
The dv/dt 1s then decreased until the D U T stops triggering TRC 1s 
measured at this point and recorded. 

Vmax = 250 V 

WAVEFORM-- 158 V 

OVOLTS- - - ~-;;;;---- - - - - - -

dv/dt = 0 63 Vmax = ~ 
7RC 7RC 

390 

Figure 7. Resistive Load 

Figure 6. Static dv/dt Test Circuit 

120 v 
60 Hz 

TRIAC IGT < 15 mA 
R = 24 k 
C1 = 0.1 µF 

TRIAC IGT > 15 mA 
R=1.2kfl 
Cl = 0 2 µF 

OUTLINE DIMENSIONS 

NOTES 

STYLE 3 
PIN 1 MAIN TERMINAL 

2 MAIN TERMINAL 
3. SUBSTRATE 

ldonotconnectl 

1 LEADS WITHIN .13 mm ( 0051 RADIUS OF TRUE 
POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION 

2 PIN 3 INTERNALLY CONNECTED TO CASE. 

CASE 82-05 
METAL 

4-43 

180 

Cl 

Figure 8. Inductive Load 

MIWMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 531 584 0109 0.230 
8 452 495 0178 0195 
c 457 648 0180 0155 
D 041 048 0016 0019 
F - 114 - 0045 
G 254 BSC 0100BSC 
H 099 117 0039 0046 
J 084 121 0033 0048 
K 1270 - 0500 -
l 335 401 0132 0158 
M 45' BSC 45'BSC 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Photo Detectors 
Transistor Output 

... designed for application in industrial inspection, processing and control, counters, 
sorters, switching and logic circuits or any design requiring radiation sensitivity, and sta
ble characteristics. 

• Hermetic Package at Economy Prices 
• Popular T0-18 Type Package for Easy Handling and Mounting 
• Sensitive Throughout Visible and Near Infrared Spectral Range for Wider Application 
• Range of Radiation Sensitivities for Design Flexibility 
• External Base for Added Control 
• Annular Passivated Structure for Stability and Reliability 

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

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 30 Volts 

Emitter-Collector Voltage VECO 5 Volts 

Collector-Base Voltage Vcso 40 Volts 

Total Power Dissipation (Iv TA = 25°C Po 250 mW 
Derate above 25°C 2.27 mW/°C 

Operating Temperature Range TA -55 to + 125 oc 

Storage Temperature Range Tstg -65 to + 150 oc 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min 

Collector Dark Current (Vee = 20 V, RL = 1 Megohm, Note 2) TA = 25°C lcEO -
TA = 85°C -

Collector-Base Breakdown Voltage (le = 100 µ.A) V(BR)CBO 40 

Collector-Emitter Breakdown Voltage (le = 100 µ.A) V(BR)CEO 30 

Em1tter~Collector Breakdown Voltage (IE = 100 µ.A) V(BR)ECO 5 

OPTICAL CHARACTERISTICS (TA = 25°e unless otherwise noted) 

Characteristic Fig. No. Symbol Min 

Collector-Light Current 1 IL 
(Vee = 20 V, RL = 100 Ohms, Note 1) MRD3050 0.1 

MRD3051 0.2 
MRD3054 0.5 
MRD3055 1.5 
MRD3056 2 

Photo Current Saturated Rise Time (Note 3) 5 tr( sat) -
Photo Current Saturated Fall Time (Note 3) 5 tf(sat) -
Photo Current Rise Time (Note 4) 5 tr -
Photo Current Fall Time (Note 4) 5 tf -
Wavelength of Maximum Sensitivity - As -

Typ 

-
5 

-

-
-

Typ 

-
-
-
-
-
1 

10 

2 

35 

0.8 

NOTES Rad1at1on flux density (H) equal to 5 mW/cm2 emitted from a tungsten source at a color temperature of 2870 K 
Measured under dark cond1t1ons (H = 0). 

MRD3050 
MRD3051 
MRD3054 
MRD3055 
MRD3056 

PHOTO DETECTORS 
TRANSISTOR OUTPUT 

NPN SILICON 
30 VOLTS 

CASE 82-05 
METAL 

Max 

0.1 
-
-
-
-

Max 

-
-
-
-
-

-
-
-
-
-

Unit 

µ.A 

Volts 

Volts 

Volts 

Unit 

mA 

µ.s 

µ.s 

µ.s 

µ.s 

µ.m 

For saturated sw1tch1ng time measurements, rad1at1on 1s provided by a pulsed xenon arc lamp with a pulse width of approximately 1 
microsecond (see Figure 5). 

4. For unsaturated switching time measurements, rad1at1on 1s provided by a pulsed GaAs (gal11um-arsemde) hght-em1tt1ng diode (A = 940 nm) with 
a pulse width equal to or greater than 10 microseconds (see Figure 5) 
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MRD3050, MRD3051, MRD3054, MRD3055, MRD3056 

TYPICAL CHARACTERISTICS 

20 .-----1.,..--1-.----.--1 ~,-----.--...-----.--.-.--------. 
18~Vcc=2ov 

116 ~SOURCE TEMP = 2870K 
1- TUNGSTEN SOURCE .L1 
~ 14 ~TYPICAL CURVE FOR MRD3056 V 
a 121----1~-+~-+---+--+--+---lf---+)::7'"~.Ll"-4--~ 
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8 41----1--+~~~~~k--...--~~--+--+--+--+--t---I 
~ v 

OP'° 

I-

11 13 15 17 
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Figure 1. Collector Light Current 
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Figure 3. Photo Current versus Temperature 
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Figure 2. Collector Emitter Characteristics -
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Figure 4. Dark Current versus Temperature 
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Figure 5. Pulse Response Test Circuit and Waveform 

4-45 

• 



• 

MRD3050, MRD3051, MRD3054, MRD3055, MRD3056 

100 mH 
RFC 

TYPICAL CIRCUIT APPLICATIONS 

9-25 v 
+ 11111-------<J 

01 INPUT TO STROBE 
MRD3050/MRD3056 FLASH UNIT 

R1 
1 2 k 02 

2N5064 + 

MRD 
3050 

18 k 

S1 

1k 

Figure 6. Strobeflash Slave Adapter Figure 7. Light Operated SCR Alarm Using 
Sensitive-Gate SCR 

80 Vrms 
±0.5_% ___ _ 

R2 
3.3k/1 w 

R4 
22 k 

01 AND 02: MPS6516 
03: MRD3054 

82 
2N 
4870 
81 

RS 
7.5k/2W 

R6 
20k 

SCR 
MCR218-8* 

*MCR218-8 to be used 
with a heat sink 

Figure 8. Circuit Diagram of Voltage Regulator for Projection Lamp 

OUTLINE DIMENSIONS 

NOTES 
1 LEADS WITHIN 13 mm I 005) RADIUS OF TRUE 

POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION 

2 PIN 3 INTERNALLY CONNECTED TO CASE 

STYLE 1 
PIN1 EMITIER 

2 BASE 
3 COLLECTOR 

CASE 82-05 
METAL 

4-46 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
531 584 0209 0230 
452 495 0178 0195 
457 648 0180 0255 
041 048 0016 0019 
- 114 - 0045 

254 BSC 0100 BSC 
099 117 0039 0046 
084 122 0033 0048 

1210 I - 0500 -
335 401 0132 0158 

45° BSC 45° BSC 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detector 
Logic Output 

... incorporates a Schmitt Trigger which provides hysteresis for noise immunity 
and pulse shaping. The detector circuit is optimized for simplicity of operation and 
utilizes an open-collector output for application flexibility. 

• Popular T0-18 Type Package for Easy Handling and Mounting 
• High Coupling Efficiency 
• Wide Vee Range 
• Ideally Suited for Use With MLED930 Emitter 
• Usable to 125 kHz 
• Hermetic Metal Package for Maximum Stability and Reliability 

MAXIMUM RATINGS ITA = 25°C unless otherwise noted) 

Rating Symbol 

Output Voltage Range Vo 

Supply Voltage Range Vee 

Output Current Io 

Device Diss1pat1on Po 
Derate above 25°C* 

Maximum Operating Temperature TA 

Storage Temperature Range Tstg 

Lead Soldering Temperature (10 seconds maximum) TL 

Characteristic Symbol Min 

DEVICE CHARACTERISTICS (TA = 25°C) 

Operating Voltage Vee 3 

Supply Current with Output High, Figure 4 Icc(offJ -
(IF = 0, Vee = 5 V) 

Output Current, High IOH -
(IF= O,Vcc =Vo= 15V,RL = 270fl) 
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MRD5009 

PHOTO DETECTOR 
LOGIC OUTPUT 

CASE 82-05 

Value Unit 

0-16 Volts 

0-16 Volts 

50 mA 

250 mW 
2.27 mWl°C 

-40 to +85 oc 

-65 to +200 oc 

260 oc 

Typ Max Unit 

- 15 Volts 

1 5 mA 

- 100 µ,A 

(continued) 
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MRD5009 

Characteristic Symbol Min Typ Max Unit 

COUPLED CHARACTERISTICS (TA = 0-70°C) 

Light Required to Trigger (Tungsten Source, 2870 K) H(on) 0.50 mW/cm2 

The following characteristics are measured with an MLED930 emitter at a separation distance of 8 mm (0.315 inches) with the 
lenses of the emitter and detector on a common axis within 0.1 mm and parallel within 5 degrees. 

Supply Current with Output Low, Figure 5 Ice( on) - 1.6 5 mA 
(IF = IF(on)• Vee = 5 V) 

Output Voltage, Low VoL - 0.2 0.4 volts 
(RL = 270 n, Vee = 5 V, IF = IF(on)I 

Threshold Current, ON IF( on) - 10 20 mA 
(RL = 270 n, Vee = 5 V) 

Threshold Current, OFF IF( off) 1 7.5 - mA 
(RL = 270 n. Vee = 5 V) 

Hysteresis Ratio, Figure 1 IF(offl - 0.75 -
(RL = 270 n. Vee = 5 V) IF( on) 

SWITCHING CHARACTERISTICS (TA = 25°C) 

Turn-On Time ton - 1.2 5 µ.s 

Fall Time RL = 270 !l, 
tf - 0.1 -

Turn-Off Time Vee= s v. 
to ff - 1.2 5 

Rise Time IF = IF(on) 
tr - 0.1 -

VoH 

IF(offl IF(on) 

~~ 
~,. RL = 270!1 

Vee= sv ---1 
TA = 25°C 

VoL 
0 

0 0 75 

INCIDENT RADIATION (NORMALIZED) 

Figure 1. Transfer Characteristics 

t 
-ice 

L 5V 

RL 210 n 

11 
OUTPUT 

Vin 
Ir= If= O.Ql µ.s 
z =son 

MLED930 
MRD5009 

lfFlon)~ 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I -1 loff ~ 
---l Ion r-- i 1 

1 I I 
I I I 
I I I 
I I I I 

L 
I 
I 
I 
I 
I -----1-:-1 

I I 

-:~11 

I 
I 

-I 
I 

l.--1r 
I 

Figure 2. Switching Test Circuit 
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MRD5009 

TYPICAL CHARACTERISTICS 
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Figure 3. Output Voltage, Low versus Load Current 
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Figure 4. Supply Current versus Supply Voltage -
Output High 

TYPICAL COUPLED CHARACTERISTICS USING MLED930 
EMITTER AND MRD5009 DIGITAL OUTPUT DETECTOR 
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Vee. SUPPLY VOLTAGE !VOLTS) 

Figure 5. Supply Current versus Supply Voltage -
Output Low 
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Figure 7. Threshold Current versus Temperature 
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Figure 8. MLED930 Forward Characteristics 
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MRD5009 

Figure 9. Test Circuit for Threshold Current 
Measurements 

V 5 VOLTS 

1:1 - OUTPUT 

2 

MLED930 -=- MRD5009 

Figure 10. Test Circuit for Output Voltage versus Load 
Current Measurements 

OUTPUT 

Figure 11. Test Circuit for Supply Current versus 
Supply Voltage Measurements 

STYLE 4 
PIN 1 OUTPUT 

2 Vee 
3 GROUND 

CASE 82-05 

4-50 

NOTES 
1 LEADS WITHIN 13 mm I 005) RADIUS OF TRUE 

POSmON AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDmON. 

2 PIN 3 INTERNALLY CONNECTED TO CASE 

MIUJMETERS INCHES 
DIM MIN MAX MIN MAX 
A 531 584 0209 0230 
8 452 495 0178 0195 
c 457 648 0.180 0255 
D 041 048 0016 0019 
F - 114 - 0045 
G 254BSC 0100BSC 
H 099 1.17 0039 0046 
J 084 122 0033 0048 
K 1270 J - 0500 -
L 335 401 0132 0158 
M 45• esc 45•esc 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

II 

Fiber Optics - FLCS Family 
Photo Detector 
Diode Output 

... designed for low cost, short distance Fiber Optic Systems using 1000 micron core 
plastic fiber. 

Typical applications include: high isolation interconnects, disposable medical electron
ics, consumer products, and microprocessor controlled systems such as coin operated 
machines, copy machines, electronic games, industrial clothes dryers, etc. 

• Fast PIN Photodiode: Response Time <5 ns 
• Ideally Matched to MFOE76 Emitter for Plastic Fiber Systems 
• Annular Passivated Structure for Stability and Reliability 
• FLCS Package 

- Includes Connector 
- Simple Fiber Termination and Connection (Figure 4) 
- Easy Board Mounting 
- Molded Lens for Efficient Coupling 
- Mates with 1000 Micron Core Plastic Fiber (Eska SH4001) 

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

Rating Symbol 

Reverse Voltage MFOD71 VR 

Total Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

Operating and Storage Junction Temperature Range TJ, Tstg 

ELECTRICAL CHARACTERISTICS (TA = 2s0 c unless otherwise noted) 

Characteristic Symbol Min 

Dark Current (VR = 20 V, RL = 1 M!l) TA = 25°C 10 -
TA = 85°C -

Reverse Breakdown Voltage OR = 10 µ,A) V(BR)R 50 

Forward Voltage OF = 50 mA) VF -
Series Resistance (IF = 50 mA) Rs -
Total Capacitance (VR = 20 V, f = 1 MHz) Cr -

OPTICAL CHARACTERISTICS (TA = 25°C) 

Responsivity (VR = 5 V, Figure 2) R 0.15 

Response Time (VR = 5 V, RL = 50 !l) t(resp) 

5-2 

MFOD71 

FLCS FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
DIODE OUTPUT 

Value 

100 

150 
2 

CASE 3638-01 
PLASTIC 

Unit 

Volts 

mW 
mWf'C 

-40 to + 100 oc 

Typ Max Unit 

0.06 10 nA 
10 -
100 - Volts 

- 1.1 Volts 

8 - Ohms 

3 - pF 

0.2 µ,Alµ,W 

5 ns 



MFOD71 

TYPICAL COUPLED CHARACTERISTICS 
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Figure 1. Relative Spectral Response 
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~ 10 
Cl 
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Figure 2. Responsivity Test Configuration Figure 3. Detector Current versus Fiber Length 

The system length achieved with a MFOE76 emitter and 
various detectors, using 1000 micron core plastic fiber 
(Eska SH4001 or equivalent), depends on the LED forward 

current (IF) and the responsiv1ty of the detector chosen. 
Each detector will perform with the MFOE76 up to the 
distances shown below. 

MFOD71 PIN DIODE 
MFOD72 TRANSISTOR 
MFOD73 DARLINGTON 
MFOD75 LOGIC 

20 40 60 80 100 20 140 160 180 200 220 

I, FIBER LENGTH (METERS) 

Figure 4. MFOE76 Working Distances 
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MFOD71 

CROSS SECTION OF FLCS PACKAGE TERMINATION INSTRUCTIONS 

1. Cut cable squarely with sharp blade or hot knife. 

2 Strip Jacket back with 18 gauge wire stripper to expose 
0.10-0.18" of bare fiber core. 

Avoid nicking the fiber core. 

3. Insert terminated fiber through locking nut and into 
the connector until the core tip seats against the 
molded lens inside the device package. 

Screw connector locking nut down to a snug fit, locking 
the fiber in place. 

Figure 5. FO Cable Termination and Assembly 

INPUT SIGNAL CONDITIONING 

The following circuits are suggested to provide the desired forward current through the emitter. 

+5V 

MFOE76 +5V 

::::: 
RL 

TTL 
IN O--'Vltv--1 

39k 
IF RL 

10 mA 300 
50 mA 56 

100 mA 27 

TTL 39k MFOE76 

IN 
2N3904 

~ 
NONINVERTING INVERTING 

Figure 6. TTL Transmitters 

OUTPUT SIGNAL CONDITIONING 

The following circuit is suggested to take the MFOD71 detector output and condition it to drive TTL with an acceptable 
bit error rate. 

~ 
MFOD71 

20 k 

+5V 

1 MHz PIN RECEIVER 

Figure 7. TTL Receiver 
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MFOD71 

OUTLINE DIMENSIONS 

NOTES 
1 Y AND Z ARE DATUM DIMENSIONS AND TIS A 

DATUM SURFACE 
2 POSITlONAl TOLERANCE FOR D 0 12 Pll 

ltlc1> 0251001018 ITI vs lz\91 
3 POSITIONAL TOLERANCE FOR F DIMENSION 

12Pl.I 
lflo25100101 e ITI ve lz 9] 

4 POSITIONAL TOLERANCE FOR H DIMENSION 
12Pll 
ltl 025100101 e I Tl v e I z 191 

5 POSITIONAL TOLERANCE FOR Q 0 
If! <P o 2510 0101 \9 IT I v@ I z 8 I 

6 POSITIONAL TDlfRANCE FOR B 
I-ti c1>025100101®ITI 

7 DIMENSIONING AND TDlfRANCING PER ANSI 
Y145M, 1982 

8. CONTROLLING DIMENSION INCH 

5-5 

STYLE 3. 
PIN 1 CATHODE 

2 ANODE 

DIM 
A 
e 
c 
D 
E 
F 
G 
H 
J 
K 
l 
N 
Q 

R 
s 
u 
v 
w 
x 

MILUMITTRS INCHES 
~ MAX MIN MAX 
1930 1133 0760 0840 
914 939 0360 0370 
761 811 0300 0310 
155 162 0061 0064 
141 166 0095 0105 
043 058 0017 0023 

2548SC OlOOBSC 
033 J_ 045 0013 0018 

762 BSC 0300 BSC 
991 1143 0390 0450 
114 165 0045 0065 

254 BSC 0100 BSC 
305 330 0120 0130 
762 812 0300 0310 

508BSC 0200 BSC 
066 091 0026 0036 
686 711 0270 0280 

508BSC 0200BSC 
1087 1155 04281 0455 

CASE 3638-01 
PLASTIC 

• 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - FLCS Family 
Photo Detector 
Transistor Output 

... designed for low cost, short distance Fiber Optic Systems using 1000 micron core 
plastic fiber. 

Typical applications include: high isolation interconnects, disposable medical electron
ics, consumer products, and microprocessor controlled systems such as coin operated 
machines, copy machines, electronic games, industrial clothes dryers, etc. 

• Standard Phototransistor Output 
• Ideally Matched to MFOE76 Emitter for Plastic Fiber Systems 
• Annular Passivated Structure for Stability and Reliability 
• FLCS Package 

- Includes Connector 
- Simple Fiber Termination and Connection (Figure 4) 
- Easy Board Mounting 
- Molded Lens for Efficient Coupling 
- Mates with 1000 Micron Core Plastic Fiber (Eska SH4001) 

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

Rating Symbol 

Collector-Emitter Voltage Vern 

Total Power Dissipation (it TA = 25°C Po 
Derate above 25°C 

Operating and Storage Junction Temperature Range TJ, Tstg 

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

Characteristic Symbol Min 

Collector Dark Current (VcE = 10 V) lo -
Collector-Emitter Breakdown Voltage Oc = 10 mA) V(BR)CEO 30 

OPTICAL CHARACTERISTICS 

Responsivity (Vee = 5 V, Figure 21 R 80 

Saturation Voltage (A = 850 nm, Vee = 5 VI VcE(sat) -
(Pin = 10 µ.W, le = 1 mAI 

Turn-On Time J AL = 2.4 kn, Pin = 10 µ.W, ton -
Turn-Off Time 1 A = 850 nm, Vee = 5 V 

tott -
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MFOD72 

FLCS FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
TRANSISTOR OUTPUT 

Value 

30 

150 
2 

CASE 3638-01 
PLASTIC 

Unit 

Volts 

mW 
mwrc 

-40 to +100 oc 

Typ Max Unit 

- 100 nA 

- - Volts 

125 - µ.AJµ.W 

0.25 0.4 Volts 

10 - µ.s 

60 - µ.s 



MFOD72 
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TYPICAL COUPLED CHARACTERISTICS 
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Figure 1. Relative Spectral Response 
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Figure 2. Responsivity Test Configuration Figure 3. Detector Current versus Fiber Length 

The system length achieved with a MFOE76 emitter and 
various detectors, using 1000 micron core plastic fiber 
(Eska SH4001 or equivalent), depends on the LED forward 
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current (IF) and the responsiv1ty of the detector chosen. 
Each detector will perform with the MFOE76 up to the 
distances shown below. 
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I 
MFOD71 PIN DIODE 
MFOD72 TRANSISTOR 
MFOD73 DARLINGTON 
MFOD75 LOGIC 
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Figure 4. MFOE76 Working Distances 
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MFOD72 

CROSS SECTION OF FLCS PACKAGE TERMINATION INSTRUCTIONS 

1. Cut cable squarely with sharp blade or hot knife. 

2. Strip jacket back with 18 gauge wire stripper to expose 
0.10-0.18" of bare fiber core. 

Avoid nicking the fiber core. 

3. Insert terminated fiber through locking nut and into 
the connector until the core tip seats against the 
molded lens inside the device package. 

Screw connector locking nut down to a snug fit, locking 
the fiber in place. 

Figure 5. FO Cable Termination and Assembly 

INPUT SIGNAL CONDITIONING 

The following circuits are suggested to provide the desired forward current through the emitter. 

+5V 

MFOE76 +sv 

~ 
RL 

TTL 
IN n--AJ'l.,..,_-t 

39k 
2N3904 

If RL 
10 mA 300 
50mA 56 

100 mA 27 

TTL 39k MFOE76 

IN 
2N3904 

~ 
NONINVERTING INVERTING 

Figure 6. TTL Transmitters 

OUTPUT SIGNAL CONDITIONING 

The following circuit is suggested to take the MFOD72 detector output and condition it to drive TTL with an acceptable 
bit error rate. 

+sv 

Figure 7. 5 kHz Transistor Receiver 
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MFOD72 

OUTLINE DIMENSIONS 

NOTES· 
1 Y ANO Z ARE DATUM DIMENSIONS ANO TIS A 

DATUM SURFACE. 
2 POSITIONAL TOLERANCE FOR 0 0 12 Pl.I 

ltl 4> o 2510 0101 i9 I TI v@ I z 81 
3. POSITIONAL TOLERANCE FOR F DIMENSION 

12 Pl.I 
ltl 02510010119 I Tl ye; I z 19] 

4 POSITIONAL TOLERANCE FOR H DIMENSION 
l2PLI 
ltl 02510010119ITlve1 z s1 

5 POSITIONAL TOLERANCE FOR 0 0 
1•1 "' o 2510 0101 i9 1T1 v e 1ze1 

6. POSIT10NAl TOLERANCE FOR B 
1 .. 1 <f>025(00101 ®IT I 

7. DIMENSIONING AND TOLERANCING PER ANSI 
Y145M, 1982 

8. CONTROLLING DIMENSION INCH 
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STYLE 3. 
PIN 1 CATHOOE 

2 ANOOE 

DIM 
A 
8 
c 
D 
E 
F 
G 
H 
J 
K 
L 
N 
Q 

R 
r- s 

u 
v 
w 
x 

MIWMITTRS INCHES 
MIN MAX MIN MAX 
1930 2133 0760 084-0 
914 939 0360 0370 
762 812 0300 0320 
155 162 0061 0064 
241 266 0095 0105 
043 058 0017 0023 

254BSC 0100 BSC 
033 045 0013 0018 

762BSC 0300 BSC 
991 1143 0390 0450 
114 165 0045 0065 

254BSC 0100 BSC 
305 330 0120 0130 
762 812 0300 0320 

508BSC 0200 BSC 
066 091 0026 0036 
686 711 0270 0280 

508BSC 0200 BSC 
1087 1155 0428 0455 

CASE 3638-01 
PLASTIC 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - FLCS Family 
Photo Detector 
Darlington Output 

... designed for low cost, short distance Fiber Optic Systems using 1000 micron core 
plastic fiber. 

Typical applications include: high isolation interconnects, disposable medical electron
ics, consumer products, and microprocessor controlled systems such as coin operated 
machines, copy machines, electronic games, industrial clothes dryers, etc. 

• High Sensitivity Photodarlington Output 
• Ideally Matched to MFOE76 Emitter for Plastic Fiber Systems 
• Annular Passivated Structure for Stability and Reliability 
• FLCS Package 

- Includes Connector 
- Simple Fiber Termination and Connection (Figure 4) 
- Easy Board Mounting 
- Molded Lens for Efficient Coupling 
- Mates with 1000 Micron Core Plastic Fiber (Eska SH4001) 

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

Rating Symbol 

Collector-Emitter Voltage VcEO 

Total Power D1ss1pation@ TA = 25°C Po 
Derate above 25°C 

Operating and Storage Junction Temperature Range TJ, Tstg 

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

Characteristic Symbol Min 

Collector Dark Current (VcE = 10 V) 10 -
Collector-Emitter Breakdown Voltage Uc = 10 mA) V(BR)CEO 60 

OPTICAL CHARACTERISTICS 

Responsivity (Vee = 5 V, Figure 2) R 1,000 

Saturation Voltage (A = 850 nm, Vee = 5 V) VcE(sat) -
(Pin = 1 µ.W, le = 2 mA) 

Turn-On Time J RL = 100 fl, Pin = 1 µ.W, ton -
Turn-Off Time l A = 850 nm, Vee = 5 v 

to ff -
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MFOD73 

FLCS FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
DARLINGTON OUTPUT 

Value 

60 

150 
2 

CASE 3638-01 
PLASTIC 

Unit 

Volts 

mW 
mWl°C 

-40 to + 100 oc 

Typ Max Unit 

- 100 nA 

- - Volts 

1,500 - µ.Nµ.W 

0.75 1 Volts 

125 - µ.s 

150 - µ.s 
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TYPICAL COUPLED CHARACTERISTICS 
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Figure 1. Relative Spectral Response 
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Figure 2. Responsivity Test Configuration Figure 3. Detector Current versus Fiber Length 

The system length achieved with a MFOE76 emitter and 
various detectors, using 1000 micron core plastic fiber 
(Eska SH4001 or equivalent), depends on the LED forward 
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current (IF) and the respons1v1ty of the detector chosen 
Each detector will perform with the MFOE76 up to the 
distances shown below. 

20 

I 
MFOD71 PIN DIODE 
MFOD72 TRANSISTOR 
MFOD73 DARLINGTON 
MFOD75 LOGIC 

180 200 220 

I, FIBER LE~GTH !METERS! 

Figure 4. MFOE76 Working Distances 
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MFOD73 

CROSS SECTION OF FLCS PACKAGE ..___ TERMINATION INSTRUCTIONS 

1. Cut cable squarely with sharp blade or hot knife. 

2. Strip jacket back with 18 gauge wire stripper to expose 
0.10-0.18" of bare fiber core. 

Avoid nicking the fiber core. 

3. Insert terminated fiber through locking nut and into 
the connector until the core tip seats against the 
molded lens inside the device package. 

Screw connector locking nut down to a snug fit, locking 
the fiber in place. 

Figure 5. FO Cable Termination and Assembly 

INPUT SIGNAL CONDITIONING 

The following circuits are suggested to provide the desired forward current through the emitter. 

+5V 

MFOE76 +5V 

::::: 

TTL 
IN O---'Vl,/\,---4 

39k 
2N3904 

IF RL 
10 mA 300 

TTL n---'3
111

9,/\,k.--t 
IN 

50 mA 56 
100 mA 27 

NONINVERTING INVERTING 

Figure 6. TTL Transmitters 

OUTPUT SIGNAL CONDITIONING 

The following circuit is suggested to take the FLCS detector output and condition it to drive TTL with an acceptable 
bit error rate. 

+5V 

Figure 7. 1 kHz Darlington Receiver 
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LL s 

F~fj T 

11 u 

~ 
Ge 

OUTLINE DIMENSIONS 

NOTES· 
1. Y ANO Z ARE DATUM DIMENSIONS AND TIS A 

DATUM SURFACE 
2 POSITIONAL TOLERANCE FOR D 0 12 Pll 

ltl! 025100101 \9 ITIY8 lzi91 
3. POSITIONAL TOLERANCE FOR F DIMENSION 

12 PLI 
lflo25100101 s ITI v8 lz Sl 

4. POSIT10NAL TOLERANCE FOR H DIMENSION 
(2Pl.l 
ltl 025(001018 I Tl y 81 z i91 

5 POSITIONAL TOLERANCE FOR Q 0 
l•H 025(0010119 ITI y ®I zel 

6. POSIT10NAI. TOLERANCE FOR B 
l+l !o.25100101®ITI 

1. DIMENSIONING ANO TOLERANCING PER ANSI 
m.SM, 1912 

8. CONTROLLING DIMENSION INCH 
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STYtE3. 
PIN 1 CATHOOE 

2. ANOOE 

DIM 
A 
B 
c 
~ 

E 
F 
G 
H 
J 
K 
L 
N 
Q 

R 
s 
u 
v 
w 
x 

Mll.JMETBIS INCHES 
MIN MAX MIN MAX 
1930 2133 0760 0840 
91( 939 0360 0370 
762 812 0300 0320 
155 162 0061 0064 
241 266 0095 0105 
0(3 058 0017 0023 

254BSC 0100 BSC 
033 045 0013 I 0018 

762BSC 0300 BSC 
991 11(3 0390 0450 
114 165 0045 0065 

254BSC 0100 BSC 
305 330 0120 0130 
762 812 030010320 

508BSC 0200 BSC 
066 091 0026 0036 
686 711 0270 0280 

508BSC 0200 BSC 
1087 11.55 0428 0455 

CASE 3638-01 
PLASTIC 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - FLCS Family 
Photo Detector 
Logic Output 

... designed for low cost, short distance (<60 m) fiber optics systems using 1000 micron 
(1 mm) plastic core fiber. 

Typical applications include mainframe-to-terminal interconnects, consumer prod
ucts, industrial controls and other systems requiring low cost transmission of digital 
information. 

• Ideally Matched to MFOE76 Emitter For Plastic Fiber Systems 
• Connector Included 
• Simple Fiber Termination and Connection (Figure 12) 
• Easy Board Mounting 
• Molded Lens for Efficient Coupling 
• Designed for 1000 Micron Core Plastic Fiber, Such As: 

Eska SH4001 

MAXIMUM RATINGS (TA = 25°e unless otherwise noted) 

Rating Symbol 

Supply Voltage Range Vee 

Output Current lo 

Power D1ss1pat1on* Po 
Derate above 25°e .lPo 

Operating and Junction Temperature Range TA, TJ 

Storage Temperature Range Tstg 

Soldering Temperature (5 seconds) -

DEVICE CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min 

Supply Current with Output High (IF = 0, Vee = 5 V) lee( off) -

Output Current with Output High OF = 0, Vee = 15 V, RL = 270 !l) loH -

Supply Current with Output Low (IF = IF(on)· Vee = 5 V) lcc(on) -

Output Voltage, Low OF = IF(on)• Vee = 5 V, RL = 270 H) VoL -

Light Required to Trigger (Vee = 5 V, RL = 270 !l, A = 850 nm) H(on) -

Hysteresis Ratio (Vee = 5 V, RL = 270 H) H(onl -
H(off) 

Turn-On Time Ion -
Fall Time Vee = 5 V, RL = 270 n, If -

H = 20 µW, Figure 2, 
Turn-Off Time (<1 850 nm I off -

Rise Time tr -

*Measured with device soldered into typical printed c1rcu1t board 
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MFOD75 

FLCS FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
LOGIC OUTPUT 

Value 

3-16 

50 

150 
2 

CASE 363C-01 
PLASTIC 

-40 to +85 

-40 to + 100 

260 

Typ Max 

1 3 5 

- 100 

3 5 

0.14 04 

6 10 

0.75 -

04 2 

20 -

08 2 

40 -

Unit 

Volts 

mA 

mW 
mW/°C 

oe 

oe 

oe 

Unit 

mA 

nA 

mA 

Volts 

µW 

-

µs 

ns 

µs 

ns 
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IF 
-1 
,--- -..., 

LJ 1 METER I I 
Vjn I I ,, 

Eska SH4001 L_ _J 
Ir= If= 0.Q1 µ.s 2 

~CONNECTOR z =son 

MFOE76 

ice - 5V 

21on 

L.....J 

OUTPUT 
11 

) MFOD75 

+ 
IF(on)~ 
-.----- I I 
I I I 

I I 
I I 
I I 

L I -1 tott t-
-1tonI-1 

I I 
v I I I I 
o I I I I I 

1-1- , 1 

t I I l I I 
--+I 14-lf ~ t'4-1r 

Figure 1. Switching Test Circuit 

TYPICAL CHARACTERISTICS 

VoH 

IF( off) IF( on) 

+ RL = 270 n 
~~ 

Vee= 5V -
TA= 25°C 

Vol 
0 

0 0.75 1 
INCIDENT RADIATION (NORMALIZED) 

Figure 2. Transfer Characteristics 
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Figure 3. Output Voltage, Low versus Load Current 
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TYPICAL CHARACTERISTICS 

c 
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Figure 6. Threshold lrradiance versus Supply Voltage 
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Figure 8. Pulse Response Time versus Supply Voltage 

Vee= 5V 

VoH 

Vol 
0 

-80 -60 -40 -20 0 +20 +40 +60 +BO +100 
TA, AMBIENT TEMPERATURE (°C) 

Figure 7. Output Voltage versus Ambient Temperature 
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Figure 9. Total Switching Time versus Supply Voltage 

Typical Coupled Characteristics Using MFOE71 and 1 Meter 1000 µm Plastic Cable 
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MFOD75 

Cross Section of FLCS Package Termination Instructions 

1. Cut cable squarely wit'h sharp blade or hot knife. 

2. Strip iacket back with 18 gauge wire stripper to 
expose 0.10-0. 18" of bare fiber core. 

Avoid nicking the fiber core. 

3. Insert terminated fiber through locking nut and into 
the connector until the core tip seats against the 
molded lens inside the device package. 

Screw connector locking nut down to a snug fit, 
locking the fiber in place. 

Figure 12. FO Cable Termination and Assembly 
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OUTLINE DIMENSIONS 

NOTES 
1 Y AND Z ARE DATUM DIMENSIONS AND TIS A 

DATUM SURFACE 
2 POSITIONAL TOLERANCE FOR D 0 12 PLJ 

1+1¢ 025100101® ITIY® IZ®I 
3 POSITIONAL TOLERANCE FOR F DIMENSION 

13PLI 
ltlo2s100101 ® ITI v®:Itihl 

4 POSITIONAL TOLERANCE FOR H DIMENSION 
13PLI 
ltlo2s100101®IT~ 

5 POSITIONAL TOLERANCE FOR Q 0 
f!I<t> 02s100101@ITIY~lz@I 

6 POSITIONAL TOLERANCE FOR B 

I +I c1>025100101®ITI 
7 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
8 CONTROLLING DIMENSION INCH 

CASE 363C-01 
PLASTIC 
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STYLE 1 
PIN 1 OUTPUT 

2 GROUND 
3 Vee 

DIM 
A 
8 
c 
D 
E 
F 
G 
H 
J 
K 
l 
N 
Q 

R 
s 
u 
v 
w 
x 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
1930 2133 0760 0840 
914 939 0360 0370 
762 812 0300 0320 
155 162 0061 0064 
241 266 0095 0105 
043 058 0017 0023 

2 54 BSC O 100 BSC 
033 045 0013 0018 

7 61 BSC 0300 BSC 
991 1143 0390 0450 
114 165 0045 0065 

2 54 BSC O 100 BSC 
305 330 0120 0130 
762 812 0300 0320 

508 BSC 0200 BSC 
066 091 0026Too36 
686 J_ 711 0210To2so 

508 BSC 0200 BSC 
1087 1155 0428 0455 

• 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - High Performance Family 
Photo Detector 
Transistor Output 

... designed for infrared radiation detection in medium length, medium frequency Fiber 
Optics Systems. 

Typical applications include: medical electronics, industrial controls, security systems, 
M6800 Microprocessor Systems, etc. 

• Spectral Response Matched to MFOE200 
• Hermetic Metal Package for Stability and Reliability 
• High Sensitivity for Medium Length Fiber Optics Control Systems 
• Compatible with AMP Mounting Bushing #227015 

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

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Volts 

Emitter-Base Voltage VEBO 10 Volts 

Collector-Base Voltage Ve Bo 70 Volts 

Light Current IL 250 mA 

Total Device Dissipation @! TA = 25°C Po 250 mW 
Derate above 25°C 2.27 mWl°C 

Operating Temperature Range TA -55 to + 125 oc 

Storage Temperature Range Tstg -65 to -t-150 oc 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min 

Collector Dark Current (VcE = 20 V, H "' 0) TA = 25°C lcEO -
TA = 100°c -

Collector-Base Breakdown Voltage (le = 100 µ,A) V(BR)CBO 50 

Collector-Emitter Breakdown Voltage (le = 100 µ,A) V(BR)CEO 30 

Emitter-Collector Breakdown Voltage (IE = 100 µ,A) V(BR)ECO 7 

OPTICAL CHARACTERISTICS (TA = 25°C) 

Responsivity (Figure 2) R 14.5 

Photo Current Rise Time, Note 1 (RL = 100 ohms) tr -
Photo Current Fall Time, Note 1 (RL = 100 ohms) tf -

Typ 

-
4 

-
-

-

18 

2.5 

4 

MFOD200 

HERMETIC FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
TRANSISTOR OUTPUT 

I 
CASE 82-05 

METAL 

Max 

25 
-

-
-
-

-
-
-

Unit 

nA 
µ,A 

Volts 

Volts 

Volts 

µ,Alµ,W 

µ,s 

µ,s 

Note 1. For unsaturated response time measurements, rad1at1on 1s provided by pulsed GaAs (gallium-arsenide) l1ght-em1tt1ng diode (A = 940 nm) with a 
pulse width equal to or greater than 10 microseconds, le = 1 mA peak. 
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Figure 1. Constant Energy Spectral Response Figure 2. Coupled System Performance 
versus Fiber Length* 

*0.045" Dia. Fiber Bundle, NA. = O 67, 
Attenuation at 940 nm = 0.6 dB/m 

~ J 
OPTICAL FIBER 

LJ ~+20V 

~ 
MFOE200 CONNECTOR 

DU~ 
Figure 3. Responsivity Test Configuration 

OUTLINE DIMENSIONS 

NOTES 
1 LEADS WITHIN 13 mm I 0051 RADIUS OF TRUE 

POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION 

2 PIN 3 INTERNALLY CONNECTED TO CASE 

STYLE 1 
PIN1 EMITIER 

2 BASE 
3 COLLECTOR 

CASE 82-05 
METAL 

5-19 

DIM 
A 
8 
c 
D 
F 
G 
H 
J 
K 
L 
M 

MILUMmRs 
MIN MAX 
531 584 
452 495 
457 648 
041 048 
- 114 

254 BSC 
099 117 
084 122 

1270 -
335 401 

45° BSC 

INCHES 
MIN MAX 
0209 0230 
0178 0195 
0180 0255 
0016 0019 
- 0045 
0100BSC 

0039 0046 
0033 0048 
0500 -
0132 0158 

45° BSC 

• 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

II 

Fiber Optics - High Performance Family 
Photo Detector 
Darlington Output 
... designed for infrared radiation detection in long length, low frequency Fiber Optics 
Systems. 

Typical applications include: industrial controls, security systems, medical electronics, 
M6800 Microprocessor Systems, etc. 

• Spectral Response Matched to MFOE200 
• Hermetic Metal Package for Stability and Reliability 
• Very High Sensitivity for Long Length Fiber Optics Control Systems 
• Compatible with AMP Mounting Bushing #227015 

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

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Volts 

Emitter-Base Voltage VEBO 10 Volts 

Collector-Base Voltage VcBo 70 Volts 

Light Current IL 250 mA 

Total Device Dissipation (ii TA= 25°C Po 250 mW 
Derate above 25°C 2.27 mW/°C 

Operating Temperature Range TA -55 to + 125 oc 

Storage Temperature Range Tstg -65 to +150 oc 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min 

Collector Dark Current (VcE = 10 V, H "" 0) lcEO -
Collector-Base Breakdown Voltage (le = 100 µ.A) V(BR)CBO 50 

Collector-Emitter Breakdown Voltage (le = 10 mA) V(BR)CEO 40 

Emitter-Base Breakdown Voltage (IE = 100 µ.A) V(BR)EBO 10 

OPTICAL CHARACTERISTICS (TA = 25°C) 

Responsivity (Figure 2) R 400 

Photo Current Rise Time (Note 1) tr -
(RL = 100 ohms) 

Photo Current Fall Time (Note 1) tf -
(RL = 100 ohms) 

MFOD300 

HERMETIC FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
DARLINGTON OUTPUT 

I 
CASE 82-05 

METAL 

Typ Max Unit 

10 100 nA 

- - Volts 

- - Volts 

- - Volts 

500 - µ.Alµ.W 

40 - µ.s 

60 - µ.s 

Note 1. For unsaturated response time measurements, radiation is provided by pulsed GaAs (gallium-arsenide) hght-em1tt1ng diode (A = 940 nm) with a 
pulse width equal to or greater than 500 microseconds, le = 1 mA peak. 
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Figure 1. Constant Energy Spectral Response Figure 2. Coupled System Performance 
versus Fiber Length 
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LJ 

*0.045" Dia. Fiber Bundle, N.A. "" 0.67, 
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Figure 3. Responsivity Test Configuration 

OUTLINE DIMENSIONS 

STYLE 1 
PIN1 EMlffiR 

2 BASE 
3 COLLECTOR 

CASE 82-05 
METAL 

5-21 

NOTES 
1 LEADS WITHIN 13 mm I 005) RADIUS OF TRUE 

POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION 

2 PIN 3 INTERNALLY CONNECTED TO CASE 

MIUJMETERS INCHES 
DIM MIN MAX MIN MAX 
A 531 584 0209 0230 
B 452 495 0178 0195 
c 457 648 0180 0255 
D 041 048 0016 0019 
F - 114 - 0045 
G 254 SSC 01008SC 
H 099 117 0039 0046 
J 084 122 0033 0048 
K 1270! - 0500 
L 335 401 013210158 
M 45·ssc 45•ssc 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

II 

Fiber Optics - High Performance Family 
Photo Detector 
Diode Output 

... designed for infrared radiation detection in high frequency Fiber Optics Systems. It is 
packaged in Motorola's hermetic T0-206AC (T0-52) case, and it fits directly into standard 
fiber optics connectors. The metal connectors provide excellent RFI immunity. Major 
applications are: CATV, video systems, M68000 microprocessor systems, industrial con
trols, computer and peripheral equipment, etc. 

• Fast Response - 1 ns Max @ 5 Volts 
• Analog Bandwidth (-3 dB) Greater Than 250 MHz 
• Performance Matched to Motorola Fiber Optics Emitters 
• T0-206AC (T0-52) Package - Small, Rugged, and Hermetic 
• Compatible with AMP #228756-1, Amphenol #905-138-5001 and Rad1all #F08F:""."'180 

Receptacles Using Motorola Plastic Alignment Bushing MFOA06 (Included) 

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

Rating Symbol Value Unit 

Reverse Voltage VR 50 Volts 

Total Device Dissipation (U TA = 25°C Po 50 mW 
Derate above 25°C 0.5 mW/°C 

Operating Temperature Range TA -55 to + 125 oc 
Storage Temperature Range Tstg -65 to + 150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min 

Dark Current lo -
(VR = 5 V, RL = 1 M, H = 0, Figure 2) 

Reverse Breakdown Voltage V(BR)R 50 
OR= 10 µ.A) 

Forward Voltage VF -
OF= 50 mA) 

Total Capacitance CT -
(VR = 5 V, f = 1 MHz) 

Noise Equivalent Power NEP -
OPTICAL CHARACTERISTICS (TA = 25°C) 

Responsiv1ty @ 850 nm R 0.3 
(VR = 5 V, P = 10 µ.W, Figure 3, 5) 

Response Time @ 850 nm tr,tf -
(VR = 5 V) 

Effective Input Port Diameter (Figure 4) - -

10 dB (90%) Numerical Aperture of Input Port (Figure 4) NA -
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MFOD1100 

Typ 

-

-

2 

-

50 

0.35 

0.5 

300 
0.012 

0.4 

HERMETIC FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
DIODE OUTPUT 

CASE 210A-01 
METAL 

Max 

1 

-

2.5 

2.5 

Unit 

nA 

Volts 

Volts 

pF 

- fW/VHz 

- µ.Alµ.W 

1 ns 

- Microns 
Inches 

- -
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OUTLINE DIMENSIONS 

NOTES 
1 PIN 2 INTERNALLY CONNECTED TO CASE 
2 LEAD POSITIONAL TOLERANCE AT SEATING PLANE 

ltl cb036I00141 ®!TIA ®!H ®j 
3 DIMENSIONS A AND HARE DATUMS AND TIS A 

DATUM PLANE 

STYLE 1 
PIN 1 ANODE 

2 CATHODE 
3 CASE 

CASE 210A-01 
METAL 
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Figure 4. Package Cross Section 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 531 584 0209 0230 
B 465 470 0183 0185 
c 312 328 0123 0129 
D 041 048 0016 0019 
G 254 BSC 0100BSC 
H 099 117 0039 0046 
J 084 122 0033 0048 
K 1270 - 0500 -
M 45° BSC 45°BSC 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

II 

Fiber Optics - High Performance Family 
Photo Detector 
Preamplifier Output 

... designed as a monolithic integrated circuit containing both detector and preamplifier 
for use in medium bandwidth, medium distance systems. It is packaged in Motorola's 
hermetic T0-206AC (T0-52) case, and fits directly into standard fiber optics connectors 
which also provide excellent RFI immunity. The output of the device is low impedance to 
provide even less sensitivity to stray interference. The MFOD2404 has a 300 µm (12 mil) 
optical spot with a high numerical aperture. 

• Usable for Data Systems Up to 10 Mega baud 
• Dynamic Range Greater than 100:1 
• Compatible with AMP #228756-1, Amphenol #905-138-5001 Receptacles Using 

Motorola Alignment Bushing MFOA06 (Included) 
• Performance Matched to Motorola Fiber Optics Emitter 
• T0-206AC (T0-52) Package - Small, Rugged and Hermetic 
• 300 µm (12 mil) Diameter Optical Spot 

MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage Vee 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS (Vee= 5 V, TA= 25°C) 

Characteristic Symbol Conditions Min 

Power Supply Current ice Circuit A 3 

Quiescent de Output Voltage (Noninverting Output) Vq C1rcu1tA 0.5 

Quiescent de Output Voltage (Inverting Output) Vq Circuit A 2.7 

RMS Noise Output VNO Circuit A -
OPTICAL CHARACTERISTICS 

Responsivity (Vee = 5 V, P = 2 µ.W) A = 940 nm R C1rcu1t B 20 
(Note 1) A = 850 nm 23 

Sensitivity (10 Mb/s NRZ, BER = 10-9) s 0.1 

Pulse Response tr, tf Circuit B -
Numerical Aperture of Input Port (300 µ.m (12 mil] diameter spot) NA -
Signal-to-Noise Ratio @ Pin = 1 µ.W peak (Note 2) SIN -
Maximum Input Power for Negligible Distortion -

in Output Pulse (Vee = 5 V, Note 2) 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage Vee 4 

Resistive Load (Either Output) RL 200 

Capacitive Load (Either Output) CL -
Input Wavelength ,\ -

Notes: 1. As measured on either output (single-ended). 2. Power launched into SMA type device receptacle 
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MFOD2404 

HERMETIC FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
PREAMPLIFIER OUTPUT 

ii-~'.? 
~ CASE 2100-01 

METAL 

Value Unit 

7.5 Volts 

-55 to + 125 oc 

-65 to + 150 oc 

Typ Max Units 

3.5 5 mA 

0.6 0.7 Volts 

3 3.3 Volts 

04 1 mV 

30 50 mV/µ.W 
35 58 

- - µ.W 

35 50 ns 

0.5 - -
35 - dB 

- 30 µ.W 

5 6 Volts 

- - Ohms 

- 100 pF 

850 - nm 
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TEMPERATURE, °C 

Figure 2. Typical Performance versus Temperature 

OUTLINE DIMENSIONS 

STYLE1 
PIN 1 -VouT 

2 +Vour 
JGROUND,CASE 
4 +vcc 

NOTIS 
1 DIMENSIONS A AND HARE DATUMS AND TIS A 

DATUM SURFACE 
2 LEAD POSITIONAL TOLERANCE AT SEATING 

PLANE 

lti<bo036I00141@irlA@IH@I 
3 DIMENSIONlNGA.NOTOLERANCINGPERY145 

1973 

MILUMET!RS INCHES 
DIM MINI MAX MIN I MAX 
A 530:1 538 020910212 
B 464 469 018310185 
c 342j_J60 013510142 
D 040_1 048 001610019 
G 25'8SC 0100BSC 
H 091:1 116 0036 0046 
J 08Jj_ 121 0033_10048 
K 1210_1 - osool -
M 45°BSC 45°BSC 

CASE 2100-01 
METAL 

TEKTRONIX 
P6102 PROBE 
(13 pF, 10 Ml 

OSCILLOSCOPE 
(AC COUPLEDI 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - High Performance Family 
Photo Detector 
Preamplifier Output 

... designed as a monolithic integrated circuit containing both detector and preamplifier 
for use in computer, industrial control, and other communications systems. 

Packaged in Motorola's hermetic T0-206AC (T0-52) case, the device fits directly into 
standard fiber optics connectors which also provide excellent RFI immunity. The output 
of the device is low impedance to provide even less sensitivity to stray interference. The 
MFOD2405 has a 300 µ,m (12 mil) optical spot with a high numerical aperture. 

• Usable for Data Systems Through 40 Megabaud 
• Dynamic Range Greater than 100:1 
• Compatible with AMP #228756-1 and Amphenol #905-138-5001 Receptacles Using 

Motorola Plastic Alignment Bushing #MFOA06 (Included) 
• Performance Matched to Motorola Fiber Optics Emitter 
• T0-206AC (T0-52) Package - Small, Rugged and Hermetic 
• 300 µ,m (12 mil) Diameter Optical Spot 

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

Rating Symbol 

Supply Voltage Vee 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS (Vee = 5 V, TA = 25°C) 

Characteristic Symbol Conditions Min 

Power Supply Current Ice Circuit A 3 

Quiescent de Output Voltage (Nonmverting Output) Vq Circuit A 06 

Quiescent de Output Voltage (Inverting Output) Vq Circuit A 2.7 

RMS Noise Output VNO Circuit A -
OPTICAL CHARACTERISTICS (TA = 25°C) 

Respons1v1ty (Vee = 5 V, A = 850 nm, P = 1 O µW, Note 1) R Circuit B 3 

Sensitivity (40 Mb/s NRZ, BER = 10-9) s 0.8 

Pulse Response tr,tf Circuit B -
Numerical Aperture of Input Port (300 µm (12 mil] diameter spot) NA -

Signal-to-Noise Ratio@ Pm = 2 µW peak (Note 2) S/N -
Maximum Input Power for Negl1g1ble Distortion Circuit B -

in Output Pulse (Vee = 5 V, Note 2) 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage Vee 4 

Res1st1ve Load (Either Output) RL 400 

Capacitive Load (Either Output) CL -
Input Wavelength A -

Notes. 1. As measured on either output (single-ended) 2. Power launched into SMA type device receptacle 
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MFOD2405 

HERMETIC FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
PREAMPLIFIER OUTPUT 

Value Unit 

7.5 Volts 

-55 to + 125 oc 

-65 to.+ 150 oc 

Typ Max Units 

4.5 6 mA 

0.7 0.8 Volts 

3 3.3 Volts 

0.5 1 mV 

6 8 mV/µ,W 

- - µW 

10 15 ns 

0.5 - -

24 - dB 

- 120 µ,W 

5 6 Volts 

- - Ohms 

- 100 pF 

850 - nm 
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OUTLINE DIMENSIONS 
NOTES 

STYLE1 
~N 1 -VouT 

2 +Vour 
JGROUNOCASE 
• +vcc 

1 DIMENSIONS A ANO HARE DATUMS ANO TIS A 
DATUM SURFACE 

2 LEAD POSITIONAL TOLERANCE AT SEATING 
PLANE 
ltlo1>00J6100,.1®lr!A®l"®I 

3 DIMENSIONING ANO TOLERANCING PER Y14 5 
1973 

MIWMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 30:J 538 0209:10212 
B •64::I 469 01B3::Io1ss 
c J42J 360 0135J0142 

::g: ii40l 048 0016J0019 
_G_ 254BSC 0100BSC 

H 091:1116 0036::I0046 
J oSJ::I 121 OOJJ:J0048 
K 1270J - OSOOJ -
M 45"BSC 45"BSC 

CASE 2100-01 
METAL 

TEKTRONIX 
P6102 PROBE 
(13 pF, 10 Ml 

OSCILLOSCOPE 
(AC COUPLEDI 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - MOD Family 
Photo Detector 
Diode Output 
... designed for low cost infrared radiation detection in high frequency Fiber Optics Sys
tems. Motorola's package fits directly into standard fiber optics connectors. Metal con
nectors provide excellent RFI immunity. Major applications are: CATV, video systems, 
M68000 microprocessor systems, industrial controls, computer and peripheral equip
ment, etc. 

• Fast Response - 5 ns Max @ 5 Volts 
• Analog Bandwidth ( - 3 dB) Greater Than 100 MHz 
• Performance Matched to Motorola Fiber Optics Emitters 
• Plastic Package - Small, Rugged and Inexpensive 
• Mates snugly with AMP #228756-1, Amphenol #905-138-5001, OFTI #PCR001 

Receptacles 
• Low Cost 

MAXIMUM RATINGS ITA = 25°C unless otherwise noted) 

Rating Symbol Value 

Reverse Voltage VR 50 

Total Device Dissipation@ TA= 25°C Po 50 
Derate above 25°C 0.67 

Operating Temperature Range TA -40 to + 100 

Storage Temperature Range Tstg -40 to +100 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol 

Dark Current 10 
(VR = 5 V, H "" 0, Figure 2) 

Reverse Breakdown Voltage V(BR)R 
UR= 10 µA) 

Total Capacitance CT 
(VR = 5 V, f = 1 MHz) 

Noise Equivalent Power NEP 

OPTICAL CHARACTERISTICS (TA = 25°C) 

Responsivity @ 850 nm R 
(VR = 5 V, P = 10 µW, Figure 3) 

Response Time @ 850 nm tr, tf 
(VR = 5 V) 
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Unit 

Volts 

mW 
mW/°C 

oc 
oc 

Min 

-

50 

-

-

02 

-

MFOD3100 

MOD FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
DIODE OUTPUT 

BLUE •· .·'.__ •• ·.·,:~?.·~, 
COLOR ,·. I • •' :-

DOT < c ·:-. ,,.·· ••• • ,;•• 

~: .. >:.) 
~- v 

Typ 

-

-

-

50 

0.3 

2 

CASE 366-01 
PLASTIC 

Max 

1 

-

5 

Unit 

nA 

Volts 

pF 

- fW/vHz 

- µA/µW 

5 ns 
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Figure 1. Relative Spectral Response Figure 2. Dark Current versus Temperature 
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OUTLINE DIMENSIONS 

NOTES. 
1 DIMENSION A IS A DATUM AND TIS BOTH A 

SEATING PLANE AND A DATUM 
2 POSITIONAL TOLERANCE FOR LEADS 

lti<l>0036I0014) 01TIA9 \ 
3. DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
4 CONTROLLING DIMENSION INCH 

STYLE 2 

CASE 366-01 
PLASTIC 
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PIN 1 ANODE 
2 CATHODE 
3 CATHODE 

DIM 
A 
B 
c 
D 
E 
G 
K 
M 
R 
u 
v 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
544 551 0 214 0217 
531 538 0209 0212 
3683 3848 01450 01515 
0406 0470 00160 00095 
0178 0241 00070 00095 

254 BSC 0100 BSC 
1270 1422 0500 0560 

50° - 50° -
013 025 0005 0010 
005 008 0002 0003 
127 152 0050 0060 

II 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - MOD Family 
Photo Detector 
Logic Output 

... designed for moderate performance fiber optics systems using glass core fiber. 
Motorola's package is designed to be directly compatible with industry standard fiber 
optics connectors, which will provide excellent RFI immunity. Applications include 
M68000 microprocessor systems, computer peripheral equipment and industrial controls. 

• Performance Matched to Motorola FO Emitters 
• Plastic Package - Small, Rugged Inexpensive 
• Mates with AMP #228756-1, Amphenol #905-138-5001 and OFT1 #PCR001 Connectors 
• Low Cost 

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

Rating Symbol 

Supply Voltage Range Vee 

Output Current lo 

Power Dissipation* Po 
Derate above 25°C ~Po 

Operating Temperature Range TA 

Junction Temperature Range TJ 

Storage Temperature Range Tstg 

Soldering Temperature (5 seconds) -

DEVICE CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min 

Supply Current with Output High llF = 0, Vee = 5 V) Ice( off) -
Output Current with Output High OF = 0, Vee = 15 V, RL = 270 n) IOH -
Supply Current with Output Low OF = IF(on)• Vee = 5 V) Ice( on) -
Output Voltage, Low llF = IF(on)• Vee = 5 V, RL = 270 0) VOL -
Light Required to Trigger (Vee = 5 V, RL = 270 n. A = 850 nm) H(on) -
Hysteresis Ratio (Vee = 5 V, RL = 270 n) !:!..l.2nl -

H(off) 

Turn-On Time ton -
Fall Time Vee = 5 v, RL = 210 n. tf -
Turn-Off Time 

H = 20 µ.W, Figure 1, 
@850 nm to ff -

Rise Time tr -
*Measured with device soldered into typical printed c1rcu1t board. 

5-30 

MFOD3510 

MOD FAMILY 
FIBER OPTICS 

PHOTO DETECTOR 
LOGIC OUTPUT 

CASE 366·01 
PLASTIC 

Value 

3-16 

50 

50 
0.67 

-40 to +100 

-40 to +100 

-55to +100 

260 

Typ Max 

1.3 5 

- 100 

3 5 

0.14 0.4 

4 8 

0.75 -

0.4 2 

20 -
0.8 2 

40 -

Unit 

Volts 

mA 

mW 
mWl°C 

oc 

oc 

oc 

oc 

Unit 

mA 

nA 

mA 

Volts 

µ.W 

-

µ.s 

ns 

µ.s 

ns 
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OUTLINE DIMENSIONS 

r' wc·-T © 
-ll-o M 

B UR~ 

DETAllX 

CASE 366-01 
PLASTIC 
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NOTES 
1 DIMENSION A IS A DATUM AND TIS BOTH A 

SEATING PLANE AND A DATUM 
2 POSITIONAL TOLERANCE FOR LEADS 

\Ht>003610014) 0 \TI A 9 I 
3 DIMENSIONING AND TOLERANCING PEA ANSI 

Y145M, 1982 
4 CONTROLLING DIMENSION INCH 

DIM 
A 
B 
c 
D 
E 
G 
K 
M 
R 
u 
v 

STYLE 3 
PIN 1 Vee 

2. VouT 
3 GROUND/ 

HEADER 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
544 551 0214 0217 
531 538 0209 0212 
3683 3848 01450 01515 
0406 0470 00160 00095 
0178 0241 00070 00095 

2 54 BSC 0 100 BSC 
1270 1422 0500 0560 

50° - 50° -
013 025 0005 0010 
005 008 0002 0003 
127 152 0050 0060 

II 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - FLCS Family 
Infrared LED 
... designed for low cost, medium frequency, short distance Fiber Optics Systems using 
1000 micron core plastic fiber. 

Typical applications include: high isolation interconnects, disposable medical electron
ics, consumer products, and microprocessor controlled systems such as coin operated 
machines, copy machines, electronic games, industrial clothes dryers, etc. 

• Fast Response - > 10 MHz 
• Spectral Response Matched to FLCS Detectors: MFOD71, 72, 73, 75 
• FLCS Package 

- Low Cost 
- Includes Connector 
- Simple Fiber Termination and Connection 
- Easy Board Mounting 
- Molded Lens for Efficient Coupling 
- Mates with 1000 Micron Core Plastic Fiber {Eska SH4001) 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

Forward Current - Continuous 
- Peak Pulse 

Total Power Dissipation@ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction Temperature Range 

Lead Solder Temperature (5 sec. max; 1/16 inch from case) 

(1) Measured with the device soldered into a typical printed c1rcu1t board 

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

Symbol 

VR 

IF 

Po(1) 

TJ, Tstg 

-

Characteristic Fig. No. Symbol Min 

Reverse Breakdown Voltage - V(BR)R 2 
(IR= 100 µA) 

Forward Voltage - VF -
!IF = 100 mA) 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min 

Power Launched !IF = 100 mA) 4, 5 PL 110 

Optical Rise and Fall Time !IF = 100 rnA) 2 tr, tf -
Peak Wavelength !IF = 100 mA) 1 Ap -

For simple fiber termination instructions, see the MFOD71, 72 and 73 data sheets. 
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MFOE71 

FLCS FAMILY 
FIBER OPTICS 

INFRARED LED 
850 nm 

CASE 3638-01 
PLASTIC 

Value Unit 

6 Volts 

60 mA 
1 A 

150 mW 
2 mW/°C 

-40 to + 100 oc 
260 oc 

Typ Max Unit 

4 - Volts 

1.5 2 Volts 

Typ Max Unit 

165 - µW 

25 35 ns 

850 - nm 
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DU.T. 

PHOTODYNE 
88 XLA 

WITH 350 
INTEGRATING 

SPHERE 

Figure 4. Power Launched Test Set 

PHOTODYNE TEKTRONIX 

Figure 5. Optical Rise and Fall Time 
Test Set (10%-90%) 
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7904 
WITH 
7A24 

PLUG IN 

,----· 
STYLE1 

<;.~,G- · G' 
L __ - . -

NOTES 
1 Y AND Z ARE DATUM DIMENSIONS AND TIS A 

DATUM SURFACE 
2 POSITIONAL TOLERANCE FORD012PLi 
~510010)@~~] 

3 POSITIONAL TOLERANCEFORFDIMENSIDN 
12PL~I ___ _ 

[Il02s_Jfoio£~1lLI'_™ 
4 POSITIONAL TOLERANCEFORHDIMENSION 

12PLI 
[flQ25iOOi611B> I Tl v I§ lz 18>1 

5 POSITIONAL TOLERANCEFOR00 
ltl <1>----oll iOOloPITTTIYFJEll 

6POSITIONALTOLERANCEFDRB 

ltl po21100101®ITI 
7 DIMENSIDNINGANDTOLIRANCINGPERANSI 

Y145M1982 
8 CONTROLLING DIMENSION INCH 

CASE 3638-01 
PLASTIC 

,--,--MUMETEJ!S 

DIM MIN MAX 
A 1930 2133 
8 914 939 
c 762 812 
D 155 162 
E 241 266 
f 043 058 
G 254BSC 
H 033j_ 045 
J 762BSC 
K 991 1143 
l 114 165 
N 2549SC 
a 306 330 
R 762 812 
s 508BSC 
u 066Ios1 
v 686 711 
w 508BSC 
K 1087_11155 

~N 1 ANODE 
2 CATHODE 

INCHES 
MIN MAX 
0760 0840 
0360 0370 
0300 03~ 

0061 0064 
009' 0106 
OOH 0023 

01008SC 
0013 0018 

0300BSC 
o:mio•so 
0045 0065 

0100BSC 
01~J_ 0130 
0300 03~ 

OlOOBSC 
002(10036 
0210Io200 

OlOOBSC 
0428 0455 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

II 

Fiber Optics - FLCS Family 
Visible Red LED 

This device is designed for low cost, medium frequency, fiber optic systems using 
1000 micron core plastic fiber. It is compatible with Motorola's wide variety of detector 
functions from the MFOD70 series. The MFOE76 employs gallium aluminum technology, 
and comes pre-assembled into the convenient and popular FLCS connector. 

• Low Cost 
• Very Simple Fiber Termination and Connection. See Figure 9 
• Convenient Printed Circuit Mounting 
• Integral Molded Lens for Efficient Coupling 
• Mates with 1000 Micron Core Plastic Fiber, such as Eska SH4001 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

Forward Current - Continuous 

Forward Current - Peak Pulse 

Total Power D1ss1pat1on la TA = 25'C (1) 
Derate above 35°C 

Ambient Operating Temperature Range 

Storage Temperature 

Lead Soldering Temperature (2) 

Notes 1 ME:asured with device soldered into a typical printed c1rcu1t board 
2 5 seconds max, 1116 inch from case 

1 METER 

ESKA SH4001 

OUT. 

PHOTODYNE 
88 XLA 

WITH 350 
INTEGRATING 

SPHERE 

Symbol 

VR 

IF 

IF 

Po 

TA 

Tstg 

-

ion 

MFOE76 

FLCS FAMILY 
FIBER OPTICS 
VISIBLE RED 

LED 
660nm 

CASE 3638-01 

Value Unit 

5 Volts 

60 mA 

1 A 

132 mW 
2 mW/°C 

-40 to + 100 oc 
-40 to + 100 oc 

260 oc 

PHOTODYNE TEKTRONIX 
7904 
WITH 
7A2.4 

PLUG IN 

Figure 1. Power Launched Test Setup Figure 2. Optical Turn-On and Turn-Off Test Setup 
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MFOE76 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Reverse Leakage Current (VR = 3 V) IR - 100 - nA 

Reverse Leakage Current (VR = 5 V) IR - 10 100 µA 

Forward Voltage (IF = 60 mA) VF - 1.8 2.2 v 
Temperature Coefficient of Forward Voltage !:.VF - -·2.2 - mV/K 

Capacitance (f = 1 MHz) ~ - 50 - pF 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Peak Wavelength OF = 60 mA) Ap - 660 - nm 

Instantaneous Power Launched (IF = 100 mA, Figure 1) PL 200 540 - µW 

Optical Turn-On Time (Figure 2) ton - 200 - ns 

Optical Turn-Off Time (Figure 2) to ff - 150 - ns 

Half-Power Electrical ·Bandwidth (1) BWe - 6 - MHz 

(1) IF = 100 mA pk-pk, 100% modulation 

TYPICAL CHARACTERISTICS 
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Figure 3. Forward Voltage versus Forward Current 
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Figure 5. Power Launched versus LED Forward Current 
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The system length achieved with a MFOE76 emitter and 
various detectors, using 1000 micron core plastic fiber 
(Eska SH4001 or equ1va:ent), depends on the LED forward 

current (If) and the responsiv1ty of the detector chosen. 
Each detector will perform with the MFOE76 up to the 
distances shown below. 
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160 

MFOD71 PIN DIODE 
MFOD72 TRANSISTOR 
MFOD73 DARLINGTON 
MFOD75 LOGIC 

180 200 220 

CROSS SECTION OF FLCS PACKAGE -- TERMINATION INSTRUCTIONS 

1 Cut cable squarely with sharp blade or hot knife. 

2. Strip 1acket back with 18 gauge wire stripper to expose 
0 10-0.18" of bare fiber core. 

Avoid nicking the fiber core 

3. Insert terminated fiber through locking nut and into 
the connector until the core tip seats against the 
molded lens inside the device package. 

Screw connector locking nut down to a snug fit, locking 
the fiber in place. 

Figure 10. FO Cable Termination and Assembly 
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MFOE76 
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GO 
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OUTLINE DIMENSIONS 

NOTES 
1 Y AND Z ARE DATUM DIMENSIONS AND TIS A 

DATUM SURFACE 
2 POSITIONAi TOLERANCE FOR D 0 12 Pl) 
~ . .101019 ITI Yi9 IZ@I 

3 POSITIONAL TOLERANCE FOR F DIMENSION 
12 Pl) 
lfl 025100101 8 ITI v@ I z ®] 

4 POSITIONAL TOLERANCE FOR H DIMENSION 
12 Pl) 
/fl 0251001018 I Tl Y (91 Z @I 

5 POSITIONAL TOLERANCE FOR Q 0 
lfl If> 025100101 i9 I Tl v ®I zi91 

8. POSIT10NA1. TO\.ERANCE FOR B 
ltl lf>D25100101®!T I 

7 DIMENSIONING AND TO\.ERANCING PER ANSI 
Y14.5M, 1982 

8. CONTROLLING DIMENSION INCH 

STYLE 1· 
PIN 1 ANODE 

2 CATHODE 
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DIM 
A 
B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
N 
a 
R 
s 
u 
v 
w 
x 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
1930 2133 0760 0840 
914 939 0360 0370 
762 812 0300 0320 
155 162 0061 0064 
241 266 0095 0105 
043 058 0017 0023 

2 54 BSC 0100 BSC 
033 045 0013 0018 

762 BSC 0300 BSC 
991 1143 0390 0450 
114J. 165 0045 0065 

254 BSC O 100 BSC 
305 330 0120Tol30 
762 812 0300 0320 

508 BSC 0200BSC 
066 091 0026 0036 
686J. 711 0270 0280 

508 BSC 0200 BSC 
1087 1155 0428 0455 

CASE 3638-01 
PLASTIC 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - High Performance Family 
Infrared LED 
... designed as an infrared source in low frequency, short length Fiber Optics Systems. 

Typical applications include: medical electronics, industrial controls, M6800 Micropro
cessor systems, security systems, etc. 

• High Power Output Liquid Phase Epitaxial Structure 
• Performance Matched to MFOD100, 200, 300 
• Hermetic Metal Package for Stability and Reliability 
• Compatible With AMP Mounting Bushing #227015 

AVERAGE COUPLING EFFICIENCY 

Fiber Core Diameter (µml Numerical Aperture Coupling Efficiency (%) 

200 0.4 28 
100 0.29 4.5 
85 0.26 2.6 

62.5 0.28 1.6 
50 0.2 0.7 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Current - Continuous IF 

Total Device Dissipation @J TA = 25°C Pol1) 
Derate above 25°C 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristics Symbol 

Reverse Leakage Current IR 
IVR = 3 V, RL = 1 Megohm) 

Reverse Breakdown Voltage llR = 100 µA) V(BR)R 

Forward Voltage llF = 100 mA) VF 

Total Capacitance CT 
(VR = 0 V, f = 1 MHz) 

OPTICAL CHARACTERISTICS (TA = 25°C) 

Total Power Output (2) See Figures Po 
llF = 100 mA, A= 940 nm) 1 and 2 

Power Launched (3) PL 
(If= 100 mA) 

Min 

-

3 

-
-

2 

35 

MFOE200 

HERMETIC FAMILY 
FIBER OPTICS 

INFRARED LED 

Value 

3 

60 

250 
2.27 

CASE 209-02 
METAL 

-55 to + 125 

-65 to + 150 

Typ Max 

50 -

- -
1.5 1.7 

18 -

3 -

45 -

Unit 

Volts 

mA 

mW 
mW/°C 

oc 
oc 

Unit 

nA 

Volts 

Volts 

pF 

mW 

µW 

Optical Turn-On and Turn-Off Time - ton· tott 250 - ns 

(1) Printed C1rcu1t Board Mounting 
(2) Total Power Output. P0 , 1s defined as the total power radiated by the device into a solid angle of 21T steradians 
(3) Power Launched, PL, 1s the optical power exiting one meter of 0 045" diameter optical fiber bundle having NA = 0 67, Attenuation = 0 6 dB/m @ 940 nm, 

terminated with AMP connectors (See Figure 1.) 
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OUTLINE DIMENSIONS 

NOTES 
1 PIN 2 INTERNALLY CONNECTED TO CASE 
2 LEADS WITHIN 0 13 mm 10 005) RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION 

STYLE 1 
PIN 1 ANODE 

2 CATHODE 

CASE 209-02 
METAL 
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DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
531 584 0209 0230 
452 495 0178 0195 
622 698 0245 0275 
041 048 0016 0019 
119 160 0047 0063 

254 BSC 0100 BSC 
099 117 0039 0046 
084 122 0033 0048 

1270 - 0500 -
335 401 0132 0158 

45" BSC 45" BSC 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Fiber Optics - High Performance Family 
Infrared LED 
... designed for fiber optics applications requiring high-power and medium response 
time. 

• Response - Digital Data to 30 Mbaud (NRZ) Guaranteed 
• High Launch Power 
• Hermetic Package 
• Internal Lensing Enhances Coupling Efficiency 
• Complements All Motorola Fiber Optics Detectors 
• Compatible with AMP #228756-1, Amphenol #905-138-5001 and Deutsch 3146-04 

Receptacles Using Motorola Alignment Bushing MFOA06 (Included) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Current IR 1 mA 

Forward Current - Continuous IF 100 mA 

Total Device Dissipation @ TA = 25°C Po 250 mW 
Derate above 25°C 2.27 mWl°C 

Operating Temperature Range TA -55 to + 125 oc 
Storage Temperature Range Tstg -65 to + 150 oc 

• THERMAL CHARACTERISTICS 

Characteristics Symbol Max Unit 

Thermal Resistance, Junction to Ambient OJA 440 oc;w 
225* 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min Typ 

Reverse Breakdown Voltage OR = 100 µA) V(BR)R 2 8 

Forward Voltage OF = 100 mA) VF 1.8 2 

Total Capacitance (VR = O V, f = 1 MHz) CT - 70 

Electrical Bandwidth, Figure 6 BWE 15 20 
(IF = 80 mAdc, measured 1 MHz to 30 MHz) 

OPTICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min Typ 

Total Power Output MFOE1100 Po - 2.6 
OF = 100 mA, A ""850 nm) MFOE1101 - 4 

MFOE1102 - 5 

Power Launched, Figure 7 MFOE1100 PL 60(-12.2) -
OF= 100 mA) MFOE1101 120 (-9.2) -

MFOE1102 180 (-7.5) -
Numerical Aperture of Output Port (at - 10 dB), Figure 3 NA - 0.30 

(250 µm (10 mil) diameter spot) 

Wavelength of Peak Emission@ 100 mAdc A - 850 

Spectral Line Half Width - - 50 

Optical Rise and Fall Times, Figure 11 tr - 15 

OF = 100 mAdc) tf - 16 

*Installed in compatible metal connector housing with Motorola alignment bushing. 

5-42 

MFOE1100 
MFOE1101 
MFOE1102 

HERMETIC FAMILY 
FIBER OPTICS 
INFRARED LED 

CASE 210A-01 
METAL 

Max Unit 

- Volts 

2.2 Volts 

- pF 

- MHz 

Max Unit 

- mW 
-
-
- µW(dBm) 

240 (-6.2) 
360 (-4.5) 

- -

- nm 

- nm 

- ns 

-
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VF, FORWARD VOLTAGE (VOLTS) 

Figure 4. Forward Current versus 
Forward Voltage 
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MFOE1100, MFOE1101, MFOE1102 

Figure 7. Launched Power Test Set 

D.UT. LED DRIVE CIRCUIT - (SEE FIGURE 11 I -
1.3kn 1.3kn 

1N4001 
0.1 µ.F 

20 µ.F 

• 7 8 5 OUTPUT 
MHW1341 9 750 son 

CONVERTER 
NOTE. ALL LEAD LENGTHS AS SHORT AS POSSIBLE ZM-57 TEXSCAN 

1000 pF CAPACITOR IS A CHIP CAPACITOR. OR EQUIV. 

Figure 8. Bandwidth Test Set 
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MFOE1100, MFOE1101, MFOE1102 

AVERAGE COUPLING EFFICIENCY 

Fiber Core Numerical Coupling 
Diameter (µml Aperture Efficiency (%) 

200 
100 
85 

62.5 
50 

0.4 28 
0.29 4.5 
0.26 2.6 
0.28 1.6 
0.2 0.7 

Figure 9. Coupling Efficiency 

COMPATIBLE WITH AMP #228756-1, AMPHENOL #905-138-5001, 
DEUTSCH 3146-04 AND OFTI # PCR001 RECEPTACLES USING MOTOROLA 
ALIGNMENT BUSHING MFOA06 (INCLUDED) 
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Figure 10. Package Cross Section 
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Figure 11. Rise and Fall Time versus 
Forward Current 

OUTLINE DIMENSIONS 

MIWMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 531 584 0209 0230 
B 465 470 0183 0185 
c 312 328 0123 0129 
D 041 048 0016 0019 
G 254 BSC 0100 BSC 
H 099 117 0039 0046 
J NOTES 

200 

STYLE 1 
PIN 1 ANODE 

2 CATHODE 
3 CASE 

084 122 0033 0048 
K 1270 0500 1 PIN 2 INTERNALLY CONNECTED TO CASE 

M 
- -

45°BSC 45° BSC 

CASE 210A-01 
METAL 

5-45 

2 LEAD POSITIONAL TOLERANCE AT SEATING PLANE 

I 0 I </> 0 36 IO 014) ®I Tl A ®I H ®I 
3 DIMENSIONS A AND HARE DATUMS ANO TIS A 

DATUM PLANE 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - High Performance Family 
Infrared LED 
... designed for fiber optics applications requiring high power and fast response time. 

• Fast Response - > 70 MHz Bandwidth 
• 250 µm Diameter Spot Size 
• Hermetic Package 
• Internal Lensing Enhances Coupling Efficiency 
• Complements All Motorola FO Detectors 
• Compatible With AMP #228756-1, Amphenol #905-138-5001, and Radial! 

#F086600380 Receptacles Using Motorola Alignment Bushing MFOA06 (Included) 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Current IR 

Forward Current - Continuous IF 

Total Device D1ss1pat1on (<1 TA = 25°C Po 
Derate above 25°C 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient 8JA 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol 

Forward Voltage (IF = 100 mA) VF 

Total Capacitance (VR = O V, f = 1 MHz) Cr 

OPTICAL CHARACTERISTICS 

Total Power Output from 250 11m Optical Spot Po 
(IF = 100 mA, A = 850 nm) 

Power Launched, Figure 4 OF = 100 mA) PL 

Numerical Aperture of Output Port (at -10 dB) NA 
(250 11m [10 mil] diameter spot) 

Wavelength of Peak Em1ss1on OF = 100 mAdc) -
Spectral Line Half Width -
Electrical Bandwidth OF = 100 mAdc) BWE 

*Installed in compatible metal connector housing with Motorola alignment bushing 
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Min 

-
-

900 

60 

-

-

-
70 

MFOE1200 

HERMETIC FAMILY 
FIBER OPTICS 
INFRARED LED 

Value Unit 

1 mA 

100 mA 

250 mW 
2.27 mW/°C 

-55 to + 125 'C 

-65 to + 150 'C 

Max Unit 

440 'CIW 
225* 

Typ Max Unit 

1.9 2.5 Volts 

70 - pF 

- - 11W 

- - 11W 

0.3 - -

850 - nm 

50 - nm 

- - MHz 



MFOE1200 

TYPICAL CHARACTERISTICS 
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Figure 2. Power Output versus Junction Temperature 

OUTLINE DIMENSIONS 

STYLE 1 
PIN 1 ANODE 

2 CATHODE 
3 CASE 

OFTI OR AMPHENOL 
SMA TERMINATIONS 

NOTES 
1 PIN 2 INTERNALLY CONNECTED TO CASE 
2 LEAD POSITIONAL TOLERANCE AT SEATING PLANE 

ltl c!>036100141 ®IT/A ®/H ®I 
3 DIMENSIONS A AND HARE DATUMS AND TIS A 

DATUM PLANE 

MIWMITTRS 
DIM MIN MAX 
A 531 584 
B 465 4 70 
c 312 328 
D 041 048 
G 2548SC 
H 099 
J 084 
K 1270 
M 45°BSC 

CASE 210A·01 
METAL 

PHOTODYNE 
88XLA 

RAOIOMETER 
Wllll #350 

INTEGRATING 
SPHERE 

117 
122 
-

INCHES 
MIN MAX 
0209 0230 
0183 0185 
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0016 0019 

0 lOOBSC 
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0500 -

45° BSC 

Figure 4. Launched Power (PL) Test Set 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Fiber Optics - High Performance Family 
Infrared LED 
... designed for fiber optics applications requiring high power and fast response time. 

• Fast Response - Digital Data to 200 Mbaud (NRZ) 
• Guaranteed 100 MHz Analog Bandwidth 
• Hermetic Package, Figure 10 
• Internal Lensing Enhances Coupling Efficiency 
• Complements All Motorola Fiber Optics Detectors 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Current IR 1 mA 

Forward Current - Continuous IF 100 mA 

Total Device D1ss1pation (!r TA = 25'C Po 250 mW 
Derate above 25'C 2.27 mw··c 

Operating Temperature Range TA -55 to ~ 125 'C 

Storage Temperature Range Tstg -65 to + 150 'C 

THERMAL CHARACTERISTICS 

Characteristics Symbol Max Unit 

• 
Thermal Resistance, Junction to Ambient tlJA 440 'CW 

225* 

*Installed in compatible metal connector housing with Motorola alignment bushing 

ELECTRICAL CHARACTERISTICS (TA = 25'C) 

Characteristic Symbol Min Typ 

Reverse Breakdown Voltage OR = 100 µ.A) V(BR)R 2 4 

Forward Voltage (IF = 100 mA) VF 1.5 1.9 

Total Capacitance (VR = 0 V, f = 1 MHz) Cr - 70 

Electrical Bandwidth, Figure 6 BWE 100 -
(IF = 80 mAdc, measured 10 MHz to 110 MHz) 

OPTICAL CHARACTERISTICS (TA = 25'Cl 

Characteristic Symbol Min Typ 

Total Power Output Po 
OF = 100 mA, A ,,,. 850 nm) MFOE1201 - 1500 (1.76) 

MFOE1202 - 2400 (3.80) 
MFOE1203 - 2800 (4.46) 

Power Launched, Figure 7 (IF = 100 mA) MFOE1201 PL 40(-14) -
MFOE1202 75(- 11.3) -
MFOE1203 135(-8 7) -

Numerical Aperture of Output Port (at -10 dB), Figure 3 NA - 0.3 
(250 µ.m [10 mil] diameter spot) 

Wavelength of Peak Emission 0 100 mAdc A - 850 

Spectral Line Half Width - - 50 

Optical Rise and Fall Times, Figure 13 tr - 28 

(IF = 100 mAdc) tf - 3.5 
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MFOE1201 
MFOE1202 
MFOE1203 

HERMETIC FAMILY 
FIBER OPTICS 
INFRARED LED 

CASE 210A-01 
METAL 

Max Unit 

- Volts 

2.2 Volts 

- pF 

- MHz 

Max Unit 

µ.W(dBm) 
-
-
-

80(-11) µ.W(dBm) 
150(-8.3) 
270(-5 7) 

- -

- nm 

- nm 

4 ns 

6 



MFOE1201, MFOE1202, MFOE1203 
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I, FREQUENCY (MHz) 

Figure 6. Normalized Output Power 
versus Frequency 
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MFOE1201, MFOE1202, MFOE1203 

100 mA ;;.1 METER 100 µ.m CORE, 0.29 NA 

*4= -; WJ=lt:::J==::::::::::::--_ 

-= AMPHENOL 
RECEPTACLE 

#905-138-5001 

t 
OFTI or AMPHENOL 
SMA TERMINATION 

PHOTODYNE 
88 XLA 

RADIOMETER 
WITH #350 

INTEGRATING 
SPHERE 

Figure 7. Launched Power Test Set 

D.UT. -- LED DRIVE CIRCUIT 
(SEE FIGURE 11) 

TRACKING 
GENERATOR 

TEK TB302 

13 kn 1.3kn 

7 8 

MHW1341 

NOTE ALL LEAD LENGTHS AS SHORT AS POSSIBLE 
1000 pF CAPACITOR IS A CHIP CAPACITOR 

1N4001 
0 1 µ.F -..e>------o 24 Vdc 

20 µ.F 

OUTPUT 
75 n 50 n ~-------1 

CONVERTER 
ZM-57 TEXSCAN 

OR EQUIV 

[] 
TEKTRONIX 7L 14 

SPECTRUM 
ANALYZER 

7603 MAIN FRAME 

Figure 8. Bandwidth Test Set 

AVERAGE COUPLING EFFICIENCY 

Fiber Core Numerical Coupling 
Diameter (µml Aperture Efficiency (%) 

200 0.4 28 
100 0 29 45 
85 0.26 2.6 

62.5 0 28 1.6 
50 0.2 0.7 

Figure 9. Coupling Efficiency 
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COMPATIBLE WITH AMP #228756-1, AMPHENOL #905-138-5001 
AND OFTI # PCROOl RECEPTACLES USING MOTOROLA 
ALIGNMENT BUSHING MFOA06 {INCLUDED) 

Figure 10. Package Cross Section 



MFOE1201, MFOE1202, MFOE1203 
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Figure 11. LED Drive Circuit to 100 MHz 

OUTLINE DIMENSIONS 

NOTES 
1 PIN 2 INTERNALLY CONNECTED TO CASE 
2 LEAD POSITIONAL TOLERANCE AT SEATIN~ PLANE 
ltl <1>036100141 ®ITIA ®IH ®I 

3 DIMENSIONS A AND HARE DATUMS AND TIS A 
DATUM PLANE 

STYLE 1 
PIN 1 ANODE 

2 CATHODE 
3 CASE 

CASE 210A-01 
METAL 

5-51 

40 80 120 160 
IF, FORWARD CURRENT (mA) 

Figure 12. Rise and Fall Time versus 
Forward Current 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 531 584 0209 0230 
B 465 470 0183 0185 
c 312 328 0123 0129 
0 041 048 0016 0019 
G 254 BSC 0100 BSC 
H 099 117 0039 0046 
J 084 122 0033 0048 
K 1270 - 0500 -

I M I 45° BSC 45"BSC 

200 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - MOD Family 
Infrared LED 
... designed for fiber optics applications requiring high power and medium-response 
time. It is spectrally matched to the first window minimum attenuation region of most 
glass-core fiber optics cables. Motorola's package fits directly into standard fiber optics 
connector systems. Applications include computer links and industrial controls. 

• Medium Response - Digital Data to 40 Mbaud (NRZ) Typ 
• Analog Bandwidth - 20 MHz Typ 
• Plastic Package - Small, Rugged and Inexpensive 
• Internal Lensing Enhances Coupling Eff1c1ency 
• Complements All Motorola Fiber Optics Detectors 
• Mates snugly with AMP #228756-1, Amphenol #905-138-5001, OFTI #PCR001 

Receptacles 
• Low Cost 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Current IR 

Forward Current - Continuous IF 

Total Device D1ss1pat1on ur TA = 25'C Po 
Derate above 25'C 

Operating Temperature Range TJ 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient liJA 

ELECTRICAL CHARACTERISTICS (TA = WC) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
OR = 100 µA) 

Forward Voltage VF 
OF = 50 mA) 

Total Capacitance Cr 
(VR = 0 V, f = 1 MHz) 

LED Bandwidth, Figure 8 BWE 
0F[DC] = 40 mA, IF[MOD] = 40 mA p-p) 

*Installed in compatible metal connector housing 
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Min 

2 

1.5 

-

-

MFOE3100 
MFOE3101 
MFOE3102 

MOD FAMILY 
FIBER OPTICS 

INFRARED LED 

MFOE3100 - RED 
MFOE3101 - GREEN 
MFOE3102-WHITE 

Value 

1 

60 

250* 
2.63* 

CASE 366-01 
PLASTIC 

-40 to + 100 

-40 to + 100 

Max 

465 
300* 

Typ Max 

8 -

1.7 2 

70 -

20 -

Unit 

mA 

mA 

mW 
mW!°C 

oc 
oc 

Unit 

°CIW 

Unit 

Volts 

Volts 

pF 

MHz 



MFOE3100, MFOE3101, MFOE3102 

OPTICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min 

Total Power Output, Figure 2 MFOE3100 Po -
OF = 50 mA, A = 850 nm) MFOE3101 -

MFOE3102 -
Power Launched, Figure 6 MFOE3100 PL 10(-20) 

(IF= 50 mA) MFOE3101 50(-13) 
MFOE3102 80(-11) 

Numerical Aperture of Output Port (at -10 dB, NA -
250 µ.m [10 mil] diameter spot), Figure 10 

Wavelength of Peak Emission @ 50 mAdc A -

Spectral Line Half Width - -

Optical Rise and Fall Times, Figure 7 tr -
OF= 50 mAdc) 
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Figure 1. Relative Spectral Output 
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T J. JUNCTION TEMPERATURE 

Figure 3. Power Output versus Junction Temperature 
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MFOE3100, MFOE3101, MFOE3102 
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Figure 6. Coupling Efficiency 

40 60 80 
IF, FORWARD CURRENT (mA) 

Figure 7. Rise Time and Fall Time versus 
Forward Current 

5-54 

10 
I, FREQUENCY (MHz) 

Figure 8. Typical LED Bandwidth 

100 



MFOE3100, MFOE3101, MFOE3102 

AVERAGE COUPLING EFFICIENCY 

Fiber Core Numerical Coupling 
Diameter (µm) Aperture Efficiency (%) 

CAUTION: Avoid contact with the plastic cap by organic solvents If con
taminated, clean with mild detergent and water 
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85 

62.5 
50 
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0 26 
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02 

Figure 9. Package Cross Section Figure 10. Coupling Efficiency 
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Figure 11. TTL Transmitters Figure 12. 1 MHz PIN Receiver 
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DETAl.X 

OUTLINE DIMENSIONS 

NOTES 
1 DIMENSION A IS A DATUM AND TIS BOTH A 

SEATING PLANE AND A DATUM 
2 POSITIONAL TOLERANCE FOR LEADS 

IH1ioo3s100141 ei/ T/A19J 
3 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
4 CONTROLLING DIMENSION INCH 

CASE 366-01 
PLASTIC 

5-55 

STYLE 1 
PIN 1 ANODE 

2 CATHODE 
3 ANODE 

DIM 
A 
B 
c 
D 
E 
G 
K 
M 
R 
u 
v 

MILUMITTRS INCHES 
MIN MAX MIN MAX 
544 551 0214 0217 
531 538 0 209 0212 
3683 3848 01450 01515 
0406 0470 00160 00095 
0178 0241 00070 00095 

2 54 BSC O 100 BSC 
1270 1422 0500 0560 

500 - 500 -
013 025 0005 0010 
005 008 0002 0003 
127 152 0050 0060 

67 
28 
45 
2.6 
1.6 
0.7 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Fiber Optics - MOD Family 
Infrared LED 
... designed for fiber optics applications requiring high power and fast response time. It 
is spectrally matched to the first window minimum attenuation region of most glass
core fiber optics cables. Motorola's package fits directly into standard fiber optics con
nector systems. Applications include CATV, computer and graphics systems, industrial 
controls and others. 

• Fast Response - Digital Data to 200 Mbaud (NRZ) 
• Guaranteed 60 MHz Analog Bandwidth 
• Plastic Package - Small, Rugged and Inexpensive 
• Internal Lensing Enhances Coupling Efficiency 
• Complements All Motorola Fiber Optics Detectors 
• Mates snugly with AMP #228756-1, Amphenol #905-138-5001, OFTI #PCR001 

Receptacles 
• Low Cost 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Current IR 

Forward Current - Continuous IF 

Total Device Diss1pat1on (<1 TA = 25°C Po 
Derate above 25°C 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient OJA 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min 

Reverse Breakdown Voltage V(BR)R 2 
OR = 100 µ.A) 

Forward Voltage VF 1.5 
OF= 50 mA) 

Total Capacitance Cr -
(VR = 0 V, f = 1 MHz) 

Electrical Bandwidth, Figure 8 BWE 60 
OF = 40 mAdc, 50% depth of modulation) 

*Installed in compatible metal connector housing 

5-56 

MFOE3200 
MFOE3201 
MFOE3202 

MOD FAMILY 
FIBER OPTICS 

INFRARED LED 

MFOE3200 - BROWN 
MFOE3201 - GRAV 
MFOE3202 - YELLOW 

CASE 366-01 
PLASTIC 

Value Unit 

1 

60 

250 
2.63* 

-40 to +100 

-40 to + 100 

465 
300* 

Typ 

4 

1.9 

70 

90 

mA 

mA 

mW 
mW/°C 

oc 
oc 

oc;w 

Max Unit 

- Volts 

2.2 Volts 

- pF 

- MHz 



MFOE3200, MFOE3201, MFOE3202 

OPTICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min 

Total Power Output, Figure 2 MFOE3200 Pa -
OF = 50 mA, A= 850 nm) MFOE3201 -

MFOE3202 -
Power Launched, Figure 6 MFOE3200 PL 10(-20) 

OF= 50 mA) MFOE3201 20(-17) 
MFOE3202 35(-15) 

Numerical Aperture of Output Port (at -10 dB) NA -
(250 µm [10 mil] diameter spot), Figure 10 

Wavelength of Peak Emission @ 50 mAdc A -

Spectral Line Half Width - -
Optical Rise and Fall Times, Figure 7 tr -

(IF = 50 mAdc) 

10 

tf -

1 fl"'\ 
091----+-----+--+-~.J_},-+---l\---t---+---+----I 

g o a f----+---+-----+--1-I-+------\lr-+-----+----+--j 

~ o1f---+-~-+--+-~I--+_l~T--+----t~-+-___, 
~ 061----+-----+--~~,__-+---\\t------+--+---i 
~ 05 

~ 04f----+------+---]ll---+----+~\---+--+----1 
~ 031----+-----+-z-l-+---+----tr-\--\--t---+---i 

~02~--+---+-1'---+~-+------t-~-,-+----r-----1 
a? 011----+--7""'!),/--+---+----lc-------+ ~b..°""""::--+---i 

0 ~ ----+--
790 810 830 850 870 890 910 

A, WAVELENGTH !nm) 

Figure 1. Relative Spectral Output 

1 T I 

Typ Max Unit 

1000(0) - µW(dBm) 
1800(2.55) -
2500(4.0) -

- - µW(dBm) 
- 40(-14) 
- 70(-12) 

0.3 - -

850 - nm 

50 - nm 

28 4 ns 

35 6 
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2 5 10 20 50 100 200 
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Figure 2. Normalized Output Power versus Forward 
Current 
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Figure 3. Power Output versus Junction Temperature 
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MFOE3200, MFOE3201, MFOE3202 
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MFOE3200, MFOE3201, MFOE3202 

.--------EMISSION WINDOW 

AVERAGE COUPLING EFFICIENCY 
PLASTIC CAP 

Fiber Core Numerical Coupling 

SAPPHIRE LENS 
Diameter (µm) Aperture Efficiency (%) 

Figure 9. Package Cross Section 
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STYLE 1 
PIN 1 ANODE 

CASE 366-01 
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Figure 10. Coupling Efficiency 

NOTES 
1 DIMENSION A IS A DATUM AND TIS BOTH A 

SEATING PLANE AND A DATUM 
2 POSITIONAL TOLERANCE FOR LEADS 

[f]¢0036100141 01 TI A 9 I 
3 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
4 CONTROLLING DIMENSION INCH 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 544 551 0214 0217 
B 531 538 0209 0212 
c 3683 3848 01450 01515 
D 0406 0470 00160 00095 
E 0178 0241 00070 00095 
G 254 BSC O 100 SSC 
K 1270 1422 0 500 0560 
M 50' - 50' -
R 013 025 0005 0010 
u 005 008 0002 0003 
v 127 152 0050 0060 

67 

28 

4.5 

2.6 

1.6 

07 
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APPLICATION CIRCUITS 

ANALOG 

C2 'J' 
R1 

C3 

R2 

C1 

IC1 = C2 = C3 = 0 018 µF, R1 ~ 6 2 k!l, 
R2 = 68 n. R3 = 30 n. R4 = 3 s n. 
R5 = 10 n. R6 = 110 n. Vee = 12 VI 

Vee 

R3 

R4 R6 

FERROX· 
I I CUBE 
" ' VK200 

Figure 11. LED Drive Circuit to 100 MHz 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Transistor Output 

These devices consist of a gallium arsenide infrared emitting diode optically coupled 
to a monolithic silicon phototransistor detector. 

• Convenient Plastic Dual-in-Line Package 
• Most Economical Optoisolator 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• Meets or Exceeds All JEDEC Registered Specifications 
• UL Recognized. File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/.&_ 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

MAXIMUM RATINGS (TA = 25cc unless otherwise noted) 

J Rating J Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power D1ssipat1on (<1! TA = 25cc Po 
with Negligible Power in Output Detector 

Derate above 25cc 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage VcEO 

Emitter-Collector Voltage VECO 

Collector-Base Voltage Vcso 

Collector Current - Continuous le 

Detector Power D1ss1pat1on @l TA = 25cc Po 
with Negligible Power in Input LED 

Derate above 25cc 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation @ TA = 25cc Po 
Derate above 25cc 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 sec, 1/16" from case) Tsol 

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

6-2 

Value Unit 

3 Volts 

60 mA 

120 mW 

1.41 mW/°C 

30 Volts 

7 Volts 

70 Volts 

150 mA 

150 mW 

1.76 mW/°C 

7500 Vac 

250 mW 
2 94 mWl°C 

-55 to + 100 cc 

-55 to + 150 cc 

260 cc 

4N25 
4N25A 
4N26 
4N27 
4N28 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR OUTPUT 

3 0--

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1 LED ANODE 
2. LED CATHODE 
3 NC 
4. EMITTER 
5. COLLECTOR 
6 BASE 



4N25,4N25A,4N26,4N27,4N28 

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

I Characteristic j Symbol Min Typ Max 

INPUT LED 

Forward Voltage !IF = 10 mA) TA= 25°C VF - 1.15 1.5 
TA = -55°C - 1.3 -
TA= 100°c - 1.05 -

Reverse Leakage Current (VR = 3 V) IR - - 100 

Capacitance (V = O V, f = 1 MHz) CJ - 18 -
OUTPUT TRANSISTOR 

Collector-Emitter Dark Current 4N25,25A,26,27 lcEO - 1 50 
(VcE = 10 V, TA= 25°C 4N28 - 1 100 

!VcE = 10 v, TA = 100°C) All Devices lcEO - 1 -
Collector-Base Dark Current (Vee = 10 V) lcso - 0.2 -
Collector-Emitter Breakdown Voltage lie = 1 mA) V(BR)CEO 30 45 -
Collector-Base Breakdown Voltage !le = 100 µA) V(BR)CBO 70 100 -
Emitter-Collector Breakdown Voltage OE = 100 µ.A) V(BR)ECO 7 7.8 -
DC Current Gain lie = 2 mA, VcE = 5 V) hFE - 500 -
Collector-Emitter Capacitance (f = 1 MHz, VcE = 0) CcE - 7 -
Collector-Base Capacitance (f = 1 MHz, Vee = O) Ccs - 19 -
Emitter-Base Capacitance (f = 1 MHz, VEB = O) CEB - 9 -

COUPLED 

Output Collector Current !IF = 10 mA, VcE = 10 V) le 
4N25,25A,26 2 7 -

4N27,28 1 5 -
Collector-Emitter Saturation Voltage lie = 2 mA, IF = 50 mA) VcE(sat) - 0.15 0.5 

Turn-On Time !IF = 10 mA, Vee = 10 V, RL = 100 .n) ton - 2.8 -
Turn-Off Time llF = 10 mA, Vee = 10 V, RL = 100 !1) to ff - 4.5 -
Rise Time !IF = 10 mA, Vee = 10 V, RL = 100 .n) tr - 1.2 -
Fall Time !IF = 10 mA, Vee = 10 V, RL = 100 .n) tf - 1.3 -
Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 - -
Isolation Resistance (V = 500 V) Riso 1011 - -
Isolation Capacitance (V = 0 V, f = 1 MHz) C1so - 0.2 -

TYPICAL CHARACTERISTICS 

11-11 
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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 

2 3 4 5 6 7 8 
VCE· COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Figure 3. Collector Current versus 
Collector-Emitter Voltage 
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4N25,4N25A,4N26,4N27,4N28 
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Figure 9. DC Current Gain (Detector Only) Figure 10. Capacitances versus Voltage 
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OUTLINE DIMENSIONS 

l-tlo131ooos1® lrlA@le@I 

STYLE 1 

CASE 730A-02 

PLASTIC 

6-5 

PIN 1 ANODE 
2 CATHODE 
3 NC 
4EMlmR 
5 COLLECTOR 
6 BASE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2. CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 I 254 0015 0100 
L 762 BSC 0300 BSC 
M o· I 15· O" _l 15° 
N 254 381 0100_1 0150 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Darlington Output 

Each 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. 

• Convenient Plastic Dual-In-Line Package 
• High Sensitivity to Low Input Drive Current 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE011 Ob, covering all 
other standards with equal or less stringent requirements, including ~ 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

OUTPUT DETECTOR 

Collector-Emitter Voltage Vern 

Emitter-Collector Voltage VE co 

Collector-Base Voltage Vcso 

Collector Current - Continuous le 

Detector Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 seconds, 1/16" from case) -
(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 
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Value Unit 

3 Volts 

60 mA 

120 mW 
1.41 mW/°C 

30 Volts 

5 Volts 

30 Volts 

150 mA 

150 mW 
1.76 mWl°C 

7500 Vac 

250 mW 
2.94 mWl°C 

-55 to +100 oc 

-55 to + 150 oc 

260 oc 

4N29 
4N29A 
4N30 
4N31 
4N32 

4N32A 
4N33 

6-PIN DIP 
OPTOISOLATORS 

DARLINGTON 
OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2. LED CATHODE 
3 NC 
4. EMITTER 
5. COLLECTOR 
6. BASE 



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

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

*Reverse Leakage Current IR - 0.05 100 µ.A 
(VR = 3 V, RL = 1 M ohms) 

*Forward Voltage VF - 1.34 1.5 Volts 
llF = 50 mA) 

Capacitance c - 18 - pF 
(VR = 0 V, f = 1 MHz) 

OUTPUT DETECTOR (TA = 25°C and IF = 0, unless otherwise noted) 

*Collector-Emitter Dark Current lcEO - - 100 nA 
(VcE = 10 V, Base Open) 

*Collector-Base Breakdown Voltage V(BR)CBO 30 - - Volts 
Ile = 100 µ.A, IE = 0) 

*Collector-Emitter Breakdown Voltage V(BR)CEO 30 - - Volts 
Ile = 100 µ.A, Is = O) 

*Emitter-Collector Breakdown Voltage V(BR)ECO 5 - - Volts 
llE = 100 µ.A. IB = 0) 

DC Current Gain hFE - 16K - -
(VcE = 5 v. le = 500 µ.A) 

COUPLED (TA = 25°C unless otherwise noted) 

*Collector Output Current (1) 4N32, 4N33 le 50 - - mA 
(VcE = 10 V, IF = 10 mA, IB = 0) 4N29, 4N30 10 - -

4N31 5 - -
Isolation Surge Voltage (2, 3) V1so 7500 - - Volts 

(60 Hz ac Peak, 1 Second) *4N29, 4N32 2500 - -,, 
*4N30, 4N31, 4N33 1500 - -

Isolation Resistance (2) Riso - 1011 - Ohms 
(V = 500 V) 

*Collector-Emitter Saturation Voltage (1) 4N31 VcE(satl - - 1.2 Volts 
Ile = 2 mA, IF = 8 mA) 4N29, 4N39, 4N32, 4N33 - - 1 

Isolation Capacitance (2) C1so - 0.2 - pF 
(V = 0 V, f = 1' MHz) 

Turn-On Time ton - 0.6 '5 µ.s 
Ile = 50 mA. IF = 200 mA. Vee = 10 Vl 

Turn-Off Time tott µ.s 
Ile = 50 mA, IF = 200 mA. Vee = 10 V) 4N29, 30, 31 - 17 40 

4N32, 33 - 45 100 

*Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width = 300 µ.s, 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, V1so. 1s an internal device dielectric breakdown rating. 

TYPICAL CHARACTERISTICS 

l-~~}}_1lIT'JON~ 1 -+-~f+H--+-+~_J~J~'/-+++H 
0 DC ii 'JJ ~ 1 8 t---- PULSE R ->-+-+-<>-++-++---+-_,._-+-.,..__+-+-+++< 

0 ,~ // 

~ L I1 
f- NORMALIZED TO· IF = 10 mA-+-+-++1-++1-+--1-+--i-+-1-+++1 

>----+-+--+-+-+-+ TA = 25°C --+-+-++++t+~-:J~--~~~ ... =-Hf++-H 

~ 1.6 Yl 
~ t--+-+--+-+-+-+-++++~t--+--<1-+~v ........ -++<1.7-+-..:.+...-----+--+-+-+-++H 

~14 I ~ ~ ~ 
~ ~ ~ v 5? t-T A = - 550Ctt1~1::tPo-t--1v-1vl-::*<t-ti.-:ti'f't--t-t-t-t-1-1-tttl 

~12~++t~+-~~~-+~~~"""1-+++t--+--+-+-+-1-+ttfj 

1 l:::tI 1 OO°C 11 J....-1 
1 10 100 1000 

IF, LED FORWARD CURRENT (mA) 

Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current 
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4N29,4N29A,4N30,4N31,4N32,4N32A,4N33 
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4N29,4N29A,4N30,4N31,4N32,4N32A,4N33 
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OUTLINE DIMENSIONS 

1+1013100051® ITI A® Is® I CASE 730A-02 
PLASTIC 

6-9 

STYLE 1 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4 EMITIER 
5 COLLECTOR 
6 BASE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
l 762 BSC 0 300 BSC 
M o· 15' o• 15° 
N 254 381 0100 0150 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Transistor Output 

These devices consist of a gallium arsenide infrared emitting diode optically coupled 
to a monolithic silicon phototransistor detector. 

• Convenient Plastic Dual-In-Line Package 
• High Current Transfer Ratio - 100% Minimum at Spec Conditions 
• Guaranteed Switching Speeds 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 9U 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, 
covering all other standards with equal or less stringent requirements, including 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc. @ 

• Meets or Exceeds All JEDEC Registered Specifications 003 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

J Rating J Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power Dissipation @ TA = 25°C Po 
with Negligible Power in Output Detector 

Derate above 25°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage Vern 

Emitter-Base Voltage vEBO 

Collector-Base Voltage Ve Bo 

Collector Current - Continuous le 

Detector Power Dissipation@ TA = 25°C Po 
with Negligible Power in Input LED 

Derate above 25°C 

TOTAL DEVICE 

Isolation Source Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 seconds, 1/16" from case) -
(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 

6-10 

Value Unit 

6 Volts 

60 mA 

120 mW 

1.41 mW/°C 

30 Volts 

7 Volts 

70 Volts 

150 mA 

150 mW 

1.76 mWl°C 

7500 Vac 

250 mW 
2.94 mW/°C 

-55 to +100 oc 
-55 to +150 oc 

260 oc 

4N35 
4N36 
4N37 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR 
OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

3o--

1. LED ANODE 
2. LED CATHODE 
3. N.C. 
4. EMITIER 
5. COLLECTOR 
6. BASE 



4N35, 4N36, 4N37 

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

I Characteristic I Symbol Min 

INPUT LED 

Forward Voltage OF= 10 mA) TA = 25°C VF 0.8 
TA= -55°C 0.9 
TA= 100°c 0.7 

Reverse Leakage Current (VA = 6 VI IA -
Capacitance (V = O V, f = 1 MHz) CJ -

OUTPUT TRANSISTOR 

Collector-Emitter Dark Current (VcE = 10 V, TA = 25°C) lcEO -
(VcE = 30 v, TA = 100°c1 -

Collector-Base Dark Current (Vea = 10 VI TA = 25°C lcso -
TA= 100°c -

Collector-Emitter Breakdown Voltage Oc = 1 mA) V(BR)CEO 30 

Collector-Base Breakdown Voltage Uc = 100 µA) V(BR)CBO 70 

Emitter-Base Breakdown Voltage (IE = 100 µA) V(BR)EBO 7 

DC Current Gain Oc = 2 mA, VcE = 5 VI hFE -
Collector-Emitter Capacitance (f = 1 MHz, VcE = 0) CcE -

Collector-Base Capacitance (f = 1 MHz, Vea·= O) Cea -
Emitter-Base Capacitance (f = 1 MHz, VEB = 0) CEB -

COUPLED 

Output Collector Current TA= 25°C le 10 
OF = 10 mA, VcE = 10 VI TA= -55°C 4 

TA= 100°c 4 

Collector-Emitter Saturation Voltage Oc = 5 mA, IF = 10 mA) VcE(sat) -

Turn-On Time ton -
Turn-Off Time (le = 2 mA, Vee = 10 V, tott -

Rise Time AL= 100 il, Figure 11) tr -
Fall Time tf -

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 

Isolation Current (V1-o = 3550 Vpk) 4N35 11so -
(V1-0 = 2500 Vpk) 4N36 -
(V1-0 = 1500 Vpk) 4N37 -

Isolation Resistance (V = 500 VI Riso 1011 

Isolation Capacitance (V = O V, f = 1 MHz) c1so -

TYPICAL CHARACTERISTICS 

TT 11111111 TT l'_i/ ~ 10 
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if '.iJ 
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0 
t-
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0 
<.> 
t- IZ: 
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:::> 
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Typ Max Unit 

1.15 1.5 v 
1.3 1.7 
1.05 1.4 

- 10 µA 

18 - pF 

1 50 nA 
- 500 µA 

0.2 20 nA 
100 -

45 - v 
100 - v 
7.8 - v 
400 - -
7 - pF 

19 - pF 

9 - pF 

30 - mA 
- -
- -

0.14 03 v 
7.5 10 µs 

5.7 10 

3.2 -
4.7 -
- - Vac(pk) 

- 100 µA 
- 100 
8 100 

- - n 
0.2 2 pF 

-~ 

y 
z 

L 

1 10 100 1000 001 0 5 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 
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4N35, 4N36, 4N37 
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Figure 3. Collector Current versus 
Collector-Emitter Voltage 

10 

1-

~a: ~NORMALIZED TO:--+---+--:r+--+---L_,,.IL,..___:r+-z~j 
=> I== VcE = lOV 
~ 100~ TA 25°C :I L ::I :zi J 

L 
~ 
0 lZ 
a: -

J_ ~ ~ 10 
~:::; ~VCE 30V 
~ ~ 2' 

~~ f=rf 
8 
@ ~l~V _ _._----1---+---+----+----<1----+--

.S? 0.11"'[2'"----+---+--+--l-----+--+---+---+--+---

o 20 40 60 80 100 
TA, AMBIENT TEMPERATURE ('C) 

Figure 5. Dark Current versus Ambient Temperature 

100 
70 
50 

1. 20 
~ 
I= 
z 10 
c;> 
~ 
~ 
j 

1 
0.1 02 

Vee= 1ov-

~ ~ 
1~ 
~ 

10 _s 
~ 

~" ~ 
0.5 0.7 1 2 5 7 10 20 50 70100 

IF, LED INPUT CURRENT (mA) 

Figure 7. Turn-On Switching Times 

6-12 

g 10 

~ 
~ 
0 
~ 
I-

~ 
=> u 

~ 07 
~ 05 
5 
u 
I-

~ 02 
=> 
0 
.Y 01 

NORMALIZED TO TA = 25'C -

-oo -~ -m o m ~ oo 
TA, AMBIENT TEMPERATURE (°C) 

80 100 

Figure 4. Output Current versus Ambient Temperature 

~ 
~ 
I= 
LL. 

9 z 

~ 
== .9 

so ~----'-l-+-+-+~+--+--+-1--+-1-++-1-1-Vcc = 10 v 

201----1-1-+-H+Hl+--l--+-1-t-H+++--+--+-+-++-Hf-tj 

1._----'_'--'-_._...u..JU.--'--........................... ..__ _ _._....._...__._ ............ u,.i 

0 1 0 2 0.5 1 5 10 20 50 100 
IF, LED INPUT CURRENT (mA) 

Figure 6. Rise and Fall Times 

100 
70 
50 

Vee 1ov_ 

20 

10 

17 
ti-1t--!L=1~ v 

H 

~100 ~ 

.... 
lo 

1 
0.1 0.2 0.5 0.7 1 2 5 7 10 20 50 70 100 

IF, LED INPUT CURRENT (mA) 

Figure 8. Turn-Off Switching Times 



4N35, 4N36, 4N37 
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OUTLINE DIMENSIONS 

1+1013100051® ITI A® Is® I CASE 730A-02 
PLASTIC 
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STYLE t 
PIN t ANODE 

2 CATHODE 
3 NC 
4EMIITTR 
5 COLLECTOR 
6 BASE 

NOTES 
t DIMENSIONING AND TOLERANONG PER ANSI 

Yt45M, 1982 
2 CONTROLLING DIMENSION INCH 
3. DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020: 
E 102 177 0040 0070 
G 254 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 254 0015 o too 
L 762BSC 0 300 BSC 
M O' 15° O' 15' 
N 254 381 0100 0150 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Transistor Output 

These devices consist of a gallium arsenide infrared emitting diode optically coupled 
to a monolithic silicon phototransistor detector. 

• Convenient Plastic Dual-in-Line Package 
• Guaranteed 80 Volt V(BR)CEO Minimum 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• Meets or Exceeds All JEDEC Registered Specifications 
• UL Recognized. (1) File Number E54915 % 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE011 Ob, 
covering all other standards with equal or less stringent requirements, including..&_ 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T'' to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 3 Volts 

Forward Current - Continuous IF 80 mA 

Forward Current - Pk (PW = 300 µ.s, 2% duty cycle) IF( pk) 3 A 

LED Power Dissipation @ TA = 25°C Po 150 mW 
with Negligible Power in Output Detector 

Derate above 25°C 1.41 mWl°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage VcEO 80 Volts 

Emitter-Collector Voltage VECO 7 Volts 

Collector-Base Voltage Vcso 80 Volts 

Collector Current - Continuous le 100 mA 

Detector Power D1ss1pation @ TA = 25°C Po 150 mW 
with Negligible Power in Input LED 

Derate above 25°C 1.76 mWl°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation \a) TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mWl°C 

Ambient Operating Temperature Range TA -55to +100 oc 

Storage Temperature Range Tstg -55 to + 150 oc 

Soldering Temperature (10 sec, 1/16" from case) Tsol 260 oc 

Note. (1) 4N38 does not require UL approval, 4N38A does. Otherwise both parts are 1dent1cal Both parts built by 
Motorola have UL approval 
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4N38 
4N38A 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2 LED CATHODE 
3. N.C. 
4. EMITIER 
5. COLLECTOR 
6. BASE 



4N38, 4N38A 

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

I Characteristic I Symbol 

INPUT LED 

Forward Voltage OF = 10 mA) TA= 25°C VF 
TA= -55°C 
TA= 100°c 

Reverse Leakage Current IVR = 3 V) IR 

Capacitance (V = 0 V, f = 1 MHz) CJ 

OUTPUT TRANSISTOR 

Collector-Emitter Dark Current lcEO 
(VcE = 60 v. TA = 25°C) 

(VcE = 60 v. TA = 100°C) lcEO 

Collector-Base Dark Current (VcB = 60 V) lcBo 

Collector-Emitter Breakdown Voltage (le = 1 mA) V(BR)CEO 

Collector-Base Breakdown Voltage (le = 1 µA) V(BR)CBO 

Emitter-Collector Breakdown Voltage OE = 100 µA) V(BR)ECO 

DC Current Gain Uc = 2 mA, VcE = 5 V) hFE 

Collector-Emitter Capacitance (f = 1 MHz, V.CE = 0) CcE 

Collector-Base Capacitance (f = 1 MHz, VcB = 0) ccB 

Emitter-Base Capacitance (f = 1 MHz, VEB = 0) CEB 

COUPLED 

Output Collector Current OF = 20 mA, VcE = 1 V) le 

Collector-Emitter Saturation Voltage Uc = 4 mA, IF = 20 mA) VcE(satl 

Turn-On Time (le= 2 mA, Vee= 10 V, RL = 100 n, Figure 11) ton 

Turn-Off Time (le= 2 mA, Vee= 10 V, RL = 100 n, Figure 11) to ff 

Rise Time Uc = 2 mA. Vee = 10 V, RL = 100 n, Figure 11) tr 

Fall Time (le= 2 mA, Vee= 10 V, RL = 100 n, Figure 11) tf 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 

Isolation Resistance (V = 500 V) Riso 

Isolation Capacitance (V = 0 V, f = 1 MHz) c1so 

TYPICAL CHARACTERISTICS 
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Figure 1. LED Forward Voltage versus Forward Current Fillure 2. Output Current versus Input Current 
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4N38, 4N38A 
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4N38, 4N38A 

I IF~ 0 Is= 8 µA 

L 7 µA 

LC 6µ,A 

v 5µ,A 

v 4µ,A 
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Jt: 
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Figure 9. DC Current Gain (Detector Only) 
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NOTES 
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SmE1 
PIN 1 ANODE 

1 DIMENSIONING AND TOLERANCING PER ANSI 
Y145M, 1982 

1+101310005!® lrl A® I e® I CASE 730A-02 

PLASTIC 
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2. CATHODE 
3 NC 
4EMlffiR 
5 COLLECTOR 
6 BASE 

2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 1n 0040 0070 
G 2 54 esc o 100 esc 
J 021 I 030 0008 0012 
K 038 254 0015 0100 
l 162 esc 0300 esc 
M O' 15' O' 15° 
N 254 381 0100 0150 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

II 

6-Pin DIP Optoisolators 
SCR Output 

These devices consist of a gallium-arsenide infrared emitting diode optically coupled 
to a photo sensitive silicon controlled rectifier (SCR). They are designed for applications 
requiring high electrical isolation between low voltage control circuitry and the ac line. 

• High Blocking Voltage of 200 V for 120 Vac lines, or 400 V for 240 Vac Lines 
• Very High Isolation Voltage: V1so = 7500 Vac Min 
• Standard 6-Pin DIP 
• UL Recognized, File Number E54915 % 
o Meets or Exceeds All JEDEC Registered Values 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/ ~ 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

MAXIMUM RATINGS* (TA = 25cc unless otherwise noted) 

j Rating j Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 
- Peak (PW = 100 µ.s, 1% duty cycle) IF( pk) 

Power Dissipation Po 
Derate above 5occ 

OUTPUT DRIVER 

Peak Forward Blocking Voltage 4N39 VoM 
(-55c to + 1oocc) 4N40 

Forward RMS Current IT(RMS) 
(Full Cycle, 50 to 60 Hz) 

Peak Nonrepetitive Surge Current ITSM 
(PW= 100 µ.s) 

Peak Reverse Gate Voltage VGR 

Peak Gate Input Current IG(pk) 

Power Dissipation Po 
Derate above 25cc 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 5 Second Duration) 

Total Device Power Dissipation Po 
Derate above 5occ 

Junction Temperature Range TJ 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 s) -
(1) Isolation surge voltage, V1so. 1s an internal device dielectric breakdown rating. 
* Indicates JEDEC registered values 
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Value Unit 

6 Volts 

60 mA 
1 A 

100 mW 
2 mWl°C 

200 Volts 
400 

300 mA 

10 A 

6 Volts 

100 mA 

400 mW 
8 mWl°C 

7500 Vac 

450 mW 
9 mWl°C 

-40 to +100 cc 

-55 to +100 cc 

-55 to + 150 cc 

260 cc 

4N39 
4N40 

6-PIN DIP 
OPTOISOLATORS 

SCR OUTPUT 
200 and 400 VOLTS 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1 ANODE 
2. CATHODE 
3. NC. 
4 SCR CATHODE 
5. SCR ANODE 
6 SCR GATE 



4N39, 4N40 

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

I Characteristic I Symbol 

INPUT LED 

Reverse Leakage Current (VR = 3 V) 

Forward Voltage (IF = 10 mA) 

Capacitance (V = O V, f = 1 MHz) 

OUTPUT DETECTOR 

Peak Off-State Voltage 4N39 
(RGK = 10 k!l, TA = 100°C) 4N40 

Peak Reverse Voltage 4N39 
(TA= 100°C) 4N40 

On-State Voltage OTM = 0.3 A) 

Off-State Current 4N39 
(VDM = Rated Voltage, RGK = 10 k!l, IF = 0, 4N40 
TA = 100°C) 

Reverse Current 4N39 
IVRM = Rated Voltage, IF = 0, TA = 100°C) 4N40 

Holding Current (VFX = 50 V, RGK = 27 k!l) 

Capacitance (V = 0 V, f = 1 MHz) 
Anode - Gate 
Gate - Cathode 

COUPLED 

LED Current Required to Trigger 
(VAK = 50 V, RGK = 10 k!l) 
(VAK = 100 V, RGK = 27 k!l) 

Isolation Resistance Input to Output (V10 = 500 Vdc) 

Capacitance Input to Output (V10 = 0, f = 1 MHz) 

Turn-On Time 
(VAK = 50 V, IF = 30 mA, RGK = 10 k!l, RL = 200 !l) 

Coupled dv/dt, Input to Output (See Figure 8) 

Isolation Surge Voltage (1) 
(Peak ac Voltage, 60 Hz, 5 Second Duration) 

(1) Isolation surge voltage, V1so. 1s an internal device dielectric breakdown rating 
*Indicates JEDEC registered values 
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Figure 1. Forward Current versus LED Forward Voltage Figure 2. On-State Characteristics 
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4N39, 4N40 
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240 Vac 
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INDICATOR 
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Use of the 4N40 for high sensitivity, 7500 V isolation 
capability, provides this highly reliable solid state relay 
design. This design is compatible with 74, 745 and 74H 
series T2L logic systems inputs and 240 Vac loads up to 
10 A. 

Figure 5. 10 A, T2L Compatible, Solid State Relay 

The high surge capability and non-reactive input char
acteristics of the 4N40 allow it to directly couple, without 
buffers, T2L and DTL logic to indicator and alarm devices, 
without danger of introducing noise and logic glitches. 

Figure 6. 25 W Logic Indicator Lamp Driver 

~4N~~ 
IN~~~~~m 

Use of the high voltage PNP portion of the 4N40, pro
vides a 400 V transistor capable of conducting positive 
and negative signals with current transfer ratios of over 
1%. This function is useful in remote instrumentation, 
high voltage power supplies and test equipment. Care 
should be taken not to exceed the device 400 mW power 
dissipation rating when used at high voltages. 

Figure 7. 400 V Symmetrical Transistor Coupler 
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4N39, 4N40 

Vp = 800 VOLTS 
tp = 0.010 SECONDS 
f = 25 HERTZ 
TA = 25°C 

EXPONENTIAL 
RAMP GENERATOR 

+100Vac 

1oon 

OSCILLOSCOPE 

Figure 8. Coupled dv/dt - Test Circuit 

OUTLINE DIMENSIONS 

1+1013100051® lrl A® I B® I 

CASE 730A·02 
PLASTIC 
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NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION. INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMffiRS INCHES 
DIM MIN MAX MIN MAX 
A 813 8 89 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 1 02 177 0040 0070 
G 254 BSC O 100 BSC 
J 021 030 0008 0012 
K 038 2 54 0015 0.100 
L 762 BSC 0.300 BSC 
M o· 15° o· 15° 
N 254 381 0.100 0150 • 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Transistor Output 

These devices consist of a gallium arsenide infrared emitting diode optically coupled 
to a monolithic silicon phototransistor detector. 

• Convenient Plastic Dual-in-Line Package 
• Guaranteed 70 Volt V(BR)CEO Minimum 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, 
covering all other standards with equal or less stringent requirements, including@ 
IEC204NDE0113, VDEOl 60, VDE0832, VDE0833, etc. 883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 6 Volts 

Forward Current - Continuous IF 60 mA 

Forward Current - Pk (PW = 1 µ,s, 330 pps) IF( pk) 1.5 A 

LED Power Dissipation @ TA = 25°C Po 120 mW 
with Negligible Power in Output Detector 

Derate above 25°C 1.41 mW/°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage Vern 70 Volts 

Emitter-Base Voltage VEBO 7 Volts 

Collector-Base Voltage Ve Bo 70 Volts 

Collector Current - Continuous le 100 mA 

Detector Power Diss1pat1on @ TA = 25°C Po 150 mW 
with Negligible Power in Input LED 

Derate above 25°C 1.76 mW!°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation @ TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mW/°C 

Ambient Operating Temperature Range TA -55 to + 100 oc 
Storage Temperature Range Tstg -55 to + 150 oc 
Soldering Temperature (10 sec, 1/16" from case) Tsol 260 oc 

(1) Isolation surge voltage 1s an internal device dielectric breakdown rating For this test, Pins 1 and 2 are 
common, and Pins 4. 5 and 6 are common 
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CNY17-1 
CNY17-2 
CNY17-3 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR OUTPUT 

3D--

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2. LED CATHODE 
3 NC 
4. EMITIER 
5. COLLECTOR 
6 BASE 



CNV17-1, CNV17-2, CNV17-3 

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

I Characteristic j Symbol Min Typ Max Unit 

INPUT LED 

Forward Voltage llF = 60 mA) TA = 25°C VF - 1.35 1.65 Volts 
TA = -55°C - 1.5 -
TA= 100°c - 1.25 -

Reverse Leakage Current (VR = 6 Vl IR - - 10 µA 

Capacitance (V = 0, f = 1 MHz) CJ - 18 - pF 

OUTPUT TRANSISTOR 

Collector-Emitter Dark Current CNY17-1,2 lcEO - 5 50 nA 
IVcE = 10 V, TA = 25°e) eNY17-3 - 5 100 

IVcE = 10 v, TA = 100°c1 All devices lcEO - 1.6 - µA 

Collector-Base Dark Current (VcB = 10 V) lcBo - 0.5 - nA 

Collector-Emitter Breakdown Voltage lie = 1 mA) V(BR)CEO 70 120 - Volts 

Collector-Base Breakdown Voltage lie = 100 µA) V(BR)CBO 70 120 - Volts 

Emitter-Base Breakdown Voltage (IE = 100 µA) V(BR)EBO 7 7.8 - Volts 

DC Current Gain lie = 2 mA, VcE = 5 VI hFE - 400 - -
Collector-Emitter Capacitance (f = 1 MHz, \(C.E = 0) CcE - 8 - pF 

Collector-Base Capacitance (f = 1 MHz, VcB = O) ccB - 21 - pF 

Emitter-Base Capacitance (f = 1 MHz, VEB = O) CEB - 8 - pF 

COUPLED 

Output Collector Current CNY17-1 le 4 6 8 mA 
llF = 10 mA, VcE = 5 V) CNY17-2 6.3 10 12.5 

CNY17-3 10 15 20 

Collector-Emitter Saturation Voltage lie = 2.5 mA, IF = 10 mA) VcE(sat) - 0.18 0.4 Volts 

Delay Time llF = 10 mA, Vee = 5 V, RL = 75 il, Figure 11) td - 1.6 5.6 µs 

Rise Time llF = 10 mA, Vee = 5 V, RL = 75 il, Figure 11) tr - 1.6 4 µs 

Storage Time llF = 10 mA, Vee = 5 V, RL = 75 n, Figure 11) ts - 07 4.1 µs 

Fall Time llF = 10 mA, Vee = 5 V, RL = 75 il, Figure 11) tf - 2.3 3.5 µs 

Delay Time td µs 
llF = 20 mA, Vee= 5 V, RL = 1 kil, Figure 11) CNY17-1 - 1.2 5.5 

llF = 10 mA, Vee= 5 V, RL = 1 kil, Figure 11) eNY17-2,3 - 1.8 8 

Rise Time tr µs 
llF = 20 mA, Vee = 5 V, RL = 1 kil, Figure 11) CNY17-1 - 3.3 4 

II 
llF = 10 mA, Vee = 5 V, RL = 1 kil, Figure 11) CNY17-2,3 - 5 6 

Storage Time ts µs 
llF = 20 mA. Vee = 5 V, RL = 1 kn, Figure 11) CNY17-1 - 4.4 34 

llF = 10 mA, Vee = 5 V, RL = 1 kn, Figure 11) CNY17-2,3 - 2 39 

Fall Time tf µs 
llF = 20 mA, Vee = 5 V, RL = 1 kil, Figure 11) CNY17-1 - 9.7 20 

llF = 10 mA, Vee = 5 V, RL = 1 kil, Figure 11) CNY17-2,3 - 9.4 24 

Isolation Voltage (f = 60 Hz, t = 1 sec) Visa 7500 - - Vac(pk) 

Isolation Resistance (V = 500 V) Riso 1011 - - n 

Isolation Capacitance (V = 0, f = 1 MHz) c1so - 0.2 0.5 pF 
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CNV17-1, CNV17-2, CNV17-3 

TYPICAL CHARACTERISTICS 

1EIT: 100°c V 
10 100 1000 

IF, LED FORWARD CURRENT (mA) 

Figure 1. LED Forward Voltage versus Forward Current 
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CNV17-1, CNV17-2, CNV17-3 
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STYLE 1 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4 EMlmR 
5 COLLECTOR 
6 BASE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
L 762 SSC 0 300 SSC 
M oo 15° oo 15° 
N 254 381 0100 0150 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

II 

6-Pin DIP Optoisolators 
Transistor Output 

These devices consist of a gallium arsenide infrared emitting diode optically coupled 
to a monolithic silicon phototransistor detector. 

• Convenient Plastic Dual-in-Line Package 
• Economical 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 9U 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/ ~ 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power Dissipation (aJ TA = 25°C Po 
with Negl1g1ble Power in Output Detector 

Derate above 25°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage Vern 

Emitter-Collector Voltage VECO 

Collector-Base Voltage Vcso 

Collector Current - Continuous le 

Detector Power Dissipation @ TA = 25°C Po 
with Negligible Power in Input LED 

Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation @TA = 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 sec, 1116" from case) Tsol 

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

3 Volts 

60 mA 

120 mW 

1.41 mWl°C 

30 Volts 

7 Volts 

70 Volts 

150 mA 

150 mW 

1.76 mWl°C 

7500 Vac 

250 mW 
2.94 mW/°C 

-55 to + 100 oc 

-55 to + 150 oc 

260 oc 

H11A1 
thru 

H11A5 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR OUTPUT 

3D--

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2 LED CATHODE 
3 NC. 
4 EMITTER 
5. COLLECTOR 
6 BASE 



H11A1 thru H11A5 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Forward Voltage OF = 10 mA, TA = 25°C) VF - 1.15 1.5 Volts 
TA= -55°C - 1.3 -
TA= 100°c - 1.05 -

Reverse Leakage Current (VR = 3 V) IR - 0.01 10 µ.A 

Capacitance (V = 0 V, f = 1 MHz) CJ - 18 - pF 

OUTPUT TRANSISTOR 

Collector-Emitter Dark Current (VcE = 10 V) TA= 25°C lcEO - 1 50 nA 
TA = 100°c - 1 - µ.A 

Collector-Base Dark Current (Vee = 10 V) TA= 25°C lcso - 0.2 20 nA 
TA= 100°c - 100 -

Collector-Emitter Breakdown Voltage Oc = 10 mA) V(BR)CEO 30 45 - Volts 

Collector-Base Breakdown Voltage Oc = 100 µ.A) V(BR)CBO 70 100 - Volts 

Emitter-Collector Breakdown Voltage (IE = 100 µ.A) V(BR)ECO 7 7.8 - Volts 

DC Current Gain Oc = 5 mA, VcE = 5 V) hFE - 500 - -

Collector-Emitter Capacitance (f = 1 MHz, ~CE = O V) CcE - 7 - pF 

Collector-Base Capacitance (f = 1 MHz, Vee = O V) ccs - 19 - pF 

Emitter-Base Capacitance (f = 1 MHz, VEB = 0 V) CEB - 9 - pF 

COUPLED 

Output Collector Current OF = 10 mA, VcE = 10 V) H11A1 le 5 12 - mA 
H11A2,3 2 7 -

H11A4 1 5 -
H11A5 3 9 -

Collector-Emitter Saturation Voltage Oc = 0.5 mA, IF = 10 mA) VcE(sat) - 0.1 0.4 Volts 

Turn-On Time OF = 10 mA, Vee = 10 V, RL = 100 .11, Figure 11) ton - 2.8 - µ.s 

Turn-Off Time OF = 10 mA, Vee = 10 V, RL = 100 n, Figure 11) 
F 

to ff - 4.5 - µ.s 

Rise Time OF= 10 mA, Vee= 10 V, RL = 100 .11, Figure 11) tr - 1.2 - µ.s 

Fall Time OF= 10 mA, Vee= 10 V, RL = 100 .11, Figure 11) tf - 1.3 - µ.s 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 - - Vac(pk) 

Isolation Resistance (V = 500 V) Riso 1011 - - n 
Isolation Capacitance (V = 0 V, f = 1 MHz) C1so - 0.2 - pF • 

TYPICAL CHARACTERISTICS 

1 10 100 1000 0 5 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 
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H11A1 thru H11A5 

2 3 4 5 6 7 8 
VCE· COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Figure 3. Collector Current versus 
Collector-Emitter Voltage 
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IF, LED INPUT CURRENT (mA) 

Figure 6. Rise and Fall Times 
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H11A1 thru H11A5 

IF 0 19 7 µ,A 

{i ...-1 
6 µ,A 

v 5µ,A v 
v 4 µ,A 

V" 3µ,A 

v 2 µ,A 

v 1 µ,A 

4 6 10 12 14 16 18 20 02 05 1 10 20 

VcE. COLLECTOR-EMITTER VOLTAGE !VOLTS) V, VOLTAGE (VOLTS) 

Figure 9. DC Current Gain (Detector Only) Figure 10. Capacitances versus Voltage 

TEST CIRCUIT WAVEFORMS 

INPUT PULSE 

IF= 10mA-. 

IN:J =: 
Vee r:: = 100 fl 

c==;: OUTPUT 

___r--L_ 
I I 

I 
I 

I I 
I I 

10%~------i--r=-

90%--l-i-~-l---- OUTPUTPULSE 
l:: I I: 

-: :-- Ir ~ :+-If 
I 1 I I I 

Ion ~ :-- ----+! 1 ~loft 

Figure 11. Switching Times 

OUTLINE DIMENSIONS 

l-tlo13100051® ITI A® I B® I 

STYLE 1 

CASE 730A-02 

PLASTIC 
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PIN 1 ANODE 
2 CATHODE 
3 NC 
4EMlffiR 
5 COLLECTOR 
6 BASE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254 BSC O 100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
L 762 BSC 0300 BSC 
M o· 15° o· 15° 
N 254 381 0100l0150 
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MOTOROLA 
Bl SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
AC Input/Transistor Output 

These devices consist of two gallium arsenide infrared emitting diodes connected in 
inverse-parallel, optically coupled to a monolithic silicon phototransistor detector. They 
are designed for applications requiring the detection or monitoring of ac signals. 

• Convenient Plastic Dual-in-Line Package 
• Built-In Protection for Reverse Polarity 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• Various lead form options available. Consult "Optoisolator Lead Form Options" data 

sheet for details. 

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

Rating I Symbol 

INPUT LED 

Forward Current - Continuous (RMS) IF 

LED Power Dissipation @ TA = 25°C Po 
with Negligible Power in Output Detector 

Derate above 25°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage Vern 

Emitter-Base Voltage VEBO 

Collector-Base Voltage Vcso 

Collector Current - Continuous le 

Detector Power Dissipation @ TA = 25°C Po 
with Negligible Power in Input LEDs 

Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation@ TA= 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 sec, 1/16" from case) Tsol 

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

60 mA 

120 mW 

1.41 mW!°C 

30 Volts 

5 Volts 

70 Volts 

150 mA 

150 mW 

1.76 mW/°C 

7500 Vac 

250 mW 
2.94 mW/°C 

-55 to + 100 oc 
-55 to +150 oc 

260 oc 

H11AA1 
thru 

H11AA4 

6-PIN DIP 
OPTOISOLATORS 

AC INPUT 
TRANSISTOR OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. INPUT LED 
2. INPUT LED 
3 NC. 
4. EMITIER 
5 COLLECTOR 
6. BASE 



H11AA 1 thru H11AA4 

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

I Characteristic I Symbol Min Typ Max 

INPUT LEDS 

Forward Voltage H11AA1,3.4 VF - 1.15 1.5 
(IF = 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 = O V, f = 1 MHz) CJ - 18 -
OUTPUT TRANSISTOR 

Collector-Emitter Dark Current H11AA1,3.4 lcEO - 1 100 
(VcE = 10 V) H11AA2 - 1 200 

TA = 100°c All devices - 1 -

Collector-Base Dark Current (Vee = 10 V) lcso - 0.2 -
Collector-Emitter Breakdown Voltage Uc = 10 mA) V(BR)CEO 30 45 -

Collector-Base Breakdown Voltage Uc = 100 µA) V(BR)CBO 70 100 -

Emitter-Collector Breakdown Voltage OE = 100 µA) V(BR)ECO 5 7.8 -

DC Current Gain Oc = 2 mA, VcE = 5 VJ hFE - 500 -
Collector-Emitter Capacitance (f = 1 MHz, Vc-E = O V) CcE - 7 -
Collector-Base Capacitance (f = 1 MHz, Vc8 = O VJ ccs - 19 -

Emitter-Base Capacitance (f = 1 MHz, VEB = O VJ CEB - 9 -

COUPLED 

Output Collector Current H11AA1 le 1 2 -
OF= ±10 mA, VcE = 10 V) H11AA2 2 5 -

H11AA3 5 10 -
H11AA4 10 15 -

Output Collector Current Symmetry (Note 1) H11AA1,3.4 - 0.33 - 3 

CC at IF = + 10 mA, VcE = 10 V) 
le at IF = -10 mA, VcE = 10 V 

Collector-Emitter Saturation Voltage Oc = 0 5 mA, IF = ±10mA) VcE(sat) - 0 1 0.4 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 - -
Isolation Resistance (V = 500 V) Riso 1011 - -
Isolation Capacitance (V = 0 V, f = 1 MHz) C1so - 02 -

Note 1. This spec1f1cat1on guarantees that the higher of the two Jc readings will be no more than 3 times the lower at IF ~ 10 mA 

TYPICAL CHARACTERISTICS 
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Unit 

Volts 

pF 

nA 
nA 
µA 

nA 

Volts 

Volts 

Volts 

-
pF 

pF 

pF 

mA 

-

Volts 

Vac(pk) 

n 
pF 

I NPUT CURRENT 
WAVEFORM 

J-

MAXIMUM 
PEAK, OUTPUT 
CURRENT (1) 

-2.4 
.L_- i"'' lL ~ ~ ~ IL -1lL ~ 

MINIMUM 
PEAKIOUTPUT 
CURRENT (1) 

-1000 -600 -200 200 600 1000 

IF, INSTANTANEOUS INPUT CURRENT (mA) 

Figure 1. Input Voltage versus Input Current 
Figure 2. Output Characteristics 
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H11AA 1 thru H11AA4 

NORMALIZED TO TA = 25°C -

2 3 4 5 6 7 8 
VCE· COLLECTOR-EMITTER VOLTAGE (VOLTS) 

10 -60 -40 -20 20 40 60 80 100 
TA, AMBIENT TEMPERATURE ('C) 

Figure 3. Collector Current versus 
Collector-Emitter Voltage 

Figure 4. Output Current versus Ambient Temperature 
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Figure 5. Dark Current versus Ambient Temperature Figure 6. Capacitances versus Voltage 

OUTLINE DIMENSIONS 

STYLE 8 

LEAD 
CONFIGURATlON ~ 
OPTIONAL PIN 1 LED 1 ANODE'LED 2 CATHODE 

2 LED 1 CATHODE/LED 2 ANODE 
3 NC 
4 EMITTER 

1+1013100051@ ITIA@ls@I 

5 COLLECTOR 
6 BASE 

CASE 730A-02 
PLASTIC 
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NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILUMffiRS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC O 100 BSC 
J 021 030 0008 0012 
K 038 254 0015J_0100 
L 762 BSC 0 300 BSC 
M O' 15° O' 15° 
N 254 381 0100 0150 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Transistor Output 

Each device consists of a gallium arsenide infrared emitting diode optically coupled to 
a monolithic silicon phototransistor detector. 

• High Efficiency, Low Degradation Liquid-Phase Epitaxial Emitter 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional~ 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, ~883 
covering all other standards with equal or less stringent requirements, including 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc. 

• Part numbers with suffix 'A' permit circuit board mounting on 0.400" centers, which 
satisfies VDE requirement for 8 mm minimum creepage distance between input and 
output solder pads. 

• Internal Conductive Part Separation 0.5 mm Minimum which now satisfies all above 
mentioned VDE and DIN IEC standards. For details consult "Application of the 
Motorola VOE Approved Optocouplers," AN978. 

• Other lead form options are available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 6 Volts 

Forward Current - Continuous IF 60 mA 

LED Power Dissipation @ TA = 25°C Po 120 mW 
with Negligible Power in Output Detector 

Derate above 25°C 1.41 mW/°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage VcEQ 70 Volts 

Emitter-Base Voltage VEBO 7 Volts 

Collector-Base Voltage VcBo 70 Volts 

Collector Current - Continuous le 150 mA 

Detector Power Dissipation @ TA = 25°C Po 150 mW 
with Negligible Power in Input LED 

Derate above 25°C 1.76 mW/°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation @ TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mW/°C 

Ambient Operating Temperature Range TA -55 to +100 oc 

Storage Temperature Range Tstg -55 to +150 oc 

Soldering Temperature (10 sec, 1/16" from case) Tsol 260 oc 

(1) Isolation surge voltage 1s an internal device dielectric breakdown rating. For this test, Pins 1 and 2 are 
common, and Pins 4, 5 and 6 are common 
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H11AV1,A 
H11AV2,A 
H11AV3,A 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR OUTPUT 

CASE 730A-02 
PLASTIC 

CASE 7300-02 
PLASTIC 

3o--

1. LED ANODE 
2. LED CATHODE 
3. N.C. 
4. EMITIER 
5. COLLECTOR 
6. BASE 



• 

H11AV1, H11AV1A, H11AV2, H11AV2A, H11AV3, H11AV3A 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

l Characteristic l Symbol Min Typ Max Unit 

INPUT LED 

Forward Voltage llF = 10 mA) TA= 25°C VF 0.8 1.15 1.5 Volts 
TA = -55°C 0.9 1.3 1.7 
TA= 100°c 0.7 1.05 1.4 

Reverse Le'akage Current (VR = 6 V) IR - - 10 µA 

Capacitance (V = 0 V, f = 1 MHz) CJ - 18 - pF 

OUTPUT TRANSISTOR 

Collector-Emitter Dark Current (VcE = 10 V) lcEO - 5 50 nA 

Collector-Base Dark Current (Vea = 10 V) lcso - 0.5 - nA 

Collector-Emitter Breakdown Voltage lie = 1 mA) V(BR)CEO 70 100 - Volts 

Collector-Base Breakdown Voltage lie = 100 µA) V(BR)CBO 70 100 - Volts 

Emitter-Collector Breakdown Voltage (IE = 100 µA) V(BR)ECO 7 8 - Volts 

DC Current Gain Uc = 2 mA, VcE = 10 V) hFE - 500 - -
Collector-Emitter Capacitance (f = 1 MHz, VcE = 10 V) CcE - 4.5 - pF 

COUPLED 

Output Collector Current (IF = 10 mA, VcE = 10 V) le mA 
H11AV1, H11AV1A 10 15 30 
H11AV2, H11AV2A 5 10 -
H11AV3, H11AV3A 2 7 -

Collector-Emitter Saturation Voltage Uc = 2 mA, IF = 20 mA) VcE(sat) - 0.15 0.4 Volts 

Turn-On Time Oc = 2 mA, Vee = 10 V, RL = 100 n, Figure 11) ton - 5 15 µs 

Turn-Off Time Oc = 2 mA, Vee = 10 V, RL = 100 n, Figure 11) tott - 4 15 µs 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 - - Vac(pk) 

Isolation Resistance (V = 500 V) Riso 1011 - - n 
Isolation Capacitance (V = O V, f = 1 MHz) c1so - 0.2 0.5 pF 

TYPICAL CHARACTERISTICS 
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Figure 1. LED Forward Voltage versus Forward Current 
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H11AV1, H11AV1A, H11AV2, H11AV2A, H11AV3, H11AV3A 
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Figure 3. Collector Current versus 
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H11AV1, H11AV1A, H11AV2, H11AV2A, H11AV3, H11AV3A 

IF~ 0 IB:} 8 µ,A 

L 7 µ,A 

JL 6 µ,A 

v 5 µ,A 

v 4µ,A 

3 µ,A 

JL'.'.: 2 µ,A 

ll 
v 1 µ,A 

8 10 12 14 16 18 20 
Vee. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Figure 9. DC Current Gain (Detector Only) 
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Figure 10. Capacitances versus Voltage 
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Figure 11. Switching Times 

NOTES DIM 
1. DIMENSIONING ANO TOLERANCING PER ANSI A 

Y145M, 1982. B 
2 CONTROLLING DIMENSION INCH c 
3 DIM L TO CENTER OF LEAD WHEN FORMED D 

PARALLEL E 
G 
J 

CASE 730A-02 K 
L 

PLASTIC M 
N 

OUTLINE DIMENSIONS 

STYLE! 

Mlll.lllEltRS 
MIN MAX 

813 889 
610 660 
293 508 
041 050 
102 1n 

254BSC 
021::r 030 
0381254 

762 BSC 
()" I 15• 

254:J 381 

PIN 1 ANODE 
2 CATHODE 
3 NC 
4.EMITTER 
5 COLLECTOR 
6 BASE 

INCHES 
MIN MAX 
0320 0350 
0240 0260 
0115 0200 
0016 0020 
0040 0070 

0100BSC 
0008 0012 
0015 0100 

0300BSC 
()" 15° 

0100 0150 

~ =::~ 

smE1 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4 EMlntR 
5 COLLECTOR 
6 BASE K r:L:l 

~ -m* r ~lt~~-,J-~-005-,~-j~~~le-®~l-A®-I Ej~~ltlo1JI0005i® lrlA®le®I 

NOTES MIWMEltRS INCHES 
1 DIMENSIONING ANO TOLERANCING PER ANSI DIM MIN MAX MIN MAX 

Y145M, 1982. A 813 889 0320 0350 
2 CONTROLLING DIMENSION INCH B 610 660 0240 0260 
3 DIM L TO CENTER OF LEAD WHEN FORMED c 242 444 0095 0175 

PARALLEL D 041 050 0016 0020 
E 102 rn 0040 0070 
G 254BSC 0100 BSC 

CASE 7300-02 J 020 030 ooos::Ioo12 
K 338 0133_1 

PLASTIC L 1016BSC 0400BSC 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Darlington Output 

These devices consist of a gallium arsenide infrared emitting diode optically coupled 
to a monolithic silicon photodarlington detector. They are designed for use in applica
tions requiring high sensitivity at low input currents. 

• Convenient Plastic Dual-In-Line Package 
• High Sensitivity to Low Input Drive Current 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, 
covering all other standards with equal or less stringent requirements, including.&_ 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 3 Volts 

Forward Current - Continuous IF 60 mA 

LED Power Dissipation @ TA = 25°C Po 150 mW 
with Negligible Power in Output Detector 

Derate above 25°C 1.41 mWl°C 

OUTPUT DETECTOR 

Collector-Emitter Voltage Vern 25 Volts 

Emitter-Base Voltage VEBO 7 Volts 

Collector-Base Voltage Ve Bo 30 Volts 

Collector Current - Continuous le 100 mA 

Detector Power Dissipation @ TA = 25°C Po 150 mW 
with Negligible Power rn Input LED 

Derate above 25°C 1.76 mWl°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation @ TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mW/°C 

Ambient Operating Temperature Range TA -55 to + 100 oc 
Storage Temperature Range Tstg -55 to +150 oc 
Soldering Temperature (10 sec, 1/16" from case) - 260 oc 

(1) Isolation surge voltage 1s an internal device dielectric breakdown rating For this test, Pins 1 and 2 are 
common, and Pins 4, 5 and 6 are common 
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H11B1 
H1182 
H1183 

6-PIN DIP 
OPTOISOLATORS 

DARLINGTON OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2 LED CATHODE 
3. N.C. 
4. EMITTER 
5. COLLECTOR 
6. BASE 



• 

H11B1,H11B2,H11B3 

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

j Characteristic j Symbol 

INPUT LED 

Forward Voltage !IF = 10 mA) H11B1, H11B2 VF 

Forward Voltage !IF = 50 mA) H11B3 VF 

Reverse Leakage Current IVR = 3 V) IR 

Capacitance (V = 0 V, f = 1 MHz) CJ 

OUTPUT DETECTOR 

Collector-Emitter Dark Current (VcE = 10 V) lcEO 

Collector-Emitter Breakdown Voltage !le = 10 mA) V(BR)CEO 

Collector-Base Breakdown Voltage !le = 100 µA) V(BR)CBO 

Emitter-Collector Breakdown Voltage !IE = 100 µA) V(BR)ECO 

DC Current Gain lie = 5 mA, VcE = 5 V) hFE 

Collector-Emitter Capacitance (f = 1 MHz, VcE = 5 V) CcE 

Collector-Base Capacitance (f = 1 MHz, Vcs = 5 V) Ccs 

Emitter-Base Capacitance (f = 1 MHz, Vrn = 5 V) CEB 

COUPLED 

Output Collector Current H11B1 le 
OF = 1 mA, VcE = 5 V) H11B2 

H11B3 

Collector-Emitter Saturation Voltage !le = 1 mA, IF = 1 mA) VcE(satl 

Turn-On Time OF = 5 mA, Vee = 10 V, RL = 100 fl) ton 

Turn-Off Time !IF = 5 mA, Vee = 10 V, RL = 100 fl) tott 

Rise Time !IF = 5 mA, Vee = 10 V, RL = 100 !1) tr 

Fall Time !IF = 5 mA, Vee = 10 V, RL = 100 fl) tf 

Isolation Voltage (f = 60 Hz, t = 1 sec) (2) V1so 

Isolation Resistance (V = 500 V) (2) Riso 

Isolation Capacitance (V = O V, f = 1 MHz) (2) C1so 

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

TYPICAL CHARACTERISTICS 

@ 10 
::::; 
< 

Min Typ 

- 1.15 

- 1.34 

- -
- 18 

- 5 

25 80 

30 100 

7 -
- 16K 

- 39 

- 63 

- 3.8 

5 -
2 -
1 -

- 0.7 

- 3.5 

- 95 

- 1 

- 2 

7500 -
1011 -
- 02 

~ I-NORMALIZED TO. IF = 10 mA 

Max, Unit 

1.5 Volts 

1.5 Volts 

10 µA 

- pF 

100 nA 

- Volts 

- Volts 

- Volts 

- -

- pF 

- pF 

- pF 

- mA 
-
-
1 Volts 

- µs 

- µs 

- µs 

- µs 

- Vac(pk) 

- n 
- pF 

i.-. 

--~ 
0 
~ 
I-

TA = 25°C 
~ ~ 

10 100 1000 

IF, LED FORWARD CURRENT lmA) 

Figure 1. LED Forward Voltage versus Forward Current 
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H1181, H1182, H1183 
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H1181, H1182, H1183 
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TEST CIRCUIT WAVEFORMS 
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OUTLINE DIMENSIONS 

STYLE 1 

I-ti 01310005!® IT I A® I B® I CASE 730A-02 
PLASTIC 
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PIN 1 ANODE 
2 CATliODE 
3 NC 
4EMlffiR 
5 COLLECTOR 
6 BASE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254BSC 0100 BSC 
J 021 030 0008 0012 
K 038 I 254 0015_1 0100 
L 762 BSC 0 300 BSC 
M o· 15° o• 15° 
N 254 381 0100 0150 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
SCR Output 

These devices consist of gallium-arsenide infrared emitting diodes optically coupled to 
photo sensitive silicon controlled rectifiers (SCR). They are designed for applications 
requiring high electrical isolation between low voltage circuitry, like integrated circuits, 
and the ac line. 

• High Blocking Voltage of 200 V for 120 Vac Lines 
• Very High Isolation: V1so = 7500 Vac (pk) Min 
• Standard 6-Pin DIP 
• UL Recognized, File Number E54915 % 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC20414 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

OUTPUT DETECTOR 

Peak Forward Voltage VoM 

Forward RMS Current IT(RMS) 
(Full Cycle, 50 to 60 Hz) TA = 25°C 

Peak Nonrepetit1ve Surge Current ITSM 
(PW= 10 ms) 

Detector Power Dissipation@ TA = 25°C Po 
Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 
1 Second Duration) 

Total Device Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

Junction Temperature Range TJ 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 s) -
(1) Isolation surge voltage, V1SO· 1s an internal device dielectric breakdown rating. 
(2) Originator's Spec1f1cat1ons are: H11C1 - 2500 V, H11C2 and H11C3 - 2100 V. 
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Value Unit 

7 Volts 

60 mA 

120 mW 
1.41 mWl°C 

200 Volts 

300 mA 

3 A 

150 mW 
1.76 mWl°C 

7500 (2) Vac 

250 mW 
2.94 mWl°C 

-40 to +100 oc 
-55 to + 100 oc 
-55 to +150 oc 

260 oc 

H11C1 
H11C2 
H11C3 

6-PIN DIP 
OPTOISOLATORS 

SCR OUTPUT 
200 VOLTS 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

::ic:: 
30 rl..:4 

1. LED ANODE 
2. LED CATHODE 
3. NC 
4. SCA CATHODE 
5. SCA ANODE 
6 SCA GATE 

• 



H11C1, H11C2, H11C3 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0.05 10 µ.A 
IVR = 3 VI 

Forward Voltage 
llF = 10mA) 

VF - 1.2 1.5 Volts 

Capacitance CJ - 18 - pF 
(V = 0 V, f = 1 MHz) 

OUTPUT DETECTOR 

Peak Off-State Voltage VDM 200 - - Volts 
(RGK = 10 kn, TA = 100°C) 

Peak Reverse Voltage VRM 200 - - Volts 
(RGK = 10 kn. TA = 100°C) 

On-State Voltage VTM - 1.1 1.3 Volts 
llTM = 0.3A) 

Off-State Current IDM - - 50 µ.A 
IVDM = 200 v. TA = 1 oo·c1 

Reverse Current IRM - - 50 µ.A 
(VRM = 200 v. TA = 100°C) 

Capacitance (V = 0 V, f = 1 MHz) CJ pF 
Anode-Gate - 20 -
Gate - Cathode - 350 -

COUPLED 

LED Current Required to Trigger IFT mA 
IVAK = 50 V, RGK = 10 kn) H11C1, H11C2 - 10 20 

H11C3 - 15 30 

(VAK = 100 V, RGK = 27 kn) H11C1, H11C2 - 6 11 
H11C3 - 8 14 

Isolation Resistance Riso 100 - - Gn 
(V10 = 500 Vdc) 

• 
Capacitance Input to Output C1so - 0.2 2 pF 

IVio = o. f = 1 MHzl 

Coupled dv/dt, Input to Output dv/dt - 500 - Volts/µ.s 
(RGK = 10 kn) 

Isolation Surge Voltage V1so 7500 - - Vac(pk) 
(Peak ac Voltage, 60 Hz, 1 Second Duration) 
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H11C1, H11C2, H11C3 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Figure 1. LED Forward Voltage versus Forward Current Figure 2. Anode Current versus Anode-Cathode 
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OUTLINE DIMENSIONS 

STYLE 7 

LEAD 
CONRGURATlON ~ 
Of'TIONAL Pl N 1 LED ANODE 

2 LED CATHODE 
3 NC 
4 SCR CATHODE 
5 SCR ANODE 

1+1013100051® I rl A® I a® I CASE 730A-02 

PLASTIC 
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6 SCR GATE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILUMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
L 7 62 BSC 0 300 BSC 
M o· 15' o· 15° 
N 2 54 381 0100 0150 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
SCR Output 

These devices consist of gallium-arsenide infrared emitting diodes optically coupled to 
photo sensitive silicon controlled rectifiers (SCR). They are designed for applications 
requiring high electrical isolation between low voltage control circuitry and the ac line. 

• High Blocking Voltage of 400 V for 240 Vac Lines 
• Very High Isolation Voltage: V1so = 7500 Vac (pk) Min 
• Standard 6-Pin DIP 
• UL Recognized, File Number E54915% 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/~ 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 6 Volts 

Forward Current - Continuous IF 60 mA 

LED Power Dissipation @ TA = 25°C Po 120 mW 
Derate above 25°C 1.41 mWl°C 

OUTPUT DETECTOR 

Peak Forward Voltage VoM 400 Volts 

Forward RMS Current IT(RMS) 300 mA 
(Full Cycle, 50 to 60 Hz) TA = 25°C 

Peak Nonrepetitive Surge Current ITsM 3 A 
(PW= 10 ms) 

Detector Power Dissipation @ TA = 25°C Po 150 mW 
Derate above 25°C 1.76 mW/°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 1 Second Duration) 

Total Device Power Dissipation @ TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mW/°C 

Junction Temperature Range TJ -40 to +100 oc 
Ambient Operating Temperature Range TA -55 to +100 oc 
Storage Temperature Range Tstg -55 to +150 oc 
Soldering Temperature (10 s, 1/16" from case) - 260 oc 

(1) Isolation surge voltage, V1so. is an internal device dielectric breakdown rating. 
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H11C4 
H11C5 
H11C6 

6-PIN DIP 
OPTOISOLATORS 

SCR OUTPUT 
400 VOLTS 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

~J~: 
30 [K_:4 

1. ANODE 
2. CATHODE 
3. NC 
4. SCR CATHODE 
5 SCR ANODE 
6. SCR GATE 



H11C4, H11C5, H11C6 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current 
IVR = 3 Vl 

Forward Voltage 
{If= 10 mA) 

Capacitance 
(V = 0 V, f = 1 MHz) 

OUTPUT DETECTOR 

Peak Off-State Voltage 
(RGK = 10 kn, TA = 100°c) 

Peak Reverse Voltage 
(RGK = 10 kn, TA = 100°C) 

On-State Voltage 
0TM = 0.3 Al 

Off-State Current 
(VoM = 400 v. TA = 100°C, RGK = 10 kn) 

Reverse Current 
IVRM = 400 v. TA= 100°C, RGK = 10 kn) 

Capacitance (V = 0 V, f = 1 MHz) 
Anode - Gate 
Gate - Cathode 

COUPLED 

LED Current Required to Trigger 
IVAK = 50 V, RGK = 10 kn) H11C4, H11C5 

H11C6 
(VAK = 100 V, RGK = 27 kn) H11C4, H11C5 

H11C6 

Isolation Resistance 
(V10 = 500 Vdc) 

Capacitance Input to Output 
(V10 = 0, f = 1 MHz) 

Coupled dv/dt, Input to Output 
(RGK = 10 kn) 

Isolation Surge Voltage 
(Peak ac Voltage, 60 Hz, 1 Second Duration) 
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Figure 1. Forward Current versus LED Forward Voltage 
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IA - 0.05 10 µA 

VF - 1.2 1.5 Volts 

CJ - 18 - pF 

VoM 400 - - Volts 

VRM 400 - - Volts 

VTM - 1.1 1.3 Volts 

loM - - 150 µA 

IRM - - 150 µA 

CJ pF 
- 20 -
- 350 -

IFT mA 
- 10 20 
- 15 30 
- 6 11 
- 8 14 

Riso 100 - - Gn 

C1so - 0.2 2 pF 

dv/dt - 500 - Volts/µs 

V1so 7500 - - Vac(pk) 

IL LJ 

r---t-----1----1i--_..,.---1NCREASES TO FORWARD~ 
i---t-----lr----t""-=-:±r-=·--t-BREAKOVER VOLTAGE --+---i 
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Figure 2. On-State Characteristics 
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H11C4, H11C5, H11C6 
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Figure 3. LED Trigger Current versus Temperature Figure 4. Forward Leakage Current versus Temperature 
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Use of the H11C4 for high sensitivity, 7500 V isolation 
capability, provides this highly reliable solid state relay 
design. This design is compatible with 74, 74S and 74H 
series T2L logic systems inputs and 240 Vac loads up to 
10 A. 

Figure 5. 10 A, T2L Compatible, Solid State Relay 

The high surge capability and non-reactive input char
acteristics of the H11 Callow it to directly couple, without 
buffers, Th and DTL logic to indicator and alarm devices, 
without danger of introducing noise and logic glitches. 

Figure 6. 25 W Logic Indicator Lamp Driver 

~H11C4~ 
IN:i~~~~UT 

Use of the high voltage PNP portion of the H11C pro
vides a 400 V transistor capable of conducting positive 
and negative signals with current transfer ratios of over 
1%. This function is useful in remote instrumentation, 
high voltage power supplies and test equipment. Care 
should be taken not to exceed the H11C 400 mW power 
dissipation rating when used at high voltages. 

Figure 7. 400 V Symmetrical Transistor Coupler 
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H11C4, H11C5, H11C6 

Vp = 800 VOLTS 
Ip = 0.010 SECONDS 
f = 25 HERTZ 
TA = 25°C 

EXPONENTIAL 
RAMP GENERATOR 

Figure 8. Coupled dv/dt - Test Circuit 

OUTLINE DIMENSIONS 

r:mJ NOTES 

OJ 
LUO 
CONFIGURATION ~ 
OfTIONAL STYLE 7 

PIN 1 LED ANODE 
2 LED CATHODE 
3 NC 
4 SCA CATHODE 
5 SCA ANODE 
6 SCA GATE 
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1 DIMENSIONING AND TOLERANCING PER ANSI 
Y145M, 1982 

2 CONTROLLING DIMENSION. INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254 BSC 0 lOOBSC 
J 021 030 0008 _J 0012 
K 038 254 0015 0100 
L 7 62 BSC 0 300 BSC 
M o· 15° o· 15° 
N 2 54 381 0100 0150 • 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Transistor Output 

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

• High Voltage - H11D1,2- 300 V 
- H11D3,4- 200 V 

• High Isolation Voltage - V1so = 7500 Vac pk Min 
• Standard 6-Pin DIP Package 
• UL Recognized, File Number E54915 % 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65ND'::0860, VDE110b, covering 
all other standards with equal or less stringent requirements' including IEC204/ ~ 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) Vihich satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

j Rating j Symbol Value Unit 

INPUT LED 

Forward Current - Continuous IF 60 mA 

Forward Current - Peak IF 1.2 Amps 
Pulse Width = 1 µs, 330 pps 

LED Power Dissipation @ TA = 25°C Po 120 mW 
Derate above 25°C 1.41 mW/°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage H1101,2 VcER 300 Volts 
H1103,4 200 

Emitter-Collector Voltage VECO 7 Volts 

Collector-Base Voltage H1101,2 Vcso 300 Volts 
H1103,4 200 

Collector Current - Continuous le 100 mA 

Detector Power Dissipation @ TA = 25°C Po 150 mW 
Derate above 25°C 1.76 mW/°C 

TOTAL DEVICE 

Total Device Power Dissipation @ TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mW/°C 

Operating Temperature Range TJ -55'to + 100 oc 

Storage Temperature Range Tstg -55to +150 oc 

Soldering Temperature (10 s) Tsai 260 oc 

Isolation Surge Voltage V1so 7500 Vac(pk) 
Peak ac Voltage, 60 Hz, 1 Second Duration (1) 

(1) Isolation surge voltage is an internal device dielectric breakdown rating 
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H11D1 
H11D2 
H11D3 
H11D4 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR OUTPUT 
200 AND 300 VOLTS 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1.ANODE 
2. CATHODE 
3. NC 
4. EMITTER 
5. COLLECTOR 
6. BASE 



H11D1, H11D2, H11D3, H11D4 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Typ Max Unit 

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

Reverse Leakage Current IR - - 10 µ.A 
IVR = 6 V) 

Forward Voltage VF - 1.2 1.5 Volts 
OF= 10 mA) 

Capacitance c - 18 - pF 
(V = 0 V, f = 1 MHz) 

OUTPUT TRANSISTOR (TA = 25°C and IF = O unless otherwise noted) 

Collector-Emitter Dark Current (ABE = 1 Mn) ICER 
(VcE = 200 V, TA= 25°C) H11D1,2 - - 100 nA 
(VcE = 100 V, TA= 25°C) H11D3.4 - - 100 nA 
ITA = 100°C) All Devices - - 250 µ.A 

Collector-Base Breakdown Voltage V(BR)CBO Volts 
Oc = 100 µ.Al H11D1,2 - - 300 

H11D3.4 - - 200 

Collector-Emitter Breakdown Voltage V(BR)CER Volts 
Oc = 1 mA, RBE = 1 Mn) H11D1,2 - - 300 

H11D3.4 - - 200 

Emitter-Base Breakdown Voltage V(BR)EBO 7 - - Volts 
OE= 100 µ.A) I 

COUPLED (TA = 25°C unless otherwise noted) 

Current Transfer Ratio CTR % 
(VcE = 10 V, IF = 10 mA, ABE = 1 MO) H11D1,2,3 20 - -

H11D4 10 - -
Surge Isolation Voltage (Input to Output) (1) V1so 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 
Oc = 0.5 mA, IF = 10 mA, ABE = 1 Mn) 

Isolation Capacitance (1) C1so - 0.2 - pF 
(V = 0, f = 1 MHz) 

Turn-On Time 1 ton - 5 - µ.s 

Turn-Off Time 
Vee = 10 V, le = 2 mA. RL = 100 !l 

5 to ff - -
NOTE: 1. For this test LED Pins 1 and 2 are common and phototrans1stor Pins 4, 5, and 6 are common 
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Figure 1. Output Current versus LED Input Current 
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Figure 2. Output Current versus Temperature 
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H11D1, H11D2, H1103, H11D4 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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Figure 3. Output Characteristics 
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Figure 4. Forward Characteristics 
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Figure 5. Collector-Base Current versus Temperature Figure 6. Dark Current versus Temperature 

OUTLINE DIMENSIONS 

ILAO 
CONAGURAOON ~
OPTIONAL 

STYLES 
PIN 1 LED 1 ANODE/LED 2 CATHODE 

2 LED 1 CATHODE LED 2 ANODE 
3 NC 

1+1013100051® ITIA®ie®I CASE730A-02 
PLASTIC 
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NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M,1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254 BSC 0100 BSC 
J 021 030 0006 0012 
K 038 254 0015 0100 
L 762 BSC 0300 BSC 
M o· -1 1s· o• 15° 
N 254 _l 381 0100 0150 

1000 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoiso·lators 
Darlington Output 

... consists of gallium-arsenide IREDs optically coupled to silicon photodarlington detec
tors which have integral base-emitter resistors. The on-chip resistors improve higher 
temperature leakage characteristics. Designed with high isolation, high CTR, high volt
age and low leakage, they provide excellent performance in interfacing and coupling 
systems, phase and feedback controls, solid state relays and general purpose switching 
circuits. 

• High CTR, H11G1 -1000%, H11G2 - 500% 
• High Isolation, V1so = 7500 V.ac pk Min 
• High V(BRICEO· H11G1 -100 V, H11G2- 80 V 
• Standard, Economical, 6-Pin DIP Paekage 
• UL Recognized - File Number E54S15 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/~ 
VDE0113, VDE0160, VDE0832, VDEG833, etc. ~883 

• Special lead form available (add suf.fix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

MAXIMUM RATINGS (TA = 25°C unless othe1¥1•"P rioted) 

j Rating I Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 6 Volts 

Forward Current - Continuous IF 60 mA 

Forward Current - Peak IF 3 Amps 
Pulse Width = 300 µ.s, 2% Duty Cycle 

LED Power Dissipation@ TA = 25°C Po 120 mW 
Derate above 25°C 1.41 mW/°C 

OUTPUT DETECTOR 

Collector-Emitter Voltage Vern Volts 
H11G1 100 
H11G2 80 
H11G3 55 

Emitter-Base Voltage VEBO 7 Volts 

Collector Current - Continuous le 150 mA 

Detector Power Dissipation @ TA = 25°C Po 150 mW 
Derate above 25°C 1.76 mWl°C 

TOTAL DEVICE 

Total Device Power Dissipation @ TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mW/°C 

Operating Junction Temperature Range TJ -55 to +100 oc 
Storage Temperature Range Tstg -55 to +150 oc 
Soldering Temperature (10 s) - 260 oc 
Isolation Surge Voltage (1) V1so 7500.. Vac(pk) 

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

(1) Isolation surge voltage 1s an internal device dielectric breakdown rating. 
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H11G1 
H11·G2 
H11:G3 

6-PIN l!llP 
OP'l'OIS0LATORS 

DARLINGTON C!>UTPUT 

CASE 730'A4>2 
PLASTIC 

SCHEMA'fl€ 

1. ANODE 
2. CATHODE 
3. NC 
4. EMITIER 
5. COLLECTOR 
6. BASE 

• 



• 

H11G1, H11G2, H11G3 

ELECTRICAL CHARACTERfiSTICS (TA = 25°C unless otherwise noted) 

l Characteristic I Symbol 

INPUT LED 

Reverse Leakage Current (VR = 3 V) IR 

Forward Voltage IF = 10 mA) VF 

Capacitance (V = 0 V, f = 1 MHz) CJ 

DARLINGTON OUTPUT (TA = 25°C and IF = 0 unless otherwise noted) 

Collector-Emitter Breakdown Voltage 
(le = 1 mA, IF = 0) H11G1 

H11G2 
H11G3 

Collector-Base Breakdown Voltage 
(le= 100µ,A, IF= 0) H11G1 

H11G2 
H11G3 

Emitter-Base Breakdown Voltage llE = 100 µ,A, IF = 0) 

Collector-Emitter Dark Current 
(VcE = 80 V) H11G1 
(VCE = 80 V, TA = 80°C) H11G1 
(VcE = 60 V) H11G2 
(VcE = 60 V, TA= 80°C) H11G2 
(VcE = 30V) H11G3 

Capacitance (Vee = 10 V, f = 1 MHz) 

COUPLED (TA = 25°C unless otherwise noted) 

Collector Output Current 
(VcE = 1 V, IF= 10 mA) H11G1, 2 
(VcE = 5 v. IF = 1 mA) H11G1, 2 
(VcE = 5 v, IF = 1 mA) H11G3 

Collector-Emitter Saturation Voltage 
OF = 1 mA, le = 1 mA) H11G1, 2 
OF = 16 mA, le = 50 mAl H11G1, 2 
OF = 20 mA, le = 50 mA) H11G3 

Isolation Surge Voltage (1, 2) (60 Hz ac Peak, 1 Second) 

Isolation Resistance (1) (V = 500 Vdc) 

Isolation Capacitance (1) (V = O V, f = 1 MHz) 

SWITCHING (TA = 25°C) 

Turn-On Time 

Turn-Off Time 

(IF = 10 mA, Vee = 5 V, RL = 100 0, 
Pulse Width ,,;;: 300 µ,s, f = 30 Hz) 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICE 

ccs 

le 

VcE(satl 

V1so 

C10 

ton 

tott 

(1) For this test LED Pins 1 and 2 are common and Photodarl1ngton Pins 4 and 5 are common 
(2) Isolation Surge Voltage, V1SO· 1s an internal device dielectric breakdown rating 
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NORMALIZED TO: 
VcE = 5V 
IF 1 mA (300 µ,s PULSES) 
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Min Typ Max Unit 

- 0.05 10 µ,A 

- 1.1 1.5 Volts 

- 18 - pF 

Volts 
100 - -
80 - -
55 - -

Volts 
100 - -
80 - -
55 - -
7 - - Volts 

- - 100 nA 
- - 100 µ,A 
- - 100 nA 
- - 100 µ,A 
- - 100 nA 

- 6 - pF 

mA 
100 - -
5 - -
2 - -

Volts 
- 0.75 1 
- 0 85 1 
- 0.85 1.2 

7500 - - Volts 

- 1011 - Ohms 

- 2 - pF 

µ,s 

100 

IFT_ 50~A-
:::t_ _l ·-

IF 5mA~ 

NORMALIZED TO: 
TA = 25°C 
IF = 1 mA {300 µ,s PULSES) 
VcE = 5 V 

IF 1mA== 

I I I I 
1 

I 

:-t--. I IF
1 
= 0.5 1mA~ I I 

I _[~ _l 0.01 
0.1 10 100 1000 -w -~ -m o m ~ w w 100 1m 1~ 

IF, IRED INPUT CURRENT {mA) TA, AMBIENT TEMPERATURE {°C) 

Figure 1. Output Current versus Input Current Figure 2. Output Current versus Temperature 
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H11G1, H11G2, H11G3 
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Figure 4. LED Forward Characteristics 
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OUTLINE DIMENSIONS 

n OPTlONAL u ~FIGURAllON 
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STYLE 1 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4EMlmR 
5 COLLECTOR 
6 BASE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0 200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC 0 100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
L 762 BSC 0 300 BSC 
M o· 15° o• J 15• 
N 254 381 0100 0150 
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H11G1, H11G2, H11G3 

INTERFACING TTL OR CMOS LOGIC TO 50-VOLT, 190&-e>HMS 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 H11 Gx 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. 

Voo 

H11Gx 

RELAY GROUND 

-50V 
50mA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Logic Output 

... 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 such as interfacing com
puter terminals to peripheral equipment, digital control of power supplies, motors and 
other servo machine applications. 

• High Isolation Voltage - V1so = 7500 Vac pk Min 
• Guaranteed Switching Times - tan• t0 tt < 4 µs 
• Built-In ON/OFF Threshold Hysteresis 
• Economical, Standard Dual-In-Line Plastic Package 
• UL Recognized, File No. E54915 

MAXIMUM RATINGS !TA = 25°C unless otherwise noted) 

I Rating Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 
-Peak 

Pulse Width = 300 µ.s, 2% Duty Cycle 

LED Power Diss1pat1on @ TA = 25°C Po 
Derate above 25°C 

OUTPUT DETECTOR 

Output Voltage Range Vo 

Supply Voltage Range Vee 

Output Current lo 

Detector Power D1ss1pat1on @ TA = 25°C Po 
Derate above 25°C 

TOTAL DEVICE 

Total Device Dissipation@ TA = 25°C Po 
Derate above 25°C 

Maximum Operating Temperature TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 s) 

Isolation Surge Voltage (Pk ac Voltage, 60 Hz, 1 Second Duration) (1) V1so 

(1) Isolation surge voltage 1s an internal device dielectric breakdown rating. 
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H11L1 
H11L2 

6-PIN DIP 
OPTOISOLATORS 
LOGIC OUTPUT 

CASE 730A-02 
PLASTIC 

Value Unit 

6 Volts 

60 mA 
1.2 Amp 

120 mW 
1.41 mW!°C 

0-16 Volts 

3-16 Volts 

50 mA 

150 mW 
1 76 mW!°C 

250 mW 
2.94 mW!°C 

-40 to +85 oc 
-55 to + 150 oc 

260 oc 
7500 Volts 
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H11L1, H11L2 

ELECTRICAL CHARACTERISTICS (TA = O to 70°C) 

I Characteristic Symbol Min Typ 

INPUT LED 

Reverse Leakage Current (VR = 3 V, AL = 1 Mn) IR - 0.05 

Forward Voltage OF = 10 mA) VF - 1.2 
!IF= 0.3 mA) 0.75 0.95 

Capacitance (VR = 0 V, f = 1 MHz) c - 18 

OUTPUT DETECTOR 

Operating Voltage Vee 3 -
Supply Current OF = 0, Vee = 5 VI Ice( off) - 1 

Output Current, High !IF = O, Vee = V0 = 15 V) loH - -

COUPLED 

Supply Current !IF = IF(on)• Vee = 5 V) Ice( on) - 1.6 

Output Voltage, Low (AL = 270 0, Vee = 5 V, IF =' IF(on)I VoL - 0.2 

Threshold Current, ON H11L1 IF( on) - 1 
(RL = 270 n. Vee = 5 V) H11L2 - -

Threshold Current, OFF H11L1 IF( off) 0.3 0.75 
(AL = 270 n. Vee = 5 V) H11L2 0.3 -

Hysteresis Ratio (AL = 270 0, Vee = 5 V) IF(offl 0.5 0.75 

IF(on) 

Isolation Voltage (1) 60 Hz, AC Peak, 1 second, TA = 25°C V1so 7500 -
Turn-On Time ton - 1.2 

Fall Time 
RL = 270 n 

0.1 Vee= 5 v. tf -
Turn-Off Time IF = IF(on) to ff - 1.2 

Rise Time 
TA= 25°C 

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

ice 
.------+---<J 5 v 

tr = tf = 0 01 µs 
z =son 

~~ 
I I I 

I --I loft t-' 
L ___, ton 1-- I 

----r---. I I 
I I I 

I I I I -.-----,- ,-~--+-~, 

I I I I 
-l ~tf --1 

I 
I 
I 
I 
i--tr 

Figure 1. Switching Test Circuit 

AL 270 !1 
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NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

STYLES 
PIN 1 ANODE 

2 CA™ODE 
3 NC 

4 OUTPUT 
5 GROUND 
6 Vee 

DIM 
A 
8 
c 
D 
E 
G 
J 
K 
L 
M 
N 

CASE 730A-02 
PLASTIC 

Max Unit 

10 µA 

1.5 Volts 
-
- pF 

15 Volts 

5 mA 

100 µA 

5 mA 

0.4 Volts 

1.6 mA 
10 

- mA 
-
0.9 

- Vac(pk) 

4 µs 

-
4 

-

MILUMETERS INCHES 
MIN MAX MIN MAX 
813 889 0320 0350 
610 660 0240 0260 
293 508 0115 0200 
041 050 0016 0020 
102 177 0040 0070 

254 BSC 0100 BSC 
021 030 0008 0012 
038 254 0015 0100 

762 BSC 0300BSC 
O' 15' O' 15' 

254 381 0100 0150 
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TYPICAL CHARACTERISTICS 
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Figure 2. Transfer Characteristics for H11L1 
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Figure 3. Threshold Current versus Supply Voltage 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Transistor Output 

These devices consist of a gallium arsenide infrared emitting diode optically coupled 
to a monolithic silicon phototransistor detector. 

• Convenient Plastic Dual-In-Line Package 
• Economical 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/~ 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power D1ss1pat1on (iv TA = 25°C Po 
with Negligible Power in Output Detector 

Derate above 25°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage Vern 

Emitter-Collector Voltage VECO 

Collector-Base Voltage Vcso 

Collector Current - Continuous le 

Detector Power Diss1pat1on la' TA = 25°C Po 
with Negl1g1ble Power in Input LED 

Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power D1ss1pat1on@ TA = 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 seconds, 1/16" from case) Tsai 

(1) Isolation surge voltage 1s an internal device dielectric b1eakdown rating 
For this test, Pins 1 and 2 are common, and Pins 4, 5 ard 6 are common 
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Value Unit 

3 Volts 

60 mA 

120 mW 

1.41 mW!°C 

30 Volts 

7 Volts 

70 Volts 

150 mA 

150 mW 

1.76 mW/°C 

7500 Vac 

250 mW 
2.94 mW/°C 

-55 to + 100 oc 

-55 to + 150 oc 

260 oc 

MCT2 
MCT2E 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR OUTPUT 

3 D--

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2. LED CATHODE 
3 NC. 
4 EMITTER 
5. COLLECTOR 
6. BASE 



MCT2, MCT2E 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

INPUT LED 

Forward Voltage OF = 20 mA) TA = 25°C VF - 1.23 1.5 Volts 
TA= -55°C - 1 35 -
TA = 100°C - 115 -

Reverse Leakage Current (VR = 3 V) IR - 0.01 10 µ.A 

Capacitance (V = 0 V, f = 1 MHz) CJ - 18 - pF 

OUTPUT TRANSISTOR 

Collector-Emitter Dark Current (VcE = 10 V) TA = 25°C lcEO - 1 50 nA 
TA = 100°c - 1 - µ.A 

Collector-Base Dark Current (VcB = 10 V) TA = 25°C le Bo - 0.2 20 nA 
TA = 100°C - 100 -

Collector-Emitter Breakdown Voltage Uc = 1 mA) V(BR)CEO 30 45 - Volts 

Collector-Base Breakdown Voltage Uc = 10 µ.A) V(BR)CBO 70 100 - Volts 

Emitter-Collector Breakdown Voltage OE = 100 µ.A) V(BR)ECO 7 7.8 - Volts 

DC Current Gain Oc = 5 mA, VcE = 5 V) hFE - 500 - -

Collector-Emitter Capacitance (f = 1 MHz, VcE = O V) CcE - 7 - pF 

Collector-Base Capacitance (f = 1 MHz, VcB = O V) CcB - 19 - pF 

Emitter-Base Capacitance (f = 1 MHz, VEB = 0 V) CEB - 9 - pF 

COUPLED 

Output Collector Current OF = 10 mA, VcE = 10 V) le 2 7 - mA 

Collector-Emitter Saturation Voltage Uc = 2 mA, IF = 16 mA) VcE(sat) - 0 19 -· 04 Volts 

Turn-On Time OF= 10 mA, Vee= 10 V, RL = 100 !1, Figure 11) ton - 28 - µ.s 

Turn-Off Time OF = 10 mA, Vee = 10 V, RL = 100 !1, Figure 11) to ff - 45 - µ.s 

Rise Time (IF= 10 mA, Vee= 10 V, RL = 100 !1, Figure 11) tr - 1 2 - µ.s 

Fall Time OF= 10 mA, Vee= 10 V, RL = 100 !1, Figure 11) tf - 1 3 - µ.s 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 - - Vac(pk) 

Isolation Resistance (V = 500 V) Riso 1011 - - n 
Isolation Capacitance (V = 0 V, f = 1 MHz) c1so - 0.2 - pF • TYPICAL CHARACTERISTICS 

t---t- NORMALIZED TO -t-+--<-+--+-+-++++--+--+--+-+-++-+->+i 

~ IF= 10mA 

1~ 
10 100 1000 0 5 1 2 5 10 20 50 

IF, LED FORWARD CURRENT lmA) IF, LED INPUT CURRENT (mA) 

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

6-59 



• 
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OUTLINE DIMENSIONS 

n OPllONAL u =FIGURATION 

l-t-lo131ooos1® ITIA®I s®I CASE 730A-02 
PLASTIC 
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STYLE 1 
P1N 1 ANODE 

2 CATHODE 
3 NC 
4 EMITTER 
5 COLLECTOR 
6 BASE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCH~S 

DIM MIN MAX MIN MAX 
A 813 889 0 320 0350 
B 610 660 0 240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0 040 0070 
G 2 54 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 154 0015 0100 
l 762 BSC 0 300 BSC 
M oo 15° oo 15° 
N 254 381 0100 _l 0150 

II 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolator 
Darlington Output 

This 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. 

• Convenient Plastic Dual-In-Line Package 
• High Sensitivity to Low Input Drive Current 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, 
covering all other standards with equal or less stringent requirements, including~ 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T'' to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

J Rating Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power Dissipation @ TA = 25°C Po 
with Negligible Power in Output Detector 

Derate above 25°C 

OUTPUT DETECTOR 

Collector-Emitter Voltage VcEO 

Emitter-Collector Voltage VE co 

Detector Power D1ss1pation @ TA = 25°C Po 
with Negligible Power in Input LED 

Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Diss1pat1on@ TA = 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 seconds, 1/16" from case) -
(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 
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Value Unit 

3 Volts 

60 mA 

120 mW 

1.41 mWl°C 

30 Volts 

7 Volts 

150 mW 

1.76 mWl°C 

7500 Vac 

250 mW 
2.94 mWl°C 

-55 to t 100 oc 

-55 to + 150 oc 

260 oc 

MOC119 

6-PIN DIP 
OPTOISOLATOR 

DARLINGTON 
OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1 LED ANODE 
2. LED CATHODE 
3 NC. 
4. EMITIER 
5 COLLECTOR 
6. NC 



MOC119 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0.05 100 µA 
(VR = 3 V) 

Forward Voltage VF - 1.15 1.5 Volts 
(IF= 10 mA) 

Capacitance c - 18 - pF 
(VR = 0 V, f = 1 MHz) 

PHOTOTRANSISTOR (TA = 25°C and IF = O unless otherwise noted) 

Collector-Emitter Dark Current lcEO - - 100 nA 
!Vee= 10 vi 

Collector-Emitter Breakdown Voltage V(BR)CEO 30 - - Volts 
Uc= 100 µAl 

Emitter-Collector Breakdown Voltage V(BR)ECO 7 - - Volts 
(IE= 10µ,A) 

COUPLED (TA = 25°C unless otherwise noted) 

Collector Output Current (1) le 30 45 - mA 
(VcE = 2 V, IF = 10 mA) 

Isolation Surge Voltage (2, 5), 60 Hz ac Peak, 1 Second V1so 7500 - - Volts 

Isolation Resistance (2) Riso - 1011 - Ohms 
(V = 500V) 

Collector-Emitter Saturation Voltage (1) VcE(sat) - - 1 Volt 
Uc= 10 mA, IF= 10 mA) 

Isolation Capacitance (2) C1so - 0.2 ...... pF 
(V = 0 V, f = 1 MHz) 

SWITCHING (Figures 4, 5) 

Turn-On Time ton - 3.5 - J.LS 

Turn-Off Time to ff - 95 -
Rise Time 

Vee = 10 V, RL = 100 n. IF = 5 mA 
1 tr - -

Fall Time tf - 2 -
(1) Pulse Test: Pulse Width = 300 µ.s, Duty Cycle"" 2%. 
(2) For this test LEO Pins 1 and 2 are common and Phototrans1stor Pins 4 and 5 are common. 
(3) Isolation Surge Voltage, V1so. 1s an internal device dielectric breakdown rating. 

TYPICAL CHARACTERISTICS 

1 10 100 1000 

If, LED FORWARD CURRENT (mA) 

Figure 1. LED Forward Voltage versus Forward Current 
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Figure 2. Output Current versus Input Current 
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Figure 3. Collector Current versus 
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Figure 6. Collector-Emitter Dark Current versus 
Ambient Temperature 
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TEST CIRCUIT WAVEFORMS 

IF= SmA ::-i 
IN:_r:: 
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Figure 9. Switching Times 

OUTLINE DIMENSIONS 

ltl01J1ooos1® lrlA@ls@I 

STYLE3 
PIN 1 ANODE 

CASE 730A-02 
PLASTIC 

6-65 

2 CATHODE 
3 NC 
4.EMlffiR 
5 COLLECTOR 
6 NC 

NOTES. 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION· INCH 
3. DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMrnRS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254S& O 100 SSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
L 762BSC 0300 SSC 
M o· 15• o- _i 15• 
N 254 381 0100 0150 

• 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Transistor Output 

These devices consist of a gallium arsenide infrared emitting diode optically coupled 
to a monolithic silicon phototransistor detector. 

• Convenient Plastic Dual-in-Line Package 
• Most Economical Optoisolator 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/ ~ 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power Dissipation @ TA = 25°C Po 
with Negligible Power in Output Detector 

Derate above 25°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage Vern 

Emitter-Collector Voltage VECO 

Collector-Base Voltage Vcso 

Collector Current - Continuous le 

Detector Power Dissipation @ TA = 25°C Po 
with Negligible Power in Input LED 

Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation (a, TA = 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 sec, 1/16" from case) Tsol 

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

3 Volts 

60 mA 

120 mW 

1.41 mW!°C 

30 Volts 

7 Volts 

70 Volts 

150 mA 

150 mW 

1.76 mW/°C 

7500 Vac 

250 mW 
2.94 mWl°C 

-55 to + 100 oc 

-55 to + 150 oc 

260 oc 

MOC1005 
MOC1006 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2. LED CATHODE 
3. N.C. 
4. EMITIER 
5. COLLECTOR 
6. BASE 



MOC1005, MOC1006 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Forward Voltage OF = 10 mA) TA= 25°C VF - 1.15 1.5 Volts 
TA = -55°C - 1.3 -
TA = 100°c - 1.05 -

Reverse Leakage Current (VR = 3 V) IR - - 100 µA 

Capacitance (V = O V, f = 1 MHz) CJ - 18 - pF 

OUTPUT TRANSISTOR 

Collector-Emitter Dark Current (VcE = 10 V) TA = 25°C lcEO - 1 50 nA 
TA = 100°c - 1 100 µA 

Collector-Base Dark Current (VcB = 10 V) le Bo - 0.2 20 nA 

Collector-Emitter Breakdown Voltage Oc = 1 mA) V(BR)CEO 30 45 - Volts 

Collector-Base Breakdown Voltage (le = 100 µA) V(BR)CBO 70 100 - Volts 

Emitter-Collector Breakdown Voltage OE = 100 µA) V(BR)ECO 7 7.8 - Volts 

DC Current Gain Oc = 2 mA, VcE = 5 V) hFE - 500 - -
Collector-Emitter Capacitance (f = 1 MHz, VcE = O) CcE - 7 - pF 

Collector-Base Capacitance (f = 1 MHz, VcB = 0) ccB - 19 - pF 

Emitter-Base Capacitance (f = 1 MHz, VEB = O) CEB - 9 - pF 

COUPLED 

Output Collector Current OF = 10 mA, VcE = 10 V) MOC1005 le 2 7 - mA 
MOC1006 1 5 -

Collector-Emitter Saturation Voltage Oc = 2 mA, IF = 50 mA) VcE(sat) - 0 15 0.5 Volts 

Turn-On Time OF= 10 mA, Vee= 10 V, RL = 100 n. Figure 11) ton - 28 - p.S 

Turn-Off Time OF = 10 mA, Vee = 10 V, RL = 100 n, Figure 11) loft - 4.5 - µs 

Rise Time OF= 10 mA, Vee= 10 V, RL = 100 n, Figure 11) tr - 1.2 - p.S 

Fall Time OF= 10 mA, Vee= 10 V, RL = 100 n, Figure 11) tf - 1 3 - p.S 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 - - Vac(pk) 

Isolation Resistance (V = 500 V) Riso 1011 - - n 
Isolation Capacitance (V = 0 V, f = 1 MHz) C1so - 0.2 - pF 

TYPICAL CHARACTERISTICS 
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OUTLINE DIMENSIONS 

I-ti 013100051® IT I A® I B® I CASE 730A-02 
PLASTIC 
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smE1 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4 EMlmR 
5 COLLECTOR 
6 BASE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254BSC 0100 BSC 
J 021 0.30 0008 0012 
K 038 _l 254 0015 0100 
L 762 BSC 0300 BSC 
M o· 15° o· 15° 
N 2 54 381 0100 0150 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
SCR Output 

These devices consist of gallium-arsenide infrared emitting diode optically coupled to 
a photo sensitive silicon controlled rectifier (SCR). They are designed for applications 
requiring high electrical isolation between low voltage control circuitry and the ac line. 

• High Blocking Voltage of 400 V for 240 Vac Lines 
• Very High Isolation Voltage: V1so = 7500 Vac Min 
• Standard 6-Pin DIP 
• UL Recognized, File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204~ 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

[ Rating I Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 7 Volts 

Forward Current - Continuous IF 60 mA 

Total Power Dissipation @ TA = 25°C Po 100 mW 
Negligible Power in Transistor 
Derate above 25°C 1.33 mW!°C 

OUTPUT DRIVER 

Peak Forward Voltage VoM 400 Volts 

Forward RMS Current IT(RMS) 300 mA 
(Full Cycle, 50 to 60 Hz) TA = 25°C 

Peak Nonrepetitive Surge Current ITSM 3 A 
(PW= 10 ms) 

Total Power Dissipation @ TA = 25°C Po 400 mW 
Derate above 25°C 5.33 mW!°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 5 Second Duration) 

Junction Temperature Range TJ -40 to + 100 oc 
Ambient Operating Temperature Range TA -55 to + 100 oc 
Storage Temperature Range Tstg -55 to + 150 oc 
Soldering Temperature (10 s) - 260 oc 

(1) Isolation surge voltage, V1so. 1s an internal device d1electric breakdown rating. 
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MOC3000 
MOC3001 

6-PIN DIP 
OPTOISOLATORS 

SCR OUTPUT 
400 VOLTS 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

:J~: 
30 [1,_:4 

1. ANODE 
2 CATHODE 
3. N.C. 
4 SCR CATHODE 
5. SCR ANODE 
6. SCR GATE 



MOC3000, MOC3001 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted) 

l Characteristic l Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current 
(VR = 3 V) 

Forward Voltage 
OF= 10 mA) 

Capacitance 
(V = 0 V, f = 1 MHz) 

OUTPUT DETECTOR 

Peak Off-State Voltage 
(RGK = 10 kO, TA= 100°C) 

Peak Reverse Voltage 
(RGK = 10 kO, TA = 100°C) 

On-State Voltage 
0TM = 0.3A) 

Off-State Current 
(VDM = 400 v. TA = 100°C, RGK = 10 kO) 

Reverse Current 
(VRM = 400 V, TA = 100°C, RGK = 10 kO) 

Capacitance (V = 0 V, f = 1 MHz) 
Anode- Gate 
Gate - Cathode 

COUPLED 

LED Current Required to Trigger 
(VAK = 50 V, RGK = 10 kO) MOC3001 

MOC3000 
(VAK = 100 V, RGK = 27 kO) MOC3001 

MOC3000 

Isolation Resistance 
(V10 = 500 Vdc) 

Capacitance Input to Output 
IVio = o, t = 1 MHz) 

Coupled dv/dt, Input to Output 
(RGK = 10 kO) 

Isolation Surge Voltage 
(Peak ac Voltage, 60 Hz, 5 Second Duration) 

1000 

100 ~ 
<( 

.s 
10 I-

7 
1 

~ 
:::> 

TA = 25°C 
u 
Cl 

~ 0.1 1 
::2 
1f. 

0.01 
7 
~ 

_l 
0001 _/ 

0 2 3 
VF, FORWARD VOLTAGE (VOLTS) 

Figure 1. Forward Current versus LED Forward Voltage 
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IR - 0.05 10 µA 

VF - 1.2 1.5 Volts 

CJ - 50 - pF 

VoM 400 - - Volts 

VRM 400 - - Volts 

VTM - 1.1 1.3 Volts 

loM - - 150 µA 

IRM - - 150 µA 

CJ pF 
- 20 -
- 350 -

IFT mA 
- 10 20 
- 15 30 
- 6 11 
- 8 14 

Riso 100 - - GO 

c1so - - 2 pF 

dv/dt - 500 - Volts/µ,s 

V1so 7500 - - Vac(pk) 

1---1----1----.,+---l~-t-INCREASES TO FORWARD-t-
1---+---1----<,..-....--+F----+ BREAKOVER VOLTAGE +--

1 
VT, ON-STATE VOLTAGE (VOLTS) 

l=igure 2. On-State Characteristics 
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100H 

"C :: l ______ J 

TYPICAL APPLICATIONS 

0.1 µF "CONTACT" 
240 Vac 

LOGIC I - I 

INPUT L __ -=- __ J 

INDICATOR 
LAMP 

100 n 
240 Vac 

+

3
5V 470H _;:~3~: 

56k.._._ _ __,,__.+-----' 

+ 5 v]470r~--~~~o~~ 

56k.._._ ________ ~ 

MR5060 (4) 47 

Use of the MOC3001 for high sensitivity, 7500 V iso
lation capability, provides this highly reliable solid state 
relay design. This design is compatible with 74, 745 and 
74H series T2L logic systems inputs and 240 Vac loads 
up to 10 A. 

Figure 5. 10 A, T2L Compatible, Solid State Relay 

The high surge capability and non-reactive input char
acteristics of the MOC3001 allow it to directly couple, 
without buffers, T2L and DTL logic to indicator and alarm 
devices, without danger of introducing noise and logic 
glitches. 

Figure 6. 25 W Logic Indicator Lamp Driver 

Use of the high voltage PNP portion of the MOC3001 
provides a 400 V transistor capable of conducting positive 
and negative signals with current transfer ratios of over 
1%. This function is useful in remote instrumentation, 
high voltage power supplies and test equipment. Care 
should be taken not to exceed the device 400 mW power 
dissipation rating when used at high voltages. 

Figure 7. 400 V Symmetrical Transistor Coupler 
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Vp T ---- ---- -----,. 

ITP i\ 
-1 Ip r-- dv/dl 

+ 100 Vac 

1000 

Vp = 800 VOLTS 
Ip = 0 010 SECONDS 
I = 25 HERTZ 

EXPONENTIAL 
RAMP GENERATOR 

OSCILLOSCOPE 

TA = 25°C 

Figure 8. Coupled dv/dt - Test Circuit 

OUTLINE DIMENSIONS 

n OPTlONAL u ~FIGURATION 

STYLE 1 

1+1013100051® ITI A® I B® I 

PIN 1 LED ANODE 

CASE 730A-02 
PLASTIC 
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2 LED CATHODE 
3 NC 
4 SCR CATHODE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0 240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
L 762 BSC 0 300 BSC 
M o· 15° o· 15° 
N 254 .l 381 0100 0150 • 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
SCR Output 

These devices consist of gallium arsenide infrared-emitting diodes optically coupled to 
photosensitive silicon controlled rectifiers (SCA). They are designed for applications 
requiring high electrical isolation between low voltage circuitry, like integrated circuits, 
and the ac line. 

• High Blocking Voltage 
MOC3002, 3003 - 250 V for 120 Vac Lines 
MOC3007 - 200 V for 120 Vac Lines 

• Very High Isolation Voltage 
V1so = 7500 Vac (pk) Min 

• Standard 6-Pin DIP 
• UL Recognized, File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/~ 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix 'T' to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

MAXIMUM RATINGS !TA = 25°C unless otherwise noted) 

I Rating I Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 7 Volts 

Forward Current - Continuous IF 60 mA 

LED Power Dissipatron @ TA = 25°C Po 120 mW 
Derate above 25°C 1.41 mW/°C 

OUTPUT DETECTOR 

Peak Forward Voltage MOC3002, 3003 VoM 250 Volts 
MOC3007 200 

Forward RMS Current IT(RMS) 300 mA 
(Full Cycle, 50 to 60 Hz) TA = 25°C 

Peak Nonrepetrtrve Surge Current ITSM 3 A 
(PW = 10 ms, de = 10%) 

Detector Power Dissipatron @ TA = 25°C Po 150 mW 
Derate above 25°C 1.76 mW!°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 1 second Duration) 

Total Device Power Dissipation @TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mW/°C 

Junctron Temperature Range TJ -40 to +100 oc 
Ambient Operatrng Temperature Range TA -55 to + 100 oc 
Storage Temperature Range Tstg -55 to + 150 oc 
Soldering Temperature (10 s) - 260 oc 

(1) Isolation surge voltage 1s an internal device dielectric breakdown rating 
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MOC3002 
MOC3003 
MOC3007 

6-PIN DIP 
OPTOISOLATORS 

SCR OUTPUT 
250 AND 200 VOL TS 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2. LED CATHODE 
3 NC 
4. SCR CATHODE 
5. SCR ANODE 
6. SCR GATE 



MOC3002, MOC3003, MOC3007 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0.05 10 µA 
(VR = 3 V) 

Forward Voltage Vf - 1.2 1.5 Volts 
llF = 10 mA) 

Capacitance CJ - 18 - pF 
(V = 0 V, f = 1 MHz) 

OUTPUT DETECTOR 

Peak Off-State Voltage llDM = 50 µA) MOC3002, 3003 VDM 250 - - Volts 
(RGK = 10 kn, TA= 1oo·c. IDM = 100 µA) MOC3007 200 8 -

Peak Reverse Voltage llRM = 50 µA) MOC3002, 3003 VRM 250 - - Volts 
(RGK = 10 k!l, TA = 1oo·c. IRM = 100 µA) MOC3007 200 - -

On-State Voltage MOC3002, 3003 VTM - 1.1 1.3 Volts 
llTM = 0.3A) MOC3007 - 1.2 1.5 

Off-State Current IDM µA 
(VDM = 250 v. RGK = 10 kn. TA = 100°C) MOC3002, 3003 - - 50 
(VDM = 200 v. RGK = 10 kn. TA = 100°C) MOC3007 - - 100 

Reverse Current IRM µA 
(VRM = 250 v. RGK = 10 kn. TA= 100°C) MOC3002, 3003 - - 50 
(VRM = 200 v. RGK = 10 kn. TA = 100°C) MOC3007 - - 100 

Capacitance (V = 0 V, f = 1 MHz) CJ pF 
Anode-Gate - 20 -
Gate-Cathode - 350 -

COUPLED 

LED Current Required to Trigger IFT mA 
(VAK = 50 V, RGK = 10 kn) MOC3002 - 15 30 

MOC3003 - 10 20 
MOC3007 - 20 40 

(VAK = 100 V, RGK = 27 kn) MOC3002 - 8 14 
MOC3003 - 6 11 
MOC3007 - 12 22 

Isolation Resistance Riso 100 - - Gn 
(V10 = 500 Vdc) 

Capacitance Input to Output c1so - 0.2 2 pF • (V10 = 0, f = 1 MHz) 

Coupled dv/dt, Input to Output dv/dt - 500 - Volts/µs 
(RGK = 10 k!l) 

Isolation Surge Voltage V1so 7500 - - Vac (pk) 
(Peak ac Voltage, 60 Hz, 1 Second Duration) 
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MOC3002, MOC3003, MOC3007 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Figure 1. LED Forward Voltage versus 
Forward Current 
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OUTLINE DIMENSIONS 

LEAD 
CONllGUfl.lllON ~ 
OPTIONAL 

1+1013100051® lrl A® I e® I 
CASE 730A-02 

PLASTIC 

6-76 

STYLE7 
PIN 1 LED ANODE 

2 LED CATHODE 
3 NC 
4 SCA CA THODE 
5 SCA ANODE 
6 SCA GATE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILUMmRS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC O 100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
L 762 BSC 0 300 BSC 
M o· 15° o· J_ 15· 
N 254 381 0100 j 0150 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Triac Driver Output 

These devices consist of gallium-arsenide infrared emitting diodes, optically coupled 
to silicon bilateral switch and are designed for applications requiring isolated triac trig
gering, low-current isolated ac switching, high electrical isolation (to 7500 V peak), high 
detector standoff voltage, small size, and low cost. 

• UL Recognized File Number 54915 % 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/~ 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T'' to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

MAXIMUM RATINGS !TA = 25°C unless otherwise noted) 

I Rating I Symbol Value Unit 

INFRARED EMITTING DIODE 

Reverse Voltage VR 3 Volts 

Forward Current - Continuous IF 60 mA 

Total Power Dissipation @ TA = 25°C Po 100 mW 
Negligible Power in Transistor 
Derate above 25°C 1.33 mW/°C 

. OUTPUT DRIVER 

Off-State Output Terminal Voltage Vo RM 250 Volts 

Peak Repetitive Surge Current ITSM 1 A 
(PW = 1 ms, 120 pps) 

Total Power Dissipation @ TA = 25°C Po 300 mW 
Derate above 25°C 4 mW/°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 5 Second Duration) 

Total Power Dissipation @ TA = 25°C Po 330 mW 
Derate above 25°C 44 mW/°C 

Junction Temperature Range TJ -40 to + 100 oc 
Ambient Operating Temperature Range TA -40 to +85 oc 
Storage Temperature Range Tstg -40 to + 150 oc 
Soldering Temperature (10 s) - 260 oc 

(1) Isolation surge voltage, V1so. 1s an internal device dielectric breakdown rating 
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MOC3009 
MOC3010 
MOC3011 
MOC3012 

6-PIN DIP 
OPTOISOLATORS 

TRIAC DRIVER OUTPUT 
250 VOLTS 

CASE 730A·02 
PLASTIC 

COUPLER SCHEMATIC 

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 (TA = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0 05 100 µ.A 
(VR = 3 V) 

Forward Voltage VF - 1.15 1.5 Volts 
OF= 10 mA) 

OUTPUT DETECTOR (IF = 0 unless otherwise noted) 

Peak Blocking Current, Either Direction IDRM - 10 100 nA 
(Rated VDRM· Note 1) 

Peak On-State Voltage, Either D1rect1on VTM - 1.8 3 Volts 
0TM = 100 mA Peak) 

Critical Rate of Rise of Off-State Voltage (Figure 7, Note 2) dv/dt - 10 - V/µ.s 

COUPLED 

LED Trigger Current, Current Required to Latch Output IFT mA 
(Main Terminal Voltage = 3 V, Note 3) MOC3009 - 15 30 

MOC3010 - 8 15 
MOC3011 - 5 10 
MOC3012 - 3 5 

Holding Current, Either D1rect1on IH - 100 - µ.A 

r-..lotes: 1 Test voltage must be applied within dv/dt rating 
2. This 1s static dv/dt See Figure 7 for test c1rcu1t. Commutating dvidt 1s a function of the load-driving thyristor(s) only 
3 All devices are guaranteed to trigger at an IF value less than or equal to max IFT Therefore, recommended operating IF hes 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 
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Figure 1. LED Forward Voltage versus Forward Current 
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MOC3009, MOC3010, MOC3011, MOC3012 
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Figure 6. dv/dt versus Load Resistance 

100 

1 The mercury wetted relay provides a high speed repeated pulse to 
the DU T 
100x scope probes are used, to allow high speeds and voltages 
The worst-case cond1t1on for static dv/dt 1s established by triggering 
the DU T with a normal LED input current, then removing the 
current The variable RTEST allows the dv/dt to be gradually 
increased until the DU T continues to trigger 1n response to the 
applied voltage pulse, even after the LED current has been removed. 
The dv/dt 1s then decreased until the DU T. stops triggering TRC 1s 
measured at this point and recorded 

Vmax = 250 V 

dv/dt = 0 63 Vmax = ~ 
7RC 7RC 

Figure 7. Static dv/dt Test Circuit 
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MOC3009, MOC3010, MOC3011, MOC3012 

TYPICAL APPLICATION CIRCUITS 

Note. This opto1solator should not be used to drive a load directly. It is 
intended to be a trigger device only. Add1t1onal information on 
the use of the MOC3009/3010/3011/3012 1s available in 

Application Note AN-780A. 

MOC3009 
MOC3010 
MOC3011 
MOC3012 

--0 

120V 
60 Hz 

MOC3009 
MOC3010 
MOC3011 
MOC3012 

180 

01 µF Cl 

24k 120V 
60 Hz 

Figure 8. Resistive Load Figure 9. Inductive Load with Sensitive Gate Triac 
llGT,;; 15 mA) 

MOC3009 
MOC3010 
MOC3011 
MOC3012 

120V 
60Hz 

Figure 1 O. Inductive Load with Non-Sensitive Gate Triac 
(15 mA < IGT < 50 mA) 

OUTLINE DIMENSIONS 

STYLE 6 

LEAD 
CONFIGURATION ~ 
omc>NAL PIN 1 ANODE 

2 CATHODE 
3 NC 
4 MAIN TERMINAL 
5 SUBSTRATE 

1+1013100051® ITIA®le®I CASE 730A-02 
PLASTIC 

6-80 

6 MAIN TERMINAL 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILUMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 506 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 J_ 2 54 0015 0100 
l 762 BSC 0 300 BSC 
M o· 15° o• 15° 
N 254 381 0100 0150 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Triac Driver Output 

These devices consist of gallium-arsenide infrared emitting diodes, optically coupled 
to a silicon bilateral switch. 

They are designed for applications requiring isolated triac triggering. 

• UL Recognized File Number E54915 % 
• Output Driver Designed for 240 Vac Line 
• V1so Isolation Voltage of 7500 V Peak 
• Similar to MOC3010 and MOC3011 
• Standard 6-PIN Plastic DIP 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/ * 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T' to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol Value Unit 

INFRARED EMITTING DIODE 

Reverse Voltage VR 3 Volts 

Forward Current - Continuous IF 60 mA 

Total Power D1ss1pat1on (<1 TA = 25°C Po 100 mW 
Negligible Power in Triac Driver 
Derate above 25°C 1.33 mW/°C 

OUTPUT DRIVER 

Off-State Output Terminal Voltage Vo RM 400 Volts 

Peak Repet1t1ve Surge Current ITSM 1 A 
(PW = 1 ms, 120 pps) 

Total Power D1ss1pat1on (<1 TA = 25°C Po 300 mW 
Derate above 25°C 4 mWl°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 5 Second Duration) 

Total Power D1ss1pat1on (<1 TA = 25°C Po 330 mW 
Derate above 25°C 44 mWl°C 

Junction Temperature Range TJ -40 to + 100 oc 
Ambient Operating Temperature Range TA -40 to +85 oc 

Storage Temperature Range Tstg -40 to + 150 oc 
Soldering Temperature (10 s) - 260 oc 

(1) Isolation surge voltage, V150. 1s an internal device d1electric breakdown rating 
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MOC3020 
MOC3021 
MOC3022 
MOC3023 

6-PIN DIP 
OPTOISOLATORS 

TRIAC DRIVER OUTPUT 

CASE 730A-02 
PLASTIC 

COUPLER SCHEMATIC 

1 ANODE 
2 CATHODE 
3 NC 
4 MAIN TERMINAL 
5 SUBSTRATE 

DO NOT CONNECT 
6 MAIN TERMINAL 

• 



• 

MOC3020, MOC3021, MOC3022, MOC3023 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0.05 100 µA 
IVR = 3 V) 

Forward Voltage VF - 1.15 1.5 Volts 
OF= 10 mA) 

OUTPUT DETECTOR OF = 0 unless otherwise noted) 

Peak Blocking Current, Either D1rect1on IDRM - 10 100 nA 
(Rated VDRM· Note 1) 

Peak On-State Voltage, Either Direction VTM - 1.8 3 Volts 
OTM = 100 mA Peak) 

Critical Rate of Rise of Off-State Voltage (Figure 7, Note 2) dv/dt - 10 - V/µs 

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 D1rect1on IH - 100 - µA 

Notes Test voltage must be applied within dv/dt rating 
This 1s static dv/dt See Figure 7 for test c1rcu1t Commutating dv/dt 1s a function of the load-driving thyristor(s) only. 
All devices are guaranteed to trigger at an IF value less than or equal to max IFT Therefore. recommended operating IF lies between max 
IFT (30 mA for MOC3020, 15 mA for MOC3021, 10 mA for MOC3022, 5 mA for MOC3023) and absolute max IF (60 mA) 

TYPICAL ELECTRICAL CHARACTERISTICS 

TA = 25°C 
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Figure 1. LED Forward Voltage versus Forward Current Figure 2. On-State Characteristics 
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MOC3020, MOC3021, MOC3022, MOC3023 
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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 DU T 
100x scope probes are used, to allow high speeds and voltages 
The worst-case cond1t1on for static dv/dt 1s established by triggering 
the D UT with a normal LED input current, then removing the 
current The variable RTEST allows :he 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 1s then decreased until the D UT stops triggering TRC 1s 
measured at this point and recorded 

Vmax = 400 V 

dvldt = 0 63 V max = 252 
7RC 7RC 

Figure 7. Static dv/dt Test Circuit 

6-83 

• 



• 

MOC3020, MOC3021, MOC3022, MOC3023 

Rm 360 470 
Vee MOC 

3020/ 
3021/ 0.05 µ.F 
3022/ 
3023 

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

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

Additional information on the use of optically coupled tnac drivers is 
available in Application Note AN-780A 

The 39 ohm resistor and 0.01 µF capacitor are for snub
bing of the traic, and the 470 ohm resistor and 0.05 µF 
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 

OUTLINE DIMENSIONS 

LEAD 
CONFIGURATION ~ 
OPTlONAL 

ltlo131ooos1® IT I A® I e® I CASE 730A-02 
PLASTIC 
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STYLE6 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4 MAIN TERMINAL 
5 SUBSTRATE 
6 MAIN TERMINAL 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
l 762 BSC 0300 BSC 
M o• 15' 0° r 15' 
N 254 381 0100T 0150 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Triac Driver Output 

These 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. 

• Simplifies Logic Control of 115 Vac Power 
• Zero Voltage Crossing 
• High Breakdown Voltage: VDRM = 250 V Mm 
• High Isolation Voltage: V1so = 7500 V Guaranteed 
• Small, Economical, 6-Pin DIP Package 
• dv/dt of 2000 V!µs Typ, 1000 V!µs Guaranteed 
• UL Recognized, File No. E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, 
covering all other standards with equal or less stringent requirements, including~ 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

/ Rating / Symbol Value Unit 

INFRARED LED 

Reverse Voltage VR 3 Volts 

Forward Current - Continuous If 60 mA 

Total Power D1ss1pat1on (a TA = 25°C Po 120 mW 
Negl1g1ble Power in Output Driver 
Derate above 25°C 1.41 mW/°C 

OUTPUT DRIVER 

Off-State Output Terminal Voltage Vo RM 250 Volts 

Peak Repet1t1ve Surge Current ITSM 1 A 
(PW = 100 µ.s, 120 pps) 

Total Power D1ss1pation @ TA = 25°C Po 150 mW 
Derate above 25°C 1.76 mW/°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 1 Second Duration) 

Total Power Dissipation@ TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mW/°C 

Junction Temperature Range TJ -40 to +100 oc 
Ambient Operating Temperature Range TA -40 to +85 oc 
Storage Temperature Range Tstg -40 to + 150 oc 
Soldering Temperature (10 s) - 260 oc 
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MOC3031 
MOC3032 
MOC3033 

6-PIN DIP 
OPTOISOLATORS 

TRIAC DRIVER OUTPUT 
115 VOLTS AC (RMS) 

CASE 730A-02 
PLASTIC 

COUPLER SCHEMATIC 

3 

1 ANODE 
2. CATHODE 
3 NC 
4. MAIN TERMINAL 
5. SUBSTRATE 

DO NOT CONNECT 
6 MAIN TERMINAL 
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MOC3031, MOC3032, MOC3033 

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

J Characteristic J Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0.05 100 µA 
(VR = 3 V) 

Forward Voltage VF - 1.3 1.5 Volts 
OF= 30 mA) 

OUTPUT DETECTOR OF = 0 unless otherwise noted) 

Leakage with LED Off, Either Direction IDRM1 - 10 100 nA 
(Rated VDRM· Note 1) 

Peak On-State Voltage, Either Direction VTM - 1.8 3 Volts 
0TM = 100 mA Peak) 

Critical Rate of Rise of Off-State Voltage dv/dt 1000 2000 - V/µs 

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 D1rect1on IH - 100 - µA 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 - - Vac(pk) 

ZERO CROSSING 

Inhibit Voltage V1H - 5 20 Volts 
(IF = Rated IFT, MT1-MT2 Voltage above which device will 
not trigger.) 

Leakage in Inhibited State IDRM2 - - 500 µA 
OF = Rated IFT, Rated VDRM· 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 IFT· Therefore, recommended operating IF lies between max 

IFT (15 mA for MOC3031, 10 mA for MOC3032, 5 mA for MOC3033) and absolute max IF (60 mA) . 
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~ -400 
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-800 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Figure 1. On-State Characteristics 
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MOC3031, MOC3032, MOC3033 
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Figure 6. LED Current Required to Trigger 
versus LED Pulse Width 

100 

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 cond1t1on for static dv/dt 1s 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 1s then decreased until the DU T. stops triggering. TRC 1s 
measured at this point and recorded. 

APPLIED VOLTAGE 
-----Vmax = 250V 

WAVEFORM-- 158 V 

ovom---~-;;;;---------- dv/dt = 063 Vmax = ~ 
TAC TAC 

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

MOC3031/ 
303213033 

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 O.Q1 
µF capacitor are for snubbing of the triac and may or may 
not be necessary depending upon the particular triac and 
load used. 

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

MOC3031/ 
303213033 

RI 

Figure 8. Hot-Line Switching Application Circuit 

....-~ ...... ~--<11>--~~~~ ....... ~~~-,-,5~VA~ 
01 

27* 

SCR 
SCR 

R2 

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

Figure 9. Inverse-Parallel SCR Driver Circuit 

OUTLINE DIMENSIONS 

STYLES 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4 MAIN TERMINAL 
5 SUBSTRATE 
6 MAIN TERMINAL 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH. 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 1.77 0040 0070 
G 254BSC 0100BSC 
J 021 030 oooe _L 0012 
K 038 254 0015 0100 
L 762 BSC 0300 BSC 

1+1013(0005)@ 111 A® I B® I CASE 730A-02 

PLASTIC 

M 
N 

()" 

254 
1s0 ()" 15° 
381 0100_10150 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Triac Driver Output 

These 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 240 Vac Imes, such as solid-state relays, industrial controls, motors, sole
noids and consumer appliances, etc. 

• Simplifies Logic Control of 240 Vac Power 
• Zero Voltage Crossing 
• High Breakdown Voltage: VDRM = 400 V Min 
• High Isolation Voltage: V1so = 7500 V Guaranteed 
• Small, Economical, 6-Pin DIP Package 
• dv/dt of 2000 V/µs Typ, 1000 V/µs Guaranteed 
• UL Recognized, File No. E54915 9') 
• VDE approved per standard 0883/6.80 (Certificate number 41853). with add1t1onal 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE011 Ob, 

~~;;~~i~~o~%~rJ~~~~~~~sV~~~8~~~~Do~~:~;,s;~~~gent requirements, including@)883 

• Special lead form available (add suffix "T' to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol 

INFRARED EMITTING DIODE 

Reverse Voltage VR 

Forward Current - Continuous IF 

Total Power D1ss1pat1on (li TA = 25°C Po 
Negl1g1ble Power in Output Driver 
Derate above 25°C 

OUTPUT DRIVER 

Off-State Output Terminal Voltage VDRM 

Peak Repet1t1ve Surge Current ITSM 
(PW = 100 µ.s, 120 pps) 

Total Power D1ss1pat1on (li TA = 25°C Po 
Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 Second Duration) 

Total Power D1ss1pat1on (a TA = 25°C Po 
Derate above 25°C 

Junction Temperature Range TJ 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 s) -

(1) Isolation surge voltage, V1so. 1s an internal device dielectric breakdown rating 
For th1_s test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common 

6-89 

Value Unit 

6 Volts 

60 mA 

120 mW 

1 41 mWl°C 

400 Volts 

1 A 

150 mW 
1 76 mWl°C 

7500 Vac 

250 mW 
2 94 mWl°C 

-40 to + 100 oc 
-40 to +85 oc 
-40 to + 150 oc 

260 oc 

MOC3041 
MOC3042 
MOC3043 

6-PIN DIP 
OPTOISOLATORS 

TRIAC DRIVER OUTPUT 
400 VOLTS 

CASE 730A-02 
PLASTIC 

COUPLER SCHEMATIC 

1. ANODE 
2. CATHODE 
3 NC 
4. MAIN TERMINAL 
5. SUBSTRATE 

DO NOT CONNECT 
6 MAIN TERMINAL 
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MOC3041, MOC3042, MOC3043 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0.05 100 µA 
(VR = 6 V) 

Forward Voltage VF - 1.3 1.5 Volts 
llF = 30 mA) 

OUTPUT DETECTOR llF = 0 unless otherwise noted) 

Leakage with LED Off, Either Direction IDRM1 - 2 100 nA 
(Rated VDRM· Note 1) 

Peak On-State Voltage, Either Direction VTM - 1.8 3 Volts 
llTM = 100 mA Peak) 

Critical Rate of Rise of Off-State Voltage (Note 3) dv/dt 1000 2000 - V/µ,s 

COUPLED 

LED Trigger Current, Current Required to Latch Output IFT mA 
(Main Terminal Voltage = 3 V, Note 2) MOC3041 - - 15 

MOC3042 - - 10 
MOC3043 - - 5 

Holding Current, Either Direction IH - 100 - µA 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 - - Vac(pk) 

ZERO CROSSING 

Inhibit Voltage V1H - 5 20 Volts 
llF = Rated IFT, MT1-MT2 Voltage above which device will 
not trigger.) 

Leakage in Inhibited State IDRM2 - - 500 µA 
llF = Rated IFT, Rated VDRM· 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 IFT· Therefore, recommended operating IF hes between max 

IFT (15 mA for MOC3041, 10 mA for MOC3042, 5 mA for MOC3043) and absolute max IF (60 mA). 
3. This 1s static dv/dt. See Figure 7 for test circuit. Commutating dv/dt 1s a function of the load-driving thyristor(s) only 
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~ +400 

~ +200 
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!;;: 
!ii -200 
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0 -400 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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1
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Figure 1. On-State Characteristics 
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Figure 2. Trigger Current versus Temperature 



MOC3041, MOC3042, MOC3043 
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Figure 3. IDRM1• Peak Blocking Current 
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Figure 5. Trigger Current versus Temperature 
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Figure 4. IDRM2· Leakage in Inhibit State 
versus Temperature 
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PWm, LED TRIGGER PULSE WIDTH il!sl 

Figure 6. LED Current Required to Trigger 
versus LED Pulse Width 

100 

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 cond1t1on for static dv/dt 1s 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 1n response to the 
applied voltage pulse, even after the LED current has been removed 
The dv/dt 1s then decreased until the D.U.T stops triggering. TRC is 
measured at this point and recorded. 

APPLIED VOLTAGE 
----- Vmax = 400 V 

WAVEFORM-- 252 V 

OVOLTS- -- ~-,;;~--- - -- - -- -

dv/dt = 0 63 V max = 252 
7RC 7RC 

Figure 7. Static dv/dt Test Circuit 

6-91 

• 



• 

MOC3041, MOC3042, MOC3043 

27* 
l---'\.fVV-.--.-----0 HOT 

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. 

MOC3041/ 
3042/ 
3043 

240 Vac 

NEUTRAL 

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

Rin 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 
µF capacitor are for snubbing of the triac and may or may 
not be necessary depending upon the particular triac and 
load used. 

MOC3041/ 
3042/ 
3043 

Rl 

Figure 8. Hot-Line Switching Application Circuit 

.-~-.~~ .... ~~~~~..-~~~~24-0~ 
Dl 

27* 

SCR 

D2 
R2 

SCR 

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

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

Note. This opto1solator should not be used to drive a load directly It 1s 
intended to be a trigger device only. 

Figure 9. Inverse-Parallel SCR Driver Circuit 

OUTLINE DIMENSIONS 

LEAD 
CONFIGURATION ~ 
OPTlONAL STYLE 6 

PIN 1 ANODE 
2 CATHODE 
3 NC 
4 MAIN TERMINAL 
5 SUBSTRATE 
6 MAIN TERMINAL 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMITTRS INCHES 
DtM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254BSC 0100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
L 762BSC 0300 BSC 

l+l0131ooos1® ITIA@le@I CASE 730A-02 

PLASTIC 

M 
N 

O' 
254 

15° O' 15° 
381 0100_1 0150 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Triac Driver Output 

These 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 tnac 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. 

• Simplifies Logic Control of 240 Vac Power 
• Zero Voltage Crossing 
• High Breakdown Voltage: VDRM = 600 V Min 
• High Isolation Voltage: V1so = 7500 V Mm 
• Small, Economical, 6-Pin DIP Package 
• Same Pm Configuration as MOC3041 Series 
• UL Recognized, File No. E54915 % 
• dv/dt of 1500 V/µs Typ, 600 V/µs Guaranteed 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380/VDE0806, IEC435NDE0805, IEC65/VDE0860, VDE011 Ob, 
covering all other standards with equal or less stringent requirements, including ~ 
IEC204/VDE0113, VDE0160, VDE0832, VDE0833, etc ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Vanous lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details 

MAXIMUM RATINGS 

Rating Symbol 

INFRARED EMITTING DIODE 

Reverse Voltage VR 

Forward Current - Continuous If 

Total Power D1ss1pat1on (<1 TA = 25°C Po 
Negl1g1ble Power 1n Output Driver 
Derate above 25°C 

OUTPUT DRIVER 

Off-State Output Terminal Voltage VDRM 

Peak Repet1t1ve Surge Current ITsM 
(PW = 100 µs, 120 pps) 

Total Power D1ss1pat1on (<1 TA = 25°C Po 
Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 Second Duration) 

Total Power D1ss1pat1on (w TA = 25°C Po 
Derate above 25°C 

Junction Temperature Range TJ 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 s) -
(1) Isolation surge voltage, V1so. 1s an internal device dielectric breakdown rating 
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 
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Value Unit 

6 Volts 

60 mA 

120 mW 

1 41 mW/°C 

600 Volts 

1 A 

150 mW 
1.76 mW/°C 

7500 Vac 

250 mW 
2.94 mW/°C 

-40 to + 100 oc 
-40 to +85 oc 
-40 to + 150 oc 

260 oc 

MOC3061 
MOC3062 
MOC3063 

6-PIN DIP 
OPTOISOLATORS 

TRIAC DRIVER OUTPUT 
600 VOLTS 

CASE 730A-02 
PLASTIC 

COUPLER SCHEMATIC 

1 ANODE 
2. CATHODE 
3 NC 
4. MAIN TERMINAL 
5. SUBSTRATE 

DO NOT CONNECT 
6. MAIN TERMINAL 
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MOC3061, MOC3062, MOC3063 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0.05 100 µ,A 
(VR = 6 V) 

Forward Voltage VF - 1.3 1.5 Volts 
llF = 30 mA) 

OUTPUT DETECTOR OF = O) 

Leakage with LED Off, Either Direction loRM1 - 60 500 nA 
(Rated VoRM· Note 1) 

Critical Rate of Rise of Off-State Voltage (Note 3) dv/dt 600 1500 - V/µ,s 

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 D1rect1on VTM - 1.8 3 Volts 
llTM = 100 mA, IF = Rated IFT) 

Holding Current, Either Direction IH - 100 - µ,A 

Inhibit Voltage (MT1-MT2 Voltage above which device will not V1NH - 5 20 Volts 
trigger.) 

(IF = Rated IFT) 

Leakage in Inhibited State loRM2 - - 500 µ,A 
llF = Rated IFT, Rated VDRM· Off State) 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 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 IF hes between max 

IFT (15 mA for MOC3061, 10 mA for MOC3062, 5 mA for MOC3063) and absolute max IF (60 mA) 
3 This 1s static dv/dt See Figure 7 for test c1rcu1t. Commutating dv/dt 1s a fun·ct1on of the load-droving thynstor(s) only 
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Figure 1. On-State Characteristics 
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MOC3061, MOC3062, MOC3063 
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Figure 3. Leakage with LED Off 
versus Temperature 
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Figure 5. Trigger Current versus Temperature 
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II 
MERCURY 
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RELAY 

CTEST 

APPLIED VOLTAGE 
WAVEFORM-- 252 V 

OVOLTS--- ~-;;.;------ - -- -

R = 10 kn 

X100 
SCOPE 
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Figure 4. IDRM2· Leakage in Inhibit State 
versus Temperature 

10 20 50 
PWin. LED TRIGGER PULSE WIDTH (µs) 

Figure 6. LED Current Required to Trigger 
versus LED Pulse Width 

100 

1 The mercury wetted relay provides a high speed repeated pulse to 
the DU T 
1 OOx scope probes are used, to allow high speeds and voltages 
The worst-case cond1t1on for static dv/dt 1s established by triggering 
the DU 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 UT continues to trigger in response to the 
applied voltage pulse, even after the LED current has been removed 
The dv/dt 1s then decreased until the D UT stops triggering TRC 1s 
measured at this point and recorded 

Vmax = 400 V 

dv/dt = 0 63 Vmax = 378 
7RC 7RC 

Figure 7. Static dv/dt Test Circuit 
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MOC3061, MOC3062, MOC3063 

Vee 

MOe3061·63 

27* 
1---JVVV--.~--..>--~~--uHOT 

240 Vac 

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, 15 mA for the MOC3061, 10 mA for the 
MOC3062, and 5 mA for the MOC3063. The 39 ohm resis
tor and 0.01 µF 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 

..-~ ...... ~--<11~~~~~.....,~~~~2~40V~ 
R1 Dl 

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

MOe3061-63 
SCR 

27* 

R2 

SeR *For highly inductive loads (power factor < 0 5), change this value to 
360 ohms 

Note. This opto1solator should not be used to drive a load directly It 1s 
intended to be a trigger device only 

Figure 9. Inverse-Parallel SCR Driver Circuit 

OUTLINE DIMENSIONS 

LEAD 
CONFIGURATlON ~ 
OPTIONAL 

STYLE 6 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4 MAIN TERMINAL 
5 SUBSTRATE 
6 MAIN TERMINAL 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0 240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
L 7 62 BSC 0300 BSC 

1+1013100051® ITI A® I B® I 
M o· 15° o• 15° 
N 2 54 381 0100J_0150 

CASE '130A-02 
PLASTIC 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Triac Driver Output 

These devices consist of gallium arsenide infrared emitting diodes optically coupled to 
monol1th1c s1l1con 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 

• S1mpl1fies Logic Control of 240 Vac Power 
• Zero Voltage Crossing 
• High Breakdown Voltage· VDRM = 800 V Min 

MOC3081 
MOC3082 
MOC3083 

OPTOISOLATORS 
ZERO CROSSING 
TRIAC DRIVERS 

800 VOLTS 

• High Isolation Voltage· V1so = 7500 V Min 
• Small, Economical, 6-Pin DIP Package ~-8 --
• Same Pin Conf1gurat1on as MOC3031,3041 13061 Series ~ 
• UL Recognized, File No. E54915 6 U 
• dv/dt of 1500 V/µ.s Typ, 600 V/µ.s Guaranteed L 1 

• VDE approved per standard 0883/6 80 (Cert1f1cate number 41853), with add1t1onal 
approval to DIN IEC380/VDE0806, IEC435 VDE0805, IEC65 VDE0860, VDE110b, 
covering all other standards with equal or less stringent requirements, including,&.,_ CASE 730A-02 
IEC204/VDE0113, VDE0160, VDE0832, VDE0833, etc. @

883 
PLASTIC 

• Special lead form available (add suffix "T" to part number) which sat1sf1es VDE0883 ________ _____, 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads 

• Vanous lead form options available. Consult "Opto1solator Lead Form Options" data 
sheet for details 

MAXIMUM RATINGS 

Rating I Symbol I 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

Total Power D1ss1pat1on 111 TA 25 c Po 
Negl1g1ble Power in Output Driver 
Derate above 25°C 

OUTPUT DRIVER 

Off-State Output Terminal Voltage Vo RM 

Peak Repet1t1ve Surge Current ITsM 
(PW = 100 µ.s, 120 pps) 

Total Power D1ss1pat1on 111 TA -- 25-c Po 
Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 Second Duration) 

Total Power D1ss1pat1on (11 TA = 25°C Po 
Derate above 25°C 

(1) Isolation surge voltage, V1so. 1s an internal device dielectric breakdown rating 
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common 

6-97 

Value Unit 

6 Volts 

60 mA 

120 mW 

1 41 mw-c 

800 Volts 

1 A 

150 mW 
1 76 mW"C 

7500 Vac 

250 mW 
2 94 mW/°C 

(continued) 

COUPLER SCHEMATIC 

1.ANODE 
2 CATHODE 
3. NC 
4 MAIN TERMINAL 
5 SUBSTRATE 

DO NOT CONNECT 
6 MAIN TERMINAL 

• 
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MOC3081, MOC3082, MOC3083 
I 

MAXIMUM RATINGS - continued 

Rating 

TOTAL DEVICE - continued 

Junction Temperature Range 

Ambient Operating Temperature Range 

Storage Temperature Range 

Soldering Temperature (10 s) 

Symbol Value Unit 

TJ -40 to + 100 oc 

TA -40 to +85 oc 

Tstg -40 to + 150 oc 

- 260 oc 

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

Characteristic Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current (VR = 6 V) IR 0.05 100 µA 

Forward Voltage OF = 30 mA) VF 1.3 1.5 Volts 

OUTPUT DETECTOR !IF = 0) 

Leakage with LED Off, Either D1rect1on (VDRM = 800 V, Note 1) IDRM1 80 500 nA 

Critical Rate of Rise of Off-State Voltage (Note 3) dv/dt 600 1500 V/µs 

COUPLED 

LED Trigger Current, Current Required to Latch Output IFT mA 
(Ma•n Terminal Voltage = 3 V, Note 2) MOC3081 - - 15 

MOC3082 - - 10 
MOC3083 - - 5 

Peak On-State Voltage, Either D1rect1on VrM - 1.8 3 Volts 
!ITM = 100 mA, IF = Rated IFT) 

Holding Current, Either D1rect1on IH - 100 - µA 

lnh1b1t Voltage (MT1-MT2 Voltage above which device will not V1NH - 5 20 Volts 
trigger) 

(IF = Rated IFT) 

Leakage in lnh1b1ted State IDRM2 - 300 500 µA 
(IF = Rated IFT, VDRM = 800 V, Off State) 

Notes Test voltage must be applied within dvldt rating 
All devices are guaranteed to trigger at an IF value less than or equal to max IFT Therefore, recommended operating IF lies between max 
In (15 mA for MOC3081, 10 mA for MOC3082, 5 mA for MOC3083) and absolute max IF (60 mA) 

+ 800 

~ +600 
.E 
,_ + 400 

~ +200 
i3 
w 

§ -200 

~ - 400 

i -600 

-800 

This 1s static dvidt See Figure 7 for test c1rcu1t Commutating dvldt 1s a function of the load-driving thyristor(s) only 

TYPICAL CHARACTERISTICS 

1--
1
ouTPJT PuLiE WID)H -- 80[ µs 

IF= 30mA1 + 
t-- f = 60 Hz - - I --+- --f--
f--- TA = 25 C --t- [Z 

/1 
v 

/ 

~ 
-4 -3 -2 -1 1 

VTM· ON-STATE VOLTAGE IVOLTSI 

Figure 1. On-State Characteristics 

~ 
1 
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1 3 i----t--t--+--t-+---t--+--+-----+ TA = 25oc t-
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~z- 091----t---,f---t---i~+--+~+i---~+t"---J-rt--~F""--..j;;;::-t~-+--1 
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0 ~~40-~-~2~0~~~0~~~20~~-4~0-~~6~0~~~80,....--~~100 
TA, AMBIENT TEMPERATURE (°C) 

Figure 2. Inhibit Voltage versus Temperature 
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MOC3081, MOC3082, MOC3083 

500...-~~~-.--~-.--~-.--~-.--~-.--~-.--~-.--~l-.-----. 

- 40 - 20 0 20 40 60 80 100 
TA, AMBIENT TEMPERATURE I Ci 

Figure 3. Leakage with LED Off 
versus Temperature 

I 

15 1---+--+---+---<~+--+---+---+- ~OR~ALIZ~D Tb ~ 
1 4 

.:sJ 
TA= 25QC ~ 

~ 1 3 r"1 
~ 1 2 

~ ~ 11 
~ 1 
t: 0 9 
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Figure 5. Trigger Current versus Temperature 
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RELAY 
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CTEST 
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XlOO 
SCOPE 
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IF = RATED IFT -+---< 
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- 40 - 20 20 40 60 80 100 
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Figure 4. IDRM2· Leakage in Inhibit State 
versus Temperature 
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Figure 6. LED Current Required to Trigger 
versus LED Pulse Width 

100 

1 The mercury wetted relay provides a high speed repeated pulse to 
the DU T 
100x scope probes are used, to allow high speeds and voltages 
The worst-case cond1t1on for static dvidt 1s established by triggering 
the DU 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 dv1dt 1s then decreased untll the DU T stops triggering TRC 1s 
measured at this point and recorded 

Vmax ~ 400 V 

dv dt = 0 63 V max = 504 
7RC 7RC 

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

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. 

*For highly inductive loads (power factor < 0 5), change this value to 
360 ohms 

Rin is calculated so that IF is equal to the rated IFT of 
the part, 15 mA for the MOC3081, 10 mA for the 
MOC3082, and 5 mA for the MOC3083. The 39 ohm resis
tor and 0.01 µF capacitor are for snubbing of the triac 
and may or may not be necessary depending upon the 
particular triac and load used. 

Vee 

R1 01 

MOC3081-83 

Figure 8. Hot-Line Switching Application Circuit 

27* 

SCR 

SCR 

02 
R2 

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

*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 1s 
intended to be a trigger device only 

Figure 9. Inverse-Parallel SCR Driver Circuit 

OUTLINE DIMENSIONS 

LEAD 
CONFIGURATION ~ 
OPTIONAL 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

STYLE 6 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4 MAIN TERMINAL 
5 SUBSTRATE 
6 MAIN TERMINAL 

OIM 
A 
8 
c 
0 
E 
G 
J 
K 
L 
M 
N 

CASE 73DA-02 
PLASTIC 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
813 889 0320 0350 
610 660 0240 0260 
293 508 0115 0200 
041 050 0016 0020 
102 177 0040 0070 

2 54 SSC 0100 SSC 
021 030 0008 0012 
038 254 0015 0100 

7 62 BSC 0300 BSC 
O' 15' O' 15' 

254 381 0100J 0150 

l-tlo13100051@ ITIA@ls@I 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Logic Output 

... 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 compat1b1lity such as interfacing com
puter terminals to peripheral equipment, digital control of power supplies, motors and 
other servo machine applications. 

• High Isolation Voltage - V1so = 7500 Vac(pk) Min 
• Guaranteed Switching Times - ton• t0 tt < 4 µs 
• Built-In ON/OFF Threshold Hysteresis 
• Economical, Standard Dual-In-Line Plastic Package 
• UL Recognized, File No. E54915 

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

I Rating Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 
Peak 

Pulse Width = 300 µ.s, 2% Duty Cycle 

LED Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

OUTPUT DETECTOR 

Output Voltage Range Vo 

Supply Voltage Range Vee 

Output Current lo 

Detector Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

TOTAL DEVICE 

Total Device Power D1ssipat1on @ TA = 25°C Po 
Derate above 25°C 

Maximum Operating Temperature TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 s) 

Isolation Surge Voltage (Pk ac Voltage, 60 Hz, 1 Second Duration) (1) v1so 

(1) Isolation surge voltage 1s an internal device dielectric breakdown rating. 
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MOC5007 
MOC5008 
MOC5009 

6-PIN DIP 
OPTOISOLATORS 
LOGIC OUTPUT 

CASE 730A·02 
PLASTIC 

Value Unit 

6 Volts 

60 mA 
1.2 Amp 

120 mW 
1.41 mWl°C 

0-16 Volts 

3-16 Volts 

50 mA 

150 mW 
1.76 mW!°C 

250 mW 
2.94 mWl°C 

-40 to +85 oc 
-55 to +150 oc 

260 oc 
7500 Volts 

II 
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MOC5007, MOC5008, MOC5009 

ELECTRICAL CHARACTERISTICS (TA = o to 70°C) 

I Characteristic Symbol Min Typ 

INPUT LED 

Reverse Leakage Current (VA = 3 V, AL = 1 Mn) IA - 0.05 

Forward Voltage OF = 10 mA) VF - 1.2 
(IF = 0.3 rnAl 0.75 0.95 

Capacitance (VA = 0 V, f = 1 MHz) c - 18 

OUTPUT DETECTOR 

Operating Voltage Vee 3 -
Supply Current OF = O, Vee = 5 V) Ice( off I - 1 

Output Current, High OF = O, Vee = V0 = 15 V) loH - -
COUPLED 

Supply Current OF = IF(on)• Vee = 5 VI Ice( on) - 1.6 

Output Voltage, Low (RL = 270 n, Vee = 5 V, IF = IF(on)l Vol - 0.2 

Threshold Current, ON MOC5007 IF( on) - 1 
(RL = 270 n. Vee = 5 V) MOC5008 - -

MOC5009 - -
Threshold Current, OFF MOC5007 IF(off) 0.3 0.75 

(RL = 270 n. Vee = 5 V) MOC5008, 5009 0.3 -
Hysteresis Ratio (RL = 270 n, Vee = 5 V) IF(offl 0.5 0.75 

IF( on) 

Isolation Voltage (1) 60 Hz, AC Peak, 1 second, TA = 25°C V1so 7500 -
Turn-On Time ton - 1.2 

Fall Time 
RL = 270 n 

0.1 Vee= 5 v. tf -
Turn-Off Time IF = IF(on) to ff - 1.2 

Rise Time 
TA = 25°C 

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

ice 

IF -, 
~---+---05V 

RL 270 n 

Vm 

Ir= If= 0.Ql µ.s 
z =son 

~=r==L 
I I I 

I -l loff t-
L --l •on f--- I 

------. I I 
I I I 
I I I I 

...-----,-1-, 
I I I 
--l t-- If 

I 
I 

--t 

I 
I 
I 
I 
t---•r 

Figure 1. Switching Test Circuit 

--1:-
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NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

STYLE 5 
PIN 1 ANODE 

2 CATHODE 
3 NC 

4 OUTPUT 
5 GROUND 
svcc 

DIM 
A 
B 
c 
D 
E 
G 
J 
K 
L 
M 
N 

CASE 730A-02 
PLASTIC 

Max Unit 

10 µ.A 

1.5 Volts 
-
- pF 

15 Volts 

5 mA 

100 µ.A 

5 mA 

0.4 Volts 

1.6 mA 
4 
10 

- mA 
-
0.9 

- Vac(pk) 

4 µ.s 

-
4 

-

MILLIMETERS INCHES 
MIN MAX MIN MAX 
813 889 0320 0350 
610 660 0240 0260 
293 508 0115 0200 
041 050 0016 0020 
102 177 0040 0070 

254BSC 0100 BSC 
021 _l 030 0008 0012 
038 :r 254 0015 0100 

762 BSC 0300 BSC 
o· 15° o· 15° 

254 381 0100 0150 



MOC5007, MOC5008, MOC5009 

TYPICAL CHARACTERISTICS 

0 
0 

VoH 

IF( off) IF( on) 

.... • 
VoL 

0.75 

If, INPUT CURRENT (mA) 

RL = 270 !1 
Vee= 5V -
TA = 25°C 

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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Figure 4. Threshold Current versus Temperature 
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Figure 6. Supply Current versus Supply Voltage 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Darlington Output 

Each 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. 

• Convenient Plastic Dual-In-Line Package 
• High Sensitivity to Low Input Drive Current 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, 
covering all other standards with equal or less stringent requirements, including~ 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

J Rating J Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power Dissipation @ TA = 25°C Po 
with Negligible Power in Output Detector 

Derate above 25°C 

OUTPUT DETECTOR 

Collector-Emitter Voltage Vern 

Emitter-Collector Voltage VECO 

Detector Power Diss1pat1on @ TA = 25°C Po 
with Negligible Power in Input LED 

Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation@ TA = 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 seconds, 1/16" from case) -
(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. 

Value 

3 

60 

120 

1.41 

50 

5 

150 

1.76 

7500 

250 
2.94 

-55 to +100 

-55 to + 150 

260 
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Unit 

Volts 

mA 

mW 

mWl°C 

Volts 

Volts 

mW 

mWl°C 

Vac 

mW 
mWl°C 

oc 
oc 
oc 

MOC8020 
MOC8021 

6-PIN DIP 
OPTOISOLATORS 

DARLINGTON 
OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2. LED CATHODE 
3. NC 
4. EMITTER 
5 COLLECTOR 
6 NC 



MOC8020, MOC8021 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0 05 10 µA 
IVR = 3 Vl 

Forward Voltage VF - 1.15 2 Volts 
(IF= 10 mA) 

Capacitance c - 18 - pF 
(VR = 0 V, f = 1 MHz) 

PHOTODARLINGTON ITA = 25°C and IF = 0, unless otherwise noted) 

Collector-Emitter Dark Current lcEO - - 100 nA 
(VCE = 10 V) 

Collector-Emitter Breakdown Voltage V(BR)CEO 50 - - Volts 
Uc= 1 mAl 

Emitter-Collector Breakdown Voltage V(BR)ECO 5 - - Volts 
(IE = 100 µ.A) 

COUPLED (TA = 25°C unless otherwise noted) 

Collector Output Current le mA 
(VcE = 5V, IF= 10mA) MOC8020 50 - -

MOC8021 100 - -
Isolation Surge Voltage (1, 2), 60 Hz Peak ac, 1 Second V1so 7500 - - Volts 

Isolation Resistance ( 1) Riso - 1011 - Ohms 
(V = 500V) 

Isolation Capacitance ( 1 l C1so - 0.2 - pF 
(V = 0, f = 1 MHz) 

SWITCHING 

Turn-On Time ton - 3.5 - µ.s 

Turn-Off Time tott - 95 -

Rise Time 
Vee = 10 V, AL = 100 fl, IF = 5 mA 

1 tr - -
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, Visa. 1s an internal device dielectric breakdown rating. 
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MOC8020, MOC8021 

TEST CIRCUIT WAVEFORMS 
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OUTLINE DIMENSIONS 

LEAD 
CONFIGURATION ~ 
Ol'TlONAL STYLE 3 

PIN 1 ANODE 
2 CATHODE 
3 NC 
4EMlffiR 

l+lo131ooos1® lrlA@l0@I CASE 730A-02 
PLASTIC 
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5 COLLECTOR 
6 NC 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMElERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC O 100 BSC 
J 021 030 0008 0012 
K 038 2 54 0015 0100 
L 762 BSC 0 300 BSC 
M o· 15° oo I 15• 
N 254 381 0100 0150 

II 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

II 

6-Pin DIP Optoisolators 
Darlington Output 

These 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. 

• Convenient Plastic Dual-In-Line Package 
• High Sensitivity to Low Input Drive Current 
• High Collector-Emitter Breakdown Voltage - 80 Volts Minimum 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, 
covering all other standards with equal or less stringent requirements, including,,&.._ 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc. <@883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power D1ssipat1on @ TA = 25°C Po 
with Negligible Power in Output Detector 

Derate above 25°C 

OUTPUT DETECTOR 

Collector-Emitter Voltage Vern 

Emitter-Collector Voltage VECQ 

Detector Power Dissipation @ TA = 25°C Po 
with Negligible Power in Input LED 

Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation@ TA = 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 seconds, 1/16" from case) -
(1) Isolation surge voltage 1s an internal device dielectric breakdown rating 
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 

Value 

3 

60 

120 

1.41 

80 

5 

150 

1.76 

7500 

250 
2.94 

-55 to + 100 

-55 to + 150 

260 
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Unit 

Volts 

mA 

mW 

mW/°C 

Volts 

Volts 

mW 

mW/°C 

Vac 

mW 
mWl°C 

oc 
oc 
oc 

MOC8030 
MOC8050 

6-PIN DIP 
OPTOISOLATORS 

DARLINGTON 
OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1 LED ANODE 
2. LED CATHODE 
3 NC 
4. EMITIER 
5. COLLECTOR 
6. N.C. 



MOC8030, MOC8050 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0.05 10 µ,A 
(VR = 3 V) 

Forward Voltage VF - 1.15 2 Volts 
(IF= 10 mA) 

Capacitance c - 18 - pF 
(VR = 0 V, f = 1 MHz) 

PHOTODARLINGTON (TA = 25°C and IF = 0, unless otherwise noted) 

Collector-Emitter Dark Current lcrn - - 1 µA 
(VcE = 60 V) 

Collector-Emitter Breakdown Voltage V(BR)CEO 80 - - Volts 
Uc= 1 mAl 

Emitter-Collector Breakdown Voltage V(BR)ECO 5 - - Volts 
(IE = 100 µ,A) 

COUPLED (TA = 25°C unless otherwise noted) 

Collector Output Current le mA 
(VcE = 1.5 v. IF = 10 mA) MOC8030 30 - -

MOC8050 50 - -
Isolation Surge Voltage (1, 2), 60 Hz Peak ac, 5 Second V1so 7500 - - Volts 

Isolation Resistance (1) Riso - 1011 - Ohms 
(V = 500 V) 

Isolation Capacitance (1) C1so - 0.2 - pF 
(V = 0 V, f = 1 MHz) 

SWITCHING 

Turn-On Time ton - 3.5 - µ,s 

Turn-Off Time tott - 95 -
Rise Time 

Vee = 10 V, RL = 100 n, IF = 5 mA 
tr 1 - -

Fall Time tf - 2 -
(1) For this test LED Pins 1 and 2 are common and Phototrans1stor Pins 4 and 5 are common. 
(2) Isolation Surge Voltage, V150. 1s an internal device dielectric breakdown rating. 

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

TEST CIRCUIT WAVEFORMS 

INPUT PULSE 
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OUTLINE DIMENSIONS 
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NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILUMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC 0100 BSC 
J 021 030 0008 0012 
K 038 254 0015 I o 100 
l 762 BSC 0300 BSC 
M o· 15' o· 15° 
N 254 381 0100 0150 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolator 
High Temperature Darlington Output 

• Convenient Plastic Dual-In-Line Package 
• High Sensitivity to Low Input Drive Current 
• Low, Stable Leakage Current at Elevated Temperature 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VOE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, 
covering all other standards with equal or less stringent requirements, including.&. 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc. <@

883 
• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 

6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 6 Volts 

Forward Current - Continuous IF 60 mA 

LED Power Dissipation @ TA = 25°C Po 120 mW 
with Negligible Power in Output Detector 

Derate above 25°C 1.41 mWl°C 

OUTPUT DETECTOR 

Collector-Emitter Voltage Vern 55 Volts 

Emitter-Collector Voltage VECO 5 Volts 

Collector-Base Voltage Vceo 55 Volts 

Collector Current - Continuous le 150 mA 

Detector Power Dissipation @ TA = 25°C Po 150 mW 
with Neghg1ble Power in Input LED 

Derate above 25°C 1.76 mWl°C 

TOTAL DEVICE 

Isolation Source Voltage (1) V1so 7500 Vac 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation @ TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mW/°C 

Ambient Operating Temperature Range TA -55 to + 100 oc 

Storage Temperature Range Tstg -55 to + 150 oc 

Soldering Temperature (10 seconds, 1/16" from case) - 260 oc 

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

6-112 

MOCSOSO 

6-PIN DIP 
OPTOISOLATOR 

HIGH TEMPERATURE 
DARLINGTON 

OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2. LED CATHODE 
3. N.C. 
4.EMITIER 
5. COLLECTOR 
6. BASE 



MOC8080 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Forward Voltage llF = 10 mA) TA= 25°C VF 0.8 1.15 1.5 v 
TA= -55°C 0.9 1.3 1.7 
TA= 100°c 0.7 1.05 1.4 

Reverse Leakage Current (VR = 3 VI IR - - 100 µ.A 

Capacitance (V = O V, f = 1 MHz) c - 18 - pF 

OUTPUT DETECTOR 

Collector-Emitter Dark Current (VcE = 10 VI TA = 25°C lcEo - 5 100 nA 
TA = 100°c - 5 100 µ.A 

Collector-Base Dark Current (VcB = 10 VI TA = 25°C lcBo - 1 20 nA 
TA = 100°C - 100 -

Collector-Emitter Breakdown Voltage Uc = 1 mA) V(BR)CEO 55 80 - v 
Collector-Base Breakdown Voltage Oc = 100 µ.A) V(BR)CBO 55 100 - v 
Emitter-Collector Breakdown Voltage (IE = 100 µ.A) V(BR)ECO 5 7 - v 
DC Current Gain Uc = 5 mA, VcE = 5 VI hFE - 16 k - -

Collector-Emitter Capacitance (f = 1 MHz, VcE = 5 V) CcE - 3.9 - pF 

Collector-Base Capacitance (f = 1 MHz, VcB = 5 VI ccB - 63 - pF 

Emitter-Base Capacitance (f = 1 MHz, VEB = 5 VI CEB - 3.8 - pF 

COUPLED 

Output Collector Current (IF = 10 mA, VcE = 5 VI le 50 117 - mA 

Collector-Emitter Saturation Voltage (le = 1 mA, IF = 1 mA) VcE(satl - 0.6 1 v 
Turn-On Time ton - 3.5 - µ.s 

Turn-Off Time to ff - 95 -
Rise Time 

Vee = 10 V, RL = 100 !l, IF = 5 mA 
1 tr - -

Fall Time tf - 2 -
Isolation Voltage (f = 60 Hz, t = 1 sec) (1 I V1so 7500 - - Vac(pk) 

Isolation Resistance (V = 500 VI (1 I Riso 1011 - - n 
Isolation Capacitance (V = 0 V, f = 1 MHz) (1 I C1so - 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 

t- NORMALIZED TO IF = 10 mA--+--+-+-t-t+tjf--+---f--+--i--+-++++1 

f---i,-+---+±__,±f-i±-+Tu1t n-+-+-+-+++++.:::::;;:_,_~...,P"'is;--,..::0:::i~,,,,.++++H 

l lll //, 
o 1 ~TA - 55°C THRi° V 
~+25]; 

1 l::tI 100°c J..-r 
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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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OUTLINE DIMENSIONS 

LfAD 
CONFIGURATION ~ 
OPTIOllAL 

1+1013 (0005)® IT I A® I B® I CASE 730A-02 
PLASTIC 
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STYLE 1 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4 EMITTER 
5 COLLECTOR 
6 BASE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILUMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC O 100 BSC 
J 021 030 0008 0012 
K 038 254 0015 0100 
L 762 BSC 0 300 BSC 
M O' 15' O' J_ 15' 
N 254 381 0100 0150 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolator 
Transistor Output 

This 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. 

• High Current Transfer Ratio Guaranteed at 1 mA LED Drive Level 
• Convenient Plastic Dual-in-Line Package 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853). with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE110b, covering 
all other standards with equal or less stringent requirements, including IEC204/ 4. 
VDE0113, VDE0160, VDE0832, VDE0833, etc. ~883 

• Special lead form available (add suffix "T'' to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power Dissipation (w TA = 25°C Po 
with Negligible Power in Output Detector 

Derate above 25°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage Vern 

Emitter-Base Voltage VEBO 

Collector-Base Voltage VcBo 

Collector Current - Continuous le 

Detector Power Dissipation (<v TA = 25°C Po 
with Negligible Power in Input LED 

Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation (<V TA = 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 sec, 1/16" from case) Tsai 

(1) Isolation surge voltage 1s an internal device d1electnc breakdown rating 
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common 

Value 

6 

60 

120 

1.41 

30 

7 

70 

150 

150 

1.76 

7500 

250 
2.94 

-55 to + 100 

-55 to + 150 

260 
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Unit 

Volts 

mA 

mW 

mW/°C 

Volts 

Volts 

Volts 

mA 

mW 

mW/°C 

Vac 

mW 
mW/°C 

oc 

oc 

oc 

MOC8100 

6-PIN DIP 
OPTOISOLATOR 

TRANSISTOR OUTPUT 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2 LED CATHODE 
3. NC. 
4 EMITTER 
5. COLLECTOR 
6. BASE 



MOC8100 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Forward Voltage llF = 10 mA) TA= 0-70°C VF - 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 µA 

Capacitance (V = 0 V, f = 1 MHz) CJ - 18 - pF 

OUTPUT TRANSISTOR 

Collector-Emitter Dark Current lcEO - 3 25 nA 
(VcE = 5 V, TA = 25°C) 

(VcE = 30 V, TA = 70°C) ICED - 0.05 50 µA 

Collector-Base Dark Current (VcB = 5 VI le Bo - 0.2 10 nA 

Collector-Emitter Breakdown Voltage lie = 1 mA) V(BR)CEO 30 45 - Volts 

Collector-Base Breakdown Voltage lie = 100 µA) V(BR)CBO 70 100 - Volts 

Emitter-Base Breakdown Voltage llE = 100 µA) V(BR)EBO 7 7.8 - Volts 

DC Current Gain lie = 1 mA. VcE = 5 V) hFE - 600 - -
Collector-Emitter Capacitance (f = 1 MHz, VcE = O) CcE - 7 - pF 

Collector-Base Capacitance (f = 1 MHz, VcB = O) ccB - 19 - pF 

Emitter-Base Capacitance (f = 1 MHz, VEB = O) CEB - 9 - pF 

COUPLED 

Output Collector Current le mA 
(IF = 1 mA, VcE = 5 VI 05 1 -
llF = 1 mA, VcE = 5 V, TA = o to + 70°C) 0.3 0.6 -

Collector-Emitter Saturation Voltage lie = 100 µA, IF = 1 mA) VcE(sat) - 0.22 0.5 Volts 

Turn-On Time lie= 2 mA, Vee= 10 V, RL = 100 fl, Figure 11) ton - 9 20 µs 

Turn-Off Time lie= 2 mA, Vee= 10 V, RL = 100 fl, Figure 11) tott - 7 20 µs 

Rise Time lie = 2 mA, Vee= 10 V, RL = 100 fl, Figure 11) tr - 3.8 - µs 

Fall Time lie= 2 mA, Vee= 10 V, RL = 100 fl, Figure 11) tf - 5.6 - µs 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 - - Vac(pk) 

Isolation Resistance (V = 500 V) Riso 1011 - - n 
Isolation Capacitance (V = O V, f = 1 MHz) C1so - 0.2 2 pF • TYPICAL CHARACTERISTICS 

10 100 0.5 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 
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MOC8100 
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Figure 3. Collector Current versus 
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~ 
10 

:t 
~ 
0 

NORMALIZED TOT A = 25°C -
~ 
I-

~ 
::::> 
u a: 
0 0 7 I-
u 

05 ~ 
0 
u 
I-

~ 02 

0 
_!) 01 

-60 -40 -20 0 20 40 60 80 100 
TA, AMBIENT TEMPERATURE (°C) 

Figure 4. Output Current versus Ambient Temperature 
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MOC8100 

IF I 0 Is 7 µA 
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Figure 9. DC Current Gain (Detector Only) Figure 10. Capacitances versus Voltage 
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Figure 11. Switching Times 

OUTLINE DIMENSIONS 

1+1013100051® ITI A® I B® I CASE 730A-02 
PLASTIC 

6-119 

STYLE 1 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4EMIITER 
5 COLLECTOR 
6 BASE 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC 0 100 SSC 
J 021 030 oooaJ_oo12 
K 038 254 0015 0100 
l 762 SSC 0 300 SSC 
M o· 15° o· 15° 
N 254 J_ 381 0100 0150 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Transistor Output 

These 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. 

• Convenient Plastic Dual-in-Line Package 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, 
covering all other standards with equal or less stringent requirements, including 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc.@ 

• No Base Connection for Improved Noise Immunity 883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

J Rating J Symbol 

INPUT LED 

Reverse Voltage VR 

Forward Current - Continuous IF 

LED Power D1ss1pat1on @J TA = 25°C Po 
with Negligible Power in Output Detector 

Derate above 25°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage Vern 

Emitter-Collector Voltage VE co 

Collector Current - Continuous le 

Detector Power Dissipation @ TA = 25°C Po 
with Negligible Power in Input LED 

Derate above 25°C 

TOTAL DEVICE 

Isolation Surge Voltage (1) V1so 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

Ambient Operating Temperature Range TA 

Storage Temperature Range Tstg 

Soldering Temperature (10 sec, 1/16" from case) Tsai 

(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 

Value 

6 

60 

120 

1.41 

30 

7 

150 

150 

1.76 

7500 

250 
2.94 

-55 to +100 

-55 to +150 

260 
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Unit 

Volts 

mA 

mW 

mWl°C 

Volts 

Volts 

mA 

mW 

mW/°C 

Vac 

mW 
mW/°C 

oc 

oc 

oc 

MOC8111 
MOC8112 
MOC8113 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR OUTPUT 

3o-

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1. LED ANODE 
2. LED CATHODE 
3. NO CONNECTION 
4 EMITTER 
5 COLLECTOR 
6 NO CONNECTION 



MOC8111, MOC8112, MOC8113 

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

I Characteristic I Symbol Min Typ Max Unit 

INPUT LED 

Forward Voltage OF = 10 mA) TA= 25°C VF - 1.15 1.5 Volts 
TA= -55°C - 1.3 -
TA= 100°c - 1.05 -

Reverse Leakage Current (VR = 6 V) IR - 0.05 10 µ.A 

Capacitance (V = 0, f = 1 MHz) CJ - 18 - pF 

OUTPUT TRANSISTOR 

Collector-Emitter Dark Current lcEO - 1 50 nA 
(VcE = 10 v. TA = 25°C) 

IVcE = 10 v. TA= 100°Cl lcEO - 1 - µ.A 

Collector-Emitter Breakdown Voltage Oc = 1 mA) V(BR)CEO 30 45 - Volts 

Emitter-Collector Breakdown Voltage OE = 100 µ.A) V(BR)ECO 7 7.8 - Volts 

Collector-Emitter Capacitance (f = 1 MHz, VcE = O) CcE - 7 - pF 

COUPLED 

Output Collector Current MOC8111 le 2 5 - mA 
(IF = 10 mA, VcE = 10 V) MOC8112 5 10 -

MOC8113 10 20 -
Collector-Emitter Saturation Voltage Oc = 500 µ.A, IF = 10 mA) VcE(sat) - 0.15 0.4 Volts 

Turn-On Time Oc = 2 mA, Vee = 10 V, RL = 100 n, Figure 10) ton - 7.5 20 µ.s 

Turn-Off Time Oc = 2 mA, Vee = 10 V, RL = 100 n, Figure 10) to ff - 5.7 20 µ.s 

Rise Time Oc = 2 mA. Vee = 10 V, RL = 100 n, Figure 10) tr - 3.2 - µ.s 

Fall Time Oc = 2 mA, Vee = 10 V, RL = 100 n, Figure 10) tf - 4.7 - µ.s 

Isolation Voltage (f = 60 Hz, t = 1 sec) V1so 7500 - - Vac(pk) 

Isolation Resistance (V = 500 V) Riso 1011 - - n 
Isolation Capacitance (V = 0, f = 1 MHz) c1so - 0.2 - pF 

TYPICAL CHARACTERISTICS • 
t-+- NORMALIZED TO: -f-+---+-+-++t++j-+-+__,f-+--+++++t 

~ IF= 10mA 
t---t-1 · 

,EE[ 100°c I--' 
10 100 1000 0 5 1 2 5 10 20 50 

If, LED FORWARD CURRENT (mA) If, LED INPUT CURRENT (mAI 

Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current 
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MOC8111, MOC8112, MOC8113 
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MOC8111, MOC8112, MOC8113 
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OUTLINE DIMENSIONS 
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STYLE 3 
PIN 1 ANODE 

2 CATHODE 
3 NC 
4EMlmR 
5 COLLECTOR 
6 NC 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2. CONTROLLING DIMENSION· INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MIWMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 2 54 BSC 0 100 BSC 
J 021 030 0008 0012 
K oJS I 254 0015 0100 
L 762 BSC 0300 BSC 
M O' 15° O' J 15' 
N 254 381 0100 0150 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

6-Pin DIP Optoisolators 
Transistor Output 

... 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. 

• Convenient Plastic Dual-in-Line Package 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VDE approved per standard 0883/6.80 (Certificate number 41853), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDE0110b, 
covering all other standards with equal or less stringent requirements, including 
IEC204NDE0113, VDE0160, VDE0832, VDE0833, etc.@ 

• No Base Connection for Improved Noise Immunity 883 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

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

I Rating I Symbol Value Unit 

INPUT LED 

Forward Current - Continuous IF 60 mA 

Forward Current - Peak IF 1.2 Amp 
Pulse Width = 1 µs, 330 pps 

LED Power Dissipation @ TA = 25°C Po 120 mW 
Derate above 25°C 1.41 mWl°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage VcER 400 Volts 

Emitter-Collector Voltage VECO 7 Volts 

Collector-Base Voltage Vcso 400 Volts 

Collector Current (Continuous) le 100 mA 

Detector Power Dissipation @ TA = 25°C Po 150 mW 
Derate above 25°C 1.76 mWl°C 

TOTAL DEVICE 

Total Device Power Dissipation @ TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mWl°C 

Operating Temperature Range TJ -55 to +100 oc 

Storage Temperature Range Tstg -55 to +150 oc 

Soldering Temperature (10 s) - 260 oc 

Isolation Surge Voltage V1so 7500 Vac(pk) 
Peak ac Voltage, 60 Hz, 1 Second Duration (1) 

(1) Isolation surge voltage 1s an internal device dielectric breakdown rating. 
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MOC8204 
MOC8205 
MOC8206 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR OUTPUT 
400 VOLTS 

CASE 730A-02 
PLASTIC 

SCHEMATIC 

1.ANODE 
2. CATHODE 
3. NC 
4. EMITIER 
5. COLLECTOR 
6. BASE 



MOC8204, MOC8205, MOC8206 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Typ Max Unit 

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

Reverse Leakage Current IR - - 10 µA 
(VR = 6 V) 

Forward Voltage VF - 1.2 1.5 Volts 
!IF= 10mA) 

Capacitance CJ - 18 - pF 
(V = 0 V, f = 1 MHz) 

OUTPUT TRANSISTOR (TA = 25°C and IF = 0 unless otherwise noted) 

Collector-Emitter Dark Current IRBE = 1 Mn) ICER 
(VcE = 300 V) TA= 25°C - - 100 nA 

TA = 100°c - - 250 µA 

Collector-Base Breakdown Voltage V(BR)CBO 400 - - Volts 
(le= 100 µA) 

Collector-Emitter Breakdown Voltage V(BR)CER 400 - - Volts 
lie = 1 mA. RBE = 1 Mn) 

Emitter-Base Breakdown Voltage V(BR)EBO 7 - - Volts 
!IE= 100 µA) 

COUPLED (TA = 25°C unless otherwise noted) 

Current Transfer Ratio CTR % 
(VcE = 10 V, IF = 10 mA, RBE = 1 Mn) MOC8204 20 - -

MOC8205 10 - -
MOC8206 5 - -

Surge Isolation Voltage (Input to Output) (1) V1so 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 
lie = 0.5 mA, IF = 10 mA, RBE = 1 Mn) 

Isolation Capacitance (1) C1so - 0.2 - pF 
(V = 0 V, f = 1 MHz) 

Turn-On Time i ton - 5 - µs 

Turn-Off Time 
Vee = 10 V, le = 2 mA, RL = 100 n 

5 to ff - -
NOTE: 1 For this test LED Pins 1 and 2 are common and phototrans1stor Pins 4, 5, and 6 are common. 
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Figure 1. Output Current versus LED Input Current 
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MOC8204, MOC8205, MOC8206 
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OUTLINE DIMENSIONS 

LEAD 
CDNFIGURATlON ~ 
Ol'TlONAL 

1+1013100051® ITI A® I e® I 

STYLES 
PIN 1 LED 1 ANODEILED 2 CATHODE 

2 LED 1 CATHODE/LED 2 ANODE 
3 NC 

CASE 730A-02 
PLASTIC 

6-126 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982 
2 CONTROLLING DIMENSION INCH 
3 OIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 506 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
G 254BSC OlOOBSC 
J 021 030 oooaI0012 
K 038 254 0015 I 0100 
L 762 BSC 0300BSC 
M o· 15° o· I 15· 
N 254 381 0100J. 0150 



Optoisolator 
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. 

• Attach "R" to any Motorola 6-pin dual-in-line part number for surface-mountable butt
lead option. 

• Attach "S" to any Motorola 6-pin dual-in-line part number for surface-mountable gull
wing lead form. 

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

R 

Surface-mountable 
butt-lead option 

NOTES 
1 DIMENSIONS "A" ANO "B" ARE DATUMS 
2 DIMENSION "L" TO CENTER OF LEADS WHEN 

FORMED PARALLEL 
3 DIMENSIONING ANO TOLERANCING PER ANSI 

Y145M, 1982 
4 CONTROLLING DIMENSION INCH 

MILUMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 

:::g: 254BSC 0100BSC 
J 020Toio 0008 0012 
K 0511. 063 0020_10025 

_I. 762 BSC 0300 BSC 
M o• _l 15· O' _l 15' 

7308-02 

s 
Surface-mountable 

gull-wing option 

NOTES 
1 DIMENSIONING ANO TOLERANCING PER ANSI 

Y145M,1982 
2 CONTROLLING DIMENSION INCH 

MILUMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 813 889 0320 0350 
B 610 660 0240 0260 
c 293 508 0115 0200 
D 041 050 0016 0020 
E 102 177 0040 0070 
F 016 088 0006 0035 
G 254BSC 01008SC 
J Q1Q_ 030 0008_10012 
K 051 063 0020 0025 
L 813BSC 0320DK_ 

730C-02 

6-127 

Suffix R 
Suffix S 
Suffix T 

OPTOISOLATOR 
LEAD FORM 

OPTIONS 

T 

Wide-spaced (0.400") 
lead form option 

NOTES 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y145M,1982 
2 CONTROLLING DIMENSION INCH 
3 DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

flll.IMETEllS JICHES 
DIM MIN MAX Mrj MAX 
A __lli_ 889 0320 0350 
B 610 660 0240 0260 
c 242 444 ~ 01.!f 
D 041 050 0016 om: 
E 102 177 0040 0070 
G 254~ 0100.K 
J 020 Olli ~ 0012 
K 338:1 - om: -
L 1016BSC 04008SC 

7300-02 
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Slotted Optical Switches 
Data Sheets 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

Slotted Optical Switches 
Transistor Output 

Each device consists of a gallium arsenide infrared emitting diode facing a silicon NPN 
phototransistor in a molded plastic housing. A slot in the housing between the emitter 
and the detector provides the means for mechanically interrupting the infrared beam. 
These devices are widely used as position sensors in a variety of applications. 

• Single Unit for Easy PCB Mounting 
• Non-Contact Electrical Switching 
• Long-Life Liquid Phase Epi Emitter 
• 1 mm Detector Aperture Width 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 6 Volts 

Forward Current - Continuous IF 60 mA 

Input LED Power D1ssipat1on @ TA = 25°C Po 150 mW 
Derate above 25°C 2 mW/°C 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage Vern 30 Volts 

Output Current - Continuous le 100 mA 

Output Transistor Power Dissipation @ TA = 25°C Po 150 mW 
Derate above 25°C 2 mW/°C 

TOTAL DEVICE 

Ambient Operating Temperature Range TA -55 to + 100 oc 
Storage Temperature Tstg -55 to + 100 oc 
Lead Soldering Temperature (5 seconds max) - 260 oc 
Total Device Power Dissipation @ TA = 25°C Po 300 mW 

Derate above 25°C 4 mW/°C 

7-2 

H21A1 
H21A2 
H21A3 
H22A1 
H22A2 
H22A3 

SLOTTED 
OPTICAL SWITCHES 

TRANSISTOR OUTPUT 

H21A1, 2 AND 3 
CASE 354A-01 

H22A1, 2 AND 3 
CASE 354-02 



H21A1,H21A2,H21A3,H22A1,H22A2,H22A3 

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

I Characteristic I Symbol Min 

INPUT LED 

Forward Voltage llF = 60 mA) VF 0.9 

Reverse Leakage (VA = 6 V) IA -
Capacitance (V = O V, f = 1 MHz) CJ -

OUTPUT TRANSISTOR 

Dark Current (VcE = 25 V) ICEQ -
Collector-Emitter Breakdown Voltage Uc = 1 mA) V(BR)CEO 30 

Emitter-Collector Breakdown Voltage llE = 100 µ,A) V(BR)ECO 6 

Capacitance (VcE = 5 V, f = 1 MHz) CcE -
DC Current Gain (VcE = 5 V, le = 2 mA) hFE -

COUPLED 

Output Collector Current H21A1, H22A1 le 0.15 

llF = 5 mA, VcE = 5 V) Note 1 H21A2,H22A2 0.3 

H21A3, H22A3 0.6 

Output Collector Current H21A1, H22A1 le 1 

llF = 20 mA, VcE = 5 V) Note 1 H21A2, H22A2 2 

H21A3, H22A3 4 

Output Collector Current H21A1, H22A1 le 1.9 

(IF = 30 mA, VcE = 5 V) Note 1 H21A2, H22A2 3 

H21A3, H22A3 5.5 

Collector-Emitter Saturation Voltage H21A1, H22A1 VcE(sat) -
lie = 1.8 mA, IF = 30 mA) Note 1 

Collector-Emitter Saturation Voltage H21A2, H22A2 VcE(sat) -
lie = 1.8 mA, IF = 20 mA) Note 1 H21A3, H22A3 -

Turn-On Time llF = 30 mA, Vee = 5 V, AL = 2.5 k!l) Note 1 ton -
Turn-Off Time llF = 30 mA, Vee = 5 V, AL = 2.5 kn) Note 1 !off -

Notes. 1 No actuator in sensing gap. 
2 Stray rad1at1on can alter values of characteristics. Adequate light shielding should be provided. 

TYPICAL CHARACTERISTICS 
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Typ Max Unit 

1.34 1.7 Volts 

1 10 µ,A 

18 - pF 

15 100 nA 

45 - Volts 

7.8 - Volts 

2.5 - pF 

700 - -

0.3 - mA 
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Figure 1. LED Forward Voltage versus 
Forward Current 
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Figure 2. Output Current versus Actuator Position 
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H21A1,H21A2,H21A3,H22A1,H22A2,H22A3 
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H21A1,H21A2,H21A3,H22A1,H22A2,H22A3 

DIM 
A 
B 
c 
D 
E 
G 
H 
J 
K 
L 
R 
s 
u 
v 
w 
81 
Cl 

TEST CIRCUIT 

Vee= s v 

IF= 30 mA RL = 25 kil 

WAVEFORMS 
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Figure 9. Switching Times 

OUTLINE DIMENSIONS 

CASE 354A-01 CASE 354-02 

GR~ 1~r0{;~ 81 U V E - OPTICAL 

~ f -~· 1_ J' l ! r 1 _L 1 ,m-~ - I CENTiR LINE 

p~~~ L: . c 

T-- ~ ~ I ·T· 

K K 
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l 1--G- J J_J 

L~ id¥ 4'Rt· ::r 1 
T 1:¥~1 B H - B 

L=~-==:J 
r- ... ___.'._____J 

a 

STYLE 1 STYLE 1 
PIN 1 CATHODE PIN 1 CATHODE 

2 COLLECTOR 2 COLLECTOR 

MILLIMETERS INCHES 3 ANODE 3 ANODE 

MIN MAX MIN MAX 4 EMIITER 4 EMIITER 

2413 2501 0950 0985 
619 650 0244 0256 NOTES MILLIMETERS INCHES NOTES 

1064 1094 0419 0431 1 DIMENSIONS A ANO BARE DATUMS ANO TIS A DIM MIN MAX MIN MAX 1 DIMENSIONS R & BARE DATUMS & TIS A 
035 055 0014 0022 DATUM SURFACE 8 619 650 0244 0256 DATUM SURFACE 
624 655 0246 0258 2 POSITIONAL TOLERANCE FOR MOUNTING c 1064 1094 0419 0431 2 POSITIONAL TOLERANCE FOR LEAD 

7 36 BSC 0 290 BSC HOLES D 035 055 0014 0022 DIMENSION J 

254 BSC 0100 BSC It 1<1>036(0014) @IT IA ®TB@l G 736 asc 0290 BSC 1+1051100201 ®I Tl a ®I 
043 055 0017 0022 3 POSITIONAL TOLERANCE FOR LEAD DIMENSION H 2 54 BSC 0100 BSC 3 POSITIONAL TOLERANCE FOR LEAD 
736 - 0290 - J J 043 055 0017 0022 DIMENSION 0 

1905 BSC 0750 BSC I f I 0 13 10 005) ®I TI B ® I K 736 - 0290 - I+ I 0 51 10 020) ®I TI R ® I B ®I 
1198 1219 0472 0480 a 145 170 0057 0067 
324 337 0124 0133 

4 POSITIONAL TOLERANCE FOR LEAD DIMENSION R 1198 1219 0472 0480 
4 POSITIONAL TOLERANCE FOR HOLE 

307 332 0115 0129 0 u 307 332 0115 0129 
DIMENSION Q 

436 452 0172 0178 I t I 0 13 (0 005) ® IT I A ® I B ® I v 436 452 0172 0178 I :i: I 0 036 (0 0141 ®I A I B ® I c ®I 

238 269 0094 0106 5 DIMENSIONING ANO TOLERANCING PER Y14 5, w 238 269 0094 0106 5 OIMENSIO~'ING AND TOLERANCING PER 

088 114 0035 0045 1973 81 088 114 0035 0045 Y145, 1982 

254NOM 0100NOM Cl 254NOM 0100NOM 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Slotted Optical Switches 
Darlington Output 

These devices each consist of a gallium arsenide infrared emitting diode facing a sili
con NPN photodarlington in a molded plastic housing. A slot in the housing between the 
emitter and the detector provides the means for mechanically interrupting the infrared 
beam. These devices are widely used as position sensors in a variety of applications. 

• Single Unit for Easy PCB Mounting 
• Non-Contact Electrical Switching 
• Long-Life Liquid Phase Epi Emitter 
• 1 mm Detector Aperture Width 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 6 Volts 

Forward Current - Continuous IF 60 mA 

Input LED Power Dissipation @ TA = 25°C Po 150 mW 
Derate above 25°C 2 mW/°C 

OUTPUT DARLINGTON 

Collector-Emitter Voltage VcEO 30 Volts 

Output Current - Continuous le 100 mA 

Output Darlington Power Dissipation @ TA = 25°C Po 150 mW 
Derate above 25°C 2 mW/°C 

TOTAL DEVICE 

Ambient Operating Temperature Range TA -55 to +100 oc 

Storage Temperature Tstg -55 to + 100 oc 

Lead Soldering Temperature (5 seconds max) - 260 oc 

Total Device Power D1ss1pat1on @ TA = 25°C Po 300 mW 
Derate above 25°C 4 mW/°C 

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

I Characteristic j Symbol j Min Typ Max Unit 

INPUT LED 

Forward Voltage (IF = 60 mA) VF 0.9 1.34 1.7 Volts 

Reverse Leakage (VR = 6 V) IR - 1 10 µ,A 

Capacitance (V = O V, f = 1 MHz) CJ - 18 - pF 

(continued) 
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H21B1 
H21B2 
H21B3 

H22B1 
H22B2 
H22B3 

SLOTTED 
OPTICAL SWITCHES 

DARLINGTON OUTPUT 

H21B1, 2 AND 3 
CASE 354A-01 

H22B1, 2 AND 3 
CASE 354-02 



H21B1,H21B2,H21B3,H22B1,H22B2,H22B3 

ELECTRICAL CHARACTERISTICS - continued ITA = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min 

OUTPUT DARLINGTON 

Dark Current (Vee = 25 V) lcEO -
Collector-Emitter Breakdown Voltage Oc = 1 mA) V(BR)CEO 30 

Emitter-Collector Breakdown Voltage OE = 100 µA) V(8R)ECO 7 

Capacitance (Vee = 5 V, f = 1 MHz) cce -

DC Current Gain (Vee = 10 V, le = 2 mA) hFE -
COUPLED (Note 1) 

Output Collector Current H2181, H2281 le 0.5 

(IF = 2 mA. Vee = 1.5 V) H2182, H2282 1 

H2183, H2283 2 

Output Collector Current H2181, H22B1 le 2.5 

OF = 5 mA, Vee = 1.5 V) H2182, H2282 5 

H2183,H22B3 10 

Output Collector Current H2181, H2281 le 7.5 

llF = 10 mA. Vee = 1.5 V) H2182, H2282 14 

H2183, H22B3 25 

Collector-Emitter Saturation Voltage VcE(sat) -
Oc = 1.8 mA, IF= 10 mA) 

Collector-Emitter Saturation Voltage H2182, H2282 Vce(satl -
Oc = 50 mA, IF = 60 mA) H21 B3, H2283 -

Turn-On Time llF = 10 mA, Vee = 5 V, RL = 510 0) ton -
Turn-Off Time llF = 10 mA. Vee = 5 V, RL = 510 !1) !off -

Notes: 1. Stray radiation can alter values of characteristics. Adequate light sh1eld1ng should be provided 
2. No actuator in sensing gap. 

TYPICAL CHARACTERISTICS 
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Figure 1. LED Forward Voltage versus 
Forward Current 
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Figure 2. Output Current versus Actuator Position 
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H2181,H2182,H2183,H2281,H2282,H2283 
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Figure 4. Collector-Emitter Dark Current versus 
Ambient Temperature 
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H2181,H2182,H21B3,H2281,H2282,H2283 

DIM 
A 
B 
c 
D 
E 
G 
H 
J 
K 
L 
R 
s 
u 
v 
w 
81 
C1 

TEST CIRCUIT 

Vee= s v 

IF = 10 mA RL = 510 !l 

INPU]-1 =:! ________ ! OUTPUT 

I I o 
I I l : , _____ J : 

!---------- --- --- ---

= 

WAVEFORMS 

~ INPUT PULSE 

I I 
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I 

I I 

10%=-=r\------:-~ 
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Figure 9. Switching Times 

OUTLINE DIMENSIONS 

CASE 354A-01 CASE 354-02 

~. ~~4 =r H21B1~.3 
I ~~~I 

J T TL±J 
K 
j_ 

H22B1~.3 fr1t{;-1.T -

*=W~~ 
D--llk--- I s o--H--- ~s 

J f-G- J _LJ_J 
i _fU ~- ! 
H::=fl: ·~ B 
f l: f- ~j___2___J_ 

L=~~ 
STYLE 1 STYLE 1 

PIN 1 CATHODE PIN 1 CATHODE 
2 COLLECTOR 2 COLLECTOR 

MILLIMETERS INCHES 3 ANODE 3 ANODE 

MIN MAX MIN MAX 4 EMITTER 4EMlffiR 

2413 2501 0950 0985 
619 650 0244 0256 NOTES MILLIMETERS INCHES NOTES 

1064 1094 0419 0431 1 DIMENSIONS A AND BARE DATUMS AND TIS A DIM MIN MAX MIN MAX 1 DIMENSIONS R & BARE DATUMS & TIS A 
035 055 0 014 0022 DATUM SURFACE B 619 650 0244 0256 DATUM SURFACE 
624 655 0 246 0258 2 POSITIONAL TOLERANCE FOR MOUNTING c 1064 1094 0419 0431 2 POSITIONAL TOLERANCE FOR LEAD 

736 BSC 0290 BSC HOLES D 0351 055 001410022 DIMENSION J 
254 BSC 0100 BSC It I cl> 0 36 IO 014) ®I T I A ® I B ®I G 7 36 BSC 0290 BSC l+I 051100201 ®I Tl s ®I 

043 055 0 017 0022 3 POSITIONAL TOLERANCE FOR LEAD DIMENSION H 254 BSC 0100 BSC 3 POSITIONAL TOLERANCE FOR LEAD 
736 - 0290 - J J 043 055 0017 0022 DIMENSION D 
1905 BSC 0750 BSC l+lo13100051@IT\s®I K 736 - 0290 - l+I 05110020) ®I T\R ®\B ®I 

1198 1219 0472 0480 a 145 170 0057 0067 
4 POSITIONAL TOLERANCE FOR LEAD DIMENSION 4 POSITIONAL TOLERANCE FOR HOLE 

324 337 0124 0133 
D 

R 1198 1219 0472 0480 DIMENSION Q 
307 332 0115 0129 u 307 332 0115 0129 
436 452 0172 0178 1-t I 0 13 IO 005) ® IT I A ®I B ® I v 436 452 0172 0178 1±10036(00141 ®I Al s ®le ®I 

238 269 0 094 0106 5 DIMENSIONING AND TOLERANCING PER Y14 5, w 238 269 0094 0106 5 DIMENSIONING AND TOLERANCING PER 

088 114 0035 0045 1973 81 088 114 0035 0045 Y145, 1982 

254NOM OlOONOM C1 254NOM 0100NOM 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

Slotted Optical Switches 
Transistor Output 

These devices each consist of a gallium arsenide infrared emitting diode facing a sili
con NPN phototransistor in a molded plastic housing. A slot in the housing between the 
emitter and the detector provides the means for mechanically interrupting the infrared 
beam. These devices are widely used as position sensors in a variety of applications. 

• Single Unit for Easy PCB Mounting 
• Non-Contact Electrical Switching 
• Long-Life Liquid Phase Epi Emitter 
• Several Convenient Package Styles 

MAXIMUM RATINGS 

Rating Symbol Value 

INPUT LED 

Reverse Voltage VR 6 

Forward Current - Continuous IF 60 

Input Transistor Power D1ss1pation @ TA = 25°C Po 150 
Derate above 25°C 2 

OUTPUT TRANSISTOR 

Collector-Emitter Voltage Vern 30 

Output Current - Continuous le 100 

Output Transistor Power Dissipation @ TA = 25°C Po 150 
Derate above 25°C 2 

TOTAL DEVICE 

Ambient Operating Temperature Range TA -40 to + 100 

Storage Temperature Tstg -40 to +100 

Lead Soldering Temperature (5 seconds max) - 260 

Total Device Power Dissipation@ TA = 25°C Po 300 
Derate above 25°C 4 

SWITCHING TIMES 

Vee= s v 
IF = 30 mA RL = 2 5 kn 

INPUT {11 l == !--.__-,o-: _-u} OUTPUT ~L-J : 
I 
L-------...1 

TEST CIRCUIT 

INPUT 
PULSE 

OUTPUT 
PULSE 

10% 

90% 

tr 

ton-

WAVEFORMS 

7-10 

Unit 

Volts 

mA 

mW 
mW/°C 

Volts 

mA 

mW 
mWl°C 

oc 
oc 
oc 

mW 
mW!°C 

MOC70 
Series 

SLOTTED 
OPTICAL SWITCHES 

TRANSISTOR OUTPUT 

' ,, 
CASE 374-01 

H 
CASE 365-01 

~ 
K 

• CASE 354E-01 
p ~I 

1 
CASE 354A-01 

T 

~'" 
" 

CASE 354-02 

u 

CASE 354G-01 

v 

PART NUMBER 
DERIVATION 

s1~.IM~:w H~
1 

Transistor Output 
Package Style 
Electrical Selection 



MOC70 Series 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted. Note 1.) 

I Characteristic I Symbol Min 

INPUT LED 

Forward Voltage llF = 50 mA) VF 0.9 

Reverse Leakage (VR = 6 V) IR -
Capacitance (V = 0 V, f = 1 MHz) CJ -

OUTPUT TRANSISTOR 

Dark Current (VcE = 10 V) lcEO -
Collector-Emitter Breakdown Voltage lie = 10 mA) V(BR)CEO 30 

Emitter-Collector Breakdown Voltage OE = 100 µ.A) V(BR)ECO 5 

DC Current Gain (VcE = 10 V, le = 2 mA) hFE -
COUPLED (Note 2) 

Output Collector Current MOC70_1 le 0.15 

llF = 5 mA. VcE = 10 V) MOC70_2 0.3 

MOC70_3 0.6 

Output Collector Current MOC70_1 le 1 

llF = 20 mA, VcE = 10 V) MOC70_2 2 

MOC70_3 4 

Output Collector Current MOC70_1 le 1.9 

OF = 30 mA, VcE = 10 V) MOC70_2 3 

MOC70_3 5.5 

Collector-Emitter Saturation Voltage MOC70_1 VcE(sat) -
lie = 1.8 mA. IF= 30 mA) 

Collector-Emitter Saturation Voltage MOC70_2 VcE(sat) -
Uc = 1.8 mA, IF = 20 mA) MOC70_3 -

Turn-On Time OF = 30 mA, VcE = 5 V, RL = 2.5 kO) tan -
Turn-Off Time OF = 30 mA, VcE = 5 V, RL = 2.5 kn) tott -

Notes: 1. Stray rad1at1on can alter values of characteristics. Adequate light shielding should be provided 
2. No actuator in sensing gap 

TYPICAL CHARACTERISTICS 
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-

mA 

mA 

mA 

Volts 

Volts 

µ.s 

µ.s 

I 
.l 

.l 

I 

.l 

Figure 1. LED Forward Voltage versus 
Forward Current 

Figure 2. Output Current versus Actuator Position 
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MOC70 Series 
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Figure 3. Output Current versus Input Current 
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MOC70 Series 

STYLE1 
"N1 CA1HOOE 

2 COUfCTOft 
3 ANOOE 
4EMlffiR 

llllJll£l9IS ~ 
DIM •IMAX llM_lMAX 
A 13ll.J_ 1l84 ~0!;15 
I 115911170 o'56Io481 
c rnI 111 ::ili9 Qm_ 
D OJS 011 014 0022 
G 9301~ OJE6BSC 
H 214BSC 0100BSC 
J 0431 Oii 0011Ioo22 
K 7.371 787 0.290 0310 
u 480 492 0189J0194 
v rnJ rn 0174}0111) 
w 3ool 314 011Biom 
11 0841101 oOJJioCMO 
C1 242NOM 0095NOM 

CASE 374-01 

H 

STYLE1 
"N1 CATHODE 

2 COLLECTOR 
3 ANODE 
4 EMlffiR 

MIUlMETERS INCHES 
DIM MN MAX MN IMAX 
8 
c 
D 
G 
H 
J 
K 
R 
u 
v 
w 

_!) 
C1 

620 65() 0244Io256 
671 701 0264 0276 
0211 043 00101_0011 

956eSC 0380eSC 
254BSC 0100BSC 

043 055 0017 0022 
214 355 0100 0140 

1283 1308 0505 0515 
506 535 0199 0211 
389 403 0153 0159 
129 137 0049 0064 
039 063 0015 0025 
214NOM 0100NOM 

CASE 354E-01 
p 

ON llM j_ MAX MIN MAX 
B 619I65() 0244 0296 
c 1054I1094 0•19Io431 
o OJS 011 001•Ioo22 
G 736eSC 0290eSC 
H 214eSC 01ooesc 
J 043 055 0017 0022 

R 1198 1219 0472 0480 
u 307 332 0115 0129 
v 436 452 0172 0178 
w 238 269 0094 0106 
11 088 114 0035 0045 
C1 214NOM 0100NOM 

NOTES 
1 DlMENSIONS R &BARE DATUMS &TIS A 

DATUM SURFACE 
2 POSITIONAL TOLERANCE FOR LEAD 

DIMENSIONJ 

l-tlos1100201®irle®! 
3 POSITIONAL TOLERANCE FOR LEAD 

OIMENSIONO 
ltl0S1100201®lrjR®ie®I 

4 POSITIONAL TOLERANCE FOR HOLE 
DIMENSIONO 
l-tlo0361001c1®tAte®tc®I 

5 DIMENSIONING ANO TOLERANCING PER 
Y145,19B2 

OUTLINE DIMENSIONS 

NOTES 
1 POSITIONAL TOLERANCEFORDDIMENSION 

l4Pll 
ltlrn100201 ®lr!A ®le ®I 

2 POSITIONAL TOLERANCEFORJDIMENSION 
l4Pll 
1+1011100201 ®Irle ®I 

J DIMENSIONING AND TOLERANCING PER ANSI 
Y145M,19B2 

4 CONTROLLING DIMENSION INCH 

NOTES 
1 POSITIONAL TOLERANCEFORDDIMENSION 

14Pll 
ltlos1100201 ®lrlR ®le ®I 

2 POSITIONAL TOLERANCE FOR J DIMENSION 
14Pll 
ltlos1100201 ®Irle ®I 

3 DIMENSIONINGANDTOLERANCINGPERANSI 
Y145M 1982 

4 CONTROLLING DIMENSION INCH 

STYLE! 
"N 1 CATHODE 

2 COLLECTOR 
3 ANODE 
4EMlffiR 

CASE 354-02 

u 

7-13 

MIUJMETERS INCHES 
ON MN J MAX MIN J MAX 
A 1194j1224 0470}0482 
8 rnl 612 024310211 
c 5141 589 021slom 
D 030Io4s 0012Ioo1s 
G 736eSC 0290BSC 
H 254BSC 0100BSC 
J 041J 060 0015Joo24 
K 127011333 050010121 
R 3051 335 012010132 
u 091 104 0036 0041 
v 229NOM 0090NOM 
w 15<l_l 162 0059_l0064 

NOTES 
1 DIME~SIONS A ANO BARE DATUMS AND TIS A 

DATUMPlANE 
2 POSITIONAL TOLERANCE FOR LEAD DIMENSION 

J 

ltlos1100201®lrle®I 
3 POSITIONAL TOLERANCE FOR LEAD DIMENSION 

D 
ltlo11100201®lrlA®I 

4 DIMENSIONINGANDTOLERANCING PER ANSI 
Y145M,1982 

5 CONTROLLING DIMENSION INCH 

MIUJMETERS INCHES 
DIM MIN J MAX MINJ MAX 
A 2413_12501 095()_10985 
8 6191 65() 024410256 
c 106411094 041910431 
D 035J 055 0014J0022 
E 624_1 655 0248J0258 
G 736eSC 0290eSC 
H 254eSC 0100BSC 
J o43I 011 001110022 
K 736_1 - 0290 -
L 1905eSC 075<lBSC 
R 119811219 0472}0480 
s 3241 337 omI01n 
u 301I 332 omiom 
v 436J_ 452 0112Jo118 
w 2381 269 0094}0106 
81 ossl 114 0035l0045 
Cl 214NOM 0100NOM 

NOTES 
1 DIMENSIONS A AND BARE DATUMS AND TIS A 

DATUM SURFACE 
2 POSITIONAL TOLERANCE FOR MOUNTING 

HOLES 
It 1¢036100141 ®Ir IA ®le ®I 

3 POSITIONAL TOLERANCE FOR LEAD DIMENSION 
J 

ltlon100011®lrle®I 
4 POSITIONAL TOLERANCE FOR LEAD DIMENSION 

D 

~JiliJfiliiiil 
5 D!MENSJONINGANOTOLERANCINGPERY145 

1973 

M1LUMETERS INCHES 
DIM MIN MAX MIN MAX 
B 618 632 0243 0249 
c 1258 1282 0495 05()5 
D 036 055 0014 0022 
G 1016eSC 0400BSC 
H 214BSC 0100BSC 
J 043 055 0017 0022 
K 737 - 0290 -
R 1369 1394 0539 0149 
u 483 508 0190 0200 
v 877 901 0345 0355 
w 305 330 0120 0130 
81 087 099 0034 0039 
Cl 432NOM 0170NOM 

NOTES 
1 DIMENSIONINGANDTOLERANCINGPERANSI 

Y145M, 1982 
2 POSITIONAL TOLERANCE FOR LEAD DIMENSION 

D 
ltlos1100201®lrlR@)l 

3 POSITIONAL TOLERANCE FOR LEAD DIMENSION 
J 

!tlos1100201®lr!e®! 
4 CONTROLLING DIMENSION INCH 

STYLE1 

~N; ~~HD~DE I EMlffiR 

; ~~~~;DR I DETECTOR 

CASE 365-01 

K 

STYLE1 
"N1 CATHODE 

2 COLLECTOR 
3 ANODE 
4EMlffiR 

CASE 354A-01 

T 

STYlfl 
"N1 CATHODE 

2 COLLECTOR 
3 ANODE 
4EMlffiR 

CASE 354G-01 

v 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Slotted Optical Switches 
Transistor Output 

These devices consist of two gallium arsenide infrared emitting diodes facing two 
NPN silicon phototransistors across a 0.100" wide slot in the housing. Switching takes 
place when an opaque object in the slot interrupts the infrared beam. 

In addition to their use in position and motion indicators, dual channel interrupters 
enable the sensing of direction of motion. 

• 0.020" Aperture Width 
• Easy PCB Mounting 
• Cost Effective 
• Uses Long-Lived LPE IRED 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Rating Symbol Value Unit 

INPUT LED 

Power D1ss1pat1on Po 150* mW 

Forward Current (Continuous) IF 60 mA 

Reverse Voltage VR 6 v 
OUTPUT TRANSISTOR 

Power Dissipation Po 150* mW 

Collector-Emitter Voltage Vern 30 v 
TOTAL DEVICE 

Storage Temperature Tstg -40 to +85 oc 

Operating Temperature TJ -40 to +85 oc 

Lead Soldering Temperature TL 260 oc 
(5 seconds maximum) 

•oerate 2 mW!°C above 25'C ambient. 

INDIVIDUAL ELECTRICAL CHARACTERISTICS (25°C) (See Note 1 l 

Characteristic Symbol Min 

INPUT LED 

Reverse Breakdown Voltage llR = 100 µA) V(BR)R 6 

Forward Voltage llF = 50 mA) VF -
Reverse Current (VR = 6 V, RL = 1 Mfl) IR -
Capacitance (V = 0 V, f = 1 MHz) c -

OUTPUT TRANSISTOR 

Breakdown Voltage lie = 10 mA. H = 0) V(BR)CEO 30 

Collector Dark Current (VcE = 10 V, H = 0, Note 1) lcEO 

NOTE 1. Stray 1rrad1at1on can alter values of charactenst1cs. Adequate shielding should be provided 

7-14 

Typ 

-
1.3 

50 

25 

MOC70W1 
MOC70W2 

DUAL CHANNEL 
SLOTTED 

OPTICAL SWITCHES 
TRANSISTOR OUTPUT 

DETECTOR 
COLLECTOR 

EMITTER 
COLLECTOR 

EMITTER 

CASE 792-01 

Max 

-
1.8 

-
-

100 

Unit 

v 
v 

nA 

pF 

v 
nA 



MOC70W1, MOC70W2 

COUPLED ELECTRICAL CHARACTERISTICS (25°e, See Note 1) 

MOC70W1 MOC70W2 

Characteristics Symbol Min Typ Max Min Typ Max Unit 

IF = 20 mA, VeE = 10 V leE(on) 100 - - 250 - - µ,A 
IF = 20 mA, le = 50 µ,A VeE(sat) - - 0.4 - - - v 
IF = 20 mA, le = 125 µ,A VeE(sat) - - - - - 0.4 v 
IF (opposite LED) = 20 mA, VeE = 10 V lex - 20 - - 20 - µ,A 

NOTE 1 Stray 1rrad1at1on can alter values of characteristics Adequate shielding should be provided 
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Figure 1. Typical Output Current versus Input Current Figure 2. Typical ton• t 0 tt versus Load Resistance 

STYLE1 

DIM 
B 
c 
D 
G 
H 
J 
K 
N 
R 
u 
w 
81 
C1 

~N 1 CATHODE 
2 ANODE 
3 CATHODE 

MIWMETERS 
MINl MAX 
1176}1211 
935} 970 
036} 055 

762BSC 
254BSC 

04Jj 055 
737j_ 

538BSC 
,,30I11so 
236I211 
235I11so 
048 OSJ 

254BSC 

5 CATHODE 
6EMIITTR 
7 CATHODE 
SEMlffiR 

INCHES 
MIN j MAX 
0463j0477 
0368j0382 
0014}0022 

0300BSC 
0100BSC 

0017 0022 
0290J 
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0445_1_0457 
0093_1_0101 
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Figure 3. Typical Output Current versus Position of 
Shield Covering Aperture 

OUTLINE DIMENSIONS 

NOTES 
1 DIMENSIONSRANDBAREOATUMSANDTIS 

A DATUM SURFACE 
2 POSITIONAL TOLERANCE FOR LEAO OIMENSION J 

[IlliiJ0.§2oi]iL!l!fil 
3 POSITIONAL TOLERANCE FOR LEAO OIMENSION 0 

1+1051100201 @Ir IR9 I B®I 

4 POSITIONAL TOLERANCEFORUOIMENSION 

[fl2510101® ITIR® I B®I 
5 OIMENSIONINGANDTOLERANCINGPERANSI 

Y145M 1982 
6 CONTROLLING DIMENSION INCH 

CASE 792-01 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

Slotted Optical Switches 
Darlington Output 

Each device consists of a gallium arsenide infrared emitting diode facing a silicon NPN 
photodarlington in a molded plastic housing. A slot in the housing between the emitter 
and the detector provides the means for mechanically interrupting the infrared beam. 
These devices are widely used as position sensors in a variety of applications. 

• Single Unit for Easy PCB Mounting 
• Non-Contact Electrical Switching 
• Long-life liquid Phase Epi Emitter 
• Several Convenient Package Styles 

MAXIMUM RATINGS 

Rating Symbol Value 

INPUT LED 

Reverse Voltage VR 6 

Forward Current - Continuous IF 60 

Input LED Power Dissipation (<1 TA = 25°C Po 150 
Derate above 25°C 2 

OUTPUT DARLINGTON 

Collector-Emitter Voltage Vern 30 

Output Current - Continuous le 100 

Output Darlington Power D1ssipat1on (<1 TA = 25°C Po 150 
Derate above 25°C 2 

TOTAL DEVICE 

Ambient Operating Temperature Range TA -40 to + 100 

Storage Temperature Tstg -40 to + 100 

Lead Soldering Temperature (5 seconds max) - 260 

Total Device Power Dissipation (<v TA = 25°C Po 300 
Derate above 25°C 4 

SWITCHING TIMES 

Vee= s v 
IF= 10mA 

,,,;fi !::!----~ 
~L-J I 

I L ________ _ 

TEST CIRCUIT 

OUTPUT 

INPUT r----, 
PULSE __J L_ 

OUTPUT 
PULSE 

WAVEFORMS 
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Unit 

Volts 

mA 

mW 
mW/°C 

Volts 

mA 

mW 
mW!°C 

oc 
oc 
oc 

mW 
mW!°C 

MOC71 
Series 

SLOTTED 
OPTICAL SWITCHES 

DARLINGTON OUTPUT 

~ 
CASE 354E-01 

p 

CASE 354G-01 

v 

CASE 354A-01 

T 

f 
CASE 354-02 

u 

PART NUMBER 
DERIVATION 

Slotto~~~~H 
1 

Darlington Out~ 
Package Style 
Electrical Selection 



MOC71 Series 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted. Note 1.) 

Characteristic Symbol Min 

INPUT LED 

Forward Voltage (IF = 50 mA) VF 0.9 

Reverse Leakage IVR = 6 V) IR -
Capacitance (V = 0 V, f = 1 MHz) CJ -

OUTPUT DARLINGTON 

Dark Current (VcE = 10 V) ICEO -
Collector-Emitter Breakdown Voltage Uc = 1 mA) V(BR)CEO 30 

Capacitance (V = 0 V, f = 1 MHz) CcE -
DC Current Gain (VcE = 10 V, le = 2 mA) hFE -

COUPLED (Note 21 

Output Collector Current MOC71_1 le 2.5 

(IF = 5 mA, VcE = 5 VI MOC71_3 8 

Output Collector Current MOC71_1 ic 7.5 

UF = 10 mA, VcE = 5 V) MOC71_3 20 

Collector-Emitter Saturation Voltage VcE(sat) -
(le= 1.8 mA, IF= 10 mA) 

Turn-On Time llF = 10 mA, Vee = 5 V, RL = 510 0) ton -
Turn-Off Time llF = 10 mA, Vee = 5 V, RL = 510 n) to ff -

Notes: 1. Stray rad1at1on can alter values of characteristics. Adequate light shielding should be provided 
2. No actuator m sensing gap. 

TYPICAL CHARACTERISTICS 

I 
l 

I 
l j_ 

I 
.L 

[ .L I .l .L 

_r 

[ I I .I I 

Typ 

1.3 

0.05 

18 

10 

90 

5.5 

10,000 

5 

14 

15 

35 

-

120 

500 

1 10 100 1000 
0.0001 

0 2 4 

Max Unit 

1.8 Volts 

100 µ.A 

- pF 

100 nA 

- Volts 

- pF 

- -

- mA 

-
- mA 

-
1 Volts 

- µ.s 

- µ.s 

.L 

ab = ~ 
d .= -o___, 

NORMALIZED TO :=:j 
I VALUE WITH =:= 

NO ACTUATOR ~ 

l _l l 
10 

IF. LED FORWARD CURRENT (mA) d, DISTANCE FROM ACTUATOR TO REFERENCE SURFACE (mm) 

Figure 1. LED Forward Voltage versus 
Forward Current 
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Figure 2. Output Current versus Actuator Position 

• 
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MOC71 Series 

5 10 20 50 100 
IF, FORWARD LED CURRENT (mA) 

Figure 3. Output Current versus Input Current 

g 10 

::; 7 

~ 5 ± 1 J_ :r 
0 
~ NORMALIZED TO TA = 25°C ~ 
I-

i a 
a: 

~ 07 
~ 05 
6 
u 
I
::> 
;:= 0 2 
:::> 
0 

.Y 01 
- 60 -40 - 20 0 20 40 60 80 100 

TA, AMBIENT TEMPERATURE (°C) 

Figure 5. Output Current versus Ambient Temperature 
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U ~I 
z 10>-+-,......+-~+--+-+-+--+-+-+-++-~-+---+--+-u_...,..+H+-~-+--+-+-< 
;:: ~ 
u 

f = 1 MHz 

~ 
lS 
u Rf ffF==Ff :++:f:nn:--+:-~CcE 

41-+H++-~+-+-l-+-++ttt-~-+~-l-.-J:±H+t----~-+t---tt-----t-ir-

21-+-+H+-~+--+-+-+-+++++~--+---t-+-1-+-++1+-~-+---+-~ 

o ............ ..._~----....... ~~~ ....... ~~ .............. ~~--................ 
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V, VOLTAGE (VOLTS) 

Figure 7. Capacitances versus Voltage 

I-

iv; 
:::>:::> uo 
I- UJ 
::;,Z 
a. <{ 
I- I-
::>Z 
o;:: 

~~ 
ou... 

g~ 
~ 

1~~!/7'~~-::2:!::~~~~~~~~----~~--' 
o m ~ w ~ 100 

100 

99 

98 

97 

96 

95 

94 

93 

92 
0 

10 

TA, AMBIENT TEMPERATURE (°C) 

Figure 4. Collector-Emitter Dark Current versus 
Ambient Temperature 

10 15 20 25 30 35 40 45 50 

IF. FORWARD CURRENT (mA) 

Figure 6. Reduction in Output Current Due to LED 
Heating versus Forward Current 

.J!. 

z lo~ 
t-NORMALIZED TO v I- RL = 510 !! .z 

i;1 

~ Ion 

IL: 
r 

'.L. N 
LI/ 
~ 

Vee = 5 v 
IF= 10 mA 

01 
100 200 500 1K 2K 

11111 
5K 10K 

RL. LOAD RESISTANCE (OHMS) 

Figure 8. Switching Times versus Load Resistance 
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MOC71 Series 

STYLE1 
~N1 CATHOOE 

DIM 
I 
c 
D 
G 
H 
J 
l 
R 
u 
y 
w 
11 
C1 

2 COLLECTOR 
3 ANODE 
4EMlmA 

MIWIITTEJIS - MAX 
620 650 
671 701 
026 043 

966BSC 
2S4eSC 

043 055 
254 355 

1283 1308 
106 135 
389 403 
126 137 
038 063 

2S4NOM 

IHCliES 
MIN:l MAX 
02 .. \0218 
026' 0276 
0010 0017 

OJSOeSC 
0100BSC 

0017 0022 
0100 0140 
0505 0515 
0199 0211 
0113 0119 
000 0054 
0011 0021 

0100NOM 

CASE 354E-C1 
p 

..a£rtRS INCHES 
DIM - MAX MW:I MAX 

• 619 650 024':10218 
c 106' 109' 0'19 0431 
D 035 Oii 0014 0022 
G 736eSC 0290eSC 
H 2S4eSC 0100BSC 
J 043 015 0017 0022 
l 736 - 0290 -
Q 141 170 0057 0067 
A 1198 1219 0472 0480 
u 307 332 0115 0129 
y 436 412 0172 0178 
w 238 269 009' 0106 
11 088 11' 0035 0005 
C1 2S4NOM 0100NOM 

NOTES 
1 DIMENSIONS A & BARE DATUMS & TIS A 

DATUM SURFACE 
2 POSITIONAL TOLERANCE FOR LEAO 

OIMENSIONJ 

!t!o11100201®ITle®I 
3 POSITICNAI. TOLERANCEFOALEAO 

OIMENSIOND 
!tlo11100201®lrtA®le®I 

4 POSITIONAL TOLERANCE FOR HOLE 
DIMENSION Q 

ltlo0361001<1®!AIB®lc®I 
5 DIMENSIONING ANO TOLEAANClNG PEA 

Y145,1982 

ouruNE DIMENSIONS 

NOTES 

Sl'ILE1 
l'IN1 CA!llOOE 

2CCl.l.ECTOR 
l AHCCll 
4 EMlmA 

---Del ~ :: A 
I 1119 1170 

""C" ~ 171 

t Q..i.: 
9301SC 

H 
J 0'3 055 

-f 737 717 
4.IO U2 

y U2 '57 
w 300 314 
11 08' 101 
C1 2'2NOM 

INCHU ... MAX 
~ 05'1 
0'541 0'61 
0219 0226 
0014 o.Ql[ 

o.asc 
0100:-g 

0017 0022 
0290 tl10 
0189 019' 
om 01110 
0118 om 
Q.m. 0040 

009!NOM 

CASE 374-01 

H 

1 POSITIONAL TOLERANCE FOR D DIMENSION 
14Pll 
!t!o11100201 ®lrlA ®le®! 

2 POSITIONAL TOLERANCE FOR J DIMENSION 
l•PLI 
ltlo11100201 ®Irle ®I 

3 DIMENSIONINGANDTOLERANCINGPEAANSI 
Y1•1M, 1982 

4 CONTROLLING DIMENSION INCH 

STYLE1 
~N1 CATHCDE 

2 COLLECTOR 
3 ANODE 
4EMlmA 

CASE 354-02 

u 

NOTIS 
1 POSITIONAL TOLERANCE FOR D DIMENSION 

IHI.I 
!±!011100201 ®!TIA ®!a®! 

2 POSITIONAL TOLERANCE FOR J DIMENSION 
IHI.I 
!+!011100201 ®Irle ®I 

3 OIMENSIONJNGANOTOLERANCINGPERANSI 
Y1'5M, 1982 

4 CONTROLLING DIMENSION INCH 

MLUMrnRS IHCliES 
DIM MW] MAX MW] MAX 
A 2413]2501 0950]0985 
8 6191 650 02 .. 10266 
c 106'j 109' 0419 0431 
D 031] 011 0014]0022 
E 624] 651 02'6]0218 
G 736BSC 0290eSC 
H 25'8SC 01ooesc 
J 043 055 0011!0022 
l 736] - 0290] -
I. 190'leSC 0750eSC 
R 1198]1219 om]o4BO 
s 3241 337 omlo133 
u 307j 332 0111 0129 
y 436] •12 0172]0178 
w 238] 269 009']0106 
81 osal 11• 003510001 
C1 2S4NOM 0100NOM 

NOTES 
1 DIMENSIONS A ANO 8 ARE DATUMS AND TIS A 

OATUMSUAFACE 
2 POSITIONAL TOLERANCE FOR MOUNTING 

HOLES 
ltl~o36100141®!r!A®le®! 

3 POSITIONAL TOLERANCE FOR LEAO DIMENSION 
J 

ltlrn1ollll'l1®!T!e®! 
4 POSITIONAL TOLERANCE FOR LEAO OIMENSION 

D 

~~ 
5 OlMENSJONINGANOTOLERANCINGPERY145 

1973 

MllUMffiAS INCHES 
DIM ,,.. MAX MIN MAX 
8 618 632 0243 0249 
c 1218 1282 0495 0505 
D 036 055 0014 0022 
G 10168SC 0400eSC 
H 2S4eSC 0100eSC 
J 043 011 0017 0022 

K 737 - 0290 -
R 1369 1394 0539 05'9 
u •BJ 508 0190 0200 
v en 901 0345 0355 
w 30'5 330 0120 0130 
81 087 099 0034 0039 
C1 432NOM 0170NOM 

NOTES 

7-19 

1 DIMENSIONING AND TOLEAANCING PEA ANSI 
Y145M, 1982 

2 POSITIONAL TOLERANCE FOR LEAO DIMENSION 
D 
!tlo11100201®ITIA®! 

3 POSITIONAL TOLERANCE FOR LEAO DIMENSION 
J 
!tlo11100201®lrie®! 

4 CONTROLLING DIMENSION INCH 

STYlE1 
~N1 CATHODE 

2 COLLECTOR 
3 ANODE 
4EMlmA 

CASE 354A-01 

T 

STYLE! 
~N1 CATHODE 

2 COLLECTOR 
3 ANODE 
4EMlmA 

CASE 3546-01 

v 

• 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

Slotted Optical Switch 
Darlington Output 

These devices consist of two gallium arsenide infrared emitting diodes facing two 
NPN silicon photodarlingtons across a 0.100" wide slot in the housing. Switching takes 
place when an opaque object in the slot interrupts the infrared beam. 

Dual channel interrupters (switches) can sense direction of motion as well as position 
and speed. 

• High Gain Darlington Output 
• 0.020" Detector Aperture Width 
• Easy PCB Mounting 
• Cost Effective 
• Uses Long-Lived LPE IRED 

ABSOLUTE MAXIMUM RATINGS (25°C) 

I Rating Symbol Value Unit 

INPUT LED 

Power Dissipation Po 150* mW 

Forward Current (Continuous) IF 60 mA 

Reverse Voltage VR 6 v 
OUTPUT DARLINGTON 

Power Dissipation Po 150* mW 

Collector-Emitter Voltage Vern 30 v 
TOTAL DEVICE 

Storage Temperature Tstg -40 to +85 oc 

Operating Temperature TJ -40 to +85 oc 
Lead Soldering Temperature TL 260 oc 

(5 seconds maximum) 

•oerate 2 mW!°C above 25°C ambient. 

INDIVIDUAL ELECTRICAL CHARACTERISTICS (25°C) (See Note 1 l 

I Characteristic Symbol Min 

INPUT LED 

Reverse Breakdown Voltage OR = 100 µA) V(BR)R 6 

Forward Voltage OF = 60 mA) VF -

Reverse Current (VR = 6 V, AL = 1 M!l) IR -
Capacitance (V = 0 V, f = 1 MHz) c -

OUTPUT DARLINGTON 

Breakdown Voltage (le = 1 mA, IF = 0) 30 

Collector Dark Current (Vee = 10 V, IF = 0) lcEO 

NOTE 1: Stray 1rrad1at1on can alter values of characteristics. Adequate shielding should be provided. 

7-20 

Typ 

-
-
50 

25 

MOC71W1 

DUAL CHANNEL 
SLOTTED 

OPTICAL SWITCH 
DARLINGTON OUTPUT 

I 
CG~,~ btNODE 

CATHODE 
ANODE 

omCTOR. 
COLLECTOR 

EMITIER 
COLLECTOR 

EMITIER 

CASE 792-01 

Max 

-
1.8 

-
-

100 

Unit 

v 
v 

nA 

pF 

v 
nA 



MOC71W1 

COUPLED ELECTRICAL CHARACTERISTICS (25°C, See Note 1 l 

Characteristics Symbol Min 

IF = 5 mA, VcE = 5 v ICE( on) 2.5 
IF = 10 mA, VcE = 5 V lcE(on) 7.5 
IF= 10 mA, lc = 1.8 mA VcE(sat) -
IF (opposite LED) = 10 mA. VcE = 5 V Jex -

NOTE 1: Stray irradiation can alter values of characteristics Adequate shielding should be provided. 

DIM 
B 
c 
0 
G 
H 
J 
K 
N 
R 
u 
w 
81 
Cl 

STYLE 1 
PIN 1. CATHODE 

2. ANODE 
3 CATHODE 
4. ANODE 

MILLIMETERS 
MINT MAX 
1176} 12.11 
935 l 970 
o3sT o5s 

762 BSC 
2 54 BSC 

043 I 055 
737 l 

538 BSC 
1130} 1160 
2 36 I 2.71 
23611160 
0481 053 

2 54 BSC 

5 CATHODE 
6 EMlffiR 
7. CATHODE 
8 EMlffiR 

INCHES 
MINT MAX 
0463 I om 
0368 l 0382 
0014 T 0022 

0 300 BSC 
0100 BSC 

0011 T 0022 
0290 l 

0212 BSC 
0445 I 0451 
0093 I o 101 
0093} 0107 
0019 J 0021 

0 100 BSC 

100 

< 
.S 
I-

i 10 

::;;;;;;~ 

~ 
VI 

:::> 
u 
I-

~ 
I-

-T Vee= sv 
:::> 
0 L 

c: 
0 

B 

5 10 50 
IF, LED INPUT CURRENT (mA) 

Figure 1. Typical Output Current versus Input Current 

OUTLINE DIMENSIONS 

CASE 792-01 

NOTCS. 
1 DIMENSIONS RAND BARE DATUMS AND TIS 

A DATUM SURFACE. 
2 POSITIONAL TOLERANCE FOR LEAD DIMENSION J. 

ltJ051100201 ®IT I B ®I 
3 POSITIONAL TOLERANCE FOR LEAD DIMENSION D 

It I 0 51 10 020) ® I T I R 9 I B ® I 
4 POSITIONAL TOLERANCE FOR U DIMENSION 

ltl .2s I 0101 ® I T I R ® I B ®I 
5. DIMENSIONING AND TOLERANCING PER ANSI 

Y14 SM, 1982. 
6. CONTROLLING DIMENSION INCH. 
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Typ Max 

- -
- -
- 1 
20 -

I=~ 
l~I =i 

Unit 

mA 
mA 
v 

µ.A 

r c 

I it-m 
K 

__l 

• 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

• 

Slotted Optical Switches 
Logic Output 

These devices consist of a GaAs LED facing a silicon, high-speed integrated circuit 
detector in a molded plastic housing. A slot in the housing between the emitter and the 
detector provides a means of mechanically interrupting the signal and switching the out
put from an on-state to an off-state. The detector incorporates a sch mitt trigger which 
provides hysteresis for noise immunity and pulse shaping. The detector circuit is optim
ized for simplicity of operation and has an open-collector output for application 
flexibility. 

ABSOLUTE MAXIMUM RATINGS: ITA = 25°C unless otherwise noted) 

I Rating I Symbol I Value Unit 

INPUT LED 

Power Dissipation Po 100 mW 

Forward Current (Continuous) IF 60 mA 

Forward Current (Peak) IF 1.5 A 
(Pulse Width .;; 1 µ.s, PRR < 300 PPS) 

Reverse Voltage VR 6 v 
OUTPUT DETECTOR 

Output Voltage Range Vo 0-16 v 
Supply Voltage Range Vee 0-16 v 
Output Current lo 50 mA 

Power Dissipation Po 150* mW 

TOTAL DEVICE 

Storage Temperature Tstg -40 to +85 oc 
Operating Temperature TJ -40 to +85 oc 
Lead Soldering Temperature (5 seconds maximum) TL 260 oc 

•oerate 2 mwrc above 25°C ambient. 

7-22 

MOC75T1,2 
MOC75U1,2 

SLOTTED 
OPTICAL SWITCHES 

LOGIC OUTPUT 

T PACKAGE 

CASE 354C-01 
PLASTIC 

U PACKAGE 

CASE 3548-01 
PLASTIC 

Vee 
GROUND 
OUTPUT 

Vee 
GROUND 
OUTPUT 



MOC75T1, MOC75T2, MOC75U1, MOC75U2 

INDIVIDUAL ELECTRICAL CHARACTERISTICS (0-70°C) (See Note 1 l 

I Characteristic I Symbol 

INPUT LED 

Forward Voltage OF = 20 mA) 

Reverse Current (VR = 3 V) 

Reverse Breakdown Voltage OR = 100 µ,A) 

Capacitance (V = 0 V, f = 1 MHz) 

OUTPUT DETECTOR 

Operating Voltage 

Supply Current (IF = o, Vee = 5 Vl 

Output Current, High OF = 0, Vee = V0 = 15 V) 

COUPLED (0-70°C) (See Note 1) 

Threshold Current, ON MOC75( )1 
(RL = 270 n, Vee = 5 V) MOC75( )2 

Threshold Current, OFF MOC75( )1 
(RL = 270 n, Vee = 5 V) MOC75( )2 

Hysteresis Ratio (RL = 270 n, Vee = 5 V) 

Supply Current OF = IF(on)• Vee = 5 V) 

Output Voltage, Low (IF = IF(on) Vee = 5 V, RL = 270 n) 

Turn-On Time 

Fall Time 

Turn-Off Time 

Rise Time 

~ 14 

~ 12 

RL = 270 n, 
Vee= 5 v. 
IF = IF(on) 
TA = 25°C 

f f I 
I 

TURN-ON THRESHOLD 

.....+- l l I 
P7' 

0 

~1 
z 
~ 08 
:::> 
u 
0 06 
0 
:r 
~ 04 

~02 
0 

L_ 
%-1 

;' 

I I I 
TURN-OFF THRESHOLD 

I l l 
IFI NORMA~IZED TO I 
IF(on) AT Vee = 5 v 
TA = 25°e 

l l l 

VF 

IR 

V(BR)R 

c 

Vee 

lcc(offl 

loH 

IF(on) 

IF( off) 

IF(offl 

IF( on) 

lcc(onl 

1.06 

0 
~ 104 
;t 
~ 102 
~ ,_ 
~ a 098 
0 

0 
~ 0.96 

:r 
,_ 0 94 
J,f. 

VoL 

ton 

tf 

to ff 

tr 

v 
~ 

Vl 

0 6 8 10 12 14 16 
0 92 

-40 -20 
Vee. SUPPLY VOLTAGE (VOLTS) 

Min Typ Max Unit 

- 1.1 1.6 v 
- - 10 µ,A 

6 - - v 
- - 100 pF 

3 - 15 v 
- 1.3 5 mA 

- - 100 µ,A 

- 20 30 mA 
- 10 15 

0.5 1& - mA 
0.5 8 -
- 0.75 - -

- 3 5 mA 

- 0.2 04 v 
- 1.2 - µ,s 

- 0.1 -
- 1.2 -
- 0.1 -

12'.JL. 
y 

z 
k::J v 

% 
L 

NORMALIZED TO t---
vee = s v t---
TA = 25°e t---

_l _l_ _l 

20 40 60 80 100 
TA, TEMPERATURE ('e) 

Figure 1. Normalized Threshold Current versus 
Supply Voltage 

Figure 2. Threshold Current versus Temperature 
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MOC75T1, MOC75T2, MOC75U1, MOC75U2 

050~~-~-~~-~-~~-~-~~ 

o.45 l----+--+--+---+--+---+-----4J--I~--+v~~~ 
~ 040 TJ = ar L 
~ 035 I / v 
~0 30t----+--+--+----t-T_J~=-2~5~°C_~~1-----t.o~""--+-~ 
~ 025 17!Zt><~~ 
g 020f----+--+---+----+-7"f-Y'"-,,~____,l-"7"".£.J~l"'"-4---1 
~ VV /TJ = -40'C 
~ 0.15 1----+--+--+---A-,,A---,l.L____,f---+---+---1 

so10 Yz J/ 
~005 /~ 
000~ 

0 10 15 20 25 30 35 40 45 50 
IQ, LOAD CURRENT (mA) 

Figure 3. Output Voltage versus Load Current 

<( e 6f---+---+-----7£t----+---+--~~---+-____, 
~ 
a 4f---,,~--+-~""F---+--~-""'"'-t----+-____, 
~ 
~ 
.Y 

o.___....._ _ _.__ _ _._ _ __._ _ _..._ _ _._ _ ___. _ ___. 
3 6 9 12 15 

Vee. SUPPLY VOLTAGE (VOLTS) 

Figure 5. Supply Current versus Supply Voltage -
Output Low 

V 5 VOLTS 

L 

OUTPUT 
4 

3 

Figure 7. Test Circuit for Output Voltage versus Load 
Current Measurements 
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<( T J = - 40°C ___.J--£ 31----l---+---+o.~'-4---+---+----+-____, 
~ L2[ -a 2 v~ TJ = ~~--lr-f=--_,,L---F---+i------+----1 
~ .....-::::::c__ L----+--
5l 1~~ 
.Y ~ TJ=85'C 

o.....__.......___.....__~l--.___.___....._ _ _.___~ 
3 6 9 12 15 

Vee. SUPPLY VOLTAGE !VOLTS) 

Figure 4. Supply Current versus Supply Voltage -
Output High 

Figure 6. Test Circuit for Threshold Current 
Measurements 

OUTPUT 

Figure 8. Test Circuit for Supply Current versus 
Supply Voltage Measurements 



MOC75T1, MOC75T2, MOC75U1, MOC75U2 

DIM 
B 
c 
0 
G 
H 
J 
K 
R 
u 
v 
w 
81 
C1 
01 

-ice 
..--------n 5 v 

I I 1w Vin 
Ir= If= 001 µ.s 
Z=50n 5 

210 n 

IFf(on) =t==L 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I --l loff t-
--l Ion !'- l 1 L 

01 

U PACKAGE 
CASE 3548·01 

MIU.METEllS INCHES 
MN I MAX MIN I MAX 
619 I 650 024410256 

1064:.I 1094 
035! 055 

0419:J 0431 
001410011 

736BSC 0290BSC 
154BSC 0100BSC 

043 055 0017 0021 
736 - 0290 -

1198 1119 0471 0480 
307 331 0115 0119 
436 451 0171 0178 
138 169 0094 0106 
088 114 0035 0045 

154NOM 0100NOM 
127 BSC OOSOBSC 

1 I I 
I I I 
I I I 
I I I I 

I 
I 
I 

~----1-:-1 

I I 
I 
I 

-I 
I 

I 
I 
I 
i-lr 
I 

Figure 9. Switching Test Circuit 

OUTLINE DIMENSIONS 

NOTtS 

STYLE 1 
PIN 1 CATHODE 

1 Vee 
3 GROUND 
4 OUTPUT 
5 ANODE 

1 DIMENSIONS RAND BARE DATUMS AND 
[]J IS A DATUM SURFACE 

1 POSITIONAL TOLERANCE FOR lfAD DIMENSION J 

L-t,_O~! [09~1 ~Tj_B~ 
3 POSITIONAL TOLERANCE FOR LEAD DIMENSION D 

[-[_05i_iii_2Q)_(0_filR ®I B "®) 
4 DIMENSIONING AND TOLERANCING ARE PER Y14 5, 

1982 

DIM 
A 
B 
c 
D 
E 
G 
H 
J 
K 
l 
R 
s 
u 
v 
w 
81 
C1 
01 

7-25 

MILIJilETEllS 
MIN MAX 
2413 2501 
619 650 

1064 1094 
035 055 
624 655 

736BSC 
254BSC 

043 055 
736 -

1905BSC 
1198 1219 
324 337 
307 332 
436 452 
238 269 
088 114 

254NOM 
127BSC 

INCHES 
MIN MAX 
0950 0985 
0244 0256 
0419 0431 
0014 0022 
0248 0258 

0290BSC 
0100 BSC 

0011:.I 0022 
0290! -

0750BSC 
0472 0480 
0124 0133 
0115 0119 
0171 0178 
0094 0106 
0035 0045 

0100NOM 
OOSOBSC 

-\~If 

T PACKAGE 
CASE 354C-01 

NOTtS 

STYLE 1 
PIN 1 CATHODE 

2Vcc 
3 GROUND 
4 OUTPUT 
5 ANODE 

1 DIMENSIONS A AND 8 ARE DATUMS AND -T- IS A 
DATUM SURFACE 

2 POSITIONAL TOLERANCE FOR MOUNTING HOLES 

~100141 ®I TIA ®Is® I 
3 POSITIONAL TOLERANCE FOR LEAD DIMENSION J 

l+lo5110.0201®ITls®I 
4 POSITIONAL TOLERANCE FOR LEAD DIMENSION D 

l+I 051100201 ®ITIA®l s®I 
5 DIMENSIONING AND TOLERANCING PER Y14 5, 1982 • 
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Data Sheets 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detector Chip 
Diode Output 

... designed for infrared radiation detection in high frequency Fiber Optic Systems. 

• Fast Response - 1 ns Max 
• Anode/Cathode Metallization Compatible with Conventional Wire and Die Bonding 

Techniques 
• Available in Chip or Wafer Form 

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

Rating Symbol Value Unit 

Reverse Voltage VR 50 Volts 

Power Dissipationl1 l Po 50 mW 

Operating Junction Temperature Range TJ -65 to +125 oc 
Storage Temperature Range Tstg -65 to +200 oc 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Dark Current lo - - 1 nA 
(VR = 5 V, RL = 1 Mn, H = 0) 

Reverse Breakdown Voltage V(BR)R 50 - - Volts 
OR= 10 µ.A) 

Forward Voltage VF - 0.7 1 Volts 
OF= 50 mA) 

Junction Capacitance 
(VR = 5 V, f = 1 MHz) 

Cj - - 2 pF 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Radiation Responsivity R 0.3 0.4 - µ.AJµ.W 
IVR = 5 V, A = 850 nm, P = 10 µ.W) 

Response Time tr,tf -· 0.5 1 ns 
(VR = 5 V, A = 850 nm) 

DIE SPECIFICATIONS 

Die Size Die Thickness Bond Pad Size Mils Metallization 

Mils Mils Anode I Cathode Frontl2l 1 
30 x 30 8-10 4 dia. l 30 x 30 Al l 

Backl3l 

Au 

MFODC1100 

FIBER OPTICS 
PHOTO DETECTOR 

CHIP 
DIODE OUTPUT 

Back = Cathode 

A= Anode 

Active Area 
Square Mils 

154 

NOTES: 1. Maximum power d1ss1pation rating 1s determined with chip mounted on a header or lead frame using conventional Motorola Semiconductor 
assembly techniques. 

2. Thickness - a minimum of 10,000 A. 
3. Thickness - a minimum of 15,000 A. 

8-2 



MFODC1100 

TYPICAL CHARACTERISTICS 
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Figure 1. Relative Spectral Response Figure 2. Dark Current versus Temperature 

ORDERING INFORMATION 

This die is available with the packaging and visual inspec
tion options listed below. To obtain the desired combi
nation of options, it will be necessary to add a suffix to 

the die type number in accordance with the information 
given in Table 1. 

TABLE 1 

Die 
Type 
Suffix Packaging Description Visual Inspection 

None Multi-Pak Chips in waffle package 100% visually inspected 
(individual chip compartments) Re1ects removed 

WP Wafer Pak Wafer-probed, unscnbed, unbroken and heat sealed in plastic bag Visual inspected by 
(re1ects are inked) sample to a LTPD = 10 

CP Circle Pak Wafer-probed, mounted on sticky film, sawed through and heat Visual inspected by 
sealed in plastic bag sample to a LTPD = 10 
(rejects are inked) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Infrared LED Chip 
... designed for fiber optic applications requiring fast response time. 

• Fast Response - 90 MHz Bandwidth Typ 
• High Power Output - 1.5 mW Min 
• Anode/Cathode Metallization Compatible with Conventional Wire and Die Bonding 

Techniques 
• Available in Chip or Wafer Form 

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

Rating Symbol Value Unit 

Reverse Voltage VR 2 Volts 

Forward Current - Continuous IF 100 mA 

Forward Current - Peak IF 200 mA 
(1 µ.s Pulse, 50% Duty Cycle) 

Power Diss1pation(1) Po 200 mW 

Operating Junction Temperature Range TJ -65 to + 125 oc 
Storage Temperature Range Tstg -65 to +150 oc 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Reverse Breakdown Voltage OR = 100 µ.A) V(BR)R 2 - - Volts 

Forward Voltage OF = 100 mA) VF 1 - 2.5 Volts 

Junction Capacitance (VR = O V, f = 1 MHz) Cj - 70 - pF 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Total Power Output (IF = 100 mA) Po 1.5 - - mW 

Wavelength of Peak Em1ss1on OF = 100 mAdc) Ap - 850 - nm 

Optical Rise Time (IF = 100 mA, 10%-90%) tr - 4 5 ns 

Optical Fall Time (IF = 100 mA, 10%-90%) tf - 5 7 ns 

DIE SPECIFICATIONS 

Die Size Die Thickness Bond Pad Size Mils Metallization 

Mils Mils Anode 

f 
Cathode Frontl21 I 

24 x 24 8-10 24 x 24 3.5 dia. Au l 

MFOEC1200 

Backl3) 

Au 

FIBER OPTICS 
INFRARED 
LED CHIP 

Back = Anode 

K = Cathode 

*Emission area 

Active Area 
Square Mils 

5 

NOTES. 1. Maximum power d1ss1pat1on rating 1s determined with chip mounted on a header or lead frame using conventional Motorola Semiconductor 
assembly techniques. 

2. Thickness - a minimum of 10,000 A 
3 Thickness - a minimum of 15,000 A . 

• 
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MFOEC1200 
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Figure 3. Normalized Output Power 
versus Forward Current 
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Figure 4. Power Output versus Time 

ORDERING INFORMATION 

This die is available with the packaging and visual inspec
tion options listed below. To obtain the desired combi
nation of options, it will be necessary to add a suffix to 

the die type number in accordance with the information 
given in Table 1. 

TABLE 1 

Die 
Type 
Suffix Packaging Description Visual Inspection 

None Multi-Pak Chips in waffle package 100% visually inspected 
(individual chip compartments) Rejects removed 

WP Wafer Pak Wafer-probed, unscribed, unbroken and heat sealed in plastic bag Visual inspected by 
(rejects are inked) sample to a LTPD = 10 

CP Circle Pak Wafer-probed, mounted on sticky film, sawed through and heat Visual inspected by 
sealed in plastic bag sample to a LTPD = 10 
(rejects are inked) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Infrared LED Chip 
... designed for applications requiring a stable, high power, low drive current infrared 
emitting diode which is spectrally matched for use with silicon detectors. 

• High Power Output - 2 mW Min 
• Infrared Emission - 940 nm Typ 
• Low Drive Current - 50 mA Typ 
• Metallization Compatible with Conventional Wire and Die Bonding Techniques 
• Available in Chip or Wafer Form 

MAXIMUM RATINGS ITA = 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Voltage VR 3 Volts 

Forward Current, Continuous IF 100 mA 

Forward Current, Peak IF 1 A 
(1 µs Pulse, 1% Duty Cycle) 

Power Dissipationll) Po 150 mW 

Operating Junction Temperature Range TJ -65 to + 125 oc 
Storage Temperature Range Tstg -65 to +150 oc 

STATIC ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Reverse Breakdown Voltage V(BR)R 3 - - Volts 
(IR = 100 µA) 

Forward Voltage VF - - 1.5 Volts 
(IF= 50 mA) 

Junction Capacitance Cj - 150 - pF 
(VR = 0 V, f = 1 MHz) 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Total Power Output Po 2 - - mW 
(IF= 50 mA) 

Peak Emission Wavelength (IF = 50 mA) Ap - 940 - nm 

Optical Rise Time tr - 600 - µs 
(IF = 10 mA, 10% to 90%) 

Optical Fall Time tf - 600 - µs 
(IF = 10 mA, 10% to 90%) 

DIE SPECIFICATIONS 

Die Size Die Thickness Bond Pad Size Mils Metallization 

Mils Mils Anode l Cathode Frontl21 I 
16 x 16 8-10 4x4 l 16 x 16 Al 1 

Back(3) 

Au 

MLEDC1000 

GaAs 
INFRARED 
LED CHIP 

Back = Cathode 

A= Anode 

Active Area 
Square Mils 

240 • NOTES: 1. Maximum power d1ssipat1on rating 1s determined with chip mounted on a header or lead frame using conventional Motorola Semiconductor 
assembly techniques. 

2. Thickness - a minimum of 10,000 A 
3 Thickness - a minimum of 15,000 A. 
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ORDERING INFORMATION 
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This die is available with the packaging and visual inspec
tion options listed below. To obtain the desired combi
nation of options, it will be necessary to add a suffix to 
the die type number in accordance with the information 
given in Table 1. 

0.3 .__ _ _._ _ ___. __ ...._ _ _..... __ ..__ __ _._ _ ___. _ __, 
- 75 - 50 - 25 0 25 50 75 100 150 

TJ. JUNCTION TEMPERATURE (°C) 

Figure 3. Power Output versus Junction Temperature 

TABLE 1 

Die 
Type 
Suffix Packaging Description Visual Inspection 

None Multi-Pak Chips in waffle package 100% visually inspected 
(individual chap compartments) Rejects removed 

WP Wafer Pak Wafer-probed, unscrabed, unbroken and heat sealed in plastic bag Visual inspected by 
(rejects are inked) sample to a LTPD = 10 

CP Circle Pak Wafer-probed, mounted on sticky film, sawed through and heat Visual inspected by 
sealed in plastic bag· sample to a LTPD = 10 
(rejects are inked) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detector Chip 
Diode Output 

... designed for the detection and demodulation of near infrared and visible light 
sources where ultrahigh speed and stable characteristics are required. 

• Silicon Nitride Passivated Junction 
• Anode/Cathode Metallization Compatible with Conventional Wire and Die Bonding 

Techniques 
• Ultra Fast Response - 1 ns Typ 
• High Responsivity- 0.4 µAlµW Typ 
• Available in Chip or Wafer Form 

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

Rating Symbol Value Unit 

Reverse Voltage VR 100 Volts 

Power D1ssipation(1) Po 100 mW 

Operating Junction and Storage Temperature TJ, Tstg -65 to +200 oc 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Dark Current 10 - - 10 nA 
(VR = 20 V, H = 0) 

Reverse Breakdown Voltage V(BR)R 100 - - Volts 
llR = 10 µA) 

Forward Voltage VF - - 1.5 Volts 
llF = 50 mA) 

Junction Capacitance CJ - 2.5 4 pF 
(VR = 20 V, f = 1 MHz) 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Responsivity R 0.3 0.4 - µ.AJµW 
(VR = 20 V, A = 850 nm) 

Switching Times ton• tott - 1 - ns 
(VR = 20 V, R~ = 50 fl, A = 850 nm, 
H = 1 mW/cm ) 

DIE SPECIFICATIONS 

Die Size Die Thickness Bond Pad Size Mils Metallization 

Mils Mils Anode ! Cathode Frontl21 I 
30 x 30 8-10 4.5 x 4.5 30 x 30 Al l 

Backl3) 

Au 

MRDC100 

PHOTO DETECTOR 
CHIP 

PIN SILICON 
DIODE OUTPUT 

Back = Cathode 

A = Anode 

Active Area 
Square Mils 

380 

NOTES: 1. Maximum power dissipation rating is determined with chip mounted on a header or lead frame using conventional Motorola Semiconductor 
assembly techniques. 

2. Thickness - a minimum of 10,000 A 

II 
3. Thickness - a minimum of 15,000 A. 

8-8 



MRDC100 

TYPICAL CHARACTERISTICS 
10,000 

1000 

~ 
I-

i 
:::> 
u 

"" ~ 
Cl 

9 

~ 
w 
en 
:z 

~ 
w 
> 

~ a: 

100 

10 

0.1 

0.01 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 
0 

VR - 20V~ 
H-0 t== 

~ 
~ 

L ...... 

k-": 
./' 

..d"".z 
z 

25 50 75 100 125 150 
TA, TEMPERATURE ("Cl 

Figure 1. Dark Current versus Temperature 

~ 1'1 ~ 
L l\. z l 

I-
1- \ 

L ~ z z 3 
"1 ~ 

0 2 0 3 0 4 0 5 0 6 0 7 0 8 0.9 1.1 1.2 
A, WAVELENGTH (1tml 

Figure 3. Relative Spectral Response 

0.2 l 
T = 25°C 

1-----1--+--+--+---+---+---+- H = 0 -t---1 

~ 
0.15 

I-

i 0.1 :::> 
u 

"" ~ 
Cl 

.9 0.05 
y 

oV 
O 10 20 30 40 50 60 70 BO 90 100 

VR, REVERSE VOLTAGE (VOLTS) 

Figure 2. Dark Current versus Reverse Voltage 

8 

f = 1 MHz 

~ 
'l 

0 
0 10 20 30 40 50 60 70 80 90 100 

VR, REVERSE VOLTAGE (VOLTS) 

Figure 4. Capacitance versus Voltage 

ORDERING INFORMATION 

This die is available with the packaging and visual in
spection options listed below. To obtain the desired com
bination of options, it will be necessary to add a suffix 

to the die type number in accordance with the informa
tion given in Table 1. 

TABLE 1 

Die 
Type 
Suffix Packaging Description Visual Inspection 

None Multi-Pak Chips in waffle package 100% visually inspected 
(individual chip compartments) Rejects removed 

WP Wafer Pak Wafer-probed, unscribed, unbroken and heat sealed in plastic bag Visual inspected by 
(rejects are inked) sample to a LTPD = 10 

CP Circle Pak Wafer-probed, mounted on sticky film, sawed through and heat Visual inspected by 
sealed in plastic bag sample to a LTPD = 10 
(reiects are inked) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Photo Detector Chip 
Transistor Output 

... designed for detection and demodulation of near infrared and visible light sources 
where high sensitivity and stable characteristics are required. 

• Silicon Nitride Passivation 
• Emitter, Base, Collector Metallization Compatible with Conventional Wire and Die 

Bonding Techniques 
• Available in Chip or Wafer Form 

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

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Volts 

Emitter-Collector Voltage Ve co 7 Volts 

Collector-Base Voltage Ve Bo 70 Volts 

Power D1ssipation(1 l Po 100 mW 

Operating Junction Temperature Range TJ -65 to + 150 oc 

Storage Temperature Range Tstg -65 to +200 oc 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector Dark Current (Vee = 10 V, H = 0) lcEO - - 100 nA 

Collector-Base Breakdown Voltage V(BR)CBO 70 - - Volts 
ncB = 100 µ.AJ 

Collector-Emitter Breakdown Voltage V(BR)CEO 40 - - Volts 
nee = 100 µ.Al 

Emitter-Collector Breakdown Voltage V(BR)ECO 7 - - Volts 
nee = 100 µ.Al 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Light Current (Ve = 5 V, RL = 100 Ohms)l2) IL 0.8 - 22 mA 

Optical Turn-on Time ton µ,s 
(IL= 1mA,A=940nm,Vce = 10V) 

RL = 100 n - 9 -
RL = 1000 n - 11 -

Optical Turn-off Time tott µ,s 
(IL = 1 mA, A = 940 nm, Vee = 10 V) 

RL = 100 n - 8.5 -
RL = 1000 n - 13 -

DIE SPECIFICATIONS 

Die Size Die Thickness Bond Pad Size Mils Metallization 

Mils Mils Emitter I Base Front(3) I 
25 x 25 8-10 3.5 x 3.5 l 3.5 x 3.5 Al l 

Backl4) 

Au 

MRDC200 

PHOTO DETECTOR 
CHIP 

NPN SILICON 
TRANSISTOR OUTPUT 

'l j A~tl~e, Area 1 

Back = Collector 

B = Base 
E = Emitter 

Active Area 
Square Mils 

270 

NOTES· 1. Maximum power d1ss1pat1on ratmg 1s determined with chip mounted on a header or lead frame usmg conventional Motorola Semiconductor 
assembly techniques. 

2. Rad1at1on flux density (H) equal to 5 mW/cm2 emitted from a tungsten source at a color temperature of 2870K. 
3. Thickness - a mm1mum of 10,000 />.. 
4. Thickness - a minimum of 15,000 A 
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MRDC200 

TYPICAL CHARACTERISTICS 
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Figure 1. Dark Current versus Temperature 
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ORDERING INFORMATION 

Ft--

10 

This die is available with the packaging and visual inspec
tion options listed below. To obtain the desired combi
nation of options, it will be necessary to add a suffix to 

the die type number in accordance with the information 
given in Table 1. 

TABLE 1 

Die 
Type 
Suffix Packaging Description Visual Inspection 

None Multi-Pak Chips in waffle package 100% visually inspected 
(individual chip compartments) Rejects removed 

WP Wafer Pak Wafer-probed, unscribed, unbroken and heat sealed in plastic bag Visual inspected by 
(rejects are inked) sample to a LTPD = 10 

CP Circle Pak Wafer-probed, mounted on sticky film, sawed through and heat Visual inspected by 
sealed in plastic bag sample to a LTPD = 10 
(rejects are inked) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
' ' ' ~ ' ' '! ~ • • \J , ~. ~ : ~r J~ 

• 

Photo Detector Chip 
Darlington Output 

... designed for the detection and demodulation of near infrared and visible light 
sources where ultrahigh sensitivity and stable characteristics are required. 

• Silicon-Nitride Passivation 
• Emitter, Base, Collector Metallization Compatible with Conventional Wire and Die 

Bonding Techniques 
• Available in Chip or Wafer Form 

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

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 50 Volts 

Emitter-Base Voltage VEBO 6 Volts 

Collector-Base Voltage Ve Bo 60 Volts 

Power D1ssipation!1) Po 250 mW 

Operating Junction Temperature Range TJ -65 to + 150 oc 

Storage Temperature Range Tstg -65 to +200 oc 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector Dark Current (VcE = 10 V, H = 0) lcEo - - 100 nA 

Collector-Base Breakdown Voltage V(BR)CBO 55 - - Volts 
Uc = 100 µAl 

Collector-Emitter Breakdown Voltage V(BR)CEO 45 - - Volts 
Uc= 1 mAl 

Emitter Base Leakage Current IEBO - - 100 µA 
(VEB = 10 V) 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Light Current (VcE = 5 V, RL = 10 Ohms)l2) IL 0.8 - 20 mA 

Optical Turn-On Time ton µs 
(VcE = 10 V, le = 20 mA, A = 940 nm) 

RL = 100 n - 30 -
RL = 1000 n - 140 -

Optical Turn-Off Time tott µs 
(VcE = 10 v, le = 20 mA, A 940 nm) 

RL = 100 n - 35 -
RL = 1000 n - 210 -

DIE SPECIFICATIONS 

Die Size Die Thickness Bond Pad Size Mils Metallization 

Mils Mils Emitter I Base Frontl3) l 
27 x 27 8-10 4x4 l 4 dia. Al l 

Back(4) 

Au 

MRDC400 

PHOTO DETECTOR 
CHIP 

NPN SILICON 
DARLINGTON OUTPUT 

Back = Collector 

B = Base 
E = Emitter 

Active Area 
Square Mils 

357 

NOTES. 1. Maximum power d1ss1pat1on rating 1s determined with chip mounted on a header or lead frame using conventional Motorola Semiconductor 
assembly techniques 

2. Rad1at1on flux density (H) equal to 1 mW/cm2 emitted from a tungsten source at a color temperature of 2870K 
3 Thickness - a minimum of 10,000 A. 
4 Thickness - a minimum of 15,000 A 
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TYPICAL CHARACTERISTICS 
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MRDC400 

ORDERING INFORMATION 

This die is available with the packaging and visual inspec
tion options listed below. To obtain the desired combi
nation of options, it will be necessary to add a suffix to 

the die type number in accordance with the information 
given in Table 1. 

TABLE 1 

Die 
Type 
Suffix Packaging Description Visual Inspection 

None Multi-Pak Chips in waffle package 100% visually inspected 
(individual chip compartments) Rejects removed 

WP Wafer Pak Wafer-probed, unscribed, unbroken and heat sealed in plastic bag Visual inspected by 
(reiects are inked) sample to a LTPD = 10 

CP Circle Pak Wafer-probed, mounted on sticky film, sawed through and heat Visual inspected by 
sealed in plastic bag sample to a LTPD = 10 
(rejects are inked) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detector Chip 
Triac Driver Output 

... designed for use with IRED (MLEDC1000) to optically couple logic systems with 
power triacs to control equipment powered from 120 Vac and 240 Vac lines. 

• Zero Voltage Crossing 
• High Blocking Voltage - VDRM = 600 V Min 
• Metallization Compatible with Conventional Wire and Die Bonding Techniques 
• Available in Chip or Wafer Form 

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

Rating Symbol Value Unit 

Off-State Output Terminal Voltage VDRM 600 Volts 

Peak Repetitive Current (PW = 100 µ.s, 120 pps) IT 300 mA 

Peak Nonrepet1t1ve Surge Current (PW = 10 ms) ITSM 1.2 A 

Total Power Dissipation (Note 1) Po 300 mW 

Operating Junction Temperature Range TJ -40 to + 100 oc 
Storage Temperature Range Tstg -65 to +200 oc 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Peak Blocking Current, Either D1rect1on (Note 2) IDRM1 - 60 500 nA 
(VDRM = 600 V) 

Peak On-State Voltage, Either Direction VTM - 1.8 3 Volts 
llTM = 100 mA Peak) 

Critical Rate of Rise of Off-State Voltage dv/dt - 1500 - V/µ.s 

Critical Rate of Rise of On-State Voltage dv/dt - 0.15 - V/µ.s 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Radiation Flux Density HFT - 5 10 mW/cm2 
IVTM = 3 V, RL = 150 !l, A = 940 nm) 

Holding Current, Either D1rect1on IH - 100 - µ.A 
(H = 10 mW/cm2, A = 940 nm) 

ZERO CROSSING CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Leakage in Inhibited State 
(VoRM = 400 V, H = 20 mW/cm2, A = 940 nm) 

IDRM2 - 100 300 µ.A 

Inhibit Voltage V1H - 10 20 v 
(H = 20 mW/cm2, MT1-MT2 Voltage above 
which device will not trigger) 

DIE SPECIFICATIONS 

Die Size Die Thickness Bond Pad Size Mils Metallization 

Mils Mils MT1-MT2 Frontl3l I 
45 x 45 8-10 4.6 Dia. Al l 

A 

MT1 

Backl4l 

Au 

MRDC600 

PHOTO DETECTOR CHIP 
TRIAC DRIVER 

OUTPUT 

Center of 
Active Area 

I 
B 

MT2 

Back = Substrate 

Active Area 
Square Mils 

1400 

NOTES: 1. Maximum power d1ss1pat1on rating 1s determined with chip mounted on a header or lead frame using conventional Motorola Semiconductor 
assembly techniques. 

2. Test voltage must be applied within off state dv/dt rating 
3 Thickness - a minimum of 10,000 A. 
4. Thickness - a minimum of 15,000 A 
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Figure 1. On-State Characteristics Figure 2. llluminance versus Temperature 

ORDERING INFORMATION 

This die is available with the packaging and visual inspec
tion options listed below. To obtain the desired combi
nation of options, 1t will be necessary to add a suffix to 

the die type number in accordance with the information 
given in Table 1. 

TABLE 1 

Die 
Type 
Suffix Packaging Description Visual Inspection 

None Multi-Pak Chips in waffle package 100% visually inspected 
(1nd1v1dual chip compartments) Rejects removed 

WP Wafer Pak Wafer-probed, unscribed, unbroken and heat sealed in plastic bag Visual inspected by 
(rejects are inked) sample to a LTPD = 10 

CP Circle Pak Wafer-probed, mounted on sticky film, sawed through and heat Visual inspected by 
sealed in plastic bag sample to a LTPD = 10 
(rejects are inked) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Photo Detector Chip 
Triac Driver Output 

... designed for use with IRED (MLEDC1000) to optically couple logic systems with 
power triacs to control equipment powered from 120 Vac and 240 Vac lines. 

• Triac Driver Output 
• High Blocking Voltage - VDRM = 400 V Min 
• Metallization Compatible with Conventional Wire and Die Bonding Techniques 
• Available in Chip or Wafer Form 

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

Rating Symbol Value Unit 

Off-State Output Terminal Voltage Vo RM 400 Volts 

On-State RMS Current IT(RMS) 100 mA 
(Full Cycle 50 to 60 Hz) 

Peak Nonrepetitive Surge Current ITSM 1.2 A 
(PW= 10 ms) 

Total Power Dissipation(1) Po 300 mW 

Operating Junction Temperature Range TJ -40 to +85 oc 
Storage Temperature Range Tstg -65 to +200 oc 

STATIC ELECTRIC~L CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Peak Blocking Current, Either Direct1on(2) IDRM1 - 10 100 nA 
(VDRM = 400 V) 

Peak On-State Voltage, Either Direction VTM - 2.5 3 Volts 
(ITM = 100 mA Peak) 

Critical Rate of Rise of Off-State Voltage dv/dt - 2 - µ.s 

OPTICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Radiation Flux Density HFT - 5 10 mW/cm2 
(VTM = 3 V, RL = 150 !1, A = 940 nm) 

Holding Current, Either Direction 
(H = 10 mW/cm2, A = 940 nm) 

IH - 100 - µ.A 

DIE SPECIFICATIONS 

Die Size Die Thickness Bond Pad Size Mils Metallization 

Mils Mils MT1 

f 
MT2 Frontl3) 

f 40 x 40 8-10 4x5 4x5 Al 

MRDCSOO 

PHOTO DETECTOR 
CHIP 

TRIAC DRIVER OUTPUT 

Center of Active Area 

Back = Substrate 

MT1 = MT2 = Main 
Terminals (Symmetric) 

Active Area 
Backl41 Square Mils 

Au 1400 

NOTES: 1. Maximum power d1ss1pat1on rating 1s determined with chip mounted on a header or lead frame using conventional Motorola Semiconductor 
assembly techniques. 

2. Test voltage must be applied within off state dv/dt rating 
3. Thickness - a minimum of 10,000 A. 
4. Thickness - a minimum of 15,000 A 
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TYPICAL CHARACTERISTICS 
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ORDERING INFORMATION 

This die is available with the packaging and visual inspec
tion options listed below. To obtain the desired combi
nation of options, it will be necessary to add a suffix to 

the die type number in accordance with the information 
given in Table 1. 

TABLE 1 

Die 
Type 
Suffix Packaging Description Visual Inspection 

None Multi-Pak Chips in waffle package 100% visually inspected 
(individual chip compartments) Rejects removed 

WP Wafer Pak Wafer-probed, unscribed, unbroken and heat sealed in plastic bag Visual inspected by 
(rejects are inked) sample to a LTPD = 10 

CP Circle Pak Wafer-probed, mounted on sticky film, sawed through and heat Visual inspected by 
sealed in plastic bag sample to a LTPD = 10 
(reiects are inked) 
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THEORY AND CHARACTERISTICS 
OF PHOTOTRANSISTCRS 

Prepared By: 
John Bliss 

INTRODUCTION 

Phototransistor operation 1s based on the sensitivity of 
a pn junction to radiant energy. If radiant energy of prop
er wave-length 1s made to impinge on a Junction, the cur
rent through that junction willincrease. Th1soptoelectromc 
phenomenon has provided the Circuit designer with a device 
for use in a wide vanety of applications. However, to 
make optimum use of the phototrans1stor, the designer 
should have a sound grasp of its operating pnnc1ples and 
characteristics 

HISTORY 

The first significant relationships between radiation and 
electricity were noted by Gustav Hertz m 1887. Hertz ob
served that under the mfluence of light, certain surfaces 
were found to liberate electrons. 

In 1900, Max Planck proposed that light contamed 
energy in discrete bundles or packets which he called 
photons. Emstein formulated this theory in 1905, show
ing that the energy content of each proton was directly 
proportional to the light frequency 

E =hf, (1) 

where E is the photon energy, 

h 1s Planck's constant, and 

f is the hght frequency. 

Planck theonzed that a metal had associated with 1t a 
work function, or binding energy for free electrons. If a 
photon could transfer its energy to a free electron, and 
that energy exceeded the work function, the electron could 
be liberated from the surface. The presence of an electnc 
field could enhance this by effectively reducing the work 
funct10n. Einstein extended Planck's findings by showing 
that the velocity, and hence the momentum of an emitted 
electron, depended on the work function and the light 
frequency. 

9-3 

PHOTO EFFECT IN SEMICONDUCTORS 

Bulk Crystal 

If light of proper wavelength impinges on a semiconduc
tor crystal, the concentration of charge earners is found 
to increase. Thus, the crystal conduct1V1ty will increase: 

a= q (µen+ µhp), 

where a 1s the conductivity, 

q is the electron charge, 

µe is the electron mobility, 

µh 1s the hole mobility, 

n is the electron concentrat10n, and 

pis the hole concentration 

(2) 

The process by which charge-earner concentration is 
increased 1s shown in Figure l. The band structure of the 
semiconductor 1s shown, with an energy gap, or forbidden 
region, of Eg electron volts. Radiation from two hght 
sources 1s shown stnking the crystal. Light frequency f1 
1s sufficiently high that its photon energy, hf 1, is slightly 
greater than the energy gap. Tins energy is transferred to 
a bound electron at site one in the valence band, and the 
electron 1s excited to a higher energy level, site one in the 

conduction band, where it 1s free to serve as a current 
earner. The hole left behind at site one in the valence band 
1s also free to serve as a current earner. 

The photon energy of the lower-frequency hght, hf2, 
1s less than the band gap, and an electron freed from site 
two in the valence band will rise to a level in the forbidden 
region, only to release this energy and fall back into the 
valence band and recombine with a hole at site three. 

The above discussion implies that the energy gap, Eg, 
represents a threshold of response to light. This 1s true, 
however, it is not an abrupt threshold. Throughout the 
photo-excitation process, the law of conservation of mo- • 
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FIGURE 1 - Photoeffect in a Semiconductor 

mentum applies. The momentum and density of hole
electron sites are highest at the center of both the valence 
and conduction bands, and fall to zero at the upper and 
lower ends of the bands. Therefore, the probab1hty of an 
excited valence-band electron finding a site of hke mo
mentum in the conduction band is greatest at the center 
of the bands and lowest at the ends of the bands. Conse
quently, the response of the crystal to the impinging hght 
1s found to rise from zero at a photon energy of Eg electron 
volts, to a peak at some greater energy level, and then to 
fall to zero again at an energy corresponding to the differ
ence between the bottom of the valence band and the top 
of the conduction band. 

The response is a function of energy, and therefore of 
frequency, and is often given as a function of reciprocal 
frequency, or, more precisely, of wave length. An example 
1s shown in Figure 2 for a crystal of cadm1um-selenide. On 
the basis of the information given so far, it would seem 
reasonable to expect symmetry in such a curve; however, 
trapping centers and other absorption phenomena affect 
the shape of the curve 1. 

The optical response of a bulk semiconductor can be 
modified by the addition of impurities. Addition of an 
acceptor impurity, which will cause the bulk material to 
become p-type in nature, results in impurity levels which 
he somewhat above the top of the valence band. Photo
exc1tat1on can occur from these impurity levels to the con
duction band, generally resulting in a shifting and reshaping 
of the spectral response curve. A similar mod1f1cal!on of 
response can be attributed to the donor impurity levels in 
n-type material. 

PN Junctions 

If a pn junction 1s exposed to hght of proper frequency, 
the current flow across the junction will tend to increase. 
If the junction is forward-biased, the net increase will be 
relatively insignificant. However, if the junction is reverse
biased, the change will be quite appreciable. Figure 3 shows 
the photo effect in the junction for a frequency well within 
the response curve for the device. 

1. See references for a detailed discuss-ion of these. 

Photons create hole-electron pairs m the crystal on both 
sides of the junction. The transferred energy promotes 
the electrons into the conduction band, leaving the holes 
in the valence band. The applied external bias provides an 
electric field, l, as shown in the figure. Thus the photo
induced electrons in the p-side conduction band will flow 
down the potential hill at the junction into the n-s1de and 
from there to the external circuit L1kew1se, holes in the 
valence band of the n-s1de will flow across the junction 
mto the p-s1de where they will add to the external current. 
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Under dark conditions, the current flow through the 
reverse-biased diode is the reverse saturation current, 10 . 

This current 1s relatively independent of the applied volt
age (below breakdown) and 1s basically a result of the 
thermal generation of hole-electron paus. 

When the Junction 1s illuminated, the energy trans
ferred from photons creates additional hole-electron pairs. 
The number of hole-electron paus created is a funct10n of 
the light intensity. 

For example, incident monochromatic radiat10n of H 
(watts/cm2) will provide P photons to the diode: 

p = ~~ (3) 

where Xis the wavelength of incident hght, 

h 1s Planck's constant, and 

c is the velocity of light. 

The increase in minonty earner density in the diode 
will depend on P, the conservation of momentum restnc
tion, and the reflectance and transmittance properties of 
the crystal. Therefore, the photo current, Ix, is given by 

( 4) 

where ri 1s the quantum efficiency or rat10 of current ear
ners to incident photons, 

F is the fraction of incident photons trans
mitted by the crystal, 

q 1s the charge of an electron, and 

A is the d10de active area. 

Thus, under illuminated cond1t10ns, the total current 
flow1s 

(5) 

If Ix 1s sufficiently large, 10 can be neglected, and by 
using the spectral response charactenstics and peak spectral 
sens1tiv1ty of the diode, the total current 1s given approxi
mately by 

(6) 

where {j 1s the relative response and a funct10n of radiant 
wavelength, 

SR 1s the peak spectral sens1tiv1ty, and 

H 1s the incident radiation. 

The spectral response for a silicon photo-diode 1s given 
in Figure 4. 

Using the above relations, an approximate model of the 
diode 1s given in Figure 5. Here, the photo and thermally 
generated currents are shown as parallel current sources. 
C represents the capacitance of the reverse-biased junction 
while G represents the equivalent shunt conductance of 
the diode and 1s generally quite small. This model applies 
only for reverse bias, which, as mentioned above, 1s the 
normal mode of operation. 
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FIGURE 5 - Approximate Model of Photod1ode 

Photo Transistor 

If the pn junction discussed above 1s made the collector
base diode of a bipolar transistor, the photo-induced cur
rent 1s the transistor base current. The current gain of the 
transistor will thus result in a collector-emitter current of 

where Ic 1s the collector current, 

hfe is the forward current gain, and 

Ix is the photo induced base current. 

(7) 

The base terminal can be left floating, or can be biased up 
to a desired quiescent level. In either case, the collector
base junction is reverse biased and the diode current 1s the 
reverse leakage current. Thus, photo-stimulation will re
sult in a s1gmf1cant increase in diode, or base current, and 
with current gain will 1~sult in a s1gmf1cant increase in 
collector current. 

The energy-band diagram for the photo transistor 1s 
shown in Figure 6. The photo-induced base current is 
returned to the collector through the emitter and the ex
ternal circuitry. In so doing, electrons are supplied to the 
base region by the emitter where they are pulled into the 
collector by the electric field C,. • 
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FIGURE 6 - Photoeffect in a Transistor 

The model of the photo diode m Figure 5 might also be 
applied to the phototransistor, however, this would be se
verely limited m conveying the true characteristics of the 
transistor. A more useful and accurate model can be ob
tained by usmg the hybnd-pi model of the transistor and 
adding the photo-current generator between collector and 
base. This model appears m Figure 7. 

Assuming a temperature of 25°C, and a radiation source 
at the wave length of peak response (1.e., b = 1), the follow
ing relations apply: 

I;>..."" SRCBO · H, 

gm= 40 lc, and 

rbe = hfe/gm, 

(Sa) 

(Sb) 

(Sc) 

where SRCBO is the collector-base diode radiation sensitiv
ity with open emitter, 

gm 1s the forward transconductance, 

ic 1s the collector current, and 

rbe 1s the effective base-emitter 
resistance. 

rb' Cc 

fbe Ce j ,rn ''• 

Vbe 

G 

FIGURE 7 - Hybrid-pi Model of Phototransistor 

c 
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In most cases r'b << rbe· and can be neglected. The 
open-base operation 1s represented m Figure S. Using this 
model, a feel for the high-frequency response of the device 
may be obtained by using the relationship 

ft"='..!~ .• 
27TCe 

(9) 

where ft is the device current-gain-bandwidth product. 

c 

G 

FIGURE 8 - Floating Base Approximate Model of Phototransistor 

ST A TIC ELECTRICAL CHARACTERISTICS 
OF PHOTOTRANSISTORS 

Spectral Response 

As mentioned previously, the spectral response curve 
provides an indicat10n of a device's ability to respond to 
radiation of different wave lengths. Figure 9 shows the 
spectral response for constant energy radiation for the 
Motorola MRD300 phototransistor series. As the figure 
md1cates, peak response 1s obtained at about 8000 A 
(Angstroms), or 0.8 µm. 
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FIGURE 9 - Constant Energy Spectral Response for MRD300 
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FIGURE 10 - Polar Response of MRD300. Inner Curve with Lens, Outer Curve with Flat Glass. 

Angular Alignment 

Lambert's law of 1lluminat1on states that the 1llumma
tion of a surface 1s proport10nal to the cosme of the angle 
between the normal to the surface and the duection of 
the radiation. Thus, the angular alignment of a photo
trans1stor and radiat10n source 1s quite sigmficant. The 
cosme proport10nahty represents an ideal angular response. 
The presence of an optical lens and the hmit of wmdow 
size further affect the response. This information is best 
conveyed by a polar plot of the device response. Such a 
plot in Figure l 0 gives the polar response for the MRD300 
senes. 
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DC Current Gain 

2900 

The sens1t!Vlty of a photo transistor 1s a function of the 
collector-base diode quantum efficiency and also of the de 
current gam of the transistor. Therefore, the overall sensi
tivity 1s a function of collector current. Figure 11 shows 
the collector current dependence of de current gam. 

Color Temperature Response 

In many instances, a photo transistor 1s used with a 
broad band source of radiation, such as an mcandescent 
lamp. The response of the photo transistor 1s therefore 
dependent on the source color temperature. Incandescent 

• 
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sources are normally operated at a color temperature of 
28700K, but, lower-color-temperature operation is not 

uncommon. It therefore becomes demable to know the 
result of a color temperature difference on the photo sensi
tivity. Figure 12 shows the relative response of the MRD300 
senes as a function of color temperature. 

Temperature Coefficient of Ip 

A number of applications call for the use of photo
transistors in temperature environments other than normal 
room temperature. The variation in photo current with 
temperature changes is approximately lmear with a positive 
slope of about 0.667%/°C. 

The magnitude of this temperature coefficient is prima
nly a result of the increase in hFE versus temperature, 
smce the collector-base photo current temperature coeffi
cient is only about 0.1 %/°C. 
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FIGURE 13- Collector Character1st1cs for MRD300 

Collector Characteristics 

Since the collector current is primarily a function of 
impinging radiation, the effect of collector-emitter volt
age, below breakdown, is small. Therefore, a plot of the 
Ic-V CE characteristics w1 th impinging radiation as a param
eter, are very similar to the same characteristics with Is as 
a parameter. The collector family for the MRD300 series 
appears in Figure 13. 

Radiation Sensitivity 

The capability of a given phototransistor to serve in a 
given application is quite often dependent on the radiation 
sensitivity of the device. The open-base radiation sensitiv
ity for the MRD300 series is given in Figure 14. This indi
cates thatthe sensitivity is approximately linear with respect 
to impinging radiation. The additional capability of the 
MRD300 to be pre-biased gives rise to interest in the sensi
tivity as a function of equivalent base resistance. Figure 
15 gives this relationship. 
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Capacitance 

Junction capacitance is the significant parameter in 
determining the high frequency capability and switching 
speed of a transistor. The junction capacitances of the 
MRD300 as a function of junction voltages are given in 
Figure 16. 

Linearity 

DYNAMIC CHARACTERISTICS 
OF PHOTOTRANSISTORS 

The variation of hFE with respect to collector current 
results in a non-lmear response of the photo transistor over 
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large signal swings. However, the small-signal response is 
approximately linear. The use of a load line on the col
lector characteristic of Figure 13 will indicate the degree 
of linearity to be expected for a specific range of optical 
drive. 

Frequency Response 

The phototrans1stor frequency response, as referred to 
in the discussion of Figures 7 and 8, 1s presented in Figure 
17. The device response is flat down to de with the rolloff 
frequency dependent on the load impedance as well as on 
the device. The response is given in Figure 17 as the 3-dB 
frequency as a function of load impedance for two values 
of collector current. 
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Noise Figure 

Although the usual operation of the phototrans1stor 1s 
in the floating base mode, a good qualitative feel for the 
device's noise characteristic can be obtained by measuring 
noise figure under standard conditions. The 1 kHz noise 
figure for the MRD300 is shown in Figure 18. 

Small Signal h Parameters 

As with noise figure, the small-signal h-parameters, meas
ured under standard conditions, give a qualitative feel for 
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the device behavior. These are given as functions of col
lector current in Figure 19. With this information, the de
vice can be analyzed in the standard hybrid model of Figure 
20(a); by use of the conversions of Table I, the equivalent 
r-parameter model of Figure 20(b) can be used. 

TABLE I - Parameter Conversions 

hfe 
hfb= --

1 + hfe 

hfe + l 
re=~ 

hre 
re=

hoe 

hre (1 + hfe) 
rb =hie -

hoe 

SWITCHING CHARACTERISTICS 
OF PHOTOTRANSISTORS 

In switching applications, two important requirements 
of a transistor are: 

(1) speed 

(2) ON voltage 

Since some optical dnves for phototransistors can pro
vide fast light pulses, the same two considerations apply. 

Switching Speed 

If reference is made to the model of Figure 8, it can be 
seen that a fast rise in the current Ix will not result in an 
equivalent instantaneous increase in collector-emitter cur
rent. The 1mt1al flow of Ix must supply charging current 
to CcB and CBE· Once these capacitances have been 
charged, Ix will flow through rbe· Then the current gene
rator, gm · Vbe. will begin to supply current. During turn
off, a similar situation occurs. Although Ix may instan
taneously drop to zero, the discharge of CcB and CBE 
through rbe will maintain a current flow through the col
lector. When the capacitances have been discharged, Vbe 
will fall to zero and the current, gm . Vbe. will likewise 
drop to zero. (This discussion assumes negligible leakage 
currents). These capacitances therefore result in turn-on 
and turn-off delays, and in rise and fall times for switching 
applications JUSt as found in conventional bipolar switch
ing transistors. And, just as with conventional switching, 
the times are a function of dnve. Figure 21 shows.the col
lector current (or dnve) dependence of the turn-on delay 
and rise times. As indicated the delay time is dependent on 
the device only; whereas the rise-time is dependent on both 
the device and the load. 

If a high-intensity source, such as a xenon flash lamp, 
is used for the optical drive, the device becomes optically 
saturated unless large optical attenuation is placed between 
source and detector. This can result in a significant storage 
time during the turn off, especially in the floating-base 
mode since stored charge has no direct path out of the 

• 



• 

AN440 

1000 

700 

z 
~ 500 
(!) 

1-
z 
w 
~ 300 
::::> 
u 
j 200 

~ 

Vcc=1ov 
100 

0.5 
l l l ll 

1.0 2.0 3 0 5.0 10 

le. COLLECTOR CURRENT (mA) 

~ 701--t--+-l-+-+--~~~--+----+-+---+-+--+---+--+-1-1 

~ 5.01--1--+--+-++---1--~--+'~ .... "'l+-+---+--I--+--+-+-~ 
~ ~ 
8 3 .0 +--+--+-1-+-+---+--+----l--+---+b-.,,._..._-+---+--+-1-1 

~ ~ 
I- ~ 
~ 2 0 >--+--+-<-+--+---+--+----1-t------t--·--+--+--+--+-f"'I 

z 

Vee= 10 v 
1 .0 ....._.__..__..........__._____.____.___.___.___.___.l___._l_.l._l..._l .......... 

0.5 1.0 20 30 5.0 10 

le. COLLECTOR CURRENT (mA) 

30~~~~__,,_-~-~--~~-~---..----..-_L~y~ 

~ v 
3 20 v 
w L 

~ ~ 
~ 10>--+--+----+-+--+----+--+----+-2'.l-...---+---+---1---+-+-t-< 

~ ~ 
I- 70+--+--+----+-+--+-----+l.L'.::-A----+-+---+--+---+--+--+--t-t 

~ L g 501--t--l-~~l--1-+-lo""~+""~--+---+---+--+---+----+---1---1--+-t--i 
~~ ~ 3.o '--'---''--'--'-"----J--.....__.___..__....___..L ..... v_c_,_f_=...c.1 _

11.._i ..... v ...... 
0.5 1.0 20 30 5.0 10 

le. COLLECTOR CURRENT (mA) 

f 10 .l 
o ~=:=:~~:~====~===:==~=:===~-v_,_c_c~=--1~0-v>-+-h~ 
~ 701--+--+-l~-t----j---+-+--+--+----+--+--+--+-+-I 

0 
j::: 
~ 50>--+--+--+-+-+-·---+-·-+--+---+--+--+--+---+--+-<--< 
a: 
lo! 
u 
~ 
al 3.01--+-+--~-+-----+--+-+--+--+---+--+--+--+-+-I 
0 

~ 
LL 

~ 2.0~ 
j >--+--.... -..._r+N-+-t---+ 

~ t---+---
1 0 

j 0 5 

I-+-' 
5 0 10 30 1 0 20 

le. COLLECTOR CURRENT (mA) 

FIGURE 19 - 1 kHz h-Parameters versus Collector Current for MRD300 

-·b hoe 
b+ 

t 
Vbe hre Vee 

-'b 

(a) Hybrid Model 

(b) r-Parameter Model 

•e-

hoe 

-'e 

+C 

t 
Vee 

FIGURE 20 - Low Frequency Analytical Models of Phototransistor 
Without Photo Current Generator 

base region. However, 1f a non-saturating source, such as 
a GaAs diode, 1s used for sw1tchmg drive, the storage, or 
turn-off delay time is quite low as shown m Figure 22. 

Saturat10n Voltage 

An ideal switch has zero ON impedance, or an ON volt
age drop of zero. The ON saturation voltage of the MRD300 
1s relatively low, approximately 0.2 volts For a given col
lector current, the ON voltage 1s a function of drive, and is 
shown m Figure 23. 

APPLICATIONS OF PHOTOTRANSISTORS 

As mentioned prev10usly, the phototrans1stor can be 
used in a wide variety of applications. Figure 24 shows 
two phototrans1stors in a series-shunt chopper circuit. As 
Q1 1s switched ON, Q2 1s OFF, and when Q1 is switched 
OFF, Q2 is driven ON. 

Logic circuitry featuring the high input/output electrical 
isolation of photo transistors 1s shown in Figure 25. 

Figure 26 shows a linear application of the phototran
sistor. As mentioned previously, the linearity is obtained 
for small-signal swings. 
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A double-pole, single-throw relay 1s shown in Figure 27. 
In general, the phototrans1stor can be used in counting 

c1Tcu1try, level indications, alarm circuits, tachometers, and 
vanous process controls. 

Conclusion 

The phototrans1stor 1s a light-sensitive active device of 
moderately high sens1t1Y1ty and relatively high speed. Its 
response 1s both a function of hght intensity and wave
length, and behaves basically hke a standard bipolar tran
sistor with an externally controlled collector-base leakage 
current. 

iil 
1-
_J 

0 
? 
w 
t:J 
<{ 
1-
_J 

0 
> 
a: 
w 
I-
t 
~ 
w 
ci:. 
0 
1-
u 
w 
_J 
_J 

0 
u 
w 
u 
> 

9.01----+--H-"r-+-+-+-t---+---+-+--+--+--+-+-+-+++----l-I--~ 

8 .0 l--l--HJf-+++l--+---l-+-+--+-+.++-+++---1-1-1-1 

6 .o t---+-+H-+-H-14---+--+-+--+--+-~+-4--l-+-l----+--1--1-1 

501--+-+f+-+l-+-lfl--+---+-++--+--!t-+-+++-+---+--1--1-1 
le= 5.0mA 

4 .o t---+-+tt-+H-1f+--+--+-+--+--+---H+-+++-+----+--l--l-I 
1.0mA 

30t---+-+-+--HH-f-+--+--+-+--+--+--+-11-+-l-+-1----+--ll---l-I 

0.5 mA 
2.01---+-+-1--H1-+-1f-+-+--+-+--+--+--+-.,.....-1-+-1----+--1--1-1 

\ \ 
1.0 ~+-l-++-1-+----f'--+-~---!--+-+-+~f----!----!---+-I 

OL-1.......J.-~'~~~~..l..-....L-~t-...~~~t-__....1.;+-;;:J.-1....1...J..Ui'--.~~t--=-.._. 
0 3 0 5 1.0 2.0 5 0 10 20 30 

H, IRRADIANCE (mW/cm2) 

FIGURE 23 - Collector Emitter Saturation Voltage 
as a Function of lrradiance for MRD300 

a1 

INPUT r----e-~~+-~--OOUTPUT 

FIGURE 24 - Series-Shunt Chopper Circuit Using MRD300 
Phototransistors and GaAs Light Emitting Diodes (LEDs) 

APPENDIX I 

Radiant energy covers a broad band of the electromag
netic spectrum. A relatively small segment of the band is 
the spectrum of visible light. A portion of the electromag
netic spectrum including the range of visible hght is shown 
in Figure I-1. 

The portion of radiant flux, or radiant energy emitted 
per unit time, which 1s visible 1s referred to as luminous 
flux. This distinction is due to the inab1hty of the eye to 
respond equally to hke power levels of different visible 
wavelengths. For example, if two light sources, one green 
and one blue are both emitting like wattage, the eye will 
perceive the green hght as bemg much brighter than the 
blue. Consequently, when speaking of visible light ofvary
ing color, the watt becomes a poor measure of brightness. 
A more meaningful unit is the lumen. In order to obtam 
a clear understanding of the lumen, two other definitions 
are required. 

The first of these is the standard source (Fig. I-2). The 
standard source, adopted by international agreement, con-
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sists of a segment of fused thoria immersed in a chamber 
of platinum. When the platinum is at its melting point, 
the light emitted from the chamber approximates the radia
tion of a black body. The lummous flux emitted by the 
source is dependent on the aperture and cone of radiation. 
The cone of radiation is measured in terms of the solid 
angle. 

The concept of a solid angle comes from spherical ge
ometry. If a point is enclosed by a spherical surface and a 
set of radial lines define an area on the surface, the radial 
lines also subtend a solid angle. This angle, w, is shown in 
Figure 1-3, and 1s defmed as 

A 
w=-

2' r 
(I-1) 

where A 1s the described area and r is the sphencal radius. 
If the area A is equal to r2, then the sohd angle sub

tended is one unit solid angle or one steradian, which 1s 
nothing more than the three-dimensional equivalent of a 
radian. 

With the standard source and unit solid angle estab
lished, the lumen can be defined. 

A lumen is the luminous flux emitted from a standard 
source and included within one steradian. 

Using the concept of the lumen, 1t is now possible to 
defme other terms of illumination. 

Illuminance 

If a differential amount of lummous flux, dF, is impmg
ing on a differential area, dA, the illummance, E, is given 
by 

(1-2) 

VISIBLE 

INFRARED, ULTRAVIOLET 

~ X-RAY 

r
,------,--1 ~ ) 

GAMMA RAY 

~ 

WAVELENGTH IN NANOMETERS (MILLIMleRONS) 

FIGURE 1-1 - Portion of Electromagnetic Spectrum 

Illummance is most often expressed in lumens per square 
foot, or foot-candles. If the illuminance 1s constant over 
the area, (1-2) becomes 

E = F/A. (1-3) 

Luminous Intensity 

When the differential flux, dF, is emitted through a dif
ferential solid angle, dw, the luminous intensity, I, is given 
by 

(1-4) 
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FIGURE 1-2 - International Standard Source 

Luminous intensity is most often expressed in lumens 
per steradian or candela. If the luminous intensity 1s con
stant with respect to the angle of emission, (1-4) becomes: 

F 
I=w · (1-5) 

If the wavelength of v1S1ble radiation is vaned, but the 
illumination 1s held constant, the radiative power in watts 
will be found to vary. This again illustrates the poor quality 
of the watt as a measure of illumination. A relation between 
illuminat10n and radiative power must then be specified at 
a particular frequency. The point of spec1ficat10n has been 
taken to be at a wavelength of 0.555 µm, which is the peak 
of spectral response of the human eye. At this wavelength, 
1 watt of radiative power 1s eqmvalent to 680 lumens. 

F, 

APPENDIX II 

OPTOELECTRONIC DEFINITIONS 

Luminous Flux. Radiant flux of wavelength within 
the band of VISlble hght. 

Lumen: The luminous flux emitted from a standard 
source and included within one steradian (solid angle 
equivalent of a radian). 

H, Radiation Flux Density (Irradia~ce): The total inci
dent radiation energy measured in power per umt 
area (e.g., mW/cm2). 

E, Luminous Flux Density (Illuminance): Radiat10n 
flux density of wavelength within the band of v1S1ble 
hght. Measured in lumens/ft2 or foot candles. At 
the wavelength of peak response of the human eye. 
0.555 µm (0.555 X 10-6m),'l watt of radiative power 
1s equivalent to 680 lumens. 

SR, Radiation Sensitivity: The rat10 of photo-induced 
current to incident radiant energy, the latter meas
ured at the plane of the lens of the photo device. 

SI, Illumination Sensitivity: The ratio of photo-induced 
current to incident luminous energy, the latter meas
ured at the plane of the lens of the photo device. 

A 

FIGURE 1-3 - Solid Angle, w 

Spectral Response: Sensit1V1ty as a function of wave
length of incident energy. Usually normalized to 
peak sens1tiv1ty. 

Constants 

Planck's constant: h = 4.13 X 10-15 eV-s. 

electron charge: 

velocity of light: 

q = 1.60 X 10-19 coulomb. 

c = 3 X 108 m/s. 

Illumination Conversion Factors 

Multiply 

lumens/ft2 

lumens/ft2* 

candlepower 

*At 0.555 µm. 

By 
1 

1.58 x 10-3 

47T 

To Obtain 
ft. candles 

mW/cm2 

lumens 

BIBLIOGRAPHY AND REFERENCES 

I. F1tchen, Franklin C., Transistor Circuit Analysis and 
Design, D. Van Nostrand Company, Inc., Pnnceton 
1962. 

2. Hunter, Lloyd P., ed., Handbook of Semiconductor 
Electronics, Sect 5., McGraw-Hill Book Co., Inc., New 
York 1962. 

3. Jordan, A.G. and A.G. Milnes, "Photoeffect on Diffused 
PN Junctions with Integral Field Gradients", IRE Trans
actions on Electron Devices, October 1960. 

4. Millman, Jacob, Vacuum-tube and Semiconductor Elec
tronics, McGraw-Hill Book Co., Inc., New York 1958. 

5. Sah, C.T ., "Effect of Surface Recombination and Chan
nel on PN Junction and Transistor Characteristics", 
IRE Transactions on Electron Devices, January 1962. 

6. Sears, F .W. and M.W. Zeman sky, University Physics, 
Addison-Wesley Publishing Co., Inc., Reading, Massa
chusetts 1962. 

7. Shockley, William, Electrons and Holes in Semicon
ductors, D. Van Nostrand Company, Inc., Princeton 
1955. 

9-13 

• 



II 

AN-508 

APPLICATIONS OF PHOTOTRANSISTORS 
IN ELECTRO-OPTIC SYSTEMS 

INTRODUCTION 

A phototransistor is a device for controlling current 
flow with light. Basically, any transistor will function as a 
phototransistor if the chip is exposed to light, however, 
certain design techniques are used to optimize the effect 
in a phototransistor. 

Just as phototransistors call for special design tech· 
niques, so do the circuits that use them. The circuit 
designer must supplement his conventional circuit knowl
edge with the terminology and relationships of optics and 
radiant energy. This note presents the infonnation neces
sary to supplement that knowledge. It contains a short 
review of phototransistor theory and characteristics, fol
lowed by a detailed discussion of the subjects of irradiance, 
illuminance, and optics and their significance to photo
transistors. A distinction is made between low-frequency/ 
steady-state design and high-frequency design. The use of 
the design information is then demonstrated with a series 
of typical electro-optic systems. 

PHOTOTRANSISTOR THEORY 1 

Phototransistor operation is a result of the photo-effect 
in solids, or more specifically, in semiconductors. Light of 
a proper wavelength will generate hole-electron pairs 
within the transistor, and an applied voltage will cause 
these carriers to move, thus causing a current to flow. The 
intensity of the applied light will determine the number of 
carrier pairs generated, and thus the magnitude of the 
resultant current flow. 

hv 

\\ 

FIGURE 1 - Photo-Generated Carrier Movement 
in a Phototransistor 

1 
For a detailed discussion see Motorola Application Note 
AN-440, "Theory and Characteristics of Phototransistors." 
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In a phototransistor the actual carrier generation takes 
place in the vicinity of the collector-base junction. As 
shown in Figure 1 for an NPN device, the photo-generated 
holes will gather in the base. In particular, a hole 
generated in the base will remain there, while a hole 
generated in the collector will be drawn into the base by 
the strong field at the junction. The same process will 
result in electrons tending to accumulate in the collector. 
Charge will not really accumulate however, and will try to 
evenly distribute throughout the bulk regions. Conse
quently, holes will diffuse across the base region in the 
direction of the errutter junction. When they reach the 
junction they will be injected into the emitter. This in 
turn will cause the emitter to inject electrons into the 
base. Since the emitter injection efficiency 1s much larger 
than the base injection effeciency, each injected hole will 
result in many injected electrons. 

It is at this point that normal transistor action will 
occur. The emitter injected electrons will travel across the 
base and be drawn into the collector. There, they will 
combine with the photo-induced electrons in the collector 
to appear as the terminal collector current. 

Since the actual photogeneration of carriers occurs in 
the collector base region, the larger the area of this region, 
the more carriers are generated, thus, as Figure 2 shows, 
the transistor is so designed to offer a large area to 
impinging light. 

FIGURE 2 -Typical Double-Diffused Phototransistor Structure 
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FIGURE 3 - Floating Base Approximate Model of Phototransistor 

PHOTOTRANSISTOR STATIC CHARACTERISTICS 

A phototransistor can be either a two-lead or a 
three-lead device. In the three-lead form, the base is made 
electrically available, and the device may be used as a 
standard bipolar transistor with or without the additional 
capability of sensitivity to light. In the two-lead form the 
base is not electncally available, and the transistor can 
only be used with light as an input. In most applications, 
the only drive to the transistor is light, and so the 
two-lead version is the most prominent. 

As a two-lead device, the phototransistor can be 
modeled as shown in Figure 3. In this circuit, current 
generator Ix represents the photo generated current and 
is approximately given by 

(1) 

where 

'Tl is the quantum efficiency or ratio of current carriers 
to incident photons, 

F is the fraction of incident photons transmitted by 
the crystal, 

q is the electronic charge, and 

A is the active area. 

The remaining elements should be recognized as the 
component distribution in the hybrid-pi transistor model. 
Note that the model of Figure 3 indicates that under dark 
conditions, Ix is zero and so Vbe is zero. This means that 
the terminal current I ~ gm Vbe is also zero. 
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In reality there is a thermally generated leakage 
current, 10 , which shunts IA_. Therefore, the terminal 
current will be non-zero. This current, ICEQ, is typically 
on the order of 10 nA at ro~m temperature and may in 
most cases be neglected. 

As a three lead device, the model of Figure 3 need only 
have a resistance, rb'. connected to the junction of Cbc 
and Cbe· The other end of this resistance is the base 
terminal. As mentioned earlier, the three lead phototran
sistor is less common than the two lead version. The only 
advantages of having the base lead available are to stabilize 
the device operation for significant temperature excur
sions, or to use the base for unique circuit purposes. 

Mention is often made of the ability to optimize a 
phototransistor's sensitivity by using the base. The idea is 
that the device can be electrically biased to a collector 
current at which hFE is maximum. However, the intro
duction of any impedance into the base results in a net 
decrease in photo sen~itivity. This is similar to the effect 
noticed when ICEO is measured for a transistor and found 
to be greater than ICER· The base-emitter resistor shunts 
some current around the base-emitter junction, and the 
shunted current is never multiplied by hFE· 

Now when the phototransistor is biased to peak hFE, 
the magnitude of base impedance is low enough to shunt 
an appreciable amount of photo current around the 
base-emitter. The result is actually a lower device sensitiv
ity than found in the open base mode. 

Spectral Response - As mentioned previously, a 
transistor is sensitive to light of a proper wavelength. 
Actually, response is found for a range of wavelengths. 
Figure 4 shows the normalized response for a typical 
phototransistor series (Motorola MRD devices) and in
dicates that peak response occurs at a wavelength of 0.8 
µm. The warping in the response curve in the vicinity of 
0.6 µm results from adjoining bands of constructive and 
destructive interference in the Si0 2 layer covering the 
transistor surface. 
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Radiation Sensitivity - The absolute response of the 
MRD450 phototransistor to impinging radiation is shown 
in Figure 5. This response is standardized to a tungsten 
source operating at a color temperature of 2870°K. As 
subsequent discussion· will show, the transistor sensitivity 
is quite dependent on the sourc~ color temperature. 

Additional static characteristics are discussed in detail 
in AN440, and will not be repeated here. 

LOW-FREQUENCY AND STEADY-STATE DESIGN 
APPROACHES 

For relatively simple circuit designs, the model of 
Figure 3 can be replaced with that of Figure 6. The 
justification for eliminating consideration of device 
capacitance is based on restricting the phototransistor's 
use to d.c. or low frequency applications. The actual 
frequency range of validity is also a function of load 
resistance. For example, Figure 7 shows a plot of the 3 dB 
response frequency as a function of load resistance. 

Assume a modulated light source is to drive the 
phototransistor at a maximum frequency of IO kHz. If 
the resultant photo current is 100 µA, Figure 7 shows a 
3-dB frequency of 10 kHz at a load resistance of 8 
kilohms. Therefore, in this case, the model of Figure 6 can 
be used with acceptable results for a load less than 8 
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kilohms. For larger loads, the hybrid-pi model must be 
used. 

For the remainder of the discussion of low frequency 
and steady state design, it is assumed that the simplified 
model of Figure 6 is valid. 

RADIATION AND ILLUMINATION SOURCES 

The effect of a radiation source on a photo-transistor is 
dependent on the transistor spectral response and the 
spectral distribution of energy from the source. When 
discussing such energy, two related sets of terminology are 
available. The first is radiometric which is a physical 
system; the second is photometric which is a physiological 
system. 

The photometric system defines energy relative to its 
visual effect. As an example, light from a standard 60 
watt-bulb is certainly visible, and as such, has finite 
photometric quantity, whereas radiant energy from a 
60-watt resistor is not visible and has zero photometric 
quantity. Both items have finite radiometric quantity. 

The defining factor for the photometric system is the 
spectral response curve of a standard observer. This is 
shown in Figure 8 and is compared with the spectral 
response of the MRD series. The defining spectral re
sponse of the radiometric system can be imagined as unit 
response for all wavelengths. 
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A companson of the terminology for the two systems 
is given m Table I. 

There exists a relationship between the radiometric and 
photometric quantities such that at a wavelength of 0.55 
µm, the wavelength of peak response for a standard 
observer, one watt of radiant flux is equal to 680 lumens 
of luminious flux. For a broadband of radrnnt flux, the 
visually effective, or photometric flux is given by: 

F = K f P(A.)o (A.)dA. (2a) 

where 

K 1s the proportionality constant (of 680 lumens/
watt), 

P (A.) is the absolute spectral d1stnbut10n of radiant 
flux, 

o (A) 1s the relative response of the standard observer, 

and 

dA. is the differential wavelength, 

A similar integral can be used to convert incident 
radiant flux density, or irradiance, to tlluminance: 

E = K f H (A.) o(A.) dA. (2b) 

In Equation(2b)if H (A.) is given m watts/ cm2 , E will 
be in lumens/ cm2. To obtain :-"' ;,1 footcandles (lumens/
ft2 ), the proportionality consta11t becomes 

K = 6.3 x 105 footcandles/mW/cm2 

Fortunately, 1t is usually not necessary to perform the 
above integrations. The photometric effect of a radiant 
source can often be measured directly with a photometer. 

Unfortunately, most photo transistors are specified for 
use with the radiometric system. Therefore, it is often 
necessary to convert photometric source data, such as the 
candle power rating of an incandescent lamp to rad10metric 
data. This will be discussed shortly. 

GEOMETRIC CONSIDERATIONS 

In the design of electro-optic systems, the geometncal 
relationships are of prime concern. A source will effective
ly appear as either a point source, or an area source, 
depending upon the relationship between the size of the 
source and the distance between the source and the 
detector. 

Point Sources - A point source is defined as one for 
which the source diameter is less than ten percent of the 
distance between the source and the detector, or, 

a:< O.lr, (3) 

where 

a: is the diameter of the source, and 
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r 1s the distance between the source and the detector. 
Figure 9 depicts a pomt source radiating uniformly in 

every direction. If equation (3) is satisfied, the detector 
area, AD, can be approximated as a section of the area of 
a sphere of radius r whose center 1s the pomt source. 

The solid angle, w, in steradians2 subtended by the 
detector area is 

AD 
w=

r2 
(4) 

Since a sphere has a surface area of 47Tr2 , the total solid 
angle of a sphere is 

47Tr 2 

ws = -- = 41T steradians. 
r2 

Table II hsts the design relationships for a point source 
in terms of both radiometric and photometric quantities. 

The above discussion assumes that the photodetector is 
alhgned such that its surface area 1s tangent to the sphere 
with the po mt source at its center. It is entirely possible 
that the plane of the detector can be inclined from the 

TABLE I - Rad1ometnc and Photometric Terminology 

Description 

Total Flux 

Emitted Flux 
Density at a 
Source Surface 

Source Intensity 
(Point Source) 

Source I ntens1ty 
(Area Source) 

Flux Density 
Incident on a 
Receiver Surface 

Descr1pt1on 

Point Source 
Intensity 

I nc1dent Flux 
Density 

Total Flux Output 
of Pornt Source 

Rad1ometr1c Photometric 

Radiant Flux, P, rn Watts Luminous Flux, F, in 

Lum ens 

~a~1=~~/~~~ttance, W, Luminous Emittance, L 
in Lumens/ft2 (foot· 
lamberts),orlumens/ 
cm2 (Lamberts) 

Radiant Intensity, Ir, Luminous I ntenstty, IL· 
1n Watts/Sterad1an m Lumens/Sterad1an 

(Candela) 

Radiance, Br, m 
(Watts/Sterad1anl /cm2 

luminance, BL. rn 
(Lumens/Sterad1an) /ft2 

lfootlambert) 

lrrad1ance, H, rn ~~u:~~:/~~i· (;~~~candle) Watts/cm2 

TABLE II - Point Source Relat1onsh1ps 

Radiometric 

Ir. Watts/Sterad1an 

H(lrrad1ance) =~.watts/ 

d1stance2 

P = 471'1rWatts 

Photometric 

IL· Lumens/Sterad1an 

E(lllumrnance) =1· 
lumens/d1stance2 

F = 471'1L Lumens 

TABLE Ill - Design Relat1onsh1ps for an Area Source 

Description 

Source I ntens1ty 

Emitted Flux 
Density 

Incident Flux 
Density 

Radiometric 

Br. Watts/cm
2 

/sterad1an 

W=trBr. Watts/cm
2 

H =~(d) , Watts/cm
2 

r + 2 

Photometric 

L=11'8L, Lumens/cm
2 

2 
Steradian: The sohd equivalent of a radian. 

• 
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Point Source Radiating 
Uniformly in all 01rect1ons 

FIGURE 9 - Point Source Geometry 

AREA Ao 

tangent plane. Under this condition, as depicted in Figure 
10, the incident flux density is proportional to the cosine 
of the inclination angle,</>. Therefore, 

AREA SOURCES 

Ir 
H =~cos</>, and 

IL 
E =-cos</>. 

r2 

(Sa) 

(Sb) 

When the source has a diameter greater than 10 pcrccn t 
of the separation distance, 

a.;;. 0.lr, (6) 

it is considered to be an area source. This situation is 
shown in Figure 11. Table III lists the design relationships 
for an area source. 

A special case that deserves some consideration occurs 
when 

~>>r, 
2 

(7) 

that is, when the detector is quite close to the sour_ce. 
Under this condition, 

(8) 

but, the area of the source, 

(9) 

Therefore, 

H~Br'Tl'=W, (10) 

That is, the emitted and incident flux densities are 
equal. Now, if the area of the detector is the same as the 
area of the source, and equation (7) is satisfied, the total 
incident energy is approximately the same as the total 
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Point 
Source (I) 

Ao 

FIGURE 10- Detector Not Normal to Source Direction 

radiated energy, that is, unity coupling exists between 
source and detector. 

LENS SYSTEMS 

A lens can be used with a photodetector to effectively 
increase the irradiance on the detector. As shown in 
Figure l 2a, the irradiance on a target surface for a point 
source of intensity, I, is 

(11) 

where d is the separation distance. 

In Figure l 2b a lens has been placed between the 
source and the detector. It is assumed that the distance d' 
from the source to the lens is approximately equal to d: 

d' ""'d, ( 12) 

and the solid angle subtended at the source is sufficiently 
small to consider the rays striking the lens to be parallel. 

If the photodetector is circular in area, and the 
distance from the lens to the detector is such that the 
image of the source exactly fills the detector surface area, 
the radiant flux on the detector (assuming no lens loss) is 

(13) 

where 

Po is the radiant flux incident on the detector, 

PL is the radiant flux incident on the lens, 

H' is the flux density on the lens, and 

TL is the lens radius. 

Using equation (12), 

H' = I/d2 = H. (14) 

The flux density on the detector is 
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FIGURE 11 - Area Source Geometry Figure 12 - Use of a Lens to Increase lrradiance on a Detector 

External Lens MRD 300 

FIGURE 13 - Possible Misalignment Due to Arbitrary Use of 
External Lens Dotted Rays Indicate Performance Without External Lens 

Ho= Po/AD, 

where Ao 1s the detector area, given by 

Ao= 1T rd2. 

Using (13), (14), and (16) in (15) gives 

Ho =L /rL)2 
d2 \Tc!. 

(15) 

(16) 

(17) 

Now dividing (17) by (11) gives the ratio of irradiance 
on the detector with a lens to the irradiance without a 
lens. 

(18) 

As (18) shows, if the lens radms is greater than the 
detector radius, the lens provides an increase in incident 
irradiance on the detector. To account for losses in the 
lens, the ratio is reduced by about ten percent. 

R= 0.9~:~) 2 
(19) 

where R is the gain of the lens system. 
It should be pointed out that arbitrary placement of a 

lens may be more harmful than helpful. That is, a lens 
system must be carefully planned to be effective. 

For example, the MRD300 phototransistor contains a 
lens which is effective when the input is in the form of 
parallel rays (as approxunated by a uniformly radiating 
point source). Now, if a lens is introduced in front of the 
MRD300 as shown in Figure 13, it will provide a non-
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parallel ray input to the transistor lens. Thus the net 

optical circuit will be misaligned. The net irradiance on the 
phototransistor chip may in fact be less than without the 
external lens. The circuit of Figure 14 does show an 
effective system. Lens 1 converges the energy incident on 
its surface to lens 2 which reconverts this energy into 
parallel rays. The energy entering the phototransistor lens 
as parallel rays is the same (neglecting losses) as that 
entering lens 1. Another way of looking at this is to 
imagine that the phototransistor surface has been in
creased to a value equal to the surface area of lens 1. 

FIBER OPTICS 

Another technique for maximizing the coupling be
tween source and detector is to use a fiber bundle to link 
the phototransistor to the light source. The operation of 
fiber optics is based on the principle of total internal 
reflection. 

Figure 15 shows an interface between two materials of 
different indices of refraction. Assume that the index of 
refraction, n, of the lower material is greater than that, n', 
of the upper material. Point P represents a point source of 
light radiating uniformly in all directions. Some rays from 
P will be directed at the material interface. 

At the interface, Snell's law requires: 

n Sin e : n' Sin e I 1 (20) 
where 

e is the angle between a ray in the lower material and 
the normal to the interface, 

and 

e 'is the angle between a refracted ray and the normal. 

Rearranging (20), 

• 
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sine'=.!!. sine. (21) 
n' 

By assumption, n/n' is greater than one, so that 

sine'> sine. (22) 

However, since the maximum value of sine' is one and 
occurs when e' is 90°' e' will reach 90° before e does. 
That is, for some value of e, defined as the critical angle, 
ec, rays from P do not cross the interface. When e >ec, 
the rays are reflected entirely back into the lower 
material, or total internal reflection occurs. 

Figure 16 shows the application of this principle to 
fiber optics. A glass fiber of refractive index n is clad with 
a layer of glass of lower refractive index, n'. A ray of light 
entering the end of the cable will be refracted as shown. 
If, after refraction, it approaches the glass interface at an 
angle greater than ec, it will be reflected within the fiber. 
Since the angle of reflection must equal the angle of 
mc1dence, the ray will bounce down the fiber and emerge, 
refracted, at the exit end. 

The numerical aperature, NA, of a fiber is defined as 
the sin of the half angle of acceptance. Application of 
Snell's law at the interface for 6 C• and again at the fiber 
end will give 

NA== sin ct>=~. (23) 

For total internal reflection to occur, a light ray must 
enter the fiber within the half angle <f>. 

Once a light ray is within the fiber, it will suffer some 
attenuation. For glass fibers, an absorption rate of from 
five to ten per cent per foot is typical. There is also an 
entrance and exit loss at the ends of the fiber which 
typically result in about a thirty per cent loss. 

As an example, an illuminance E at the source end of a 
three-foot fiber bundle would appear at the detector as 

Eo = 0.7 Ee-aL:Q.7 Ee-(0.1)(3)=0.51 E, (24) 

where E is the illuminance at the source end, 

Eo is the illuminance at the detector end, 

a is the absorption rate, and 

Lis the length. 

This assumes an absorption loss of ten percent per foot. 

TUNGSTEN LAMPS 

Tungsten lamps are often used as radiation sources for 
photodetectors. The radiant energy of these lamps is 
distributed over a broad band of wavelengths. Since the 
eye and the phototransistor exhibit different wavelength
dependent response characteristics, the effect of a tung
sten lamp will be different for both. The spectral output 
of a tungsten lamp is very much a function of color 
temperature. 
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FIGURE 14 - Effective Use of External Optics with the MRD 300 

n' 

FIGURE 15 - Ray Refraction at an Interface 

n' 

FIGURE 16 - Refraction in an Optical Fiber 

Color temperature of a lamp is the temperature 
required by an ideal blackbody radiator to produce the 
same visual effect as the lamp. At low color temperatures, 
a tungsten lamp emits very little visible radiation. How
ever, as color temperature is increased, the response shifts 
toward the visible spectrum. Figure 17 shows the spectral 
distribution of tungsten lamps as a function of color 
temperature. The lamps are operated at constant wattage 
and the response is normalized to the response at 2800°K. 
For comparison, the spectral response for both the 
standard observer and the MRD phototransistor series are 
also plotted. Graphical integration of the product of the 
standard observer response and the pertinent source 
distribution from Figure 17 will provide a solution to 
equations (2a) and (2b). 

Effective Irradiance - Although the sensitivity of a 
photodetector to an illuminant source is frequently 
provided, the sensitivity to an irradiant source is more 
common. Thus, it is advisable to carry out design work in 
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terms of irradiance. However, since the spectral response 
of a source and a detector are, in general, not the same, a 
response integration must still be performed. The integral 
is similar to that for photometric evaluation. 

(25) 

where 

PE is the effective radiant flux on the detector, P(;\) is 
the spectral distribution of source flux 

and 

Y(A.) is the spectral response of the detector. 
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Again, such an integration is best evaluated graphically. 
In terms of flux density, the integral is 

where HE is the effective flux density (irradiance) on 
the detector 

and H (A.) is the absolute flux density distribution of 
the source on the detector. 

Graphical integration of equations (2b) and (26) has 
been performed for the MRD series of phototransistors 
for several values of lamp color temperature. The results 
are given in Figures 18 and 19 in terms of ratios. Figure 
18 provides the irradiance ratio, HE/H versus color 
temperature. As the curve shows, a tungsten lamp 
operating at 2600°K is about 14% effective on the MRD 
series devices. That is, if the broadband irradiance of such 
a lamp is measured at the detector and found to be 20 
mw/cm2

, the transistor will effectively see 

HE= 0.14 (20) = 2.8 mW/cm 2 (27) 

The specifications for the MRD phototransistor series 
include the correction for effective irradiance. For 
example, the MRD450 is rated for a typical sensitivity of 
0.8 mA/mW/cm2

• This specification is made with a 
tungsten source operating at 2870°K and providing an 
irradiance at the transistor of 5.0 mW/cm2

• Note that this 
will result in a current flow of 4.0 mA. 

However, from Figure 18, the effective irradiance is 

HE= (5.0)(.185) = 0.925 mW/cm 2 (28) 

By using this value of HE and the typical sensitivity 
rating it can be shown that the device sensitivity to a 
monochromatic irradiance at the MRD450 peak response 
of0.8 µmis 

s = ~ = 
4.o mA = 4.33 mA/mW/cm 2 (29) 

HE 0.925 mW/cm 2 

Now, as shown previously, an irradiance of 20 
mW/cm2 at a color temperature of 2600°K looks like 
monochromatic irradiance at 0.8µm of 2.8 mW/cm2 

(Equation 27). Therefore, the resultant current flow is 

I= SHE (4.33)(2.8) = 12.2 mA (30) 

An alternate approach is provided by Figure 20. In this 
figure, the relative response as a function of color 
temperature has been plotted. As the curve shows, the 
response is down to 83% at a color temperature of 
2600°K. The specified typical response for the MRD450 
at 20mW /cm2 for a 2870°K tungsten source is 0.9 
mA/mW/cm2

• The current flow at 2600°K and 20 
mW /cm2 is therefore 

I= (0.83)(0.9)(20) = 14.9 mA (31) 

• 
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This value agrees reasonably well with the result 
obtained in Equation 30. Similarly, Figure 19 will show 
that a current flow of 6.67 mA will result from an 
illuminance of 125 foot candles at a color temperature of 
2600°K. 

Determination of Color Temperature - It is very likely 
that a circuit designer will not have the capability to 
measure color temperature. However, with a voltage 
measuring capability, a reasonable approximation of color 
temperature may be obtained. Figure 21 shows the 
classical variation of lamp current, candlepower and 
lifetime for a tungsten lamp as a function of applied 
voltage. Figure 22 shows the variation of color tempera
ture as a function of the ratio 

where 

MSCP 
p=WATT (32) 

MSCP is the mean spherical candlepower at the lamp 
operating point and WA TT is the lamp IV product 
at the operating point. 

As an example, suppose a type 47 indicator lamp is 
used as a source for a phototransistor. To extend the 
lifetime, the lamp is operated at 80% of rated voltage. 

Lamp Rated Volts Rated Current MSCP 

47 6.3V 150 mA 0.52 approx 

Geometric Considerations - The candlepower ratings 
on most lamps are obtained from measuring the total 
lamp output in an integrating sphere and dividing by the 
unit solid angle. Thus the rating is an average, or 
mean-spherical-candlepower. However, a tungsten lamp 
cannot radiate uniformly in all directions, therefore, the 
candlepower varies with the lamp orientation. Figure 23 
shows the radiation pattern for a typical frosted tungsten 
lamp. As shown, the maximum radiation occurs in the 
horizontal direction for a base-down or base-up lamp. The 
circular curve simulates the output of a uniform radiator, 
and contains the same area as the lamp polar plot. It 
indicates that the lamp horizontal output is about 1.33 
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From Figure 21 for 80% rated voltage, 
(R?ted Current) (Percent current)= (.15)(0.86) = 0.129 
ampere 
(Rated CP) (Percent CP) = (0.5)(0.52) = 0.26 CP 
(Rated Voltage) (Percent Voltage)= (6.3)(0.8) = 5.05 V 

WATTS= (5.05)(0.129) = 0.65 

0.26 
p = 0.65 = 0.4, 

From Figure 22, for p = 0.4, 

CT= 2300°K, 
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FIGURE 23 - Typical Radiation Pattern for a Frosted 
Incandescent Lamp 

times the rated MSCP, wlule the vertical output, opposite 
the base, is 0.48 times the rated MSCP. 

The actual polar variation for a lamp will depend on a 
variety of physical features such as filament shape, size 
and orientation and the solid angle intercepted by the 
base with respect to the center of the filament. 

If the lamp output 1s given in horizontal candlepower 
(HCP), a fairly accurate calculation can be made with 
regard to illuminance on a receiver. 

A third-form of rating is beam candlepower, which is 
provided for lamps with reflectors. 

In all three cases the ratmg is given m lumens/steradian 
or candlepower. 

SOLID STATE SOURCES 

In contrast with the broadband source of radiation of 
the tungsten lamp, solid state sources provide relatively 
narrow band energy. The gallium arsenide (GaAs) light
emitting-diode (LED) has spectral charactenstics which 
make it a favorable mate for use with silicon photo
detectors. LED's are available for several wavelengths, as 

" c: 
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FIGURE 24 - Spectral Characteristics for Several LED's 
Compared with MRD Series 
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shown in Figure 24, but as the figure shows, the GaAs 
diode and the MRD phototransistor series are particularly 
compatible. Application of Equation (26) to the GaAs 
response and the MRD series response indicates that the 
efficiency ratio, HE/H, 1s approximately 0.9 or 90%. That 
is, an irrad1ance of 4.0 mW /cm2 from an LED will appear 
to the phototrans1stor as 3.6 mW/cm2

• Tlus means that a 
typical GaAs LED is about 3.5 times as effective as a 
tungsten lamp at 2870°K. Therefore, the typical sensitiv
ity for the MRD450 when used with a GaAs LED is 
approximately 

S = (0.8)(3.5) = 2.8 mA/mW/cm2
• (33) 

An additional factor to be considered in using LED's is 
the polar response. The presence of a lens in the diode 
package will confine the solid angle of radiation. If the 
solid angle is e, the resultant irradiance on a target located 
at a distance d is 

where 

4P 
H = ~ watts/cm2

, 
rre d 

P 1s the total output power of the LED in watts 
() 1s the beam angle 

(34) 

d 1s the distance between the LED and the detector in 
cm. 

LOW FREQUENCY AND STEADY STATE 
APPLICATIONS 

Light Operated Relay - Figure 25 shows a circuit in 
which presence of light causes a relay to operate. The 
relay used in this circuit draws about 5 mA when Q2 is in 
saturation Since hFE (min) for the MPS3394 is 55 at a 
collector current of 2mA, a base current of 0.5 mA is 
sufficient to ensure saturation. Phototransistor QI pro
vides the necessary base drive. If the MRD300 is used, the 
minimum illumination sensitivity is 4 µA/footcandle, 
therefore, 

I 
E = _c_ = o.s mA (35) 

S1CEO 4XI0-3 mA/footcandle 

E = 125 footcandles 

+10 v 
o~~~~~--.~~~~..--~---. 

"ENERGIZED" 

~ 
Q1 

MRD300 

SIGMA 
11 F-2300-GSI L 

Q2 
MPS3394 

FIGURE 25 - Light-Operated Relay 
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This light level can be supplied by a flashlight or other 
equivalent light source. 

The equivalent irradiance is obviously that value of 
irradiance which will cause the same current flow. Assume 
the light source is a flashlight using a PR2 lamp. The 
ratings for this lamp are 

Lamp Rated Volts Rated Current MSCP 

PR2 2.38 0.50 A 0.80 

If the flashlight has new batteries the lamp voltage is 

VL = 2(1.55)=3.1 volts (36) 

This means that the lamp is operated at 130 per cent of 
rated voltage. From Figure 21 for 130% rated voltage, 

(Rated Current) (Percent Current) = (0.5)(1.15) 
0.575 ampere 
(Rated CP) (Percent CP) = (0.80)(2.5) = 2 CP 
(Rated Voltage) (Percent Voltage)= (2.38)(1.3) = 3.1 
volts. 
Therefore, the MSCP/watt rating is 1.12. From Figure 

22, the color temperature is 2720°K. 
Now, from Figure 20, the response at a color tempera

ture of 2720°K is down to 90% of its reference value. At 
the reference temperature, the minimum SRCEO for the 
MRD300 is 0.8 mA/mW/cm2

, so at 2720°K it is 

SRCEO (MIN)= (0.9)(0.8) = 0.72 mA/mW/cm2 (37) 

and 

Ic 0.5 
HE= SRCEO = 0.72 = 0.65 mW/cm2 (38) 

However, sensitivity is a function of irradiance, and at 
0.695 mW/cm2 it has a minimum value (at 2720°K) of 
about 0.45 mA/mW/cm2

, therefore 

0.5 
HE = 0.45 = 1.11 mW /cm2 (39) 

Again, we note that at an irradiance of 1.11 mW/cm2
, 

the minimum SRCEO is about 0.54 mA/mW/cm2
• Several 

applications of the above process eventually result in a 
convergent answer of 

HE:::::: 1.0 mW /cm,2 (40) 

Now, from the MRD450 data sheet, SRCEO (min) at 
an irradiance of 1.0 mW/cm2 and color temperature of 
2720°K is 

SRCEO = (0.15)(0.9) = 0.135 mA/mW/cm2 (41) 

At 1.0 mW /cm2
, we can expect a minimum Ic of 

0.135 mA. This is below the design requirement of 0.5 
mA. By looking at the product of SRCEO (min) and H on 
the data sheet curve, the minimum H for 0.5 mA for using 
the MRD450 can now be calculated. 

H 3.0 I (MRD450) _I (MRD450) (
42

) 
HE= 1.0 I (MRD300) 125 

or 
I (MRD450) = 375 footcandles (43) 

This value is pretty high for a two D-cell flashlight, but 
the circuit should perform properly since about 200 
footcandles can be expected from a flashlight, giving a 
resultant current flow of approximately 

220 
I = 

275 
(0.5 mA) = 0.293 mA (44) 

This will be the base current of Q2, and smce the relay 
requires 5 mA, the minimum hFE requued for Q2 is 

5 
hfE (Q2) = 0.293 = 17. (45) 

This is well below the hFE (min) specification for the 
MPS3394 (55) so proper circuit performance can be 
expected. 

A variation of the above circuit is shown in Figure 26. 
In this circuit, the presence of light deenergizes the relay. 
The same light levels are applicable. The two relay circuits 
can be used for a variety of applications such as automatic 
door activators, object or process counters, and intrusion 
alarms. Figure 27, for example, shows the circuit of 
Figure 26 used to activate an SCR in an alarm system. The 
presence of light keeps the relay deenergized, thus 
denying trigger current to the SCR gate. When the light is 
interrupted, the relay energizes, providing the SCR with 
trigger current. The SCR latches ON, so only a momen
tary interruption of light is sufficient to cause the alarm 
to ring continuously. S 1 is a momentary contact switch 
for resetting the system. 
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FIGURE 26 - Light De-energized Relay 
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If the SCR has a sensitive gate, the relay can be 
eliminated as shown in Figure 28. The phototransistor 
holds the gate low as long as light is present, but pulls the 
gate up to triggenng level when the light is interrupted. 
Again, a reset switch appears across the SCR. 

Voltage Regulator - The light output of an incandes
cent lamp is very dependent on the RMS voltage applied 
to it. Since the phototransistor 1s sensitive to light 
changes, it can be used to monitor the ltght output of a 
lamp, and in a closed-loop system to control the lamp 
voltage. Such a regulator is particularly useful in a 
projection system where it is desued to maintain a 
constant brightness level despite line voltage variations. 

Figure 29 shows a voltage regulator for a projection 
lamp. The RMS voltage on the lamp is set by the firing 
angle of the SCR. This firing angle in turn is set by the 
unijunction timing circuit. Transistors Q 1 and Q2 form a 
constant-current source for charging timing capacitor C. 

The magnitude of the charging current, the capaci
tance, C, and the position of R6 set the firing time of the 
UJT oscillator which in turn sets the firing angle of the 
SCR. Regulation is accomplished by phototransistor Q3. 
The brightness of the lamp sets the current level in Q3, 
which diverts current from the timing capacitor. Potentio
meter R6 is set for the desired brightness level. 

10 v 

Alarm 

-= 

2N4441 

9 1 k 

FIGURE 27 - Light-Relay 
Operated SCR Alarm Circuit 

+10 v 

10V 

Alarm 

FIGURE 28 - Light Operated SCR Alarm 
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01 and 02: MPS6516 
03: MRD300 

R3 

R2 
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Output AdJ. 
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2N 
4870 
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FIGURE 29 - Circuit Diagram of 

Voltage Regulator for 
Projection Lamp • 

0 2N4444 to be used with a heat sink. 
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If the line voltage rises, the lamp tends to become 
brighter, causin'g an increase in the current of Q3. This 
causes the unijunction to fire later in the cycle, thus 
reducing the conduction time of the SCR. Since the lamp 
RMS voltage depends on the conduction angle of the 
SCR, the increase in line voltage 1s compensated for by a 
decrease in conduction angle, maintaining a constant lamp 
voltage. 

Because the projection lamp is so bright, it will saturate 
the phototransistor if it is directly coupled to it. Either of 
two coupling techniques are satisfactory. The first 1s to 
attenuate the light to the phototransistor with a translu
cent material with a small iris. The degree of attenuation 
or translucency must be experimentally determined for 
the particular projection lamp used. 

The second coupling technique is to couple the lamp 
and phototransistor by a reflected path. The type of 
reflective surface and path length will again depend on the 
particular lamp being used. 
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FIGURE 32 - Improved Speed Configuration for Phototransistor 
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FIGURE 34 - Switching Times with Speed-up C1rcu1t 

HIGH FREQUENCY DESIGN APPROACHES 

It was shown in Figure 7 that the frequency response 
of the MRD phototransistor series is quite dependent on 
the load. Depending on the load value and the frequency 
of operation, the device can be modled simply as in Figure 
6, or else in the modified hybrid-pi form of Figure 3 . 

While the hybrid-pi model may be useful for detailed 
analytical work, it does not offer much for the case of 
simplified design. It is much easier to consider the 
transistor simply as a current source with a first-order 
transient response. With the addition of switching charac
teristics to the device information already available, most 
design problems can be solved with a minimum of effort. 
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Switching Characteristics - When the phototransistor 
changes state from OFF to ON, a significant time delay is 
associated with the rbe Cbe time constant. As shown in 
Figure 30, the capacitance of the emitter-base junction is 
appreciable. Since the device photocurrent is gm Vbe 
(from Figure 3), the load current can change state only as 
fast as Vbe can change. Also, Vbe can change only as fast as 
Cbe can charge and discharge through the load resistance. 
Figure 31 shows the variations in rise and fall time 
with load resistance. This measurement was made using a 
GaAs light emitting diode for the light source. The LED 
output power and the separation distance between the LED 
and the phototransistor were adjusted for an ON photo
transistor current of 1.5 mA. The rise time was also meas
ured for a short-circuited load and found to be about 700 ns. 

The major difficulty encountered in high-frequency 
applications is the load-dependent frequency response. 
Since the phototransistor is a current source, it is desirable 
to use a large load resistance to develop maximum output 
voltage. However, large load resistances limit the useful 
frequency range. This seems to present the designer with a 
tradeoff between voltage and speed. However, there is a 
technique available to eliminate the need for such a 
tradeoff. 

Figure 32 shows a circUlt designed to optimize both 
speed and output voltage. The common-base stage Q2 
offers a low-impedance load to the phototransistor, thus 
maximizing response speed. Since Q2 has near-unity 
current gain, the load current in RL is approximately 
equal to the phototransistor current. Thus the impedance 
transformatiort provided by Q2 results in a relatively load
independent frequency response. 

The effect of Q2 is shown in Figures 33 and 34. In 
Figure 33, the 3-dB frequency response as a function of 
load is shown. Comparing this with Figure 7, the effect of 
Q2 is quite evident. Comparison of Figures 31 and 34 also 
demonstrates the effect of Q2. 

Remote Strobeflash Slave Adapter - At times when 
using an electronic strobe flash, it is desirable to use a 
remote, or "slave" flash synchronized with the master. 
The circuit in Figure 35 provides the drive needed to 
trigger a slave unit, and eliminates the necessity for 

100mH 
RFC 

9-25 v 
11111------.------0 

R1 
1.2 k 

INPUT TO STROBE 
FLASH UNIT 

02 
2N4216 

FIGURE 35 - Strobeflash Slave Adapter 
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synchronizing wires between the two flash units. 
The MRD300 phototransistor used in this circuit is cut 

off in a VcER mode due to the relatively low de 
resistance of rf choke Ll even under high ambient light 
conditions. When a fast-rising pulse of light strikes the 
base region of this device, however, Ll acts as a very high 
impedance to the ramp and the transistor is biased into 
conduction by the incoming pulse of light. 

When the MRD300 conducts, a signal is applied to the 
gate of SCR Q2. This triggers Q2, which acts as a 
solid-state relay and turns on the attached strobeflash 
unit. 

In tests this unit was unaffected by ambient light 
conditions. It fired up to approximately 20 feet from 
strobe-light flashes using only the lens of the MRD300 for 
light pickup. 

CONCLUSION 

The phototransistor provides the circuit or system 
designer with a unique component for use in de and linear 
or digital· time-varying applications. Use of a phototran
sistor yields extremely high electncal and mechanical 
isolation. The proper design of an electro-optical system 
requires a knowledge of both the radiation source 
characteristics and the phototransistor characteristics. 
This knowledge, coupled with an adequately defined 
distance and geometric relationship, enables the designer 
to properly predict the performance of his designs. 
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ISOLATION TECHNIQUES USING 
OPTICAL COUPLERS 

Prepared by 

Francis Christian 

INTRODUCTION 

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

Operation is based on the principle of detectmg emit
ted light. The input to the coupler is connected to a light 
emitter and the output is a photodetector, the two ele
ments being separated by a transparent insulator and housed 
in a light-excluding package. There are many types of 
optical couplers; for example, the hght source could be 
an incandescent lamp or a light emitting diode (LED). 
Also, the detector could be photovoltaic cell, photocon
ductive cell, photodiode, phototransistor, or a light-sensi
tive SCR. By vanous combinations of emitters and detec
tors, a number of different types of optical couplers could 
be assembled. 

Once an emitter and detector have been assembled as 
a coupler, the optical portion.is perm:rnently established 
so that device use 1s only electronic in nature. This elimi
nates the need for the circuit designer to have knowledge 
of optics. However, for effective application, he must 
know somethmg of the electrical characteristics, capab1h
t1es, and limitations, of the emitter and detector. 

COUPLER CHARACTERISTICS 

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

The coupler's characteristics are given m the followmg 
sequence. LED characteristics, phototransistor charactcr-
1st1cs, coupled characteristics, and switching characteristics. 
Table I shows all four for the 4N25 series. 

INPUT 

For most applications the basic LED parameters IF and 
VF are all that ,11e needed to define the input. Figure I 
shows these forward characteristics, providmg the neces
sary information to design the LED drive circuit. Most 
circuit applications will require a current limitmg resistor 
in series with the LED input. The circuit in Figure 2 is a 
typical drive circuit. 

The current limiting resistor can be calculated from 
the following equation. 

where 

2.0 

V1N-VF 
R=----, 

IF 

VF= diode forward voltage 
IF= diode forward current 

0 
~ 

T TF 
1--TJ ~ 25°C 

g 1.8 

0 
> 

~ 
v 

if 
~ ...ill v 

~ 
H 1---1 

u. 1.0 
> 1 0 2 0 5 0 10 20 50 100 200 500 1000 

'F• Instantaneous Forward Current (mA) 

FIGURE 1 - Input Diode Forward Characteristic 

FIGURE 2 - Simple Drive Circuit For An LED 
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LED CHARACTERISTICS IT A· 25•c unless otherw"e noted! 

Ch•r•cter1st1c 

•Reverse Leakage Current 
IVR = 3 0 V. AL= 1 0 M ohms! 

*Forward Voltage 

llF = 50 mA) 

Capacitance 
IVR =OV,f = 1 OMHzl 

TABLE I 

Symbol Mon Typ Mox 

005 100 

1 2 1 5 Volts 

150 pF 

PHOTOTRANSISTOR CHARACTERISTICS IT A= 25°C and IF= o unless otherw1Se noted! 

Character1st1c 

•collector Emitter Dark Current 

IVcE = 10 V Base Open I 

·collector Base Dark Current 
IV cs= 10 V, Emitter Open) 

•collector Base Breakdown Voltage 
Pc = 100 µA, IE = 01 

•collector Emitter Breakdown Voltage 

lie= 1 OmA.1 8 =OI 

•Emitter Collector Breakdown Voltage 

(IE= 100µA 18 =01 

DC Current Gain 

IVeE = 5 0 v le= 500µAI 

4N25 4N26 4N27 

4N28 

COUPLED CHARACTERISTICS IT A= 2s•c unless otherw1Se noted! 

Characteristic 

•collector Output Current (1) 

1Ve,E-10V IF=10mA l9=0l 

·1solat1on Voltage f2J 

Isolation Resistance (21 

IV 500 VI 

•collector Emmer Saturat1c.i11 

lie =20mA IF =50mAI 

Isolation Capacitance (2) 

IV = 0 f = 1 0 MHzl 

Bandwidth (3) 

lie - 2 0 mA, AL= 100 ohms Figure 111 

SWITCHING CHARACTERISTICS 

Delay Time 

Storage Time 

lie= 10 mA, Vee 0 10 VI 

F 1gures 6 and 8 

lie' 10 mA, Vee, 10 VI 

Figures 7 and 8 

4N25 4N26 
4N27,4N28 

4N25 

4N26 4N27 

4N28 

4N25 4N26 
4N27 4N28 

4N25 4N26 
4N27 4N28 

4N25 4N26 
4N27 4N28 

4N25 4N26 
4N27 4N28 

Symbol 

1c00 

V(BR)CBO 

V(BR)CEO 

V(BR)ECO 

Symbol 

VcElsatl 

td 

1, 

1, 

Mon Typ Max Unit 

3 5 50 nA 

100 

20 nA 

70 Volts 

30 Volts 

70 Volts 

250 

Mon Typ Max 

20 5 0 mA 
1 0 3 0 

2500 Volts 
1500 

500 

1011 Ohms 

02 05 Volts 

13 pF 

300 kHz 

007 
0 10 

08 

20 

40 

2 0 

70 
3 0 

"lnd1cate-s JE DEC Registered Data (1) Pulse Test Pulse Width 300 ,us Duty Cy(.le ' 2 O"·n 
(2) For this test LEO pms 1 and 2 are common and Photo Transistor pins 4 5 and 6 are common 

(3)1Fad1ustedtoy1eldlc 20mAanrl•c-20mAppat10kHz 

OUTPUT 

The output of the coupler is the phototrans1stor. The 
basic parameters of interest are the collector current Ic 
and collector emitter voltage, VCE· Figure 3 1s a curve of 
VcE(sat) versus Ic for two different dnve levels. 

COUPLING 

To fully characterize the coupler, a new parameter, the 
de current transfer ratio or coupling efficiency (11) must 
be defined. 1l1is is the ratio of the transistor collector 
current to diode current Ic/IF. Figures 4A and 48 show 
the typical de current transfer functions for the couplers 
at VcE = IO volts. Note that 11 vanes with IF and VCE· 

1.0~-~~11~1,~11,~~T""T"T'T"TI-....-,-~ 

~IF=251c 

t °E 0 8 .._..._ ....... ,__-___,+-1--I-._ I F = 50 IC -+--4-H--+-+.<f-i+--+-+--+--t-i 

] ~ T J = 25°C -+--l---H-++IH+--+-+-+-IH I 
.:. ., 
B ~oGl--l-+-+++---1---+-+-+++1++---+-----+-+++++1+-7+--1-~11-H-l 
~g 7 I/ 
~ g O 4 >-+-++++---+---+-+-+-+-+-+++-----+- 4N 2 5 .,.:..,8-+l-l--+---l-H H 4N26 l). "I / ) 
w3 #~ 

~ ~ 0 21me~~fttttm~~3:lttn~~ ... t~11 ( - ::;...: t- j-- 1= ~ - I- ,t.•~ 4N27 

0LLLU'---'---'-L.J...LJ-L.LL._--'------'.--'---L..i...L..Li-'-----'---4~~-2i~8 
0 05 0 1 0 2 05 10 2.0 50 10 20 50 

lc. Collector Current (mA) 

FIGURE 3 - Collector Saturation Voltage 
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Once the required output collector current le is known, 
the input diode current can be calculated by 

where IF is the forward diode current 
IC is the collector current 

100 

50 

~ .s 20 

~ 10 

c3 5.o 

0 
~ 2.0 

Ci 1.0 
u 
!? 0 5 

~ 
i,,... 

0.2 

0.1 
05 

c: 

" 

100 

50 

20 

10 

:J 5.0 
u 

20 I Ci 1.0 
u 
!? 0.5 

02 

0.1 

H 
H 

H 
H 

I-' 

11 is the coupling efficiency or transfer ratio. 

4N2S, 4N26 

VcE 10V 
...... l j.-:J 
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..G~i--' 

TJ -55°C 

7 

'/ 
t---... 25°C 

~ ....... b100°C 

-£? 
L 
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IF, Forward Diode Current (mA) 

FIGURE 4A - DC Current Transfer Ratio 

4N27, 4N28 

VcE=10V 

11 l ± ~ 

02 ~ n ,,. 

r;----:55°C ::,,! L_...: 
IL'.: 

IL 
ILl ~25°C 

LJL 100°C 
LLl L _l_ _l~ 

JL'L ± ± VL 
lL 

500 

0 5 1 0 2.0 5 0 10 20 50 100 200 500 

IF• Forward Diode Current (mA) 

FIGURE 48 - DC Current Transfer Ratio 

RESPONSE TIME 

The switching times for the couplers are shown in 
Figures SA and SB. The speed is fairly slow compared to 
switching transistors, but is typical of phototransistors 
because of the large base-collector area. The switching time 
or bandwidth of the coupler is a function of the load 
resistor RL because of the RLCo time constant where Co 
is the parallel combination of the device and load capaci
tances. Figure 6 is a curve of frequency response versus RL. 
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FIGURE SA - Switching Times 
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IF 
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L 

1 
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5 

4 

le= IF1J 

-vcc = 10 Volts 
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.__ ___ --<.J ~~!~:t 

FIGURE 7 - Pulse Mode C1rcu1t 

OPERATING MODE 

The two basic modes of operation are pulsed and lmear. 
In the pulsed mode of operation, the LED will be switched 
on or off. The output will also be pulses either in phase 
or 180° out of phase with the mput depending on where 
the output 1s taken The output will be 180° out of 
phase 1f the collector is used and m phase 1f the emitter 
is used for the output. 

Vee 

I 
I 
I 
I 

_J 

le 
-vcc = 10 Volts 
....----o le= IF1J 

1 r----

' L_!-A 
-IF 

le (DC)= 2 0 mA 
•c (AC Sone Wave)= 2 0 mA P-P 6 

FIGURE 8 - Linear Mode Circuit 

time for a d1ode-trans1stor coupler 1s m the order of 2 to 
5 µs, where the diode-diode coupler 1s 50 to 100 ns. The 
one disadvantage with the diode-diode coupler 1s that the 
output current is much lower than the d10de-transistor 
coupler. This 1s because the base current is bemg used as 
signal current and the (3 mult1phcat10n of the transistor 1s 
omitted Figure 10 1s a graph of Is versus IF usmg the 
coupler m the diode-diode mode. 

-, 
I 
I 
I 

_J 

FIGURE 9 - Circuit Connections for US1ng the 4N26 
As a D1ode-D1ode Coupler 

In the Imear mode of operation, the mput is brnsed at 
a de operating pomt and then the input 1s changed about 
this de point. The output signal will have an ac and de 
component in the signal. 

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

THE 4N26 AS A DIODE-DIODE COUPLER 

The 4N26 which 1s a diode-transistor coupler, can be 
used as a diode-diode coupler. To do this the output is 
taken between the collector and base instead of the collec
tor and emitter. The circuits in Figure 9 show the connec
tions to use the coupler in the d1ode-d10de mode. 

The advantage of usmg the 4N26 as a d1ode-d1ode 
coupler 1s increased speed. For example, the pulse rise 
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FIGURE 10 - Is versus IF Curve for Using the 4N26 
As a D1ode-D1ode Coupler • 
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AC 

l 
FIGURE 11 - Coupler-Driven SCR 

APPLICATIONS 

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

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

Figure 12 is a circuit that couples a high voltage load 
to a low voltage logic circuit. To insure that the voltage 
to the MTTL flip-flop exceeds the logic-one level, the coup-

+5 v 

11oc=10mA 
510 t 
47 4N26 

+15 v 

r----

c.-

6 4 

100 

v-------

Gate 
Signal 

R' 

L __ 

IF =50mA 

v 
R'=--

0 05 A 

6 

+5 v 

4 

250 

5 

--, 
I 
I 
I 

_J 

MTTL 
Flop-Flop 

FIGURE 12 - Opto Coupler In A Load To Logic Translation 

!er output current must be at least 10 mA. To guarantee 
IO mA of output current, the input current to the LED 
must be 50 mA. The current limiting resistor R can be 

V-VF 
calculated from the equation R = -- . If the power 

0.05 
supply voltage, V, is much greater than Vp, the equation 

v 
for R reduces to R = - . 

0.05 
The circuit of Figure 13 shows a coupler dnvmg an 

operational amplifier. In this applicatton an ac signal is 
passed through the coupler and then amplified by the op 
amp. To pass an ac signal through the coupler with mini
mum distortion, it is necessary to bias the LED with a de 
current. The ac signal is summed with the de current so 
the output voltage of the coupler will have an ac and a 
de component. Since the op amp is capacitively coupled 
to the coupler, only the ac signal will appear at the out
put. 

100 k 

FIGURE 13 - Coupling An AC Signal to an Operational Amplifier 
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The circuit of Figure 14 shows the 4N26 being used as a diode-diode coupler, the output being taken from the collector
base diode. In this mode of operat10n, the emitter is left open, the load resistor is connected between the base and ground, 
and the collector 1s tied to the positive voltage supply. Using the coupler in this way reduces the switching time from 
2 to 3 µs to I 00 ns. 

Input 
Pulse 

47 

r 
I 
I 
I 
L 

t-1 Oµs-1 -:-

3V~ 
0 

06VJ\_ 
90 

0 
10 

tr 10-90~100 ns 

+6 

4N26 

4 
_ _J 

+6 v 

-6 v 
MC1733 

0 1 µF Output 

TV•"' 

FiGURE 14 - Using the 4N26 as a D1ode-D1ode Coupler 

The c1rcu1t of Figure 15 is a standard two-transistor one-shot, with one transistor bemg the output transistor of the 
coupler The trigger to the one-shot 1s the LED input to the coupler. A pulse of 3 µs m duration and 15 mA will trigger 
the rncu1t The output pulse width (PWo) 1s equal to 0 7 RC + PW1 + 6 µs where PW1 is the input pulse width and 6 
µs 1s the turn-off delay of the coupler. The amplitude of the output pulse 1s a function of the power supply voltage of the 
output side and independent of the mput. 

47k 

4N26 

If~--

~0~ 
L __ _ 

Input 

IF~ 15 mA 

PWin"'=:3 µs 
(Minimum) 

....---------_.---0+5V 
R = 47 k 

0 03 µF 

c 

47k 

6 100 k -=-

5V~\_ 

PW= 0 7 Re 

Output 

PWout = 0 7 RC+ PWmtn 

PW min= PWin + 6 µs 
Vo( Low)= 0 2 V 
Vo(H1gh) = 5 0 v (for A~ 4 7 k) 

FIGURE 15 - Pulse Stretcher 
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The circuit of Figure 16 is basically a Schmitt trigger. the coupler will switch on. This will cause Q2 to conduct 
and the output will be in a high state. When the input to 
the LED is removed, the coupler's output transistor will 
shut off and the output voltage will be in a low state. Be
cause of the high impedance in the base of the coupler 

Cne of the Schmitt trigger transistors is the output transis
tor of a coupler. The input to the Schmitt trigger is the 
LED of the coupler. When the base voltage of the coup
ler's transistor exceeds Ve+Vbe the output transistor of 

100 k 

Input 

01 

100 k 

27 k 

51 pf 

I 
I 
I 4 

25V-r---\ 

MPS6518 

02 

1 2 k 

1 2 k 

Output O V__/ \___ 
I I I I I I I I I I I 

j.LS 0 1 2 3 4 5 6 7 8 9 10 

1 2 k 

1 8 k 

Output 

FIGURE 16- Optically Coupled Schmitt Trigger 
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FIGURE 17 - Optically Coupled R-S Flip-Flop 
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transistor, the turn-off delay is about 6 µs. The high base 
impedance (100 k ohms) represents a compromise between 
sensitivity (input dnve requned) and frequency response. 
A low value base resistor would improve speed but would 
also increase the drive requirements. 

The c1rcu1t in Figure 17 can be used as an optically coup
led R-S flip-flop. The circuit uses two 4N26 couplers 
cross coupled to produce two stable states. To change 
the output from a low state to a high state requires a 
positive 2 V pulse at the set input The minimum width 
of the set pulse 1s 3 µs To switch the output back to the 
low state needs only a pulse on the reset input The reset
operatlon 1s s1m1lar to the set operation 

Motorola integrated voltage regulators provide an input 

R' 

4N26 
IF=5mA ,------:u-Z. 

2 L __ 

10 =1 mA 

3 

I 
I 
I 
I 

4 

6 

R1 
8 

R2 = 

5 8 k 

for the express purpose of shutting the regulator off. For 
large systems, various subsystems may be placed in a stand
by mode to conserve power until actually needed. Or the 
power may be turned OFF in response to occurrences such 
as overheating, over-voltage, shorted output, etc 

With the use of the 4N26 optically coupler, the reg
ulator can be shut down while the controlling signal 1s 
isolated from the regulator The circuit of Figure 18 shows 
a positive regulator connected to an optical coupler. 

To insure that the dnve to the regulator shut down 
control 1s 1 mA, (the required current), 1t 1s necessary to 
dnve the LED in the coupler with 5 '11.A of current, an 
adequate level for logic rncu1ts. 

MC1569R 
MC1469R 

Case 

+Vo 

JO 1 µF 

R' = IV,n -1 7 VI k!1 

FIGURE 18 - Optical Coupler Controlling the Shut Down 

of MC1569 Voltage Regulator 

10 k 10 k 

100 k ------out 

4N26 
50 1 ,--- -1 
~ I 10 pF MPS6515 

1~-Z.-
2 L _____ J1ook 20v-A 

_ Input~ f-- --r-~ 
Out:u~~

4

µs 
-=:f Ltr~05)-

FIGURE 19 - Simple Pulse Amplifier 

The circmt m Figure 19 1s a simple pulse amplifier using 
pos1t1ve, ac feedback into the base of the 4N26. The 
advantage of the feedback 1s in faster switching time. With
out the feedback, the pulse nse time is about 2 0 µs, but 
with the pos1t1ve feedback, the pulse nse time is about 
0.5 µs. Figure 17 A shows the input and output wave
froms of the pulse amphf1er. 
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APPLICATIONS OF THE MOC3011 TRIAC DRIVER 

Prepared by: 
Pat O'Neil 

DESCRIPTIONS OF THE MOC3011 

Construction 

The MOC3011 consists of a gallium arsenide infrared 
LED optically exciting a silicon detector chip, which 1s 
especially designed to drive triacs controlling loads on the 
115 Vac power !me. The detector chip is a complex device 
which functions m much the same manner as a small 
triac, generating the signals necessary to dnve the gate of 
a larger triac. The MOC3011 allows a low power exciting 
signal to dnve a high power load with a very small number 
of components, and at the same time provides practically 
complete isolation of the dnvmg circuitry from the 
power !me. 

The construction of the MOC3011 follows the same 
highly successful coupler technology used in Motorola's 
broad line of plastic couplers (Figure 1 ). The dual lead 

IRED BLACK OVERMOLD 

FIGURE 1 - Motorola Double-Molded Coupler Package 
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frame with an epoxy undermold provides a stable dielectnc 
capable of sustaining 7.5 kV between the input and· 
output sides of the device. The detector chip is passivated 
with silicon nitride and uses Motorola's annular ring to 
maintain stable breakdown parameters. 

Basic Electrical Description 

The GaAs LED has nominal 1.3 V forward drop at 
10 mA and a reverse breakdown voltage greater than 3 V. 
The maximum current to be passed through the LED 
is 50 mA. 

The detector has a minimum blocking voltage of 
250 Vdc in either direction m the off state. In the on 
state, the detector will pass 100 mA in either duection 
with less than 3 V drop across the device. Once triggered 
mto the on (conducting) state, the detector will remam 
there until the current drops below the holding current 
(typically 100 µA) at which time the detector reverts to 
the off (non-conducting) state. The detector may be 
tnggered into the on state by exceeding the forward 
blocking voltage, by voltage ramps across the detector 
at rates exceeding the static dv/dt ratmg, or by photons 
from the LED. The LED is guaranteed by the specifi
cations to trigger the detector into the on state when 
10 mA or more is passed through the LED. A similar 
device, the MOC3010, has exactly the same characteristics 
except it requues 15 mA to tngger. 
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Since the MOC301 l looks essentially like a small optically 
triggered triac, we have chosen to represent it as shown 
on Figure 2. 

5V 

FIGURE 2 - Schematic Representation 
of MOC3011 and MOC3010 

Vee 30o 1 
180 
R1 

MOC3011 C1 

7400 4 

NOTE. Circuit supploes 25 mA drove to gate of troac at 
V;n = 25 V and TA~ 10°c. 

TRIAC 

IGT R2 c 
15mA 2400 0.1 

30mA 1200 02 

50mA 800 0.3 

FIGURE 4 - Logic to Inductive Load Interface 
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10 
mA 

6 150 

R1 

MOC3011 

4 

FIGURE 3 - Simple Triac Gating Circuit 

USING THE MOC301 l AS A TRIAC DRIVER 

Triac Driving Requirements 

Figure 3 shows a simple triac dnving circmt using 
the MOC3011. The maximum surge current rating of the 
MOC3011 sets the minimum value of Rl through the 
equation: 

Rl (min)= Vin(pk)/1.2 A 

If we are operating on the 115 Vac nominal line voltage, 
Vin(pk) = 180 V, then 

Rl(min) = Vin(pk)/1.2 A= 150 ohms. 

In practice, this would be a 150 or 180 ohm resistor. 
If the triac has IGT = 100 mA and VGT = 2 V, then the 
voltage Vin necessary to tngger the tnac will be given 
by VinT = Rl. IcT +Ver+ VrM =20 V. 

Resistive Loads 

When driving resistive loads, the circuit of Figure 3 
may be used. Incandescent lamps and resistive heating 
elements are the two main classes of resistive loads for 
which 115 Vac is utilized. The mam restriction is that 
the triac must be properly chosen to sustain the proper 
inrush loads. Incandescent lamps can sometimes draw 
a peak current known as "flashover" which can be 
extremely high, and the tnac should be protected by a 
fuse or rated high enough to sustain this current. 

• 
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Line Transients-Static dv/dt 

Occasionally transient voltage disturbance on the ac 
line will exceed the static dv/dt rating of the MOC30 I I. 
In this case, it is possible that the MOC30I I and the 
associated triac will be tnggered on. This is usually not a 
problem, except in unusually noisy environments, because 
the MOC30I I and its triac will commute off at the next 
zero crossing of the line voltage, and most loads are 
not noticeably affected by an occasional smgle half-cycle 
of applied power. See Figure 5 for typical dv/dt versus 
temperature curves. 

Inductive Loads-Commutating dv/dt 

Inductive loads (motors, solenoids, magnets, etc.) 
present a problem both for tnacs and for the MOC30I I 
because the voltage and current are not in phase with each 
other. Since the triac turns off at zero current, it may be 
trymg to turn off when the applied current is zero but the 
applied voltage is high. This appears to the triac hke a 
sudden rise in applied voltage, which turns on the triac 
if the rate of rise exceeds the commutating dv/dt of the 
triac or the static dv/dt of the MOC30I l. 

Snubber Networks 

The solution to this problem is provided by the use of 
"snubber" networks to reduce the rate of voltage rise 
seen by the device. In some cases, this may reqmre two 
snubbers-one for the triac and one for the MOC301 I. 
The triac snubber is dependent upon the triac and load 
used and will not be discussed here. In many applications 

24 ~....--..----.~..-~-.-~..-~,~.,...-,-~~St-at~J-dv-/J~t--,T~T.,...-~o 24 

'-"-+--+---i~+--r-+~t--

OL..-....1--L__J'---'--L..----L~...__._-L~L-_.__,___.~.._~ 
25 30 40 50 60 70 80 90 100 

TA, AMBIENT TEMPERATURE i°C) 

the snubber used for the MOC30I l wtll also adequately 
protect the triac. 

In order to design a snubber properly, one should 
really know the power factor of the reactive load, which is 
defined as the cosme of the phase shift caused by the 
load. Unfortunately, this is not always known, and this 
makes snubbing network design somewhat empirical. 
However a method of designing a snubber network 
may be defined, based upon a typical power factor. This 
can be used as a "first cut" and later modified based 
upon experiment. 

Assuming an inductive load with a power factor of 
PF = 0.1 is to be driven. The triac might be trying to turn 
off when the applied voltage is given by 

Vto = VpkSin</J ~ Vpk ~ I80 V 

First, one must choose RI (Figure 4) to limit the peak 
capacitor discharge current through the MOC30I I. This 
resistor is given by 

RI= Vpk/Imax = I80/1.2 A= I50 .Q 

A standard value, I 80 ohm resistor can be used in practice 
for RI. 

It 1s necessary to set the time constant for T = R2C. 
Assuming that the triac turns off very quickly, we have a 
peak rate of rise at the MOC30I l given by 

dv/dt = Vt0 /r = Vto/R2C 

Setting this equal to the worst case dv/dt (static) for the 
MOC30I I which we can obtain from Figure 5 and solving 
for R2C: 

dv/dt(TJ = 70°C) = 0.8 V/µs = 8 X 105 

R2C = Vt0 /(dv/dt) = I80/(8 X 105) ~ 230 X 10-6 

MOC3011 

n n n n+ 5
V 

JLJLJLJ~ 
I Commutating I Static I 
1-- dv/dt ~dv/dt~ 

dv/dt = 8 9 f Vin 

dv/dt Test Circuit 

4 

FIGURE 5 - dv/dt versus Temperature 
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The largest value of R2 available is found, takmg mto 
consideration the triac gate reqmrements. If a sensitive 
gate triac is used, such as a 2N6071B, IGT = 15 mA@ 
-40°C. If the tnac is to be tnggered when Vin.:;;; 40 V 

(RI+ R2)""' Vin/IGT""' 40/0.015""' 2.3 k 

If we let R2 = 2400 ohms and C = 0.1 µF, the snubbing 
requirements are met. Triacs having less sensitive gates 
will requue that R2 be lower and C be correspondingly 
higher as shown m Figure 4. 

INPUT CIRCUITRY 

Resistor Input 

When the mput conditions are well controlled, as for 
example when driving the MOC3011 from a TTL, DTL, or 
HTL gate, only a single resistor is necessary to interface 
the gate to the mput LED of the MOC301 l. This resistor 
should be chosen to set the current into the LED to be 
a minimum of 10 mA but no more than 50 mA. 15 mA is 
a smtable value, which allows for considerable degradation 
of the LED over tlffie, and assures a long operating life for 
the coupler. Currents higher than 15 mA do not improve 
performance and may hasten the agmg process inherent 
in LED's. Assummg the forward drop to be 1.5 V at 

Vee 

R 

MOe3011 

1/6 Hex Buffer 3 

Vee R HEX BUFFER 

5.0 v 220 .n MC75492 

10 v 600 .n MC75492 

15 v 910 .n MC14049B 

4 

15 mA allows a Slillple formula to calculate the input 
resistor. 

R1 =(Vee - I.S)/o.01s 

Examples of resistive mput cmuits are seen m Figures 
2 and 6. 

Increasing Input Sensitivity 

In some cases, the logic gate may not be able to source 
or smk 15 mA duectly. CMOS, for example, 1s specified 
to have only 0.5 mA output, which must then be 
mcreased to dnve the MOC3011. There are numerous 
ways to mcrease this current to a level compatible with 
the MOC301 l mput requuements; an efficient way is 
to use the MC14049B shown in Figure 6. Since there are 
six such buffers m a single package, the user can have 
a small package count when using several MOC301 l's 
in one system. 

3-30 
Vdc 

150 

MOe3011 

FIGURE 7 - MOC3011 Input Protection Circuit 

180 2.4 k 

0 1 µF 2N6071B 

115 Vac 

FIGURE 6 - MOS to ac Load Interface 
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Input Protection Circuits 

In some applications, such as sohd state relays, m 
which the mput voltage varies widely the designer may 
want to limit the current applied to the LED of the 
MOC30I l. The circuit shown in Figure 7 allows a non
critical range of input voltages to properly drive the 
MOC30I I and at the same time protects the input LED 
from inadvertent application of reverse polarity. 

LED Lifetime 

All light emitting diodes slowly decrease in brightness 
during their useful hfe, an effect accelerated by high 
temperatures and high LED currents. To allow a safety 
margin and insure long service life, the MOC30I I is 
actually tested to trigger at a value lower than the 
specified IO mA input threshold current. The designer 
can therefore design the input cncuitry to supply 10 mA 
to the LED and still be sure of satisfactory operation over 

+5 v 
150 

MOC3011 

MOC3011 

a long operating lifetime. On the other hand, care should 
be taken to insure that the maximum LED input current 
(50 mA) 1s not exceeded or the lifetime of the MOC30 I I 
may be shortened. 

APPLICATIONS EXAMPLES 

Using the MOC3011 on 240 Vac Lines 

The rated voltage of a MOC3011 is not sufficiently 
high for it to be used directly on 240 Vac line; however, 
the designer may stack two of them in series. When used 
this way, two resistors are required to equalize the voltage 
dropped across them as shown in Figure 8. 

Remote Control of ac Voltage 

Local building codes frequently require all 115 Vac 
light switch wuing to be enclosed in conduit. By using 
a MOC301 I, a triac, and a low voltage source, it is 

180 
Load 

1 M 

'240 Vac 

1 M 

1 k 

FIGURE 8 - 2 MOC3011 Triac Drivers in Series to Drive 240 V Triac 

Non-Conduit #22 Wore 180 

115 Vac 

FIGURE 9 - Remote Control of ac Loads Through Low Voltage Non-Conduit Cable 
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possible to control a large lighting load from a long 
distance through low voltage signal wiring which 1s com
pletely isolated from the ac !me. Such wmng usually 1s 
not requned to be put m conduit, so the cost savings in 
mstallmg a lighting system m commercial or residential 
buildings can be considerable. An example 1s shown in 
Figure 9. Naturally, the load could also be a motor, 
fan, pool pump, etc. 

Solid State Relay 

Figure IO shows a complete general purpose, sohd state 
relay snubbed for inductive loads with mput protection. 
When the designer has more control of the mput and 
output conditions, he can eliminate those components 
which are not needed for his particular application to 
make the circmt more cost effective. 

Interfacing Microprocessors to 115 Vac Peripherals 

The output of a typical microcomputer input-output 

150 

2W 
1N4002 

(I/O) port 1s a TTL-compatible terminal capable of dnvmg 
one or two TTL loads. This 1s not quite enough to dnve 
the MOC301 I, nor can 1t be connected dHectly to an SCR 
or triac, because computer common 1s not normally 
referenced to one side of the ac supply. Standard 7400 
series gates can provide an input compatible with the 
output of an MC6820, MC6821, MC6846 or s1mtlar 
peripheral interface adaptor and can dHectly dnve the 
MOC3011. If the second mput of a 2 mput gate 1s tied 
to a simple timing circuit, 1t wtll also provide energization 
of the tnac only at the zero crossmg of the ac !me voltage 
as shown m Figure 11. This technique extends the hfe 
of mcandescent lamps, reduces the surge current strains 
on the triac, and reduces EMI generated by load switching. 
Of course, zero crossmg can be generated within the 
microcomputer itself, but this requHes considerable 
software overhead and usually just as much hardware 
to generate the zero-crossmg timmg signals. 

180 24k 

115 Vac 

10 k 

FIGURE 10 - Solid-State Relay 

+5 v 

FIGURE 11 - Interfacing an M6800 Microcomputer System to 115 Vac Loads 

9-41 

200W 

115 Vac 
(Inductive 
Load) 

• 



• 

AN-846 

BASIC CONCEPTS OF FIBER OPTICS AND 
FIBER OPTIC COMMUNICATIONS 

Prepared By 
John Bliss 

Product Manager, Fiber Optic Products High Frequency & Optical Products Group 
Motorola Semiconductor Products Sector 

Introduction 

This note presents an introduction to the principles of fiber 
optics Its purpose is to review some basic concepts from physics 
that relate to fiber optics and the application of semiconductor 
devices to the generation and detect10n of hght transmitted by 
optical fibers. The discussion begins with a description of a 
fiber optic link and the inherent advantages off1ber optics over 
wired systems. 

A Fiber Optic Link 

Webster gives as one definition of a link "something which 
bmds together or connects." In fiber optics, a hnk 1s the assem
bly of hardware which connects a source of a signal with its 

Input 

Signal 

Signal 
Processor 

(Modulator) 

Light 

Detector 

ultimate destination. The items which comprise the assembly 
are shown in Figure 1. As the figure indicates, an input signal, 
for example, a serial digital bit stream, 1s used to modulate a 
hght source, typically an LED (light emitting diode) A variety 
of modulat10n schemes can be used These will be discussed 
later. Although the input signal is assumed to be a digital bit 
stream, 1t could iust as well be an analog signal, perhaps video 

The modulated hght must then be coupled into the optical 
fiber. This is a critical element of the system Based on the 
coupling scheme used, the light coupled into the fiber could be 
two orders of magnitude less than the total power of the source. 

Once the hght has been coupled into the fiber, 1t1s attenuated 
as it travels along the fiber. It is also subject to distortion. The 
degree of d1stort10n limits the maximum data rate that can be 
transmitted through the fiber. 

Signal 

Processor 

(Demodulator) 

---~Output 
Signal 

FIGURE 1. A FIBER OPTIC LINK 
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At the receive end of the fiber, the light 1s coupled into a 
detector element (like a photo diode). The couplmg problem at 
this stage, although still of concern, is considerably less severe 
than at the source end. The detector signal is then reprocessed 
or decoded to reconstruct the onginal input signal. 

A link hke that described in Figure 1 can be fully transparent 
to the user. That 1s, everythmg from the input signal connector 
to the output signal connector can be prepackaged. Thus, the 
user need only be concerned with supplying a signal of some 
standard format and level (like NRZ T2L) and extractmg a 
similar signal. Such a T2L m/T2L out system obviates the 
need for a designer to understand fiber optics. However, by ana
lyzing the problems and concepts mternal to the link, the user 
1s better prepared to apply fiber optics technology to his sytem. 

Advantages of Fiber Optics 

There are both performance and cost advantages to be realized 
by usmg fiber optics over wire. 

Greater Bandwidth. The higher the carrier frequency in a 
communication system, the greater its potential signal band
width. Since fiber optics work with earner frequencies on the 
order oflol3_1014 Hz as compared to rad10 frequencies of 106-
108 Hz, signal bandwidths are theoretically 106 times greater 

Smaller size and weight. A smgle fiber is capable ofreplac
mg a very large bundle of individual copper wire. For example, 
a typical telephone cable may contain over 1,000 pairs of copper 
wire and have a cross-sectional diameter of seven to ten centi
meters. A smgle glass fiber cable capable ofhandhng the same 
amount of signal might be only one-half centimeter m diameter. 
The actual fiber may be as small as 50 µ-meters. The additional 
size is the jacket and strength elements. The weight reduction 
in this example should be obvious. 

Lower attenuation. Length for length, optical fiber exhibits 
less attenuation than does twisted wire or coaxial cable. Also, 

the attenuation of optical fibers, unlike that of wire, is not 
signal frequency dependent. 

Freedom from EMI. Unlike wire, glass does not pick up nor 
generate electro-magnetic mterference (EMI). Optical fibers do 
not require expensive shielding techniques to desensitize them 
to stray fields. 

Ruggedness. Glass is 20 times stronger than steel and since 
glass is relatively inert, corrosive environments are of less 
concern than with wired systems. 

Safety. In many wired systems, the potential hazard of short 
circuits between wires or from wires to ground, requires special 
precaut10nary designs. The dielectric nature of optic fibers 
ehmmates this requirement and the concern for hazardous 
sparks occurring durmg interconnects. 

Lower Cost. Optical fiber costs are continuing to declme 
while the cost of wire 1s increasing. In many applications today, 
the total system cost for a fiber optic design is lower than for a 
comparable wired design. As time passes, more and more 
systems will be decidedly less expensive with optical fibers 

Physics of Light 

The performance of optical fibers can be fully analyzed by 
application of Maxwell's Equations for electromagnetic fields 
However, these are necessarily complex and, fortunately, can 
be bypassed for most users by the application of geometric ray 
tracing and analysis. When considering LEDs and photo detec
tors, the particle theory of hght 1s used. The change from ray to 
particle theory 1s fortunately a simple step. 

Over the years, it has been demonstrated that light (in fact, 
all electromagnetic energy) travels at approximately 300,000 
km/second m free space It has also been demonstrated that in 
materials denser than free space, the speed of light 1s reduced. 
This reduction m the speed of light as it passes from free space 
into a denser material results in refraction of the light. Simply 

Pro1ected Path 

Of Incident Ray 7/ / 
/ 

Free 

Space 

(a) 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

Refracted 

Light 

Ray 

(b) 

FIGURE 2. REFRACTION OF LIGHT: 
a. Light refraction at an Interlace; b. White lfght spectral separation by prismatic refraction. 
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stated, the light ray is bent at the interface. This 1s shown in 
Figure 2a. In fact, the reduction of the speed ofhght 1s different 
for different wavelengths; and, therefore, the degree of bending 
1s different for each wavelength. It is this variation in effect for 
different wavelengths that results in rainbows. Water droplets 
in the air act like small prisms (Figure 2b) to split white sunlight 
into the visible sprectrum of colors. 

The actual bend angle at an interface is predictable and 
depends on the refractive index of the dense material. The 
refractive index, usually given the symbol n, is the rat10 of the 
speed of light in free space to its speed m the denser matenal. 

n = speed of light in free space 
speed of light in given material 

(1) 

Although n is also a function of wavelength, the variation in 
many applications is small enough to be ignored and a single 
value is given. Some typical values of n are given in Table 1. 

Table 1 
Representative Indices of Refraction 

Vacuum 
Air 
Water .. 
Fused Quartz 
Glass . 
Diamond . 
Silicon 
Gallium-Arsenide 

1 0 
1 0003 (1 0) 

1 33 

1.46 

1.5 

20 
34 
36 

It is interesting to consider what happens to a light ray as 1t 
meets the interface between two transmissive matenals Figure 
3 shows two such materials of refractive mdices n 1 and n2. A 
light ray is shown m material 1 and incident on the mterface at 
point P. Snell's law states that. 

nl sin01 = n2 sin1J2 

FIGURE 3. REFRACTIVE MODEL 
FOR SNELL'S LAW 

(2) 

Interface 

The angle of refraction, 02, can be determined: 

sino2 = ~ sin1J1 
n2 

(3) 

If material 1 is air, nl has the value of 1; and since n2 is 
greater than 1, 021s seen to be less than 01; that is, in passmg 
through the interface, the light ray is refracted (bent) toward 
the normal 

If material l 1s not air but still has an mdex ofrefract10n Jess 
than material 2, the ray will still be bent toward the normal 
Note that if n2 IS less than n 1. 021s greaterthan 01. or the ray 1s 
refracted away from the normal. 

Consider Figure 4 m which an incident ray 1s shown at an 
angle such that the refracted ray 1s along the interface or the 
angle ofrefractlon is 90° Note that nl > n2. UsmgSnell's Jaw: 

sin1J2 = ~ sin1J1 
n2 

or, with 02 equal to 90°: 

. n2 
~1n1J1 = - = s1nllc 

nl 

Incident 

Light Ray 

Normal 

/ 

Interface 

FIGURE 4. CRITICAL ANGLE REFLECTION 

(4) 

(5) 

The angle, lie,. is known as the critical angle and defines the 
angle at which incident rays will not pass through the mter
face. For angles greater than Ile, 100 percent of the hght rays are 
reflected (as shown in Figure 5), and the angle of incidence 
equals the angle of reflection 

This characteristic of reflection for light incident at 
greater than the critical angle is a fundamental concept 
in fiber optics . 

Optical Fibers 

Figure 6 shows the typical construction of an optical fiber 
The central port10n, or core, is the actual propagating path for 
light. Although the core is occasionally constructed of plastic, 
1t is more typically made of glass. The ch01ce of material will be 
discussed later. Bonded to the core is a cladding layer - agam, 
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Incident 

Light Ray 

Angle of Incidence 

Interface 

Angle of Reflection 

FIGURE 5. LIGHT INCIDENT AT GREATER 
THAN CRITICAL ANGLE 

usually glass, although plastic claddmg of glass core 1s not 
uncommon The compositon of glass can be tailored durmg 
processing to vary the index of refraction. For example, an 
all-glass, or silica-clad fiber, may have the compositions set so 
that the core ma ten al has an mdex ofrefraction of 1.5, and the 
clad has an mdex of refraction of 1.485 To protect the clad 
fiber, 1t is typically enclosed in some form of protective rubber 
or plastic Jacket This type of optical fiber 1s called a "step index 
multlmode" fiber. Stepmdex refers to the profile of the mdex of 
refraction across the fiber (as si: · ·n in Figure 7) The core has 
an essentially constant index 1- l The classification "multi
mode" should be evident shortly. 

Core Cladding Jacket 

FIGURE 6. SINGLE FIBER CONSTRUCTION 

Numerical Aperture 

Applymg the concept of total mternal reflection at then 1 nz 
interface, we can now demonstrate the propagation of light 
along the fiber core and the constramt on hght incident on the 
fiber end to ensure propagation Fig_ure 8 illustrates the 
analysis As the figure shows, ray propagation results from the 
contmuous reflection at the core/clad mterface such that the 
ray bounces down the fiber length and ultimately exits at the 

Normal'..... 

n ------I 

n1/ 
2a~ 

I 
I I 

-1. -1. 

FIGURE 7. INDEX PROFILE FOR A 
STEP INDEX FIBER 

far end If the prmc1ple of total mternal reflect10n 1s applied at 
pomt P, the cntlcal angle value for 03 1s found by Snell's law: 

n2 
lie= 03 (min)= sm-1111 

Now, smce 02 is a complementary angle to 03, 

(n1 2 - nz 2)'12 
02 (max)= sm-1 nl 

(6) 

(7) 

Agam applymg Snell's law at the entrance surface (recall 
nair = 1), 

smtlm (max)= nl smt12 (max) 

Combmmg (7) and (8), 

smtlm (max)= (n1 2 - n2 2)'12 

(8) 

(9) 

Om (max) represents the largest angle with the normal to the 
fiber end for which total mternal reflection will occur at the 
core/clad interface. Light rays entermg the fiber end at angles 
greater than Om (max) will pass through the mterface at P and 
be lost. The value sintlm (max) 1s one of the fundamental para
meters fur an optical fiber It defmes the half-angle of the cone 
of acceptance for hght to be propagated along the fiber and 1s 
called the "numencal aperture", usually abbreviated NA. 

N.A. = smtlm (max)= (n1 2 - nz 2) 112 (10) 

There are several porn ts to consider about NA. and equation 
(10). Recall that m wnting (8), we assumed that the material at 
the end of the fiber was air with an mdex of 1. If 1t were some 
other material, (8) would be wntten with n3 representing the 
ma ten al). 

n3 sintlm (max)= nl sint!z (max) 

and, combmmg (7) and (11), 

(n1 2 - n2 2)11, 
sinin (max)= N.A. 

n3 

(11) 

(12) 

That is, the N.A. would be reduced by the mdex ofrefract10n of 
the end material. When fiber manufacturers specify N.A., 1t is 
usually given for an air interface unless otherwise stated 

The second pomt concerns the absoluteness of N.A. The 
analysis assumed that the light rays entered the fiber, and in 
propagatmg along it, they continually passed through the 
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no 

Ray 

/ 

FIGURE 8. RAY PROPAGATION IN A FIBER 

central axis of the fiber. Such rays are called "mend10nal" rays 
It 1s entirely possible that some rays may enter the fiber at such 
an angle that m passmg down the fiber, they never mtercept 
the axis Such rays are called "skpw" rays An example 1s 
shown m both side and end views m Figure 9 

FIGURE 9. SKEW RAY PATH 

Also, some rays may enter at angles very close to the critical 
angle In bouncmg along the fiber, their path length may be 
considerably longer than rays at shallower angles. Conse
quently, they are subiect to a larger probability of absorpt10n 
and may, therefore, never be recovered at the output end.How
ever, for very short lengths off1ber, they may not be lost These 
two effects, plus the presence ofhght m the claddmg for short 
lengths, results m the N.A not cuttmg off sharply according to 
equations (10) and (12) and of appearmg larger for short lengths. 
It 1s advisable to defme some cntena for specifymg NA At 
Motorola, N.A is taken as the acceptance angle for which the 
response is no greater than 10 dB down from the peak value 
This 1s shown m Figure 10. Figure 11 shows a typical method 

ofmeasurmg a fiber's NA In the measurement, a sample to be 
measured (at least 1 meter to allow the attenuat10n of clad and 
high order modesl) 1s connected to a high N.A. rad10metnc 
sensor, such as a large-area photod10de The power detected by 
the bensor is read on a rad10meter power meter The other end 

10.-~---r--.-----r~---=-----i---r-.---, 

o 9 t---+--+--+-L---.<+v---+--'-+t-...,.~---+- 1 '~ ,,J NA__, 

:l(OB V ~ 
&01t---+--+----1'!---t--+--+----1T--+--+---i 

~ios ZZ ~ 
12 .!lo s t---+--iv--+--+--1---+--+---1.-\-\+---+--1 

::!: ~ 0 4 t---+-,ot--t----t--+--+----1-~-+---i 
]031---+-+_L_-+---+~+--+----+~+---+-[-\-t---f 

o 2 ,____.....L--+--+___,,____-+---+---+-~...-+-----1 
01 .L'.l b.. 

O v~~t---+--+--~ 8110 dBi-+--+---+--~ 
50' 40' 30' 20' 10' 10' 20 30 

w. Angle From Peak A"s 

FIGURE 10. GRAPHICAL DEFINITION OF 
NUMERICAL APERTURE 

40' 50" 

of the fiber 1s mounted on a rotatable fixture such that the axis 
of rotat10n is the end of the fiber A collimated hght source 1s 
directed at the end of the fiber This can be a laser or other 
source, such as an LED, at a sufficient distance to allow the 
rays entermg the fiber to be parax1al The fiber end 1s adiusted 
to fmd the peak response position Ideally, this will be at zero 
degrees; but manufacturmg vanat10ns could result m a peak 
slightly offset from zero. The received power level 1s noted at 
the peak. The fiber end 1s then rotated until the two pomts are 
found at which the received power 1s one-tenth the peak value 
The sme of half the angle between these two pomts 1s the N .A 

IH1gh order mode'> refer' to '>leep angle ra)' 
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FIGURE 11. MEASUREMENT OF FIBER NUMERICAL APERTURE 

The apparent NA. of a fiber is a function of the N.A. of the 
source that is driving it. For example, Figures 12a and 12b are 
plots of N .A. versus length for the same fiber. In ( l 2a) the source 
has alargeN A. (0.7), wh1lein(l2b)thesourceN A.1sO 32 Note 
that in both cases, theN A. at lOOm is aboutO 31; but at 1 meter, 
the apparent N.A is 0.42 in (12a) but 0.315 in (12b) The high 
order modes entering the fiber from the 0 7 NA. source take 
nearly the full 100 meters to be stripped out by attenuat10n. 
Thus, a valid measurement of a fiber's true NA reqmres a col
limated, or very low, N.A. source or a very long-length sample. 

Fiber Attenuation 

Mention was made aboveoftt ·stnpping" or attenuat10n of 
high order modes due to their longer path length This suggests 
that the attenuation of power in a fiber is a function of length 
This 1s indeed the case A number of factors contribute to the 
attenuation: 1mperfect10ns at the core/clad interface, flaws in 
the consistency of the core matenal, impurities in the compo
sition. The surface imperfections and matenal flaws tend to 
affect all wavelengths The impurities tend to be selective in 
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the wavelength they affect For example, hydroxl molecules 
(Off) are strong absorbers of light at 900 nm Therefore, if a 
fiber manufacturer wants to minimize losses at 900 nm, he will 
have to take except10nal care in his process to eliminate mois
ture (the source of OH-) Other 1mpunties are also present in any 
manufacturing process. The degree to which they are controlled 
will determine the attenuation charactenstic of a fiber. The· 
cumulative effect of the various impurities results m plots of 
attentuation versus wavelength exhib1tmg peaks and valleys 
Four examples of attenuation (given m dB/km) are shown m 
Figure 13. 

Fiber Types 

It was stated at the beginning of this section that fibers 
be made of glass or plastic There are three varieties available 
today· 

1 Plastic core and cladding, 
2. Glass core with plastic cladding - often called 'PCS' 

(plastic-clad silica), 
3 Glass core and cladding - s1hca-clad s1hca 
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FIGURE 12. FIBER NUMERICAL APERTURE versus 
LENGTH FOR TWO VALVES OF SOURCE N.A. 
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All plastic fibers are extremely rugged and useful for systems 
where the cable may be subject to rough day-after-day treat
ment. They are particularly attractive for benchtop intercon
nects The disadvantage is their high attenuation charactenstic 

PCS cables offer the better attenuat10n charactenstics of 
glass and are less affected by radiation than all-glass fibers 2 
They see considerable use in military-grade applications 

All glass fibers offer low attenuat10n performance and good 
concentncity, even for small-diameter cores They are generally 
easy to terminate, relative to PCS On the down side, they are 
usually the least rugged, mechanically, and more susceptible to 
increases m attenuation when exposed to radiation 

The choice off1ber for any given application will be a funct10n 
of the specific system's requ1rements and trade-off opt10ns 

So far, the d1scuss10n has addressed smgle fibers Fibers, 
particularly all-plastic, are frequently grouped in bundles This 
1s usually restricted to very low-frequency, short-distance appli
cations The entire bundle would interconnect a single hght 
source and sensor or could be used in a fan-out at either end. 
Bundles are also available for interconnecting an array of 

sources with a matched array of detectors. This enables the 
interconnect10n of multiple discrete signal channels without 
the use of multiplex techniques In this type of cable, the md1-
vidual fibers are usually separated m mdiv1dual jackets and, 
perhaps, each embedded in clusters of strength elements, hke 
Kevlar. In one special case bundle, the fibers are arrayed ma 
nbbon configuration. This type cable 1s frequently ;,een in 
telephone systems usmg fiber optics. 

In Figure 7, the refractive mdex profile was shown as constant 
over the core cross-sect10n with a step reduction at the core/ clad 
interface The core diameter was also large enough that many 
modes (low and high order) are propagated along its path In 
Figure 14, a section of this fiber 1s shown with three discrete 
modes shown propagating down the fiber. The lowest order 
mode 1s seen traveling parallel to the axis of the fiber The 
middle order mode is seen to bounce several times at the inter
face The total path length ofth1s mode 1s certainly greater than 
that of the mode along the axis The high order mode is seen to 
make many tnps across the fiber, resulting man extremely long 
path length 

The signal input to this fiber 1s seen as a step pulse of hght 
However, smce all the light that enters the fiber at a fixed time 
does not arnve at the end at one time (the higher modes take 
longer to traverse the1r longer path), the net effect 1s to stretch 
or distort the pulse. This 1s charactenstlc of a mult1mode, step
mdex fiber and tends to limit the range of frequency for the data 
being propagated 

Figure 15 shows what this pulse stretching can do An input 
pulse tram 1s seen m (15a) At some distance (say 100 meters), 
the pulses (due to dispersion) are getting close to running to
gether but are still distmqmshable and recoverable However; 
at some greater distance (say 200 meters), the dispers10n has 
resulted in the pulses running together to the degree that they 
are ind1stinquishable Obv10usly, this fiber would be unusable 
at 200 meters for this data rate Consequently, fiber specif1-
cat10ns usually give bandwidth in units of MHz-km - that 1s, 
a 200 MHz-km cable can send 200 MHz data up to 1 0 km or 
100 MHz data up to 2.0 km etc. 

To overcome the distortion due to path length differences, 
fiber manufacturers have developed graded index fiber An 

'It ,hould he noted that the ,oft clad maten,tl ,1rnuld he example ofmult1mode, graded-index fiber is shown in Figure 16 

1cmo\ cd ,md n:placcd h~ ,1 ha1d clad matcn,ll lor hc't I 1hc1 uHc-to In the fiber growth process, the profile of the mdex of refrac-
rnnncctor tcrmmat1on hon 1s tailored to follow the parabolic profile shown in the 

Output 
Pulse 

FIGURE 14. PROPAGATION ALONG A MUL Tl MODE STEP INDEX FIBER 
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FIGURE 15. LOSS OF PULSE IDENTITY DUE TO PULSE WIDTH DISPERSION 

A Input B Signal at 100 Meters C Signal at 200 Meters 

figure. This results m low order modes traveling through a 
constant density material. High order modes see lower density 
material as they get further away from the axis of the core. 
Thus, the velocity of propagation mcreases away from the 
center. The result is that all modes, although they may travel 
different distances, tend to cover the length of the fiber m the 
same amount of time This yields a fiber with higher bandwidth 
capability than multimode stepped index. 

One more fiber type 1s also available. This 1s the smgle mode, 
step-index fiber shown in Figure 17. In this fiber, the core 1s 
extremely small (on the order of just a few micrometers). This 
type accepts only the lowest order mode and suffers no modal 
dispersion. It 1s an expensive fiber and requires a very high
power, highly-direct10nal source hke a laser diode. Conse
quently, applicat10ns for this type of fiber are the very high 
data rate, long-distance systems. 

As a final statement on fiber properties, 1t 1s mterestmg to 
compare optical f1 her with coax ca hie Figure 18 shows the loss 
versus frequency characteristics for a low-loss fiber compared 
with the characteristics of several common coax cables Note 
that the attentuation of optical fiber 1s independent of frequency 
(up to the point where modal d1spers10n comes mto play) 

Active Components For Fiber Optics 

Propagation through fiber optics 1s in the form of light or, 
more specifically, electromagnetic radiation in the spectral 

range of near-infrared or visible light Since the signal levels to 
be dealt with are generally electrical in nature (like sen al d1g1tal 
logic at standard T2L levels), 1t 1s necessary to convert the 
source signal mto light at the transmitter end and from light 
back to T2L at the receive end There are several components 
which can accomplish these convers10ns. This discussion will 
concentrate on light emitting d10des (LEDs) as souces and PIN 
photo diodes and Integrated Detector Preamplifiers (!DPs) as 
sensors 

Light Emitting Diodes 

Most people are familiar with LEDs in calculator displays 
Just as they are optimized geometrically and visually for the 
function of d1splaymg characters, some LEDs are specifically 
designed and processed to satisfy the reqmrements of generat
ing light, or near mfrared for couplmg rnto fibers. There are 
several criteria of importance for LEDs used with fibers: 

1. Output power, 
2. Wavelength, 
3 Speed; 
4. Emiss10n pattern. 

Output power. Manufacturers are continually stnvmg to 
increase the output power or efficiency of LEDs. The more 
efficient an LED, the lower its drive requirements, or the greater 

Low Order 

Mode Ray 

Pulse 

FIGURE 16. PROPAGATION ALONG A MULTIMODE GRADED INDEX FIBER 
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FIGURE 17. PROPAGATION ALONG A SINGLE MODE STEP INDEX FIBER n Profile 

the losses that can be accomodated elsewhere in the system 
However, total power emitted by an LED is not the whole 
picture (see Emission Pattern). 

Wavelength. As shown earlier, optical fibers exhibit an 
attenuation characteristic that varies with wavelength. Figure 
19is a repeat of one of the sample curves from Figure 13 If this 
fiber were to be used in a system, the desired wavelength of 
operation would be about875 nm where the attenuation is down 
to about 7.0 dB/km. The most undesirable wavelength for use in 
this fiber's range is 630 nm where the loss is about 600 dB/km. 
Therefore, all other considerations being satisfied, an LED with 
a characteristic emission wavelength of875 nm would be used 

140 
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40 
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FIGURE 18. COMPARATIVE ATTENUATION versus 
FREQUENCY FOR OPTICAL FIBER AND COAX CABLE 

Speed. LEDs exhibit finite turn-on and turn-off times. A 
device with a response of 100 ns would never work in a 20 MHz 
system. (In general, the 3.0 dB bandwidth is equal to 0.35 divided 
by the risetime.) In a symmetrical RTZ system (see data encod
ing later in this paper), the pulse width for a single bit would be 
25 ns. A 100 ns LED would hardly have begun to turn on when 
it would be required to turn off. There is often a trade-off between 
speed and power, so it would not be advisable to select the fas-

test d10de available but rather the fastest reqmred to do the job, 
with some margin designed in. 

Emission Pattern. In typical data communications 
systems the light from the LED 1s coupled into a fiber with a 
core diameter of 100 to 200 µm. If the emission pattern of a 
particular LED is a collimated beam of 100 µm or less diameter, 
it might be possible to couple nearly all the power into the fiber. 
Thus, a 100 µ W LED with such an emission pattern might be a 
better choice than a 5 0 mW LED with a lambertian3 pattern 

Light Generation 

Light is emitted from an LED as a result of the recombining 
of electrons and holes. Electrically, an LED is iust a P-N iunc
tion. Under forward bias, minority carriers are injected across 

'l.ambertian. The spatial pattern of reflected light from a 
~heel of paper. e g The 1ntem1ty of light in any d1rectwn from a 
plane lambertian surface is equal to the intensity in the d1rcct1on 
of the normal to the surface times the cosine of the angle between 
the direction and the normal. 

1000 __ _ 
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FIGURE 19. ATTENUATION versus WAVELENGTH 
FOR A SAMPLE FIBER 
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the Junction. Once across, they recombine with majonty earners 
and give up their energy in the process. The energy given up is 
approximately equal to the energy gap for the matenal The 
same inject10n/recombination process occurs in any P-N 
Junction; but in certain materials, the nature of the process is 
typically radiative - that is, a photon of light is produced. 
In other materials (silicon and germanium, for example), 
the process is pnmarily non-radiative and no photons are 
generated. 

Light emittmg materials do have a distribution of non
radiative sites - usually crystal lattice defects, impurities, etc 
Minimizmg these is the challenge to the manufacturer in his 
attempt to produce more efficient devices It is also possible for 
non-radiative sites to develop over time and, thus, reduce 
efficiency. This is what gives LEDs fmite lifetimes, although 
105to106-hour lifetimes are essentially infinite compared with 
some other components of many systems. 

The simplest LED structures are homoiunction, epitaxially
grown devices and smgle-diffused devices. These structures 
are shown m Figure 20. 

n GaAs 

n AIGaAs 

p AIGaAs 

p AIGaAs 

n GaAs 

p GaAs 

FIGURE 21. PLANAR HETEROJUNCTION LED 

The emission pattern is lambertian, similar to the grown junc
tion LED above. 

Both of the above structures, although they can be used m 
fiber optics, are not optimized for the purpose of couplmg into 
small fibers Several variations of LED structures are currently 
used to improve the efficiency of!ight couplmg mto fibers The 
two basic structures for fiber optic LEDs are surface emittmg 
and edge emittmg. Surface-emittmg devices are further broken 
down to planar and etched-well devices. The material used for 
these devices could be gallium-arsenide or any matenal which 
exhibits efficient photon-generating ability The most common 
material in use today is the ternary crystal alummum-galhum
arsenide. It is used extensively because it results in very efficient 
devices and has a characteristic wavelength around 820 nm4 
at which many fibers give lowest attenuation. (Many fibers are 
even better around 1300 nm, but the materials technology for 
LEDs at this wavelength - InGaAsP-is still on the front end 
of the learning curve; and devices are very expensive ) 

The epitaxially-grown LED is generally constructed of 
silicon-doped gallium-arsenide A melt of elemental gallium 
containing arsenic and silicon dopant is brought m contact at 
high temperature with the surface of an n-type gallium-arsenide 
wafer. At the initial growth temperature, the silicon atoms in 
the dopant replace some of the gallium atoms in the crystal 
lattice. In so doing, they contribute an excess electron to the 
bond. This results in the grown layer bemg n-type Durmg the 
growth, the temperature is systematically reduced. At a certam 
critical temperature, the silicon atoms begm to replace some of 
the arsenic atoms m the crystal This removes an electron from 
the bond, resulting m the formation of a p-type layer As a 
fmished d10de, the entire surface, as well as the four sides, 
radiate light. The characteristic wavelength of this type of 
device is 940 nm, and it typically radiates a total power of 3.0 mW 
at 100 mA forward current. It is relatively slow with turn-on and 
turn-off times on the order of 150 ns The non-directionality of 
its emission makes it a poor choice as a light source for use with 
optical fibers. 

Planar Fiber Optic LED 

The planar diffused LED is formed by controlled diffusions of 
zinc mto a tellurium-doped n-galhum-arsenide wafer. A finished 
diode has a typical power output of 500 µ W at a wavelength of 
900 nm. Turn-on and turn-off times are usually around 15-20 ns. 

a Ep1tax1ally Grown Surface LED 

p Ep1tax1al Layer 

n Ep1tax1al Layer 

n Type Substrate 

The planar heteroiunction LED is somewhat similar to the 
grown junction LED of Figure 20a. Both utilize the liquid-phase 
epitaxial process to fabricate the device. The LED shown in 

4Th1s 1s adjustable by varymg the mix of alummum m the 
alummum-galhum-arsemde crystal 

b Planar Diffused Surface LED 

FIGURE 20. SIMPLE LED STRUCTURES 

a Ep1tax1ally Grown 

b Planar Diffused 
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Figure 21 is a heterojunction aluminum-gallium-arsenide 
structure. The geometry is designed so that the device current 
is concentrated in a very small area of the active layer. This 
accomplishes several things: (1) the increase in current density 
makes for a brilliant light spot; (2) the small emitting area is 
well suited to coupling into small core fibers; and (3) the small 
effective area has a low capacitance and, thus, higher speed. 

In Figure 21, the device appears to be nothing more than a 
multilayer version of the device in Figure 20a with a top metal 
layer containing a small opening. However, as the section view 
of AA shows in Figure 22, the internal construction provides 
some interesting features. To achieve concentration of the 
light emission in a small area, a method must be incorporated 
to confine the current to the desired area. Since the individual 
layers are grown across the entire surface of the wafer, a sepa
rate process must be used to confine the current First an n-type 
tellurium-doped layer 1s grown on a zinc-doped p-type substrate. 
Before any additional layers are grown, a hole 1s etched through 
then-layer and just into the substrate. The diameter of the hole 
defines the ultimate hght-em1tting area.Next, a p-type layer of 
AlGaAs is grown. This layer is doped such that its res1stiv1ty 
1s quite high; this impedes carrier flow in a horizontal direction, 
but vertical flow is not impeded since the layer 1s so thin. This 
ensures that current flow from the substrate will be confmed 
to the area of the etched hole. The next layer to be grown 1s the 
p·type active layer. The aluminum-gallium mix of this layer 
gives it an energy gap corresponding to 820 nm wavelength 
photons. The actual P-N iunctlon is then formed by growth of 
n·type tellurium-doped aluminum-gallium-arsenide. The 
doping and aluminum-gallium mix ofth1s layer 1s set to give 
it a larger energy gap than the p-layer just below it. This makes 
it essentially transparent to the 820 nm photons generated 
below. A final cap layer of gallium-arsemde 1s grown to enable 
ohmic contact by the top metal The end result is an 820 nm 
planar LED of small emission area. The radiation pattern is 
still lambertian, however. 

Metal ,zm, @ZZl G , ~::~::: 0 u?:.,~:., 
n GaAs 

p GaAs 

FIGURE 22. SECTION AA OF PLANAR 
HETEROJUNCTION LED 

If a fiber with a core equal in area to the emiss10n area is 
placed right down on the surface, it might seem that all the 
emitted light would be collected by the fiber; but since the 
emission pattern is lambertian, high order mode rays will not 
be launched into the fiber. 

There is a way to increase the amount of hght coupled. If a 
spherical lens 1s placed over the emitting area, the collimating 
effect will convert high order modes to low order modes (see 
Figure 23). 

Optical 

Fiber 

FIGURE 23. INCREASING LIGHT COUPLING 
WITH A MICROSPHERE 

Etched-Well Surface LED 

For data rates used in telecommunications (100 MHz), the 
planar LED becomes impractical. These higher data rates 
usually call for fibers with cores on the order of 50-62 µm. If a 
planar LED is used, the broad emission pattern of several 
hundred micro-meters will only allow a few percent of the power 
to be launched into the small fiber. Of course, the emission area 
of the planar device could be reduced, but this can lead to reli
ability problems. The increase in current density will cause a 
large temperature rise in the vicimty of the junction, and the 
thermal path from the junction to the die-attach header (through 
the confining layer and substrate) 1s not good enough to help 
draw the heat away from the )Unction. Continuous operation 
at higher temperature would soon increase the non-radiative 
sites in the LED and the efficiency would drop rapidly Ifthe 
chip is mounted upside down, the hot spot would be closer to the 
die-attach surface; but the light would have to pass through 
the thick substrate. The photon absorption in the substrate 
would reduce the output power s1gmficantly. A solut10n to this 
problem was developed by Burris and Dawson, of Bell Labs. 
The etched-well, or "Burrus" diode, is shown in Figure 24 

The thick n-type substrate is the starting wafer. Successive 
layers of aluminum-gallium-arsenide are grown epitaxially on 
the substrate. The layer funct10ns (confinement, active, win
dow) are essentially the same as in the planar structure. After 
the final p-type layer (contact) is grown, 1t 1s covered with a 
layer of Si02. Small openings are then cut in the Si02 to define 
the active emitting area. Metal is then evaporated over the 
wafer and contacts thep-layerthrough the small openings The 
final processing consists of etching through the substrate. The 
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A 

(a) 

Metal 

t::=::s:;:===::tt=t=:==:::=:::J'- n GaAs (Substrate) 

n AIGaAs (Window) 
..,_------------.ikp AIGaAs (Confinement) 

Sro
2 

(b) 

FIGURE 24. BURRUS, OR ETCHED WELL, LED: 

(a) Device (b) Crossect1on at AA 

etched wells are aligned over the active areas defined by the 
Si02 openmgs on the underside of the wafer and remove the 
heavily-photon-absorptive substrate down to the wmdow layer. 
As an indication of the delicacy of this operat10n, 1t requires 
double-sided alignment on a wafer about 0 1 mm thick with a 
final thickness m the opening of about 0 025 mm. 

The radiation pattern from the Burrus diode is still lamber
tian. However, it has a remarkably-small emittmg area and 
enables couplmg mto very small fibers (down to 50 µm) The 
close proximity of the hot spot(0.005 mm) to the heat sink at the 
die attach makes 1t a reliable structure. 

Several methods can be used for launching the emitted power 
mto a fiber. These are shown m Figure 25 

The Burrus structure is superior to the planar for couplmg to 
small fibers (<100 µm) but considerably more expensive due to 
its delicate structure. 

Edge-Emitting LED 

The surface structures discussed above are lambertian 
sources. A variation of the heterojunction family that emits a 

(a) (b) 

more directional pattern 1s the edge-emittmg diode This 1s 
shown in Figure 26. The layer structure 1s similar to the planar 
and Burrus d10des, but the em1ttmg area is a stripe rather than 
a confmed circular area The emitted hght is taken from the 
edge of the active stripe and forms an elhphcal beam. The edge
emitting d10de is qmte s1m1lar to the d10de lasers used for fiber 
optics. Although the edge emitter provides a more efficient 
source for couplmg mto small fibers, its structure calls for 
s1gmficant differences in packaging from the planar or Burrus. 

Photo Detectors 

PIN Photodiodes. Just as a P-N iunction can be used to 
generate hght, 1t can also be used to detect light. If a P-N junc
tion 1s reverse-biased and under dark cond1t10ns, very little 
current flows through it. However, when light shines on the 
device, photon energy 1s abosorbed and hole-electron pairs are 
created If the earners are created m or near the deplet10n reg10n 
at the junction, they are swept across the Junction by the electnc 
field. This movement of charge earners across the iunct10n 
causes a current flow m the circuitry external to the d10de The 

(C) 

FIGURE 25. FIBER COUPLING TO A BURRUS DIODE 

(a) Standard Fiber Epoxied In Well 

(b) Fiber With Balled End Epoxied In Well 

(c) M1crolens Epoxied In Well 
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(a) (b) 

FIGURE 26. EDGE EMITTING LED 

(a) Stucture 

(b) Beam Pattern 

magnitude of this current 1s proportional to the light power 
absorbed by the d10de and the wavelength. A typical photo
d10de structure is shown m Figure 27, and the IV charactenshc 
and spectral sensitivity are given in Figure 28. 

In Figure 28a, 1t 1s seen that under reverse-bias cond1t10ns, 
the current flow 1s a noticeable funct10n oflight power density 
on the device. Note that in the forward-bias mode, the device 
eventually acts like an ordmary forward-biased diode with an 
exponential IV charactenstic 

Although this type of P-N photod10de could be used as a fiber 
optic detector, it exhibits three undesirable features. The noise 
performance 1s generally not good enough to allow its use m 
sens1t1ve systems; 1t 1s usually not fast enough for high-speed 
data applications, and due to the depletion width, it is not 
sensitive enough. For example, consider Figure 29 The deple
t10n is indicated by the plot of electric field In a typical device, 
the p-anode is very heavily doped; and the bulk of the depletion 
region 1s on then-cathode side of the 1unct10n. As lu~ht shines 
on the device, 1t will penetrate through the p-reg10n toward the 
iunchon. If all the photon absorption takes place in the deple-

Diffused p Region 

hon reg10n, the generated holes and electrons will be accelerated 
by the field and will be quickly converted to c1rcmt current 
However, hole-electron pair generation occurs from the surface 
to the back side of the device. Although most of1t occurs within 
the depletion region, enough does occur outside this region to 
cause a problem in high-speed apphcahons This problem 1s 
illustrated in Figure 30 A step pulse of hght is applied to a 
photodiode Because of d1stnbuted capacitance and bulk resis
tance, an exponential response by the diode is expected The 
photocurrent wave form shows this as a ramp at turn-on. How
ever, there 1s a d1stmct tail that occurs startmg at pomt "a" 
The initial ramp up to "a" is essentially the reponse within the 
depletion reg10n. Carriers that are generated outside the 
deplet10n region are not subject to accelerat10n by the high 
electnc field. They tend to move through the bulk by the process 
of diffusion, a much slower travel. Eventually, the earners 
reach the depletion region and are sped up The effect can be 
eliminated, or at least substantially reduced by usmg a PIN 
structure This is shown m Figure 31, and the electric field 
d1stnbution is shown in Figure 32 Almost the entire electnc 

Metal 

tl:l'!lim.t-.~-- Anode 

Contact 

A 

p 

(a) (b) 

FIGURE 27. PN PHOTODIODE 

(a) Device 

(bl Section View At AA 

9-54 



AN846 

Increasing Incident Light Level 

(b) 

FIGURE 28. CHARACTERISTICS OF A PN PHOTODIODE 

(a) 1-V Family 

(b) Spectral Sens1t1v1ty 

088µm 

field is across the intrinsic (I) region and very few photons are 
absorbed m the p- and n-region. The photocurrent response in 
such a structure 1s essentially free of the tailing effect seen in 
Figure 30. 

The critical parameters for a PIN diode in a fiber optic 

In addition to the response time improvements, the high 
resistivity I-region gives the PIN diode lower noise performance. 

I 
I 

p 

I I 

D1rect1on 

Of 

1---f-Junct1on 

I I 
I I 
I I 
I I 

I 
I 
I 
I 
I 
I 

~ 

~ Depletion Region 

FIGURE 29. ELECTRIC FIELD IN A REVERSE
BIASED PN PHOTODIODE 

application are: 
1. Responsivity; 
2. Dark current; 
3. Response speed; 
4. Spectral response. 

Input 

Light 

Level 

Photo-

Current 

Time 

FIGURE 30. PULSE RESPONSE OF A 
PHOTODIODE 
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Shallow Diffused 

LpReg1on 

FIGURE 31. PIN DIODE STRUCTURE 

Responsivity is usally given in amps/watt at a particular 
wavelength. It is a measure of the diode output current for a 
given power launched into the diode. In a system, the designer 
must then be able to calculate the power level coupled from the 
system to the d10de (see AN-804, listed m Bibliography). 

Dark current is the thermally-generated reverse leakage 
current in the diode In conjunction with the signal current 
calculated from the responsivity and mcident power, 1t gives 
the designer the on-offrat10 to be expected ma system 

Ii.- ni Junction 

f- Diode Thickness--! 

FIGURE 32. ELECTRIC FIELD DISTRIBUTION 
IN A PIN PHOTODIODE 

Response Speed determines the maximum data rate 
capability of the diode, and m con1unct10n with the response of 
other elements of the system, it sets the maximum system data 
rate.5 

Spectral Response determines the range, or system length, 
that can be achieved relative to the wavelength at which 
responsivity is characterized For example,' consider Figure 33 
The responsiv1ty of the MFOD102F is given as 0.15 A/Wat 
900 nm. As the curve indicates, the response at 900 nm is 78 
percent of the peak response. If the diode is to be used m a 

'Device capacitance abo impact., th" Sec "Dc-.1gne1 \Guide 
to Fiber-Optic Data L mk.," ll'>ted m 81bliograph~ 

system with an LED operating at 820 nm, the response (or 
system length) would be: 

R(820) = ~ R(900) = 1.26R(900) = 0.19 AIW 
0.78 

100 
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X, WAVELENGTH lµm) 

FIGURE 33. RELATIVE SPECTRAL RESPONSE 
MFOD102F PIN PHOTODIODE 

Integrated Detector Preamplifiers. The PIN photod10de 
ment10ned above 1s a high output impedance current source. 
The signal levels arc usually on the order of tens of nanoamps 
to tens of m1croamps. The signal requires amplificat10n to pro· 
vide data at a usable level likeT2L In noisy environments, the 
noise-insensitive benefits of fiber optics can all be lost at the 
receiver connection between d10de and amplifier Proper shield- · 
mg can prevent this An alternative solution is to mtegrate the 
follow-up amplifier into the same package as the photo d10de 
This device 1s called an mtegrated detector preamplifier (IDP) 
An example of this 1s given in Figure 34 

Incorporatmg an mtrinsic layer into the monolithic structure 
is not practical with present technology, so a P-N 1unct10n 
photod10de is used. The first two transistors form a transimped
ance amplifier A third stage emitter follower is used to provide 
resistive negative feedback. The amplifier gives a low imped
ance voltage output which 1s then fed to a phase splitter. The two 
outputs are coupled through emitter followers 

The MFOD404F IDP has a respons1v1ty greater than 230 
m VIµ W at 820 nm The response nse and fall times are 50 ns 
maximum, and the input light power can go as high as 30 µ W 
before noticeable pulse d1stort10n occurs Both outputs offer a 
typical Impedance of 200 !l. 

The IDP can be used directly with a voltage comparator or, 
for more sophisticated systems, could be used to drive any 
normal voltage amplifier. Direct drive of a comparator 1s shown 
m Figure 35 

A Fiber Optics Communication System 

Now that the basic concepts and advantages of fiber optics 
and the active components used with them have been discussed, 
1t 1s ofmterest to go through the design of a system The system 
will be a simple point-to-point application operatmg m the 
simplex6 mode The system will be analyzed for three aspects: 

'In a -.1mplex -.y~tem. a '>Ingle tramm1ttcr "connected to a 
'>mgle rece1\er by a '>mgle fiber In a half duplex '>)''>tern. a '>Ingle 
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FIGURE 34. INTEGRATED DETECTOR PREAMPl..IFIER 

1. Loss budget; 
2. Rise time budget; 
3. Data encoding format. 

Loss Budget. If no in-line repeaters are used, every element 
of the system between the LED and the detector introduces 
some loss into the system. By identlfymg and quantifymg each 
loss, the designer can calculate the reqmred transmitter power 
to ensure a given signal power at the receiver, or conversely, 
what signal power will be received for a given transmitter 
power. The process is referred to as calculating the system loss 
budget. 

This sample system will be based on the followmg ind1 vidual 
characteristics: 

Transmitter: MFOE 107F / l OSF, characteristics as in 
Figure 36. 

Fiber: Silica-clad silica fiber with a core diameter of 
200 µm; step index multimode; 20 dB/km 
attenuation at 820 nm, N.A. of 0.35, and a 
3.0 dB bandwidth of 5.0 MHz-km. 

Receiver: MFOD404F, characteristics as in Figure 37 

The system will link a transmitter and receiver over a distance 
of 1000 meters and will use a single section of fiber (no splices). 

6·COnt 

fiber provide; a b1d1rect10nal alternate signal flow between a 
transmitter; receiver pair at each end A full duplex ;ystem 
would com1-;t of a transmitter and receiver at each end and a 
pair of fiber; connecting them 

Some addit10nal mterconnect loss mformation 1s reqmred.7 

1. Whenever a signal 1s passed from an element with an NA. 
greater than the N.A. of the receivmg element, the loss 
mcurred is given by: 

N.A. Loss= 20 log (NA1/NA2) (14) 
where; NAl is the exit numerical aperture of the signal 
source, 
where N A2 1s the acceptance N .A. of the element rece1 vmg 
the signal. 

2. Whenever a signal is passed from an element with a cross
sectional area greater than the area of the rece1vmg ele
ment, the loss incurred 1s given by: 

Area Loss= 20 log (Diameter l/Diameter 2) (15) 
where: Diameter 1 is the diameter of the signal source 
(assumes a circular fiber port), 
where: Diameter 2 is the diameter of the element receiving 
the signal. 

3. If there 1s any space between the sending and receiving 
elements, a loss 1s mcurred. For example: an LED with an 
exitN.A. of0.5 will result in a gap loss of 1 5 dB ifit couples 
into a fiber over a gap of 0.15 mm 

4. If the source and receiving elements. have their axes offset, 
there is an add1t10nal loss. This loss is also dependent on 
the separation gap. For an LED with an exit N .A. of0.5, a 
gap with its receiving fiber ofO 15 mm, and an axial mis
alignment of 0.035 mm, there will be a combined loss of 
1.SdB 

7for a detailed d1scuss1on of all these loss mechanisms. see 
AN-804 
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FIGURE 35. SIMPLE F/0 DATA RECEIVER USING 
IDP AND A VOLTAGE COMPARATOR 

5. If the end surfaces of the two elements are not parallel, an 
additional loss can be incurred. If the non-parallelism 1s 
held below 2-3 degrees, this loss is minimal and can 
generally be ignored. 

6 As light passes through any interface. some of it is 
reflected This loss, called Fresnel loss, is a function of the 
indices of refraction of the materials involved For the 
devices m this example, this loss is typically 0.2 dB/ 
interface. 

The system loss budget is now ready to be calculated. Figure 
38 shows the system configuration. Table II presents the 
individual loss contr1buiton of each element m the link. 

TABLE II 
Fiber Optic Link Loss Budget 

MFOE107F to Fiber N.A. Loss . 
MFOE107F to Fiber Area Loss 
Transmitter Gap and Misalignment Loss 

(see text) ..... 

Loss 
Contnbut10n 

3 lOdB 
0 

180 dB 

output power in the data sheet 
In this system, the LED is operated at 100 mA. Figure 36 

shows that at this current the mstantaneous output power is 
typically 1100 µ W. This assumes tha.t the junction temperature 
is maintained at 25°C The output power from the LED is then 
converted to a reference level relative to 1.0 mW: 

P
0 

= 10 log 1.1 mW (16) 
lOmW 

P0 = 0.41 dBm (17) 

The power received by the MFOD404F is then calculated: 

PR= P0 - loss 

= 0.41 - 26.70 
= -26 29 dBm 

(18) 

(19) 

This reference level is now converted back to absolute power 

PR= 10(-26.29)mW = 0 0024 mW (20) 

Based on the typical responsivity of the MFOD404F from 
Figure 37, the expected output signal will be: 

V 0 = 35 m VIµ W) (2 4 µ W) = 84 m V (21) 

Fiber Entry Fresnel Loss 
Fiber Attenuation (1.0 km) 
Fiber Exit Fresnel Loss . 

0.20 dB As shown in Figure 37, the output signal will be typically 
... 20.00 dB two hundred times above the noise level. 

Receiver Gap and Misalignment Loss . . . 
Detector Fresnel Loss . . . . . . . . . . . . . . . . . 
Fiber to Detector N.A. Loss .................... . 

0.20 dB 
1.20dB 
0.20 dB 

0 
Fiber to Detector Area Loss . . . . . . . . . . 0 
Total Path Loss . . . . . . . . . . . . . . . . . . . ......... 26. 70 dB 

Note that in Table II no Fresnel loss was considered for the 
LED. This loss, although present, is included in specifying the 

In many cases, a typical calculation 1s msuffic1ent To per
form a worst-case analysis, assume that the signal-to-nmse 
ratio at the MFOD404F output must be 20 dB. Figure 37 shows 
the maximum noise output voltage 1s 1.0 mV. Therefore, the 
output signal must be 10 m V. With a worst-case responsivity of 
20 m VIµ W, the received power must be. 

V0 10 mV 
PR = R = 23 m VIµ W = 0.43 "'W (22) 
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----------- 250 Meters----------.. 

MFOD404F 

FIGURE 38. SIMPLEX FIBER OPTIC POINT TO POINT LINK 

PR= 10 log 0.00043 mW - -34 dBm 
1.0mW 

(23) 

It is advisable to allow for LED degradation over time A 
good design may include 3 0 dB in the loss budget for long-term 
degradation. 

The lmk loss was already performed as worst case, so 

P 0 (LED)= -34 dBm+ 3.0 dB+ 20.62 dB= -4.38 dBm (24) 

P 0 = 10(-4.38) mW= 0 365 mW= 365 µW (25) 

Based on the Power Output versus Forward Current curve 
m Figure 36, it can be seen that the drive current (mstantaneous 
forward current) necessary for 365 µ W of power is about 30 mA. 

Figure 36 also includes a Power Output versus Junction 
Temperature curve which, when used in conjunction with the 
thermal resistance of the package enables the designer to allow 
for higher drive currents as well as variations m ambient 
temperatures. 

At 30 mA drive, the forward voltage will be less than 2.0 V 
worst case. Usmg 2 0 V will give a conservative analysis: 

Po= (30 mA) (2.0 V) = 60 mW (26) 

This is well w1thm the maximum ratmg for operation at 25°C 
ambient If we assume the ambient will be 25°C or less, the 
junct10n temperature can be conservatively calculated Instal· 
led m a compatible metal connector: 

.lTJ = (175°C/W) (0 06 W) = 11°C (27) 

If we are transm1ttmg digital data, we can assume an average 
duty cycle of 50% so the .lTJ w1ll likely be less than 6°C. This 
gives: 

TJ=TA+.lTJ=32°C (28) 

The power output derating curve shows a value of 0.9 at 32°C. 
Thus the required de power level needs to be. 

P 0 (de)= 
365 

= 406 µW 
0.9 

(29) 

As Figure 36 indicates, increasmg the drive current to 40 mA 
would provide greater than 500 µW power output and only 
increase the junction temperature 1°C. This analysis shows the 

link to be more than adequate under the worst case conditions 
Rise Time Budget. The cable for this system was specified 

to have a bandwidth of 5.0 MHz-km. Since the length of the 
system is 1.0 km, the system bandwidth, ifhm1ted by the cable, 
is 5.0 MHz. Data !mks are usually rated in terms of a rise time 
budget. The system rise time is found by taking the square root 
of the sum of the squares of the ind1v1dual elements. In this 
system the only two elements to consider are the LED and the 
detector Thus: 

tRs = .J (tR·LED>2 + (tR·detectorl2 (30) 

Usmg the typical values from Figures 36 and 37: 

tRs = J (15)2 + (35)2 = 38 ns (31) 

Total system performance may be impacted by mcluding the 
rise time of additional circuit elements Additional considera· 
hons are covered in detail in AN-794 and the Designer's Guide 
ment10ned earlier (see Bibliography). 

Data Encoding Format. In a typical digital system, the 
coding format Is usually NRZ, or non-return to zero. In this 
format, a string of ones would be encoded as a continuous high 
level. Only when there 1s a change of state to a "O" would the 
signal level drop to zero. In RTZ (return to zero) encoding, the 
first half of a clock cycle would be high for a "l" and low for a 
"O." The second half would be low m either case. Figure 39 
shows an NRZ and RTZ waveform for a binary data stream . 
Note between a-b the RTZ pulse rate repetition rate is at its 
highest. The highest bit rate requirement for an RTZ system is 
a strmg of" l's". The highest bit rate for an NRZ system is for 
alternatmg "l's" and "O's," as shown from b-c. Note that the 
highest NRZ bit rate is half the highest RTZ bit rate, or an 
RTZ system would require twice the bandwidth of an NRZ 
system for the same data rate. 

However, to mmimize drift in a receiver, it will probably be 
ac coupled; but 1f NRZ encodmg is used and a long string of 
"l's" 1s transmitted, the ac coup!mg will result in lost data in 
the receiver. With RTZ data, data is not lost with ac coupling 
since only a string of "O's" results in a constant signal level; but 
that level is itself zero. However, in the case of both NRZ and 
RTZ, any continuous string of either "l's" or "O's" for NRZ or 
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Binary Data 0 0 0 0 0 0 0 0 

NRZ Vee 

RTZ Vee 

FIGURE 39. NRZ AND RTZ ENCODED DATA 

or "O's" for RTZ will prevent the receiver from recovering any 
clock signal. 

Another format, called Manchester encodmg, solves this 
problem, by definition, m Manchester, the polarity reverses 
once each bit period regardless of the data This is shown in 
Figure 40. The large number of level transitions enables the 
receiver to denve a clock signal even if all "l's" or all "O's" are 
bemg received 

Binary Data 0 0 

NRZ V00 

Manchester V cc 

In many cases, clock recovery is not required It might appear 
that RTZ would be a good encoding scheme for these 
applications However, many receivers mclude automatic gain 
control (AGC). Durmg a long stream of "O's", the AGC could 
crank the receiver gain up, and when" l's" data be gm to appear, 
the receiver may saturate. A good encoding scheme for these 
applications is pulse bipolar encodmg. This is shown in Figure 
41. The transmitter runs at a qmescent level and is turned on 

0 0 0 

FIGURE 40. MANCHESTER DATA ENCODING 

harder for a short duration durmg a data "O" and is turned off 
for a short duration durmg a data "l." 

Additional details on encodmg schemes can be obtained from 
recent texts on data communications or pulse code modulation. 

Summary 
This note has presented the basic principles that govern the 

coupling and transmission of light over optical fibers and the 
design considerations and advantages of using optical fibers 
for communication information in the form of modulated light 
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Binary Oata 

NRZ Vee 

Pulse Vee 

Bipolar Vcc/2 

0 0 0 0 

FIGURE 41, PULSE BIPOLAR ENCODING 
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II 

Application of the Motorola VOE 
Approved Optocouplers 

Prepared By Horst Gempe 

The VDE approval of the Motorola Optocoupler Family 
is of great importance since VDE follows the widespread 
safety recommendations of the International Electro
tech n ical Commission (IEC) which is accepted and 
adopted by many countries throughout Europe and the 
world. The intent of these safety standards is to prevent 
injury or damage due to electrical shock, fire, energy -
mechanical - heat - radiation and chemical hazards. 
The IEC recommendations provide an ever increasing 
unifying control over most national standards worldwide. 
The US and Canada have similar standards and there is 
a trend to harmonize their standards with the IEC rec
ommendations. This short application note is able to 
mention only some VDE/IEC equipment safety standards 
the primary objective of which is to enable designers to 
realize safety requirements at an early design stage and 
build them into the equipment while incorporating the 
relevant requirements of these standards. 

VDE approval of optoisolators against the VDE com
ponent standard VDE0883 can be quite misleading if the 
user is not informed about the optoisolator's rating, or if 
this rating does not meet the individual equipment stan-

dard for which this VDE approved optocoupler is 
intended to be used. 

VDE0883 does not dictate a minimum required perfor
mance, clearance, creepage path or thickness through 
insulation but instead gives test methods, types and 
sequence of tests which have to be performed. An excep
tion is the isolation resistance which has to be 1011 ohms 
minimum at 500 Vdc and a 16 hr. 70°C heat storage @ 
700 V VISO BIAS. (See Table 1.) Obviously, the manu
facturer of the component must indicate to VDE against 
what ratings he wants to be approved. Ideally these rat
ings should meet or exceed all existing VDE equipment 
standard requirements. (See Table 2.) A wide range of 
equipment standards is covered by the VDE approved 
Motorola optoisolators. (See Table 3.) In this approval, 
VDE granted Motorola compliance with many equipment 
standards to avoid confusion by the user of this product. 
A copy of the original VDE approval NR41853 File No. 
12505-4880-1003/A1F (11/26/1985) with ratings and con
formation to VDE and IEC equipment standards may be 
obtained from Motorola. 

VOE RATINGS - For Motorola VOE approved 6-pin DIP Opto1solators approval No. 4183 (11/26/1985) 

Rating Symbol Value Unit 

Ambient Operating Temperature Range TA -55 to + 100 oc 

Storage Temperature Range Tstg -55 to + 150 oc 

Climatic Test Class 55/100/21 

DC Isolation Voltage at 100°c for 1 Minute V1so(pkl 5300 kVdc 

Nominal Operating Isolation Voltage for V1so(nom) 500 Vac 
Isolation Group C According to VDE011 OB 600 Vdc 

Isolation Creepage Path (Figures 1 A, BC Appendix) L1CP 8.5 Min mm 

Isolation Clearance (Figure 2 Appendix) STD Lead Bend L1cL 83 Min mm 
Special Lead Bend 10 Min mm 

Isolation Resistance @ V1so 500 Vdc, TA = 100°C R1so 1011 n 
Internal Thickness Through Insulation - 0.5 Min mm 

Creepage Current Stability of Insulation Overmold KC, KB100 Min -
According to VDE303 Part 1/10.76, IEC 112 

Surge Isolation Voltage According to IEC65 50 Discharges of 10 kV charged 1 nF 12 Discharges 
or VDE0860/8.81 Max at 1 Minute 
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Table 1. VDE0883 Qualification Test 

• Visual inspection 
• Isolation withstand voltage (per applicants information) 
• Parameter test (per applicants data sheet) 
• Creepage path and clearance (measured) 
• Isolation resistance (1011 ohms@ 500 Vdc min.) 
• Resistance to solder heat @ 260°C, 5 sec. 

Environmental Tests 

Group I 28 samples Group II 14 samples 
• 5 temp cycles per applicants 

spec1f1ed storage temp. 
extremes 

• 21 day humid heat const. 
40°C, 95% 

• 16 hr. heat storage@ 70°C, 
700 Vdc 

• 12 hr. humid heat@ 25°C, 
95% RH 

• 12 hr. cold storage @ 
applicants spec1f1ed max 
low storage temp. 

• 6 hr. dry (ii 55°C 

• 90 mm. v1brat1on 50-2 
kHz 10G 

• 5 cycles humid heat@ 40°C, 90% RH dwell 12 hrs. 
@ 25°C, 95% RH dwell 12 hrs. 

• 6 hr. dry cycle (ct 55°C 

! 
End test: • functional per applicant's data sheet 

• Isolation withstand voltage 
• Isolation resistance min. 1011 ohms@ 500 Vdc 

Pass: 0 failure/42 

Table 2. Environmental Test 

Environment Test Per VDE0883 Kind of Test 

Solderab1hty Per DIN 40046 Part 18 Ta1 
or IEC 68-2-20 Tb1 

Temperature Cycling Per DIN 40046 Na 
Part 14 or IEC 68-2-18 

Dry Heat Per DIN 40046 Part 4 or Ba 
IEC 68-2-2 

Humid Heat Cycling Per DIN 40046 Db 
Part 31 or IEC 68-2-30 

Cold Per DIN 40046 Part 3 or Aa 
IEC 68-2-1 

Humid Heat (Long Term) Per DIN 40046 Ca 
Part 5 or IEC 68-2-3 

V1brat1on Per DIN 40046 Part 8 Fe 
or IEC 68-2-6 

CIRCUIT BOARD LAYOUT DESIGN RULES 

The most demanding and stringent safety require
ments are on interfaces between a safety low-voltage 
circuit [SELV] and a hazardous voltage (240 V power line). 
The requirements for creepage path and clearance 
dimensioning are different for each individual equipment 
norm and also depend on the isolation group and safety 
class of the equipment and the circuit board's resistance 
to tracking. Isolation materials are classified for their 
resistance to tracking creepage current stability from KB 
100 to KB~ 600 (see VDE 303). On circuit board materials 
with a low KB value, the creepage path distance require
ments are higher than for materials with a high KB value. 
In the following examples we therefore show creepage 
path dimensions for KB 100, the lowest value which is 
easily met by most circuit board materials. 

The least stringent requirements on optocouplers, as 
well as printboard layouts, are within and in between 
SELV or ELV loops or circuits. (ELV = Electrical Low Volt
age which does not meet the safety low voltage 
requirements.) 

In studying the individual equipment norms, the 
designer will discover that optocouplers are not men
tioned in most of these norms. He has to use the require
ments for transformers or potted components instead. 

Spacing requirements between two live tracks on a PC 
board within a low or high voltage loop (circuit) should 
generally meet the VDE requirements for minimum clear
ance and creepage path dimensions. If they do not, the 
circuit has to show some sort of current limiting (fuse, 
high-impedance, etc.) which prevents fire hazard due to 
an eventual short or sparkover between the two tracks. 
The VDE testing institute will conduct, in this case, a 
shorting test and a tracking test (arcing). See VDE 804. 
Classical cases are rectifiers, thyristors and high-voltage 
transistors which, sometimes due to their close pinout, 
might not meet the VDE equipment requirements at a 
certain voltage. 

Application Condition Duration 

Solder Bath 260°C 5 ± 1 sec 
Solder Iron 3 mm TIP 260°C 5 ± 1 sec 

5 Cycles - 55°C/ + 100°C Dwell 3 Hrs 
Transfer 3 Mm 

V1so = 100 Vdc 100°c 16 Hrs 

6 Cycles 25°C/40°C Dwell 6 Hrs 
RH 95% 

-55°C 16 Hrs 

40°C 21 Days 
RH 95% 

55 Hz- 2 kHz 90 Min 
10 g 
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Table 3. Examples for Safety Applications for Motorola VOE Approved Optoisolators 

Requirements for reinforced (double) or save insulation for 

Standardl2l 
equipment with an operating voltage up to 250 Vrms (line 
voltage to ELV or SELV interfaces) 

DIN Clearance Isolation Dielectric Isolation 
VOE IEC Equipment Creepage (1) Barrier Strength Resistance 

[mm] [mm) [mm] [kVrms) [fl) 
0806 380 Office Machines 8 8 0.5 3.75 7 x 106 
0805 435 Data Processing 8 8 - 3.75 7 x 106 
0804 - Telecommunication 8 8 - 2.50 2 x 106 
0860 65 Electr. Household 6 6 04 3.0 (10*) 4 x 106 
0113 204 Industrial Controls 8 8 - 2.50 1x106 
0160 - Power Installations with 8 8 - 2.70 1x106 

Electronic Equipment 
0832 - Traffic Light Controls 8 8 - 2.50 4 )(. 106 
0883 - Alarm Systems 8 8 - 2.50 2 x 106 
0831 - El. Signal Syst. for Railroads 8 8 - 2.0 2 x 106 
0110 - General Std. for Electrical Equipment 8 8 - 2.0 -
0883 - Optisolator Comp. Std. 8.5 8.3 110(1)) 0.5 3.75 (10*) 10 x 1011 

VOE Rating for Motorola Optoisolators 

All Motorola VDE approved opto1solators meet or exceed the requirements of above listed VDE and IEC standards. 
• Impulse discharge withstand voltage 
(1) To satisfy 8 mm creepage path on a PC board Motorola offers a special lead bend of O 4 mch on all 6-pm dual-m-llne opto1solators Order by 

attaching "T" to the end of the Motorola part number. 
(2) VDE standards (translated mto English language) and IEC standards can be ordered from the American National Standard Institute ANSI 1430 

Broadway NY N.Y. 10018, Sales Dept. Phone 212-354-3300 

Figure 1. 

Fuse 

1 - Clearance and creepage path must meet min 
requirements* 

2 - Current limited due to fuse 
3, 4 - Current limited due to RL and fuse 

5 - Current limited due to IGT· RL and fuse 

2, 3, 4, 5 - Clearance and creepage path may be smaller than 
VOE min requirements but must meet fire hazard 
requirements due to short and arcing between the 
tracks There shall be no flames or explosion during 
the test. 

PRINTED CIRCUIT BOARD LAYOUT FOR SELV
POWER INTERFACES 

The circuit board layout examples shown here are 
dimensioned so that they provide a safe electrical iso
lation between metal parts carrying line voltage (called 
Power Interface) and conductors connected to a SELV 
circuit. 

The required thickness through insulation for the opto
coupler can be found in the individual VDE equipment 
norms. (See examples for safety applications, Table 3.) 

Many Class I equipment norms permit the use of parts 
(modules, PC boards) which meet the Safety Class II 

Figure 2. 

High-Voltage Circuit 

Rx 

Low-Voltage 
C1rcu1t 

1 Clearance and creepage path must meet min requirements* 
2 Current limited due to RL 
3 Current limited due to RL 
4 Current limited due to IGT 
5 Current limited due to IGT and Rx 

*See Table 3 and Appendix Table 4 and 5 for minimum spacings 
and voltage requirements. 

dimension and isolation requirements. This enables the 
designer to take advantage of the less complex and space 
demanding design of the Class II PC board layout also in 
Class I classified equipment. 

Optocoupler Mounting on PC Boards for Safety Class I 

SELV transformers for Class I equipment have a Fara
day shield which is connected to earth ground between 
primary and secondary windings. This is not applicable 
to optocouplers, but creepage path and clearance 
requirements from safety Class II can be applied. Class I 
also demands an earth ground track on the circuit board 
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between SELV - and power circuit. Applying the Class 
I rules, this earth ground track should be between the 
coupler input and output. However, this cannot be done 
without violating the minimum creepage path and clear
ance requirements. A possible solution is shown on Fig
ure 9 and Figure 10. 

The earth ground track itself has to show a minimum 
distance to the equipment body (i.e., frame, circuit board 
enclosure) or to any inactive, active or hazardous track 
on the circuit board. According to many VDE equipment 
norms, this creepage path distance for 250 V Max is 4 
mm. A mechanically unsecured circuit board which can 
be plugged in and out without a tool and is electrically 
connected through a standard PC board connector, has 

to show an isolation of the earth ground track to Class 
II, which is 8 mm. This is because a standard PC con
nector, as shown in Figure 9, does not guarantee earthing 
contact before there is termination of the life 220 V tracks 
on the circuit board when plugged in. Another reason for 
increased spacing is when the circuit board metal enclo
sure is not securely earth grounded. This is the case when 
the connection is done with the PC module mounting 
screws through lacquer or oxide layers to a grounded 
rack or frame. (See Figure 10.) PC board designs per Fig
ures 9 and 10 account for these possibilities and, there
fore, show dimensions M, N and A, B and D as 8 mm 
instead of 4 mm. 

Figure 3. Optocoupler Mounting on PC 
Boards for Safety Class II with Creepage 

Path and Clearance 

Applicable for 
VDE 0805 DIN/IEC 435 
VDE 0806 DIN/IEC 380 
VDE 0113 
VDE 0160 Part 1 and 2 
VDE 0804 and 0804d 
VDE 0831/0832/0833 
VDE 0860 DIN/IEC 65 
VDE 110b 

Applicable for 
with Slit - VDE 0860 
without Slit - VDE 0804d 
with/without Slit - VOE 011 Ob 

SELV- Control-
/\-tl-f --Tt 

' G G G G G G G = 8 mm 

~ 
C1rcu1t ::' G ~~ -k _-at~ 

0 Power-Interface : 

.... --..... ,-GG~ t 1 ~~ B 
V GGG G GG ~ 

'~_l L _L ___ Jl $ 

Figure 4. Optocoupler Mounting on PC 
Boards for Safety Class II with Clearance 

Circuit 

u ·---mac.. 0 

Optocoupler Mounting on PC-Boards for Safety Class II with 
clearance P ;,,, 6 mm and creepage path G = 8 mm and Slit in 
the PC-Board with Slit length = 12.7 mm and Slit thickness 
H = 2mm 
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COUPLER MOUNTING ON A CIRCUIT BOARD 
Clearance and Creepage Path Between Input and Output for Optocouplers on a PC Board 

Figure 5. 

rr=0.3"n.62 mm~ 

' PC Bo"d 1
1 

Sold" Eyw~ ~L ZZZZZJZZZJ ~ Solder Eyes 

1 mm ~ 0.22"/5 6 mm f--1 mm 

Input/Output Leads - L = 0.3"/7.62 mm 
Clearance Limited Due to PC Board 
Solder Eyes - 0.22"/5.6 mm 
Creepage Path on PC Board - 0.22"/5.6 mm 

Figure 6. 

VOE equipment norms demanding longer creepage path than 
0 22"/5.6 mm can be accomplished by a slit in the PC board 
between the coupler input and output solder eyes of 2 mm width. 

Input/Output Leads - L = 0.3"n.62 mm 
Clearance on PC Boards - 0.22"/5.6 mm Mm 
Creepage Path on PC Board - 0.31/8 mm Mm 

Figure 7. 

Ir 0.3"/7.62 mm~ 

'tl 
:;; 
0 
aJ 
u a.. 

PC Board 
Thickness 1.5 mm 

1i=-~ 
~ ~l-----
~ L ~- - - --

0 I 

~i- ----
Lr-----

If a clearance of 0.23"/6 mm and a creepage path of minimum 
8 mm is required, this 1s a possible solution. 

Sht - 0.5"/12.7 mm long, 2 mm wide 
PC Board Thickness - 1.5 mm 
Clearance - 6 mm Min 
Creepage Path - 8 mm Min 

Figure 8. 

~04"/10.16mm=--I 

~K1 bi~ 
1 mm ___j f---0.322"/8.2 mm __j L 1 mm 

' I 

Where the equipment norms demand a clearance and creep-
age path of 8 mm Min, the coupler input and output leads should 
be bent to 0.4"/10.16 mm and the printboard layout should be 
as shown. 

Safety Coupler Mounting with Spacing- L = 0.4"/10.16 mm 
Clearance on PC Board - 0.322"/8.2 mm 
Creepage Path on PC Board - 0.322"/8.2 mm 

All Motorola 6-pin dual-in-line optoisolators are available in 
0.400" lead form. Attach "T" to any Motorola 6-pm dual-in-line 
part number, for wide-spaced 0.400" lead form. 
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Applicable for 
VOE 0113 
VOE 0160P1 
VOE 0160P2 
VOE 0804 
VOE 0804d 
VOE 0831 
VOE 0832 
VOE 0833 
VOE 0860 
VOE 0110b 
VOE 0805 
VOE 0806 

Applicable for 

VOE 0804 without Slit 
VOE 0110b with/without Slit 

Figure 9. Optocoupler Mounting on PC Board 
According to Safety Class I with Only One PC 

Board Plug Connection 

SELV-Control-C1rcu1t 

I 
~ 

I 
M 
I 

I I I T 
M N N Power N 

t- - _ I I 11- Interface I -£l!.°J-;2,~___.,.--.......... ~---I Q • 

-M- D- G - - I - I • I ----- I 
M N N N 

SELV
Control
Circuit 

I I I I 

' . I 
M M 
I I 

• SELV-Control-Circu1t 

Figure 10. Optocoupler Mounting on PC Board 
According to Safety Class I with One Plug

Connection for the SELV-Control Circuit and 
One Screw-Connection for the Power-Interface 

SELV-Wire 

• • • • • 

• • • • • • 

SELV-Control-Circuit-Area • 
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G = 8 mm 
M = 8 mm 
N = 8 mm 

G = 8mm 
K = 8mm 
A= 8 mm. 

B = Bmm 
0 = 8mm 
H = 2mm 
I= 5.6 mm 

E, L, W 
depends 
on the 
Application 
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DEFINITION OF TERMS 
The following paragraphs define terms used by the 

regulatories and international standard initiators. A sep
arate discussion is given for: 

1. Creepage and Clearance 4. Circuits 
2. Voltage 5. Equipment 
3. Insulations 

1. CREEPAGE AND CLEARANCE 

ISOLATION CREEPAGE PATH 

Denotes the shortest path between two conductive 
parts measured along the surface of the insulation, i.e., 
on the optocouplers, it is the shortest distance on the 
surface of the package between the input and output 
leads. On the circuit board in which the coupler is 
mounted, it is the shortest distance across the surface 
on the board between the solder eyes of the coupler 
input/output leads. Coupler and circuit board creepage 
path have to meet the minimum specified distances for 
the individual VDE equipment norms. 

Figure 11. 

AA 
0 

(C) 

CLEARANCE 

Denotes the shortest distance between two conductive 
parts or between a conductive part and the bonding sur
face of the equipment, measured through air. 

Figure 12. 

A 
2. VOLTAGES 

HAZARDOUS VOLTAGE: A voltage exceeding 42.4 V 
peak or de, existing in a circuit which does not meet the 
requirements for a limited current circuit. 

WORKING VOLTAGE shall be the voltage which exists 
across the insulation under normal working conditions. 
Where the rms value is used, a sinusoidal ac waveform 
shall be assumed. Where the de value is used, the peak 
value of any superimposed ripple shall be considered. 

EXTRA-LOW VOLTAGE (ELV): A voltage between con
ductors or between a conductor and earth not exceeding 
42.4 V peak or de, existing in a secondary circuit which 
is separated from hazardous voltages by at least basic 
insulation, but which does not meet the requirements for 
a SELV circuit nor those for a limited current circuit. 

ISOLATION WITHSTAND VOLTAGE: An ac or de test 
voltage insulation has to withstand without breakdown 
or damage. It should not be confused with working or 
operating voltage. 

ISOLATION SURGE VOLTAGE: A positive or negative 
transient voltage of defined energy and rise and fall times 
which the insulation has to withstand without breakdown 
or damage. 

3. INSULATIONS 

INSULATION, OPERATIONAL (functional): Insulation 
which is necessary for the correct operation of the 
equipment. 

- Between parts of different potential. 
- Between ELV or SELV circuits and earthed conduc-

tive parts. 
INSULATION, BASIC: Insulation to provide basic pro

tection against electric shock. 
- Between a part at hazardous voltage and an earthed 

conductive part. 
- Between a part at hazardous voltage and a SELV 

circuit which relies on being earthed for its integrity. 
- Between a primary power conductor and the earthed 

screen or core of a primary power transformer. 
- As an element of double insulation. 
INSULATION, SUPPLEMENTARY: Independent insu

lation applied in addition to basic insulation in order to 
ensure protection against electric shock in the event of a 
failure of the basic insulation. 

- Between an accessible conductive part and a part 
which could assume a hazardous voltage in the 
event of a failure of basic insulation. 

- Between the outer surface of handles, knobs, grips 
and the like, and their shafts unless earthed. 

- Between a floating non-SELV secondary circuit and 
an unearthed conductive part of the body. 

INSULATION, DOUBLE: Insulation comprising both 
basic insulation and supplementary insulation. 

INSULATION, REINFORCED: A single insulation sys
tem which provides a degree of protection against elec
tric shock equivalent to double insulation under the con
ditions specified in the standard. 

SAFE ELECTRICAL ISOLATION: Denotes an insulation 
system isolating a hazardous voltage circuit from a SELV 
circuit such that an insulation breakdown either is 
unlikely or does not cause a hazardous condition on the 
SELV circuit. 

- Between an unearthed accessible conductive part 
or a floating SELV circuit, and a primary circuit. 
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4. CIRCUITS 

PRIMARY CIRCUIT: An internal circuit which is directly 
connected to the external supply mains or other equiv
alent source (such as motor-alternator set) which sup
plies the electric power. It includes the primary windings 
of transformers, motors, other loading devices and the 
means of connection to the supply mains. 

SECONDARY CIRCUIT: A circuit which has no direct 
connection to primary power and derives its power from 
a transformer, converter or equivalent isolation device 
situated within the equipment. 

SAFETY EXTRA-LOW VOLTAGE (SELV) CIRCUIT: A cir
cuit which is so designed and protected that under nor
mal and single fault conditions the voltage between any 
two accessible parts, one of which may be the body or 
earth, does not exceed a safe value. 

5. EQUIPMENTS 

CLASS I EQUIPMENT: denotes equipment in which 

protection against electric shock does not rely on basic 
insulation only, but which includes an additional safety 
precaution in that operator-accessible conductive parts 
are connected to the protective earthing conductor in the 
fixed wiring of the installation in such a way that the 
operator-accessible conductive parts cannot become 
hazardous in the event of a failure of the basic insulation. 

Class I equipment may have parts with double insu
lation or reinforced insulation, or parts operating at 
safety extra-low voltage. 
CLASS II EQUIPMENT denotes equipment in which 

protection against electric shock does not rely on basic 
insulation only, but in which additional safety precau
tions, such as double insulation or reinforced insulation, 
are provided, there being no provision for protective 
earthing or reliance upon installation conditions. 

CLASS Ill EQUIPMENT: Equipment in which protection 
against electric shock relies upon supply from SELV cir
cuits and in which hazardous voltages are not generated. 

Table 4. Minimum Rating Requirements for a Working Voltage up to 250 Vrms 

* 

Isolation Isolation 
Creepage Clearance Barrier Diel. Strength Resistance 

Insulation [mm) [mm) [mm) [kV ac rms) !l 

Operational 2.5 3 - 0.5 -
Basic 3 4 - 1.5 2 106 
Supplementary 4 4 - to 2 2.5 5 106 
Reinforced 8 8 - to 2* 2.5 to 3.75* 7 106 

T See able 3 for details. 

Table 5. Electrical Interfaces and Required Insulation 

Bare Metal Parts not Bare Metal Parts 
Touchable Touchable 

Primary ELV SELV 
Circuit Secondary Circuit Secondary Circuit Earth Ground 

(Line Voltage) .:S.42.4 v _:::42.4 v 
- -

Case F 
1. 

r 
I ~ , 

2. 

3. 

4. J B 

5. ~B 
N Hot 

, r 

6. 

7. 

B - Basic Insulation 
R = Reinforced or Safe Insulation 

1----1 ~ 
4LR , 

-l ~ 

1--i 
L _J 

r , 
Class Ill Equipment 

Class II Equipment 

Class I Equipment 

F = Functional (Operational Insulation) 
S = Supplementary Insulation 
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Guidelines for Circuit Board Assembly of 
Motorola Case 349 Opto Products 
Prepared by: John Keller 

Reliability Engineering 

The increasing use of Motorola's Case 349 optoelec
tronics devices in individual pairs or in the custom slotted 
coupler/interrupter housings has given rise to questions 
regarding recommended methods of mounting, solder
ing and cleaning of this package. 

To begin with, a brief description of the Case 349 con
struction as it relates to circuit board assembly is in order. 
Both the LED and detector devices have copper lead 
frames with a 150 micro inch minimum silver plating. 
The clear plastic molding compound is a non-filled epoxy 
with a minimum glass transition temperature of 110°c. 
The molded package features an integral lens on both 
the LED and detector devices. Also of major concern is 
the fact that the LED die is GaAs and is about ten times 
more brittle than Si. As a post mold operation the com
pleted unit is solder dipped up to the stand-offs. All of 
these materials place constraints on each of the following 
circuit board assembly, operations. 

First, if lead forming/trimming operations are required, 
the guidelines to be followed are: (see Figure 1) 

1. Lead forming by using the molded case as a fulcrum 
is not recommended. This places excessive pres
sures on the lead frame/package interface. It is rec
ommended that the leads be clamped no closer to 
the package than the stand-offs before performing 
any lead forming. 

T 
MAX HEIGHT FOR 
SOLDER DIPPING 

2. Clamping of the leads for forming/trimming should 
be adequate enough to not allow accidental slipping 
thus causing a shearing action between the lead 
frame and molded package. This shearing force can 
lead to lateral sheared die especially on the GaAs 
LED devices. It is recommended that the lead trim
ming be accomplished after inserting and soldering. 

The second operation to be reviewed is component 
insertion. 

1. An obvious but critical check prior to insertion is the 
lead hole clearance. If the hole clearance is not ade
quate, undue insertion force could result in a frac
tured lead-to-package seal and in the case of the 
LED device a sheared die. These insertion forces 
could become quite high when using automatic 
insertion machines. 

2. The circuit board assembly should utilize a design 
which takes advantage of the stand-offs provided. 
The location of these stand-offs assures adequate 
remaining lead to package material to protect the 
package from the heat of the solder process. 

The third and most critical assembly operation is the 
actual soldering step. The following matrix of suggested 
guidelines should be observed whether hand or wave 
soldering is used. Actual procedures and processes used 
are, of course, at the discretion of the component user. 

Gill+----fil---- INTEGRAL LENS 

Figure 1 . 
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Solder Solder Flux 
Technique Type Type 

Wave Solder 63/37 Tin R* 
Lead Bar orRMA 

Solder Pot 63/37 Tm R* 
Lead Bar orRMA 

Soldering 60/40 Tm Lead 
Iron Wire Rosin Core 

smallest possible 
diameter 

*Per QQ-S-571 

The most critical selection factor in the above materials 
is the type of solder flux. It is important to remember, 
depending on the length of heat exposure, all plastic 
molded devices expand when hot and can allow moisture 
to enter the package. With ambient heat this moisture 
can be baked out. The controlling factor is how free of 
ionic contaminants is the molding compound (Motorola's 
is less than 100 PPM) and soldering flux. Therefore, even 
though the units are dried or baked out, once any highly 
polar (active) contaminant is introduced into the package 
and onto the die surface any subsequent moisture (eg. 
humid environment) will eventually reach the surface of 
the die metal and corrosion can result. The less active 
the flux the better since the more active the flux the 

Dwell 
Time Comments 

< 10 Sec Do not allow solder to go above the top of 
@230°C the tie bar; insertion/retraction rate to be less 

than 0.25 inches/sec 

< 10 Sec Do not allow solder to go above the top of 
@ 230°C the tie bar; insertion/retraction rate to be less 

than 0.25 inches/sec. 

< 5 Sec Must control soldering iron temperature for 
variations in operator speed 

greater chance there is of it penetrating the lead/package 
seal due to the package expanding at ~he high temper
ature of solder, and ultimately onto the die surface. 

The fourth and final assembly operation is the PC board 
cleaning. Again, for the same reason as mentioned 
above, the use of harsh cleaners at high temperatures 
will result in contaminants entering the package with 
water-soluble fluxes. A recommended cleaning method 
is to use hot (=70°C) deionized water followed by a hot 
air dry or bake (=85°C) for one hour. The use of Freon or 
alcohol followed by a DI water rinse is also acceptable, 
especially with rosin-based fluxes. A good cleaning oper
ation is critical in removing contaminants that can cause 
electrical leakage problems and also entrap moisture . 
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Applications of 
Zero Voltage Crossing 
Optically Isolated Triac Drivers 
Prepared by Horst Gempe 

INTRODUCTION 
The zero-cross family of optically isolated triac drivers 

is an inexpensive, simple and effective solution for inter
face applications between low current de control circuits 
such as logic gates and microprocessors and ac power 
loads (120, 240 or 380 volt, single or 3-phase). 

These devices provide sufficient gate trigger current 
for high current, high voltage thyristors, while providing 
a guaranteed 7.5 kV dielectric withstand voltage between 
the line and the control circuitry. An integrated, zero
crossing switch on the detector chip eliminates current 
surges and the resulting electromagnetic interference 
(EMI) and reliability problems for many applications. The 
high transient immunity of 5000 V/µs, combined with the 
features of low coupling capacitance, high isolation resis
tance and up to 800 volt specified VoRM ratings qualify 
this triac driver family as the ideal link between sensitive 
control circuitry and the ac power system environment. 

Optically isolated triac drivers are not intended for 
stand alone service as are such devices as solid state 
relays. They will, however, replace costly and space 
demanding discrete drive circuitry having high compo
nent count consisting of standard transistor optoisola
tors, support components including a full wave rectifier 
bridge, discrete transistors, trigger SCRs and various 
resistor and capacitor combinations. 

This paper describes the operation of a basic driving 
circuit and the determination of circuit values needed for 
proper implementation of the triac driver. Inductive loads 
are discussed along with the special networks required 

MT DETECTOR 

to use triacs in their presence. Brief examples of typical 
applications are presented. 

CONSTRUCTION 
The zero-cross family consists of a liquid phase EPI, 

infrared, light emitting diode which optically triggers a 
silicon detector chip. A schematic representation of the 
triac driver is shown in Figure 1. Both chips are housed 
in a small, 6-pin dual-in-line (DIP) package which provides 
mechanical integrity and protection for the semiconduc
tor chips from external impurities. The chips are insulated 
by an infrared transmissive medium which reliably iso
lates the LED input drive circuits from the environment 
of the ac power load. This insulation system meets the 
stringent requirements for isolation set forth by regula
tory agencies such as UL and VOE. 

THE DETECTOR CHIP 
The detector chip is a complex monolithic IC which 

contains two infrared sensitive, inverse parallel, high 
voltage SCRs which function as a light sensitive triac. 
Gates of the individual SCRs are connected to high speed 
zero crossing detection circuits. This insures that with a 
continuous forward current through the LED, the detector 
will not switch to the conducting state until the applied 
ac voltage passes through a point near zero. Such a fea
ture not only insures lower generated noise (EMI) and 
inrush (surge) currents into resistive loads and moderate 
inductive loads but 1t also provides high noise immunity 
(several thousand V/µs) for the detection circuit. 

LED 

Figure 1. Schematic of Zero Crossing Optically Isolated Triac Driver 

9-72 



AN982 

MT 

MT 

ZERO 
CROSSING 
DETECTOR 

Figure 2. Simplified Schematic of Isolator 

ELECTRICAL CHARACTERISTICS 
A simplified schematic of the optically isolated triac 

driver is shown in Figure 2. This model is sufficient to 
describe all important characteristics. A forward current 
flow through the LED generates infrared radiation which 
triggers the detector. This LED trigger current !IFTl is the 
maximum guaranteed current necessary to latch the triac 
driver and ranges from 5 mA for the MOC3063 to 15 mA 
for the MOC3061. The LED's forward voltage drop at 
IF=30 mA is 1.5 V maximum. Voltage-current character
istics of the triac are identified in Figure 3. 

Once triggered, the detector stays latched in the "on 
state" until the current flow through the detector drops 
below the holding current !IHI which 1s typically 100 µA 
At this time, the detector reverts to the "off" (non
conducting) state. The detector may be triggered "on" 
not only by IFT but also by exceeding the forward block
ing voltage between the two main terminals (MT1 and 
MT2) which is a minimum of 600 volts for all MOC3061 
family members. Also, voltage ramps (transients, noise, 
etc.) which are common in ac power lines may trigger 
the detector accidentally if they exceed the static dV/dt 
rating. Since the fast switching, zero-crossing switch pro
vides a minimum dV/dt of 500 V/µ,s even at an ambient 
temperature of 70°C, accidental triggering of the triac 

15 v 

II 

ON STATE o1 

fA 

BLOCKING 
2+ 

VDRM 1 STATE 
I 
I ____ ..J_ 

A2-; 1----7 1 I IH-

BLOCKING STATE l 
0111 

ON STATE 

Figure 3. Triac Voltage-Current Characteristic 

driver 1s unlikely. Accidental triggering of the main triac 
is a more likely occurrence. Where high dV/dt transients 
on the ac line are anticipated, a form of suppression net
work commonly called a "snubber" must be used to pre
vent false "turn on" of the main triac. A detailed discus
sion of a "snubber" network is given under the section 
"Inductive and Resistive Loads." 

Figure 4 show& a static dV/dt test circuit which can be 
used to test triac drivers and power triacs. The proposed 
test method is per EIA/NARM standard RS-443. 

Tests on the MOC3061 family of triac drivers using the 
test circuit of Figure 4 have resulted in data showing the 
effects of temperature and voltage transient amplitude 
on static dV/dt. Figure 5 is a plot of dV/dt versus ambient 
temperature while Figure 6 is a similar plot versus tran
sient amplitude. 

BASIC DRIVING CIRCUIT 
Assuming the circuit shown in Figure 7 is in the block

ing or "off" state (which means IF 1s zero), the full ac line 
voltage appears across the main terminals of both the 
triac and the triac driver. When sufficient LED current !lfT) 
is supplied and the ac line voltage is below the inhibit 
voltage !IH in Figure 3), the triac driver latches "on." This 
action introduces a gate current in the main triac trig-

10 k 

SCOPE PROBE 100.1 

, 
I 

PB 

10on 0 001 µF 

r 
I 
L j DUT 

SIGNAL IN O---'V'"'--f 

JUL 

HV 

VOLTAGE APPLIED TO DUT - ~%DUTY CYCLE 

f-1sms-j 
TEST PROCEDURE -

470!l 

~HV 

=i 1-TRC 
Turn the D.U.T. on, while applying sufficient dV/dt to ensure that 1t remains on, even after the trigger current is removed. 

Then decrease dV/dt until the D.U.T. turns off. Measure TRC· the time 1t takes to rise to 0.63 HV, and divide 0.63 HV by 
TRC to get dV/dt. 

Figure 4. Static dV/dt Test Circuit 
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6001----------------

25 

TRANSIENT AMPLITUDE 
= 600V 

50 75 

TA, AMBIENT TEMPERATURE (°C) 

100 

Figure 5. Static dV/dt versus Temperature 

gering it from the blocking state into full conduction. 
Once triggered, the voltage across the main terminals 
collapses to a very low value which results in the triac 
driver output current decreasing to a value lower than its 
holding current, thus forcing the triac driver into the "off" 
state, even when IFT is still applied. 

The power triac remains in the conducting state until 
the load current drops below the power triac's holding 
current, a situation that occurs every half cycle. The actual 
duty cycle for the triac driver is very short (in the 1 to 
3 µs region). When IFT is present, the power triac will be 
retriggered every half cycle of the ac line voltage until 
IFT is switched "off" and the power triac has gone 
through a zero current point. (See Figure 8). 

Resistor R (shown in Figure 7) is not mandatory when 
RL is a resistive load since the current is limited by the 
gate trigger current 0GT) of the power triac. However, 
resistor R (in combination with R-C snubber networks that 
are described in the section "Inductive and Resistive 
Loads") prevents possible destruction of the triac driver 
in applications where the load is highly inductive. 

Unintentional phase control of the main triac may hap
pen if the current limiting resistor R is too high in value. 
The function of this resistor is to limit the current through 
the triac driver in case the main triac is forced into the 
non-conductive state close to the peak of the line voltage 

MT1 

MT2 RL 

TRIAC DRIVER POWERTRIAC 

Figure 7. Basic Driving Circuit - Triac Driver, 
Triac and Load 

AC 
INPUT 

10000 

5000 

2000 

1000 

500 L---'--__J'----'----'---_._ _ __. __ 

100 200 300 400 500 600 
TRANSIENT AMPLITUDE (V) 

Figure 6. Static dV/dt versus Transient Amplitude 

and the energy stored in a "snubber" capacitor is dis
charged into the triac driver. A calculation for the current 
limiting resistor R is shown below for a typical 220 volt 
application: Assume the line voltage is 220 volts RMS. 
Also assume the maximum peak repetitive driver current 
(normally for a 10 micro second maximum time interval) 
is 1 ampere. Then 

v n<><>k 220 v'2 volts 
R = ~ = = 311 ohms 

lpeak 1 amp 

One should select a standard resistor value >311 ohms 
~ 330 ohms. 

The gate resistor RG (also shown in Figure 7) is only 
necessary when the internal gate impedance of the triac 
or SCR is very high which is the case with sensitive gate 
thyristors. These devices display very poor noise immu
nity and thermal stability without RG. Value of the gate 
resistor in this case should be between 100 and 500. The 
circuit designer should be aware that use of a gate resis
tor increases the required trigger current 0GT) since RG 
drains off part of IGT· Use of a gate resistor combined 
with the current limiting resistor R can result in an unin
tended delay or phase shift between the zero-cross point 
and the time the power triac triggers. 

IFT 

~----+---0----....,_---r---~- AC LINE 
VOLTAGE 

TRIAC DRIVER 
CURRENT 
I= IGT + 11 

-'----\::===f'===;;====",_ __ .__ V- ACROSS 

MAIN TRIAC 

Figure 8. Waveforms of a Basic Driving Circuit 
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UNINTENDED TRIGGER DELAY TIME 
To calculate the unintended time delay, one must 

remember that power triacs require a specified trigger 
current 0GTl and trigger voltage (VGTl to cause the triac 
to become conductive. This necessitates a minimum line 
voltage VT to be present between terminals MT1 and MT2 
(see Figure 7), even when the triac driver is already trig
gered "on." The value of minimum line voltage VT is 
calculated by adding all the voltage drops in the trigger 
circuit: 

VT= VR + VTM + VGT· 
Current I in the trigger circuit consists not only of IGT but 
also the current through RG: 

I= IRG + IGT· 

Likewise, IRG is calculated by dividing the required gate 
trigger voltage VGT for the power triac by the chosen 
value of gate resistor RG: 

IRG = VGTIRG 

Thus, I = VGTIRG + IGT· 
All voltage drops in the trigger circuit can now be deter
mined as follows: 

VR = I x R = VGTIRG x R + IGT x R = R(VGTIRG 
+ IGTl 

VTM = From triac driver data sheet 
VGT = From power triac data sheet. 
IGT = From power triac data sheet. 

With VTM· VGT and IGT taken from data sheets, it can 
be seen that VT is only dependent on R and RG. 

Knowing the minimum voltage between MT1 and MT2 
(line voltage) required to trigger the power triac, the unin
tended phase delay angle ed (between the ideal zero 
crossing of the ac line voltage and the trigger point of 
the power triac) and the trigger delay time td can be 
determined as follows: 

8d = sin-1 VTNpeak 

= sin-1 R(VGTIRG + IGT) + VTM + VGT 
Vpeak 

The time delay td is the ratio of 8d to 8vpeak (which 
is 90 degrees) multiplied by the time it takes the line 
voltage to go from zero voltage to peak voltage (simply 
1/4f, where f is the line frequency). Thus 

td = 8d/90 x 1/4f. 

Figure 9 shows the trigger delay of the main triac ver
sus the value of the current limiting resistor R for 
assumed values of IGT· Other assumptions made in plot
ting the equation for td are that line voltage is 220 V RMS 
which leads to Vpeak = 311 volts; RG = 300 ohms; VGT 
= 2 volts and f = 60 Hz. Even though the triac driver 
triggers close to the zero cross point of the ac voltage, 
the power triac cannot be triggered until the voltage of 
the ac line rises high enough to create enough current 
flow to latch the power triac in the "on" state. It is appar
ent that significant time delays from the zero crossing 
point can be observed when R is a large value along with 
a high value of IGT and/or a low value of RG. It should 

2000 

200 

300 500 • 1000 1500 2000 

R (OHMS) 

Figure 9. Time Delay td versus Current Limiting Resistor R 

be remembered that low values of the gate resistor 
improve the dV/dt ratinigs of the power triac and mini
mize self latching problems that might otherwise occur 
at high junction temperatures. 

SWITCHING SPEED 
The switching speed of the triac driver is a composition 

of the LED's turn on time and the detector's delay, rise 
and fall times. The harder the LED is driven the shorter 
becomes the LED's rise time and the detector's delay 
time. Very short IFT duty cycles require higher LED cur
rents to guarantee "turn on" of the triac driver consistent 
with the speed required by the short trigger pulses. 

Figure 10 shows the dependency of the required LED 
current normalized to the de trigger current required to 
trigger the triac driver versus the pulse width of the LED 
current. LED trigger pulses which are less than 100 µsin 
width need to be higher in amplitude than specified on 
the data sheet in order to assure reliable triggering of the 
triac driver detector. 

The switching speed test circuit is shown in Figure 11. 
Note that the pulse generator must be synchronized with 
the 60 Hz line voltage and the LED trigger pulse must 
occur near the zero cross point of the ac line voltage. 
Peak ac current in the curve tracer should be limited to 
10 mA. This can be done by setting the internal load resis
tor to 3 k ohms. 
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Motorola isolated triac drivers are trigger devices and 
designed to work in conjunction with triacs or reverse 
parallel SCRs which are able to take rated load current. 
However, as soon as the power triac is triggered there is 
no current flow through the triac driver. The time to turn 
the triac driver "off" depends on the switching speed of 
the triac, which is typically on the order of 1-2 µ..s. 

PULSE WIDTH CONTROL 

DELAY CONTROL 

AMPLITUDE CONTROL 

PULSE 
GENERATOR 

10!1 

AC LINE 
SYNC 

IF 
MONITOR 

SCOPE 

25 

10 20 50 100 
LED TRIGGER PULSE WIDTH IJ.LS) 

Figure 10. IFT Normalized to IFT de As Specified on the 
Data Sheet 

DUT 

CURVE 
TRACER (AC MODE) 

Figure 11. Test Circuit for LED Forward Trigger Current versus Pulse Width 

INDUCTIVE AND RESISTIVE LOADS 
Inductive loads (motors, solenoids, etc.) present a 

problem for the power triac because the current is not in 
phase with the voltage. An important fact to remember 
is that since a triac can conduct current in both directions, 
it has only a brief interval during which the sine wave 
current is passing through zero to recover and revert to 
its blocking state. For inductive loads, the phase shift 
between voltage and current means that at the time the 
current of the power handling triac falls below the holding 
current and the triac ceases to conduct, there exists a 
certain voltage which must appear across the triac. If this 
voltage appears too rapidly, the triac will resume con
duction and control is lost. In order to achieve control 
with certain inductive loads, the rate of rise in voltage 
(dV/dt) must be limited by a series RC network placed in 
parallel with the power triac. The capacitor Cs will limit 
the dV/dt across the triac. 

The resistor Rs is necessary to limit the surge current 
from Cs when the triac conducts and to damp the ringing 
of the capacitance with the load inductance LL. Such an 
RC network is commonly referred to as a "snubber." 

Figure 12 shows current and voltage wave forms for 
the power triac. Commutating dV/dt for a resistive load 
is typically only 0.13 V/µ..s for a 240 V, 50 Hz line source 
and 0.063 V/µ..s for a 120 V, 60 Hz line source. For inductive 
loads the "turn off" time and commutating dV/dt stress 
are more difficult to define and are affected by a number 
of variables such as back EMF of motors and the ratio of 
inductance to resistance (power factor). Although it may 
appear from the inductive load that the rate or rise is 
extremely fast, closer circuit evaluation reveals that the 
commutating dV/dt generated is restricted to some finite 
value which is a function of the load reactance LL and 
the device capacitance C but still may exceed the triac's 
critical commutating dV/dt rating which is about 50 V/µ..s. 

9-76 



AN982 

It is generally good practice to use an RC snubber network 
across the triac to limit the rate of rise (dV/dt) to a value 
below the maximum allowable rating. This snubber net
work not only limits the voltage rise during commutation 
but also suppresses transient voltages that may occur as 
a result of ac line disturbances. 

There are no easy methods for selecting the values for 
Rs and Cs of a snubber network. The circuit of Figure 13 
is a damped, tuned circuit comprised of R5 , C5 , RL and 
LL, and to a minor extent the junction capacitance of the 
triac. When the triac ceases to conduct (this occurs every 
half cycle of the line voltage when the current falls below 
the holding current), the load current receives a step 
impulse of line voltage which depends on the power fac
tor of the load. A given load fixes RL and LL; however, 
the circuit designer can vary Rs and C5 . Commutating 
dV/dt can be lowered by increasing Cs while Rs can be 
increased to decrease resonant "over ringing"of the 
tuned circuit. Generally this is done experimentally 

beginning with values calculated as shown in the next 
section and, then, adjusting Rs and Cs values to achieve 
critical damping and a low critical rate of rise of voltage. 

Less sensitive to commutating dV/dt are two SCRs in 
an inverse parallel mode often referred to as a back-to
back SCR pair (see Figure 15). This circuit uses the SCRs 
in an alternating mode which allows each device to 
recover and turn "off" during a full half cycle. Once in 
the "off" state, each SCR can resist dV/dt to the critical 
value of about 100 V/µs. Optically isolated triac drivers 
are ideal in this application since both gates can be trig
gered by one triac driver which also provides isolation 
between the low voltage control circuit and the ac power 
line. 

It should be mentioned that the triac driver detector 
does not see the commutating dV/dt generated by the 
inductive load during its commutation; therefore, the 
commutating dV/dt appears as a static dV/dt across the 
two main terminals of the triac driver. 

Figure 12. Current and Voltage Waveforms During Commutation 
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SNUBBER DESIGN - THE RESONANT METHOD 
If R, Land Care chosen to resonate, the voltage wave

form on dV/dt will look like Figure 14. This is the result 
of a damped quarter-cycle of oscillation. In order to cal
culate the components for snubbing, the dV/dt must be 
related to frequency. Since, for a sine wave, 
V(t) = Vp sin wt 
dV/dt = Vp w cost wt 

dV/dt(max) = Vp w = Vp 27ri 

f = dV/dt 
2TTV A( max) 

Where dV/dt is the maximum value of off state dV/dt 
specified by the manufacturer. 

From: 

1 
f = 27T\l[C 

1 
C = (27rf)2L 

We can choose the inductor for convenience. Assum
ing the resistor is chosen for the usual 30% overshoot: 

R = fc 
Assuming Lis 50 µH, then: 

f = (dV/dtlmin -== 50 V/µs = 27 kHz 
2TTV A( max) 2TT(294 V) 

1 
C = (27ri)2L = 0.69 µF 

50 µH 
0.69 µF = 8·5 fl 

AC 

Figure 13. Triac Driving Circuit - with Snubber 
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INRUSH(SURGE)CURRENTS 
The zero crossing feature of the triac driver insures 

lower generated noise and sudden inrush currents on 
resistive loads and moderate inductive loads. However, 
the user should be aware that many loads even when 
started at close to the ac zero crossing point present a 
very low impedance. For example, incandescent lamp 
filaments when energized at the zero crossing may draw 
ten to twenty times the steady state current that is drawn 
when the filament is hot. A motor when started pulls a 
"locked rotor" current of, perhaps, six times its running 
current. This means the power triac switching these loads 
must be capable of handling current surges without junc
tion overheating and subsequent degradation of its elec
trical parameters. 

Almost pure inductive loads with saturable ferromag
netic cores may display excessive inrush currents of 30 
to 40 times the operating current for several cycles when 

A 

Rs 

Cs 

Rs 

Cs 

Rs 

Cs 

switched "on" at the zero crossing point. For these loads, 
a random phase triac driver (MOC3020 family) with spe
cial circuitry to provide initial "turn on" of the power triac 
at ac peak voltage may be the optimized solution. 

ZERO CROSS, THREE PHASE CONTROL 
The growing demand for solid state switching of ac 

power heating controls and other industrial applications 
has resulted in the increased use of triac circuits in the 
control of three phase power. Isolation of the de logic 
circuitry from the ac line, the triac and the load is often 
desirable even in single phase power control applica
tions. In control circuits for poly phase power systems, 
this type of isolation is mandatory because the common 
point of the de logic circuitry cannot be referred to a 
common line in all phases. The MOC3061 family's char
acteristics of high off-state blocking voltage and high iso-

A 

RL 
(3 PLACES) 

~ LED CURRENT 

A AND B SWITCH ON 

C SWITCHES ON 

A I ..--k .} ..... 
I I \/ .... 

/1 I ·\ 
"- / I I. \ 

' /., I .... _ ... "·j 

---~1 

3 PHASE LINE VOLTAGE 

BAND C SWITCH OFF, 
A FOLLOWS 

Figure 16. 3 Phase Control Circuit 
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TEMP. 
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4.7k 
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AC 
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BRIDGE~ GAIN STAGE 1~ COMPARATOR --•-rl ,.,. ___ OSCILLATOR 
= 2 mV/°C AV = 1000 I 
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I 
•1 

Figure 17. Proportional Zero Voltage Switching Temperature Controller 

lation capability make the isolated triac drivers ideal 
devices for a simplified, effective control circuit with low 
component count as sho\'.lfn in Figure 16. Each phase is 
controlled individually by a power triac with optional 
snubber network (Rs, Cs) and an isolated triac driver with 
current limiting resistor R. All LEDs are connected in 
series and can be controlled by one logic gate or con
troller. An example is shown in Figure 17. 

At startup, by applying IF, the two triac drivers which 
see zero voltage differential between phase A and B or 
A and C or C and B (which occurs every 60 electrical 
degrees of the ac line voltage) will switch "on" first. The 
third driver (still in the "off" state) switches "on" when 
the voltage difference between the phase to which it is 
connected approaches the same voltage as the sum volt
age (superimposed voltage) of the phases already 
switched "on." This guarantees zero current "turn on" 
of all three branches of the load which can be in Y or 
Delta configuration. When the LEDs are switched "off," 
all phases switch "off" when the current (voltage differ
ence) between any two of the three phases drops below 

the holding current of the power triacs. Two phases 
switched "off" create zero current. In the remaining 
phase, the third triac switches "off" at the same time. 

PROPORTIONAL ZERO VOLTAGE SWITCHING 
The built-in zero voltage switching feature of the zero

cross triac drivers can be extended to applications in 
which it is desirable to have constant control of the load 
and a minimization of system hysteresis as required in 
industrial heater applications, oven controls, etc. A closed 
loop heater control in which the temperature ofthe heater 
element or the chamber is sensed and maintained at a 
particular value is a good example of such applications. 
Proportional zero voltage switching provides accurate 
temperature control, minimizes overshoots and reduces 
the generation of line noise transients. 

Figure 17 shows a low cost MC33074 quad op amp 
which provides the task of temperature sensing, ampli
fication, voltage controlled pulse width modulation and 
triac driver LED control. One of the two 1 N4001 diodes 
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(which are in a Wheatstone bridge configuration) senses 
the temperature in the oven chamber with an output sig
nal of about 2 mV/°C. This signal is amplified in an invert
ing gain stage by a factor of 1000 and compared to a 
triangle wave generated by an oscillator. The comparator 
and triangle oscillator form a voltage controlled pulse 
width modulator which controls the triac driver. When 
the temperature in the chamber is below the desired 
value, the comparator output is low, the triac driver and 
the triac are in the conducting state and full power i& 
applied to the load. When the oven temperature comes 
close to the desired value (determined by the "temp set" 
potentiometer), a duty cycle of less than 100% is intro
duced providing the heater with proportionally less 
power until equilibrium is reached. The proportional 
band can be controlled by the amplification of the gain 
stage - more gain provides a narrow band; less gain a 
wider band. Typical waveforms are shown in Figure 18. 

Vose 

TOO COLD FINE
1

REG. I TOO HOT I FINE REG. 

Figure 18. Typical Waveforms of Temperature Controller 
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NOTES 



• General Information 

• Quality and Reliability 

• Selector Guide and Cross-Reference 

• Discrete Emitters/Detectors 
Data Sheets 

• Fiber Optics Components 
Data Sheets 

• Optoisolators/Optocouplers 
Data Sheets 

• Slotted Optical Switches 
Data Sheets 

• Chips 
Data Sheets 

• Applications Information 
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