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INTRODUCTION

Optoelectronics, based on mass production semiconductor technology, is having a strong
influence on the design of electronic control circuitry. Optoelectronic components sense the
presence and strength of light, the position of objects which break or reflect a light beam, and
transmit electronic signals without electrical connection. This provides, with the low cost, high
speed, and high reliability of other mass-produced semiconductor devices, a variety of useful
functions: from automatic light level control in copy machines, or sensing the right instant to fire
an automobile’s spark plug, to allowing delicate computer circuitry to control high power machine
tools by passing logic signals to the power line circuitry, without allowing line voltages and
noise back into the logic.

General Electric, being a continuing leader in both optoelectronics and semiconductor tech-
nology, has contributed heavily to optoelectronics from the invention of the light emitting diode
and the first commercially successful otpo SCR through to today’s broadest line of optoelectronic
circuit components. This handbook is written to provide the circuit designer knowledge of the
operation, interfacing, and detailed application of these components, that he may successfully
design practical, cost effective, and reliable circuitry. It also provides the specification sheets,
selection guides and cross-reference information needed to obtain the optimum device for the task.

This handbook provides separate sections containing application information, specifications,
and selectors with cross-references. In the application section, the handbook begins with basic
devices and their operation and smoothly flows to circuit and system design interfacing the devices.
It then discusses reliability and life considerations, and completes the picture with circuit designs
grouped by function. In addition to the table of contents and logical ordering of material, a
comprehensive index to the application information and glossary of terms allows “instant recall”
of information as required. Since not all questions can be answered in the space provided, a list
of further reference material is included.
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SECTION I: OPTOELECTRONICS THEORY

A. Optoelectronic Devices

A basic knowledge of the devices used in optoelectronic applications is helpful in designing
and optimizing circuits using them. Following is a brief description of the devices and the charac-
teristics of interest in optoelectronic applications.

1.  Light Sources

There are many different light sources to be considered, such as light emitting diodes,
tungsten lamps (evacuated and gas filled), neon lamps, fluorescent lamps and Xenon tubes. Because
all of these light emitters, except the LED, are designed to work as visible light sources, the infor-
mation on their specification sheets is mainly concerned with the visible part of the spectrum.
The information is given in photometric rather than radiometric terms. Many references contain
excellent discussions of terms and definitions used in “light” measurement; a brief coverage of the
quantitative aspects of light in optoelectronics is covered in a later section of these notes. Since
the characteristics and operation of the conventional light sources (i.e., lamps, flash tubes, sunlight)
is familiar, the only light source to be detailed is the light emitting diode (LED).

Junction luminescence, or junction electroluminescence, occurs as a result of the appli-
cation of direct current at a low voltage to a suitably doped crystal containing a pn junction.
This is the basis of the Light Emitting Diode (LED), which is a pn junction diode which emits
light when biased in a forward direction. The light emitted can be either invisible (more precisely
infrared), or can be light in the visible spectrum. Semiconducting light sources can be made in
a wide range of wavelengths, extending from the near-ultraviolet region of the electromagnetic
spectrum to the far-infrared region, although practical production devices are limited at this time
to wavelengths longer than ~ 500 nm. LED’s for electronic applications, due to the spectral
response of silicon and efficiency considerations, are normally infrared emitting diodes (IRED).
The IRED is just an LED which emits invisible light in the near infrared region. Forward bias
current flow in the pn junction causes holes to be injected into the N-type material and electrons
to be injected into the P-type material; i.e., minority carrier injection. When these minority carriers
recombine, energy proportional to the band gap energy of the semiconductor material is released.
Some of this energy is released as light, while the remainder is released as heat, with the propor-
tions determined by the mixture of recombination processes taking place. Since the energy con-
tained in a photon of light is proportional to its frequency i.e., color, the higher the band gap
energy of the semiconductor material forming the LED, the higher frequency light emitted. The
GE — IRED has a relatively low band gap silicon doped, liquid epitaxy grown gallium arsenide
material which provides superior efficiency and reliability in infrared light production (940 nm).

The electrical characteristics of the IRED are similar to any other pn junction diode, having
a slightly higher forward voltage drop than a silicon diode due to the higher band gap energy,
and a fairly low reverse breakdown voltage due to the doping levels required for efficient light
production.
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2.  Light Detecting Devices

Having a source of light energized by electricity only provides half of the semiconductor
optoelectronics picture. Light detectors, devices which convert light signals into electrical signals
and based on mass produced silicon semiconductor technology, provides the other half of the
modern semiconductor optoelectronics picture.

a. Photodiode — The basis of understanding silicon photosensitive devices is the reverse biased
pn junction, photodiode. When light of the proper wavelength is directed toward the junction,
hole electron pairs are created and swept across the junction by the field developed across the
depletion region. The result is a current flow in the external circuit proportional to the effective
irradiance on the device. It behaves basically as a constant current generator up to its avalanche
voltage, shown graphically below. It has a low temperature coefficient and the response times are

in the submicrosecond range. Spectral response and speed can be tailored by geometry and doping
of the junction.
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All common silicon light detectors consist of a photodiode junction and an amplifier. The
photodiodes are usually made on a single chip of silicon from the same doping processes which
form the amplifier section. In most commercial devices the photodiode current is in the submicro-
ampere to tens of microamperes range, and the addition of an amplifier to the chip can be
accomplished at minimal cost. Total device response to bias, temperature and switching wave-
forms becomes a combination of photodiode and amplifier system response.

The absorption coefficient of light in silicon decreases with increasing radiation wavelength.
Therefore, as the radiation wavelength decreases, a larger percentage of the hole-electron pairs
are created closer to the silicon surface. This results in the photodiode exhibiting a peak response
point at some radiation wavelength. At this wavelength a maximum number of hole-electron pairs
are created near the collector-base junction. The spectral response curve of the L14G photo-
transistor has a maximum at approximately 0.85 um. For wavelengths longer than this, more
hole-electron pairs are created deeper in the transistor beyond the photodiode (collector-base)
junction. For shorter wavelengths, more of the incident radiation is absorbed closer to the device
surface, and does not penetrate to the junction. Therefore, the spectral response characteristics
of the photodiode are chiefly a function of the junction depth.

b. Phototransistor — The light sensitive transistor is one of the simplest photodiode-amplifier
combinations. By directing light towards the reverse biased pn junction (collector-base), base cur-
rent is generated and amplified by the current gain of the transistor. External biasing of base is
possible, if that lead is brought out, so that the formula for emitter current is:

Ig =0pxIg) (hgg +1)

where Ip = Photon generated base current
Iz = Emitter current
I, = Base current

hgg = Transistor DC current gain
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This shows that the sensitivity of this transistor can be influenced by different bias levels at the
base. It also indicates that response of the phototransistor will vary as the hgg varies with cur-
rent, bias voltage, and temperature. Speed of response is affected by a greater factor than the
speed of the transistor. Due to the capacitance of the photodiode, the low base currents and
normally unterminated base contact causing high input impedance, and the voltage gain of the
amplifier, it is found that the switching time of the combination is usually governed by the RC
time constant of the base circuit, i.e., the input time constant of the amplifier. This leads to a
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generalization on photodetectors: “the higher the gain, the slower the response.” Note that this
generalization doesn’t cover all cases, an example being the case where the voltage across the
phototransistor is constant (i.e., A = O).

The high hgg and large collector-base junction area required for high phototransistor sen-
sitivity can also cause high dark current levels when the collector-base junction is reverse biased.
The phototransistor dark current is given by

Iceomarxk) = hre Icso
where Icpo is the collector-base junction leakage current. Careful processing of the transistor
chip is required to minimize the phototransistor dark current and maintain high light sensitivity.
Typical phototransistor dark currents at 10V reverse bias are on the order of 10 nanoamps dt
room temperature and increase by a factor of two for every 10°C rise in temperature.

Dark current effects may be minimized for low light level applications by keeping the base
collector junction from being reverse biased, i.e., having a Vqogo of less than a silicon diode forward
bias voltage drop. This technique allows light currents in the nanoampere range to be detected.

A circuit which illustrates this mode of operation follows:
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This circuit will turn the load on when illumination to the L14H3 drops below approximately
0.5 foot-candle.

¢. Photodarlington — Basically, this is the same as the light sensitive transistor, except for
its much higher gain from two stages of transistor amplification cascaded on a single chip.
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Ig; =1Ipy Chegr + 1)

Igs = Ipy +Igy) (hpga t1)

Ig, = [Ipy + Ipy (hpgy + 1] (heg, +1)
Because Iz; >> Ips

Iz, =~Ip; * hpgi * hem2

where Iz = Emitter Current
Ip = Photon produced current
hrpg = DC current gain of transistors 1 and 2
Ig = Base current

If we consider different bias levels at the base we can write:
Ig, =1Ipy + (Ipy * Ig) (hpgy +1) (hpga + 1)
Since hgg >> 1, a close approximation to this equation is:
Igz =~ (Ip; £ Ip) hegy © hpgs

This shows why the darlington connection is popular for applications where the light to be
detected is of low level, with the hgg product normally ranging from 10° to 10°, high electrical
signal levels are assured. As mentioned in the phototransistor section, speed of response does
suffer, since the voltage amplification can never be brought to zero due to internal, parasitic,
impedances which cannot be eliminated from the chip. Thus, photodarlington ultimate speed will
always be less than phototransistor. Dark current effects, as mentioned under phototransistors,
are also amplified by the increased gain of the darlington connection.

d. Photo SCR (Silicon Controlled Rectifier) — The two transistor equivalent circuit of the
silicon controlled rectifier illustrates the switching mechanism of this device.
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Photon-current which is generated in the reverse biased pn junction reaches the gate region to
forward bias the npn transistor and initiate switching. Part of this current, Ip, can be channeled
around the gate-cathode terminal to decrease sensitivity. This is also expressed in the formula for
I, by the expression (Ip * Ig).

ay [Ip £ Ig) +Icpo) + lecso@)]

IA =
Il —a; —a,
when a; +a, =1 thenI, = e Icsoq) & Iceo(2y — Leakage Currents
Io = Anode Current @ = Current Gain
Ip = Photon Current @, — Varies with I, and Ip
Iz = Gate Current @, — Varies with I, and Iy  Ig

In discrete device literature the Photo SCR is often abbreviated LASCR, i.e., Light Activated
SCR. As the photodiode current is of very low level, a LASCR must be constructed so that it
can be triggered with a very low gate current. The high sensitivity of the LASCR causes it to be
sensitive also to any effect which will produce an internal current. As a result, the LASCR has a
high sensitivity to temperature, applied voltage, rate of change of applied voltage and has a longer
turn-off time than normally expected of a SCR.

All other parameters of the LASCR are similar to the regular SCR, so that the former can be
triggered with a positive gate signal of conventional circuit current, as well as being compatible
with the common techniques of suppressing unwanted sensitivity. All commercially available
LASCR types of devices are of comparatively low current rating (<2A) and, thereby, can be
desensitized to extraneous signals with small, low cost, reactive components.

Note that the schematic representation of the LASCR contains a high voltage phototran-
sistor pnp between the anode (A) and gate (G) terminals. Due to physical construction details, this
“transistor” is of low gain and behaves as a symmetrical transistor, i.e., emitter and collector
regions are interchangeable. Due to the low gain, photo response is quite stable in this configura-
tion. In fact, this connection is used with the L9UX4 which is a factory-calibrated unit used
for measurement of irradiance.
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Due to the high voltage junction parameters, the LASCR has unique spectral and dark cur-
rent characteristics compared to the devices mentioned previously.



B. Optoelectronic Components

Detailing the basic device characteristics and operation provides an understanding of what
can be expected from the semiconductor, but leaves unresolved the actual component character-
istics, which will be affected by-both device and package parameters. The basic optoelectronic
devices can be packaged to provide:

e discrete detectors and emitters, which emit or detect light;
e interrupter/reflector modules, which detect objects modifying the light path;
o isolators/couplers, which transmit electrical signals without electrical connection.

The following descriptions will provide an insight into the various package characteristics
and how they modify the basic devices already described.

1.  Optoelectronic Detectors and Emitters

Optoelectronic components require packaging which not only protect the chip, but also allow
light to pass through the package to the chip, i.e., a semiconductor package with a window. The
window can be modified to provide lens action, which gives higher response on the optical axis
of the lens, greater directional sensitivity and a larger aperture with less resolution. In most com-
mercial components, the lens is also an integral part of the package, for economic reasons, so
the tight control of optical tolerances are compromised somewhat to optimize chip protection via
the hermetic seal. This causes lensed components to exhibit wider variations, unit to i.lnit, than
simple window components, as the optical gain variations and the basic device response variations
are multiplied. Due to these factors, when high gain, highly directional optical systems are re-
quired, it is normal procedure to recommend components without integral lenses be used in con-
junction with external optics of the required quality.
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The other major factor in detector/emitter packaging is the choice of a plastic or hermetic
package. Either is available with or without lens, although the plastic devices have the optical
axis perpendicular to the leads, while the hermetic package optical axis is parallel to the leads.
The hermetic package will operate at higher power, over a wider temperature range and is more
tolerant of severe environments, but it is also relatively more expensive than the plastic. Although
some components are limited to a single package type, on most the user must weigh the applica-
tion’s technical and economic constraints, to optimize both the device and package of the opto-
electronic component used.

2. Interrupter/Reflector Modules

The use of interrupter or reflector modules eliminates most of the optical calculations, and
geometric and conversion problems in mechanical position sensing applications. These modules
are specified electrically at the input and output simultaneously —i.e., as a coupled pair — and
have defined constraints on the mechanical input. All the designer need do is provide the input
current and mechanical input (i.e., pass an infrared-opaque object through the interrupter gap)
and monitor the electrical output. Other than standard tolerance, resolution, and power con-
straints, the only new knowledge reauired is the ability of the sensed object to block or reflect
infrared light and an estimate of the effects of ambient light conditions providing false signals.
This is true of both “off the shelf”” commercial modules and limited volume ‘““home brew” custom
modules, as the mechanical and optical parameters of any given module are fixed. Once the
module is characterized for minimum and maximum characteristics, it is a defined electrical and
mechanical component and doesn’t require optical design work for each new application. This
puts these sensor modules in the same design category as mechanical precision limit switches,
except that with the activating mechanism blocking or reflecting light instead of applying a force.
Thus, mechanical wear and deformation effects are eliminated.

EMITTER DETECTOR

/it

INTERRUPTER MODULE REFLECTOR MODULE BUILT FROM H19

Most commercially available interrupter modules are built around plastic packaged emitters
and detectors. Reflective modules and other custom modules are built around both plastic and
hermetic parts, depending on the cost/performance trade-offs required. It should be noted that
due to the longer, angle critical, and generally less efficient light transmission path in a reflector
module, lensed devices are dominant in these applications. This also explains the lack of standard
reflective modules, because tight spacing between the module and the mechanical actuator must
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be maintained to provide adequate optical coupling, leading to different mechanical mounting
requirements for each mechanical system sensed.

3. Optocouplers

Optocouplers, also known as optoisolators, are purely electronic components. The light
path, IRED to photodetector, is totally enclosed in the component and can’t be modified exter-
nally. This provides one way transfer of electrical signals, from the IRED to the photodetector,
without electrical connection between the circuitry containing the devices. The degree of electrical
isolation between the two devices is controlled by the material in the light path and by the
physical distance between the emitter and detector. (i.e., the greater the distance, the better the
isolation.) Unfortunately, the current transfer ratio (CTR), the ratio of detector current to emitter
current, i.e., the effectiveness of electrical signal transfer, is inversely proportional to this separa-
tion and some type of compromise has to be made to achieve the most optimum effects. In the
case of the dual in-line package, the use of optical glass has proven to be a most efficient dielectric.
It allows maximum CTR and a minimum separation distance for a given isolation voltage with-
stand capability. Minimum (H11A5100) CTR’s of 100% in combination with isolation voltages of
5000 V in phototransistor couplers result. Also, because of the glass dielectric design, yields
are much more predictable, due to easier alignment of LED and detector and common side wire
bonding, versus other methods of manufacture.

.335/\‘/|\1\.280 g

[
AY, 2 I
ol
I I
K A o=
L q _~ COLLECTOR
S (MOUNTED
EC GLASS TO LEAD
FRAME)

DETECTOR CHIP
DUAL IN-LINE PACKAGE (DIP) OPTOCOUPLER, ILLUSTRATING GLASS ISOLATION CONSTRUCTION TECHNIQUE

10



Although the DIP package is the most common coupler, other packages are commercially
available to provide higher isolation voltage and other special requirements. For very high isolation
voltage requirements (10 to 50 kV) the HI3 interrupter module can be modified by the "user

H15 OPTOCOUPLER, 4000V ISOLATION VOLTAGE

at very low cost by putting a suitable dielectric (glass, acrylic, silicone, etc.) in the air gap and
insulating and encapsulating the lead wires. For higher isolation voltages the use of the H19
matched pair with glass or infrared transmitting fiber optics can provide a low cost isolator.
Both of these approaches utilize coupler systems which are already characterized and so are
easily handled from a design standpoint.
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SECTION I : SYSTEMS DESIGN CONSIDERATIONS

A. Emitter and Detector Systems

1. Light, Irradiance and Effectiveness

When the word “light” is used in this discussion instead of electromagnetic radiation, it
does not refer to just the visible part of the spectrum, but to the spectrum where silicon light
sensitive devices have their sensitivity. Using the word “light” is obviously wrong due to the
infrared component, but it has become accepted usage.

The normalized response of silicon light sensitive devices and output of sources is illustrated
below. Peak spectral response is found at around 0.85 microns or 8500 Angstroms (A) (1A = 1010
meters) for the light activated transistors but shifts down to 1.0 micron for the LASCR. The res-
ponse of the eye is shown for comparison, but it can be treated just like any other light sensitive
device. When the silicon detector response and sources are compared, note the IRED GaAs and
GaAs (Si) are capable of most efficient coupling.
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Since the spectral characteristics of most sources and detectors do not match, a rigorous
determination of the response of the photodetector to a given incident light level (Irradiance, H)
would require determining the irradiance and spectral content of the light, then the spectral res-
ponse and sensitivity of the detector, integrating the spectral response and spectral content to
determine effectiveness, multiplying by the irradiance to determine the effective irradiance (Hg)
and the sensitivity to determine the response. If the irradiance isn’t easily measurable (the
normal case) it is determined by analyzing the power into the source (P,), the conversion effi-
ciency of the source in producing light (n), the spacial distribution of the output and the trans-
missivity of the light path.
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In practice, it is found that there is variation in all these parameters, and for feasibility
studies, approximations are used to ‘“‘ball park™ responses, then in the prototype stage effective
irradiance is measured using calibrated detectors and “worst case” (or a distribution of) sources
to analyze worst case and tolerance effects.
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RADIATORS DETECTORS | human EvE SILICON PHOTOTRANSISTORS
Tungsten Lamp 2000°K .003 .16
2200°K .007 .19
2400°K .013 22
2600°K .021 .24
2800°K .030 27
3000°K .044 .30
Neon Lamp 35 7
GaAs LED 0.9u 0 1.0
GaP LED 0.7u .08 o7
Fluorescent Lamp M| 4
Xenon Flash 13 3
Sun 16 5

APPROXIMATE EFFECTIVENESS OF VARIOUS SOURCES

To illustrate the feasibility study and approximations, consider a 10W tungsten lamp source
and a silicon phototransistor of 1 mA/mW/cm? (Hg) sensitivity, 0.1 meter (4 inches) apart:

Pout =n + B, = .85(10) = 8.5W
Conversion efficiency of tungsten lamps is 80% for gas filled and 90% for evacuated lamps.

Assuming a spherical distribution of light out —
0
Hy = _P"“_* mW/cm? = ———850 = 6.8 mW/cm?
4 - q (2 12.56 (10)?
Hg = 0.25 - Hr mW/cm? = 1.7 mW/cm?
Assuming that there are no transmission losses in the path, the phototransistor collector
current is:

I. =1mA/mW/cm? x 1.7 mW/cm? = 1.7 mA

where: P, — Power input (mW)
Pout — Power output (mW)
d — Distance (cm)
n — Conversion efficiency of light source

Hr — Total irradiance (mW/cm?)
Hg — Effective irradiance (mW/cm?)
I. — Transistor collector current

For the IRED, or any lensed device, the spacial distribution of energy is determined by the
lens characteristics, and no simple relationship exists for general cases. For the case of the LED-
55/56 series IRED, with the phototransistor on the axis of the light beam, analysis of the beam
pattern in a piece-wise linear integration indicates:

Hg = 2.6 P,/(d+1.1)> (d= 1 cm)
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LED TO PHOTOTRANSISTOR COUPLING CHART

The IRED will only have efficiencies of 1% to 6%, and on a steady-state basis is limited to
about 150 mW power dissipation in a normal range of ambients. For the same 10 c¢m spacing,
using the IRED at 150 mW and 4% efficiency, the transistor collector current is:

I. = 2.6 (150mW) (.04) (1 mA/mW/cm?)/(11.1 cm)?
=.13mA

less than one-tenth the current the lamp generates, but with an input power of only 1.5% that of
the lamp, the efficiency of the total system has risen by roughly a factor of 6 due to the lens
and the effectiveness of the light. If the IRED is operated in a pulsed mode, P, can be raised
to 50 times the steady-state value for short times (~1 usec) and low repetition rates (200 pps),
although efficiency suffers above the 500 mA (=1W) bias point. The effects of lens misalignment,
temperature, tolerances, and aging all must be evaluated before “worst case” or “Gaussian” ex-
pected performance can be determined, and this usually follows initial breadboard verification
of the assumptions made above. In “tough” applications, the LED output and transistor photo-
diode and gain characteristics must now be evaluated to analytically determine response.
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CHECK LIST

SOURCE

peak axial intensity of radiation
The radiator’s relative radiation pattern

Distance between radiator and receiver

Relative acceptance pattern of receiver

Sensitivity of receiver

3O 00N 0 IDN L g e 1D

Light transmission efficiency

1. Relationship between the radiator’s input electrical power and

The radiator’s relative output as a function of wavelength*

Angular relationship between axis of radiator and receiver

Specification Sheet
Specification Sheet
Specification Sheet
Design Requirements
Design Requirements
Specification Sheet

Relative sensitivity of receiver as a function of wavelength* Specification Sheet

Specification Sheet
Path Material Properties

*Numbers 3 and 7 are not needed if the effectiveness is known,

CHECK LIST OF REQUIRED SOURCE/DETECTOR INFORMATION

The transmission of the light from source to detector is normally not a problem and can be
checked visually, but not always. Some organic materials, i.e., plastics, have strong attenuation

of near infrared wavelengths such that, although they look transparent and will work with in-

candescent light, they will not work with IRED’s. Fiber optics systems are the most common

area where this problem occurs, and as with all optics systems, entrance and exit light losses

must also be considered.

Another criterion for selecting the proper light source is the speed at which the system has

to work. As can be seen in the figure below, applying ac or unfiltered dc to light emitting devices

may change their effective irradiance by as much as 30% for tungsten lamps, or as much as 100% for
IRED’s. Only filtered dc will yield constant effective irradiance for all light emitting devices.
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2. Lenses

Simple converging lenses are commonly used to extend the range and improve the direc-
tionality of optical systems. Improved directionality minimizes pick up or “‘stray” ambient light,
as well as defining the volume in which an object can be sensed. In emitter-detector systems
(as opposed to light level sensing) range is increased by focusing the light from the emitter into
a beam and/or by focusing the received light on the detector. Focused reflectors may be used to
perform the same functions, and are normally analyzed using the same techniques, although losses
are generally higher. Optimum mechanical performance and optical efficiency is obtained when
optoelectronic components without built-in lenses are used, although both range and directivity
are also improved when using lensed devices.

LED 55C LED 55CF
INTEGRAL LENS NO LENSES

TYPICAL INFRARED IRRADIATION PATTERN OF IRED ON SURFACE 5§ CM. AWAY
(ACTUAL SIZE)

Lenses are normally specified by the f/number, i.e., focal length divided by effective dia-
Focal Length

Effective Diameter
meter, and either the effective diameter or the focal length. Normally, the effect on

f#=
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H, irradiance, of adding a lens to the detector end of a system can be simply approximated by
the ratio of the area of lens to the area illuminated in the plane of the base of the phototransistor
times the irradiance incident on the lens. Note that this approximation is only valid for irradiance
which approximates a point source, i.e., the diameter of the light source is less than 0.1, its dis-
tance from the lens and that the lens will reflect and attenuate the result by about 10%.
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DETECTION WITH A CONVERGING LENS

Although the use of lenses does narrow the field of view of the detector and alleviate some
ambient light problems, it can also widen the path of light which must be blocked to turn the
detector off. Resolution is always lessened when focusing lens systems are used on the detector
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without light masking. With an unlensed phototransistor or photodarlington detector, the light
sensitive area is about 0.5 mm (0.02 in.) square. Diffraction tolerance and edge effects will add
about another 0.3 mm (0.015 in.) to the path width which must be blocked to darken the de-
tector. When a converging lens is added in front of the detector, the field of view is lessened by,
and the light path is widened by, the lens system’s magnification. Adding a converging lens to the
light source increases the irradiance on the detector but has insignificant effect on the light path
width. Converging lenses on either device makes detector/source alignment more critical as the

light path and view of the devices are now “beams.” Various masking and coding technigues

are used to minimize these interactions, with sensitivity or transmission efficiency usually being
the parameters traded off with alignment and cost of materials.

3. Ambient Light

The effect of ambient light on optoelectronics is generally hard to estimate, as the ambient
light is usually hard to qualify in terms of level, direction, spectral content and modulation.
If the detector is not highly directional, it will normally be found that all reflecting surfaces
near the system must be coated with a non-reflecting material or shielded from both ambient
light and reflections of light from the light source. Note that back-lighting of the detector can
cause trouble by reflecting off the object that normally blocks the light path. As a final solution,
a pulse encoded and decoded light system can be used to give very high ambient light immunity,
as well as vastly extending the distance over which the system will operate. High light output
can be obtained by pulsing the IRED . High signal to noise ratios at the detector are obtained
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107
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o] | 2 3
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EFFECT OF AMBIENT LIGHT AND SHIELD FINISH ON OPTOELECTRONIC OBJECT DETECTOR

by AC signal processing and simple pulse decoding techniques. Such a system is illustrated in
the fourth section of this handbook.

4.  Pulsed Systems

Pulsed light systems can provide the best possible performance in detector-emitter pair ap-
plications at the expense of a more complex circuit design. The cost of a pulsed system may
actually be lower than that of the high power light source and sensitive detector required to do
the same job, as low cost commodity components are easily designed into a pulsed system. Per-
formance of the pulsed system will almost always be better than a steady-state system.
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Generally, low cost systems use UJT derived current pulses from 1 to 10 usec at a 0.1 to 1%
duty cycle into an IRED, as shorter times do not provide corresponding increases in light output
while requiring more sophisticated (and costly) circuits to develop the pulse. The detector is
normally a phototransistor cascode biased by an ac amplifier of one to three transistors (low
cost I.C. amplifiers are too slow).* Synchronous rectification of the ac amplifier output, synced
by the pulse generator, allows a significant increase in performance at low cost. Xenon flash
tubes and laser light sources provide highest output but cost and complexity limit these to ex-
tremely high performance systems. Normal cost/performance progressions are: dc operation, no
external optics; pulsed operation, no external optics; pulsed operation with external optics; exotic
(laser, etc.) systems. Occasionally, commodity plastic lenses may be found which will provide
lower cost than the pulse electronics, but alignment and mechanical systems cost must be eval-
uated against possible savings on electronics.

B. OptoCoupler Systems

The optocoupler, also known as optoisolator, consisting of an IRED, a transparent dielectric
material and a detector in a common package, has been detailed previously as to both construc-
tion and the various semiconductors which can be used in it. To utilize these devices in a circuit,
we must know the characteristics of the combined component, as well as its parts. Characteristics
such as coupling efficiency (the effect of IRED current on the output device), speed of response,
voltage drops, current capability and characteristic V-Icurves, are defined by the devices used
to build the coupler and the optical efficiency. The detailed coupler specification defines these
parameters such that, for these parameters, circuit design can be done in the same manner as
in any other semiconductor with input, output, and transfer characteristics — except that the
input is dielectrically isolated. And this is the critical difference, the definition of the isolation
parameters and what they mean to the design of a circuit.

1.  Isolation

The three critical isolation parameters are isolation resistance, isolation capacitance, and di-
electric withstand capability. Note all three are specified with input terminals short circuited and
output terminals short circuited. This prevents damage to the emitter and detector due to the
capacitive charging currents that flow at the relatively high test voltages.

a. Isolation Resistance is the dc resistance from the input to output of the coupler. All
G.E. couplers are specified to have a minimum of 101lohms isolation resistance, which is higher
than the resistance that can be expected to be maintained between the mounting pads on many
of the printed circuit boards the coupler is to be mounted on. Note that at high dielectric stress
voltages, with printed circuit board leakage added, currents in the tens of nanoamps may flow.

*Biased in this manner, the phototransistor responds in less than a microsecond. LED current, pulse width and repetition rates,
can then be determined strictly from response time, distance covered, LED thermal resistance and cost constraints,
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This is the same magnitude as photodiode currents, generated at IRED currents of up to 0.5 mA
in a typical dual in-line darlington coupler, and could be a problem in applications where low
levels are critical. Normally, care in selection and processing of the printed circuit board will
minimize any isolation resistance problems. In part, this is due to the large safety factor, to the
specified limit, provided by the glass dielectric used in G.E. dual in-line (DIP) packaged couplers.

b. Isolation Capacitance is the parasitic capacitance, through the dielectric, from input
to output. Typical values range between 1 pF and 2.5 pF. This can lead to noticeable effects in
circuits which have the dielectric stressed by transients exceeding 500 V per microsecond. This
would be in circuits sensitive to low level currents, biased to respond rapidly and subjected to
the fast transients. Common circuitry which meets these criteria is found in machine tool auto-
mation, interfacing with long electrical or communication lines and in areas where large amounts
of power are rapidly switched. The majority of cases where capacitive isolation problems exist
are cured through one or a combination of the following:

e clean up circuit board layout — especially base (gate) lead positioning;

e use base emitter shunt resistance and/or capacitance;

e design for immunity to noise levels expected;

e electrostatically shield highly sensitive circuit portions;

o use small snubber capacitors coupling the commons on both sides of the dielectric.

This will lower the rate-of-rise of transient voltages and, thereby, lower currents into sensitive
portions of the circuit.

c. Isolation Voltage 1is the maximum voltage which the dielectric can be expected to with-
stand. The accompanying table illustrates the parameters which must be defined to qualify isola-
tion voltage capability, which depends on time, dv/dt, and waveshape, with the dependence a
function of the method by which the coupler is constructed. To illustrate the effect the voltage
waveform can have on the isolation capability of a coupler, a series of tests were run to qualify
these effects on both a glass dielectric and a competitive dual lead frame DIP coupler.

The results of the tests were analyzed to determine the percent difference in surge isolation
voltage capability that was exhibited by the couplers for the various waveforms applied, as com-
pared to the specified test method. These percentages were then applied to a hypothetical device
which just meets a 1000V peak specification and the results tabulated to determine the ‘“‘real”
surge voltage capability of this device for each waveform. This was done to allow the circuit
designer to determine realistic surge voltage derating on each coupler type. Obviously, dual lead
frame couplers with other dielectric materials and/or dielectric form factors may show different
changes in capability with waveform. The glass dielectric, being very consistent in both electrical
properties and form factor, will show consistent performance from device to device.

WAVE FORM

COUPLER AC ZERO® | DC RAMP | AC RAMP | AC STEP | DC STEP
G.E. Glass 707 V* 1025V 650 V 580V 919V
Dual Lead Frame 540V 1000 V* 540V SI0V 780 V

*Specification Sheet Test Method
SURGE ISOLATION VOLTAGE CAPABILITY OF HYPOTHETICAL 1000V COUPLER
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GENERAL ELECTRIC OPTOCOUPLER ISOLATION VOLTAGE SPECIFICATION METHOD

I. Surge Isolation Voltage
a. Definition:
This rating is used to protect against transient over-voltages generated from switch-
ing and lightning-induced surges. Device shall be capable of withstanding this stress,
a minimum of 100 times during its useful life. Ratings shall apply over entire
device operating temperature range.
b. Specification Format:
Specification, in terms of peak and/or rms, 60 Hz voltage, of specified duration
(e.g., 1500V peak/1050V rms for one second).
c. Test Conditions:
Application of full rated 60 Hz sinusoidal voltage for one second, with initial appli-
cation restricted to zero voltage (i.e., zero phase), from a supply capable of sourcing
5mA at rated voltage.
II. Steady-State Isolation Voltage
a. Definition:
This rating is used to protect against a steady-state voltage which will appear across
the device isolation from an electrical power source during its useful life. Ratings
shall apply over the entire device operating temperature range and shall be verified
by a 1000 hour life test.
b.  Specification Format:
Specified in terms of peak and/or rms 60 Hz sinusoidal waveform.
II. Steady-State Isolation Voltage (continued)

¢. Test Conditions:
Application of the full rated 60 Hz sinusoidal voltage, with initial application res-
tricted to zero voltage (i.e., zero phase), from a supply capable of sourcing 5 mA
at rated voltage, for the duration of the test.

The tests performed were:

1. AC — rms surge rating per G.E. definition.
*2.  DC Ramp — Value at failure when potential

gradually increased from zero — definition
used on competitive device.

*3.  AC Ramp — rms value at failure of gradually
increased potential.

4. AC Step — rms value at failure of
instantaneously applied voltage. Application
of voltage synchronized to peak voltage.

5. DC Step — Value at failure of instantaneously
applied potential.

*ramp slope 1000V /sec
COMPETITIVE CONSTRUCTION, DUAL LEAD FRAME
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Steady-state isolation voltage ratings are usually a fraction of surge ratings and must be life test
verified. The G.E. steady-state rating confirmation tests were performed on devices segmented by
surge isolation voltage capabilities into groups of the lowest voltages that could be supplied to the
specification tested. A destructive surge isolation voltage test was performed at specified surge rating
to confirm the selection process, and then the couplers were placed on rated 60 Hz steady-state
isolation stress. No failures were observed on the 160 couplers tested for 1000 hours. This consisted
of 32 units, HI1A types, each voltage ratio at 800/1060, 1500/2500, 1500/1770, 2200/2500 and
2500/4000 life test to surge test voltage ratios. Note that some of the tests are beyond the rated
steadn-state condition for a given test voltage, which again confirms the inherent properties of glass
dielectric.

The mode of failure, of a coupler which has been stressed beyond its dielectric capability,
is of interest in many applications. Ideally, the coupler would heal and still provide isolation,
if not coupling, after breaking down. Unfortunately, no DIP coupler does this. The results of a
dielectric breakdown can range from the resistive path, caused by the carbonized molding com-
pound along the surface of the glass observed on glass dielectric couplers to a metallic short,
caused by molten lead wires bridging lead frame to lead frame, noted on some dual lead frame
product. In critical designs, the effects of a dielectric breakdown should be considered and, if
catastrophic, protection of the circuit via current limiting, fusing, GE-MOV® Varistor, spark gap,
etc. is indicated. Some techniques for protection are illustrated below. Note that film resistors
will fuse open under fault currents, providing combined protection. Breakover protection, if fea-
sible, is probably the best choice when a coupler with adequate breakover capability cannot be
obtained.

F| G --.\
\
V, V i V.
2 1 I‘ e i | . 2
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F2 I e e -
F; AND Fp LIMIT MAGNITUDE AND DURATION OF FAULT
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/f ________ -.\
/ — N\ —
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‘-\ ! METHODS OF LIMITING OR
_________ ELIMINATING DIELECTRIC
BREAKOVER PROBLEMS
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Breakover Device Protection

METHODS OF LIMITING OR ELIMINATING DIELECTRIC BREAKOVER PROBLEMS
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Another phenomena, which has been observed in some photocouplers when subjected to
a dc dielectric stress, is a rise in the leakage current of the detector device. This rise in leakage
is usually observed at high levels of dielectric voltage stress and elevated temperature, although
field reports indicate the phenomena has been observed at dielectric stresses as low as 50V dc
in some brands of couplers. The phenomena seems independent from normal HTRB channelling,
since it appears only under dielectric stress and not under detector blocking voltage stress. The
cause is hypothesized to be mobile ions in the dielectric material which move to the detector
surface under the influence of the voltage field generated by the dielectric stress. At the detector
surface the field produced by these ions would cause an inversion layer, (similar to that formed
in a MOS field effect transistor), to form in the collector or base region of the detector and carry
the leakage current. The G.E. coupler glass dielectric has been designed to be as ion free as possible
and, with the detector devices which are optimized for minimum susceptability to the formation
of inversion layers, has proven to be a stable, reliable and highly reproducible coupler design.
Tests performed on these devices at stresses up to 1500 V and 100°C have produced no observ-
able change in detector leakage.

2. Input, Output and Transfer Characteristics

The complete opto coupler has the electrical characteristics of the IRED and the detector
at the input and output, respectively. As the individual devices and the dielectric characteristics
are known, emphasis will now be on the transfer characteristics of the coupler. Some specific
device characteristics are also detailed to provide the completeness required for analytical cir-
cuit design.

a. Input The input characteristics of the coupler are the characteristics of an IRED — us-
ually a single diode, although the H11AA has an anti-parallel connected, two IRED input. The
forward voltage drop is slightly different than that of the discrete IRED previously discussed,
due to differences in chip and contact details. The following curve illustrates this for both the
G.E. coupler types. Note that in pulsed operation significantly higher currents can be tolerated,
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TYPICAL OPTOCOUPLER INPUT CHARACTERISTICS — Vg vs. Ig AT 25°C

but close control of pulse width and duty cycle are required to keep both chip and lead bond wire
from bias conditions which will cause failure. The temperature coefficient of forward voltage is re-
lated to the forward current and is of small magnitude as it varies Vg by only about +10% over the
temperature range.
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The stability and predictability of the IRED forward voltage drop lends itself to various
threshold (like H11A10) and time delay applications. Threshold operation is accomplished by
shunting the IRED with a resistor such that Vg isn’t reached until the input current reaches
the desired threshold value for turn-on. This type of application is documented in the speci-
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CURRENT THRESHOLD OPERATION OF OPTO COUPLER

fication of the HI1A10. Time delay turn-on is accomplished by shunting the LED with a capa-
citor in applications where a slow turn-on and turn-off can be tolerated. In speed sensitive,
time delay applications the trade-off between time delay at the input with a Schmitt trigger
output vs. incorporation of the time delay in the Schmitt trigger circuit must be evaluated for
cost and performance.
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The input capacitance is a function of bias voltage and, although it is normally ignored,
recent information indicates it has an effect on the turn-on time of the IRED. As the IRED is
forward biased, its capacitance rises. The charging of this increasing capacitance delays the avail-
ability of current to generate light and causes a slower response than expected. In the liquid
epitaxial-processed silicon-doped gallium arsenide devices, this effect is noticeable only at low drive
currents, while rise time effects due to minority carrier lifetime dominates turn-on time at
currents over a few milliamperes.
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To combat both effects where optimum rise time is required, the current waveform to the
coupler input should have a leading edge spike, such as that provided by a capacitive discharge
circuit.

b. Transfer and Output Characteristics — The heart of the transfer characteristics of an
opto coupler is the photodiode response to the light generated by the input current. In both
the transistor and darlington couplers the photodiode characteristics are available in the collector-
base connection and can be both measured and used easily. Note that to use the photo-darlington
as a photodiode, the emitter of the output section must be open-circuited and not shorted to
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the base as can be done with a single phototransistor in this mode. This is because the base of
the output transistor is not electrically accessible, so when the darlington is connected with a
base emitter short, it acts, not as a photodiode, but as a photodiode in parallel with a low-current-
transfer ratio (i.e., the ratio of output current to input current) phototransistor.
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In the SCR coupler the pnp portion of the device from anode to gate that is activated by the
photodiode can be monitored and utilized in both forward and reverse directions as a symmetrical
switch, for low currents at voltages up to 400 V.
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Using a unijunction to pulse the IRED allows the SCR coupler biased in this mode to trigger
triacs and anti-parallel SCR’s without a bridge of rectifiers and its problems with commutating
dv/dt. It is also useful for switching and sampling low level dc and ac signals, since offset voltage,
the prime cause of distortion, is practically zero. Temperature coefficients of both the photo-
diode response and the pnp response will be negative, as both mainly indicate the incident light
and, thereby, show the decrease in IRED efficiency as temperature rises.
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¢. Phototransistor — The phototransistor response is the product of the photodiode current
and the current gain (hggg) of the npn portion of the transistor. The photodiode current
is very slightly affected by temperature, voltage and current level, while the transistor gain is affected
by all of these factors. In the case of temperature, the gain variation offsets the temperature
effects on IRED efficiency, giving a low temperature coefficient of current transfer ratio (CTR).
Due to voltage and current effects, the temperature coefficient will vary with bias level as
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illustrated. As different manufacturers use different processes in both IRED and phototransistor
manufacturing, considerable variation in the low current temperature coefficients is found from
manufacturer to manufacturer.
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Dynamic response of the phototransistor is dominated by the capacitance of the relatively
large photodiode, the input resistance of the transistor base-emitter junction, and the voltage gain
of the transistor. Through Miller Effect, the R-C time constant of the phototransistor becomes
input resistance times capacitance times voltage gain. Here, the penalty for a high gain photo-
transistor is doubled. High gain raises voltage gain and raises the input resistance, by lowering the
base current. The same double penalty is extracted when a lower operating current and higher load
resistor are chosen. These effects provide a trap for an unwary circuit designer as competitive
pressures have driven specification sheet values of switching times to uncommon bias conditions
using very low values of load resistors with fractions of a volt signal level changes. While this pro-
vides an idea of ultimate capability, it also forces the designer to evaluate each situation, and at
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times to resort to speed-up techniques, such as base emitter shunt impedance, cascode biasing
of the phototransistor, capacitor discharge pulsing of the IRED, etc. Highest speed is obtained
from the photodiode alone, biased from a stiff voltage source, with the IRED pulsed at as high
a current as practical. In this mode, response is dominated by the IRED and photodiode intrinsic
properties and can be under 0.2 usec. Use of a load resistor on the photodiode requires charging
the photodiofles capacitance (25 pF at OV, typically) with the associated R-C time constant.

Leakage current of the phototransistor must also be considered, especially if the base is
open circuited, high temperature operation is expected and/or low current operation is desired.
The photodiode leakage current (typically 200 pA at 10 V, 25°C) will be about 200 times
this at 100°C. In the open base bias mode, this current is multiplied by beta, which also rises
with temperature. This combination of effects raises a typical 2 nA I¢go at 10V, 25°C to 4 pA
(2000 times) at 10V, 100°C. Consider the effect on a circuit, which operates at a 100 A photo-
transistor current, with a device with the specified maximum leakage limit, 100 nA at 25°C,
when the ambient temperature rises. The use of a 10M base emitter resistor would allow the
worst case unit to operate normally without appreciable effect on the CTR. Leakage and speed
effects must be considered before the option of operating open base is taken. Higher operating
voltages, especially with the high (200 to 300 V) voltage phototransistor coupler, and a time
varying dielectric stress, to add capacitive current base drive, are additional factors which can
cause undesired leakage effects.

d. Photodarlington — The photodarlington adds the effects of an additional stage of tran-
sistor gain to the phototransistor coupler. The changes in CTR, its temperature coefficient, leak-
age currenits and switching speed are extended quite obviously from the photodiode-phototran-
sistor relationships, and will not be detailed. Instead, the two major application areas where the
photodarlington opto coupler is attractive, i.e., at low input currents or at very high output
currents, will be examined from the standpoint of device characteristics and their interaction with
application performance.
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The high gain of the darlington allows useful output currents with input currents down
to 0.5 mA. Both current gain and IRED efficiency drop very rapidly with current, as was illus-
trated in the emitter detector systems section. These effects indicate that for very low input
currents, i.e., below 100 to 500 uA, better performance, in output current to leakage current
ratio, can be obtained with the phototransistor coupler (although effort is required to get even

fair performance at such low input currents regardless of the output device). This then defines
the low input current operation region as roughly between 0.3 mA and 3 mA input current,

and the high current output region at above 3 mA input current, i.e., where the output current is in
the tens and hundreds of mA.

Operation in the low input current region with a photodarlington output optocoupler pro-
vides minimum output currents in the 0.1 mA to 10 mA range at 25°C. High temperature leakage
currents (Icgo ) can also be in this range and the rise in output current with temperature doesn’t
approach the rise in leakage current. This effect indicates the need for a base emitter resistor in
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circuits which must operate at high temperature. The value selected for this resistor becomes a
trade-off between minimizing the effect on output current, maximizing the effect on leakage
current, and choosing a commonly available resistor. Usually, the result of the trade-off is the
use of a 22M resistor with the circuit designer scrapping up more drive for the IRED as an alter-
native to going to a non-standard or series connected resistor. Looking at the photodiode response,
and noting that Vgg can be 1.3V, the 22M resistor eliminates response on a typical unit for
input currents less than 1/4 mA, which, in worst-case analysis, makes the reason for scrapping
up more input current obvious. It also illustrates another reason for using a transistor output
coupler in some of the lowest input current applications. At low temperatures these phenomena
make the darlington more attractive: leakage current has decreased, making a base emitter resistor
unnecessary; IRED efficiency has increased and darlington gain has dropped, giving an output
which is more a function of the input than of the output device characteristics.

Switching speeds in the low input current bias region are quite slow, and are decreased
further by the large load resistors common for these biases. Some bias conditions have been
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reported where the photodarlington would not switch (full on to full off) at a 60 Hz rate. The
major point is to note that dynamic effects, as illustrated, exist and must be allowed for in the
early stages of circuit design and development.

Operation of the photodarlington optocoupler at high output currents has few pitfalls.
Leakage, temperature, and dynamic effects are less, both in proportion and in action, due to
normal bias choices. Currents are of such magnitude that, as in using signal transistors, power
dissipation can become a concern when driving low impedance loads, such as solenoids and
small lamps. Saturation resistance and offset voltage are the prime factors which govern the
power dissipation in these applications. Typical values for saturation resistance, up to I, = 100 mA,
are in the 4 to 8 ohm range. Typical offset voltage can be approximated by the 10 mA collector
current saturation voltage, which ranges from 0.8 V to 1.1 V. Power dissipation in the saturated
photodarlington can now be approximated by:

Py ~ I. (Vorrser * Ic RsaturaTion )-

For steady-state loads this corresponds to a maximum collector current of about 100 mA to
stay within the 150 mW maximum rating. In pulse applications the drop in photodarlington gain
with increasing current limits usefulness above 250 mA collector current. Since saturation re-
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sistance and gain rise with temperature, while offset voltage decreases, the dominant effect will
depend on the collector current, the input current magnitude, and the transistor junction tem-
perature, In high current pulsed operation, self-heating effects (in the IRED by reducing its
efficiency, and in the darlington by raising the saturation resistance) can cause the observed
saturation voltage to rise throughout the duration of the pulse.

e. Photo SCR — The photo SCR optocoupler differs from other couplers in its detector,
as was shown, and from other SCR’s. The difference from other SCR’s is due to the very low
gate drive available from the detector. This low gate drive requires a very sensitive gate structure,
while application constraints demand a SCR capable of operation on 120 and 240V ac lines,
in a full wave bridge. These needs conflict and require the SCR chip design, processing and appli-
cation to be carefully controlled. The success of the H11C is a tribute to GE’s superior technology
in SCR’s, IRED’s, and optocoupler assembly being successfully combined. It also requires the
circuit designer to consider the trade-off in optical sensitivity and sensitivity to dv/dt, temper-
ature, and other undesirable effects. It also presents the circuit designer with a new effect, coupled
dv/dt, where the rapid rise of voltage across the dielectric isolation capacitively supplies gate
trigger current to the SCR. Due to the physical construction of the coupler, this could occur
in either stress polarity, although highest sensitivity is with the IRED side positive. These effects
are not as formidable as might be expected, since the low currents at which the SCR is operated
make the protection techniques identical in both method and typical values, to those required
in most common SCR applications. Pulse current capability of the SCR is superb, making it
ideal for capacitor discharge and triggering applications. Complete isolation of input and output
allow anti-parallel and series connections to be made without complicated, additional circuitry.
This facilitates full wave ac control, high voltage SCR series string triggering, three-phase cir-
cuitry and isolated power supply design. The H74C series coupler is even specified to operate
120/220V ac loads® with input signals directly from TTL logic.

A knowledge of the SCR turn-on parameters allows circuit design to be done analytically.
Irr, the current into the IRED required to trigger (turn-on) the SCR, is the principle para-
meter and approximates the current required to make detector current enough to provide a diode
drop of voltage across the gate-to-cathode resistor (Rgx ). From this, the-relationship of Igr to
Rgk is inferred, i.e., higher Rgyx, lower Igr. As Rgk also shunts currents generated by leakage,
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rapidly rising voltages across junction or isolation capacitance and stored charge during turn-off,
it becomes obvious that a trade-off exists between optical trigger sensitivity and susceptibility
to undesired triggering and ability to turn off. Turn-off is related to the holding current, I, the
minimum anode current which will maintain the SCR in conduction. As it is normally desired
to have the SCR turn-on with minimum IRED current,while being completely immune to dv/dt,
and to other extraneous effects and still turn-off dependably and rapidly, the choice of a fixed Rg
becomes a compromise. Use of active devices in the place of, or in addition to, Rgk can give the
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best of all worlds at the price of additional circuit complexity. Circuit component cost could be
lessened through these techniques by allowing the use of a less costly coupler and less fussy
drive and snubbing circuitry. Three examples of this type of gate bias are illustrated here. The
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gate capacitor is simplest, but only affects dynamic response and is of limited use on dc or full
wave rectified power. The zero voltage switching is the most effective, as it places a virtual short
circuit from gate-to-cathode when the anode voltage exceeds approximately 7 volts. At low volt-
ages the SCR is quite immune to most of the effects mentioned, and yet optical triggering
sensitivity is relatively unaffected. This circuit is limited to applications where zero voltage switch-
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ing is compatible with performance requirements, of course. The reverse gate bias method is
generally applicable to a wider range of circuit applications and provides somewhat better than
a 2:1 performance advantage over a simple resistor. It also improves turn-off time and is of
particular advantage when the SCR is used on full wave rectified power sources. When gate-to-
cathode resistors of over 10K are used, the high temperature operating capability of the SCR
will be compromised without the use of some circuit which will perform as these. High junction
temperatures are associated with either high ambient temperature or current flow generated power
dissipation, leading back to the compromise between input current magnitude and circuit sim-
plicity. The ultimate in performance combines both techniques in one circuit — but also again
limits application to zero voltage switching. If very low drive currents are available for the IRED,
and precise phase control is not required, the input current can be stored on a capacitor which
is then discharged through the IRED periodically. A programmable unijunction circuit, using an
0.2 uF capacitor charged to 8 V and discharged at 1 msec. intervals, draws less than 2 mA and
will turn-on a H11C1 with a 1 K ohm Rgg. Other methods of outflanking the sensitivity com-
promise will undoubtedly suggest themselves to the circuit designer which may prove to be higher
performance, less costly, or both. To aid the analysis of dynamic effects, typical capacitance
values of 25 pF anode-to-gate and 350 pF gate-to-cathode are noted on the H11C photocoupler,
and the typical gate cathode diode drop is about 0.5 V with a negative temperature coefficient
of about 2 mV/°C.

Use of the photo SCR coupler on dc circuits presents no new problems. DC stability of
the G.E. glassivated SCR pellet is excellent and has proven itself in both the lab and in the field
at voltages up to 400 V. Commutation or other turn-off circuitry is identical to that detailed
in the G.E. SCR Manual and a maximum turn-off time of 100 usec is used to calculate the com-
mutation circuit values. Pulse capability of the H11C photo SCR coupler output is rated at 10 A
for 100 usec. In conjunction with the 50A/usec, di/dt capability (di/dt indicates the maximum
rate of increase of current through the SCR to allow complete turn-on and, thus, avoid damaging
current crowding effects) of the H11C, it is capable of excellent capacitor discharge service. For
general pulse applications, the power dissipation may be calculated and used in conjunction with
the pulse width, transient thermal resistance, and ambient temperature to determine maximum
junction temperature, as the junction temperature is the ultimate limit on both pulse and steady-
state current capability. A more complete explanation of this method of determining capability
may be found in the G.E. SCR Manual and its reference material.
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SECTION IIl. RELIABILITY OF OPTOELECTRONIC COMPONENTS

A. SUMMARY OF TEST RESULTS

The circuit designer must be aware of the expected reliability of the many different com-
ponents used. This allows control of life cycle costs, such as warranty costs, repair costs and
downtime costs, through proper application of these components. The manufacturer must also assess
performance of the components he makes. This information is acquired by the manufacturer per-
forming standard test sequences on periodic samples of the manufacturing line output. Most of
these tests are run at, or beyond, maximum ratings to allow an accelerated reliability assessment
of the product. These tests can provide the information needed by the circuit designer, but the
severity of the test conditions compared to use conditions must be considered. The extrapolated
results of these severe tests to normal use levels is still a challenge for the circuit designer, but the
challenge is lessened by the availability of information which provides estimates of acceleration
factors, i.e., the increase in rate-of-failure, caused by increasing stress levels, such as woltage,
current and temperature. Application of these acceleration factors to the data can allow worse
case circuit design techniques to be applied over the design life of electronic equipment. Several
sources exist which document estimates of these acceleration factors, with one of the most widely
available being MIL-HDBK-217 B.* The data which follows does not attempt to define failure
rates as functions of stress, only to summarize observed responses. It is recommended that such
information sources, as MIL-HDBK-217 B, be consulted when estimates of equipment reliability
are attempted from these, or any other, summaries of reliability test data.

The following tables summarize the periodic reports issued by G.E.— SPD Quality Control
on the optoelectronic products. As new products, processes and test procedures evolve, the appli-
cability of past data to reliability prediction changes. Thus, data presented here represents a
“snapshot in time” of data believed applicable to the product made now and in the immediately
anticipated future. A separate section will cover the decrease in light output of the IRED with
time of operation, a phenomena which is noted in all light emitting diodes, both from the view-
point of summarizing the observed data and of predicting the response of the majority of devices
to expected stress.

Each stress condition checks a different capability of the component. For the emitters and
detectors, the operating life test stresses current, voltage and power activated mechanisms. It is
the only test which has been found to activate the output decrease of the IRED, so performance
to a degradation criteria is tabulated on tests in which current flows through the IRED. Storage
life at elevated temperature tests stability and resistance to thermally activated mechanisms, such
as corrosion caused by contamination. Humidity life tests the capability of the package to keep
contaminants out, as well as the ability of the package to resist moisture activated corrosion
and surface leakage problems. Temperature cycle causes mechanical stress on components made
of materials with different coefficients of expansion, and can break or thermally fatigue parts
which are thermally mismatched. This is presently a problem with optoelectronic components
packaged in clear epoxies when subjected to wide, repeated temperature changes, due to the
large coefficient of expansion of the clear, unfilled epoxy. Since the object of the test program
is to gain the most information in the shortest time, and since thermal fatigue has a very strong
temperature acceleration, these tests are run to the limits defined by activation of non-valid failure

#*MIL-HDBK-217 B, Military Standardization Handbook, Reliability Prediction of Electronic Equipment.
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mechanisms or beyond common test equipment capability, without regard for maximum ratings.
Note that all high efficiency IRED’s have an anti-reflective coating which, unless carefully selected
and controlled, can have a detrimental effect on extended temperature cycle performance. Illus-
trated here are temperature cycle results of the standard 100 cycle test and extended stress results
to 200 and 500 cycles, without evidence of thermal fatigue. This is a tribute to the mechanical
design of the GE hermetic IRED. Mechanical sequence stress was not performed on the hermetic
IRED, since it contains only one flying lead bond and should exhibit half the failure rate of tran-
sistors with two flying lead bonds.

RELIABILITY TEST SUMMARY — EMITTERS AND DETECTORS

QUANTITY TOTAL BEST ESTIMATE
DEVIGEIXRE STRESS/CONRITION TESTED DEVICE HOURS FAILURE RATE*
Hermetic IRED Operating Life 0.26%/10° hrs.
« LED55 Series I = 100mA @ 25°C | 267 267,p00 0.26%/10° hrs.+
o LED56 Series Storage Life*
T= 30070 80 80,000 2.2%/10° hrs.
Temperature Cycle*
65°C to +200°C 414 86,100~ 0.42%/100~
Hermetic Detectors Operating Life 3
o L14F Series Pd = 300mW ' 15090 02510 s,
* LI Serles Storage Life
3
T = 200°C 75 75,000 0.95%/10° hrs.
Temperature Cycle
-65°C to +200°C 75 7,500 0.95%/100~
Mechanical Sequence
1.5 KG Drop Shock ;
20 KG Centrifuge 75 N.A. No Failures
20 G Vibration
Plastic Detectors Operating Life 5
o 2N5777 Series Pd = 200mW 250 250,000 0.69%/10° hrs.
¢ 1140 Sevies Storage Life
[ i 3
L14H Series T = 100°C 249 249,000 0.69%/10° hrs.
Storage Life 3
T = 125°C* 238 238,000 0.33%/10* hrs.
Humidity Storage 3
T = 40°C, 90% R.H. 249 249,000 0.28%/10° hrs.

* Catastrophic failure rate estimate to upper 50 confidence level.
+ Combined catastrophic and degradation, to APgyT = 50%, est. failure rate to 50% UCL.
* Stress conditions beyond device specified maximum ratings.

The optocoupler differs from familiar solid state components in that it contains two chips
and a light transmission medium providing a higher potential for failure than simpler components.
Each output device has some unique characteristics which require unique stress testing. Although
the IRED is identical in each type of coupler, most IRED evaluation work is done on the tran-
sistor coupler due to the minimal variation of CTR with temperature and bias, and so provides
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an accurate monitor of IRED performance. Darlington test monitoring is done at extremely low
IRED currents and, therefore, shows the highest rate of decrease when stressed at identical levels.
(See next section for details.) The SCR output coupler is subject to the possibility of inversion
layer formation (channelling) as are all high blocking voltage semiconductors. Stressing at high
blocking voltage at high temperature (HTRB) will accelerate possible inversion layer formation,
if it will occur. Test results are combined for high temperature storage life, temperature cycle,
humidity and salt atmosphere stress, all of which are relatively free of effects dependent on the
output device. The operating life test results again are presented to show both catastrophic and
IRED output shift failure criteria. The results of these tests illustrate the superiority of the G.E.
patented glass dielectric isolation, silicon doped liquid phase epitaxially grown IRED chip and
total electrical and mechanical design. This is the premium optocoupler from both a reliability
and a performance standpoint. From a manufacturing standpoint, it enjoys high yields and ease
of assembly, providing this quality at competitive costs.

In the evaluation of these reliability tables with the acceleration factors given in the next
section, both the IRED heating from power dissipated in the output device and the standard
readout bias must be known. Each 5.45 mW dissipated in the output device is equivalent to raising
the ambient temperature, from the IRED’s standpoint, by 1°C. Standard CTR readout condi-
tions for phototransistors are Iz = 10mA, and for photodarlingtons at I = 1 mA.

RELIABILITY TEST SUMMARY — GE DIP OPTOCOUPLER

QUANTITY TOTAL EXPECTED
OUTPUT TYPE STRESS 'CONDITION TESTED | DEVICE HOURS | FAILURE RATE*
Photo Transistor | Operating Life, T, =25°C 90 90.000 0.78%/10? hrs.
o H11A Series | Prran =300mW, Iy =20mA ’ 0.19%/10° hrs.+
o 4N35 Series 2 : T
: Operating Life, T, = 25°C 0.46%/10° hrs.
* 4N25 Series Prran =300mW, Iz =60mA* 151 367,000 <0.001%/103 hrs.+
Operating Life, T, = 100°C 0.86%/10? hrs.
Prran =0, I = 100mA* 323 34,600 10 7129/10° hrs.+
Photodarlington | Operating Life, T, = 25°C 195 195.000 0.40%/10? hr.
e H11B Series Prran =300mW, Iz =60mA 2 0.0026%/10% hr.+
o 4N29 Series
Photo SCR SCR D.C. Blocking Life
e H11C Series Vp = Maximum Rating 104 , 104,000 0.75%/10° hr.
e 4N39 Series T, = 100°C
Combined 150°C Storage 381 381,000 0.69%/10° hr.
Combined 100°C Storage 109 109,000 0.72%/10° hr.
Combined Humidity Storage 3
T, =85°C @ 85% R.H. 333 333,000 0.21%/10° hr.
Combined Temperature Cycle
Combined Salt Atmosphere
MIL-S-750/1041, 35°C 2 e DA

* 50% upper confidence level best estimate failure rate.

+ Degradation only failure rate to a & CTR > 50% criteria. This is calculated, using the acceleration factors of the next section, to
equivalent time at a 55°C, 1pg = Ip)y stress level, at the 50% UCL.

* Accelerated test, test bias conditions in excess of device ratings.
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B. RELIABILITY PREDICTION OF CIRCUITS CONTAINING IRED’s

Previously the IRED phenomena of light output decrease, as the time current flows through
it, was mentioned. This presents a dilemma to the circuit designer attempting to provide adequate
margins for bias values unless he can predict what minimum value of light output, from the
IRED, he can expect at the end of the design life of his equipment. Based on the results of tests
performed at G.E. and at customer’s facilities (who were kind enough to furnish us test data and
summaries) the G.E. Application Engineering Center has developed design guidelines to allow the
prediction of the approximate worst case, end of life, IRED performance. The basis of the predic-
tion is the observed behavior of the ratio of light output after operation to the initial value of light
output. It also is based on the observation that all devices do not behave identically in this ratio
in time, but that a distribution with identifiable tenth, fiftieth (median) and ninetieth percentile
points exists at any time the ratio is calculated. Use of this tenth percentile ratio (90% of the
devices are better than this) and the distribution of light output (or CTR for couplers) above
the specified minimum value allows the product of specified minimum light output and tenth
percentile ratio, predicted at end of life, to be used as a reasonable approximation of minimum

SUMMARY OF TESTS USED TO OBTAIN IRED DESIGN GUIDE LINES

TA o o o ) o o
i 25C 40 C b5°C 70°C 80°C 100 C
20
3mA 1000 Hr.
3mA
20
b5mA 1000 Hr.
1, SmA
16
10mA 1000 Hr.
1, 10mA
27 108
20mA 500, 1000 Hr. 1000 Hr.
) 1,5,10, 20mA 10mA
20 20 20 60
25mA 1500 Hr. 1500 Hr.| 1500 Hr. |1500 Hr.
10mA 10mA 10mA 10mA
20 40
50mA 1500 Hr. 1500 Hr.
10mA 10mA
20 163
60mA 1000 Hr. 1000, 3000, 5000 Hr.
1,5,10,20, 60mA 10mA
20
75mA 1500 Hr.
10mA
79 90
100mA (| 1K, 15K, 30K Hr. 168, 1500 Hr.
1,10, 100mA 1,10, 100mA

This chart represents about 2.0 million device hours of operation on 625 dual in-line optocouplers and 111 hermetic IRED’s,

SAMPLE SIZE
FORMAT OF DATA PRESENTATION: TEST DURATION
Igm CURRENT
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end of life value. Although this does not represent the worst possible case, no correlation can be
found between initial light output and rate of decrease in light output, and so the percentage of
devices expected to be less than the guideline derived number approaches zero. These guidelines,
as can be noted, are based on fair sample sizes, although both larger samples than these and greater
precision, higher resolution, measurements could provide better fits. To make the guideline dev-
elopment less obscure, the discussion will trace the steps followed in defining these design guide-
lines and, in the process, develop the guidelines.

When the percent of initial value of light output (or current transfer ratio in couplers) of
an IRED on an operating life test, is plotted against the time the IRED has been operated, two
phenomena become apparent. The long-term behavior is found to be a straight line when the
ratio is plotted on a logarithmic time scale. The short-term behavior is found to have a much
shallower slope, on the same plot, than the long-term behavior. This effect is illustrated by the
fact that the long-term straight line can be extrapolated back towards zero and will usually inter-
sect the initial value line at a time between 10 and 100 hours. These properties combine to allow
the response to be described by a “virtual initial time™ and the slope of the line passing through
that time point. This had been recognized in other work. The problems with predicting response
are the variety of test conditions at which both stress and measurement data have been taken,
and the spread of data at the readout points. It was recognized that the fall in light output was
accelerated by either stressing the IRED harder, i.e., at a higher current (Igg) and/or temperature,
or by monitoring the test results at lower current (Iyy ) levels. Precise acceleration factors have
yet to be determined due to lot-to-lot variability. Fortunately, circuit design purposes can be
served by a less precise model, which only attempts to serve the requirements of circuit design.
For this approach, as mentioned before, we pay attention to the lower decile of the distribution
and its change in time.
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The question naturally arises of the applicability of this description to time periods beyond
the one and five thousand hour times that the majority of the tests stopped at. Fortunately,
tests have been completed on discrete IRED’s for 30,000 hours. The results of these tests indicate
that nothing unexpected happens at extremely long times, as can be seen above. This is reinforcing
evidence indicating the superiority of the G.E. silicon doped, liquid phase epitaxially grown IRED.
grown IRED.
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Plotting the response (best straight line) of various test conditions on a single graph, the
acceleration due to raising stress current (Igg) is easily seen. Higher temperatures during stress
cause the same effect, and can be accomplished by raising the ambient or by self-heating (in
a coupler by dissipating power in the output device). Lowering the current at which the IRED
light output is monitored, (Iry) also accelerates the phenomena, but in looking at many test
results, it appears that the ratio of Igg/Ipy is the key factor affecting the slope besides temperature.
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When the temperature effect is plotted as an acceleration vs. temperature, a fair straight line fit
is found, as illustrated below. This temperature acceleration factor represents the ratios of the
slopes of the lower decile lines of various temperature stresses. The fit is not perfect, but is good
enough to be useful. It contains both discrete IRED data (LEDS5S5 series) and optocoupler data
(H11 series) and appears to fit both equally.

With this, and the determination of the coupled thermal resistance in the optocoupler (i.e.,
the heating factor for the IRED from power dissipated in the output device), it was attempted
to fit the Ipg/Ipw ratio into the model. After many attempts to find models which fit various
phenomena better, and the generation of additional data to try to fill holes, it was decided that
two factors contributed to the inability of defining a tight fit single line, These are lot-to-lot and
sampling variability and the precision (and volume) of data required to find the slope at low I gg/
Irm ratios and low temperatures. These factors cause the best model found to enclose a band of
observed values, as can be seen.
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To use this data the circuit designer must define a desired lifetime, the degree of control he
has on minimum and maximum values of Iz in any single socket, and the temperature environ-
ment to which the circuit is exposed.

A simple example of the design procedure illustrates its use. Assume the need for an 4N35
which will provide 10 mA of output current at 5 Volts Vg after 100,000 hours of 55°C opera-
tion. To find the IRED current needed to provide this, we need the minimum specified CTR
of the 4N35, the estimated slope of the lower decile of light output vs. time and the temperature
acceleration of that slope at 55°C. The 4N35 specification indicates a minimum CTR of 100%,
that for Iy values of up to 20 mA the CTR is relatively constant and that at 55°C the CTR will be

about 0.85 times its 25°C value (AE:II:R). The center of the range of slopes vs. Igg/Igy is con-

servatively chosen at a ratio of 1.3 and found to be 5% per decade (slope). This should provide
a reasonably worst case approximation of both coupler performance and possible current variation
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effects due to power supply and bias circuit drifts. The temperature acceleration factor curve
indicates this slope will be increased by 1.75 times at 55°C (Ar), i.e., the slope will be 8.8%/
decade. The difference between 50 hours and 100,000 hours (t) is 3.3 decades (log 100,000 —
log 50), so the expected lower decile will provide about 29% less light at 100,000 hours than
initially. To provide the 10 mA output requirement, the IRED current must be raised by about

40% to compensate for light lessening with operation [i.e., l_ﬁﬁlg%@? ] and this must be raised

by 18% (i.e., 1/.85) to compensate temperature variation of CTR, yielding a minimum input cur-
rent to the IRED of 16.6 mA, as compared to the 10 mA required initially at 25°C. The formula
used in this example is:

100 X 1 x
100 — [slope x At x log (t/50)] ACTR/AT CTR

Ig =

where: Ar is the temperature acceleration for slope at the expected operating temperature,
CTR is the specified minimum current transfer ration,
ACTR/AT is the change in CTR due to temperature,
I¢ is the required output current,
I is the required IRED bias current,
Slope is the light output lessening per decade time, and
t is the circuit design life.

Note that for a one million hour life the required IRED current would only rise to 18.5 mA, as

time has only increased by another decade! The estimate of the effect of operating time on the
circuit has been almost as simple as the estimate of temperature effects.
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The design guideline, unfortunately, is only valid for the G.E. IRED’s and DIP couplers.
Life tests of competitive units at both maximum rating and accelerated test conditions indicate
a wide variation of performance exists in the industry. The accelerated test results were dupli-
cated by the maximum rating test results, indicating the same type of response in both the Ay
and Igg/Igy curves. But the magnitude of shifts observed, especially the lower decile, are much
greater, indicating much greater slopes, in percent per decade, of the light output vs. operating
time graphs. This is illustrated in the plots comparing the life test results given above. To life
cycle design with such devices would require derivation of a different model, based on a matrix
of life tests. Based on extremely limited testing and some published information, it appears that
at least two other manufacturers of IRED’s and optocouplers can achieve light output perform-
ance with operation similar to the G.E. performance. Neither utilizes the glass dielectric in the
coupler and no tests have been performed to allow comment on other reliability factors.

Degradation failure rates, to a desired criteria of percent initial light output, may be calcu-
lated from accelerated data to use condition response by use of the design guideline. The design
guideline temperature acceleration and slope per decade factors may be used to calculate an equiv-
alent number of test hours at use condition to the accelerated test. Note that early hour slope
of light output vs. time is very shallow, and accelerated test results are not valid for operating
times under 168 hours. The number of devices which decrease in light output to a value less than
the desired criteria on the accelerated test is then used with the equivalent unit hours to estimate
failure rate. While this is not strictly accurate, due to the distribution of change in light output,
the following is a useful approx1mat10n

+
. ( 50) AT1 4 A7 + log 50]

where: A; is the slope at stress conditions + slope at use conditions,
A, is the temperature acceleration at stress conditions,
Ar, is the temperature acceleration at use conditions,
t, is the stress test duration, and
t, is the equivalent time at use conditions.

The reliability test summary degradation failure rates were calculated this way and provide
an example.

The 100°C, 100 mA phototransistor accelerated operating life tests run for 168 hours (t,).
A ! ratio of the slope per decade at 100°C to the 55°C
value of 283~1 .62. The middle line of the IFS [Igm curve gives a ratio of—-_2 5 for the slopes
of a 10 mA/lO mA Ips/Igm compared to the 100 mA/10 mA Igg/Ipy the test was run at. The
equivalent hours for this test at a 55°C use condition is:

168
o | (Iog 50) x (1.62) x (2.5) +log 50]

The temperature acceleration curve gives a —

ty

6770 hours.

Two units of the 325 tested failed a light output criteria of half the initial value, giving a
2/2,200,000 device hours observed failure rate, which at the 50% UCL is the 0.12% per thousand
hour failure rate shown in the summary chart. This also illustrates that for the G.E. IRED and
coupler, the decrease in light output should have a minimal effect on circuit failure rate in con-
servatively designed circuits.
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IV. MEASUREMENT OF OPTOELECTRONIC DEVICE PARAMETERS
A. IRED\Earameters

Measurement of the IRED parameters is relatively straightfroward, as the electrical parameters
are those of a diode. These parameters can be measured on any test equipment used to measure
diode parameters, from the bench set-up of two meters and a power supply to the most automated
semiconductor tester. {

Light output measurements require the use of a spectrally calibrated photo cell or a calibrated
thermo pile of at least 1/2" (1 c¢cm) diameter. This allows collection of all the light power output
of the IRED, matching the specification method and guaranteeing correlation of measurements.
If pulse measurements are desired, the calibrated silicon photo cell becomes a necessity, due to
response time. This would be used in conjunction with a pulsed current source, and calibrated
current probe to measure photo cell output and an oscilloscope of sufficient speed and accuracy
to provide the desired result. The photo cell is the only device which is not a common electronics
laboratory item, and such devices can be procured from sources such as Ealing Corp.; E.G. & G.,
Electro Optics Div.; Sensor Technology; and others. Spectral output determination requires use
of either a wide range spectrometer or a set of precise interference filters and the photo cell. In
general, spectral measurements should be performed by a laboratory specializing in optical measure-
ments due to the cost of equipment and the specialized knowledge required for such measurements.

Simple comparison measurements of IRED output may be made using a phototransistor
sensor. When this is done, spacing and alignment is critical, due to the lenses angular response
and slight asymmetry, if reproducibility and correlation are to be obtained. One of the simplest
means of obtaining reproducible positioning is to use a 3/16" diameter hole through a block of
material, smoke blacken the inside of the hole, put a shallow notch at each end of the hole to
receive the polarity indicator tabs, and use an L14G as the detector. The collector-base photo-
diode, used as a photo cell, output current to a low impedance load will give the most accurate
measurement of light output, while the phototransistor response, at about 0.6V Vg, will provide
the most reproducible measurements due to the offsetting temperature coefficients. With a rubber
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band holding the tabs in position, reprodu%ibility will be near the limits of the test equipment
used and environmental control.

B. Photodetector Parameters
The measurement of electrical parameters of the photodetectors is identical to that for the
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non-light sensitive devices, except for the light sensitive parameters. Such techniques are described
in the General Electric Transistor Manual and the General Electric SCR Manual, and will not be
detailed here. The most common problem encountered is the leakage current measurement with
the base open, as Icgo is rarely measured on normal transistors, and understanding the need for
considering dynamic effects and ambient light effects will solve the problem® Dynamic effects
must be considered, because the open base has no path but junction leakage to charge the junction
capacitances. If the common high source impedance bias circuit for leakage current is used, the
gain of the transistor multiplies the junction capacitance, of the collector base photodiode (=~ 25
pF), and provides a long stabilization time constant. Note the “double barreled” effect of source
impedance in that it is the resistance in the RC time constant and also is the load resistor that
determines voltage gain (A, ~l/hie- R - hFE). These effects indicate Icgo should be measured by
application of the bias voltage from a low impedance supply until junction capacitances are charged
(now determined by the base emitter diode impedance), which can take up to 100 msec, (with no
external capacitances, switches, sockets, coaxial, etc. connected to the base) in a darlington. After
junction capacitance is charged, the current measuring resistor is introduced to the circuit by
removing the short across it. The charge balance at the base can be affected by the motion of
conductive objects in the area, so best reproducibility will be obtained within an electrostatic
shield. The electrostatic shield can also serve the purpose of shielding the detector from ambient
light, the effects of which are obvious on a leakage current measurement.

Measurement of the light parameters of a phototransistor requires a light source of known
intensity and spectral characteristics. Lamps with known spectral characteristics, i.e., calibrated
standards, are available and, in conjunction with a thermo pile or calibrated photo cell and a solid
mechanical positioning system, can be the basis of an opto measuring system. Some relatively
simple systems based on the response of a silicon photo cell are available, but the assumption
that all silicon devices have identical spectral response is implicit in their use for optical measure-
ments. As different devices have different response curves, the absolute accuracy of these devices
is impaired, although excellent comparative measurements can be made. Another method which
has fair accuracy is the use of a calibrated detector, L9UX4 for the photo SCR’s or L14H special
for the phototransistors, to adjust the light source to the desired level. This will eliminate spectral
problems as the calibrated device has an identical spectral response to the devices being measured.
Accuracy will then depend on basic equipment accuracies, ambient control and mechanical posi-
tion reproducibility.

Spectral response measurements require use of precision filters or a precision monochromator
and a calibrated photo cell or thermo pile. As in the case of the IRED, it is recommended that
these measurements be done by a laboratory specializing in optical measurements.

C. Optocoupler Measurements

The measurement of the individual devices in the optocoupler is identical to the measure-
ment of a discrete diode and a discrete device of the type of detector being considered, and is
covered previously. The measurement of isolation and transfer characteristics are not as obvious,
and will be illustrated.

1, Isolation Parameters are always measured with the terminals of each device of the coupler
shorted. This prevents the high capacitive charging currents, caused by the high dv/dt’s applied
during the measurement, from damaging either device. Safety precautions must be observed in
these tests due to the very high voltages present!

a). Isolation voltage is measured as illustrated below. Normally the surge voltage capability
is measured, and, unless the high voltage power supply has a fast shutdown (<0.5 usec), the device
under test will be destroyed if its isolation voltage capability is less than the high voltage supply

*see “‘Avoid Iogpp measurements”, Hendriks.

48



! DIELECTRIC

Riimir . i |sHIELD c
Wy | DuT
—1.4 5
I
HIGH - L ’ %
VOLTAGE 3 v ' N
SUPPLY JI_
A
i g '
' FOR VOLTAGES OVER 2500 Vrms, THE DIELECTRIC
SI;::EELCD éS RECOMMENDED TO ELIMINATE AIR GAP
E TS.

ISOLATION VOLTAGE TEST

is set at. Crowbar techniques may be used in lab set-ups to provide rapid turn-off and forestall
the test being described as ““destructive.” Steady-state isolation voltage is usually specified as
a fixed percentage of the measured surge capability, although limited life tests indicate this de-
rating is not required for the G.E. glass dielectric isolation. Application Engineering believes con-
servative design practices are required in the use of isolation voltage ratings, due to the transients
normally observed when line voltages are monitored and the catastrophic effects of a failure.

b). Isolation resistance is measured at voltages far below the surge isolation capability, and
has less potential for damaging the device being tested. The test is illustrated schematically here,

ELECTRO-
METER

MEASURING OF ISOLATION RESISTANCE

and requires the procedures normally used when measuring currents below a microampere.

c). Isolation capacitance is a straightforward capacitance measurement. The capacitance of
couplers utilizing the G.E. patented glass dielectric process is quite independent of applied voltage
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CAPACITANCE
! BRIDGE

INPUT TO OUTPUT CAPACITANCE TEST CIRCUIT

and frequency. Typical values are less than 2 pF, limiting the selection of measurement equipment.

2. Transfer Characteristics are normally easily measured on standard measurement equip-
as the IRED can be treated as the input terminal of a discrete device.

a). Current Transfer Ratio (CTR) can be tested as hpg of a transistor, both the phototran-
sistor and photodiode response, and Input Current to Trigger (Igr) can be tested as gate trigger
current of an SCR. Pinout and the connection of base-emitter or gate-cathode resistors normally
requires use of special test sockets.
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CTR TESTED AS TRANSISTOR hgg IgT TESTED AS SCR IgT

These sockets are illustrated above. Some commercial test equipment provides very poor
resolution readings of CTR in the hgg mode due to the readout system being designed for readings
greater than 10. This would correspond to a CTR of 1000%, a reasonable value for a darlington,
but not a transistor, output coupler. Curve tracers are well suited for use in this manner and some
allow measurements to be made with the IRED pulsed at high current and low duty cycles.

50



b). Switching Times are measured using the technique illustrated below. Isolation of the
input device from the output device allows a freedom of grounding which can simplify test set-up
in some cases. The turn-on parameters are ty — delay time and t, — rise time. These are measured
in the same manner on the phototransistor, photodarlington, and photo SCR output couplers.
The turn-off parameters for transistor and darlington outputs are t; — storage time and t; — fall time.

tq — delay time.
t; - — rise time.
t; — storage time.

t¢ — fall time.

This is the time from the 10% point of the final value of the input pulse
to the 10% point of the final value of the output pulse.

The rise time is the time the leading edge of the output pulse increases
from 10% of the final value to 90% of the final value.

The time from when the input pulse decreased to 90% of its final value
to the point where the output pulse decreased to 90% of its final value.

The time where a output pulse decreased from the 90% point of its
final value to the 10% point of its final value.
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SCR tumn-off times are circuit controlled, and the measurement technique is detailed in the GE

SCR Manual.
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SECTION V. OPTOELECTRONIC CIRCUITS

A. LIGHT DETECTING CIRCUITS

Light detecting circuits include only those circuits which cause an action based on the level
of light received by the photo detector. A separate section is devoted to circuits that detect an
object which breaks, or reflects, a beam of light.

Automatic Headlight Dimmer — this circuit switches the headlights, of the car equipped with
it, to the low beam state when the lights of an on-coming car are sensed. The received light is very
low level and highly directional, indicating the use of a lens with the detector. A relatively large
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amount of hysteresis is built into the circuit to prevent “flashing lights.” Sensitivity is set by the
22M resistor to about 0.5 ft, candle at the transistor (0.01 at the lens), while hysteresis is deter-
mined by the two, 22K, resistor voltage divider, across the D41K3, which drives the 22M resistor,
while maximum switching rate is limited by the 0.1 uF capacitor to ~ 15/minute.

Slave Photographic Xenon Flash Trigger — often it is desirable to use a remote photographic
flash unit which will flash at the same time as the flash attached to the camera. This circuit is de-
signed to the trigger cord or “hot shoe” connection of a commercial portable flash unit and
trigger the unit from the light produced by the light of the flash unit attached to the camera.
This provides remote operation without need for wires or cables between the various units. The
flash trigger unit should be connected to the slave flash before turning the flash on (to prevent a
dV/dt triggered flash on connection) and the L8B should be pointed in the general direction of the
camera flash unit. The choice of inductor value will set the sensitivity of the circuit, and no
problem was noted with false triggering from fluorescent lights at 1 H , while triggering seemed
adequate at the 0.1H value.

If a very sensitive (long range), more directional remote trigger unit is desired, the circuit
may be modified to use a L14G2 lensed phototransistor as the sensor. The lens on this transistor
provides a viewing angle of approximately 10° and gives over a 10 to 1 improvement in light
sensitivity (3 to 1 range improvement). It also allows the elimination of the inductor, which may
be objectionable due to its bulk or expense. Note that the phototransistor is connected in a
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self-biasing circuit which is relatively insensitive to slow changing ambient light, and yet discharges
the 0.01 uF capacitor into the C106D gate when illuminated by a photo flash.
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Automatic Night Light Switches — these circuits are light level sensors which turn on a light
when the ambient light falls below a set level. The most common of these circuits turns on street
lamps and yard lights which are powered by 60 Hz lines.

Line Voltage Operated Automatic Night Light — An example of this type of circuit is illustrat-
ed here which has quite stable threshold characteristicsdue to its dependence on the photo diode
current in the L14H4 generating a base emitter drop across the sensitivity setting register. The
double phase shift network supplying voltage to the ST-4 trigger insures triac triggering at line
voltage phase angles small enough to minimize RFI problems with a lamp load. This eliminates
the need for a large, expensive inductor, contains the dV/dt snubber network, and utilizes lower
voltage capacitors than the snubber or RFI suppression network normally would.

The addition of a programmable unijunction timer can modify this circuit to turn the lamp
on for a fixed time interval each time it gets dark. Only the additions to the previous circuit

are shown in the interest of simplicity. When power is applied to the lamp, the 2N6028 timer
starts.
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At completion of the time interval the H11C3 is triggered and turns off the lamp by preventing
the ST-4 from triggering the triac. The SCR of the H11C3 will stay on until the L14H4 is illumi-
nated and allows the 2N6076 to commutate it off. Due to capacitor leakage currents, temperature
variations and component tolerances, the time delay may vary considerably from the nominal.

Another common use for night light circuits is to turn on remote illumination, warning or
marker lights which operate from battery power supplies. The simplest circuit is one which provides

DHDB06
EMITTER 120K
e ?
SIM
.b
HIIC3 2N6028 $22M 2N5IT2
=] 1 CONNECT
| 0.12 TO
CONNECT | LAMP
TO |
2N6076 L Tc
C PROVIDES ABOUT | MINUTE ON TIME /uF
COLLECTOR AND MUST BE LOW LEAKAGE GE 62F OR 69F TYPE

AUTQMATIC TURN-OFF FOR NIGHT LIGHT

illumination when darkness comes. By using the gain available in darlington transistors, this cir-
cuit is simplified to use just a photodarlington sensor, a darlington amplifier, and three resistors.
The illumination level will be slightly lower than normal, and longer bulb life can be expected,
as the D40K saturation voltage lowers the lamp operating voltage slightly.

In warning and marker light applications a flashing light of high brightness and short duty
cycle is often desired to provide maximum visibility and battery life. This necessitates use of an
output transistor which can supply the cold filament surge current of the lamp while maintaining
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a low saturation voltage, the addition of dynamic feedback, and the use of a phototransistor
sensor to minimize sensitivity variation.
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Sun Tracker — In solar cell array applications and solar instrumentation it is desired to know
the position of the sun within 15° to allow efficient automatic alignment. The L14G1 lens can
provide this type of accuracy in a simple level sensing circuit, and a full hemisphere can be
monitored with about 150 phototransistors.
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The sun provides # 80 mW/cm? to the L14G1 when on the centerline. This will keep the
output down at < 0.5V for ® < 7.5°.

The sky provides ~ 0.5 mW/cm? to the L14G1 and will keep the output above 10V when
viewed. White clouds viewed from above could lower this voltage to ~ 5V on some devices.

This circuit could directly drive TTL logic by clamping the output to the 5V logic supply
with a signal diode. Anode-to-output line, cathode to +5V. Different bright objects can also be
located with the same type of circuitry by simply adjusting the resistor values to provide the
desired sensitivity.

Flame Monitor — The monitoring of a flame and direct switching of a 120V load is easily
accomplished through use of the L14G1, as illustrated, for “point sources” of light.

L
o ey

120VAC

:»—l 75F3R2A - $51K $ 750K
047

Lissl
2N3860 AIGHT
LOAD clo&B!

Ry

l 223 39K3

FLAME OUT MONITOR SWITCH

*The A15Q may be replaced by 100 pF shunting a DHD800.
Wire for minimum crosstalk, 120V to gate, using minimum lead lengths.
Ry is selected from the following chart for light level threshold programming.

Ra SELECTION GUIDE FOR ILLUMINATION
HOLD OFF LIGHT LEVEL . . ~ ~ ~ FOOT
IN FOOTCANDLES R4 rd0 a0 200 400 | cANDLE
R4, Incandescent Light N.A. 1500 270 68 33 KQ
R4, Flame Light 220 75 30 12 6.2 KQ
R, , Fluorescent Light N.A. N.A. 2200 180 68 K&

For light sources which subtend over 10° of arc, the L14H1 should be used and the illumination
levels raised by a factor of 5. This circuit provides zero voltage switching to eliminate phase
controlling.

Brightness Controls — The illumination level of lighted displays should ideally be lowered
as the room ambient light drops to avoid undesirable or unpleasant visual effects. This circuit
provides a very low cost method of controlling the light level from the relatively high source

impedance transformers and motor windings normally used to drive the low voltage lamps used
in these functions. It should be noted that the bias resistors are optimized for the 20V, 30 Q
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source, and must be recalculated for other sources. The 2N5779 is placed to receive the same
ambient illumination as the display and be shielded from the light of the display lamps.

Another form of automatic brightness control maintains a lamp at a constant brightness
over a wide range of supply voltages. This circuit utilizes the consistency of photo diode re-
sponse to control the phase angle of power line voltage applied to the lamp and can vary the
power applied to the lamp between that available and ~ 30% of available. This provides a candle-
power range from 100% to less than 10% of nominal lamp output. The 100 uH, 2 capacitor
filter network is used to eliminate conducted RFI problems.

Many other light sensitive circuits are feasible with these versatile devices, and those included
here are chosen to illustrate a range of practical cost effective designs.
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57



B. DETECTING OBJECTS WITH LIGHT

This section is devoted to circuits which use a light source and a light sensor, or arrays of
either or both, to sense objects by affecting the light path between the source and detector.
Normally, the light is blocked or reflected by the object to be sensed, although modulation of
the transmission medium is also common.

Production Line “Log Jam” Control —In many production lines the flow of parts is con-
trolled by a drive motor, which should be turned off if a “log jam’ occurs and parts are no longer
being removed from the output of the driven conveyance. This simple circuit provides direct
control of the drive with a lamp providing visual indication of normal flow. Snubber networks

DRIVE
MOTOR
TO I HP

120V/2.5V % 120 VRMS
1A

SC265B

2600uF

3oV
I | .

NORMAL FLOW

have not been illustrated to simplify the schematic. The #4508 sealed beam lamp and 75W indi-
cator lamp are run at about two-thirds rated voltage to provide long service and reliable operation.
Light blockages of up to % second are ignored by this circuit (except for the indicator blinking
off) and, if the blockage time extends, the drive motor is turned off. When the light blockage is
removed, the drive motor will automatically turn on again.

Optical Pick Up Tachometer — Remote, non-contact, measurement of the speed of rotating
objects is the purpose of this simple circuit. Linearity and accuracy are extremely good and
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normally limited by the milliammeter used and the initial calibration. This circuit is configured
to count the leading edge of light pulses and to ignore normal ambient light levels. It is designed
for portable operation as accuracy is not supply voltage sensitive within supply voltage tolerances.
As illustrated, full scale at maximum sensitivity of the calibration resistance is read at about 300
light pulses per second. Longer range reflective operation may be obtained by using a focused
incandescent lamp, operating straight from supply voltage (filament time constant replaces filter-
ing), to replace the IRED. A digital volt meter may be used, on the 100 mV full scale range, in
place of the milliammeter, by shunting its input with a 100 Q resistor in parallel with a 100 uF
capacitor (TAO7A107M). This R-C network replaces the filtering supplied by the analog meter.

Drop Detector — The self-biasing configuration used for the light detector in the tachometer
is useful any time small changes in light level must be detected, as when monitoring very low
flow rates by counting drops of fluid. In this bias method, the photodarlington is DC bias stabi-
lized by feedback from the collector, compensating for different photodarlington gains and light
emitting diode outputs. The 10 uF capacitor integrates the collector voltage feedback, and the
10M resistor provides a high base source impedance to give minimal effect on optical performance.
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LOW LIGHT LEVEL DROP DETECTOR

The detector drop causes a momentary drop in light reaching the chip, which causes collector
voltage to momentarily rise, generating an output signal. The initial light bias is small due to output
power constraints on the light emitting diode and mechanical spacing system constraints. The
change in light level is a fraction of this initial bias due to stray light paths and drop translucence.
The high sensitivity of the photodarlington allows acceptable output signal levels when biased in
this manner. This compares with unacceptable signal levels and bias point stability when biased
conventionally, i.e., base open and signal output across the collector bias resistor.

Paper Tape Reader — When computer peripheral equipment is interfaced, it is convenient
to work with logic signal levels. With a nominal — 1V at the output dropping to 0.6 V below the
logic supply, this circuit reflects the requirements of a high-speed, paper tape optical reader Sys-
tem. The circuit operates at rates of up to 1000 bits per second. It also must operate at tape
translucency such that 50% of the incident light is transmitted to the sensor, and provide a fixed
threshold signal to the logic circuit. All at low cost. Several circuit tricks are required. Photodar-
lington speed is enlianced by cadcode constant voltage biasing. The output threshold and tape
translucency requirements are provided for by sensing the output voltage and providing negative
feedback to adjust the cascode transistor bias point. Circuit tests confirmed operating to 2000 bits
per second at ambient light levels equal to signal levels.
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Frictionless Potentiometer — This circuit provides not a potentiometer output, but a current
source that varies with the position of an object. At first glance, this might appear a trivial prob-
lem, but the small physical sizes of optoelectronic components combined with mechanical toler-
ances on assembling the parts virtually eliminates transmissive sensing of the leading edge of a
light shield, while the manufacturing of a shield which will provide smooth current changes with
smooth motion is a challenge in providing a transmissive “‘graded grey scale.” At this time, it
appears the most practical way of providing the optical potentiometer function is to reflect light
from a printed “graded grey scale.” Tests on an H17B pair, placed next to each other in a non-
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transmissive, non-reflective, housing with a thin light shield separating the pair, indicate a current
transfer ratio of about 5% of the test condition value when viewing a sheet of white paper at
~ 0.1" (% cm). Viewing a black printed field, the CTR dropped to zero (leakage current level).
This indicates the minimum signal change expected, at 25°C in the above circuit, would be from
about 1 A leakage (allowing for some ambient light) at black to about 150 pA with a white field.

Motor Speed Control Circuits — These controls may be of the open loop type, where light
just provides a no contact, non-wearing, circuit input from a person or machine which monitors
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the output of the motor, or a closed loop type, where the light monitors motor speed as a tach-
ometer and maintains a fixed, selected, speed-over a range of load and line conditions.

The open loop circuits are nicely suited to use with the frictionless potentiometer circuit
previously presented. The following circuit illustrates the concept used to control a low voltage,
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Pulse Generator/Modulator Amplifier

PULSE WIDTH MODULATED SPEED CONTROL

battery operated 200 W motor. Temperature, etc., effects can be compensated for by regulating
the IRED bias current via a 2N5777 directly illuminated by the IRED, although this precision
is not generally needed in a human input system.

Open loop phase control of an A.C. motor can be accomplished using the “Constant Bright-
ness Control” circuit previously documented with an H17Al, in the “Frictionless Potentiometer”
configuration, replacing the L14H4 and the motor replacing the lamp as a load. Using this or
other phase control circuits for motor speed control, it must be noted that many A.C. motors
are not compatible with this method of speed control, and some of those that are phase controllable
can only be controlled over a fraction of the speed range. Universal (A.C. — D.C.) motors are
easily phase controlled over wide speed ranges, although some bearing designs have lubrication
problems at low speed.

Closed loop, tachometer feedback control systems utilizing the HI3A and a chopper disc,
provide superior speed regulation when the dynamic characteristics of the motor system and the
feedback system are matched to provide stability. The tachometer feedback systems illustrated
on the next page were designed around specific motor/load combinations and may require mod-
ification to prevent hunting or oscillation with other combinations. This D.C. motor control utilizes
the opto tachometer circuit previously shown to control a P.U.T. pulse generator which drives
the D44E] darlington switch which powers the motor.
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The A.C. motor control below illustrates feedback speed regulation of a standard A.C. induc-
tion motor, a function difficult to accomplish otherwise than with a costly, generator type, precision
tachometer. When the apertured disc attached to the motor shaft interrupts the light beam across
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the coupler module, the programmable unijunction transistor, Q,, discharges capacitor, C,, into
the much larger storage capacitor, C,. The voltage on C, consequently is a direct function of the
rotational speed of the motor. Subsequently, this speed-related potential is compared against an
adjustable reference voltage, V,, through the monolithic operational amplifier, A, , whose output,
in turn, establishes a D.C. control input to the second P.U.T., Q, . This latter device is synchronized
to the A.C. mains and furnishes trigger pulses in conventional manner to the triac at a phase angle
determined by the speed control, R, , and by the actual speed of the motor.

Long Range Object Detector — When long ranges must be worked with IRED light sources,
as when high system reliability is required, pulsed mode operation of the IRED is required. Addi-
tional reliability of operation is attained by synchronously detecting the photodetector current,
as this circuit does. PC-1 is an IRED and phototransistor pair which detect the presence of an object
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blocking the transmission of light from the IRED to the phototransistor. Relatively long distance
transmission is obtained by pulsing the IRED, at about 10 usec. per 2 msec., to 350 mA via the
2N6027 oscillator. The phototransistor current is amplified by the D38S1 and D29F3 amplifier
to further increase distance and allows use of the H1 1A1, also pulsed by the 2N6027, to be used
as a synchronous detector, providing a fail safe, noise immune signal to the D38S1 switches.

This design was built for battery operation with long battery life a prime consideration.
Note that another stage of amplification driving the IRED can boost the range by 5 to 10 times,
limited by the IRED Vy, and a higher supply voltage for the IRED can double this!
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C. Transmitting Information With Light

Transmission of electronic information over a light beam is the major use of optoelectronics
today. These applications range from the use of optocouplers transmitting information between
IC logic circuits and other circuits, between power lines and signal circuits, between telephone
lines and control circuitry, to the pulse modulated systems which transmit information through
air or fiber optics over relatively great distances.

1. Analog Information

The circuits illustrated here are designed to transmit analog, i.e., linear signals, optoelectroni-
cally. In this section the trade-offs of communication distance, fidelity, noise immunity and other
design constraints are illustrated by example in an attempt to provide a feeling for this technology.

Light Coupled Transceivers — A very simple, portable, visually-aligned transceiver system has
been designed around 6V flashlights. The lamp current is modulated at an audio rate, which
modulates the light beam. The light beam is detected by a photodarlington, AC amplified, and
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drives a small speaker for audio output. Note that driving the lamp with an AC signal cuts the
RMS voltage to about one-third the 6V, indicating the use of the 2V PR4 bulb in the 6V circuit.
The L14F can be mounted on the axis of the beam, or for possibly improved sensitivity, facing
the reflector of the flashlight just above the bulb (the bulb filament is at the focal point of the
reflector. Fidelity is not high, due to the low pass characteristics of the lamp filament, but in-
telligible conversation at distances up to 100 feet have been reported.

Using an IRED for the light source eliminates the response time of the light source as a limit
to fidelity, but requires the design of a pulse source and amplitude or frequency modulation tech-
niques to allow the IRED to generate enough light power to transmit appreciable distances. Power
dissipation in the IRED limits the ultimate capability of this type of system for distance and
modulation frequency, due to the trade-off of power dissipation, pulse width and pulse frequency.
In applications where transmission of information without electromagnetic interference is imper-
ative, a relatively low cost system can be built around an IRED, a phototransistor, and low cost
glass fiber optics, which can provide transmission over distances greater than 100 feet, or at
rates over 100 KHz using low cost driving circuitry. Higher frequency systems for long distance
operation require pulse generators capable of generating short (<200 nsec), high current pulses
with leading edge overshoot, adding considerably to system expense, and heat sinking of the
IRED. Frequency modulation and pulse data transmission are compatible with both low and
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high frequency systems. The General Electric LEDSS Series IRED is very efficient and has ex-
cellent stability due to the liquid epitaxial processing, which also defines its switching parameters
and speed of response. This response time varies from about 100 to 500 nsec, depending on bias
level, and indicates that, for a given IRED power dissipation, and frequency of operation, there
is an optimum input pulse width which will maximize pulse power output and, thereby, range of
transmission. For the system illustrated in the next application, this was determined to be about
500 nsec, although power output was within 10% of the maximized value for widths from 170
nsec to over 1 usec. This was determined by monitoring the power output with a photo cell
connected phototransistor (the photo response with a low value load resistor is about an order
of magnitude faster thgn the IRED) as the pulse width to the IRED is changed, maintaining other
system parameters constant. Peak power input for the desired maximum power dissipation can
be calculated for each pulse width and multiplied by the normalized peak power out and effi-
ciency, at that pulse width and input power, respectively, to obtain a set of values of peak available
power out, as a function of pulse width, at the frequency, waveshape and average power dissi-
pation desired. Plotting the set of values gave the curve, which allowed analytical system optimi-
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zation. It should be noted that peak light output occurred 50 to 100 nsec after peak input current
was reached, and that the IRED continued to emit light for 1 usec after the input current pulse
had gone to negligible levels, which places a peak repetition rate and peak envelope power opti-
mization constraint on designs over 500 KHz.* This is why most high frequency systems are
designed around the expensive, short lived, GaAs laser diode.

A relatively simple FM (PRM) optical transmitter was designed around a programmable uni-
Junction transistor (PUT) pulse generator using these techniques. The basic circuit can be oper-
ated at 80 KHz and is limited by the PUT-capacitor combination, as higher frequency demands
smaller capacitance, which provides less peak output. As illustrated, 60 KHz is maximum modu-
lation. Pulse repetition rate is relatively insensitive to temperature and power supply voltage and
and is a linear function of Viy, the modulating voltage. Tested with the receiver illustrated below,
useful information transfer was obtained in at free air ranges of 12 feet (~ 4m). Lenses at the
light emitter and detector, or transmitting the signal through low cost glass fiber optics greatly
increases range and minimizes stray light noise effects. Greater output can be obtained by using
a larger capacitor, which also gives lower operating frequency, or using the higher output LEDS5C.
Average power consumption of the transmitter circuit is less than 3 watts.

*See 1 MHz Telecommunications Data Isolator pg. 73, for further information.
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For maximum range, the receiver must be designed in the same manner as a radio receiver
front end, as the received signals will be similar in both frequency component and in amplitude
of the photodiode current. The major constraint on the receiver performance is signal to noise
ratio, and e.m. shielding, stability, bias points, parts layout, etc. become significant details in
the final performance. This receiver circuit consists of a L14G2 detector, two stages of gain,
and a FM demodulator (which is the tachometer circuit, previously illustrated, modified to operate
over 100 KHz). Note that better sensitivity can be obtained by using the L14G3 high gain photo-
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transistor in place of the lower cost L14G2 illustrated, and/or using more stages of stabilized
gain with AGC, while lower cost and sensitivity may be obtained by using an H17 emitter-detec-
tor pair and/or by eliminating amplifier stages. For some applications, additional filtering of the
output voltage may be desired.

Linear PRM Analog Coupler — A minimum parts count version of this system also provides
isolated, linear signal transfer useful at shorter distances or with an optocoupler for linear infor-
mation transfer. Although the output is low level and cannot be loaded significantly without
harming accuracy, a single I.C. operational or instrumentation amplifier can supply both the linear
gain and buffering to allow use with a wide variety of loads.
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DC Linear Coupler — Direct linear coupling of analog current signals via an optocoupler puts
circuit performance at the mercy of coupler linearity and temperature coefficient. Use of an
additional coupler for feedback can only provide linearity if the two couplers are perfectly matched
and identically biased. These are not practical constraints in most equipment designs and indicate
need for a different design approach. One of the most successful solutions to this problem can
be implemented using a H17 emitter-detector pair and a L14H4, as illustrated below. The H17
detector’and L14H are placed so both are illuminated by the H17 IRED emitter. Ideally, the
circuit is mechanically designed such that the H17 emitter may be positioned to provide Voyg =

+5Vo - +5v
l 10 DAI03
43K D29EI
R
22K
100K A o
[o2 A
Vin . 1K Vour~2.8+0.3V
(-52V,<5) A . SViN
—'\J—-
LI4H4
O o]
Input Output

LINEAR OPTICAL COUPLER CIRCUIT
*Closely positioned to illuminate L14H4 and H17A1 Detector, such that VouTt = 2.8V at Vi = 0.

2.8V when Viy = 0, thereby insuring collector current match in the detectors, and then all three
devices are locked in position relative to each other. Otherwise, R may be adjusted to provide
the proper null level, although temperature tracking should prove worse when R is adjusted.
Note that the input bias is dependent on power supply voltage, although the output is quite
independent of supply variations. Testing indicated linearity was better than could be resolved
due to alignment motion using plastic tape to lock positions.
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2. Digital Information

The circuits illustrated here are used to transmit information in the form of switch states,
i.e., on and off or zero and one states. Most of these circuits are designed to interface with com-
mercial integrated circuit logic by receiving and/or providing signal for the logic circuit. Due to
switching speeds, of both emitters and detectors, no optocoupler can provide true speed com-
patibility with any but the slowest logic families at state-of-the-art speeds. For this reason, the
logic compatibility of these circuits is level compatibility at worst case conditions, i.e., zeros and
ones will meet the I.C. specified levels over the ranges of conditions specified.

TTL — This is the most common logic family, has the most functions available, and is the basis
for the IEEE digital interface standard for programmable instruments. There are also a wide var-
iety of standard types of TTL (i.e., high speed, Schottky, LSI, etc.) each of which has different
logic level or logic level conditions (source and sink currents, mainly) each of which can place
different requirements on an optocoupler required to interface with it. To simplify some prob-
lems of interfacing TTL logic with optocouplers, GE surveyed the specifications of SSI devices
(single function devices, i.e., “or” gates, flip-flops, etc.) and has specified a series of couplers to
be level compatible with the common 7400, 74HO00 and 74S00 series TTL over the range of
gate parameters, power supply and temperature variations specified. These couplers are designated
the H74 series, and are specified with specific values of 5% tolerance bias resistors in a defined
configuration. This eliminates any chance of misapplication or circuit malfunction. The circuits
and logic truth table below illustrates application of this series of coupler. Noise margin consid-
erations are minimized with these couplers as the slow switching speeds of the optocoupler do not
allow reaction to the high speed hash that are provided for by noise margins.

- Vee
TEST CONDITIONS LIMITS T ¢
PARAMETER Vee hin Isink Min. Max. | Units
Min. Max. Min. Max. Min. Max.

— -

Vout (1) | 4.5V 0.4mAl| 2.4 Volts I Isink

Vout (00 |4.5V 12.0mA 0.4 | Volts| Yin Vour

Vin (1) 5.5V 1.0mA| 2.0 Volts L i

Vin (0) 5.5V | -1.6mA 0.8 | Volts 1

CHARACTERISTICS REQUIRED OF TTL GATES WHICH ARE TO BE INTERFACED BY H74 SERIES

o—1 VI:CZ
Vpc=5%.5V Ve 390£5% TQ
2.4K£5%3
_____ - 1 |recieving
5, GATE SEE
- \ TABLE
— / -
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TRANSMITTING
GATE
SEE TABLE

LOGIC GATE
SEE TABLE

NC

LOGIC TO POWER COUPLING H74 BIAS CIRCUIT  LOGIC TO LOGIC COUPLERS H74A1 BIAS CIRCUIT

H74 SERIES TTL LOGIC COUPLING
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Low power TTL, low power Schottky clamped TTL, MSI TTL and LSI TTL circuits will not
in general, provide the current sinking capability indicated in the H74 bias chart. The H74 series
optocoupler still can provide the means of using a general purpose circuit which will interface
with all these types and between all the types. A simple stage of transistor amplification as an out-
put buffer allows the low current sink capability (down to 100 puA) to drive the IRED. The
logic sense is not changed, logic zero out provides current to the IRED which activates the output
of the optocoupler. High threshold versions of TTL (HNIL, etc.) can normally be used without

o +5V

100K <
5%

DRIVING

GATE D34cCI

H74 SERIES OPERATION FROM LOW POWER, MSI AND LSI TTL

buffering by raising the bias resistors to keep worst case currents within the TTL range at the
higher supply voltages used with these logic circuits.

CMOS — Like all low power (bipolar and MOS) logic, CMOS inputs are easily driven by opto-
coupler outputs. Although some couplers are advertised as CMOS output compatible, careful ex-
amination reveals the CMOS gate must be capable of sinking/sourcing several hundred microamps
to drive the light source. As standard CMOS logic operates down to 3V supply and is specified
as low as 30 uA maximum current sinking/sourcing capability, it is again necessary to use a buffer
transistor to provide the required current to the IRED if CMOS is to drive the optocoupler. As
in the case of the low output TTL families, the H74A output can drive a multiplicity of CMOS
gate inputs or a standard TTL input given the proper bias of the IRED. The optocoupler driving
circuit is illustrated below.

+ O
LOGIC
POWER 150
SUPPLY 5%
1/2 H74
- 75K oA===
DRIVING 5% / —
GATE i\ —r
—— ~ el Tty sl
D3254
D3834
- O

GENERAL PURPOSE CMOS H74 BIAS CIRCUIT
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Note the logic sense is changed, i.e., a one logic state drives the IRED on. This circuit will
provide worst case drive criteria to the IRED for logic supply voltages from 3V to 10V, although
lower power dissipation can be obtained by using higher value resistors for high supply voltages.
If this is desired, remember the worst case drive must be supplied to the IRED with minimum
supply voltage, minimum temperature and maximum resistor tolerances, gate saturation resistance
and transistor saturation voltages applied. For the H74 devices, minimum IRED current at worst
case conditions (zero logic state output of the driving gate) is 6.5 mA.

PMOS and N MOS — These logic families have current source and sink capabilities similar to
the previously mentioned CMOS worst case. Normal logic supply voltages range from 6V to 30V
at these drive levels and bias circuitry design must account for this. N MOS provides higher current
sinking than sourcing capability, while P MOS is normally the opposite. As these logic families
are found in a wide variety of custom and standard configurations (from calculators to micro
computers to music synthesizers, etc.) a general optocoupler bias circuit is impossible to define.
The form of the circuit will be similar to the low output TTL circuit for N MOS and similar to
the CMOS circuit for P MOS. Bias resistor constraints are as previously mentioned.

3. Telecommunications Circuits

The largest information transmitting system is the telephone system of the United States.
In this system many functions exist which could benefit from the applications of an optocoupler.
This section will document a few of these applications, although it should be noted that very
detailed knowledge of the particular telephone system and its interaction with the optocoupler
circuit is required to insure proper circuit operation and prevent damage to the phone system.

Ring Detectors — These circuits are designed to detect the 20 Hz, ~ 86V rms ring signal on
telephone lines and initiate action in an electrically isolated circuit. Typical applications would
include automatic answering equipment, interconnect/interface and key systems. The circuits illus-
trated below are “bare bones” circuits designed to illustrate concepts and do not eliminate the
ac/dc ring differentiation, 60 Hz noise rejection, dial tap rejection, etc. effects which must be

75FTR2B684
0.68uF,200v [ __HlAAL
Ve \\
/ <— ®imA
86VRMS | — |
20Hz 1 —
SN _ .7 21
o—AWN—— AN
3.6K 1OM

|
1< ©
|+ F,TAOIGIOSmA

SIMPLE RING DETECTOR CIRCUIT

considered in field application. The first ring detector is the simplest and provides about 1 mA
signal for a 7 mA line loading about 1/10 sec. after the start of the ring signal. The time delay
capacitor provides a degree of dial tap and click suppression, as well as filtering out the zero
crossing of the 20 Hz wave.

This circuit provides the basis for a simple example, a ring extender which will operate lamps
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and buzzers from the 120V, 60 Hz power line while maintaining positive isolation between the
telephone line and the power line. Use of the isolated tab triac simplifies heat sinking by removing
the constraint of isolating the triac heat sink from the chassis.

0.68
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N 7
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|pF <
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Maximum Load: 500 W Lamp or 800 W Inductive or Resistive

REMOTE RING EXTENDER SWITCH

Lower line current loading is required in many ring detector applications. This can be pro-
vided by using the H11BX522 photodarlington optocoupler, which is specified to provide a 1 mA
output from a 0.5 mA input throughout the -25°C to +50°C temperature range. The following
circuit allows ring detection down to 40V RMS ring signal while providing 60 Hz rejection to

0.l
L
o 1<
HIIBXS522
TELEPHONE (4) < |mA
LINE
40VRMS DHD806
20Hz
[
75K 22M

LOW LINE LOADING RING DETECTOR

about 20V RMS. Zero crossing filtering may be accomplished either at the input bridge rectifier
or at the output, similar to the method employed with the H11AA1 illustrated earlier.

Line Current Detection — Detection of line current flow and indicating the flow to an elec-
trically remote point is required in line status monitoring at a variety of points in the telephone
system and auxiliary systems. The line should be minimally unbalanced or loaded by the moni-
tor circuit, and relatively high levels of 60 Hz induced voltages must be ignored. The H11AA1
allows line currents of either polarity to be sensed without discrimination and will ignore noise
up to approximately 2.5 mA.
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In applications where greater noise immunity or a polarity sensitive line current detection is
required, the HI11A10 threshold coupler may be used. This phototransistor coupler is specified to
provide a minimum 10% current transfer ratio at a defined input current while having less than
50 pA leakage at half that input current — over the full -55°C to +100°C temperature range.
The input current at which the coupler is on is programmable by a single resistor from 5 mA to
100 mA. The following circuit illustrates a line current detector which indicates the polarity of
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line currents over 10 mA while ignoring line currents of less than S mA. This circuit will maintain
these margins over a -55°C to +100°C temperature range.

Indicator Lamp Driver — A simple “solid state relay” circuit provides a simple method of
driving the 10V ac telephone indicator lamps from logic circuitry while maintaining complete
isolation between the 10V line and the logic circuit.
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Data Isolator — A high speed data transmission isolator/amplifier can be constructed at reason-
able cost using the 4N35 as the isolated data link. The following circuits provide the data trans-
mission amplifier, the data transmission link, the data receiver amplifier, and bias current feedback
which allows very high speed operation of the coupler. Note that by changing bias resistor values
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Ali Resistors 5% 1/2W. Use High Frequency Wiring Techniques.
1 MHz DATA ISOLATOR AND AMPLIFIER CIRCUIT

to maintain threshold and current levels, power supplies of other than 5V can be used. The push-
pull driver is used on the data transmission isolator in conjunction with the .005 uF capacitor to
allow the rapid injection and removal of the ~ 1/2 nC of charge stored in the IRED per mA for-
ward bias current. As the effect of incomplete removal of this stored charge is a D.C. component
of light output at high frequency, the feedback network sets Iy in the data transmitting isolator
to minimize this D.C. component. Hysteresis in the output amplifier sharpens the rise and fall
times of the output while maintaining pulse width relationships.

Dial Pulse Indicator — A dial pulse indicator senses the switching on and off of the 48V DC
line voltage and transmits the pulses to logic circuitry. A H11A10 threshold coupler, with capacitor
filtering, gives a simple circuit which can provide dial pulse indication and yet reject high levels
of induced 60 Hz noise. The DHD®805 provides reverse bias protection for the LED during trans-
ient over-voltage situations. The capacitive filtering removes less than 10 msec. of the leading
edge of a 40V dial pulse, while providing rejection of up to 25V RMS at 60 Hz.
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D. Power Control Circuits

The evolution of the optoelectronic coupler has made it feasible to design a completely solid
state relay. A solid state relay can perform not only the same functions as the original electro-
mechanical relay, but can also provide solid state reliability, zero voltage switching and, most
importantly, a direct interface between integrated circuit logic and the power line.

1. A.C. Solid State Relays

A zero voltage switching designs AC solid state relay meeting all the above criteria is a com-
bination of four individual functions. It consists first of an input circuit. The input terminals of
this portion of the relay are analogous to the coil of an EMR (electromechanical relay). It is
effectively a resistive network and can be designed to accept a large range of input values. Cir-
cuits are designed to accept either digital or analog signals and to limit input current requirements
so as to provide direct interfacing to logic circuits. The second portion of a solid state relay con-
sists of an isolation function performed by an optocoupler. A coupler provides, by means of a
dielectric medium, an isolation path to transfer the input signal information to a third function;
which is the zero voltage switching network. The ZVS network monitors the line voltage and
controls the fourth (or power) function, selecting the “on’ state or “off” state.

ISOLATION
ZERO
INPUT - POWER ouTPUT
TERMINALS YEREr * 8 < Yoror. | ouTeUT TERMINALS
o— )

-

|-7 "colL" JT‘ "CONTACTS"

SOLID STATE RELAY BLOCK DIAGRAM

A reliable solid state relay design incorporates the correct choice of components and a careful
consideration of the system to be interfaced. There are a variety of circuit configurations which
are possible, each with its own advantages and disadvantages.

Input (Coil) Circuits — The first design consideration is to the relay’s input (or coil) charac-
teristics. It can be a simple current limiting resistor (=330 Q for TTL) in series with a light emit-
ting diode, or it can be as complex as a Schmitt trigger circuit'exhibiting hysteresis characteristics.

The input circuit should be designed around the available input signal. When working with
logic signals, consider the complete capabilities of the gate output. A logic gate can operate in
both the sinking or sourcing mode. Some MOS (or CMOS) circuits supply only about 20 ua, while
TTL gates can offer up to 50 ma in the sink mode and -1.6 ma in the source mode. These currents
are the input available to drive the solid state relay. In most circuits, the relays IRED may require
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0.5 mA to 20 mA of drive current at a minimum voltage of 1.5V (the drop across the diode) in
order to achieve workable output currents in the detector device. The low MOS signals normally
indicate the need to use transistor buffer (or signal amplification) stages in the input circuit.

OPEN COLLECTOR
TTL OR DTL

VCC vl:c

CONNECTION OF TRANSISTOR BUFFERS TO LOGIC CIRCUITS

In general, direct TTL connection to the optocoupler using SSI gates of the 54/74, 54H/74H
and 548/74S logic families, which guarantee Vo (0) (maximum) of 0.4V sinking > 12 mA, is
made with the IRED “on” for a logic zero. For CMOS circuits the logic “1” output is the best
means of operation, using an NPN transistor buffer. The buffer circuit below illustrates the ad-
vantage of the low saturation voltage, high gain, GE transistor D388,
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In the case where analog signals are being used as the logic control, hysteresis, via a Schmitt
trigger input, similar to the one illustrated below, can be used to prevent ‘“chatter’” or half wave.
power output. Circuit operation is straightforward at low input voltages Q, is biased in the off
state. Q, conducts and biases Q3 and, thereby, the IRED, off. When the base of Q; reaches the
biasing voltage of 0.6V-plus the drop across Rp, Q; turns on. Qj is then supplied base drive, and
the solid state relay input will be activated. The combination of Q3 and Q, act as a constant cur-
rent source to the IRED. In order to turn-off Qs base drive must be reduced to pull it out of
saturation. Because Q, is in the off-state as signal is reduced, Q, will now stay “on” to a base
bias voltage lower by the change in drop across Rp. With these values, highest turn-off voltage is
1.0V, while turn “on” will be at less than 4.1V supplied to the circuit.

For AC or bi-polar input signals there are several possible connections. If only positive signals
are to activate the relay, a reverse diode (such as the Al4) can be connected in parallel to pro-
tect the IRED from reverse bias damage, since, in general, its specified peak reverse voltage cap-
ability is on the order of 3 volts. If AC signals are being used, or activation is to be polarity in-
sensitive, a H11AA coupler which contains two LED’s in antiparallel connection can be used.

H11AA1 AC INPUT PHOTON COUPLED ISOLATOR

For higher input voltage designs or for an easy means of converting a DC input relay to AC
a full wave diode bridge can be used to bias the IRED.

Illustrated are two simple circuits providing zero voltage switching. These circuits can be used
with full wave bridges or in antiparallel to provide full wave control and are normally used to
trigger power thyristors. If an input signal is present during the time the AC voltage is between
0 to 7V, the SCR will turn-on. But, if the AC voltage has risen above 5V (7.5V) and the input
signal is then applied, the transistor, Q;, will be biased to the “on” state and will hold the SCR
and, consequently, the relay “off.”
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27K
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NORMALLY OPEN, TWO TERMINAL, ZERO VOLTAGE SWITCHING HALF WAVE CONTACT CIRCUITS
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The SCR coupler circuit can be modified to provide higher sensitivity to input signals as
illustrated below. This allows the lower cost 4N39 (H11C3) to be used with the = 7 mA drive
currents supplied by the illustrated input circuits.

2N3858

82K 3

HIGH SENSITIVITY, NORMALLY OPEN, TWO TERMINAL,
ZERO VOLTAGE SWITCHING, HALF WAVE CONTACT CIRCUIT

A normally closed contact circuit which provides zero voltage switching can also be designed
around the 4N39 SCR opto coupler. The following circuit illustrates the method of modifying
the normally open contact circuit by using the photo SCR to hold off the trigger SCR.
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DT2308B
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NORMAL CLOSED, HALF WAVE ZVS CONTACT CIRCUIT
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Integrated Solid State Relay Designs

A completed zero-voltage switch, solid state relay contains an input circuit, an output circuit,
and the power thyristor. The choice of specific circuits will depend, of course, on the designer’s
immediate needs. The illustrated circuit can incorporate any of the previously described input
and output circuits. It illustrates a triac power thyristor with snubber circuit and GE-MOV®
Varistor transient over-voltage protection. The 22 Q resistor shunts dv/dt currents, passing through
the bridge diode capacitances, from the triac gate, while the 100 Q resistor limits surge and gate
currents to safe levels.
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ZERO VOLTAGE SWITCHING SOLID STATE RELAY

Higher line voltages may be used if the diode, varistor, ZVS and power thyristor ratings are
compatible levels. For applications beyond triac current ratings, antiparallel SCR’s may be trig-
gered by the ZVS network, as illustrated below.
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ZERO VOLTAGE SWITCHING, SOLID STATE RELAY WITH ANTI-PARALLEL SCR OUTPUT

In some circuits driving reactive loads, it is required to have integral cycle, zero voltage switch-
ing, i.e., an identical number of positive and negative half cycles of voltage are applied to the
load during a powered period. The following circuit, although not strictly a relay due to the three
terminal power connection, performs the integral cycle, ZVS, function when interfaced with the
previous coil circuits.
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As an aid in determining the applicability of triacs to various jobs and in selection of the
proper triac, a chart has been prepared giving the characteristics of common incandescent lamp
and motor loads. Both of these loads have high surge currents associated with them, which could
complicate thyristor selection without this chart.

TABLE | — TYPICAL INCANDESCENT IN-RUSH CURRENT RATINGS

AMFES, THEORETICAL HEATING | g GENERAL
WATTAGE | JATE2 | TvPE TATe Hggéfsc%'%n PEﬁﬁé\Nf'ﬁﬂSH {FLTJEEIES To0% it E';.Eﬂﬁl'gm
Nota]| Bane (Amps) /WATT) HaeNS | AVERG. | SELECTION

6 120 |Vacuum 0.050 12.4 0.88 7.4 .04 1500 SC136

25 120 |Vacuum 0.21 13.5 4.05 10.6 .10 1000 SC136
60 120 |Gas Filled | 0.50 13.0 9.70 14.0 .10 1000 SC141/240
100 120 |Gas Filled | 0.83 14.3 17.3 17.5 13 750 SC141/240
100(proj)| 120 |Gas Filled| 0.87 15.5 19.4 19.5 16 s0 | sc141/240
200 120 |Gas Filled| 1.67 16.0 40.5 18.4 22 750 SC146/245
300 120 |Gas Filled | 2.50 15.8 55.0 19.2 BRI 1000 SC146/245
500 120 |Gas Filled| 4.17 16.4 97.0 21.0 .38 1000 SC250/260
1000 120 |Gas Filled| 8.3 16.9 198.0 23.3 .67 1000 SC250/260
1000(proj)| 120 |Gas Filled| 8.7 18.0 221.0 28.0 85 50 | SC250/260

For 240 volt lamps, wattage may be doubled,

TABLE Il — FULL-LOAD MIOTOR-RUNNING AND LOCKED ROTOR CURRENTS
IN AMPERES CORRESPONDING TO VARIOUS AC HORSEPOWER RATINGS

HoRse. |_110 = 120 VOLTS 220 — 240 VOLTS | MTR. LOCK-RTR. CURRENT AMPS. | G.E. TRIAC* SELECTION
Single- | Two- | Three- | Single- | Two- | Three- Single-Phase B E Three Phase

POWER | ofase | Phase | Phase | Phase | Phase | Phase | 110.120 | 220-240| 110120 | 220.240 | 120V 240V
1/10 3.0 — - 1.5 - - 18.0 9.0 - = SC141/240| SC141/240
1/8 3.8 — — 1.9 - — 22.8 11.4 - - SC146/245| SC141/240
1/6 44 — - 22 - - 264 13.2 - - SC146/245| SC141/240
1/4 5.8 - — 2.9 - - 31.8 17.4 - — SC250 SC141/240
1/3 s L 2 3.6 — — 43.2 21.6 - — SC260 SC146/245
1/2 9.8 |4.0 4.0 49 2.0 |20 58.8 20.4 24 12 SC265 SC260

*Assumes over-current protection has been built in to limit the duration of an locked-rotor condition.

Source:

Information for these charts was taken from National Electric Code, 1971 Edition.

INCANDESCENT LAMP AND ELECTRIC MOTOR TRIAC SELECTION CHART
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Other A.C. Relay Designs

When zero voltage switching is not required, the “contact” circuitry can be simplified. Several
methods of providing this function are illustrated in the following diagrams. Note that an SCR
coupler in a bridge, using a high gate resistor, directly across the line voltage, can give commutating
dv/dt and dv/dt triggering problems, which are not evident in the ZVS circuits or at low voltages,
and that not all these circuits are TTL drive compatible at the input.

LOAD
MT-2 W
+ .
FOR 120V LINE > 120VAC
USING SCR COUPLER __Hucr_ |
MT-1

INPUT
CIRCUIT l\

s GATE

>|120V LINE VOLTAGES

INPUT
440VAC USING SCR COUPLER

CIRCUIT |

3
LOAD £0.5,F, 200V
\x <
————0
TRIAC
GE A R
USING
TRANSISTOR 2N4992 DHDBO6 [ :l-'—’\a— i \ INPUT
COUPLER 120VAC @) \ <~ — ¥ ] cReurt
o Y N —— __f
4N35
To.u,uF S
& & A

#0,22uF, 400V FOR 240VAC LINE.  7-5K

NORMALLY OPEN CONTACT RELAY CIRCUITS
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USING A DARLINGTON COUPLER USING A SCR COUPLER

LOAD Ro‘

INPUT 7
CIRCUITS |

120VAC

2N4992
120VAC

O.luF

NORMALLY CLOSED CONTACT RELAY CIRCUITS

If load current requirements are relatively low (i.e., maximum forward RMS current of 500
mA), an AC solid state relay can be constructed quite simply by the connection of two H11C
optically coupled SCR’s in a back-to-back configuration as illustrated.

LOAD
—

o

CONTROL
INPUT

USING TWO PHOTON COUPLERS TO PROVIDE A SIMPLE AC RELAY

In the case where analog signals are being used as the logic control, hysteresis, via a Schmitt
trigger input illustrated on pg. 75, can be used to prevent “chatter” or half wave power out-
put. Circuit operation is straightforward, and will not be described. This basic circuit can be
easily modified to provide the latching relay function as illustrated below. Latching is obtained by
the storage of gate trigger energy from the preceding half cycle in the capacitors. Power must be ’
interrupted for more than one full cycle of the line to insure turn-off.
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27K
230F

[t
—
20mA | SESSNIS ] R e Je

4

/ A
HHC4k T
___________ 240V
60Hz
“““““ LINE
._n‘\-,—.. L

AY|
/
o

27K

RC 2 1073, 2 £ R I oan(rms) < 4

LATCHING A.C. SOLID STATE RELAY

High Voltage AC Switching

A basic circuit to trigger an SCR is shown below. This circuit had the disadvantage that block-
ing voltage of the main SCR cannot be higher than the blocking voltage of the photon coupler
output device.

A RI LOAD
s HIIC
P S ai p:
I
CONTROL - INPUT
SIGNAL : - SCRI VOLTAGE

DERIVING THE ENERGY TO TRIGGER AN SCR FROM ITS ANODE SUPPLY

Adding a capacitor (C;) to the circuit of above, as shown below will reduce the dv/dt seen
by the photon coupler output device and the energy stored in C; when discharged into the gate
of SCR,; will improve the di/dt capability of the main SCR.

" a rz2 CR! og LOAD
HIIC
b e
coNTROL | —
SIGNAL | - INPUT
[ e VOLTAGE

DERIVING THE ENERGY TO TRIGGER
AN SCR FROM ITS ANODE SUPPLY WITH AN ENERGY STORING FEATURE
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The employment of a separate power supply gives added flexibility to the trigger circuit, it
removes the limitation of the blocking voltage capability of the photon coupler output device.
The flexibility adds cost and more than one power supply may be necessary for multiple SCR’s
when no common reference points are available.

. LOAD LOAD
r r
conTROL ! SCRI conTROL |
INPYT INPU
SIGNAL L it SIGNAL :_ VOLTAGE
Photon Coupler With SCR — Output Photon Coupler With Transistor Output
PHOTON COUPLER TRIGGERING MAIN SCRq USING SEPARATE POWER SUPPLY
B
¥
X9 ¢
b Ha
SCRI CONTROL
i vOLTAGE SIGNAL. | X =% |
HiiC I BT e |
rt———- E
CONTROL | — ] Y
SIGNAL | —-
B
G o
Photon Coupler With SCR — Output Photon Coupler With Transistor Output

(connect in place of SCR coupler)
NORMALLY CLOSED CONFIGURATIONS

LOAD
VA —
$RI
G HIIC A R3
PC-I VWA INPUT
T et _L VOLTAGE
TRIGGER | — SRz
INPUT | - kSR s cl
Eodee— L
G = - =

TRIGGERING SCR WITH PHOTON COUPLER AND SUPPLY VOLTAGE DIVIDER
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Note that in this illustration, R; can be connected to Point A which will remove the voltage
from the coupler after SCR; is triggered or to Point B so that the coupler output will always
see the voltage across the load and SCR,. The former is preferred since it decreases the power
dissipation in R;. A more practical form of SCR triggering is shown below. Trigger energy is
obtained from the anode supply and stored in C,. Coupler voltage is limited by the zener diode.

This approach permits switching of higher voltages than the blocking voltage capability of
the output device of the photon coupler. To reduce the power losses in R; and to obtain shorter
time constants for charging C,, the zener diode is used instead of a resistor.

Trigger energy is obtained from anode supply and stored in C,. Coupler voltage is limited by
zener diode. A guide to selecting component values would consist of the following steps:

1) Choose C; in a range of 0.05 to 1 microfarad. The maximum value may be limited by the re-
charging time constant (Ry + R;) C; while the minimum value will be set by the minimum
pulse width required to ensure SCR latching.

2) R, is determined from peak gate current limit (if applicable) and minimum pulse width
requirements.

TRIGGER
INPUT

| INPUT
VOLTAGE
ly cl
CRI T
> 2 o

TRIGGERING SCR WITH PHOTON COUPLER WITH LOW VOLTAGE REFERENCE

3) Select a zener diode. A 25 volt zener is a practical value since this will meet the usual gate
requirement of 20 volts — 20 ohms as well. This will also eliminate spurious triggering due to
voltage transients.

4) Photon coupler triggering is ideal for SCR’s handling inductive loads. By ensuring that the
LASCR latches on, it can supply gate current to SCR; until it stays on. The following table
lists values for R; and R, along with their power dissipation when the SCR is off for differ-

ent values of Igt and applied ac voltage.
5) Component values for dc voltage are easily computed from the following formulae:

R, = Eny — V2 4)
Ig
Where: 'V = zener voltage
Pry =Ic * (Elnv — Vz) (5)
P(zener) = IG . Vz (6)
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Ein(RMS) leT R1 P(r1) R2 P(r2) P(zener)
110/120 50 ma 1200 4.1 1000 3 1.1
100 600 8.3 470 .6 2.2
150 400 12.5 330 .9 34
200 300 16.5 220 G 4.5
300 200 24.8 150 1.8 6.7
220 50 2250 9.2 670 o] 1.1
100 1000 18.4 330 .9 2.2
150 750 28.0 220 1.3 34
200 500 37.0 150 157 4.5
300 350 55.0 125 2.6 6.7
380 50 3500 17.4 560 o 1.1
100 2000 34.8 330 1.0 2.2
150 1200 522 220 1.5 34
200 1000 69.6 150 2.0 4.5
300 600 105.0 100 3.0 6.7
440 50 4250 20.5 560 5 1.1
100 2100 41.0 330 1.0 2
150 1500 62.0 220 1.5 34
200 1000 82.0 150 24 4,5
300 750 125.0 100 3.1 6.7
600 50 5800 29.0 560 1.1 1.1
100 3000 58.0 270 1.6 2.2
150 2000 86.0 200 2.1 3.4
200 1500 115.0 150 2.7 4.5
300 1000 175.0 100 3.2 6.7

COMPONENT VALUES AND POWER DISSIPATION ASSUMING 25V ZENER DIODE, 50/60 Hz AC LINE VOLTAGES

The following circuit utilizes the principle for triggering SCR’s in series connection. A snubber
circuit R2C2 as shown may be necessary as the dimension of Rl and Cl are tailored to obtain
optimized triggering and not for dv/dt protection. Special photon couplers with fiber optics have
to be used to switch thousands of volts.

LOAD

VA o

cz

INPUT
VOLTAGE

TRIGGER
INPUT

Rgi
HIGH VOLTAGE SWITCH
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A photon coupler with transistor output will limit the trigger pulse amplitude and rise time
due to CTR and saturation effects. Using the H11Cl the rise time of the input pulse to the photon
coupler is not critical, and its amplitude is limited only by the H11C1 turn-on sensitivity.

All the applications shown so far had the load connected to the anode, but the load can easily
be connected to the cathode, as illustrated below:

—)
-
INPUT
R‘PIE?'ER : =cl VOLTAGE
8
—_—0

CONNECTION OF LOAD TO CATHODE OF MAIN SCR

Three Phase Circuits

Everything mentioned about single phase relays or single phase switching or triggering with
photon couplers can be applied to three phase systems.

PHASE I I I PHASE I

—0o H

o. TRIAC CONTROL b. SCR CONTROL

Y OR A CONNECTED RESISTIVE OR INDUCTIVE LOAD
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The above illustrates voltage waveform in a three phase system which would appear on the
triac MT-2 terminal before triggering and at the MT-1 terminal after triggering. The use of the
H11C to isolate the trigger circuitry from the power semiconductor will simplify the trigger cir-
cuitry significantly.

Following are three phase switches for low voltage. Higher currents can be obtained by using
the inverse parallel SCR’s which would be triggered as shown. For higher voltages and higher cur-
rents, the circuits of the previous page can be useful in three phase circuits.

To simplify the following schematics and allow easy understanding of the principles involved,
the following schematic substitution is used:

IN THE CIRCUITS BELOW -
]
—"\—
—N—
Hicl BECOMES
—
—\—

PHASE I
Q

RI + R2 RI +
:_ R | |
—_— I —
| - | 9 : —
c| L iicad JCI L

0 H

B/

o s

.

THREE PHASE SWITCH FOR INDUCTIVE LOAD

PHASE I g
Q

RI

: E ;

THREE PHASE SWITCH WITH INVERSE PARALLEL SCR’S FOR INDUCTIVE Y OR A
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Many other A.C. power control circuits are practical and cost effective. The intent of this
section was to stimulate the circuit designer by presenting a variety of circuits featuring opto
control.

2. DC Solid State Relay Circuits

The dc relay built around an optocoupler is neither a relay nor strictly dc. This section
will describe relay function circuits which didn’t fit the ac solid state relay 60 Hz power line
switching function, as well as strictly dc switching.

' Solid State Reed Relay — In process control and instrumentation circuitry it is often necessary
to switch low level signals, of unknown amplitude and polarity, on command of an isolated logic
command. Resistive switching, i.e., minimal contact EMF and resistance, is desired to minimize
changes in the signal caused by the switch. The photo SCR utilized in saturated switching as a
symmetrical photo PNP provides minimal contact EMF (unmeasurable on a 576 curve tracer),
an on to off resistance ratio typically over 10¢, switches in tens of microseconds, carries low
level dc, ac  or combination signals and is drive compatible with integrated circuit logic. Al-
though the limited current transfer ratio of about 1% limits the usefulness to fairly low level

100 T ) | T
TITTIT H“c 1 1
AN TYPICAL ANODE-GATE
AN IMPEDANCE ~ —

VS —
IRED FORWARD CURRENT
N MEASURED AT
N I =lpgx 073

T
11

1
1
I

—

COIL .'/
CURRENT 'l\

CONTACT

FORWARD CURRENT mA
=

lO.! | 10
DYNAMIC RESISTANCE KO

SOLID STATE REED RELAY

signals (see transfer characteristics in Chapter 1), the 400V contact blocking capability, no bounce
and no weld characteristics make it very attractive for acquiring audio signals, thermocouple and
thermistor outputs, monitoring junction drops, strain gage outputs and many other testing and
control functions at electronic speeds.

DC. Latching Relay — The H11C readily supplies the dc latching relay function, reverse
polarity blocking, for currents up to 300 mA (depending on ambient temperature). For dc use,
_the gate cathode resistor may be supplemented by a capacitor to minimize transient and dv/dt
sensitivity. For pulsating dc operation, though, the capacitors value must be designated to either
retrigger the SCR at the application of the next pulse or prevent retriggering at the next power
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pulse. If not, random, or undesired, operation may occur. For higher current contacts, the H11C
may be used to trigger a SCR capable of handling the current, as illustrated below.

CONTACT

———

_L*
7

*SEE TEXT
DC LATCHING RELAY CIRCUIT

+ R
HIICI
ol R g
" w ! — N
coi” i

Rz +
{10}
\ 100
]
"CONTACT" DC
O.uF LINE
i i clzz
27K
—O-— ————O

COIL VOLTAGE 6 12 24 48

120 V

Rl VALUE 470 1.1K 24K 47K 12K
LINE VOLTAGE 12 24 48 120 V
C122 PART U F A B D
R2 VALUE 200 470 1K 22K &

NO HEAT SINK RATINGS AT T < 50°

| CONTACT, MAX. | PULSE WIDTH |DUTY CYCLE
0.67 A D.C. 100%
40 A 160 msec. 12%
80 A 160 msec. 3%
12 A 160 msec. 1%
15 A 160 msec. 0.3%

FOR HEAT SINK RATINGS
SEE Cl22 SPECIFICATION
SHEET NUMBER 150.35 AND
APPLICATION NOTE NUMBER
200.55

HIGHER CURRENT D.C. LATCHING RELAY

Heat sinking on this, and all high current designs, must be designed for the load current and tem-

perature environment.

The phototransistor and photodarlington couplers, of course, act as dc relays in saturated
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switching, at currents to about 5 mA and 50 mA, respectively. This is illustrated by the HI1AS5
application as a high speed synchronous relay in the long range object detector shown earlier in
the chapter. When higher currents or higher voltage capabilities are required, additional devices
are required to buffer or amplify the photocoupler output. The addition of hysteresis to provide
fast switching and stable pick up and drop out points can also be easily implemented at the same
time. Illustrated below are normally open and normally closed examples of these circuits. These

< o o
1)
+ ‘h +
E ::4?]( 0.05
< D34
. D34 $330K |
_@) J3 E J3
- 5 CONTACTS
} CONTACTS 330K D44
J VWA He
A { j D45H2
IOM %) 032§,
2K S4 2
o o
Normally Open Normally Closed

10A, 25V D.C. SOLID STATE RELAYS

circuits provide several approaches to the D.C. relay and are meant to stimulate the creativity of
other circuit designers, as well as serve as practical, cost effective examples.

2t O
+ +
22M2 Clo6D
2.2M2 |
2N4256
D32V3
) ) CONTACTS 55, D32V3 | CONTACTS
] >D44 .
. R8 $z60k | | 8 _4-—T=- = P—6§Z>D44R3
247K i
o <2IK
A A—& o
15K 27TM
Normally Open Normally Closed

0.25A, 300V D.C. SOLID STATE RELAY
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VI. GLOSSARY OF SYMBOLS AND TERMS

Optoelectronics spans the disciplines of electronics, photometry, radiometry and optics with
dashes of physics and statistical analysis. The same word or symbol can have two different mean-
ings, depending on the discipline involved. To simplify use of this glossary, words and symbols
are separately listed, alphabetically; following each is the common discipline of usage and then
the definition, as used in this Handbook.

A. Optoelectronic Symbols

A — electronic — gain of an amplifier.

A — optic — area.

A — reliability — acceleration factor, describes change in a predicted basic phenomena response
due to secondary conditions denoted by subscript.

A — radiometric — Angstrom, a unit of wavelength, equal to 1010 meters.

By, — photometric — luminous intensity of an area light source, usually expressed in candela/unit area.

B, — radiometric  — radiant intensity of an area source, Radiance, usually expressed in Watts/unit
area.

B — electronic — Beta, current gain of a transistor. See hgy.

C — electronic — inter-element capacitance, primarily junction capacitance, of a component.
Terminals indicated by subscripts.

C.T. — photometric — Color Temperature. The temperature of a black body, when its color best ap-
proximates the designated source. Normally used for lamps, and determined
at .45 and .65 microns.

CTR  — electronic — Current Transfer Ratio. The ratio of input current to output current, at a
specified bias, of an optocoupler.

DIP — electronic — Dual In-Line Package. Standard integrated circuit and optocoupler flat package
with two rows of terminals on opposite sides. May be plastic or ceramic bodied.

dif/dt  — electronic — Critical rate-of-rise of current rating of a thyristor. Higher rates may cause
current crowding and device damage.

dv/dt — electronic — Critical rate-of-rise of voltage parameter of a thyristor. Higher rates may cause
device turn-on via junction capacitance charging currents providing gate signal.

E — photometric — Illumination. Luminous flux density incident on a receiver, usually in lumens
per unit of surface.

fl # — optic — Lens parameter. The ratio of focal length to lens diameter.

F — optic — Focal length of a lens or lens system.

F — photometric — Illumination. Total luminous flux incidents on a receiver, normally in lumens.
F=[E- dA.

GaAs — electronic — Gallium Arsenide. The crystalline compound which forms IRED’s when suit-
ably doped.

H — radiometric  — Irradiance. Radiant flux density incident on a receiver, usually in Watts per
unit area.

Hg — radiometric — Effective irradiance. The irradiance perceived by a given receiver, usually in
effective Watts per unit area.

hgg — electronic — Current gain of a transistor biased common emitter. The ratio of collector
current to base current at specified bias conditions.

HTRB — reliability — High temperature reverse bias operating life test.

Ia — electronic — Thyristor or diode anode current, Ity is preferred terminology for thyristors.

Ig — electronic — Transistor base current.

Ic — electronic — Transistor collector current.
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I

IL
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IRED

LASCR
LED

PPS
PRM

PUT
Si

SCR

UCL

uIT

electronic
electronic
electronic

electronic

photometric
radiometric

electronic

photometric
electronic
electronic
electronic

radiometric
optics
physics

photometric

optics
radiometric

radiometric
electronic
electronic
electronic

electronic
electronic
electronic
electronic

electronic
electronic

electronic

reliability

electronics

electronics

Dark current. The leakage current of an unilluminated photodetector.
Transistor emitter current.

Forward bias current, usually of IRED. Subscripts denote measurement or stress
bias condition, if required.

Light current. The current through an illuminated photodetector at specified
bias conditions.

Luminous intensity of a point source of light, normally in candela.

Infrared. Radiation of too great a wavelength to be normally perceived by the
eye. Radiation between 0.78 and 100 microns wavelength.

Infrared emitting diode. A diode which emits infrared radiation when forward
bias current flows through it.

Luminance of an area source of light, usually in lumens per unit area.

Light activated silicon control rectifier.

Light emitting diode.

Predicted failure rate of an electronic component subjected to specified stress
and confidence limit.

Wavelength of radiation.

Magnification of a lens. Ratio of image size to source size.

Meter, international standard unit of length.

Mean spherical candle power. Average luminous power output, of a source,
per sterradian.

Numerical aperature of a lens. n.a. = 2 f/ #.

Conversion efficiency of an electrically powered source. The ratio of radiant
power output to electrical power input.

Power, total flux in Watts.

Power dissipated as heat.

Repetition rate in pulses per second.

Pulse rate modulation, coding an analog signal on a train of pulses by varying
the time between pulses.

Programmable Unijunction Transistor — a thyristor specified to provide the uni-
junction transistor function.

Silicon. The semiconductor material which is selectively doped to make photo-
diodes, phototransistors, photodarlington and photoSCR detectors.

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

Ambient temperature.

Case temperature, the temperature of a specified point on a component.
Junction temperature, the temperature of the chip of a semiconductor device.
This is the factor which determines maximum power dissipation.

Time. Subscripts indicate switching times (d—delay, f—fall, r—rise and s—stor-
age), intervals in reliability prediction (o—operating, x—equivalent operating),
etc.

Upper confidence level. A statistical determination of the confidence of a pre-
diction of the highest level of an occurrence based on the percent of occur-
rences in a quantity from a homogeneous population.

Unijunction transistor. A three terminal, voltage threshold semiconductor de-
vice commonly used for oscillators and time delays.

Voltage. Subscripts indicate the terminals which the voltage is measured across,
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the first subscript commonly denoting the positive terminal.

w — radiometric — Radiant emittance. The flux density, in Watts/unit area, emitted by the sur-

face source.

Optoelectronic Terms

Acceleration Factor — reliability —a factor which describes the change in a predicted phenomena caused

Angstrom Unit
Anode

Bandgap
Base
Beta

Bias
Black Body

Candela
Cathode
Chatter
Collector

Color Temperature

Commutating dv/dt
Coupled dv/dt
Coupler

Critical Angle

Current Transfer
Ratio
Dark Current

Darlington

Detector
Diffraction

Diode

by a secondary effect.
radiometric — 10710 meters, obsolete term used to describe wavelength of radiation.

electronic — the main terminal, of a device, which is normally biased positive. See
cathode.
electronic —the potential difference between the valence and conduction bands.

This determines the forward voltage drop and frequency of light out-
put of a diode.

electronic  — the control terminal of a transistor.

electronic — common emitter current gain of a transistor. Collector current divided
by base current.

electronic  — the electrical conditions of component operation or test.

radiometric —a body which reflects no radiation. Its radiation spectrum is a simple
function of its temperature.

photometric — unit of luminous intensity, defined by 1/60 ¢cm? of a black body at

2042°K.

electronic — the main terminal, of a device, which is normally biased negative. See
anode.

electronic — a rapid, normally undesired, oscillation of relay contacts between the

open and closed state.

electronic —the main terminal of a transistor in which current flow is normally
relatively independent of voltage to the base.

photometric — the temperature of a black body when its color best approximates
the designated source. Normally used for lamps and determined at
.45 and .65 microns.

electronic —a measure of the ability of a triac to block a rapidly rising voltage
immediately after conduction of the opposite polarity.

electronic —a measure of the ability of an opto thyristor coupler to block when
the coupler is subjected to rapidly changing isolation voltage.

electronic — abbreviation for optocoupler.

optics —the largest angle of incidence of light, on the interface of two trans-
mission mediums, that light will be transmitted between the mediums.
Light at greater angles of incidence will be reflected.

electronic —the ratio of output current to input current, at a specified bias, of
an optocoupler.

electronic — Leakage current, usually Icgo, of a photodetector with no incident
light.
electronic — A composite transistor containing two transistors connected to mul-

tiply current gain,
radiometric — A device which changes light energy (radiation) to electrical energy.

optics — The phenomena of light bending at the edge of an obstacle. Demon-
strates wave properties of light.

electronic — A device that normally permits only one direction of current flow.
A P-N junction diode will generate electricity when the junction is
illuminated.
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Doping
Duty Cycle
Efficiency

Effective Irradiance

Emittance
Emitter

Emitter
Epitaxial

f/number
Fiber Optics

Foot Candle
Foot Lambert
Gallium Arsenide
Gate

Hash
Ilumination
Infrared

Interrupter Module

Irradiance
Isolation Voltage
Light

Light current

Lumen
Micron
Modulation

Monochrometer

Monochromatic
Nanometer
Normalized

Optocoupler

Optoisolator

Peak Spectral
Emission

Photoconductor

electronic — The addition of carrier supplying impurities to semiconductor crystals.
electronic — The ratio of on time to period of a pulse train.

electronic — In this handbook, refers to the ratio of output power of a source to
electrical input power.

electronic — Irradiance as perceived by a detector.
radiometric — Power radiated per unit area from a surface.

electronic — Main terminal of a transistor which bias voltage normally has a major
effect on current.

radiometric — A source of radiation.

electronic — Material added to a crystalline structure which has and maintains the
original crystals structure.

optics — Ratio of focal length to lens diameter.

optics — Transparent fibers which transmit light along the fiber’s axis due to

the critical angle at the fiber’s circumference.
photometric — [llumination level of one lumen per square foot.
photometric — Brightness of source of one lumen per square foot.

electronic — A crystalline compound which is doped to form IRED’s.
electronic — Control terminal of an SCR or, a logic function component.
electronic — Random, high frequency noise on a signal or logic line.

photometric — Light level on a unit area.

photometric — Radiation of longer wavelength than normally perceived by the eye,
ie., .78 to 100 microns wavelength.

electronic — Optoelectronic device which detects objects which break the light beam
from an emitter to a detector.

radiometric — Radiated power per unit area incident on a surface, broadband analogy
to illumination.

electronic — The dielectric withstanding voltage capability of an optocoupler under
defined conditions and time.

photometric — Radiation normally perceived by the eye, i.e., .38 to .78 microns wave-
length.

electronic — Current through a photodetector when illuminated under specified bias
conditions.

photometric — Unit of radiant flux through one steradian from a one-candela source.
radiometric — 106 meters,

electronic — The transmission of information by modifying a carrier signal — usually
its amplitude or frequency.

photometric — An instrument which is a source of any specific wavelength of radia-
tion over a specified band.

photometric — Of a single color, wavelength.
radiometric — 10-? meters.

electronic — Presentation of the change in a parameter, due to a test condition
change, made by dividing the final value by the initial value.

electronic — A single component which transmits electrical information, without
electrical connection, between a light source and a light detector.

electronic — Optocoupler.

radiometric — Wavelength of highest intensity of a source.
electronic — A material that’s resistivity is a function of illumination level.
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Photocoupler
Photodarlington
Photodetector

Photodiode
Photon
PhotoSCR
Phototransistor
Photovoltaic Cell
Point Source

Reflector Module
Silicon

Silicon Controlled
Rectifier

Source

Spectral
Distribution

Spectral Sensitivity
Steradian
Synchroneous
Detection
Thermopile
Transistor

Triac

Tungsten

Unijunction
Transistor

Wavelength

Watt
Watt

electronic — Optocoupler.

electronic — Light sensitive darlington connected transistor pair photodetector.

electronic — A device which provides an electrical signal when irradiated by infrared,
light and/or ultraviolet.

electronic  — p-n junction semiconductor diode photodetector.

electronic — Quantum of light from wave theory.

electronic — LASCR.

electronic — A transistor photodetector.

electronic — A photodiode connected to supply ele ctricity, when illuminated.

radiometric — A source with a maximum dimension less than 1 /10 the distance be-
tween source and detector.

electronic — Component containing a source and detector which detects objects
which complete the light path by reflecting the light.

electronic  — Crystalline element which is doped to make photodiode, phototran-
sistor, photodarlington, photoSCR, etc. detectors.

electronic — 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.

radiometric — A device which provides radiant energy.

radiometric — A plot, usually normalized, of source intensity vs. wavelength observed.
radiometric — A plot of detector sensitivity vs. wavelength detected.
radiometric — Unit of solid angle. A sphere contains 47 steradians.

electronic — A technique which detects low level pulses by detecting only signal
changes which occur at the same time as the pulse.

radiometric — A very broadband, heat sensing, radiation detector.

electronic — Three terminal semiconductor device which behaves as a current con-
trolled current source.

electronic — A thyristor which can block or conduct in either polarity. Conduction
is initiated by forward bias of a gate — MTI junction.
radiometric — The element normally used for incandescent lamp filaments.

electronic — A three terminal voltage threshold semiconductor device normally used
for oscillators and time delays.

radiometric —The speed of light divided by the frequency of the electromagnetic
radiation-wave theory of light.

electronic — Unit of power, a volt ampere.

photometric — Unit of power, 685 lumens at 555 microns wavelength,
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INFRARED EMITTERS

MIN. MAX. |[PEAK EMISSION| RISE FALL |MAX.| MAX. Ig
Ge TYPE{PACEl poe | Ve@ |WAVELENGTH| TIME TIME | Pp | CONT.
NO. | —100mA|ig=100mA [TYP. n. METERS |TYP. n. SEC.[TYP. n. SEC| mW | mA
LEDSSC | 103 | S5.4mW 1.7V 940 300 200 1300 | 100
LEDSSB | 103 | 3.5mW 1.7V 940 300 200 1300 | 100
LED56 {103 | 1.5SmW 1.7V 940 300 200 1300 100
LEDSSCF| 103 | S5.4mW 1.7V 940 300 200 1300 | 100
LED5SBF| 103 | 3.5mW 1.7V 940 300 200 1300 | 100
LED56F | 103 | 1.5mW 1.7V 940 300 200 1300 | 100
DETECTORS
PHOTO TRANSISTORS
PAGE | SENSITIVITY (ma/mw/cm?) | BVeeq | BVgco [ Ip (nA)|  SWITCHING TYP. TYP.
SETVIE | “sn MIN. MAX. W) | ) | MAX. [ (uSEC) ] tr (uSEC) | Vee(sam)
L14G1 | 109 6 — 45 45 100 5 5 4
L14G2 | 109 3 - 45 45 100 5 5 4
L1463 | 109 1.2 - 45 45 100 5 5 4
L14H1 | 111 .05 - 60 60 | 100 5 5 4
L14H2 | 111 2 - 30 30 | 100 5 5 4
L14H3 | 111 2 - 60 60 | 100 5 5 4
L14H4 | 111 .05 30 30 100 5 5 4
PHOTO DARLINGTONS
2N5777 | 105 25 — 25 25 100 75 50 8
2N5778 | 105 25 — 40 40 100 75 50 8
2N5779 | 105 1.0 - 25 25 100 75 50 8
2N5780 | 105 1.0 - 40 40 100 75 50 8
L14F1 107 15.0 - 25 25 100 75 50 8
L14F2 | 107 5.0 - 25 25 100 75 50 8
PHOTO SWITCHES
_e SR IRRAD'A(':,,E,E;,L[L ]TRIGGEH %ul_chggEn Ip (nA) MAX. Vr (V)
L8 113 s 42 25-200 10pA 1.4
L9 113 = 10 25-200 10pA 1.4
OPTO COUPLERS
PHOTO TRANSISTOR OUTPUT
ISOLATION CURRENT BVceo TYPICAL
GETYPE | PROC | VOLTAGE (Vi) | TRANSFER 'f,l ;';(” (VOLTS) (uSEC.) V‘ﬁf;“
* MIN. RATIO MIN. ; MIN. Tr Te ;
H11A1 133 | 2500 50% 50 30 2 2 4
H11A2 133 1500 20% 50 30 2 2 4
H11A3 135 | 2500 20% 50 30 2 2 4
H11A4 135 1500 10% 50 30 2 2 4
H11A5 137 1500 30% 100 30 2 2 4
H11A520 | 143 5656 20% 50 30 2 2 4
H11A550 | 143 5656 509 50 30 2 2 4
H11A5100 | 143 5656 100% 50 30 2 2 4
H15A1 175 4000 Vgms 20% 100 30 3 3 4
H15A2 175 | 4000 Vrms 10% 100 30 3 3 4
4N25 119 | 2500 20% 50 30 3 3 i5
an2sA | 119 | 1775 Veus 20% 50 30 3 3 5
4N26 119 1500 20% 50 30 3 3 5
an27 119 1500 10% 50 30 3 3 5
anz8 119 500 10% 50 30 3 3 5
4N35 123 2500 Vams 100% 50 30 5 5 3
4N36 123 1750 Vrums 100% 50 30 5 5 3
4N37 123 | 1050 Vrums 100% 50 30 5 5 3
H74A1 147 1500 100 15

100




PROGRAMMABLE THRESHOLD COUPLER

H11a10 [ 139 [ 1500

10% 50 30 [ 2 | 2 4
AC INPUT COUPLER
H11AA1 149 1500 20% 100 30 2 2 4
H11AA2 149 1500 10% 200 30 2 2 4
HIGH VOLTAGE COUPLER
H11D1 169 2500 20% 100 300 5 5 4
H11D2 169 1500 20% 100 300 5 5 4
H11D3 169 1500 20% 100 200 5 5 4
H11D4 169 1500 10% 100 200 5 5 4
4aN38 127 1500 10% 50 80 5 s 1.0
4N38A 127 1775 Vaus 10% 50 80 5 5 1.0
PHOTO DARLINGTON OUTPUT
H11B1 153 2500 500% 100 25 125 100 1.0
H11B2 153 1500 200% 100 25 125 100 1.0
H11B3 153 1500 100% 100 25 125 100 1.0
H11B255 | 155 1500 100% 100 55 125 100 1.0
H15B1 177 4000 Vaus 400% 100 25 125 100 1.4
H15B2 177 4000 Vrms 200% 100 25 125 100 1.4
4N29 121 2500 100% 100 30 5 40 1.0
4N29A 121 1775 Vrus 100% 100 30 5 40 1.0
4N30 121 1500 100% 100 30 5 40 1.0
4N31 121 1500 50% 100 30 5 40 1.2
4N32 121 2500 500% 100 30 5 100 1.0
4N32A 121 1775 Vrus 500% 100 30 5 100 1.0
4N33 121 1500 500% 100 30 5 100 1.0
PHOTO SCR OUTPUT
PAGE ISOLATION | Ip TRIGGER | ip 100°C BLOCKING TYPICAL
GETYPE | 'wo. [ voLTAGEMIN.| = (MAX) | (MAX.) wa | vOLTAGE (MiN.) | ToN (usec) | VF MAX)
H11C1 159 2500 20mA 50 200 1 1.5
H11Cc2 159 1500 20mA 50 200 1 1.5
H11C3 159 1500 30mA 50 200 1 1.5
H11Cc4 163 2500 20mA 100 400 1 1.5
H11C5 163 1500 20mA 100 400 1 1.5
H11C6 1632 1500 30mA 100 400 1 155
4N39 129 1500 14mA 50 200 1 1.5
4N40 129 1500 14mA 150 400 1 1.5
H74C1 167 1500 200
H74C2 167 1500 400
PHOTON COUPLED INTERRUPTER MODULE
PAGE BVeco TYPICAL Vce(saT)
GE TYPE ey OUTPUT CURRENT Ip (nA) W) [TONGSED Tt GiSES) MAX.
H13A1 171 | Iz =20mA 200uA 100 30 5 5 4
H13A2 171 | If = 20mA S0UA 100 30 5 5 4
H13B1 173 | [F = 20mA 25004A 100 25 150 150 1.2
H13B2 173 | Ir = 20mA 1000HA 100 25 150 150 1.2
MATCHED EMITTER DETECTOR PAIRS
H17A1 179 | I =20mA 50uA 100 30 5 5 .4
H17B1 181 | I =20mA 1000uA 100 25 150 150 1.2
H19A1 183 | [y =20mA 100uA 100 30 5 5 4
H19B1 185 | I =20mA 2000uA 100 25 150 150 1.2
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SAFETY

Optoelectronics may be used in systems in which
personnel or other hazard is involved. All components, including
semiconductor devices, have the potential of failing or de-
grading in ways which could impair the proper operation
of such systems. Well-known circuit techniques are available
to protect against and minimize the effects of such occur-
rences. Examples of these techniques include redundant design,
self-checking systems and other fail-safe techniques. Fault
analysis of any systems relating to safety is recommended.
Potential device reaction to various environmental factors
are discussed in the reliability section of this manual. These
and any other environmental factors should be analyzed in

all circuit designs, particularly in safety related applications.

If the system analysis indicates the need for the

highest degree of reliability in the component used, it is
recommended that General Electric be contacted for a

customized reliability program.

102



SOLID STATE

@IPTOEI

GENERAL @D ELECTRIC

| B

(1117
s

Direct replacement for SSL55B, SSL55C, SSL56, SSL55BF, SSL55CF, SSL56F

Infrared Emitter

i =1 LED55B, LED55C,LED56,LED55BF, LED55CF, LED56F

Gallium Arsenide Infrared~Emitting Diode

The General Electric LED5SB-LED55C-LEDS6 Series are gallium arsenide,
light emitting diodes which emit non-coherent, infrared energy with a peak wave
length of 940 nanometers. They are ideally suited for use with silicon detectors.
The “F” versions of these devices have flat lens caps.

absolute maximum ratings: (25°C unless otherwise specified)

Voltage:

Reverse Voltage Vr 3 volts
Currents:

Forward Current Continuous If 100 mA

Forward Current (pw 1 pusec 200 Hz) Ig 10 A
Dissipations:

Power Dissipation (T, = 25°C)* Py 170 mW

Power Dissipation (T¢ = 25°C)** P 13 w
Temperatures:

Junction Temperature Ty  -65°Cto+150°C

Tsrg -65°C to +150°C

Storage Temperature
10 seconds at 260°C

Lead Soldering Time

*Derate 1.36 mW/°C above 25°C ambient.
*#*Derate 10.4 mW/°C above 25°C case.

electrical characteristics: (25°C unless otherwise specified)

MIN.
Reverse Leakage Current
(Vr =3V) Ir
Forward Voltage
(Iz = 100mA) Vr
optical characteristics: (25°C unless otherwise specified)
Total Power Qutput (note 1)
(Ig = 100mA) s
LEDS5B-LEDSSBF P 3.5
LEDS55C-LEDS5CF 5.4
LED56 -LEDS6F 1.5

Peak Emission Wavelength
(Ir = 100mA)

Spectral Shift with Temperature
Spectral Bandwidth 50%

Rise Time 0-90% of Output

Fall Time 100-10% of Output

Note 1:

i
.oi7 +02

(NOTE 1)

LEDS5B LED55BF
LEDS5C LEDS5CF
LED56 LED56F
230 2
o2 N
i b -ds2
i
255 7
MAX. 155
) MAX
l SEATING ‘&
04084 " PLANE I oaof?
MAX. .5?8_ "*L%‘QESU ﬂ MAX E‘?o
[].IOOE-J_ 0175888 56
ﬂNOMI._._O_BI_ (NOTE 1) 4m 031

1 044
L ¥

G4
ANODE CATHODE

(CONNECTED

TO CASE)

TYP.

940
28
60

300

200

MAX.

10

1.7

Total power output, Pg, is the total power radiated by t}h[ejzadevice into a solid angle of 2 7 steradians.

NOTE 1:
LEAD DIAMETER IS CONTROL:
LED IN THE ZONE BETWEEN
050 AND .250 FROM THE
SEATING PLANE. BETWEEN
.250 AND END OF LEAD A
MAX. OF .02I IS HELD.

UNITS

mW
mW
mW

nm/°C
nm
nsec
nsec



TYPICAL CHARACTERISTICS
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l.lght Detector Ppianar silicon Photo-Darlington Amplifier
= ) =1 2N5777-80

This General Electric Light Sensor Series is an NPN planar silicon photo-darlington amplifier. For
many applications, only the collector and emitter leads are used. A base lead is provided to control
sensitivity and the gain of the device. They are packaged in clear epoxy encapsulant and can be
used in industrial and commercial applications requiring a low-cost, general purpose, photo-
sensitive device.

absolute maximum ratings: (25°C) (unless otherwise specified)
2N5777,79 2N5778, 80

FER

Voltages—Dark Characteristics (L14D1,3) (L14D2,4)
Collector to Emitter Veeo 25 40 Volts
Collector to Base Vego 25 40 Volts T {—
Emitter to Base VEBO 8 12 Volts 2%
Current DIMENSOFS?J \:mgn; o, SEATING i
a JEDEC INE T0-92 . PLAN
Light Current Ip 250 250 mA O oot g ]‘
Dissipation ?.;‘5’:11: ;mh:r:.:?n:“-:;:g 500
Power Dissipation* Pt 200 200 MW Rt et oo e | 1 fecesss
o
Temperature U5 L e i e
Junction Temperature Ty *+——100°C ———= TOLERANCED. o *I
Storage Temperature Tstg <+-65°C to +100°C — I
058
*Derate 2.67mW/°C above 25°C ambient "‘I | 04
electrical characteristics: (25°C) (unless otherwise specified) t i
2N5777,78 2N5779, 80 o
Static Characteristics Min. Max. Min. Max. 205
Light Current (Vg = 5V, H = 2mW/cm? **) I, 0.5 - 2.0 - mA 5 k=
Forward Current Transfer Ratio (Ve =5V,
Ic=2.0mA) hgg 10k - 2.0k -
2N5777,79 2N5778, 80
Min. Max. Min, Max.
Dark Current (Vg =12V, Ig = 0) Ip - 100 — 100 nA
Collector-Emitter Breakdown Voltage
(Ic=10mA,H=0) V(BR)CEO 25 - 40 - Volts
Collector-Base Breakdown Voltage
(Ic =100uA, H=0) V(BR)CBO 25 - 40 - Volts
Emitter-Base Breakdown Voltage
(Ig=100uA,H=0) V{BR)EBO 8 - 12 - Volts
2N5777-80 [— 060
Dynamic Characteristics Min. Typ. Max. *J_.oso —
Switching Speeds (Vcg = 10V, I, = 10mA, I E I_ng
R, =100 ohms, GaAs LED source) i el g
Delay Time tq - 30 100 usec. | :
Rise Time tr - 75 250 usec, THE 0.026" SQUARE PELLET
Storage Time tg _ 0.5 5 psec, IS WITHIN THE SHADED AREA
Fall Time L - 45 150 HSEC.  CENTERED WITHIN A 001s"
Collector-Base Capacitance (Vg = 10V, f = 1MHz) Ceh - 7.6 10 pF :3:::& P THE FELLET
Emitter-Base Capacitance (VEg = 0.5V, f = 1MHz) Cep = 10.5 - pF EIMOREINCHER 8 CE
Collector-Emitter Capacitance (Vecgo = 10V, PELLET LOCATION
f- 1MHz) Ceeo - 34 - pF

**H = Radiation Flux Density. Radiation source is an unfiltered tungsten filament bulb at 2870°K color temperature. 105



I ~WORMALIZED LIGHT CURRENT

I, /1, @ 25°C -RELATIVE LIGHT CURRENT

I - LIGHT CURRENT-mA

TYPICAL ELECTRICAL CHARACTERISTICS
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nght Detector Pianar Silicon Photo-Darlington Amplifier
1 ) =1 L14F1- L14F2

The General Electric L14F1 and L14F2 are supersensitive NPN Planar Silicon
Photodarlington Amplifiers. For many applications, only the collector and
emitter leads are used; however, a base lead is provided to control sensitivity
and the gain of the device. The L14F1 — L14F2 are a TO-18 Style hermeti-
cally sealed packages with lens cap and are designed to be used in opto-
electronic sensing applications requiring very high sensitivity.

absolute maximum ratings: (25°C) ( unless otherwise specified)

VOLTAGES — DARK CHARACTERISTICS

Collector to Emitter Voltage
Collector to Base Voltage
Emitter to Base Voltage

CURRENTS
Light Current

DISSIPATIONS
Power Dissipation (T, = 25°C)*
Power Dissipation (T = 25°C)**

TEMPERATURES
Junction Temperature
Storage Temperature

*Derate 2.4 mW/°C above 252C ambient.
**Derate 4,8 mW/°C above 25 C case.

electrical characteristics:

STATIC CHARACTERISTICS

LIGHT CURRENT
(Vg =5V, Hf =0.2 mW/cm?)
DARK CURRENT
(VCE = Izv) IB = 0)
EMITTER-BASE BREAKDOWN VOLTAGE
(Ig = 100 uA)

Vero 25
Vero 25
Vego 12
I 200
Py 300
Py 600
T; 150
TSTG -65 to 150

volts
volts
volts

mA

mW
mW

&
e

(25°C) (unless otherwise specified)

I
Ip

V(BRr)EBO

COLLECTOR-BASE BREAKDOWN VOLTAGE

(Ic = 100 uA)

V(®r)cBO

COLLECTOR-EMITTER BREAKDOWN VOLTAGE

(Ic = 10 mA)

V(BRr)cEO

SWITCHING CHARACTERISTICS (see Switching Circuit)

SWITCHING SPEEDS

(Vee =10V, Iy =10 mA, Ry, = 100 Q)

DELAY TIME
RISE TIME
STORAGE TIME
FALL TIME

te

NOTE L

LEAD DIAMETER IS CONTROL-
LED IN THE ZONE BETWEEN

S

e

—t

150 AND 250 FROM THE

SEATING PLANE. BETWEEN
250 AND END GF LEAD A MAX,

OF 021 IS HEL

NOTE 2,
LEADS HAVING MAX . HAMETER|

TRUE
RELATIVE TOMAX. WITH TAB,

NOTE 3.

MEASURED FROM MAX,. DiA=-
METER OF THE ACTUAL DEVICE

ALL DIMEN. IN INCHES AND

ARE REFERENCE UNLESS
TOLERANCED.

L14F1 L14F2
MIN. MAX. MIN. MAX.
3 — 1 —
- 100 — 100
12 — 12 -
25 — 25 =
25 — 25 —
— 50 — 50
- 300 — 300
— 10 — 10
- 250 - 250

TH = Radiation Flux Density. Radiation source is an unfiltered tungsten filament bulb at 2870°K color temperature.
a GaAs source of 0.05 mW/cm? is equivalent to this 107

NOTE: The 2870°K radiation is 25% effective on the photodarlington; i.e.,

0.2 mW/cm?2 tungsten source.

20

195
"— =

mA

nA

usec
usec
usec
usec



TYPICAL ELECTRICAL CHARACTERISTICS
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SOLID STATE GENERAL @D ELECTRIC

Light Detector pianar silicon Photo Transistor
] L14G1-L14G2-L14G3

The General Electric L14G1 thru L14G3 are highly sensitive NPN Planar Silicon Photo-
transistors. They are housed in a TO-18 style hermetically sealed package with lens cap.
The L14G series is ideal for use in optoelectronic sensing applications where both high
sensitivity and fast switching speeds are important parameters. Generally only the collector
and emitter leads are used; a base lead is provided, however, to control sensitivity
and gain of the device.

NOTE1 205
absolute maximum ratings: (25°C.unless otherwise specified) LEAD COMIE TER 8 COMENGL: |»7%
150 AND 250 FROM THE

SEATING PLANE. BETWEEN
L250AND END OF LEAD A MAX

Voltages — Dark Characteristics GF 021 Is WELD

NO
Collector to Emitter Voltage Veeo 45 volts [T MEASURED IN GAGING _:E?f
Collector to Base Voltage Veeo 45 volts %?ﬁ%:sc{%&g&gs
Emitter to Base Voltage Vego 5 volts ;’{;’;ﬁéﬁ;ﬁ&?‘ﬁfﬁ%‘_’"
Currents EE?%Q%EFDTTE’ AcTUAL DEvice
Light Current I 50 mA QEE:EE:EEE'S";E?SEEE%’;“
Dissipations iz
Power Dissipation (Tp = 25°C)* Pt 300 mW
Power Dissipation (Tg = 25°C)** Pt 600 mW o o
Temperatures o i i_/“.)\
Junction Temperature T, +150 c
Storage Temperature Tsta — 65to+150 o

*Derate 2.4 mW/°C above 25°C ambient
**Derate 4.8 mW/°C above 25°C case

electrical characteristics: (25°C unless otherwise specified)

L14G1 L14G2 L14G3

STATIC CHARACTERISTICS MIN. MAX. MIN. MAX. MIN. MAX.
Light Current

(Veg = 5V, Ht = 10mW/cm?2) IL 6 3 12 mA
Dark Current

(Ve =10V, H = 0) Ip 100 100 100 nA
Emitter-Base Breakdown Voltage

(Ie = 100uA, Ic = 0, H = 0) V(griEBO 5 5 5 v
Collector-Base Breakdown Voltage

(Ic=100pA, I =0,H=0) V(BF”CBO 45 45 45 v
Collector-Emitter Breakdown Voltage

(Ic=10mA,H=0 V(Briceo 45 45 45 Vv
Saturation Voltage

(Ic = 10mA, Ig = ImA) V cE(sAT) 0.4 0.4 0.4 v
Turn-On Time (Vgg = 10V, I¢=2mA, taii 8 8 8 sec
Turn-Off Time R =10082) toff 7 7 7 psec

TH = Radiation Flux Density, Radiation source is on unfiltered tungsten filament bulb at 28709K color temperature. 109
NOTE: A GaAs source of 3.0 mW/cm2 is approximately equivalent to a tungsten source, at 28709K, of 10 mW/cm2



TYPICAL ELECTRICAL CHARACTERISTICS
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SOLID STATE GENERAL @D ELECTRIC

GIPTOELECTRONICS

nght Detector Ppianar silicon Photo Transistor
= L14 H1-4

The General Electric Light Sensor Series are NPN Planar Silicon Phototransistors in a clear
epoxy TO-92 package. They can be used in industrial and commercial applications requiring a
low cost, general purpose, photosensitive device. Generally only the collector and emitter leads
are used; a base lead is provided, however, to control sensitivity and gain of the device.

L

abSOI ute maXi mum rati ngS: (250(:) (unless otherwise specified)

Voltages — Dark Characteristics L14H2, H4 L14H1, H3
Collector to Emitter Voltage Vego 30V 60V volts o o -
Collector to Base Voltage Vero 30V 60V volts sm,m"in i
Emitter to Base Voltage VEBO 5 volts s o ] a2
JEDEC OUTLINE TO-92 | r,L.-
Currents ?::tfei‘l!eeLi:\u?n:i::r::I;'nl:o_qn e :-gj_: ;':f,f;%
Light Current I 100 mA GoLiEEn, | o | [
Dissipations %Ei%%fﬁcgﬂmﬁ o ] _1 _,:-ZEE J___
Power Dissipation (T, =25°C)* Py 200 mW Yl il o . | f”_.l_ﬁg_:_
Temperatures T I EC A % [
Junction Temperature Ty 100 °C ) o e S
Storage Temperature Tsrg —65 to 100 *e = i e s 48 «iiggo.ﬂ
CENTERED WITHIN A 0,020 L2085
*Derate 2.67 mW/°C above 25°C ambient EE..KEE:::;::“ iy R
PELLET LOCATION
electrical characteristics: (259C) (untess otherwise specified)
STATIC CHARACTERSITICS L14H1 L14H2 L14H3 L14H4
Light Current . Min. Max. Min. Max. Min. Max. Min. Max. Units
(Veg = 5V, Hf = 10mW/cm?) I 3 2.0 2.0 .5 mA
Dark Current
(Ve =10V, H=0,I3 =0) Ip 100 100 100 100 nA
Emitter-Base Breakdown Voltage
(IE = lDD,U.A, ].C = 0, H= 0) V(BR)EBO 5 5 5 5 volts
Collector-Base Breakdown Voltage
(Ic = 100pA, Iz =0,H=~0) Verycso 60 30 60 30 volts
Collector-Emitter Breakdown Voltage
(Ic=10mA,H=~0) Vr)ceo 60 30 60 30 volts
( Pulse Width=<300usec, Duty cycle<1%)
Saturation Voltage
(Ic = 10mA, Iy = ImA) VeEsAT) 0.4 0.4 0.4 0.4 volts
Switching Speeds
(Vg =30V, I =800 uA, Ry = 1kQ)**
On Time (t4 +t,) ton 8 8 8 8 pusec
Off Time (t, +t,) tosr 7 7 7 7 usec

TH = Radiation Flux Density. Radiation source is an unfiltered tungsten filament bulb at 2870°K color temperature.
**Radiant source is a gallium arsenide light emitting diode. 111



I - NORMALIZED LIGHT CURRENT

TYPICAL ELECTRICAL CHARACTERISTICS
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7. RELATIVE RESPONSE VS. INCIDENT ANGLE



SOLID STATE GENERAL &) ELECTRIC

@PTO

SCR 1L8.9 L811,L911 [Diamond Base*)

The L8, L9 Light Activated SCR’s are basically Silicon Controlled Rectifiers with incident light taking the
place of (or adding to) an electrical gate current. Thus it is a photo-operated device that is truly a switch.
It features optional gate triggering inputs; i.e., from either an isolated light source or direct electrical
supply. The former trigger technique offers a range of light trigger intensity with varying gate bias. The L8,
L9 is expected to be particularly useful in such applications as:

e Optical logic control e Sorting o Explosion proff isolated switches ¢ Meter Relays
= Counting ¢ Precision Indexing e Static Relays
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COMFORMS 10 JEOEC T0-3 OUTLING CAAMOND BASE §TANDARD BOUNTING DIAMOND BASE INSULATED MOUNTING
Peak Forward Blocking Vbhago, Working and Repetitive Peak Mon-Repetitive Peak Reverse
Typest Vrxu. T = —65°Cto +100°C Reverse Voltage, Yaou (wxp and Voltage, Yrou men-rem (< 5
Rox = 56,000 Ohms Maximum Vxox P ¥; = —65°C to --100°C Millisec.) T; = —65°C to 4-100°C
e
L8U, L9U 25 Volts 25 Volts 40 Volts
L8F, L9F 50 Volts 50 Volts 75 Volts
L8A, L9A 100 Volts 100 Volts 150 Volts
L8G, L9G 150 Volts 150 Volts 225 Volts
L8B, L9B 200 Volts 200 Volts 300 Volts

+When ordering the Diamond Base versions, be sure to include the proper voltage letter symbol. For example: The
25 volt, Diamond Base version of the L8U is type number L811U.

Peak Forward Voltage, PFV 300 Volts
RMS Forward Current, On-state 1.6 Amperes
Average Forward Current, On-state __Depends on conduction
angle (see charts 11, 12, 15, & 16)
Peak One Cycle Surge Forward Current (Non-repetitive), Igy (surge)___ 15 Amperes
12t (for fusing) 0.5 Ampere® seconds
(for times < 1.5 milliseconds)
Peak Forward Gate Power Dissipation, Pgy 0.1 Watt
Average Forward Gate Power Dissipation, P; (AV) 0.01 Watt
Peak Gate Voltage, Forward & Reverse, Viry & Very 6 Volts
Storage Temperature, T, —65°C to +150°C
Operating Temperature —65°C to +100°C
Peak Non-recurrent Surge Forward Current During Turn-on Time Interval
(Current Rise Time < 5 Microseconds) 40 Amperes

*The L811 and LP11 series are identical to the L8 and L9 respectively except that they are soldered to a diamond base heat sink. See charts 14, 15, & 16
for Transient Thermal Resistance and Current Curves, and Page 4 for Outline Druwing|.1]3



L8,9

L811,L911(Diamond Base*)

CHARACTERISTICS
Test Symbel Min. Typ. Max, Units Test Conditions
Forward Breakover Voltage | Vian rx Volts T; = —65°C to +100°C
L8U, LU 25 _ | — Rux = 56,000 Ohms
L8F, LO9F 50 —_— | — Sinusoidal Waveform, 60 CPS.
L8A, L9A 100 | — | — H, <0.02 MW/CM* for L9 types
L8G, L9G 150 | — | —— H. <0.08 MW/CM? for L8 types
L8B, L9B 200 | — | —
Forward Bloeking Current Tex — | 20 10 uamperes Vex = Rated Vrxy, Rax = 56,000 Ohms
T:=+425"C,H, <0.02 or 0.08 MW /CM*
- 40 100 pamperes Vex= Rated Vixu, Rox = 56,000 Ohms
Ts=+4100°C, H. <0.02 or 0.08 MW /CM?*
Reverse Blocking Current Inx —_— 2.0 10 pamperes Vux = Rated Vsaoucres, Rox = 56,000 Ohms
T:=+425°C, H. <0.02 or 0.08 MW /CM?
— | 40 100 pamperes Vix = Rated Vaourepy, Rox = 56,000 Ohms
T;=+4100°C, H, <0.02 or 0.08 MW /CM?*
Gate Supply Trigger Tas —_— 20 220 pamperes Vex = 6 Vde, Rex = 56,000 Ohms,
Current R, =100 Ohms, T; = +25°C,H. =0
— | 10 150 pamperes Vex =6 Vde, Rax = 56,000 Ohms,
R. =100 Ohms, T; = +100°C, H, = 0
—_— 30 370 uamperes Vrx =6 Vde, Rex = 56,000 Ohms,
Ri =100 Ohms, T; = —65°C,H. = 0
Gate Trigger Voltage Vor 03 | 05 0.8 Vde Vex = 6 Vde, Rox = 56,000 Ohms,
R. =100 Ohms, T; = +4+25°C,H. = 0
— | 0.2 0.6 Vde Vex =6 Vde, Rex = 56,000 Ohms,
Ri =100 Ohms, T, = +100°C, H. = 0
— | 0.7 1.0 Vde Vex = 6 Vdc, Rex = 56,000 Ohms,
Ri. =100 Ohms, T; = —65°C,H. = 0
0.05 0.15 —_— Vde Vex = Rated Vqu, R::x —— 56,000 Ohms,
R, =100 Ohms, T; = +100°C,H, =0
Peak On-Voltage Veu — | 1.2 1.4 Volts T: = +25°C, Iru = 1 ampere
Single half sine wave pulse,
2.0 milliseconds wide.
Holding Current Tux 20 75 560 pamperes Ty=+425°C, Vex=5 Vde, H. = 0
Rux = 56,000 Ohms
10 40 450 pamperes Ti=+4100°C, Vex =5 Vde, H. = 0
Rux = 56,000 Ohms
30 180 750 uamperes T:i=—65°C,Vex =5 Vde,H. =0
Rex = 56,000 Ohms
Effective Irradiance Her Milliwatts/CM? | Vix =6 Vde, Ry, =100 Ohms
to Trigger Rex = 56,000 Ohms. Light Source
Perpendicular to Plane of Header.
L8 0.68 | 5.0 10.0 Ti=425°C
L9 0.68 | 2.0 4.2
L8 0.156 | 2.0 6.0 Ty =+4100°C
L9 0.15 | 0.7 2.5
L8 0.9 | 15.0 50.0 T;=—65°C
L9 0.9 4.0 20.0
L8 0.02 | — | — T:=+100°C, Rok = 56,000 Ohms,
L9 002 | — | — Vix = Rated Veyxy, R =500 Ohms,
Light Source Perpendicular to
Plane of Header.
Rate of Rise of Applied dv/dt Volts/usec T; = +100°C, Rex = 56,000 Ohms
Forward Voltage
L8U, LSU 0.01 | 0.02 _— Vexu = 25 Volts
L8F, L9F 0.02 | 0.04 —_— Vexu =50 Volts
L8A, L9A 0.05 | 0.07 — Vexs = 100 Volts
L8G, LG 0.07 | 0.10 _— Vexu = 150 Volts
L8B, L9B 0.09 | 0.12 R — Vexu = 200 Volts
Delay Time ta — |[1to100| — uSec See Application Note 200.34
Rise Time t, —— | 0.8 —_— usec T:=+25°C, Ir = 1.0 Ampere,
er — Rated v:’xu
Circuit-Commutated ture — 40 PR usec Ti=+4100°C, Irx = 1.0 Ampere,

Turn—off Time

Ir (recovery) = 1.0 Ampere,

Reapplied Vexu—=Rated Vexu,
Rate of Rise of Reapplied.

Vexw = 20 Volts Per usec,

Ruk =100 Ohms, H.=0
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SYMBOLS AND DEFINITION OF TERMS

Symbol Definition

Vinn) Fx— Forward Breakover Voltage, Gate Terminal Returned to the Cathode Terminal Threugh An Impedancs aond/or Bias Volage, The
forward breakover voltage is the maximum positive voltage from anode-to-cathode for which the small-signal
resistance is zero.

Vexst—— Peak Forward Blocking Voltage Rating, Gate Terminal Returned to the Cathods Terminal Tk gh An Imped and/or Bias
Voltage. The peak forward blocking voltage rating is the maximum allowable instantaneous value of forward
blocking voltage including transient voltages which will not switch the SCR to the on-state.

v?!ﬂ! Peak Forward Blocking Veoltage, Gate Terminal Returned to the Cathode Terminal Through An Impedance and/or Bios Vohage. The
peak forward blocking voltage is the peak forward voltage when the SCR is in tge off-state.

Vix DC Forward Blocking Voltage, Gote Terminal Returned to the Cathode Terminal Through An Impedance and/or Bios Voltage. The
DC forward b]ocfcing voltage is the DC forward voltage when the SCR is in the off-state.

Vi Poak On-Voltage. The peak on-voltage is the peak forward voltage for a stated forward current when the SCR

is in the on-state.

DC Reverse Blocking Curreat, Gate Terminal Returned to the Cathode Terminal Through An Impedance and/or Bias Voltage. The

DC reverse blocking current is the DC current through the collector junction when the SCR is in the reverse

blocking state for a statéd amode-to-cathode voltage.

Viou (wkg) Working Peak Reverss Voltage Rating, Gate Open, The working peak reverse voltage rating is the maximum allowable
instantaneous value of the reverse voltage, excluding all repetitive and non-repetitive transient voltages which
ocecur across the SCR.

Vi (rep) Repotitive Peck Reverse Voltage Rating, Gate Open, The repetitive peak reverse voltage rating is the maximum allow-
able instantaneous value of the reverse voltage, including all repetitive transient voltages, but excluding all
non-repetitive transient voltages, which occur across the SCR.

PFV. Peak Forward Veltage Rating. The peak forward voltage rating is the maximum allowable instantaneous value of
forward voltage which may be applied anode-to-cathode. It may cause switching to the on-state. If switching
occurs at a voltage lower than the PFV value, no damage to the device will result. If the PFV value is exceeded,
and if switching occurs, the device may be permanently damaged.

'!tx

Iy (recovery) Peak Reverse Recovery Current, The peak reverse recovery current is the peak reverse current obtained when instan-
taneously switching from a forward current condition to a reverse voltage in a given circuit.
lpx— DC Forward Blocking Current, Gate Terminal Returned to the Cathode Terminal Through An Impedance and/or Bias Veoltage, The

DC forward blocking current is the DC current through the collector junction when the SCR is in the off-state
for a stated anode-to-cathode voltage.

lpsg— Peak Forward Current, On-State, The peak forward current is the peak current through the collector junction for
a positive anode-to-cathode voltage.
litx———__ Holding Current. Gate Terminal Returned to the Cathode Terminal Through An Impedance and/or Bims Valtage. The holding

current is the minimum current through the collector junction required to maintain the SCR in the on-state
for stated conditions and load.

Poyv— Peck Gate Power Dissipation Rating. The peak gate power dissipation rating is the maximum allowable instantaneous
value of gate power dissipation between gate and cathode.

t,. Pulse Rise Time. The rise time of a pulse is the time interval durirg which the amplitude of its leading edge is
increasing from 10 to 90 percent of the maximum amplitude.

Vot Circuit-C tated Turn-Off Time. The circuit-commutated turn-off time is the time interval between the time when
the forward current decreases to zero and the time when the device voltage reaches zero and is rising to a stated
value of forward blocking voltage at a stated rate of rise without turning on during switching in the external
anode circuit from the on-state to the off-state under stated conditions.

T,,u Storoge Temperature.

T; Junction Temperature.

RL Load R

Rok Gate-To-Cathode Resistance. External resistance connected between gate and cathode leads,

Ie Forward Current, On State. The forward current is the current through the collector junction for a positive anode-
to-cathode voltage.

gy (surge) Peak R gular Surge Forward Current, On State. The peak rectangular surge forward current is the maximum
forward current of 5 milliseconds duration in a resistive load system. The surge may be preceded and followed
by maximum rated voltage, current, and junction temperature conditions, and maximum allowable gate power
may be concurrently dissipated.

Vix——  DC Reverss Voltage, Gate Terminal Returned to the Cathode Terminal Through An Impedance and/er Bias Voltage. The DC
reverse voltage is the DC negative anode-to-cathode voltage.

dv/dt________ Rate of Rise of Applied Forward Voltage, As specified for the SCR, this value will not trigger the SCR below rated
voltage under stated conditions. This rate of rise is defined as the slope of a straight line starting at zero
anode voltage and extending through the one time constant (r) point on an exponentially rising voltage.

__ 0.632 x rated voltage
dv/dt
It 1 d ¢+ Rating, This is the maximum allowable forward non-recurring overcurrent capability for pulse dura-

q
tions of greater than 1.5 milliseconds. I is in RMS amperes, and t is pulse duration in seconds. The same
conditions as listed above for Irw (surge) apply.

Vion {ﬂon-l'ep)_ﬂun-ﬂopeﬁﬁvt Peak Reverse Voltage Rating, Gate Open. The non-repetitive peak reverse voltage rating is the maximum
allowable instantaneous value of the reverse voltage, including all non-repetitive transient voltages, but excluding
all repetitive transient voltages, which occur across the SCR.

Viis——— . Peak Reverse Gate Voltage Rating. The peak reverse gate voltage rating is the maximum allowable peak voltage
between the gate terminal and the cathode terminal when the junection between the gate region and the adjacent
cathode region is reverse biased.

Viepy— Peok Forward Gate Voltoge Rating. The peak forward gate voltage rating is the maximum allowable peak voltage
between the gate terminal and the cathode terminal resulting from the flow of forward gate current.

Vor— Gate Trigger Voltage, DC. The DC gate trigger voltage is the DC voltage between the gate and the cathode required
to produce the ]gC gate trigger current.

lgr——— Gate Trigger Current, DC, The DC gate trigger current is the minimum DC gate current required to cause switching
from the off-state to the on-state for a stated anode-to-cathode voltage.

lys——— Gate Supply Current te Trigger, DC. The gate supply current to trigger is the sum of the gate trigger current (Isr)
and the external gate-to-cathode shunt resistor current which the gate supply must supply to trigger the SCR.

PG avi— Average Gate Power Dissipation Rating. The average gate power dissipation rating is the maximum allowable gate
power dissipation, averaged over a full cycle, between gate and cathode.

ti——_ Pulse Delay Time. The delay time of a pulse is the time interval from a point at which the leading edge of the

input pulse has risen to 10 percent of its maximum amplitude to a point at which the leading edge of the
output pulse has risen to 10 percent of its maximum amplitude.

Hy Effective Irradiance. The amount of incident radiant flux density which has an effect on the device. This is the
integral of the product of the spectral response curve of the cell and the spectral distribution of the energy
source, expressed in watts per square centimeter.

Hpp Effective Irradiance to Trigger. The amount of incident radiant flux density which is effective in causing the device
to switch to the conducting state. This is the integral of the product of the spectral response, curve of the
cell and the spectral distribution of the energy source, expressed in watts per square centimeter, which causes
the device to switch.

Yy Relative Responce: The ratio of the response of the device at any one wavelength to the maximum response.




SOLID STATE GENERAL @B ELECTRIC

Photon Coupled Isolator 4N25-4N25A- 4N26-4N27-4N28

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor .

NO"E‘ SYMBOL MIN‘T:‘NQX r‘:‘.h‘:.?z':i: NOTES
s ¥ J—— A 330| 350838 B89
The General Electric 4N25-4N26-4N27-4N28 consist of a « ";'"TLT 8 200 550 %% [esa| 3
gallium arsenide infrared emitting diode coupled with a sili- T~ f] ¢ | rorviews N 3;3 08 5§°a° a
. . . . F Lap| 07QLO1 [1L78
con photo transistor in a dual in-line package. . ' a e o 059 Iidezs fevs |
o | ﬁm'\’ LR B + | o8| oi2] 203| 05
4 |’_ _‘{ !\._ I_-_ X oo ie 254 4 3
: . R T e R
FEATURES: — nofors) Claem| o s
. o | i | A |.100| 185254 | 470
o Fast switching speeds ! yo° iﬁﬂ"'ﬁ T _ m’és 223 zeolsi7i |72
NI
e High DC current transfer ratio 2 b e o oo Sefora 1o
. " . . . I=rm1l|o|l
e High isolation resistance S "‘j ” 2 Inold ositon ead caers.
e 2500 volts isolation voltage L—-4 & s mevurameni o mate s et
e I/O compatible with integrated circuits Sufcalfaces

1 Parameters are JEDEC registered values.

absolute maximum ratlngs (25°C) (unless otherwise specified)
+Storage Temperature -55 to 150°C. Operating Temperature -55 to 100°C. Lead Soldering Time (at 260°C) 10 seconds.

INFRARED EMITTING DIODE PHOTO-TRANSISTOR
+ Power Dissipation *]150 milliwatts +Power Dissipation #*%150 milliwatts
+Forward Current (Continuous) 80 milliamps tVero 30 volts
+Forward Current (Peak) 3 ampere +Vero 70 volts
(Pulse width 300 usec 2% duty cycle) +VEeco 7 volts
tReverse Voltage 3 wvolts Collector Current (Continuous) 100 milliamps
*Derate 2.0mW/°C above 25 °C ambient. **Derate 2.0mW/°C above 25°C ambient.
tTotal device dissipation @ 24-25°C. Pp 250mW. +Derate 3.3 mW/°C above 25 °C ambient.
individual electrical characteristics (25°C)
INFRARED EMITTING TYP. | MAX. UNITS PHOTO-TRANSISTOR MIN. | TYP. | MAX, UNITS
DIODE
tForward Voltage 1.1 | 1.5 | volts tBreakdown Voltage — V(pryceo 30 | - — | volts
(IF =10 mA) (IC = lmA, IF = 0)
tBreakdown Voltage — V(gr)cBo 70 | — — | volts
(Ic = 100uA, Iz = O)
FReverse Current — | 100 | microamps || {Breakdown Voltage — V(gr)Eco T |+ — | volts
(Vg =3V) (Ig = 100uA,Ig =0
tCollector Dark Current Icpo 4N2527| — | S 50 | nanoamps
(Veg =10V, 1 =0) 4N28| — | — 100 | nanoamps
Capacitance 50 - picofarads || T Collector Dark Current — Icpo - |12 20 | nanoamps
V=0,=1MHz (Veg =10V, I =0)
coupled electrical characteristics (25°C)
MIN. | TYP. | MAX. UNITS
+DC Current Transfer Ratio (Ip = 10mA, Vog = 10V)  4N25, 4N25A, 4N26 | 20 —_ _ %
4N27, 4N28 10 = 2 %,
+Saturation Voltage — Collector — Emitter (I = 50mA, = 0.1 0.5 | volts
Ic =2 mA) @
Resistance — IRED to Photo-Transistor (@ 500 volts) = 100 - gigaohms
Capacitance — IRED to Photo-Transistor (@ 0 volts, f =1 MHz) - 1 - picofarad
tIsolation Voltage — voltage @ 60 Hz with the input 4N25 (2500 = = volts (peak)
terminals (diode) shorted together and the output 4N26, 4N27 | 1500 | — — volts (peak)
terminals (transistor) shorted together. 4N28 | 500 - - volts (peak)
) _ 4N25A 1775 | - ~ | volts (RMS) (1 sec.)
RISB‘I{F&H Time (VCE = IOV, ICE e 2mA, R]'__ = 1009) - 2 — microseconds
Rise/Fall Time (Vep = 10V, Icp = 50uA, R =1009) 118 — 300 | — | nanoseconds
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SOLID STATE GENERAL @B ELECTRIC

@IPTQELECTR

Photon Coupled Isolator 4N29-4N29A-4N30-4N31
4N32-4N32A-4N33

_Sr

=

Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier A s — T TR
i NOTE 1 @J‘y‘goi g_usx MYy ]| Max, | NOTES
. = s a 490838 B89
The General Electric 4N29 thru 4N33 consist of a gallium = | T i R el o
arsenide infrared emitting diode coupled with a silicon photo- T ‘ Ll B 'E :;Z Eé‘é :“ 553‘59 i
darlington amplifier in a dual in-line package. "4 | | Aot 1 A B - el -
FEATURES: T e Tk Rl B
’ ~Anle el o e Wt o (ol B
. . S T P 375 9.53
° ngh DC C'l:u'rent FraIleel' ratio R seming Fib m _l_ 1y 199 flz%gjgg? ,470
e High isolation resistance (0 —0 & PLAtE T'_ T ———
® 2500 VO]tS iSOl&tiOn VOltage 223 P —t— 8 |.'._ iln::“?:‘i‘:lnruion-nmaunnmmnaiamv [
e I/O compatible with integrated circuits LN r o E‘L“.‘!?E.‘ﬁi?f&!li&ﬁ’.fmf >
o j 4 Thete measuremants ore made from the spat=
tParameters are JEDEC registered values. ? L g b

absolute maximum ratings: (25°C) (unless otherwise specified)
+Storage Temperature -55 to 150°C. Operating Temperature -55 to 100°C. Lead Soldering Time (at 260°C) 10 seconds.

INFRARED EMITTING DIODE PHOTO-DARLINGTON
tPower Dissipation *150 milliwatts tPower Dissipation *¥%150 milliwatts
fForward Current (Continuous) 80 milliamps tVero 30 volts
fForward Current (Peak) 3 ampere tVeso 30  volts
(Pulse width 300usec, 2% duty cycle) tVeco 5  volts
¥ Reverse Voltage 3 volts Collector Current (Continuous) 100 milliamps
#Derate 2.0mW/°C above 25°C ambient. *#*Derate 2.0mW/°C above 25°C ambient.
tTotal device dissipation @ Tp = 25°C. Pp 250 mW. tDerate 3.3 mW/°C above 25°C ambient.
individual electrical characteristics (25°C)
INFRARED EMITTING  |TYP.|MAX.| UNITS PHOTO-DARLINGTON MIN.| TYP.| MAX.| UNITS
DIODE
fForward Voltage 1.2 | 1.5 | volts tBreakdown Voltage — V(grycro 30 | - — volts
(Ig = 10mA) (Ic = 100uA, Ig =0)
TBreakdown Voltage — V(grycEo 30 | - - volts
T Reverse Current — | 100 | microamps| (Ic=1mA,Ig=0
(Vp =3V) f Breakdown Voltage — V(BR)ECO 5 - — volts
(Ig = 100uA, Ig = O
Capacitance 50 — picofarads || T Collector Dark Current — Iggg - — | 100 |nanoamps
V=0,f=1MHz (Veg = 10V, Ig = 0)
coupled electrical characteristics (25°C)
MIN. | TYP. | MAX. UNITS
FCollector Qutput Current (Ig = 10mA, Vg = 10V) 4N32, 4N32A, 4N33 50 - - mA
4N29, 4N29A,4N30 | 10 | — - | ma
4N31 5 - = mA
fSaturation Voltage — Collector — Emitter 4N29,29A.,30,32,32A,33 - — 1.0 | volts
(Ip = 8mA, Ic = 2mA) 4N31 - - 1.2 | volts
Resistance — IRED to Photo-Transistor (@ 500 volts) - 100 - gigaohms
Capacitance — IRED to Photo-Transistor (@ O volts, f = 1 MHz) - 1 - picofarad
TIsolation Voltage 60 Hz with the input terminals (diode) 4N29,29A,32,32A |2500 | — - volts (peak)
shorted together and the output terminals (transistor) 4N30,4N31,4N33 | 1500 | - — volts (peak)
shorted together 4N29A, 4N32A 1775 | — — volts (RMS) (1 sec.)
+Switching Speeds: I =50mA, Ig =200mA) Figure 1
Turn-On Time — tg, - - ] microseconds
Turn-Off Time — to5 4N29, 4N29A, 4N30, 4N31 — - 40 microseconds
Turn-Off Time — togf 4N3122.‘-|’-1N32A, 4N33 - - 100 | microseconds
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Photon Coupled Isolator 4N35-4N36-4N37

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

The General Electric 4N35-4N36-4N37 are gallium arsenide
infrared emitting diodes coupled with a silicon photo-transis-
tor in a dual in-line package.
FEATURES:
@ Fast switching speeds
High DC current transfer ratio
High isolation resistance
High isolation voltage
1/0 compatible with integrated circuits
Covered under U.L. component recognition program, reference file ES1868

absolute maximum ratings: (25°C) (unless otherwise specified)

INFRARED EMITTING DIODE
* Power Dissipation TA =25°C w100 milliwatts
* Power Dissipation Te=25"C w100 milliwatts
(Tc indicates collector lead temperature 1/ 32" from case)
# Forward Current (Continuous) 60 milliamps
* Forward Current (Peak) 3 ampere
(Pulse width 1 usec, 300 pps)
* Reverse Voltage 6 volts
Y*Derate 1.33mW/°C above 25°C
PHOTO-TRANSISTOR
* Power Dissipation Tp =25°C w300 milliwatts
# Power Dissipation T =25°C w500 milliwatts
(Tg indicates collector lead temperature 1;’32" from case)
* VCEO 30 volts
* VCRO 70 volts
*= VECO 7 volts
# Collector Current (Continuous) 100 milliamps
¥¥Derate 4.0mW/°C above 25°C
“itDerate 6. 7mW/°C above 25°C
TOTAL DEVICE
* Storage Temperature -55 to 150°C
#= Operating Temperature -55 to 100°C.
# Lead Soldering Time (at 260°C) 10 seconds.
* Relative Humidity 85%@85°C
* Input to Output Isolation Voltage
4N35 2500 V{RMS) 3550 V (peak)
4N36 1750 Vgus) 2500 V (peak)
4N37 1050 Vgus) 1500 V (peak)
* Indicates JEDEC registered values 123
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individual electrical characteristics (25°C) (unless otherwise specified)

INFRARED EMITTING[ symgoL | MIN. | MAX. | UNITS |PHOTO-TRANSISTOR symBoL |miN. [ TYP. | mAX.| uNITS
* Forward Voltage VE .8 1.5 volts * Breakdown Voltage V(BR) CEO 30 = - volts
(I =10 mA) (Ic=10mA,Ip=0)
* Forward Voltage VE .9 1.7 volts * Breakdown Voltage V(BR) CBO 70 = = volts
(Ip=10mA) (Ic=100uA, Ip = 0)
= _££0
Tp =-55°C * Breakdown Voltage V(BR) ECO 7 - - volts
* Forward Voltage VF . 1.4 volts (Ig = 100uA, Ip = 0)
gF : i(l} {];SOA(): Collector Dark Current IcEO - 5 50 nanoamps
s (VCE = 10V, Ip = 0)
* Re C t I = 10 micro
(:}e rsz 6:1]1;1‘(:11 ¥ 4MPS |+ Collector Dark Current IcEO = 500 | microamps
E (VCE =30V, Ig=0)
Capacitance Cy 100 | picofarads Ta =100°C
(V=0, =1 MHz) Capacitance Cce = 2 - picofarads
(Veg = 10V, f = 1MHz)
coupled electrical characteristics (25°C) (unless otherwise specified)
MIN. TYP. MAX. UNITS
* DC Current Transfer Ratio (If = 10mA, Vg = 10V) 100 - - %
* DC Current Transfer Ratio (If = 10mA, VCE = 10V) T, =-55°C 40 - - %
* DC Current Transfer Ratio (Ip = 10mA, Vg = 10V) Ty =+100°C 40 - - %
* Saturation Voltage—Collector To Emitter (I = 10mA, Ic = 0.5mA) — - 0.3 volts
* Input to Output Isolation Current (Pulse Width = 8 msec)
(See Note 1) Input to Output Voltage = 3550 V (peak) 4N35 - - 100 microamps
Input to Output Voltage = 2500 V (peak) 4N36 - - 100 microamps
Input to Output Voltage = 1500 V (peak) 4N37 - — 100 microamps
+ Input to Output Resistance (Input to Output Voltage = 500V - See Note 1) 100 - - gigaohms
# Input to Output Capacitance (Input to Output Voltage = 0, f= 1MHz - See Note 1) - - 2.5 picofarads
* Turn on Time — ton (Voo = 10V, I = 2MA, Ry, = 100£2) (See Figure 1) - 5 10 microseconds
** Turn off Time — toff (VoC = 10V, Ic = 2MA, Ry, = 100§2) (See Figure 1) - 5 10 microseconds

Note 1: Tests of input to output isolation current resistance, and capacitance are performed
with the input terminals (diode) shorted together and the output terminals

#*

(transistor) shorted together
Indicates JEDEC registered values.

INPUT

= 4Tn
QUTPUT

Voo F b Ry

TEST CIRCUIT

VOLTAGE WAVE FORMS

INPUT
PULSE

oUTPUT

Adjust Amplitude of Input Pulse for Output (Ig) of 2 mA

FIGURE 1
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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SOLID STATE

GENERAL &R

Photon Coupled Isolator 4N38-4N38A

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

i
The General Electric 4N38 and 4N38A consist of a gallium»
arsenide infrared emitting diode coupled with a silicon photo T | ‘
transistor in a dual in-line package.

FEATURES:

o Fast switching speeds

High DC current transfer ratio
High isolation resistance
2500 volts isolation voltage
I/O compatible with integrated circuits

tIndicates JEDEC registered values
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absolute maximum ratings: (25°C) (unless otherwise specified)
+Storage Temperature -55 to 150°C. Operating Temperature -55 to 100°C. Lead Soldering Time (at 260°C) 10 seconds.
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+Power Dissipation

INFRARED EMITTING DIODE

*150

*Derate 2.0 mW/°C above 25°C ambient.

PHOTO-TRANSISTOR

milliwatts tPower Dissipation **150

tForward Current (Continuous) 80 milliamps tVeeo 80
tForward Current (Peak) 3 ampere TVero 80
(Pulse width 300usec, 2% duty cycle) Veco 7
fReverse Voltage volts Collector Current (Continuous) 100

**Derate 2.0 mW/°C above 25°C ambient.

milliwatts
volts
volts
volts
milliamps

tTotal device dissipation @ Ty = 25°C. Pp 250 mW.
individual electrical characteristics (25°C)

tDerate 3.3 mW/°C above 25°C ambient,

I;?:SEJERED EMITTING TYP. | MAX, UNITS PHOTO-TRANSISTOR MIN. | TYP.| MAX. UNITS
tForward Voltage 1.2 | 1.5 | volts TBreakdown Voltage — V(grycEo 80 - — |volts
(IF = IOmA) (Ic = lmA IF 0)
tBreakdown Voltage — V(grycpo 80 - — |volts
(Ic = 1A, I = 0)
1 Reverse Current — | 100 | microamps || ¥ Breakdown Voltage — V(gryECo T - — |volts
(Vg =3V) (Ig = 100uA, Iy = O)
tCollector Dark Current — Icgo — — | 50 |nanoamps
(Vg = 60V, Ip = 0)
Capacitance 50 — picofarads || tCollector Dark Current — Icpg — — | 20 |nanoamps
V=0,=1MHz (Veg = 60V, Iy = 0)
coupled electrical characteristics (25°C)
MIN. | TYP. | MAX. UNITS
fIsolation Voltage 60Hz with the input terminals (diode) 4N38 |1500 - — volts (peak)
shorted together and the output terminals (transistor) 4N38A |[2500 - — volts (peak)
shorted together. 4N38A |1775 - - volts (RMS) (1 sec.)
tSaturation Voltage — Collector — Emitter (Ig = 20mA, Ic =4mA) - — 1.0 | volts
Resistance — IRED to Photo-Transistor (@ 500 volts) = 100 - gigaohms
Capacitance — IRED to Photo-Transistor (@ O volts, f = 1 MHz) — 1 - picofarad
DC Current Transfer Ration (I = 10mA, Ve =10V) 10 - %
Switching Speeds (Veg = 10V, I¢, = 2mA, Ry = 10082)
Turn-On Time — tg, - 5 - microseconds
Turn-Off Time — tyff 127 - 5 - microseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE GENEHAL ELEBTIHB

@PTOELECTRONICS

Photon Coupled Isolator 4N39-4N40

Ga As Infrared Emitting Diode & Light Activated SCR T i
The General Electric 4N39 and 4N40 consist of a gallium arsen- 'i—— akudinl P 2
ide, infrared emitting diode coupled with a light activated silicon T I:OME: l E :
controlled rectifier in a dual in-line package. S I
. ¥ ;:!M\_, ITIT :' 5
absolute maximum ratings el ; 5
INFRARED EMITTING DIODE o e T T O e T Y
+Power Dissipation (-55°C to 50°C) *100 milliwatts zo_} - %'"'—P sl eaclar m? =
+Forward Current (Continuous) 60 milliamps = AL ' '|+__ "?.lﬁ'@i?.ﬁ!}»?&.“ﬁiﬂ'ﬂﬂmm?ﬂ“uﬁ W
(-5 SOC to 500 C} — o4 s 2 ::’sl“:;l‘:i_ln.nlllnn fead centers.
+Forward Current (Peak) (-55°C to 50°C) 1 ampere > bt e O
(100 usec 1% duty cycle) 5Pt ases.
T Reverse Voltage (-55°C to 50°C) 6 volis
*Derate 2.0mW/°C above 50°C.
TOTAL DEVICE
PHOTO-SCR tStorage Temperature Range -55°C to 150°C
+Operating Temperature Range -55°C to 100°C
Off-State and Reverse Voltage 4N39 200 volts tNormal Temperature Range (No Derating) -55°C to 50°C
(-55°C to +100°C) 4N40 400 volts tSoldering Temperature (1/16" from case. 10 second ) 260°C
tPeak Reverse Gate Voltage (-55°Cto 50°C) 6 volts T ice Dissipati o A ey
+ Direct On-State Current (-55°C to 50°C) 300 milliamps T ?tal Dev1ce_ issipation (-55°C tg 50°C), 4500m11hwatts
¥ Surge (non-rep) On-State Current 10 amps T Linear Derating Factor (above 50°C), 9.0mW/°C
(-55°C to 50°C) T Surge Isqlation Voltage (Input to Output). See: Pg, 23
+Peak Gate Current (-55°C to 50°C) 10 milliamps 1500V (peak) 1060V (rMms)
+Output Power Dissipation (-55°C to 50°C)**400 milliwatts Steady-State Isolation Voltage (Input to Qutput). See: Pg. 23
**Derate 8mW/°C above 50°C. 950V(peak) 66OV{RM S)
individual electrical characteristics (25°C) (unless otherwise specified)
INFRARED EMITTING DIODE TYP. | MAX. UNITS PHOTO-SCR MIN.|MAX.| UNITS
tForward Voltage Vg L.k 1.5 | volts tPeak Off-State Voltage — VDM 4N39 |200| — |volts
(Ig = 10mA) (Rgk = 10K, T4 =100°C) 4N40 |400| — |volts
TPE,ak Reverse \)loltage —Vem 4N39 [200| — |volts
Ta = 100°C 4N40 | 400| — |[volts
tOn-State Voltage — V1 — | 1.3 |volts
(It = 300mA)
T Off-State Current — I 4N39 — | 50 [microamps
+Reverse Current Ir - 10 | microamps (Vp=200V,T2=100°C,J[z=0,R gx=10K)
(Vg = 3V) T Off-State Current — Ip 4N40 — | 150 |microamps
(Voﬁ 00 V,TA=1 00°C,I F'—_O,RGK:lOK)
Tl{(&;}rersezglag'el'}t —Ig 4N39 - 50 |microamps
RT s A=100°C!IF=O)
?I}?;erse Current — Ig " 4N40 — | 150 [microamps
R =400V,TA =100 C,IF =0)
Capacitance 50 — picofarads tHolding Current — Iy — | 200 |microamps
(V=0,f=1MHz) (Vex =50V, Rk =27KQ)
coupled electrical characteristics (25°C)
MIN. MAX. UNITS
tInput Current to Trigger Vak = 50V, Rgg = 10KS2 Ipt - 30 milliamps
VAK =100V, RGK. =27K§2 IFT - 14 milliamps
tIsolation Resistance (Input to Qutput) Vio = 500Vp¢ Tio 100 - gigaohms
tTurn-On Time — Vi =50V, I =30mA, Rgk = 10K£2, Ry, =20082 ton - 50 microseconds
Coupled dv/dt, Input to Output (See Figure 13) 500 - volts/microsec.
Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) — 2 picofarads
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS OF OUTPUT (SCR)
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H11C APPLICATIONS

10A, T2L COMPATIBLE, SOLID STATE RELAY

Use of the 4N40 for high sensitivity, 2500V iso-
lation capability, provides this highly reliable solid
state relay design. This design is compatible with

100 N

AAA
YV

O.luF "CONTACT"
A 20V AC
SCldeD 3470 2

—0

74, 74S and 74H series T2L logic systems inputs
and 220V AC loads up to 10A.

<

INS0BO (4)

25W LOGIC INDICATOR LAMP DRIVER

The high surge capability and non-reactive input characteristics
of the 4N40 allow it to directly couple, without buffers, T>L
and DTL logic to indicator and alarm devices, without danger
of introducing noise and logic glitches.

INDICATOR

220VAC

400V SYMMETRICAL TRANSISTOR COUPLER

Use of the high voltage PNP portion of the 4N40 provides a 400V 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 ex-

4N40

iNPUT[.

ceed the 400 mW power dissipation rating when used at high voltages.

FIGURE 13
COUPLED dv/dt — TEST CIRCUIT

Vp = 800 Volts
tp =.010 Seconds
f = 25 Hertz + |00 VAC
Ta =250C
ool [ | 4 7 O
d p v
0% ' P
- Lo

=

dv/dt

EXPONENTIAL
RAMP GEN.

OSCILLOSCOPE
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SOLID STATE GEHEBAL ELECTRIC

GIPTOELECTRONICS

Photon Coupled Isolator Hi1A1-H11A2

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor T
NOTEY |5mm‘_ NOTES
The General Electric H11Al and H11A2 are gallium arsenide’ 'l'; T s 2
infrared emitting diodes coupled with a silicon photo-transistor in e _l_ E j
a dual in-line package. ; : 5
._':i"'r L Ll % :' 5
H H . o K 3
absolute maximum ratings: (25°C) b q,,k |
INFRARED EMITTING DIODE ‘°_'} ¢ searno + ., g 830331 [
LAME NOTES
Power Dissipation *100 milliwatts il B 3 . L it a0 1 e uadron sgecent 1o
Forward Current (Continuous) 60 milliamps Ao—y— M09 ° D 2. Intolld poston fead canlers,
Forward Current (Peak) 3 ampere T DA e i
(Pulse width 1 usec 300 P Ps) o i
Reverse Voltage 3 volts TOTAL DEVICE

*Derate 1.33mW/°C above 25°C ambient =
Storage Temperature -55 to 150°C

Operating Temperature -55 to 100°C

PHOTO-TRANSISTOR Lead Soldering Time (at 260°C) 10 seconds
Power Dissipation %150 milliwatts Surge Isolation Voltage (Input to Qutput). See: Pg. 23
VCEO 30 volts H11A1l 2500V(peak) 1 770V{RM S)
Vero 70 volts HI11A2 ISOOV(pesk} 1 OGOV(RM S)
Veco 7 volts Steady-State Isolation Voltage (Input to Qutput). See: Pg. 23
Collector Current (Continuous) 100 milliamps Hi1Al 1500V (peax) 1060V (rus)
**Derate 2.0mW/°C above 25°C ambient HI11A2 950V (peak) 660V (rums)

individual electrical characteristics (25°C)

INFRARED EMITTING DIODE TYP. |[MAX. | UNITS PHOTO-TRANSISTOR MIN.| TYP.[MAX.| UNITS
Forward Voltage 1.1 [ 1.5 |volts Breakdown Voltage—V(grycgo | 30 | — | — [volts
(Ig = 10 mA) (Ic = 10mA, I =.0)
Breakdown Voltage—Vgrycgo | 70 | — | — [volts
(Ic = 100uA, Ig = 3
Reverse Current - 10 | microamps Breakdown Voltage—Vgryeco | 7 | — | — |[volts
(VR =3 V) (IE = IOO,U.A IF 0)
Collector Dark Current—Icgo - 5 | 50 |nanoamps
(Vcg=10V,Ig =0)
Capacitance S0 | — |picofarads Capacitance — | 2 | = |picofarads
(V=0,f=1MHz) (Vcg = 10V,f = 1MHz)

coupled electrical characteristics (25°C)

MIN., TYP: MAX. UNITS
DC Current Transfer Ratio (I = 10mA, Vg = 10V) H11A1 50 - - %
H11A2 20 = - %
Saturation Voltage — Collector to Emitter (Ig = 10mA, I = 0.5mA) — 0.1 0.4 volts
Isolation Resistance (Input to Output Voltage = 500Vp¢) 100 - - gigaohms
Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) — - 2 picofarads
Switching Speeds:
Rise/Fall Time (Vog = 10V, Icg = 2mA, Ry = 10082) — 2 — microseconds
Rise/Fall Time (Vcp = 10V, Icg = 50uA, Ry = 100Q2) — 300 — nanoseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE GENERAL @D ELECTRIC

@PTOE

Photon Coupled Isolator H11A3-H11A4

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

The General Electric HI1A3 and H11A4 are gallium arsenide, L rﬂ ] Im:vt_
infrared emitting diodes coupled with a silicon photo-transistor in a B T 2 2
a dual in-line package. T | | cl tropview | 3 E a
abSOiUte maX|mum fatlngS. (2500) ofle. L_Bim\r -—l—:-"‘-“:" E .cligg .'g?;z.ggazﬁigs j
-"l“l'" "{F|"‘" : 015 1 381 I 3
INFRARED EMITTING DIODE ; r-—_;}—os —l:_ m —I— E 100 zég 254 :.'3.;“
Power Dissipation *100 milliwatts iy } | n f;%i—r-— -j_ Woves - - | ..,..: -
Forward Current (Continuous) 60 milliamps i ,-[ | A Ui il i s o avrom agace 1o
Forward Current (Peak) 3 ampere o i jtn S e
(Pulse width 1usec 300 P Ps) : ;’&;mu"’”” e mese o e e
Reverse Voltage 3 volts

TOTAL DEVICE

Storage Temperature -55 to 150°C
Operating Temperature -55 to 100°C
Lead Soldering Time (at 260°C) 10 seconds

*Derate 1.33mW/°C above 25°C ambient.

PHOTO-TRANSISTOR

Power Dissipation **150  milliwatts Surge Isolation Voltage (Input to Output). See: Pg. 23

VC EO 30 volts HI11A3 ZSOOV(;, eak) 1 ?’?OV(RM S)

Veso 70 volts H11A4 1 SOOV(peak} IOﬁOV(RMS)

VEco 7 volts Steady-State Isolation Voltage (Input to Qutput). See: Pg. 23

Collector Current (Continuous) 100 milliamps H11A3 1500V (peax) 1060V (rms)
**Derate 2.0mW/°C above 25°C ambient. H11A4 9SGV(;;-eak) 660V(RMS}

individual electrical characteristics (25°C)

INFRARED EMITTING DIODE TYP. | MAX. | UNITS PHOTO-TRANSISTOR MiN.| TYP.|[MAX.| UNITS
Forward Voltage 1.1 1.5 |volts Breakdown Voltage —V(grycgo | 30 | — | — |[volts
(Ir = 10mA) (Ic = 10mA, Iz = 0)
Breakdown Voltage —V(gryceo | 70 | — | — [volts
(Ic = 100pA, If = 0)
Reverse Current - 10 |microamps Breakdown Voltage — V(gryECo 71 — | — [volts
(VR e 3V) (IE = IOO,U.A, iF = 0)
Collector Dark Current —Icgo — 5 | 50 |nanoamps
(Vce =10V, I =0)
Capacitance 50 — |picofarads Capacitance - 2 — | picofarads
(V=0,f=1MHz) (Veg = 10V, f = 1MHz)

coupled electrical characteristics (25°C)

i MIN, TYP. | MAX. UNITS
DC Current Transfer Ratio (Ip = 10mA, Veg = 10V) H11A3 20 - - |%

H11A4 10 — - |%
Saturation Voltage — Collector to Emitter (Ir = 10mA, I¢ = 0.5mA) — 0.1 0.4 |volts
Isolation Resistance (Input to Output Voltage = 500V ) 100 — —  |gigaohms
Input to Output Capacitance (Input to OQutput Voltage = O,f = 1IMHz) - - 2 |picofarads
Switching Speeds: Rise/Fall Time (Veg = 10V, Icg = 2mA, Ry = 10082) - 2 — microseconds

Rise/Fall Time (Vg = 10V, Icg = 50uA, Ry = 10082) - 300 - nanoseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE GENEHAL ELECTRIC

@IPT@ELECTRONICS

Photon Coupled Isolator H11A5

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

The General Electric H11A5 is a gallium arsenide, infrared emit-

ting diode coupled with a silicon photo-transistor in a dual in- See TeH T WILLNETER
NOTE ! |svmBoL | wuy | Max | min, | max

E

line package. T meX.1:! / E H E?r?ég '”iEF 2
1 & 3
absolute maximum ratings: (25°C) E - ;g;g,:‘fﬁj‘;‘ .
4 ) G 050( .1 10228 2?9
INFRARED EMITTING DIODE J—“““ i 008 513 203308
Power Dissipation #100  milliwatts R Al ke O EIE! el 1T Sl
Forward Current (Continuous) 60 milliamps - 6 seanve |4 _,, s 1539 B83fE5T [4%°
Forward Current (Peak) 3 ampere 5 o_ P L T | I | e sl b prmenetction o -
(Pulse width 1usec 300 P Ps) 3ot 4 G-IP‘}.:.; 2 towtonsd posivon Iod carters.
Reverse Voltage 3 volts L—-J 31&5&:&&'::::.3?:?3% .
*Derate 1.33mW/°C above 25°C ambient. 8 Fourploces.
TOTAL DEVICE
PHOTO-TRANSIS 108 Storage Temperature -55 to 150°C
Power Dissipation *¥150  milliwatts Operating Temperature -55 to 100°C
Veeo 30 volts Lead Soldering Time (at 260°C) 10 seconds
Veso 70 volts Surge Isolation Voltage (Input to Output). See: Pg. 23
Veco 7 volts 1500V (pear) 1060V rms)
Collector Current (Continuous) 100 milliamps Steady-State Isolation Voltage (Input to Output). See: Pg. 23
**Derate 2.0mW/°C above 25°C ambient. 950V (peak) 660V rMms)
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP. | MAX. UNITS PHOTO-TRANSISTOR MIN.| TYP.[ MAX.| UNITS
Forward Voltage 1.1 1.7 |volts Breakdown Voltage — V(grycgo | 30 [ — | — |volts
(IF = IOmA) (IC = 10mA, IF = 0)
Breakdown Voltage — Vgrycgo | 70 | — | — [volts
(Ic = 100uA, Iy =0)
Reverse Current — 10 |microamps Breakdown Voltage — V(gr)ECo 7| — | — |volts
(Vg =3V) (Ig = 100uA, Ig = 0)
Collector Dark Current — Icgo — | 5 | 100 |nanoamps
(Vce =10V, Ig =0)
Capacitance 50 —  |picofarads Capacitance - 2 — |picofarads
(V=0,f=1MHz) (Ve = 10V.f = 1MHz)
coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS
DC Current Transfer Ration (I = 10mA, Vg = 10V) 30 — - %
Saturation Voltage — Collector to Emitter (Ig = 10mA, I¢c =0.5mA) — 0.1 0.4 |volts
Isolation Resistance (Input to Output Voltage = 500Vpc) 100 - —  |gigachms
Input to Qutput Capacitance (Input to Output Voltage = O,f = IMHz) - - 2 picofarads
Switching Speeds: ~ Rise/Fall Time (Vcg = 10V, Icg = 2mA, Ry, = 10082) — 2 —  |microseconds
Rise/Fall Time (Vg = 10V, Icg = S0uA, Ry, = 10082) - 300 —  |nanoseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE GENERAL @D ELECTRIC

GIPTOELECTRONICS

PHOTON COUPLED CURRENT THRESHOLD SWITCH H11A10

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

The General Electric H11A10 is a gallium arsenide infrared emitting diode coupled with a
silicon photo transistor in a dual in-line package. It is characterized and specified with
two resistors, one on the input and one on the output. This configuration provides a
circuit which will detect a doubling of the input current level by registering more than a
twenty to one difference in the output current over a wide temperature range.

FEATURES:
@ Programmable Threshold - “off” to “on” with a 2/1 change in input current
@ Glass Dielectric Isolation
© Fast Switching Speeds

@ QOperation over wide temperature range = *" W,
@ High Noise Immunity i P
e Covered under U.L. Component Recognition Program, reference file E51868 '1'_ ‘ T 3 1
C 1 TOR VIEW)]
. . " o ; o e L _—:In\;' SEEREY _l_
absolute maximum ratings: (25°C) (unless otherwise specified) ‘ . P
INFRARED EMITTING DIODE et Il 1
Power Dissipation To=25°C  *100 milliwatts Pl T ':L
Power Dissipation Tc=25°C  *100  milliwatts - ~ 6‘1}»—
Forward Current (Continuous) 50  milliamps o
Forward Current (Peak)
(Pulse width 1 usec, 300 pps) 3 ampere
Reverse Voltage 6  volts ] p—
*Derate 1.33mW/°C above 25°C E 2
€ a
E D90
E 933 203 305 :
PHOTO-TRANSISTOR N ) @
) ;
Power Dissipation T =25°C **300 milliwatts s
Power Dissipation T =25°C ***500  milliwatts N?-Tivzg'-;mlg;mgg;»:; Eouin gt Gy
(Tc indicates collector lead temperature 1/32” from case) 2. Intaied posiion lead ceniers
VCEO 30 Vo ltS : ?:.::'Li.ﬂf'::p:i:ﬁ:;u from the seat=
Vero 70  volts &.Fow soses.
VEBO 7  volts
Collector Current (Continuous) 100  milliamps f——————0

**Derate 4.0mW/°C above 25°C
***Derate 6,7mW/°C above 25°C

TOTAL DEVICE |

3 |
Storage Temperature -55 to 150°C LI _HLITO_ _}
Operating Temperature -55 to 100°C
Lead Soldering Time (at 260°C) 10 seconds THRESHOLD SWITCH BIAS
Input to Output Isolation Voltage 1500V (peak) CIRCUIT ILLUSTRATION
Surge Isolation (Input to Output) See: Pg. 23
1500V (peak) 1060V (rMS)
Steady-State Isolation Voltage (Input to Output) See: Pg. 23
950V (peak) 660V (rmS)

PP
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individual electrical characteristics (25 °C) (unless otherwise specified)

INFRARED
Sl ina SYMBOL | MIN. | MAX.| UNITS | PHOTO-TRANSISTOR | SymBoL | MIN.|TYP. | MAX. | UNITS
Forward Voltage Ve 1.5] volts Breakdown Voltage V(BR)CEO 30 | - - volts
(Ir=10mA) (Ic=10mA, I5=0)
Reverse Current I - 10 | microamps | Breakdown Voltage V(BR)CBO 70 | — - volts
(Vr=6V) (Ic=100uA, Ip=0)
Capacitance Cy 100 | picofarads Breakdown Voltage V(@BR)EBO 71 - — volts
(V=0, f=1 MHz) (Ig=100uA, Ip=0)
li = e I
o m_) r _l ‘_0_0_1 o
| t
T | § I T
Vi | V,
n R
i 1< 1500 I . by | Reg27Ma Tout
| }
HIIAIO ] . O
FIGURE 1
THRESHOLD CIRCUIT CHARACTERISTICS - BIAS PER FIGURE 1
(-55°C to 100°C Unless Otherwise Specified)
SYMBOL PARAMETER/CONDITIONS MIN. | TYP. | MAX, UNITS
Lo Output Current (V,,=10V, I;; < SmA, T5=25°C) 1 50 nanoamperes
Leii Output Current (V,=10V, I, < 5mA, T ,=100°C) 1 50 micreamperes
Lsii D.C. Current Transfer Ratio
i | (Vou=10V, I, 2 10mA) 10 | 30 percent
Vi Output Saturation Voltage (I;;=10mA, I,,,=0.5mA) 0.2 0.4 | volts
R, Input to Output Resistance (V;,=500V) Note 1 100 gigaohms
o Turn-On Time (Vec = 10V, [;,=20 mA, R; =100Q2) 5 microseconds
Figure 2
tosr Turn-Off Time (Vec = 10V, [;;=20mA, R; =100Q) 5 microseconds
Figure 2
Note 1: Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode)
shorted together and the output terminals (transistor) shorted together
o l Vout INPUT
? e o I Lopuise
470 L
\V 27MND
150N =
= TEST CIRCUIT VOLTAGE WAVE FORMS
FIGURE 2
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TYPICAL CHARACTERISTICS
BIASED PER FIGURE 1

LiN ~INPUT CURRENT -mA

5. THRESHOLDING
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THRESHOLD COUPLER APPLICATIONS

LINE CURRENT MONITORS
LINE DROPOUT ALARM LIGHT

' LiNe R
o A o
My
' Hualo
+5V
H

When remote line current (I ;yg) falls below
the programmed threshold value the LED
turns on, indicating loss of power to critical,
isolated circuit function. Phase inversion, ac-
complished by replacing the D32L1 with a
D34C1 PNP and interchanging the collector and
emitter connections, provides an over-current
alarm light.

INFORMATION FLOW DIRECTOR

To minimize lines needed to communicate between A and B, a queue system is set up using H11A10’s to monitor
line use and set up the queue procedures.

Vg

CONDUCTIVITY 12 :

LINE A
HIIAIO
INHIBIT A,
PROCESSOR [ USE B ILINE B PROCESSOR
A HIIAIO 8
INHIBIT B,
USE C lLINEC
HIIAIO
INHIBIT C, :
[ USE A
HIIAIO 150K THERMISTOR 150K  HEATER

CioeB

cloes

AC POWER
LINE

AC POWER

PROBE LINE

DILUTION SOLENOID

o]

In many process control applications such as solution mixing, resistor trimming, light control and
temperature control, it is advantageous to monitor conductivity with isolated low voltages and
transmit this information to a power control or logic system. Low voltages are often preferred for
safety, convenience or self heating considerations or to prevent ground loops and provide noise
immunity. Until the advent of the H11A10 such systems were complex and costly. Using the H11A10
allows the use of simple low power circuits such as illustrated here to provide these functions. In
battery operated systems, the low current thresholds of the HI1AlO can considerably enhance

battery life.
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SOLID STATE

IIINE

GENERAL &3 ELECTRIC

Photon Coupled Isolator H11A520-H11A550 -H11A5100

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

The General Electric HI1A520, HI1A550 and H11A5100 con-
sist of a gallium arsenide, infrared emitting diode coupled with

a silicon photo-traglsistor in a dual in-line package.

FEATURES:

o High isolation voltage, 5000V minimum.
e General Electric unique patented glass isolation con-

struction.

High efficiency liquid epitaxial IRED.
High humidiy resistant silicone encapsulation.

Fast switching speeds.

i

| i |

e (hodl T
e g kgl

Io—4—

absolute maximum ratings: (25°C) (unless otherwise specified)

INFRARED EMITTING DIODE

NOTES

=i

f—— A —

LTI AT
3 1
|

| (TOP VIEW) 5

STMBOL

VRDEEARCIOMMONEP

Power Dissipation — Tp = 25°C  *100  milliwatts Vo T Skl Ba spusmonant eshar s faen
Forward Current (Continuous) 60  milliamps 2. Inclid poiton nad carers,
Forward Current (Peak) 3 amperes 3‘?5212}.21’.'5‘22’.51?2":';?@ — teslese 47
(Pulse width 1 usec, 300 pps) 5.Foor pheees :
Reverse Voltage volts
*Derate 1.33mW/°C above 25°C.
TOTAL DEVICE
Storage Temperature -55 to 150°C.
PHOTO-TRANSISTOR - Operating Temperature -55 to 100°C.
Power Dissipation — Ty =25°C **300 milliwatts Lead Soldering Time (at 260°C) 10 seconds.
Vero 30  volts Surge Isolation Voltage (Input to Qutput). See Note 2.
VCBO 70 volts 5656V(peak) @OOV(RMS)
Vego 7  volts Steady-State Isolation Voltage (Input to Qutput).
Collector Current (Continuous) 100 milliamps See Note 2.
**Derate 4.0mW/°C above 25°C. 5000V(p) 3000V (rms)
individual electrical characteristics (25°C) (unless otherwise specified)
INFRARED EMITTING DIODE | MIN. [MAX.| UNITS PHOTO-TRANSISTOR MIN.| TYP.| MAX.| UNITS
Forward Voltage — Vg .8 | 1.5 [volts Breakdown Voltage — Vigryceo| 30 | — | — | volts
(Ir = 10mA) (Ic = 10mA, Ig = 0)
Forward Voltage — Vg 9 | 1.7 |volts Breakdown Voltage — Vigrycpo| 70 | — | — | volts
(IF = IOmA) (IC = IOOJU.A IF =0
Ta = 55°C Breakdown Voltage — V(BR)EBO T — - volis
e (Ig = 100uA, Ir = 0)
Forwa-rd Yoliage:= ¥y & L [valls Collector Dark Current —Iggg | — 5 | 50 | nano-
(I = 10mA) % =
- +100°C (Ve = 10V, I = 0) amps
Ta = ) Collector Dark Current —Iopg | — — | 500 | micro-
Reverse Current — Iy — 10 [microamps (Vg = 10V, Ig =0) amps
(Vg =6V) Ta = 100°C
Capacitance — Cj — | 100 |picofarads Capacitance — Ccg - 2 | — | pico-
(V=0,f=1MHz) (Veg = 10V, f = 1MHz) farads
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coupled electrical characteristics (25°C) (unless otherwise specified)

DC Current Transfer Ratio (Ig = 10mA, Veg = 10V)

Saturation Voltage — Collector to Emitter (Ig
Isolation Resistance (Input to Output Voltage

1}

H11A5100 | 100
HI11AS550 50
H11A520 20

20mA, I¢ = 2mA) -
500Vpc. See Note 1) 100
Input to Output Capacitance (Input to Output Voltage =0,f =1 MHz. See Note 1) -
Turn-On Time — ton (Ve =10V, Ic =2mA, Ry = 10082). (See Figure 1) —
Turn-Off Time — toer (Ve = 10V, Ic =2mA, Ry =100£2). (See Figure 1) —

MIN. | TYP. | MAX, UNITS
— - %
— - |%
- - |%
= 0.4 |volts
- — |gigaohms
- 2.0 |picofarads
5 10 |microseconds
5 10 | microseconds

NOTE 1:

Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together

and the output terminals (transistor) shorted together.

NOTE 2:

Surge lIsolation Voltage
a. Definition:

This rating is used to protect against transient over-voltages generated from switching and lightning-induced surges. Devices shall be
capable of withstanding this stress, 2 minimum of 100 times during its useful life. Ratings shall apply over entire device operating

temperature range.
b. Specification Format:

Specification, in terms of peak and/or RMS, 60 Hz voltage, of specified duration (e.g., 5656V peak/4000VRMs for one second).

c. Test Conditions:

Application of full rated 60 Hz sinusoidal voltage for one second, with initial application restricted to zero voltage (i.e., zero phase),

from a supply capable of sourcing SmA at rated voltage.
Steady-State Isolation Voltage
a. Definition:

This rating is used to protect against a steady-state voltage which will appear across the device isolation from an electrical source
during its useful life. Ratings shall apply over the entire device operating temperature range and shall be verified by a 1000 hour

life test.
b, Specification Format:

Specified in terms of D.C. andfor RMS 60 Hz sinusoidal waveform.

c. Test Conditions:

Application of the full rated 60 Hz sinusoidal voltage, with initial application restricted to zero voltage (i.e., zero phase), from a
supply capable of sourcing 5mA at rated voltage, for the duration of the test.

Vee

TEST CIRCUIT

r—oQUTFUT

VOLTAGE WAVE FORMS

FIGURE 1: Adjust Amplitude of Input Pulse for Output {ig) of 2mA




TYPICAL CHARACTERISTICS
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NORMALIZED TURN ON AND TURN OFF TIMES
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TYPICAL CHARACTERISTICS
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SOLID STATE GENERAL @D ELECTRIC

@PTOQELECTRONICS

Photon Coupled Isolator H74 A1

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

TTL Interface

The General Electric H74A1 provides logic to logic optical interfacing of TTL gates
with guaranteed level compatibility in practical specified circuits. The H74Al is a
transistor output photo-coupled isolator specifically designed to eliminate ground
loop cross talk and reflection problems when two distinct logic systems are coupled.
It is guaranteed to couple 7400, 74HOO and 74S00 logic gates over the full TTL

e —"

temperature and voltage ranges. NOTE
. N R TITTIT

absolute maximum ratings: (2500) (unless otherwise specified) T ‘ T r:opm: _l_

| 4 5 _l_

INFRARED EMITTING DIODE

Power Dissipation Tao=25°C *100  milliwatts S T T
Power Dissipation Tc=25°C  *100  milliwatts '0—3_ o ‘fL LAl e
(T¢ indicates collector lead temperature 1/32" from case) 2 0— +—os i v b _l_
# prom G|
Forward Current (Continuous) 60 milliamps 34— 4 ~h~—o
Forward Current (Peak) 3 ampere S
(Pulse width 1usec 300 pps)
Reverse Voltage 6  volts I P [l I
) 330 350fe.38 lses
] 300 REF|7TB2 REF] 2
*Derate 2.2mW/°C above 25°C. 0 | 016020 aos| 508
E 200 sce aq
F Qa0 0TI 01 1 TH
G o0s0[ 11228 (279
H 08 5 218 k]
J 008 .012] 203 305
K 100 54 3
M L5 I5*
N 015 31 3
P 375 9.53
PHOTO-TRANSISTOR s | 298] 285831 12°
HOTES
Power Dissipation Ta =25°C **300  milliwatts " araniotion i e qondront oo o
Power Dissipation Te =25°C ***#500  milliwatts i.:ﬂf.??ﬂ:;_'pu:.r;: uaa canrs,
(T indicates collector lead temperature 1/32" from case) 4 Tnese meosocemers ors made e g set-
VCEO 15 volts SLFour pacs:
VC BO 15 volts
VECO 5.5 volts
Collector Current (Continuous) 50  milliamps

**Derate 6.7mW/°C above 25°C.
*#*Derate 11.1mW/°C above 25°C.

TOTAL DEVICE

Storage Temperature -55 to 150°C

Operating Temperature 0 to 70°C

Lead Soldering Time (at 260°C) 10 seconds

Surge Isolation Voltage (Input to Output) See: Pg. 23

1 SOOV(peak) | Oﬁov(RMS)
Steady-State Isolation Voltage (Input to Output) See: Pg. 23
QSUV(peak) 660V{RMS}

147



Electrical Characteristics of H74A1*
#All specifications refer to the following bias configuration (Figure 1) over the full operating temperature (0°C to 70°C) and
logic supply voltage range (4.5 to 5.5Vpc ) unless otherwise noted.

Veel ©

39015%
HT8A_

) OVeez
2.4K£8% 2 RECEIVING

T3 r?\%;*:mm
I Vin
4

TRANSMITTING
GATE

SEE TABLET___
NG
Vout
[
Figure 1. H74A1 BIAS CIRCUIT
Vin (0), Receiving Gate For Voyr(g) from Transmitting Gate — .. ...................... 0.8 V Max.
Vin (1), Receiving Gate for Voyr() from Transmitting Gate — . ... ... ... ... ..o L. 2.4 V Min.
tp (0), Transmitting Gate to Receiving Gate Propagation Time — . ...................... 20  wsec. Typ.
tp (1), Transmitting Gate to Receiving Gate Propagation Time — ... .................... 4  upsec. Typ.
Isolation Resistance (Input to Output = 500Vpe). . o v v v vt vt vt e e e it i e e e 100  gigaohms Min.
Input to Output Capacitance (Input to Qutput Voltage =0, f=1MHz) . .................. 2.5 pF Max.

TABLE 1.
CHARACTERISTICS REQUIRED OF TTL GATES WHICH ARE

v
TO BE INTERFACED BY H74A1 bad
TEST CONDITIONS, FIGURE 2 LIMITS
PARAMETER Vee N Isink Mi M Units [} o)
Min. | Max. | Min, | Max.| Min. | Max. i sl B f In —= <Ignk §
v,
Vout (1) |4.5v 0.4mA| 24 Volts Vin out
Vout (0) | 4.5V 12.0mAl 0.4 | Volts é < g
Vin (1) 5.5V 1.0mAl 2.0 Volts =
Vin (0) 5.5V | -1.6mA 0.8 | Volts Fig;m 2
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SOLID STATE GENERAL @9 ELECTRIC

GPTOELECTRONICS

AC INPUT PHOTON COUPLED ISOLATOR H11AA1-H11AA2
Ga As Infrared Emitting Diodes & NPN Silicon Photo-Transistor

The General Electric HI1AA1 and H11AA2 consist of two gallium arsenide infrared emit-

ting diodes connected in inverse parallel and coupled with a silicon photo-transistor in P -
. . NOTE1
a dual in-line package. R] T oo /
3 1
FEATURES: f | £ (TOP VIEW) 1
® AC or polarity insensitive inputs & & _l_
@ Fast switching speeds J nJ:‘”V
e Built-‘in reverse polarity input protection O il 1T _|_"‘M" _‘Mh_l_
® High isolation voltage :ﬂ i el _P
@ High isolation resistance 20— s Pane | T T T | I
@ I/O compatible with integrated circuits il f 4 - el
| A

absolute maximum ratings: (25°C) (unless otherwise specified)

INFRARED EMITTING DIODE }1“; . TN
Power Dissipation Tp =25°C  *100 milliwatts 5 | ?
Power Dissipation Te=25°C  *100  milliwatts £ *

(T indicates collector lead temperature 1/32” from case) Hol 5
Input Current (RMS) 60  milliamps wol 3
Input Current (Peak) 1 ampere | as |

(Pulse width 1usec, 300 pps) Ls |23 83251 22
i e e ImcHar et
*Derate 1.33mW/°C above 25°C 2 ::'QI"JT:J 'p':.mou ..: mp.: "
3.Overall installed dimensicn,
‘; 5‘3:"::‘;':";?““"“ are made from The sant-

PHOTO-TRANSISTOR
Power Dissipation Ta =25°C **300 milliwatts
Power Dissipation Te=259C ***500  milliwatts

(T indicates collector lead temperature 1/32” from case)
VcEo 30 volts
Vceo 70 volts
VERo 5 volts
Collector Current (Continuous) 100  milliamps

**Derate 4,0mW/°C above 25°C
***Derate 6.7mW/°C above 25°C

TOTAL DEVICE

Storage Temperature -55 to 150°C

Operating Temperature -55 to 100°C

Lead Soldering Time (at 260°C) 10 seconds

Surge Isolation Voltage (Input to Output) See: Pg. 23

1500V (peak) 1060V (rms)
Steady-State Isolation Voltage (Input to Output) See: Pg. 23
950V (peak) 660V (rMS)
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individual electrical characteristics (25°C) (unless otherwise specified)

Dlope > WTTING | sYMBOL | MAX{ UNITS | PHOTO-TRANSISTOR | symsoL | min.[max.[uniTs
Input Voltage Ve Breakdown Voltage Ver)cEO 30 volts
(IF =¥ 10 II']A) (IC = 10mA, IF = 0)
H11AAl 1.5 | volts
H11AA2 1.8 | volts Breakdown Voltage VisrycBo 70 volts
(IC = 100uA, IF = 0)
Capacitance Cy 100 | picofarads | Breakdown Voltage V{BR)EBO 5 volts
(V = 0, F=1 MI'IZ) (IE = IOOHA, IF = 0)
Collector Dark Current Iego
(VCE L IOV, IF = 0)
H11AAl 100 nanoamps
H11AA2 200 nanoamps
coupled electrical characteristics (25 °C) (unless otherwise specified)
MIN. MAX. UNITS
Current Transfer Ratio (Vg = 10V, Iz =% 10mA)
H11AAl 20 percent
HI11AA2 10 percent
Saturation Voltage - Collector to Emitter (Icpo=0.5mA, Iz=110mA) 0.4 volts
Current Transfer Ratio Symmetry: Icpq(Vop=10V, [z=10mA) Nots 2
ote
H11AAl 0.33| 3.0
(Input to Output Voltage = 500V) Note 1 100 gigaohms
Note 1: Tests of input to output isolation current resistance, and capacitance are performed with the input terminals {diode)
shorted together and the output terminals (transistor) shorted together
b g :
OUTPUT Ip==|ioma|
,‘ \ f \ E b —_—
& = Ip= |iomA|
g B EEUNENEE BN UNEN :
OUTPUT =4
/ \ /l \\ / \ / Y 3 107!
/ £
I(CEO}OUTPUT WAVE FORM (SEE NOTE 2) E
AT Vog =5V % 02
g /
B //
103 /
Q0! [+1] I (o] oo
Y, N\ /l AN Vgg ~COLLECTOR TO EMITTER VOLTAGE - VOLTS
A
/ \ / Note 2: The H11AA1 specification guarantees the maximum
5 v N 7 peak output current will be no more than three
times the minimum peak output current at
DA N1 Ig= 10mA

IF INPUT WAVE FORM
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TYPICAL CHARACTERISTICS
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H11AA APPLICATIONS

LOAD MONITOR AND ALARM

the HI11AA is turned on indicating the presence

POWER SWITCH
I MONITOR
" __J-¥ SWITCH
In mafly computer controlled systems where
120 VAC AC power is controlled, load dropout due to
o— 8.2K filament burnout, fusing, etc. or the opposite
situation - load power when uncalled for due to
switch failure can cause serious systems or
safety problems. This circuit provides a simple
AC power monitor which lights an alarm lamp
220‘“ * 1% kL] b4
and provides a “1” input to the computer
o4 control in either of these situations while
+5V 10K 39K 7 \ L HIIAA maintaining complete electrical isolation be-
==y = tween the logic and the power system.
180 N
D29E2 l Note that for other than resistive loads, phase
ALARM 32.0 LED angle correction of the monitoring voltage
= INPUT TO LOGIC ALARM divider is required.
&= LIGHT
RING DETECTOR
O2uf IK r—————— 1
e Lt VAYAY, | g —]—o In many telecommunications applications it is
desirable to detect the presence of a ring
: : signal in a system without any direct electrical
- 1 contact with the system. When the 86 Vac
as s I Z -‘E | C,c ring signal is applied, the output transistor of
| 1
|

| of a ring signal in the isolated telecommuni-
o Q — ©° cations system.

UPS SOLID STATE TURN-ON SWITCH

BATTERY

Interruption of the 120 VAC power line
turns off the HI1AA, allowing C to charge
and turn on the 2N5308-D45H8 combination
which activates the auxiliary power supply.
gg !‘ENNVGEII":EER This system features low standby drain, isola-
2N5308 STARTER tion to prevent ground loop problems and the
capability of ignoring a fixed number of “drop-
ped cycles” by choice of the value of C.

D45H8

v
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SOLID STATE GENEHAL ELECTRIC

@IPTQELECTRONICS

Photon Coupled Isolator H11B1-H11B2-H11B3

Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier

The General Electric H11B1, H11B2 and H11B3 are gallium L L ];m:o_L s HMM:::'"::  wores |
arsenide, infrared emitting diodes coupled with a silicon photo- 5 T ATE T g | 300 _;gg?iz JREF| 2
darlington amplifier in a dual in-line package. I erpwem _T_ E ;:; %iégzs zg;:ée a
4 & L8011 T
absolute maximum ratings: (25°C) e R R S R
" E M 15° |l
INFRARED EMITTING DIODE S T, l“—‘— ; Z%; i g: e, :
Power Dissipation *100 milliwatts I l oL I "i “‘,’_'?fe,, ;n,,,m;,m,m, i
Forward Current (Continuous) 60  milliamps ? i Fe et e gt odcemtle
Forward Current (Peak) 3 ampere o_]L_._H_J a 0 jai ;fié'ﬁ“ﬁk:’fﬁ?:?:'n: e
(Pulse width 1 usec 300 P Ps)  mapore
Reverse Voltage 3 volts
*Derate 1.33mW/°C above 25°C ambient. TOTAL DEVICE

Storage Temperature -55 to 150°C
Operating Temperature -55 to 100°C
Lead Soldering Time (at 260°C) 10 seconds

PHOTO-DARLINGTON

Power Dissipation *¥150  milliwatts Surge Isolation Voltage (Input to Output). See: Pg. 23

VCEO 25 volts H11B1 ZSOOV(peak) lT?OV(RMS)

Veeo 30 volts H11B2, B3 ISOOV(peak} IOSOV(Rms)

VEco 7 volts Steady-State Isolation Voltage (Input to Qutput). See: Pg. 23

Collector Current (Continuous) 100 milliamps HI11B1 1500V (peak) 1060V (rys)
#*Derate 2.0mW/°C above 25°C ambient. H11B2, B3 950V(peak) 660V{RMS)

individual electrical characteristics (25°C)

INFRARED EMITTING DIODE | TYP. | MAX. UNITS PHOTO-TRANSISTOR MIN.| TYP.|MAX.| UNITS
Forward Voltage Breakdown Voltage — Vigryceo | 25 | — | — |volts
H11B1, B2 (I = 10mA) 1.1 1.5 | volts (Ic =10mA, I =0)
H11B3  (Ig = 50mA) 1.1 1.5 | volts Breakdown Voltage — Vigrycso | 30 | — | — [volts
Reverse Current B‘:ri(;l:dIOOpé 2 115 - O)V 7 B It
(Vg =3V) — 10 | microamps (down Vo'tage — V(BR)ECO - vois
(IE = IOOH.A, IF = 0)
Collector Dark Current — Icgo - 5 | 100 | nanoamps
(VCE = IOV, IF = 0)
Capacitance Capacitance — | 6 | — |picofarads
(V=0,f= 1MHz) 50 — | picofarads (Veg = 10V,f = IMHz)

coupled electrical characteristics (25°C)

MIN. [ TYP. | MAX. UNITS

DC Current Transfer Ratio (I = 1mA, Vg = 5V) H11B1 500 — - | %

H11B2 200 - - %

HI11B3 100 - = %
Saturation Voltage — Collector to Emitter (Ip = 1mA, I = 1mA) — 0.1 0.4 | volts
Isolation Resistance (Input to Qutput Voltage = 500Vpc) 100 - — | gigaohms
Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) - - 2 picofarads
Switching Speeds: (Vcg = 10V, Ic = 10mA, Ry, = 100Q2) ' On-Time - 125 — | microseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE ssnznn@mcmc

@PT@ELECTRON

Photon Coupled Isolator H11B255

Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier

The General Electric H11B255 consists of a gallium “‘ WSEE, e [MLUMETER |
& & Tin A . . a7 SWSOL M | Max | MIN. | MAX T
arsenide infrared emitting diode coupled with a silicon A~ [ 330 sedfase eue |
photo-darlington amplifier in a dual in-line package. H T e T 5 |one 229 406‘2%%9 :
. . F 040l 0701 178
absolute maximum ratings: (25°C). N Lo E s b
J 008| 012 203 3085
INFRARED EMITTING DIODES -l Ty !ﬁ " 0"5 N R :
¥ 375 95.53
Power Dissipation *90  milliwatts sy el Tl T L5 | foless f3d |
Forward Current (Continuous) 60  milliamps |'o— 5 P i T I I | ”?’%?w shlve apermonen icton o farm -
Forward Current (Peak) 3  ampere 2 'l £ a;n:;-;:j‘iﬂ :im Iw:imm ’
(Pulse width 1usec. 300 P Ps) 5 a e M vinn mao
Reverse Voltage 3 volts L & P ot

*Derate 1.2mW/°C above 25°C ambient.

TOTAL DEVICE

PHOTO-TRANSISTOR Storage Temperature -55 to 150°C

Power Dissipation *¥210 milliwatts Operating Temperature -55 to 100°C

Veeo 55  volts Lead Soldering Time (at 260°C) 10 seconds.

Voo 55  volts Surge Isolation Voltage (Input to Output). See: Pg. 23

VEBO 8 VOltS 1 SOOV(pcak} lOﬁOV(RMS)

Collector Current (Continuous) 100 milliamps Steady-State Isolation Voltage (Input to Output). See: Pg. 23

‘ P g

**Derate 2,8mW/°C above 25°C ambient. 950V (peak) 660V (rMs)

individual electrical characteristics (25°C)

D RanEl EMITTING TYP. | MAX. | UNITS PHOTO-TRANSISTOR MIN.| TYP. [MAX.| UNITS
Forward Voltage 1.1 1.5 |volts Breakdown Voltage — Vigryceo | 55 | — | — [volts
(Ig = 20mA) (Ic = 100uA, Iz = 0)
Breakdown Voltage —V(gryceo | S5 | — | — |volts
(Ic = 100pA, Iz = 0)
Reverse Current - 10 microamsz Breakdown Voltage —V(gr)epo | 8 — | — [|volts
(VR. = 3V) (IE = IOOMA, IF = O)
Collector Dark Current — Icgpo - — | 100 | nanoamps
(VCE = 10V, IF = O)
Capacitance 50 —  |picofarads Capacitance — 2 | — |picofarads
(V= 0,f = 1 MHz) (Veg = 10V,f = 1 MHz)

coupled electrical characteristics (25°C)

MIN. TYP. MAX. UNITS

DC Current Transfer Ratio (I = 10mA, Vg = 5V) 100 _ 1%
Saturation Voltage — Collector to Emitter (Ir = 50mA, I¢ = 50mA) - - 1.0 | volts
Isolation Resistance (Input to Output Voltage = 500V pc) 100 - — | gigaohms
Input to Output Capacitance (Input to Output Voltage = O,f = 1 MHz) - — 2 picofarads
Switching Speeds: On-Time — (Vcg = 10V, I¢ = 10mA, Ry = 1009) - 125 — | microseconds

Off-Time — (Vcg = 10V, Ic = 10mA, Ry, = 100Q2) -- 100 — | microseconds
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- NORMALIZED OUTPUT CURRENT

TYPICAL CHARACTERISTICS
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SOLID STATE

GG

GENERAL @D ELECTRIC

Photon Coupled Isolator H11BX522

Ga As Solid State Lamp & NPN Silicon Photo-Darlington Amplifier

The General Electric HI 1BX522 is a gallium arsenide, infrared NSTE 1 svmgoc J,M'_T_':,n iy e, | nores)
emitting diode coupled with a silicon photo-darlington amplifier & T s | 355 agelres “aerl 2
in a dual in-line package. T | 5 | 016 020 4oef’S0s
| ! ¢ |838 21k fi7s
et I_._B_-:{M‘f’ 2E 5 Y locs| 513 2o s6s| °
. . - o Jd : K 100 3
absolute maximum ratings: (25°C) S R ol T
(-2 5 i P 53
INFRARED EMITTING DIODE I } 1 seanwns E_L ! Ry %
2 SFST.!T" __ NOTE T
Power Dissipation *100  milliwatts 1 ! gt | | " oot clentlion 5 e qoodramt adocent o
Forward Current (Continuous) 60  milliamps s S oy kL i’t_‘_n g.EﬁEE&_L“s?ﬂ —
Forward Current (Peak) 3 amperes a-ﬁ%ﬁ‘-ﬂﬂ.ﬂ?ﬁ'ﬁwm .
(Pulse width 1 usec 300 P Ps) Ao paces:
Reverse Voltage
*Derate 1.33mW/° above 25°C ambient.
TOTAL DEVICE
PHOTO-TRANSISTOR Storage Temperature -55 to 150°C
Power Dissipation **¥150  milliwatts Operating Temperature -55 to 100°C
Veeo 25  volts Lead Soldering Time (at 260°C) 10 Seconds
Veso 30 volts Surge Isolation Voltage (Input to Output). See: Pg. 23
Vit 7 volts 2500V peak) 1700V (rus)
Collector Current (Continuous) 100  milliamps Steady-State Isolation Voltage (Input to Output) See:Pg.23
*#Derate 2.0mW/°C above 25°C ambient. 1500V peak) 1060V rms)
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP.|MAX.| UNITS PHOTO-DARLINGTON MIN. | TYP. [MAX.| UNITS
Forward Voltage 1.0 [ 1.15 |volts Breakdown Voltage — V(grycpo | 25 | — | — | volts
(IF = OSmA) (IC o lOmA, IF st O)
Breakdown Voltage —V(grycpo | 30 | — | — | volts
(Ic = 100pA, I = 0)
Reverse Current — | 10 |microamps Breakdown Voltage — Vigr)es0 T — | = [ volts
=3 (I = 100uA, Iz = 0)
(Vg =3V) Collector Dark Current — Ipgo
(VCE = I%V, REE =7.5M& y micro-
Ta =50"C) =1 — | 10 | amps
Capacitance
Capacitance 50 | — [picofarads Collector-Emitter — Cog pico-
(V=0,=1MHz) (Veg = 10V,f =1 MHz = 6 — | farads
coupled electrical characteristics (25°C)
MIN. [Ty [max. ] uniTs
DC Current Transfer Ratio (Ig = 0.5mA, Vog = 6V, Rgg = 7.5MQ) -25°C~++50°C [ 200 | — - |%
Saturation Voltage — Collector-Emitter (I = SmA, Ic = 2mA, Rgg = 7.5 M £2) — — 1.0 [Volts
Isolation Resistance (Input to Output Voltage = 500Vpe) - 100 — |gigaohms
Input to Output Capacitance (Input to Output Voltage = O,f = 1 MHz) - 2 — | picofarads
Switching Speeds: (Ig = SmA, See Figure 1) o 1 - 3  |milliseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE GENERAL @B ELECTRIC

@PTR!

Photon Coupled Isolator H11C1-H11C2-H11C3 m

Ga As Infrared Emitting Diode & Light Activated SCR

INCH MILLIMETER
The General Electric H11C1, HI1C2 and H11C3 are gallium T }A e
arsenide, infrared emitting diodes coupled with light activated sil- T NOTE 1 E Z
icon controlled rectifiers in a dual in-line package. R T TSI EalE a
i i e @ T ¢ |rrorview | S G
absolute maximum ratings: (25°C) | | e KL ’
® 3
INFRARED EMITTING DIODE J‘"’I““ i—a—‘-i“\' . TTIT T E .
Power Dissipation *100 milliwatts _*_"‘M* e L EY R
Forward Current (Continuous) 60 milliamps “"} g __l_ MTE’ET’&;?SE%“.%‘.“MZLTJ%% tem -
Forward Current (Pezk) 3 ampere = {%ﬂ SN
(Pulse width 1 usec 300 P Ps) sol " ~ ﬂﬁ:u i?:::g}}l‘::ﬂﬂi?;‘:ﬁ':ﬂ. it
Reverse Voltage 6 volts 5 Four places.
*Derate 1,33 mWJ’DC above.25°C ambient. TOTAL DEVICE
- Storage Temperature -55 to 150°C
FHOTO 808 Operating Temperature -55 to 100°C
Peak Forward Voltage 200 volts Lead Soldering Time (at 260°C) 10 seconds
RMS Forward Current 300 milliamps Surge Isolation Voltage (Input to Output). See: Pg. 23
Forward Current (Peak) 10 amperes H11iC1 2500V (peatc 1770Vgus)
(100usec 1% duty cycle) H11C2 2100V ey 1480V(rus)
Surge Current (10m sec) 5 amperes H11C3 1500V (pear 1060V (rus)
Reverse Gate Voltage 6 volts Steady-State Isolation Voltage (Input to Output). See: Pg. 23
Power Dissipation (25°C Ambient) ** 400 milliwatts HI11C1 1500V (peaty 1060V (rus)
Power Dissipation (25°C Case) *%%1000  milliwatts H11C2 1260V peaq 890V (rus)
*% L] o i
+»+Derate 133mWI°C above 25°C cater H11C3 950Vipesy  660V(Ruts)

individual electrical characteristics (25°C)

INFRARED EMITTING DIODE | TvP. | MAX. UNITS PHOTO-SCR MIN.| TYP.|MAX.| UNITS
Forward Voltage Vg 1.2 1.5 | volts Peak Off-State Voltage — Vpy | 200 — | — |volts
(Ig = 10mA) (Rgx = 10K$2, 100°C)
Peak Reverse Voltage — Vru 2001 — — |volts
(Rgx = 10K, 100°C)
Reverse Current Ir — 10 | microamps Oni Statf \;oltage — Vv = |4k |12 |mlts
(Vg =3V) (Itm = .3 amp) )
Off-State Current — Iy - | - 50 | microamps
(Vpm =200V, T4 =100°C)
Reverse Current — Igy - - 50 |microamps
(VruM =200V, To =100°C)
Capacitance Cy 50 - picofarads Capacitance (Anode-Gate) - 20| — |picofarads
(V=0,f=1MHz) V=0V, f=1MHz(Gate-Cathode) — |350| — |[picofarads
coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS
Input Current to Trigger (Vax = 50V, Rgk = 10KR2) H11C1, C2 — — 20 milliamps
H11C3 — - 30 milliamps
Input Current to Tirgger (Vax = 100V, Rgg = 27KQ) H11Cl1,C2 - - 11 milliamps
H11C3 — - 14 milliapms
Isolation Resistance (Input to Output Voltage = 500Vp¢) 100 - — gigaohms
Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) - - 2 picofarads
Coupled dV/dt, Input to Output (See Figure 13) 159 500 - - volts/usec




TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS OF OUTPUT (SCR)
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H11C APPLICATIONS

100 N

ANN— T LOAD
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) SCI46B 247 N

< 0

10A, T2L COMPATABLE, SOLID STATE RELAY

Use of the H11C1 for high sensitivity, 2500 v
isolation capability, provides this highly reliable
solid state relay design. This design is compatable
with 74, 74S and 74H series T2L logic systems
inputs and 120V AC loads up to 10 A. DT2308{4}

INDICATOR
25W LOGIC INDICATOR LAMP DRIVER

0
The high surge capability and non-reactive input characteristics
of the H11C allow it to directly couple, without buffers, T2L
and DTL logic to indicator and alarm devices, without danger QAL
of introducing noise and logic glitches.

O

200V SYMMETRICAL TRANSISTOR COUPLER

Use of the high voltage PNP portion of the H11C provides a 200V

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 supplys and test equipment. Care should be taken not to
exceed the H11C 400 mW power dissipation rating when used at high voltages.

FIGURE 13
COUPLED dV/dt — TEST CIRCUIT

Vp =800 Volts

tp =010 Seconds

f = 25Hertz + |00 VAC
TA =250C

10082

vl | T L L O
% O
—olt
EXPONENTIAL | osciLoscore
RAMP GEN.
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SOLID STATE

@PTOELECTRONICS

-

seu:nu@mcmc

Photon Coupled Isolator H11C4 - H11C5-H11C6

Ga As Infrared Emitting Diode & Light Activated SCR
The General Electric H11C4, H11C5 and H11C6 are gallium

F—i% SEE
arsenide, infrared emitting diodes coupled with light activated - ﬁ:l e lé*—”gf—m" ]
silicon controlled rectifiers in a dual in-line package. t T ERET (I N -
i 1 . o T ‘ C (TOR VIEW) ] E
absolute maximum ratings: (25°C) L T
INFRARED EMITTING DIODE o ;
Power Dissipation *100 milliwatts o= dM_ »
Forward Current (Continuous) 60 milliamps W} ™ seanno |'L m l . 5: 280l571 |12
Forward Current (Peak) 3 ampere 201 PLM_L T ? l ks Jhers: €h0lLb 4 pelmapent o be ey
(Pulse width 1usec 300 P Ps) e e, e Bt e
Reverse Voltage 6  volts e ot o oade e g
*Derate 1.33mW/°C above 25°C ambient. 5. oo stocs.
TOTAL DEVICE
PHOTO — SCR Storage Temperature -55 to 150°C
Peak Forward Voltage 400  volts Operating Temperature -55 to 100°C
RMS Forward Current 300  milliamps Lead Soldering Time (at 260°C) 10 seconds
Forward Current (Peak) 10 amperes Surge Isolation Voltage (Input to Qutput). See: Pg. 23
(100usec 1% duty cycle) H11C4 2500V peak) 1770V (rms)
Surge Current (10m sec) 5 amperes H11CS 2100V (peak) 1480V (rus)
Reverse Gate Voltage 6  volts H11C6 1500V (peak) 0V (rms)
Power Dissipation (25°C Ambient) ** 400 milliwatts Steady-State Isolation Voltage (Input to Output). See: Pg. 23
Power Dissipation (25°C Case) *#%1000 milliwatts H11C4 1500V (peak) 1060V (rms)
**Derate  5.3mW/°C above 25°C ambient. H11C5 1260V (peak) 890V (rms)
***Derate 13.3mW/°C above 25°C case. H11C6 950V (peak) V(rMS)
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TvP. | MAX. UNITS PHOTO — SCR MIN. [TYP. [MAX.| uNITS
Forward Voltage Vg 1.2 | 1.5 |volts Peak Off-State Voltage — Vpy  |400 | — | — [volts
(I = 10mA) (Rgk = 10KS2, 100°C)
Peak Reverse Voltage — Vgym 400 | — | — |volts
(Rgk = 10K, 100°C)
Reverse Current Ir - 10 | microamps On-StatE Voltage — Vi — |11 | 1.3 fvolts
(VR = 3V) (ITM =3 amp) .
Off-State Current — Ipy — | — |150 |microamps
(Vpm =400V, T =100°C)
Reverse Current — Igpy — | — [150 |microamps
(Vrm =400V, T, =100°C)
Capacitance Cy 50 — picofarads Capacitance (Anode-Gate) — |20 | — |picofarads
(V=0,f=1MHz) V=0V,f=1MHz (Gate-Cathode) | — |[350 | — |picofarads
coupled electrical characteristics (25°C)
MIN. | TYP. | mMAX. UNITS
Input Current to Trigger (Vax = S0V, Rgx = 10KQ) H11C4, C5 — — 20 milliamps
H11C6 — - 30 milliamps
Input Current to Trigger (Vax = 10V, Rgg = 27K2) H11C4, C5 — - 11 milliamps
H11C6 - — 14 milliamps
Isolation Resistance (Input to Output Voltage = 500Vpc) 100 — - gigaochms
Input to Output Capacitance (Input to Output Voltage = O,f = IMHz) — - 2 picofarads
Coupled dv/dt, Input to Output (See Figure 13) 163 500 - == volts/usec
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H11C APPLICATIONS

10A, T2L COMPATIBLE, SOLID STATE RELAY

100 N

Use of the H11C4 for high sensitivity, 2500V iso-
lation capability, provides this highly reliable solid
state relay design. This design is compatible with
74, 74S and 74H series T?L logic systems inputs
and 220V AC loads up to 10A.

Wi v—

IN5060 (4)

_L@_°

0.luF ‘CONTACT"
A
jscmso ayas 2SOVAC

& —0

25W LOGIC INDICATOR LAMP DRIVER

The high surge capability and non-reactive input characteristics
of the H11C allow it to directly couple, without buffers, T2L
and DTL logic to indicator and alarm devices, without danger
of introducing noise and logic glitches.

£
<

INDICATOR
LAMP

—m

100 N
220VAC

400V SYMMETRICAL TRANSISTOR COUPLER

Use of the high voltage PNP portion of the H11C provides a 400V 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 ex-
ceed the H11C 400 mW power dissipation rating when used at high voltages.

FIGURE 13

COUPLED dv/dt — TEST CIRCUIT

+ 100 VAC

Vp =800 Volts
tp =.010 Seconds
f = 25Hertz
TA =250C
VL E D + O
;.SS*Vp Vp
~old
‘I tp dv/dt
e
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SOLID STATE

G

GENERAL &3 ELECTRIC

R

Photon Coupled Isolator H74C1, H74C2 T—[l—_‘"\|
Ga As Infrared Emitting Diode & Light Activated SCR ‘*31 U0 o Y [ [ o T

20 Las " a %ﬁi_n}%!nn!a IEEE
TTL Interface W | € 330 %% eca |

Cog e o9 T TT YT TT 2 ::I: gég 4065.358 a4

3 T F oa oro[1.01 L7

The General Electric H74C1 and H74C2 are gallium arsenide infrared emitting diodes ¢ Joorvem | 3 [ % Do s R
coupled with light activated silicon controlled rectifiers in a dual in-line package. They PR Y I O B L Y L B
are specifically designed to operate from TTL logic inputs and allow control of 120 = Mo (208 ] 38 e | 2
or 240V 5c power with 7400, 74H00 and 74S00 series logic gates. It can also control e e g |somigen Ly |

NOTES

I. Thera shall be o germonen! indicotion of term
ingl origntation in the quodrant adjacent o

terminal |

2. Installed position lead cenlers,
3. Ovoroll instolled dimensian,

ing plane.

5. Four places

4. These measuremerts are made from fhe seat-

up to 400Vpe power circuits. They are guaranteed and specified to operate over TTL sm..\.: _I_
voltage and temperature ranges using standard tolerance components. BLane T I |
absolute maximum ratings: (25°C) (unless otherwise specified) e l'““
INFRARED EMITTING DIODE PHOTO — SCR
Power Dissipation *100 milliwatts Peak Forward Voltage
Forward Current (Continuous) 60 milliamps H74C1 200
Forward Current 1 ampere H74C2 400
(Peak 100usec 1% duty cycle) RMS Forward Current 300
Reverse Voltage 6 volts Forward Current 10
*Derate 1,33 mW/°C above 25°C ambient. (Peak, 100usec 1% duty cycle)
Surge Current (10 msec) 5
Reverse Gate Voltage 6
Power Dissipation (25°C Ambient) ** 400
Power Dissipation (25°C Case) *#%1000
**Derate 5.3 mW/°C above 25°C ambient.
N o % #*+*Derate 13.3 mW/°C above 25°C case.
electrical characteristics of H74C

volts
volts
milliamps
amperes

amperes
volts
milliwatts
milliwatts

*All specifications refer to the following bias configuration (Figure 1) over the full operating temperature (0°C to 70°C) and logic

supply voltage range (4.5 to 5.5Vpc) unless otherwise noted.

SCR Leakage, Logic Gate Vour(1), Both Directions . ......... . ..ol 50
SCR Drop, Anode Positive, Logic Gate Vout(g), Itm =250mA. .. ... ...t 1
Conpled dvidt-to Trigper, Ve 10 Visa £357) 5 sovem on vl 0 o 55ies o 0emegs va Do 4 & 500
Capacitance (Input to Output Voltage = O, f=1MHz) .. ... ... oo, 2
Isolation Resistance (Input to Qutput Voltage = S00Vpe). v v v oo v v i v v o i e e e e 100
Turn-On Time of SCR; Vour(oy, Input to Output (25°C) . ... oo v 200

390£5% _ | 10000
LOAD
Vpe50

TO
400V peak

Vpc=5%.5V

LOGIC GATE
SEE TABLEI

Figure 2.

Figure 1. H74C BIAS CIRCUIT
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V Max.
V/usec. Min.
pF Max.
Gigaohms Min.
usec. Max.



absolute maximum ratings - total device

Ta ~AMBIENT TEMPERATURE-°C

™ TABLE 1. Characteristics required of TTL gate which is to be interfaced with H74C.
SCR Current See Figure 4
Operating Temperature Range 0°C to 70°C
Operating Voltage Range, Vpe 4.5 t0 5.5Vne TEST CONDITIONS, FIGURE 2 LIMITS
: H74C1 50 to 200 Vpk PARAMETER Vee hin Isink MIN. |MAX. | UNITS
Operating Voltage Range, 17407 50 10 400 Vi MIN. | MAX. | MIN. [mMAX. | MmN, | max, [V :
Storage Temperature Range -55°C to 150°C
Lead Soldering Time (at 260°C) 10 sec. Max. Vout@) | 4.5V -0-4mA | 24 Volts
Surge Isolation Voltage VouTt(©0) | 4.5v 12.0mA 0.4 | Volts
(Input to Qutput) See; Pg. 23
1500 Vipeak) 1060Vgms
Steady-State Isolation Voltage
(Input to Output) See; Pg. 23
950 V (peak) 660V rms
‘ME NOTE {IILEAD TEMPERATURE MEASURED AT THE WIDEST PORTION
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Photon Coupled Isolator H11D1-H11D4

Ga As Infrared Emitting Diode & NPN Silicon High Voltage Photo-Transistor

The General Electric H11D1-H11D4 are gallium arsenide, infrared

emitting diodes coupled with silicon high voltage photo-transis- A % —
tors in a dual in-line package. . I T E
X : . _T_‘ | TOP VIEW] t
absolute maximum ratings: (25°C) N o] |
INFRARED EMITTING DIODE ol S qﬁ:“ u|~ :
Power Dissipation *#100 milliwatts g o —[— E ;
Forward Current (Continuous) 60 milliamps ' |: E |I L :f*—__ t .._P L2 280/571 |7.i2
Forward Current (Peak) 3 ampere 20+ ;Kj:': R 4 [T st b opermane ccacn o trn-
(Pulse width 1usec 300 P Ps) Yo e *I'}:D 2 :T,'.T,S:l postion leed centers,
Reverse Voltage 6  volts - e e s
#Derate 1.33mW/°C above 25°C ambient. 5 Fou loes
TOTAL DEVICE
PHOTO- TRANSISTON e Storage Temperature -55 to 150°C
3 - Operating Temperature -55 to 100°C
Power Dissipation **300 ¥%300 milliwatts Lead Soldering Time (at 260°C) 10 seconds.
Veeo 300 200 volts Surge Isolation Voltage (Input to Output). See:Pg.23
VCBO 300 200 volts H11D1 ZSOOV(peak} 17?0V(RMS)
VECO 7 7 vo'lt?". H1 1D2, DS, D4 ISODV(peak} IOGOV(RM S)
Collector Current 100 100 milliamps Steady-State Isolation Voltage (Input to Output). See: Pg, 23
(Continuous) H11D1 1500V (peak) 1060V rms)
#*Derate 4,0mW/°C above 25°C ambient. H11D2, D3, D4 950V (peak) 660V (rms)
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP. |MAX. UNITS PHOTO-TRANSISTOR MIN.|MAX.,| UNITS
Forward Voltage 1.1 1.5 |volts Breakdown Voltage — V(grycgo D1,2 300 | — [volts
(Ir = 10mA) (Ic = ImA; I = 0) D3,4[200| — |volts
Breakdown Voltage — V(grycpo D1,2 (300 | — [volts
(Ic = 100uA; I = 0) D3,4|200| — |[volts
Reverse Current - 10 | microamps Breakdown Voltage — Vgr)EB0 7| — [volts
(Vg = 6V) (Ig = 100uA; Ix = 0)
R Collector Dark Current — ICEO
(Veg=200V;I1z=0;To= 25°C) D1,2| — |100 |nanoamps
(VcE=200V;15=0;To=100°C) D12 | — |250 |microamps
Capacitance 50 — | picofarads (Vee=100V;Ig=0;To= 25° C) D3,4| — | 100 |nanoamps
(V=0,f=1MHz) (Vee=100V;1g=0; T,=100°C) D3,4| — |250 [microamps
coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS
DC Current Transfer Ratio (Ig = 10mA, Vg = 10V) H11D1,D2,D3 20 - — %
H11D4 10 - - %
Saturation Voltage — Collector to Emitter (Iy = 10mA, I¢ =0.5mA) — 0.1 0.4 |volts
Isolation Resistance (Input to Qutput Voltage = 500Vpc) 100 - — | gigaohms
Input to Output Capacitance (Input to Output Voltage = 0,f=1MHz) - — 2 picofarads
Switching Speeds: Turn-On Time — (Vg = 10V, Icg = 2mA, Ry = 100Q) - 5 - microseconds
Turn-Off Time — (Vg = 10V, Icg = 2mA, Ry = 10082) — 5 — | microseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE GEHERAL ELECTRIC

@IPTOELECTRONICS

Photon Coupled Interrupter Module H13A1-H13A2

The General Electric HI3A1 and HI13A2 are gallium arsenide in-
frared emitting diodes coupled with a silicon photo-transistor in a
plastic housing. The gap in the housing provides a means of inter-
rupting the signal with tape, cards, shaft encoders, or other opaque

material, switchin output transistor from an “ON” into an ) o
fn atel'l,iili, W g the p nsis I ON ‘:-mozb:'—" ~{ b1 = [svweo] s T NLETER Jored
OFF” state. T iloe @ b [ A 1390/400] @3l [i0.16
FEATURES: 1 E 4% -[1)-,{ Ecmux_T :n: s g?; I'?ulw L«:%sz
‘ 1 Tl B s 1 L
e Low cost, plastic module 'st' . ALEF o tavastiser [iesy
@ Non-contact switching 15 = of - T30sT =
@ Fast switching speeds 4 _— b T 'z 090l 110[ 229 279
o SEATING F [ T T '- e :
e Solid state reliability e T 7 h'J,"" +H ¥ F_{ooslio5) 23 L -
e I/O compatible with integrated circuits , = ol Sl B oo aas 230
I.FOUR LEADS. LEAD DIMENSIONS CONTROLLED T CETT )
BETWEEN 0500 INCH (1.27 MM) FROM SEATING Rz 05 O|NOM. 7 OM'
PLANE AND THE END OF THE LEADS. 5 o 038 96-
2.THE SENSING AREA FALLS WITHIN A 060 INCH 51 oll 40| 3. 355
. . a (1.52 MM} SQUARE ON THIS CENTERLINE. T | 1 ofNOM] 279 NOM, 2
absolute maximum ratings: (25 C) (unless otherwise specified)
Storage and Operating Temperature -55° to 85°C. Lead Soldering Time (at 260°C) 10 seconds.
INFRARED EMITTING DIODE PHOTO-TRANSISTOR
Power Dissipation *100 milliwatts Power Dissipation *%150  milliwatts
Forward Current (Continuous) 60 milliamps Collector Current (Continuous) 100  milliamps
Forward Current 1 amp Veceo 30 volts
(peak, 100us, 1% duty cycle) Veco 5  volts
Reverse Voltage 3 volts
*Derate 1.67mW/°C above 25°C ambient **Derate 2.5mW/ C above 25°C ambient
. - : i s &
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE TYP. | MAX. UNITS|| PHOTO-TRANSISTOR MIN. | MAX. UNITS
Forward Voltage 1.2 1.7 volts Breakdown Voltage 30 - volts
(IF =10 mA) V(sriceo (Ic=10mA)
Reverse Current - 10 Mamps Breakdown Voltage 5 - volts
(Vg =2V) V(srieco (g = 100uA)
Capacitance 150 - pf Collector Dark Current - 100 nA
(= 0, f= 1MHz) Iceo (Vce = 10V,ig =0, H=0)
coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS
Qutput Current (Ig = 20 mA, Vg = 10V) H13A1 200 400 - Hamps
H13A2 50 - = Hamps
Saturation Voltage (Ig = 20 mA, I = 25UA) - 0.2 0.4 volts
Switching Speeds (Vog = 10V, I¢ = 2 mA, R_= 100£))
On Time (tg +tp) - 5 - Lisecs
Off Time  (tg+ tg) - 5 - Usecs

m
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SOLID STATE GENERAL @D ELECTRIC

@IPTOEF

Photon Coupled Interrupter Module H13B1-H13B2 =

ﬂ@
1] |

The General Electric H13B1 and H13B2 are gallium arsenide in- :
frared emitting diodes coupled with a silicon photo-darlington in | | |
a plastic housing. The gap in the housing provides a means of in- Pl
terrupting the‘ mgna.} w1_th tape, cards, shaft_ encoders, or ‘?the,l; N SO vy - TV e
opaque material, switching the output transistor from an “ON D2 w0 (38 0 2 P TWACT Jin T wax. 1
into an “OFF” state. > ;L% E:()’T_Esﬁc%ﬁf ] ] NPT T d M -7
FEATURES: o € b [0 To3alssrizaza 12485
; -—Ts*,—' "r [ DI (475(495|12.07 |1257
e Low cost, plastic module T [ lizol = Ts05 [ =
e Non-contact switching PA ) Al |Re [—se—josolitorzes 1"2rs
o) — E ~ 12551 — 7
@ Solid state reliability spﬁms? r‘l* T h_]LFJ = e e ;:‘ :
e 1/O compatible with integrated circuits xS o aos Fos
Nlc_'TFcEJ?Jh LEADS. LEAD DIMENSIONS CONTROLLED ?1 E % 3%., Noh,:{
BETWEEN .0500 INCH (.27 MM) FROM SEATING Rz [CSO[NOM.| 1.27 N OM.
PLANE AND THE END OF THE LEADS. 5 032 038 56
2.THE SENSING AREA FALLS WITHIN A 080 INCH St 0l140] 3 355
(152 MM) SQUARE ON THIS CENTERLINE. T o[NOM.[ 2.79 | Nom z
absolute maximum ratings: (25 °C) (unless otherwise specified)
Storage and Operating Temperature -55° to 85°C. Lead Soldering Time (at 260°C) 10 seconds.
INFRARED EMITTING DIODE PHOTO-DARLINGTON
Power Dissipation *100 milliwatts Power Dissipation *%150  milliwatts
Forward Current (Continuous) 60 milliamps Collector Current (Continuous) 100  milliamps
Forward Current 1 amp Veceo 25  volts
(peak, 100 ps, 1% duty cycle) Vees % als
Reverse Voltage 3 volts
*Derate 1.67mW/°C above 25°C ambient #*Derate 2.5mW/°C above 25°C ambient
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE TYP. | MAX. uniTs || PHOTO-DARLINGTON MIN. | MAX, UNITS
Forward Voltage 1.2 1.7 volts Breakdown Voltage 25 - volts
(If = 10 mA) Vigr)ceo (Ic=10 mA)
Reverse Current - 10 Mamps Breakdown Voliage 7 - volts
(VH = 2V) V[BH)ECO (IE =, IOOHA)
Capacitance 150 - pf Collector Dark Current - 100 nA
(V =0, f=1MHz) Iceo (Ve = 10V,1g= 0, H=0)
coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS
Output Current (Ig = 20 mA, Vgg = 5V) H13B1 2500 - - Mamps
H13B2 1000 - - Mamps
Saturation Voltage (Ig = 20 mA, I¢ = 0.5 mA) - - 1.2 volts
Switching Speeds (Vcg = 10V, Ic = 2 mA, R_ = 100§2)
On Time (tg+t,) - 150 - Usecs
Off Time {.+t5) - 150 = ecs
et 173 M




TYPICAL CHARACTERISTICS
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SOLID STATE

QPO

Photon Coupled Isolator H15A1-H15A2

GENERAL @D ELECTRIC

Ga As Infrared Emitting Diodes & NPN Silicon Photo-Transistors e 3
1 Ry [
The General Electric HISA]1 and H15A2 are gallium arsenide, N/ !L _i
infrared emitting diodes coupled with silicon photo transistorsin a 3f4 S )
low cost plastic package with lead spacing, compatible to dual
in-line package. —D—f J"Tba STMBOL |, INCHES T WILLMETERS ['yoree
n|4 a N A - [350 = B.8 9
absolute maximum ratings: (25°C) 2. E Of &E"J‘E&?’o’éﬁs A e e
e I [} - 375] — |s.52
INFRARED EMITTING DIODE ' _‘Tl‘;f s Zes[sis 724 (500
TI e? .09 0|l l0cj2.29 (2789
Power Dissipation *100 milliwatts E 80— 83° [
Forward Current (Continuous) 60 milliamps s 4%&:6 S 025/040/ 64 [10]
Forward Current (Peak) 3 ampere L Wope e e
(Pulse width 1 usec 300 P Ps) 1l | LS L B D
Reverse Voltage 3 volts Sy 0 PLANE AND THE END OF THE LEADS.
*Derate 1.67m/W°C above 25°C ambient.
TOTAL DEVICE
Storage Temperature -55 to 85°C
PHOTO-TRANSISTOR Operating Temperature -55 to 85°C
Power Dissipation **150 milliwatts Lead Soldering Time (at 260°C) 10 seconds
Vceo 30 volts Surge Isolation Voltage (Input to Output). See: Pg. 23
VECO 5 volts 5650V(peak) 4000V(RMS}
Collector Current (Continuous) 100 milliamps Steady-State Isolation Voltage (Input to Output). See: Pg. 23
**Derate 2.5m/W°C above 25°C ambient. 3500V peak) 2500V (rms)
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP. | MAX, UNITS PHOTO-TRANSISTOR MIN.| TYP. |[MAX.| UNITS
Forward Voltage 1.1 | 1.7 | volts Breakdown Voltage — V(gryceo | 30 | — | — |volts
(I = 10mA) (Ic = 10mA, I =0)
Breakdown Voltage — V(gryECo 5| — | — |volts
Reverse Current - 10 | microamps (Ig = 100pA, I =0)
(Vg =3V) Collector Dark Current —Icgo — | 5 |100 |nanoamps
(Ve =10V,Ig =0)
Capacitance 50 — picofarads Capacitance — | 3.5 | — |picofarads
(V=0,f=1MHz) (Veg = 10V, f = 1MHz)
coupled electrical characteristics (25°C)
MIN. | TYP. | MAX. UNITS
DC Current Transfer Ratio (I = 10mA, Ve = 10V) H15A1 20 — — %
H15A2 10 - = %
Saturation Voltage — Collector to Emitter (I = 10mA, I¢ = 0.5mA) — 0.2 0.4 |volts
Isolation Resistance (Input to Output Voltage = 500Vpc) 100 - - gigaohms
Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) — - 2 picofarads
Switching Speeds:  Turn-On Time — (Vg = 10V, Icg = 2mA, Ry, = 10092) - 3 —  |microseconds
Turn-Off Time — (Vcg = 10V, Igg = 2mA, Ry = 100Q) — 3 - microseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE GENERAL @D ELECTRIC
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Photon Coupled Isolator H15B1-H15B2
Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier

The General Electric HI5B1 and H15B2 are gallium arsenide,
infrared emitting diodes coupled with silicon photo-darlington
amplifiers in a low cost plastic package with lead spacing, com-

atible to dual in-line package.
? S . o e A el
absolute maximum ratings: (25°C) L E 0f seeoni S5 o slorel do7 aaE
INFRARED EMITTING DIODE i T 521 M e L o
. pro s o1 '285(315/724 [8.00
Power Dissipation *100 milliwatts - e2__090lI 0[225 [2.78
Forward Current (Continuous) 60  milliamps A e R L
N SEATING , K 3
Forward Curre‘nt (Peak) 3 ampere —*WE S 025040, 64 Lol
(Pulse width 1 usec 300 P Ps) T L NOTE:
Reverse Voltage 3 volts x| x " GETWEEN 050" (127 M) FRON THE. SEATING.
*Derate 1.67mW,r‘°C above ZSOC ambient. e8| —o ~ag PLANE AND THE END OF THE LEADS.
TOTAL DEVICE
SHEID DARSINATIN Storage Temperature -55 to 85°C
Power Dissipation **150 milliwatts Operating Temperature -55 to 85°C
Vceo 30 volts Lead Soldering Time (at 260°C) 10 seconds
Veso 70 volts Surge Isolation Voltage (Input to Output). See: Pg. 23
Veco 7 volts 5650V (peak 4000V rm
; g (peak) (RMS)
Collector Current (Continuous) 100 milliamps Steady-State Isolation Voltage (Input to Output). See: Pg. 23
#*Derate 2.5mW/°C above 25°C ambient. 3500V peak) 2500V(RM S)
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP. | MAX,. UNITS PHOTO-DARLINGTON MIN.| TYP.[MAX.| UNITS
Forward Voltage 1.1 1.7 |volts Breakdown Voltage — V(gryceo | 30 — | — |[volts
(IF = 10111A) (IC =10mA, Ig = 0)
Breakdown Voltage —Vgrygco | 7 | — | — [volts
Reverse Current - 10 | microamps (Ig = 100uA, Ir = 0)
(Vg =3V) Collector Dark Current —Icgg — | 5 | 100 [nanoamps
(Vce = 10V, Ip =0)
Capacitance 50 - picofarads Capacitance — 6 | — |[picofarads
(V=0,f=1MHz) (Veg = 10V, f = 1MHz)
coupled electrical characteristics (25°C)
MIN. | TYP. | MAX. UNITS
DC Current Transfer Ratio (I = 5mA, Veg = 5V) H15B1 400 - - |%
H15B2 200 — = %
Saturation Voltage — Collector to Emitter (I = SmA, Ic =2mA) - 0.8 1.4 [volts
Isolation Resistance (Input to Output Voltage = 500Vpc) 100 - — gigaohms
Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) — — 2 |picofarads
Switching Speeds:  Turn-On Time — (Vcg = 10V, Ic = 10mA, Ry, = 100£2) - 125 —  |microseconds
Turn-Off Time — (Veg = 10V, Ic = 10mA, Ry, = 10082) - 100 —  |microseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE GENEBAL ELECTRIC

GIPTOELECTRONICS

Matched Emitter — Detector Pair H17A1 oarren x1csion

The General Electric H17Al is a matched emitter-detector pair
which consists of a gallium arsenide, infrared emitting diode in a
clear epoxy TO-92 type package and a silicon photo-transistor
also in a clear epoxy TO-92 type package.

Each emitter and detector is marked with a color coded dot on
the top of the unit (see package illustration). Emitter and de-
tector must be paired as follows:

e Emitter — Detector
o BLACK matched to — BLUE TR L s
e ORANGE matched to — RED en R
o WHITE matched to — VIOLET P e _
kod Tod ) ';
FEATURES: :‘?;\Eﬁfid LEADS) abz APPLAESDBETWEENMLH‘ AND L2. e |.095 | .05 2-.41 2.67 3
o Low Cost A R AMETCR I NCONTROLLEDING | o |38 | 970|342 |48 | °
. . AND BEYOND, .5" (12.70MM) FROM SEATING PLANE. L .500 1270 1
e Side Looking 2. THE CENTER LINE OF THE ACTIVE ELEMENTIS | LI |, 0 | 050 . | 127 | |
e I/O Compatible with Integrated Circuits LOCATED WITHIN 2020 (.01 MM) OF THEPOSITION | g ™o ner. [ 2:20 rer 2
3.AS MEASURED WITHIN 050" (1.27MM) OF THE L e e e
SEATING PLANE. St 7090 RE "2 29 REF.
1
absolute maximum ratlngs (2500) (unless otherwise specified)
Storage and Operating Temperature -55°C to 100°C. Lead Soldering Time (at 260°C) 10 Seconds.
INFRARED EMITTING DIODE PHOTO-TRANSISTOR
Power Dissipation *100 milliwatts Power Dissipation *#150 milliwatts
Forward Current (Continuous) 60 milliamps Collector Current (Continuous) 100 milliamps
Forwa(rflogurre?; (II;eatk)Cy - 1 ampere Neig 30 volts
Hs, 170 Lty Lycie A% 5 olts
Reverse Voltage 3 volts EBCO v
*Derate 1.3mW/°C above 25°C ambient. **Derate 2.0mW/°C above 25°C ambient.
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP. | MAX. UNITS PHOTO-TRANSISTOR MIN. | MAX. UNITS
Forward Voltage 1.2 1.7 volts Breakdown Voltage — V(gr)cEo 30 - volts
(Ig = 10mA) (Ic = 1mA)
Reverse Current B 10 pamps Breakdown Voltage — V(gr)ECo 5 - volts
(Vr =2V) (Ig = 100 4A)
Capacitance 50 — pf Collector Dark Current — Icgo — 100 nA
(V = 0,f = 1MHz) (Veg =10V, I =0O,H~0)

coupled electrical characteristics (25°C)
Note: Coupled electrical characteristics are measured at a separatlon distance of .125"
with the faces of the emitter and detector parallel within 3°.

MIN. TYP. MAX. UNITS

Output Current (Ir = 20mA, Vcg = 10V) - 50 - - Lamps
Saturation Voltage (Iy = 20mA, Ic = 25uA) - 0.2 0.4 volts
Switching Speeds: Turn-On Time (tg +t,) (Vcg =10V, Ic =2mA, Ry, = 10082) B 5 - usecs
Turn-Off Time (ts +tf) (Veg = 10V, Ic = 2mA, Ry = 10082) — 5 - 1L secs
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TYPICAL CHARACTERISTICS
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SOLID STATE GENERAL@ELECTHIC

EMITTER DETECTOR

Matched Emitter — Detector Pair H17B1

The General Electric HI7B1 is a matched emitter-detector pair

which consists of a gallium arsenide, infrared emitting diode in a

clear epoxy TO-92 type package and a silicon photo-darlington

also in a clear epoxy TO-92 type package.

Each emitter and detector is marked with a color coded dot on

the top of the unit (see package illustration). Emitter and de-

tector must be paired as follows:

— Detector /R PELLET LOCATION

e Emitter | .
e BLACK matched — BROWN & = TTG|_
o ORANGE matched to — YELLOW A & o
e WHITE matched to — GREEN ; L i}&}éw
oy o R
FEATURES: W0 LEADS) #bp APPLIES BETWEENL) ANDLz. | ¢ |/095 | .05 |24l (267 | 3
B A L EMERCR S ONCoNTROLLED L | o (993 | 938 |44 |42 | °
e Low Cost AND BEYOND. 5" (12.70 MM) FROM SEATING PLANE. 4 égg 70 3% |42 1
« Side Looking FIIESEUSI NG SETHE AT ML, | 18 |ang | 220 o |17 | |
e /O Compatible with Integrated Circuits gHE:MEnSUHED WITHIN 050" (1.27 MM) OF THE R -Oiggsi ol I e ¢
SnRERE T e S [P fna
1 |
absolute maximum ratlngs (25 C) (unless otherwise specified)
Storage and Operating Temperature -55°C to 100°C. Lead Soldering Time (at 260°C) 10 Seconds.
INFRARED EMITTING DIODE PHOTO-TRANSISTOR
Power Dissipation *100 milliwatts Power Dissipation il 011 milliwatts
Forward Current (Continuous) 60 milliamps Collector Current (Continuous) 100 milliamps
Forward Current (Peak) 1 ampere Vego 25 volts
(100 us, 1% Duty Cycle) Viaco 7 volts
Reverse Voltage 3 volts
*Derate 1.33mW/°C above 25°C ambient. #*Derate 2.0mW/°C above 25°C ambient.
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP. | MAX. UNITS PHOTO-DARLINGTON MIN. | MAX. UNITS
Forward Voltage 1.2 1.7 volts Breakdown Voltage — V(gr)cEo 25 — volts
(Ig = 10mA) (Ic = ImA)
Reverse Current - 10 [ amps Breakdown Voltage — V(gr)ECO 7 — volts
(Vr =2V) (Ig = 100uA)
Capacitance 50 - pf Collector Dark Current — Icgo 100 nA
(V = 0,f = 1MHz) (Veg = 10V, Iz = 0,H= 0)

coupled electrical characteristics (25°C)

Note: ~ Coupled electrical characteristics are measured at a separatmn distance of .125"
with the faces of the emitter and detector parallel within 3°.

MIN. [ TYP. | MAX. UNITS

Output Current (I = 20mA, V¢g = 5V) 1000 — - Lamps
Saturation Voltage (Iz = 20mA, I¢ = 0.5mA) - — 1.2 volts
Switching Speeds: ~ Turn-On Time (tg +1,) (Veg = 10V, I =2mA, Ry =10082) - 150 - JLsecs
Turn-Off Time (ts+try (Ve = 10V, Ic =2mA, Ry = 10082) — 150 — secs
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TYPICAL CHARACTERISTICS
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SOLID STATE ssnsnu@mcmc

@PTOELECTRONICS

Matched Emitter — Detector Pair HI9AI -
22

The General Electric H19A1 is a matched emitter-detector pair SEETI At

which consists of a gallium arsenide, infrared emitting diode in a LEAD PROFILE
clear epoxy TO-92 type package and a silicon photo-transistor INCHES | MILLIMETERS
also in a clear epoxy T0-92 type package. SYMBOL| MIN. |MAX.| MIN. | MAX. |NOTES
_ _ i A |170l210] 432 | 533 | |
Each emitter and detector is marked with a color coded dot on ¢ b |016|019| .407| .482
the top of the unit (see package illustration). Emitter and de-g b1 |015NOM.| .381 NOM.
tector must be paired as follows: F & - |005] - 127
i D |165/1 95| 4.20 | 4.95 | 1
e Emitter — Detector DI 135 — | 3.43 -
e BLACK matched to — BLUE e |095[105| 242 | 266 | 3
o ORANGE matched to — RED T £ fLEopes 28 44l
e WHITE matched to — VIOLET A & F 050 NOWM| 126 NOM.
L |500 — (1270 | -
FEATURES: L - [120] — 304 | 2
S 0471067 | 1.20 1.7
e Low Cost Ly TS ; 2
e Side Looking . - i. CENTER LINE OF ACTIVE ELEMENT LOCATED
e [/O Compatible with Integrated Circuits bl Ko a2al.aomm] OF CENTER.FOINT
H 2. WG LEADS. LEAD DIAMETER UNCONTROLLED
IN Lj.

3. AS MEASURED WITHIN .050"(1.27mm) OF
THE BODY OF UNIT.

absolute maximum ratings: (25 °C) (unless otherwise specified)
Storage and Operating Temperature -55°C to 100°C. Lead soldering Time (at 260°C) 10 Seconds.

INFRARED EMITTING DIODE PHOTO-TRANSISTOR
Power Dissipation *¥100  milliwatts Power Dissipation **150  milliwatts
Forward Current (Continuous) 60  milliamps Collector Current (Continuous) 100  milliamps
Forward Current (Peak) 1  ampere Veeo 30  volts
(100 ps, 1% Duty Cycle) Veco 5  volts
Reverse Voltage 3 volts
*Derate 1.3mW/°C above 25°C ambient. **Derate 2.0mW/°C above 25°C ambient.

individual electrical characteristics (25°C)

INFRARED EMITTING DIODE | TYP.|MAX.| UNITS PHOTO-TRANSISTOR MIN. [ MAX. UNITS

Forward Voltage 12| 1.7 | volts Breakdown Voltage — V(gr)cEO 30 = volts
(IF w IOmA) (IC llTlA)

Reverse Current — | 10 | pamps Breakdown Voltage — V(gr)eco 5 — volts
(Vr = 2V) (Ig = 100 nA)

Capacitance 50 | — pf Collector Dark Current — Icgo — 100 nA
(V =0, =1MHz) (Ve =10V, I =0,H=0)

coupled electrical characteristics (25°C)

Note: Coupled electrical characteristics are measured at a separauon distance of .125" (3.17 mm)
with the faces of the emitter and detector parallel within 3°.

MIN. | TYP. | MAX. UNITS
Output Current (Ig = 20mA, Vcg = 10V) 100 - — L amps
Saturation Voltage (Ip = 20mA, I¢ = 25 uA) - 02 | 04 volts
Switching Speeds: Turn-On Time (tg +t;) (Vcg =10V, I¢ =2mA, Ry, = 10082) - 5 — L secs
Turn-Off Time (ts +tf) (Veg = 10V, Ie =2mA, Ry, = 10092) - 5 - U secs
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TYPICAL CHARACTERISTICS
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SOLID STATE

@IPT@ELECTRC

The General Electric HI9B1 is a matched emitter-detector pair
which consists of a gallium arsenide, infrared emitting diode in a .
clear epoxy TO-92 type package and a silicon photo-darlington f+—? _"

by i
Matched Emitter — Detector Pair HI9BI ﬁ e

also in a clear epoxy TO-92 type package.

Each emitter and detector is marked with a color coded dot on s
the top of the unit (see package illustration). Emitter and de-F

tector must be paired as follows:

e Emitter — Detector
e BLACK matched to — BROWN
e ORANGE matched to — YELLOW
e WHITE matched to — GREEN

FEATURES:

e Low Cost
e Side Looking
e [/O Compatible with Integrated Circuits

ciusnu@mcmc

SECTION X-X
LEAD PROFILE

INCHES | MILLIMETERS Q
SYMBOL | MIN. | MAX, MIN, MAX. |NOTI

. ~—D1—-| 2 |170l210| 432 | 533 | 1
| b |016/019] .407| .482] 2

[

| s,

by 015 NOM. 381  NOM.

127

i ) I T c —Joos .
1 $0 |1651 95[ 420 | 495 | 1
Dy [135 — | 3.43 —

e |095/105| 242 | 266 | 3
E |125/165]| 318 | 419
Er |oaoloso| 1.02 | 1.52
F_ |050 NOM| 1.26 NOM.
L |500 — [1270 =
[ ~ [1z0| — 304 | 2
s |047l067| 1.20 | 1.70
MOTES:
OF UNIT.
IN Li.

. CENTER LINE OF ACTIVE ELEMENT LOCATED
WITHIN£.020"(.50mm) OF CENTER POINT

2. TWO LEADS. LEAD DIAMETER UNCONTROLLED
3. AS MEASURED WITHIN 050"(1.27mm) OF THE

absolute maximum ratings: (25°C) (unless otherwise specified) BODY OF UNIT.
Storage and Operating Temperature -55°C to 100°C. Lead Soldering Time (at 260°C) 10 Seconds.
INFRARED EMITTING DIODE PHOTO-TRANSISTOR
Power Dissipation *100  milliwatts Power Dissipation *%150  milliwatts
Forward Current (Continuous) 60  milliamps Collector Current (Continuous) 100  milliamps
Forward Current (Peak) 1  ampere Vero 25  volts
(100 ws, 1% Duty Cycle) Veco 7  volts
Reverse Voltage
*Derate 1.33mW/°C above 25°C ambient. ** Derate 2.0mW/°C above 25°C ambient.
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP.|MAX.| UNITS PHOTO-DARLINGTON MIN. | MAX. | UNITS
Forward Voltage 1.2| 1.7 | volts Breakdown Voltage — V(gr)cEo 25 — volts
(IF = IOmA) (IC = lmA)
Reverse Current — | 10 | up amps Breakdown Voltage — V(gryEco 7 — volts
(Vr =2V) (Ig = 100uA)
Capacitance 50 — | pf Collector Dark Current — Icgo — 100 nA
(V=0,f=1MHz) (Veg = 10V, Ig =OH~0)
coupled electrical characteristics (25°C)
Note: Coupled electrical characteristics are measured at a separatlon distance of .125" (3.17 mm)
with the faces of the emitter and detector parallel within 3°.
MIN. | TYP. [ MAX. UNITS
Output Current (Ig = 20mA, V¢g = 5V) 2000 - - U amps
Saturation Voltage (Ig = 20mA, I¢ = 0.5mA) — — 1.2 | volts
Switching Speeds: Turn-On Time (tg +t;) (Vcg =10V,Ic =2mA, Ry = 10082) — 150 - U secs
Turn-Off Time (tg +tf) (Veg =10V, Ic =2mA, Ry = 10082) - 150 - I secs
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TYPICAL CHARACTERISTICS

! [
_...‘ L —
I

LA
10 2=
=
>
: 2
W 7
o (o rd
P E =
{
[
g y
S 7 BOTTOM
3 VIEW
a2 ol ,/
N
3 =
=
g 4
z NORMALIZED TO:
o 00l Vce=5v E
I 7 I =20mA E
i r 4
ll d=j25°¢ (3.17mm)
7 = D.C. INPUT CURRENT A
= = PULSE INPUT 1
CURRENT
0.001 (2mSEC, 1 % DUTY 3
7 CYCLE) ]
7
4
0.0001
I 5 10 20 50 100

1. OUTPUT CURRENT VS. INPUT CURRENT

Ir- INPUT CURRENT-mA

porlp et 1 '

NORMALIZED TO:

fme"] »
= Tes20mA |
o
0.5
p
5 / ] IF=IOmA
[
«
>
o / /
-
5 o / W
g v 4
3 yd
o 005 V4 —
] I
N . Ir =5mA
=
: / i
=
|
&
O
-

™.

Vg =5V
1 =20mA
Tap =25°C

d =125" (3.]7mm)

N

T
t
|
|

.

Icen ~NORMALIZED OUTPUT CURRENT

VoE= S5V
IF =20mA

10

Te=sma
NORMALIZED TO:!

| 4= feoli(3 Ermm

Veg ~COLLECTOR TO EMITTER VOLTAGE -VOLTS

3. OUTPUT CHARACTERISTICS

10 j
NORMALIZED TO —
Vee®! I
; Ip=20mA
i 0+-50% RESPONSE POINT -
E 10 O d=.125"(3.07mm) o
: ST 3 - -
2 N e
& TOP  SIDE =
) \ VIEW  VIEW |
2 \ | REFERANCE LINE
S ol REPRESENTS THE 50% —
N '\‘ RESPONSE POINT
-
] \
=
3 \
1
S ool 1\
\
o.001
-050  -025 O +025  +.050  +.075 INCHES
.27 .63 63 1.27 18 MM

4. OUTPUT C''RRENT VS, SHIELD LOCATION

DISTANCE RELATIVE TO THE 50% RESPONSE POINT

186

t
0.001[ — i ;
~55°C -15°C 25°C 55°C 8
Ty —AMBIENT TEMPERATURE - °C
2. OUTPUT CURRENT VS. TEMPERATURE
10 T
NORMALIZED T0: ]
. Veg =5V
2 \\ d=0125" (317 mm)
Ip=20mA
& oS b -JF; hT
E ~. e D a
h\"\.
et
2 \ e IF=50mA
'é ol b (==
o - \ H""""--.._,__ 20mAa
w T e
g ~ —
g \.______
S o0l i 5mA
2 Iy
=]
o.00l
o 0.25 05 0.75 1.0 INCHES
0 63 ; 25.4 MILLIME

127 19
SEPARATION DISTANCE

5. OUTPUT VS DISTANCE DISTRIBUTION



OPTOELECTRONICS CROSS REFERENCE

*The suggested replacements represent what we believe to be equivalents for the products listed. GE assumes
no responsibility and does not guarantee that the replacements are exact, but only that the replacements will
meet the terms of its applicable published written product warranties. The pertinent GE product specification
sheets should be used as the key tool for actual replacements.

NEAREST NEAREST
COMPETITIVE GENERAL ELECTRIC COMPETITIVE GENERAL ELECTRIC
TYPE NUMBER PART NUMBER TYPE NUMBER PART NUMBER

4N25 4N25 FCD836D H11A520
4N25A 4N25A IL1 HI11A3
4N26 4N26 ILS HI1Al
4N27 4N27 IL12 HI1AS
4N28 4N28 IL15 HI11AS
4N29 4N29 IL16 HI1AS
4N30 4N30 IL74 HI1AS
4N31 4N31 ILA30 HI11B3
4N32 4N32 ILASS HI11B255
4N33 4N33 ILCA2-30 H11B3
4N35 4N35 ILCA2-55 H11B255
4N36 4N36 MCAS8 HI13B1
4N37 4N37 MCAS81 H13B2
4N38 4N38 MCA230 H11B3
4N38A 4N38A MCA231 H11B2
4N39 4N39 MCA255 H11B255
4N40 4N40 MCT2 HI11A2
CL100 LEDS56 MCT2E HI11A3
CL12 HI1AS MCT8 HI3Al
CL13 4N37 MCT26 HI11AS
CLIS H11A2 MCT81 H13A2
CLI10 H11B1 MCS2 H11C3
CLI20 H11A2 MCS2400 H11C6
CLI506 H11A4 MOC1000 4N26
CLI510 4N37 MOC1001 4N25
CLIS511 4N37 MOC1002 4N27
FCD810 HI1AS MOC1003 4N28
FCD810C H11A520 MOC1005 H11A520
FCD810D H11A520 MOC1006 HI11A520
FCD311 H11A3 MOC1200 4N30
FCD820 - H11A2 MRD300 L14G1
FCD820C HI1A520 MRD310 L14G2
FCD820D HI11A520 MRD3050 L14G2
FCD825C H11A550 MRD3051 L14G2
FCD825D H11A550 MRD3052 L14G2
FCD830C H11A520 MRD3053 L14G2
FCD830D H11A520 MRD3054 L14G2
FCD831C H11A520 MRD3055 L14G2
FCD&31D H11A520 MRD3056 L14G1
FCD836C HI11A520 NCT200 HI11AS
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OPTOELECTRONICS CROSS REFERENCE (Continued)

NEAREST NEAREST
COMPETITIVE GENERAL ELECTRIC COMPETITIVE GENERAL ELECTRIC
TYPE NUMBER PART NUMBER TYPE NUMBER PART NUMBER
NCT260 HI1AS SE5450-1 LEDS56
OP130 LED56 SE5450-2 LED56
OP131 LED55B SE5450-3 LEDS5B
OP132 LED55C SE5451-1 LEDS6
OP133 LED55C SE5451-2 LEDS5B
OPB120 HI13A1 SE5451-3 LEDS55B
OPB242 HI13Al SE5453-1 LEDS6
OPRB243 HI3RI SE5453-2 LEDS5B
OPBS&00 H13A1 SE5453-3 LEDSSB
OPB&00S HI3Al SE5453-4 LEDS5B
OPB&03 H13BI SE5455-1 LEDS55B
Sk i SES4533 LEDSSC
PB813 3Al1 :
8p331 4 g} 3B1 SE5455-4 LEDSS5C
SG1009 LEDSS5B
L fl1A4 SG1009A LEDS55C
OPI2151 H11A4
OPI2152 HI1A2 Sha B 1As%
SPX2E H11A550
OPI2153 H11Al ol H11A550
OPI2250 H11A3 et H114550
OPI2251 H11A3
H11AS51
OPI2252 HI11A3 SPX6 a0
SPX26 H11A520
OPI2253 H11Al
SPX28 H11A520
OPI3150 H11B2
bl st SPX35 H11A5100
i SPX36 H11A5100
OPI3152 HI11B3 SPX37 H11A5100
OP[3153 ELIB] SPX1873-1 HI3Al
OPI3250 . HLEBL SPX1873-2 HI3Al
OPI3251 b SPX1873-3 HI3BI
OPI3252 HILE SPX1873-4 HI3B1
OPI3253 H11BI1
SPX1876-1 H13Al
SD5410-1 L14F1 SPX1876-2 H13Al
gggjig-g Irjj,g% SPX1876-3 H13BI
2 LED55B
SD5440-1 L14G2 gfg; LEDSgB
SD5440-2 L14G2 TIL34 LEDS6
SD5440-3 L14G2 TIL81 L14G1
SD5440-4 L14G1 TIL111 H11A4
SD5440-5 L14G1 TIL112 H11AS
SE3450-1 LEDS6F TIL113 H11B2
SE3450-2 LEDS6F
TIL114 H11A3
SE3450-3 LEDS6F TIL115 HI11A3
SE3451-1 LEDS6F TIL116 HI11A3
SE3451-2 LEDS55BF TIL117 HI1Al
SE3451-3 LEDS55CF TIL118 HI11AS
SE3453-1 LEDS6F TIL119 H11B2
SE3453-2 LEDS6F TIL138 H13Al
SE3453-3 LED55BF TIXL143 H13Al
SE3453-4 LEDSS5CF TIXL144 H13A2
SE3455-1 LED55BF TIXL145 H13B1

SE3455-2 LED55CF 188 TIXL146 H13B2



SOLID STATE

@IPTOELECTRONICS

Infrared Emitter

GENEHAL

ELECTHIB

I =71 CQX14-CQX15-CQX16-CQX17

Gallium Arsenide Infrared-Emitting Diode

The General Electric CQX14-CQX15-CQX16-CQX17 Series are gallium arsenide,
light emitting diodes which emit non-coherent, infrared energy with a peak wave
length of 940 nanometers. They are ideally suited for use with silicon detectors.

absolute maximum ratings: (25°C unless otherwise specified)

Voltage:
Reverse Voltage

Currents:
Forward Current Continuous
Forward Current (pw 1 us, 200 Hz)

Dissipations:
Power Dissipation (T, = 25°C)*
Power Dissipation (T¢ = 25°C)**

Temperatures:
Junction Temperature
Storage Temperature
Lead Soldering Time

*Derate 1,36 mW/°C above 25°C ambient.
**Derate 10.4 mW/°C above 25°C case.

Vr 3 volts
Ig 100 mA
Ip 10 A
Pr 170 mW
Py 1.3 w
Ty -65°C fo +150°C

Tstg  -65°Cto +150°C
10 seconds at 260°C

electrical characteristics: (25°C unless otherwise specified)

MIN.
Reverse Leakage Current
(Vr =3V) I
Forward Voltage
(Ir = 100mA) Vg

TYP. MAX. UNITS
10 HA
1.4 1.7 A%

optical characteristics: (25°C unless otherwise specified)

Total Power Qutput (note 1)

(Ir = 100mA)
CQX14-CQX15 P, 54
CQX16-CQX17 1.5
Peak Emission Wavelength
(Ip =100mA)

Spectral Shift with Temperature
Spectral Bandwidth 50%

Rise Time 0-90% of Output

Fall Time 100-10% of Output

mW
mW
940 nm
28 nm/°C
60 nm
300 ns
200 ns

caxi4,caxie

SEATING
PLANE

Bt
-

[ =

@0 ﬁnl

INCHI
SYMBOL | N T RaAx, | M| AR, NOTES
A 255 647
o .06 | 02 406 | 534 I
ity .06 | .09 406 | 483 I
#D .209 | .230 | 530 | 585
901 A78 | 195 | 452 | 496
. .ICONOM. 2.54NOM. 3
™ .050NOM. 1. 27 NOM. 3
n .040 1.02
i 031 | .044 78 | 112
K .03 | .048 .9l 117 2
L 500 12.7 1
Ly 050 1,27 I
Lo .250 6.35 !
a 45° 45 4
caxis,cax17
SEATING
PLANE

5 —
- %
D

F’*I

INCHES MILLIMETERS
SYMBOL | N, | MAX | MING | MAX

N NOTES
A 155 393
#b o016 | .02 406| 534 1
o, 06 | .08 406 | .483 1
40 209 | .230 | 530 | 588
90, .8 | 198 | 452 | 496
® IDONOM 254 NOM. 3
o O50NOM. 1.27 NOM 3
h 040 102
] 03 | 044 | 78 | 112
k 036 | 046 | o | a7 2
L .500 127 1
L 050 1.27 1
L2 .250 635 1
a 45° 45° 4

I. b APPLIES BETWEEN L|AND L2 gb APPLIES BETWEEN L3
AND .500" (1270 MM) FROM REFERENCE PLANE. DIAMETER

IS UNCONTROLED IN Ly AND BEYOND .500" (1270 MM) FROM
REFERENCE PLANE.

MEASURED FROM MAXIMUM DIAMETER OF DEVICE.

LEADS HAVING MAXIMUM DIAMETER 019" (483 MM ] MEASURE!
IN GAGING PLANE 054"+ 001" - .000(1.37+.025-,000 MM)
BELOW THE REFERENCE PLANE OF THE DEVICE

SHALL BE WITHIN 007" (778 MM) THEIR TRUE

POSITION RELATIVE TO A MAXIMUM WIDTH TAB.

4. FROM CENTERLINE TAB,

“ N

Note 1: Total power output, P, is the total power radiated by “}Ie céevice into a solid angle of 2 T steradians,



TYPICAL CHARACTERISTICS
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SOLID STATE

GENERAL @D ELECTRIC

@IPTOELECTRO

Light Detector Pianar silicon Photo Transistor
i~ ]—] BPW36 ~-BPW37

The General Electric BPW36 and BPW37 are highly sensitive NPN Planar Silicon Photo-
transistors. They are housed in a TO-18 style hermetically sealed package with lens cap.
These devices are ideal for use in optoelectronic sensing applications where both high
sensitivity and fast switching speeds are important parameters. Generally only the collector
and emitter leads are used; a base lead is provided, however, to control sensitivity and gain

of the device.

absolute maximum ratings: (25°C.unless otherwise specified)

Voltages — Dark Characteristics
Collector to Emitter Voltage
Collector to Base Voltage
Emitter to Base Voltage

Currents
Light Current

Dissipations
Power Dissipation (T =25°C)*
Power Dissipation (T = 25°C)**

Temperatures
Junction Temperature
Storage Temperature

*Derate 2.4 mW/°C above 25°C ambient
**Derate 4.8 mW/°C above 25°C case

STATIC CHARACTERISTICS

Light Current
(Veg = 5V, Hf = 10mW/cm?)

Dark Current
(VCE = IOV, H= 0)

Emitter-Base Breakdown Voltage
(Ig = 100uA, Ic =0,H=0)

Collector-Base Breakdown Voltage
(Ic =100pA, Ig=0,H=0)

Collector-Emitter Breakdown Voltage
(Ic =10mA,H=0)

Saturation Voltage
(Ic =10mA, Ig = 1mA)

Turn-On Time (Vg = 10V, Ic = 2mA,
Turn-Off Time Ry, = 10082)

Vceo
Vcro
Vego

45
45
5

50

300
600

+150
—65 to +150

I
Ip
V(er)EBO
V®r)cro
V(er)ceo

VeEsAT)
ton

tosr

volts
volts
volts

mA

mW
mW

b &
C

BPW36
MIN MAX.
6
100
5
45
45
0.4
8
7

NI

CS

@
P

59

53 “1
50
3 —
55
NOTE 1: Leod diomaterls controlled inthe 57
Tone between 1.2 ond 6.4 from the ssal-
ing plona. Batween 6.4 ond end of leod a i
max, of 5 s held.
NOTE 2: Laods having maimum A
5 measured in goging plone 1,32 %81
balow Ihe ssating ploss of the device
‘thall ba within 18 of trus positon 127
relothve to o mazimum widih fob. MIN
HOTES: fram maximum
diamater of tha actual device
NOTE 4: All dimensions in millimate SEATING
are reference unlexs toleronced. PLANE
3LEADS
A
5
(NOTE 1)
cis
B(2 I@
EM
— e e — — — — — — — —
BPW37
MIN MAX.
3 mA
100 nA
5 Vv
45 V
45 v
0.4 A%
8 usec
7 usec

+H = Radiation Flux Density. Radiation source is on unfiltered tungsten filament bulb at 2870°K color temperature, 191
NOTE: A GaAs source of 3.0 mW/cm? is approximately equivalent to a tungsten source, at 2870°K, of 10 mW/em?2.
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SOLID STATE

BPTOELECTRONK

nght Detector Pianar Silicon Photo-Darlington Amplifier
1 [ =1 BPW38

The General Electric BPW38 is a supersensitive NPN Planar Silicon Photo-

4
darlington Amplifier. For many applications, only the collector and emitter /;!// /

_ leads are used; however, a base lead is provided to control sensitivity and the .-.- /)
gain of the device. The BPW38 is a TO-18 Style hermetically sealed package ’,; /
with lens cap and is designed to be used in opto-electronic sensing applica- 7y

tions requiring very high sensitivity.
absolute maximum ratings: (25°C unless otherwise specified)

VOLTAGES — DARK CHARACTERISTICS %3;_'
Collector to Emitter Voltage VcEo 25 volts I'_“ s
Collector to Base Voltage Veso 25 volts ) 55
Emitter to Base Voltage VEBO 12 volts E*Z:ﬁ,:??&fﬁ?ﬁ ol

CURRENTS e s v
Light Current Iy 200 mA Db wthn 13 of i poston a7

DISSIPATIONS WOTE 3 biiomnd bon mosins "
Power Dissipation (T, =25°C)* Pr 300 mW NGTE 4 Al drniors b miimtr ; Sesmne
Power DiSSipatiOI’l (TC = 250 C)** PT 600 mW 3LEaDS

TEMPERATURES 5
Junction Temperature Ty 150 ¢ i
Storage Temperature TstG 65t0 150  °C

*Derate 2.4 mW/°C above 25°C ambient. 3

*#*Derate 4.8 mW/°C above 25°C case,

electrical characteristics: (25°C unless otherwise specified) 8

STATIC CHARACTERISTICS MIN. MAX.

LIGHT CURRENT
(Vg = S5V, Hf = 0.2 mW/cm?) I 3 - mA

DARK CURRENT
(VCE: 12V,IB=O) ID = 100 nA

EMITTER-BASE BREAKDOWN VOLTAGE
(Ig = 100uA) V(8R)EBO 12 - v

COLLECTOR-BASE BREAKDOWN VOLTAGE
(IC 4 IOO,UA) V(BR)CBO 25 aal A%

COLLECTOR-EMITTER BREAKDOWN

VOLTAGE
(IC = IOmA) V(BR]CEO 25 o= v

SWITCHING CHARACTERISTICS
(see Switching Circuit)
SWITCHING SPEEDS
(VCC =10V, IL =10 mA, RL = 1009)

DELAY TIME td - 50 Lsec
RISE TIME tr — 300 Lsec
STORAGE TIME tg — 10 usec
FALL TIME tf - 250 usec

‘f‘H = Radiation Flux Density. Radiation source is an unfiltered tungsten filament bulb at 2870°K color temperature,

NOTE: The 2870°K radiation is 2 5% effective on the photodarlington; i.e., a GaAs source of 0.05 mw;rcm2 is equivalent to this 0.2 m\p'\(‘a‘r:m2
tungsten source,



TYPICAL ELECTRICAL CHARACTERISTICS
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SOLID STATE

Photon Coupled Isolator CNY17

Ga As Solid State Lamp & NPN Silicon Photo-Transistor

The General Electric CNY17 consists of a gallium arsenide in-
frared emitting diode coupled with a silicon photo transistor in
a dual in-line package.

FEATURES:

Fast switching speeds

High DC current tramsfer ratio

High isolation resistance

High isolation voltage

I/O compatible with integrated circuits

absolute maximum ratings: (25°C) (unless otherwise specified)

INFRARED EMITTING DIODE
Power Dissipation — Ty *100 milliwatts
Forward Current (Continuous) 60 milliamps
Forward Current (Peak) 3 ampere
(Pulse width 1us, 300 P Ps)
Reverse Voltage 3 volts
*Derate 1.33 mW/°C above 25°C
PHOTO-TRANSISTOR
Power Dissipation — Ty *%£150 milliwatts
VCEO 32 volts
VCBO 70 volts
VECO 5 volts
Collector Current (Continuous 150 milliamps
*¥Derate 2,0 mW/°C above 25°C

TOTAL DEVICE

Storage Temperature -55 to 150°C

Operating Temperature -55 to 100°C

Lead Soldering Time (at 260°C) 10 seconds

Surge Isolation Voltage (Input to Output). See: Pg. 23

2500V(peak) 1 TOOV(RM S)
Steady-State Isolation Voltage (Input to Output). See: Pg. 23
ISOOV(pEHk) 1 OGOV(RM S)
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individual electrical characteristics (25°C) (unless otherwise specified)

INFRARED EMITTING DIODE MIN. | MAX. UNITS PHOTO-TRANSISTOR MIN. | TYP. [MAX.| UNITS
Forward Voltage — Vg .8 | 1.65 |volts Breakdown Voltage — Vigryceo | 32 | — | — |volts
(IF =60 I‘l'lA) (IC = 10maA, IF = 0)
Breakdown Voltage — Vigrycpo | 70 | — | — |volts
(IC = IOOJJ.A, IF = 0)
Reverse Current — Ig — 10 |microamps| | Breakdown Voltage — Vigr)Eco 5 — | = |volts
(Vr =3V) (Ir = 100uA, I = O)
Collector Dark Current — Icgo — | 5 | 50 [nanoamps
(VCE =10V, Ip = 0)
Capacitance — Cj - 100 |picofarads Capacitance — Ccg — 2 — | picofarads
(V =0,f=1MHz) (Vg = 10V, f= 1 MHz)

coupled electrical characteristics (25°C) (unless otherwise specified)

MIN. TYP. MAX. UNITS

DC Current Transfer Ratio (I = 10mA, Vcg = 5V) CNY17 I 40 - 80 (%

CNY17 1 63 - 125 |%

CNY17 III 100 — 200 |%

CNY17 IV 160 - 320 | %
Saturation Voltage — Collector to Emitter (I = 10mA, I¢ = 2.5mA) - - 0.3 |volts
Isolation Resistance (Vig = 500Vpc) (See Note 1) 100 - — | gigachms
Input to Output Capacitance (Vio = O,f = 1 MHz) (See Note 1) — - 2.5 | picofarads
Turn-On Time — ton (Ve = 10V, Ic = 2mA, Ry = 10082) (See Figure 1) — 5 10 | microseconds
Tumn-Off Time — tor (Voo = 10V, Ic = 2mA, Ry = 10082) (See Figure 1) — 5 10 | microseconds

Note 1: Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together and
the output terminals (transistor) shorted together.

INPUT ,_I—I__., INPUT
PULSE

TEST CIRCUIT VOLTAGE WAVE FORMS

Adjust Amplitude of Input Pulse for Output (Ig) of 2mA

FIGURE 1
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TYPICAL CHARACTERISTICS
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NORMALIZED TURN ON AND TURN OFF TIMES

TYPICAL CHARACTERISTICS
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SOLID STATE GENERAI. ELECTRIC

GIPTOELECTRONICS

Photon Coupled Interrupter Module CNY28

The General Electric CNY28 is.a gallium arsenide infrared emitting
diode coupled with a silicon photo-transistor in a plastic housing.
The gap in the housing provides a means of interrupting the signal

with tape, cards, shaft encoders, or other opaque material, =D 1 WERES | WILLHETES Toored]
. . . 113 ” 113 33 ‘:..62: -‘t : —L SYMBOL MIN_[MAX | MIN Max
switching the output transistor from an “ON” into an “OFF L & @ b1 [A_1390[400] 89 T [T01
{E}hl“? D<{>.|/ Al_|Or5l085] 151 215
state. i |E 2|Tg[ + 3 LE?;‘%C;R%& $b_|016|019] 407|482 1
—i— wer DT
FEATURES: "'“[Ij{ i - _—Ez A 7Ea98 207 11257
42 120 - 1 3.05 -
@ Low cost, plastic module HEAR ne (e tostlioros 50
i i —LI-.-B-.- 1y L,_l_,.l A _L E - 255 = 547
® Non-contact switching SEATING ; S = F_losslio5[ 24 I
- - 7 = 1
@ Fast switching speeds | o el t fo_{1201T50] 305 | 330
@ Solid state reliability NP FOUA LEADS. LEAD DIMENSIONS CONTROLLED 108 alhomn T
® [/O compatible with integrated circuits AN D e Ent Ob e Ehoom sEATING [T IOSOINOM. L7 | Now
2.THE SENSING AREA FALLS WITHIN A .O60INCH [ ST 35S 355
. . o (P.SZ‘M?H SQUARE ON THIS CENTERLINE. T A1 O]NOM.| 2.7 NOM. 2
absolute maximum ratings: (25°C) (unless otherwise specified)
Storage and Operating Temperature -55° to 85°C. Lead Soldering Time (at 260°C) 10 seconds.
INFRARED EMITTING DIODE N PHOTO-TRANSISTOR
Power Dissipation *100 milliwatts Power Dissipation **150  milliwatts
Forward Current (Continuous) 60 milliamps Collector Current (Continuous) 100  milliamps
Forward Current 1 amp VCcEO 30  volts
(peak, 100us, 1% duty cycle) VECO 5  volts
Reverse Voltage 3 volts
*Derate 1.67mW/°C above 25°C ambient **Derate 2,5mW/°C above 25°C ambient
. .. X AT &
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE TYP. | MAX. UNITS || PHOTO-TRANSISTOR MIN. MAX. | UNITS
" Breakdown Voltage 30 i volts
Forward Voltage 1.2 1.7 volts
(I = 10 mA) V@Rr)ceo (¢ =10 mA)
_ kdown Voltage 5 = volts
Reverse Current 10 Hamps Bea
(VR=2V) V(BR)ECO (g = 100uA)
; 150 — £ Collector Dark Current = 100 nA
Capacitance p
p(V =0, f=1Mhz) Iceo (Vg = 10V, Ig = O, H=0)
coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS
Output.Current (Ip= 2{_}mA, Vg = 10V) 200 400 _ Uamps
Saturation Voltage (I = 20mA, I = 25UA) s 0.2 0.4 volts
Switching Speeds (Vg = 10V, Ic = 2mA, Ry, = 10082)
On Time (ta + tp) _ 5 —- lsec
Off Time  (tg+tf) - 5 - Msec
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Icgo~NORMALIZED OUTPUT CURRENT

Tcpg~NORMALIZED OUTPUT CURRENT

TYPICAL CHARACTERISTICS
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SOLID STATE

BTon

Photon Coupled Interrupter Module CNY29

The General Electric CNY29 is gallium arsenide infrared emitting
diode coupled with a silicon photo-darlington in a plastic housing.
The gap in the housing provides a means of interrupting the
signal with tape, cards, shaft encoders, or other opaque material,
switching the output transistor from an “ON” into an “OFF”

-
-

GEHEHAL@
2R IY

V ;.'.

ELECTRIC

+1JL[D+ |-*P Al_|O75l085[ 1561 | 2
FEATURES: ' {{ Ez'EJ+.1{ SECTIONXX Sv{oTEloTs| 407 48E T
LEAD LE' > S
) 1 —a - E e e
® low cost, p]ast.lc module -—-,g; ,*r Dl |475/A95[12.07 (1257
e Non-contact switching T l “ o {5s slszs 79052
. . aqs 2 82 l090[.110] 229 2.7 9
@ Solid-state reliability ; s -WNG—&?E-!:E- W L l'i A 1 T
A - - s = P ] T L) = 76 =
@ /O compatible with integrated circuits LANE | I ] S T
. o) == —+{ez| Q T45|755]1 8. 19.1 7
NOTES: R D60 [NOM.| |
|.FOUR LEADS. LEAD DIMENSIONS CONTROLLED | Ry |.050|NOM] L. N OM.
BETWEEN .0500 INCH (.27 MM) FROM SEATING Rz (05 O[NOM. 1.27 N OM
PLANE AND THE END OF THE LEADS. 5 FAIGET N 96
2.THE SENSING AREA FALLS WITHIN A O80INCH | S Ol 40} 3. 355
{1.52 MM) SQUARE ON THIS CENTERLINE. T O|NOM.| 2.79 NOM. 2
absolute maximum ratings: (25 °C) (unless otherwise specified)
Storage and Operating Temperature -55° to 85°C. Lead Soldering Time (at 260°C) 10 seconds.
INFRARED EMITTING DIODE PHOTO-DARLINGTON
Power Dissipation *100 milliwatts Power Dissipation *#*%150  milliwatts
Forward Current (Continuous) 60 milliamps Collector Current (Continuous) 100  milliamps
Forward Current 1 amp VCEO 25  volis
(peak, 100 us, 1% duty cycle) VECO 7  volts
Reverse Voltage 3 volts
*Derate 1.67mW/°C above 25°C ambient *#*Derate 2.5mW/°C above 25°C ambient
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP. MAX. | UNITS PHOTO-DARLINGTON MIN. MAX. | UNITS
Forward Voltage 1.2 1.7 volts Breakdown Voltage 25 - volts
(I =10 mA) V(BR)CEO (Ic =10 mA)
Reverse Current - 10 Mamps Breakdown Voltage 7 - volts
(VR=2V) V(BR)ECO (E = 100ua)
Capacitance 150 - pf Collector Dark Current - 100 nA
(V=0,f=1MHz) Icgo (Vcg= 10V, Ip=0, H=0)
coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS
Output Current (Ig = 20mA, Vg = 5V) 2500 = - Mamps
Saturation Voltage (Ip = 20mA, Ic = 0.5 mA) - — L2 volts
Switching Speeds (Vog = 10V, Ig = 2 mA, R, = 100£2)
On Time (tgq +ty) - 150 - Isecs
Off Time (ts+ tf) - 150 - Msecs

201



TYPICAL CHARACTERISTICS
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SOLID STATE GENERAL &2 ELECTRIC

GPTOELECTRONICS

Photon Coupled Isolator CNY30-CNY34 K oo W
Ga As Infrared Emitting Diode & Light Activated SCR NEATIN
The General Electric CNY30 and CNY34 consist of a gallium ol s T T
arsenide, infrared emitting diode coupled with a light activated S*M:ml-"';—:gi%ﬁ'é LIEH
silicon controlled rectiﬁer in a dual ixll-]ine package. = Ozg 40635“ s
absolute maximum ratings: (25°C) (unless otherwise specified) _T_ I;n%_l_ E | osg $%a1 g;E a
Mo B 5 i 5
INFRARED EMITTING DIODE N hataad I RN o
Power Dissipation (-55°C té 50°C) *100  milliwatts i Lt T I T Bl ETT IO
Forward Current (Continuous) 60  milliamps 5 4 _— r | a0gdegest [4n
(:55°Cto 50°C) L Tlood T T s g
Forward Current (Peak) (-55°Cto S0°C) 1  ampere Sﬁjﬂk:;-__ el
e L__ai'-"r FLAE 3 Overalt Gl g dimeatia
(100 us 1% duty cycle) J _L 2 Tieea masencammanby o tide e g 3ot
Reverse Voltage (-55°C to 50°C) 6 volts - 'ﬂ*“ N
#Derate 2.0mW/°C above 50°C. TOTAL DEVICE
PHOTO-SCR Storage Temperature Range -55°C to 150°C
Off-State and Reverse Voltage CNY30 200  volts ek g 5

Operating Temperature Range -55 °C to 100°C

Normal Temperature Range (No De ratmg) -55°C to 80°C
Soldering Temperature (10 seconds) 260°C

Total Device Dissipation (-55°C to 50°C), 450 milliwatts

(-55°Cto 100°C) CNY34 400 volts
Peak Reverse Gate Voltage (-55°Cto 50°C) 6  volts
Direct On-State Current (-55°C to 50°C) 300  milliamps

?t;;gﬂe C(I:OI;{;EF(?) On-State Current 10 amps Linear Derating Factor (above 50°C), 9.0mW/°C
_ o ¢
S Isolation Voltage (Input to Qutput). See: Pg. 23
Peak Gate Current (-55°C to 50°C) 10 milliamps e olation Valtage (luput o Outoie g
Output Power Dissipation 2500V (peak 1770V rms)
(-55°C to 50°C)** 400  milliwatts Steady-Stlastgéi;)latlon Voltagelgggtlrt to Output). See: Pg. 23
#+Derate 8mW/°C above 50°C. (peak) (RMS)

individual electrical characteristics (25°C) (unless otherwise specified)

INFRAREDEMITTINGDIODE| TYP. MAX. UNITS PHOTO-SCR MIN. | MAX. UNITS
Forward Voltage Vp 1.1 1.5 volts Peak Off-State Voltage—Vpy CNY30  |200 | — volts
(Ig = 10mA) (Rgk = 10K, T4 =100°C) CNY34 (400 | — | volts
Peak Reverse Voltage—Vgy  CNY30 200 — volts
(T4 =100°C) CNY34 400 | — volts
On-State Voltage—Vr 1.3 | volts
Reverse Current  Ig — 10 microamps (Iy =300mA)
(Vg =3V) Off-State Current—Ip CNY30 50 | microamps
(Vp=200V,T,=100°C,Iz=0,Rcx=10K)
Off-State Current—Ip CNY34 150 | microamps
(Vp=400V,T5=100°C,Ig=0,Rgx=10K)
Capacitance 50 =E picofarads Reverse Current—Ig CNY30 50 | microamps
(V=0,f=1MHz) (VR =200V, Ta =100°C, Iz = 0)
Reverse Current—Ig CNY34 150 | microamps
(VR= 400V, TA = IOUOC, IF gl 0)

coupled electrical characteristics (25°C)

MIN. MAX. UNITS
Input Current to Trigger Vak = 50V,Rgg =10KQ  Ipp — 20 milliamps
Vak = 100V, Rgk =27KQ  Ipr = 11 milliamps
Isolation Resistance Vio =3500Vpc 0 100 - gigaohms
Turn-On Time — Va x = 50V, Iy = 30mA, Rgx= 10K, Ry, =200 ton = 50 microseconds
Coupled dv/dt, Input to Output (See Figure 13) 500 - volts microsec.
Input to Output Capacitance (Vio = O,f = 1 MHz) 203 — 2 picofarads
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TYPICAL CHARACTERISTICS OF OUTPUT (SCR)
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TYPICAL APPLICATIONS

state relay design. This design is compatible with
74, 74S and 74H series T?L logic systems inputs
and 220V AC loads up to 10A. IN§OBO (4)

; .

10A, T°L COMPATIBLE, SOLID STATE RELAY 470 N oy 34 199 n

Use of the CNY34 for high sensitivity, 2500V iso- . 5v [ P -L°| F "CONTACT"

lation capability, provides this highly reliable solid coiL - | ;ZS i 220V AC
-5.6;(‘ [ ¢ SCI46D 247N

& 0

INDICATOR
25W LOGIC INDICATOR LAMP DRIVER LAMP

The high surge capability and non-reactive input characteristics
of the device allow it to directly couple, without buffers, T2L
and DTL logic to indicator and alarm devices, without danger
of introducing noise and logic glitches.

400V SYMMETRICAL TRANSISTOR COUPLER

Use of the high voltage PNP portion of the CNY34 provides a 400V 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 ex-
ceed the CNY34 400 mW power dissipation rating when used at high voltages.

FIGURE 13
COUPLED dv/dt — TEST CIRCUIT

Vp = 800 Volts
tp =010 Seconds
f = 25 Hertz + |00 VAC

TA =250C
. .
\;p
= IEK l_“°
EXPONENTIAL | osciLoscore
RAMP GEN.
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SOLID STATE

Photon Coupled Isolator CNY31

Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier

The General Electric CNY31 is a gallium arsenide, infrared emit-
ting diode coupled with silicon photo-darlington amplifier in a

@IPTOELECTI

.14

GENERAL @B ELECTRIC

RONICS
AL VL T AN

low cost plastic package with lead spacing, compatible to dual 1};—0—: A INCHES | MILLIMETERS
iﬂ'line package. 2l E O s |-_E_4 SYI::DL MIN. :J\s: MIN. ::: NOTES
i =il b .0le | .0Is 407| 482 [}
i i 5 l?"_ WS E R EEZTIET]
absolute maximum ratings: (25°C) . s [oavlac amles
INFRARED EMITTING DIODE T =—{PARE [—sToro (o | el Ho]
51 .085 | .105 | 2.16 | 2.66
Power Dissipation *100 milliwatts Sprefie Li NOTES:
Forward Current (Continuous) 60 milliamps Y A —kek o R M b s B
SEATING
For(\;gjfe %ltr;f;tl(zsjé()Boo pps) 3 ampere SEATM PLANE AND THE END OF THE
Reverse Voltage 3 volts
*Derate 1.67 mW/°C above 25°C ambient.
TOTAL DEVICE
PHOTO-DARLINGTON Storage Temperature -55 to 85°C
Power Dissipation =150 milliwatts Operating Temperature -55 to 85°C
Vego 30  volts Lead Soldering Time (at 260°C) 10 seconds
Vego 70 volts Surge Isolation Voltage (Input to Output). See: Pg. 23
Veco . 7 Vqlt? 5 GSOV(D eak) 4OOOV{RM S)
Collector Current (Continuous) 100 milliamps Steady-State Isolation Voltage (Input to Qutput). See: Pg. 23
**Derate 2.5 mW/°C above 25°C ambient, 3500V (peak) 2500V (rms)
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE TYP. |MAX. | UNITS PHOTO-DARLINGTON MIN.| TYP.|MAX.| UNITS
Forward Voltage 11 1.7 |volts Breakdown Voltage — Vigryceo | 30 | — | — |volts
(Ir = 10mA) (Ic = 10mA, Iz =0)
Breakdown Voltage — V(gr)eco 71 — | — |volts
Reverse Current - 10 |microamps (Ig = 100uA, Ig =0)
(Vg =3V) Collector Dark Current —Icgo - 5 100 | nanoamps
(Vce = 10V, Ig = 0)
Capacitance 50 | — |picofarads Capacitance -1 6 — | picofarads
(V=0,f=1MHz) (Vg = 10V, f=1MHz)

coupled electrical characteristics (25°C)

MIN. TYP. MAX. UNITS
DC Current Transfer Ratio (I = S5mA, Vg = 5V) 400 - — |%
Saturation Voltage — Collector to Emitter (Ir = SmA, Ic = 2mA) — 0.8 1.4 | volts
Isolation Resistance (Input to Output Voltage = 500Vpc) 100 — — | gigaohms
Input to Output Capacitance (Input to Output Voltage = O,f = 1 MHz) - — 2 picofarads
Switching Speeds: Turn-On Time — (Vcg = 10V, I¢ = 10mA, Ry, = 10082) - 125 — | microseconds
Turn-Off Time — (Veg = 10V, Ic = 10mA, Ry = 10082) - 100 — | microseconds
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TYPICAL CHARACTERISTICS

N
i
|

=

tprzma |

2

‘““‘-l\h

A

Vil NORMALIZED TQ

If »
/ Ta 425

Icen-NORMALIZED OUTPUT CURRENT
b"
*
2
&
legg - NORMALIZED OUTPUT CURRENT

o1

[¥ 00
Ig - INPUT CURRENT - ma

OUTPUT CURRENT VS INPUT CURRENT Olgw e Tose proes P

T ~AMBIENT TEMPERATURE - T

OUTPUT CURRENT VS TEMPERATURE

1000 — ] S »
/s R 4
. /) i ,;lr‘x oma
1717 Niiea
- // 1 o e =
4 o 41
. 5 [
E e
% o ; ( /IF Zma
g / ; I
i § _ NORMALIZED TO | B
Z o i Veg = 5V
L / § _.I— g' * SmA —
o —t  —
/ u i [+ 0 100
o Vee - COLLECTOR T0 EMITTER VOLTAGE - VOLTS
V- A VLT VL. OUTPUT CHARACTERISTICS
INPUT CHARACTERISTICS L
I - ./}
|§ Soame o T, __7___ ——
r 1000 resistance {1 B /
N ¥ =
N N ] R =l00Q 1 L = 4
N | [\ooa Iggp®lomA % /
I = §‘ E /| nomwazen 0|
\ e 7 Vg ¥ v —
N g /} 25—
NN s - ——
Ly Awmva) 2 /-
S 8 7
\ L1/
\% i .
o1 or 1 100
NORMALIZED SWITCHING SPEED
Tty 'ro +25 +45 +65 +85 +100
Tp - AMBIENT TEMPERATURE - *C
SWITCHING SPEED VS OUTPUT CURRENT NORMALIZED DARK CURRENT VS TEMPERATURE

208



SOLID STATE GENERAL @D ELECTRIC

@PTOEI

Photon Coupled Isolator CNY32

] i
. . T s 1 1
Ga As Infrared Emitting Diodes & NPN Silicon Photo-Transistors A
I
The General Electric CNY32 is a gallium arsenide, infrared emit- -
ting diode coupled with a silicon photo transistor in a low cost 28 R
plastic package with lead spacing, compatible to dual in-line = - TR D
package. E O |s'ruam. MIN. | MAX. | MIN.| MAX_| NOTES
g o :n oie !)!I'g 407 aisaz i
~l4S . < 3 o
31 :J 375 9.52
absolute maximum ratings: (25°C) i .E; 5o :.5;; zas %‘i‘é
INFRARED EMITTING DIODE o L Peel el b
L 5 .085 | . (2.16 | 2.
Power Dissipation *100 milliwatts s by | No*rz:i: e
Forward Current (Continuous) 60  Milliamps o Rl T R T e
Forward Current (Peak) 3 ampere SEATING PLANE AND THE END OF THE
(Pulse width 1 usec 300 pps) '
Reverse Voltage 3 volts
*Derate 1.67 mW/° above 25°C ambient. TOTAL DEVICE
Storage Temperature -55 to 85°C
PHOTO-TRANSISTOR Operating Temperature -55 to 85°C
Power Dissipation **150 milliwatts Lead Soldering Time (at 260°C) 10 seconds
Veeo 30 volts Surge Isolation Voltage (Input to Output) See: Pg. 23
Veco 5 volts SGSOV@Eak) 4000V{RMS)
Collector Current (Continuous) 100 milliamps Steady-State Isolation Voltage (Input to Output). See: Pg. 23
**Derate 2.5 mW/°C above 25°C ambient. 3500V(peak) 2500V(RMS)

individual electrical characteristics (25°C)

INFRARED EMITTING DIODE TYP. |MAX. [ UNITS PHOTO-TRANSISTOR MIN.| TYP. |[MAX.| UNITS
Forward Voltage 1.1 1.7 [volts Breakdown Voltage — Vigrycgo | 30| — | — |volts
(I = 10mA) (Ic = 10mA, I = 0)
Breakdown Voltage — Vigr)eco 5 — | = [volts
Reverse Current — 10 |micoramps (Ig = 100uA, I =0)
(Vg =3V) Collector Dark Current — Icgg — | 5 | 100 [nanoamps
(Vee = 10V, I = 0)
Capacitance Capacitance — | 3.5 | — |picofarads
(V=0,f=1MHz) 50 —  |picofarads (Veg = 10V, f = 1 MHz)

coupled eiectrical characteristics (25°C)

MIN. TYP. MAX. UNITS
DC Current Transfer Ratio (Ig = 10mA, Veg = 10V) 20 — - |%
Saturation Voltage — Collector to Emitter (I = 10mA, Ic = 0.5mA) - 0.2 0.4 | volts
Isolation Resistance (Input to Output Voltage = 500Vpc) 100 = — | gigaohms
Input to Qutput Capacitance (Input to Output Voltage = O,f = 1 MHz) — - 2 picofarads
Switching Speeds: Turn-On Time — (Veg = 10V, Icg = 2mA, Ry = 100Q) = 3 — | microseconds
Turn-Off Time — (Veg = 10V, Icg = 2mA, Ry = 100Q) = 3 — | microseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE GENEBAL ELECTRIC

-@PT@ELECTRONICS

Photon Coupled Isolator CNY33
Ga As Infrared Emitting Diode & NPN Silicon High Voltage Photo-Transistor

The General Electric CNY33 is a gallium arsenide, infrared emit-
ting diode coupled with silicon high voltage photo-transistors in

a dual in-line package. A T wen T WCLETER
: . i . (5 o sl LSS Lo
absolute maximum ratings: (25°C) : /J:l\ N e SR T
| ¢ |rropviem | s E | (:;:i. %32 | ‘."I’SE%:E 4
INFRARED EMITTING DIODE I l | J‘_ G | ea0i ;lﬂi‘;a 75
r"!’.‘-i _i “i_uuu J . oo8l u?g 2052;55 =
Power Dissipation *100  milliwatts ! - AL I I
i 11 r———1 np- ek N |o1s] 181 3
Forward Current (Continuous) 60  milliamps T m T 5 g Taene 12
Forward Current (Peak) 3 ampere ! } ! .__v 3 _lies 2888%1 212
(Pulse width 1 300 pps) RGN ¢ 1k 1R e
Reverse Voltage 6 volts C__J R ‘;‘F 2 ttoed pston lad s
*Derate 1.33mW/°C above 25°C ambient. 4 Tnere mansuramans s mage o i e
PHOTO-TRANSISTOR TOTAL DEVICE.
Power Dissipation **300  milliwatts Storage Temperature -55 to 150°C
Veeo 300  volts Operating Temperature -55 to 100°C
Vego 300  volts Lead Soldering Time (at 260°C) 10 seconds.
Vego 7  volts Surge Isolation Voltage (Input to Output). See: Pg, 23
Collector Current 100  milliamps 2500V (peak) 1770V (rms)
(Continuous) Steady-State Isolation Voltage (Input to Output). See: Pg. 23
**Derate 4.0mW/°C above 25° ambient. lSOOV(peak) IOGOV(RMS)
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE| TYP. | MAX. | UNITS PHOTO-TRANSISTOR MIN. | MAX. |  UNITS
Forward Voltage 1.1 1.5 volts Breakdown Voltage — V(gr)cEo 300 — | volts
(11'.' e IOmA) (IC = 1mA,; IF = 0) !
Breakdown Voltage — V(gr)cBo 300 — [ volts
(Ic = 100uA; Ig =0) |
Reverse Current — 10 microamps Breakdown Voltage — V(gr)EBO 7 - volts
(Vg = 6V) (Ig = 100pA; Ig = 0)
Collector Dark Current — Icgo
(Vee=200V; Ig=0, To=25°C) — | 100 [ nanoamps
Capacitance 50 = picofarads (Vcg=200V; I5=0; T2 =100°C) — | 250 | microamps
(V=0,f=1MHz)
coupled electrical characteristics (25°C)
MIN. | TYP. | MAX. UNITS
DC Current Transfer Ratio (I = 10mA, Vcg= 10V) 20 - - %
Saturation Voltage — Collector to Emitter (Iy = 10mA, Ic = 0.5mA) — 0.1 0.4 volts
Isolation Resistance (Vig = 500Vpc) 100 - - gigaochms
Input to Output Capacitance (Vio = O,f = 1MHz) - — 2 picofarads
Switching Speeds:  Turn-On Time — (Vcg = 10V, Icg = 2mA, Ry, = 100%) - 5 - microseconds
Turn-Off Time — (Veg = 10V, Icg = 2mA, Ry, = 100Q) - 5 - microseconds
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TYPICAL CHARACTERISTICS
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SOLID STATE GENEHAI. EI.ECTRIC

-@PTQELECTRONICS

AC Input Photon Coupled Isolator CNY35

Ga As Infared Emitting Diodes & NPN Silicon Photo-Transistor

The General Electric CNY35 consists of two gallium arsenide,

infrared emitting diodes connected in inverse parallel and coupled T 3 —I WSTE s

with a silicon photo-transistor in a dual in-line package. ; . T e i

FEATURES: ) l ui :ronn: i_
AC or polarity insensitive inputs o __:{,,\.— b trerere—
Fast switching speeds S
Built-in reverse polarity input protection I . —!1 m —!—

I/O compatible with integrated circuits !

| ! ATING
High isolation voltage l:}} : 6 2o i ; ____
High isolation resistance g Los i } ]
I
1

| e —— 4
absolute maximum ratings: (25°C)i(unless otherwise specified)

INFRARED EMITTING DIODE oo P [ % L]
Power Dissipation — T, = 25°C *100 milliwatts 5 j:: EESO?:ZE EE: :
Power Dissipation — T4 = 25°C *100 milliwatts | oao 328hor [0 | °

(T indicates collector lead :G' ::: éﬁ:%}?::agigs 5
temperature 1/32" from case) ko liool | lesa’l los
Input Current (RMS) 60  milliamps S e
Input Current (Peak) +1 ampere uoés 225| 280|571 [7.12
(Pulse width 1 us, 300 pps) ' j::“;jl“.“m“.:;“ﬁ.:m.:. b
*Derate 1.33 mW/°C above 25°C L
5 Four ploces

PHOTO-TRANSISTOR
Power Dissipation — To = 25°C *#300  milliwatts
Power Dissipation — To = 25°C EXI00 milliwatts

(T¢ indicates collector lead TOTAL DEVIGE

temperature 1/32” from case) Storage Temperature -55 to 150°C
Veeo 30 volts Operating Temperature -55 to 100°C
Veso 70 volts Lead Soldering Time (at 260°C) 10 seconds
Vepo 5 volts Surge Isolation Voltage (Input to Output) See: Pg. 23
Collector Current Continuous) 100  milliamps 1500V (peak) 1060V (rwms)

**Derate 4.0 mW/°C above 25°C Steady-State Isolation Voltage (Input to Qutput) See: Pg. 23
¥**Derate 6.7 mW/°C above 25°C 950V (peak) 660V(rMs)
individual electrical characteristics (25°C) (unless otherwise specified)

INFRARED EMITTING DIODE MAX. UNITS PHOTO-TRANSISTOR MIN. | MAX. UNITS

Input Voltage — Vg 1.8 volts Breakdown Voltage — V(gr)cEo 30 — volts
(I = £10mA) (Ic =10mA, Ir =0)

Breakdown Voltage — V(grycso 70 — volts
(IC = IOO,LLA, IF = 0)

Breakdown Voltage — V(gryeB0 5 - volts
(Ig = 100uA, I =0)

Capacitance 100 picofarads Collector Dark Current — Icgo — 200 | nanoamps

(V = O,f= 1 MHZ) (VCE = IOV, IF = 0)
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coupled electrical characteristics (25 °C) (unless otherwise specified)

MIN. MAX. UNITS
Current Transfer Ratio (Vog = 10V, Ig = = 10mA) 10 — percent
Saturation Voltage — Collector to Emitter (Icgg = 0.5 mA, Ig =+ 10mA) - 04 volts
Isolation Resistance Vig = 500V (note 1) 100 — gigaohms

Note 1: Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together and
the output terminals (transistor) shorted together.

PEAK
OUTPUT

PEAK / \ ™ Ji pany
/

VNN AR

licee)PUTPUT WAVE FORM (SEE NOTE 2)
AT Vep=5v

/ N\ [

I INPUT WAVE FORM

10
Ip==|1oma|
..-F"'-.-—._.
] / —
—
Ig=iomal
10!

i Note 2: These waveforms and curves are exaggerated
10 7 in amplitude differences to indicate the out-

puts corresponding to the positive and neg-
ative input polarities will not be identical.

lcEg~NORMALIZED PEAK OUTPUT CURRENT

Typical differences in amplitude is 10% to
- )i 20%.
ool ol I 10 100

Vg ~COLLECTOR TO EMITTER VOLTAGE - VOLTS
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TYPICAL CHARACTERISTICS
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TYPICAL APPLICATIONS

LOAD MONITOR AND ALARM

In many computer controlled systems where
AC power is controlled, load dropout due to
filament burnout, fusing, etc. or the opposite
situation - load power when uncalled for due to
switch failure can cause serious systems or
safety problems. This circuit provides a simple
AC power monitor which lights an alarm lamp
and provides a “1” input to the computer
control in either of these situations while
maintaining complete electrical isolation be-
tween the logic and the power system.

Note that for other than resistive loads, phase
angle correction of the monitoring voltage
divider is required.

POWER SWITCH
[ | “MONITOR
O
120 VAC
o—.
+5V
(o
ALARM 390 LED
- INPUT TO LOGIC Ry
* LIGHT
RING DETECTOR
0.2uf IK S ~

In many telecommunications applications it is
desirable to detect the presence of a ring
signal in a system without any direct electrical
contact with the system. When the 86 Vac
ring signal is applied, the output transistor of
the CNY35 is turned on indicating the presence
of a ring signal in the isolated telecommuni-
cations system.

Interruption of the 120 VAC power line
turns off the CNY35, allowing C to charge
and turn on the 2N5308-D45H8 combination
which activates the auxiliary power supply.
This system features low standby drain, isola-
tion to prevent ground loop problems and the
capability of ignoring a fixed number of ““drop-
ped cycles” by choice of the value of C.

| |
| |
| - |
86 Vac | z = | I¢
| |
le I I 0
s e s e i Al
CNY35
UPS SOLID STATE TURN-ON SWITCH
BATTERY
+ D45H8
12K TO INVERTER
I nssoa Q% ENGINE
|20VAC | STARTER
a
T | ~
L PO P | s L
CNY35 _l
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SOLID STATE

@IPTOELI

L N

Photon Coupled Isolator CNY47-CNY47A

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

GENERAL D) ELECTRIC

The General Electric CNY47 and CNY47A are gallium arsenide A - TN o L L
g 5 B} .. . SYMBOL | MIN | MaxX it} BeAX | NOTES
infrared emitting diodes coupled with a silicon photo-transistor -i—-— S — A ] dsdlasomanBEs I
in a dual in-line package. 4 T 3wl T B a3t iR
} . ° | O aaad o F |oao 570lior [178 |
absolute maximum ratings: (25°C) A L— - A o EARE el I
INFRARED EMITTING DIODE : g il s O e S el I I
—— _1_ P | 7 ’ 9.
Power Dissipation *100  milliwatts ':j_} 1| ¢ seane {4 _p P laogieds £0
Forward Current (Continuous) 30 milliamps 2 i—os L T || e shlise opermaert ncton o
Forward Current (Peak) 3  ampere P 4 n iﬁiu & Intoid pesli 6 e
(Pulse width 1 us 300 pps) L—-d 2 T e et e
Reverse Voltage 3 volts 5 Fo placas
*Derate 1.33mW/°C above 25°C ambient TOTAL DEVICE
PHOTO-TRANSISTOR Storage Temperature -55 to 150°C
- o
Power Dissipation *%150  milliwatts Operating Temperature -35 10 100°C
Vero 30 volts Lead Soldering Time (at 260 C) 10 seconds
Ve 50  volts Surge Isolation Voltage (Input to Output). See: Pg. 23
Viso 4 volts 2828V (peaty 2000V (rms)
Collector Current (Continuous) 30  milliamps Steady-State Isolation Voltage (Input to Output). See: Pg. 23
**Derate 2,0mW/°C above 25°C ambient 1695V (peak) 1200V (rms)
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP.[ MAX. [ UNITS PHOTO-TRANSISTOR MIN. | TYP. |MAX.| UNITS
Forward Voltage 1.1 |1.5 | volts Breakdown Voltage—V@r)ceo | 30 | — | — | volts
(IF =10 mA) (IC= IOmA, IF == 0)
Breakdown Voltage—V@grycso | 50 | — | — volts
(Ic= 100uA, Ig = 0)
Reverse Current — | 100 | microamps Breakdown Voltage—V gr)EBO 4 | — | — | volts
(Ve =3V) (Ig = 100uA, Ir = 0)
Collector Dark Current—Iogg - 15 100 | nanoamps
(VCE - lUV, IF = 0)
Capacitance 50 | — picofarads Collector Dark Current—Icgo - | = 20 | nanoamps
(V=0,f=1MHz) (Vep =10V, Iz =0)
Capacitance - | 2 — | picofarads
(Vg = 10V, F =1 MHz)
coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS
DC Current Transfer Ratio (Ig = 10mA, V¢g = .4V) CNY47 20 — 60 %
CNY47A | 40 - - %
Saturation Voltage — Collector to Emitter (Iz = 10mA, I =2mA) CNY47 - 0.1 0.4 volts
(I = 10mA, I¢ = 4mA) 0.4 gigaohms
Isolation Resistance (Vio = 500Vpc) CNY47A | 100 = 5 volts
Input to Output Capacitance (Vo = O,f = 1 MHz) - # picofarads
-Switching Speeds:
Rise/Fall Time (Vcg = 10V, Icg = 2mA, Ry, = 1008) - 2 - microseconds
Rise/Fall Time (Vg = 10V, Icp = 50uA, Ry, = 10082) 217 = 300 — nanoseconds
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SOLID STATE GEHERAL ELECTRIC

@PT@ELECTRONICS

Photon Coupled Isolator CNY48

Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier

The General Electric CNY48 consists of a gallium arsenide, in- 3 . e
frare(} en?itting di'ode? coupled with a silicon photo-darlington f — T_ oon/ e g«é ?21 3 gn af‘f:“g: m;_;
amplifier in a dual in-line package. ¥ i A | B 1— § |oid 32 sod'Sie
1 | 3 F 140 ??I' ID;’ I ;B
absolute maximum ratings: (25°C) |, b AT RIS e AR
¥ ! ® 100 3
INFRARED EMITTING DIODE ‘*""* **'F' N |ors s
f-__-_-| SEATING E_L § | 238 ;ggg?". (AT
Power Dissipation *100  milliwatts PLBE J, “‘?‘11 ot be  inication o
Forward Current (Continuous) 60  milliamps —+ rl ocenition i he quodrant sajacem fo
Forward Current (Peak) 3 ampere J Sasolac ealtnnlang e
(Pu].se Width 1 s 300 pps) L_‘____ . ;:ﬁ:ﬂ}};:wamm are made from Tne spate
Reverse Voltage 3 volts
*Derate 1.33mW/°C above 25°C ambient,
TOTAL DEVICE
PHOTO-DARLINGTON Storage Temperature -65 to 150°C
o s o - Operating Temperature -55 to 100°C
ti *#150  milliwatts
i’rower Distipation 30 voltswa Lead Soldering Time (at 260°C) 10 seconds
VCF’S 30  volts Surge Isolation Voltage (Input to Output). See: Pg. 23
CB
Vs 6  volts 2120(peak) 1500V (rms)
Collector Current (Continuous) 100  milliamps Steady-State Isolation Voltage (Input to Output). See: Pg. 23
*%Derate 2.0mW/°C above 25°C ambient, 1270V (peak) 900V(rms)
individual electrical characteristics (25°C)
INFRARED EMITTING DIODE | TYP. MAX. UNITS PHOTO-DARLINGTON MIN.| TYP.| MAX. | UNITS
Forward Voltage Breakdown Voltage—V gRr)ceo 0|=1 = volts
(Ig = 10mA) 1.1 1.3 | volts (Ic = 10mA, I = 0)
Breakdown Voltage — V(gr)cBo 30 — | — volts
(Ic = 100uA, Iz = 0)
Reverse Current Breakdown Voltage — V(gr)EBO 6 — | — volts
(Vg =3V) - 10 | microamps (Ir = 100pA, Ir = 0)
Collector Dark Current — Icgo —| 5| 100 | nanoamps
(Vcg = 10V, Iz = 0)
Capacitance Capacitance - 6 — | picofarads
(V=0,f=1MHz) 50 — | picofarads (Vcg = 10V,f = 1 MHz)
coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS
DC Current Transfer Ratio (I = 10mA, Vg = 1V) 600 - — %
Saturation Voltage—Collector to Emitter (Ir = ImA Ic =2mA) - — 8 volts
(Ir = 5SmA Ic =10mA) - — 8 volts
(I = 10mA, I = 60mA) - - 1.0 volts
Isolation Resistance (Vig = 500Vpc) 100 - - gigaohms
Input to Output Capacitance (Vio = O,f = 1MHz) - - 2 picofarads
Switching Speeds: (Vcg = 10V, Ic = 10mA, Ry, = 100Q) On-Time - 125 = microseconds
219 Off-Time - 100 microseconds
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GENERAL ELECTRIC OEM AUTHORIZED DISTRIBUTORS

ARGENTINA

ELECTRONICA COLMAR 5.A.C.LyF
SAN JOSE 83

PISO 12, OFF. 1203

BUENOS AIRES

MARKETON S.A.

SOLIS 229

BUENOS AIRES

AUSTRIA

E. SCHRACK E.A.G.

ELEKTRONIK BAUTEILERVERTRIEB
RAUCHFANKEHERGASSE 38

1150 WIEN

TEL.: (0222) 8302 51

BELGIUM

N.V. NIJKERK 5.A.

A. REYERSLAAN

103 Bd. A. REYERS
TEL.: (02)-736.0096/97

BRAZIL

APPLICACOES ELECTRONICAS
ARTIMAR LTDA.

CAIXA POSTAL 5881

SAO PAULO

CHILE

GRACE Y CIA [CHILE) 5.A.
HUERFANOS 1189
SANTIAGO

DENMARK

AlS NORDISK ELEKTRONIK
TRANSFORMERVEJ 17
DK-2730 HERLEV

TEL.: 1-84.20.00

ENGLAND

PINNACLE ELECTRONICS
ELECTRON HOUSE

CRAY AVENUE

ST. MARY CRAY
ORFPINGTON, KENT

TEL.: ORPINGTON 71531
JERMYN INDUSTRIES
VESTRY ESTATE

SEVEN OAKS, KENT

TEL.: SEVENOAKS 50144

AFRICA

S.A. GENERAL ELECTRIC LTD.
P.0. BOX 5031

1 VAN DYK ROAD

BENONI

TEL.: 52-4581/7211

S.A. GENERAL ELECTRIC LTD.
P.0. BOX 1482

CAPETOWN, R.S.A.

TEL.: 51-1261

AUSTRALIA

AUSTRALIAN GENERAL ELECTRIC
LTD.

B6-90 BAY ST.

ULTIMO, N.S.W., 2007

TEL.: 212-3711

AUSTRIA

GENERAL ELECTRIC TECHNICAL
SERVICE COMPANY CO.,INC,
EASTCENTRAL EUROPE LIASISON
PETER JORDAN STRASSE 99
A-1180 VIENNA, AUSTRIA

BELGIUM

GENERAL ELECTRIC COMPANY (USA)
CHAUSSEE DE LA HULPE 150

B-1170 BRUSSELS

TEL.: 660 20 10

FINLAND

OY FINTRONIC AB
KARELARGATAN 2C
SF-00520 HELSINKI 52
TEL.: 90/73 54 88

FRANCE

COMPTOIR COMMERCIAL
D'IMPORTATION

36 RUE ETINNE MARCEL,

75002 PARIS

TEL.: 2362045 TELEX: 22.104

W. GERMANY

ENATECHNIK ELEKTRONIK
DISTRIBUTOR

GMEBH

2085 QUICKBORN/HAMBURG

SCHILLERSTRASSE 14

TEL.: 041066121

INDEG INDUSTRIE ELEKTRONIK GMBH

678 PIRMASENS

POSTFACH 104/FABRIKSTRASSE 5

TEL.: 06331-2008

NUCLETRON VERTRIEBS — GMBH

8000 MUENCHEN 50

GAERTNERSTRASSE 60

TEL.: 089-146081

MASING KIRKHOF GMBH
6057 DIETZENBACH 2
ASSAR-GABRIELSSON-STRASSE 35
POSTFACH 2045
(RESISTANCE WELDING

INDUSTRY ONLY)
TEL.: 06074-2135 TELEX: 419 1548

HONG KONG

GENERAL APPLIANCE CO., LTD.
GPO BOX NO. 13220

RAM. NO. 501-504,

MELBORNE PLAZA, 5/F

33 QUEEN'S ROAD

CENTRAL HONG KONG

ISRAEL

M.T.1.

POB 16340/ 182 YEHUDA STREET
TEL AVIV

TEL.: 244090/236334

INDIA

SUJATA SALES & EXPORTS LTD.
9 VARSHA

P.O. BOX 16318

69-B NEPEAN SEA ROAD
BOMBAY 400006

TEL.: 378826

ITALY
EURELETTRONICA

VIA MASCHERONI 19
MILANO 20145

TEL.: 49.81.851/2/3/4/5

JAPAN

K.H. ELECTRONICS CORP.
KOMATSU BLDG.

2-3-6 AKASAKA, MINATO-KU
TOKYO 107

TEL.: 584-6391 — 98

MITSUI & CO., LTD

P.O. BOX 822 TOKYO CENTRAL
2-9 NISHI SHIMBASHI
ITCHOME, MINATO-KU
TOKYO

TEL.: 211-0311, 211-3311
SIL-WALKER INC.

1. BANSHU-CHO
SHINJUKU-KU

TOKYO

TEL.: 3565191

MEXICO

PROVEEDORA ELECTRONICA S.A.

APDO, POSTAL M-7607
MEXICO 1, D.F., MEXICO
RAYTEL S.A.

SULLIVAN NO. 47 Y 49
MEXICO 4, D.F.

THE NETHERLANDS
NIJKERK ELEKTRONIKA B.V.
DRENKESTRAAT 7
AMSTERDAM, BUITENVELDERT
TEL.: (020)-42-89-33
MASING KIRKHOF
MERELHOVEN 6268
CAPELLE A/D IJSSEL
(RESISTANCE WELDING
INDUSTRY ONLY)
TEL.: 010-503337

NORWAY

NORDISK ELEKTRONIK A/S
MUSTADSVEJ 1

0OSLO 2

TEL.: 02-55.38.93

SINGAPORE

GENERAL ENGINEERS CORP,, LTD.
a7, HILL STREET

SINGAPORE 6, SINGAPORE

TEL.: 333641, 333651, 321791

SPAIN

JEMA (JESUS MARIA AQUIRRE)
BARRIO ORIA S/N

LASARTE — SAN SEBASTIAN
TEL.: 52682

SUTELCO

PILAR DE ZARAGOZA 23
MADRID-28

TEL.: 24.58.603

SWEDEN

NORDISK ELEKTRONIK AB
FACK

5103 80 STOCKHOLM 7
TEL.: 08-24 83 40

SWITZERLAND
NOVELECTRIC A.G.
SCHEIDBACHSTRASSE
CH-8107 BUCHS

TEL.: 01/84621 11

TAIWAN

DEVELOPMENT ENTERPRISE CO., LTD.
251 CHUNG-SAIO WEST RD., SEC. 1,
P.O. BOX 3007

TAIPEI 100, TAIWAN

REPUBLIC OF CHINA

TEL.: 335412, 361001, 385212, 335433

YUGOSLAVIA

RIZ TVORNICA POLUVODICA
KRALJEVICEVA BB

ZAGREB

TEL.: 64.68.83

GENERAL ELECTRIC OEM SALES OFFICES

CANADA

CANADIAN GENERAL ELECTRIC CO.
188 DUFFERIN ST,

TORONTO, ONTARIO, CANADA
AREA CODE: 416

TEL.: 537-4481

ENGLAND

INTERNATIONAL GENERAL ELECTRIC
COMPANY OF NEW YORK, LTD.

PARK LORNE,

111 PARK RD,

LONDON NW87 JL

Tel.: 01-402-4100

FRANCE

GENERAL ELECTRIC TECHNICAL
SERVICE COMPANY INC., FRANCE
42 AVENUE MONTAIGNE
PARIS-Be

TEL.: 226-52-32

GERMANY

GENERAL ELECTRIC GERMANY
POSTFACH 2963

ESCHERSHEIMER LANDSTRASSE 60-62
6000 FRANKFURT/MA 1

Tel.: (0611)-15641

SEMICONDUCTOR PRODUCTS DEPARTMENT

INDIA

GENERAL\ELECTRIC U.S.A,
PRODUCER GOODS DEPT.
ELPRO INTERNATIONAL LTD.
NIRMAL, 17TH FLOOR
NARIMAN POINT, BOMBAY 1
TEL.: 202471

IRELAND

ECCO, LTD.
COUNTY LOUTH
DUNDALK
TEL.: 5401

ITALY

COMPAGNIA GENERALE DI
ELETTRICITA S.P.A.

VIA PERGOLESI 25

20124, MILAN

TEL.: 202808-203208

JAPAN

GENERAL ELECTRIC JAPAN, LTD.
TONICH| BLDG., 5TH FLODR

MEXICO

GENERAL ELECTRIC DE MEXICO, § A,
APARTADO 53-983

MARINA NACIONAL NO. 365

MEXICO 17 D.F.

TEL.: 545-63-60

SPAIN

INTERNATIONAL GENERAL ELECTRIC
COMPANY OF SPAIN, S.A.

EDIFICIO ESPANA APARTADO 700
AVENIDA JOSE ANTONIO 88

MADRID

TEL.: 247.16.05

SWEDEN

INTERNATIONAL GENERAL ELECTRIC AB
FACK, TRITONVAGEN 27

17120 SOLNA

SWEDEN

TEL.: 08173007 40

VENEZUELA

GENERAL ELECTRIC DE

2-31, ROPPONGI 6- CHROME, MINATO-KU VENEZUELA S.A.

TOKYO, 106 JAPAN
TEL.:03-405-2920

GENERAL @B ELECTRIC

SABANA GRANDE
CARACAS

PRINTED IN U.S.A.
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