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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
funct ions: 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 opto 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 circui try. It also provides the specification sheers,
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 th em. Following is a brief description of the devices and the charac­
teristi cs of interest in optoelectronic applications.

1. Light Sources

There are many different light sources to be considered , such as light emitting diodes,
tungsten lamps (evacua ted and gas filled), neon lamps, fluoresc ent lamps and Xenon tubes. Because
all of these light emitters, except th e 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 det ailed 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 Emitt ing 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 applicat ions, 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 mat erial and electrons
to be injected into the P-type mat erial ; 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 th e 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
mate rial which provides superior efficiency and reliability in infrared light production (940 nm),

The electrical characteristics of th e IRED are similar to any other pn junction diode, having
a slightly higher forward voltage drop than a silicon diod e 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 coeffi cient of light in silicon decreases with' increasing radiation wavelength.
Therefore, as the radiation wavelength decreases, a larger percentage of the hole-electron pairs
are create d 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 urn . For wavelengths longer than this , more
hole-electron pairs are created deeper in the transistor beyond the photodiode (collector-base)
junction. For shor ter wavelengths, more of the incid ent rad iation 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 fun ction 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:

IE =n, ± IB ) (h FE + 1)
where Ip = Photon generated base current

IE = Emitter current
IB = Base current

hF E =Transistor DC current gain

This shows that the sensitivity of this transistor can be influenced by different bias levels at the
base. It also indi cates that response of the phototransistor will vary as the h F E 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

3
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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 =0).

The high hF E 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

l e EO (D ARK ) =hF E l eBO

where Ie BO 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 at
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 aVe E O 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:

USE OF PHOTOTRANSISTOR AT VERY LOW LIGHT LEVELS

12V DC 0--..-----..------,



E

c

DEPLETION
REGION

B 0-----+-1

E

c

NE

c

PHOTO DARLINGTON AMPLIFIER ILLUSTRATING THE EFFECTS OF PHOTON CURRENT GENERATION

This circuit will turn the load on when illumination to the Ll4H3 drops below approximately
0.5 foot-candle.

c. 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.

5

IEI = IpI (h FEI + I)
IE2 = (lP2 + l EI) (h FE2 + l)
IE2 =. [IP2 + IpI (h FEI + 1)] (h FE2 + 1)

Because IEI >> Ip2
IE2 ~ IpI . hn : 1 • hFE2

where IE = Emitter Current
Ip = Photon produced current
hFE = DC current gain of transistors I and 2
Is = Base current

If we consider different bias levels at the base we can write:

IE2 =[IP2 + (lPI ± Is) (h FEI + l)J(hFE2 + 1)

Since h FE > > 1, a close approximation to this equation is:

IE2 ~ (lPI ± Is) hFEI 0 hFE2

This shows why the darlington connection is popular for applications where the light to be
detected is of low level, with the h FE product normally ranging from 103 to lOS ,' 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 th e reverse biased pn junction reaches the gate region to
forward bias the npn transistor and initiate switching. Part of this cur rent, Ip , can be channeled
around the gate-cathode terminal to decrease sensitivity. This is also expressed in the formula for
IA by the expression (I, ± IG ) .

6

In discrete device lit erature 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 construc ted so that it
can be triggered with a very low gat e current. The high sensit ivit y of the LASCR causes it to be
sensitive also to any effect which will produce an internal current. As a result , th e LASCR has a
high sensitivity to temperature , applied voltage , rate of change of applied voltage and has a longer
turn-off time than normally exp ected of a SCR.

All other parameters o f the LASCR are similar to the regular SCR, so that th e former can be
triggered with a positive gate signal of conventional circuit cur rent, as well as being compatible
with the common techniques of suppressing unwanted sen sitivity. All commercially available
LASCR types of devices are o f comparatively low curren t rating «2A) and, th ereby , can be
desensitized to ex traneous signals with sma ll, low cost, reactive components.

Note that the schemat ic representation of th e LASCR contains a high voltage phototran­
sistor pnp between the anode (A) and gate (G) terminals. Due to physical construc tion det ails, this
"transistor" is of low gain and behaves as a symmetrical transistor, i.e. , emi tte r and collect or
regions are interchangeable . Due to the low gain , photo response is quite sta ble 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 LASeR has unique spectral and dark cur­
rent characteristics compared to the devices mentioned previously.
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B. Optoelectronic Components

Det ailing the basic device characterist ics and operation provides an understand ing 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 param eters. The basic optoelectronic
devices can be packaged to provid e:

• discrete detectors and emitters, which emit or detec t light ;
• interrupter/reflector modules, which detect objects modifying the light path ;
• 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.

Optoelectronic Detectors and Emitters

Optoelectronic components require packaging which not only protect the chip, but also allow
light to pass through th e package to th e chip, i.e., a semiconductor package with a window. The
window can be modified to provid e lens action, which gives higher response on th e 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 reason s, so
the tight cont rol of optical tol erances are compromised somewhat to optimize chip protection via
the hermetic seal. This causes lensed components to exhibit wider variations, unit to unit , than
simple window components, as the op tical 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.

4.551 f-
Y
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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 required 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 effe cts are eliminated .

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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SHAFT ENCODER APPLICATION ILLUSTRATION
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DUAL IN -LINE PACKAGE (DIP) OPTOCOUPLER. ILLUSTRATING GLASS ISOLATION CONSTRUCTION TECHNIQUE

be maintained to provide adequate optical coupling, leading to different mechanical mou nting
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 provid es 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 distan ce, the bett er the
isolation.) Unfortunately, the current transfer ratio (CTR) , the ratio of dete ctor current to emitter
current, i.e., the effectiveness of electrical signal transfer, is inversely proportional to thi s 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 (H I IASI 00) CTR's of 100% in combination with isolation voltages 'of
5000 V in phototransistor couplers result. Also, because of the glass dielectr ic design, yields
are much more predictable , due to easier alignment of LED and detector and common side wire
bonding, versus other methods of manu facture .

.385~.280



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 Hl3 interrupter module can be modified by the user

.250~.375

Ht5 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 Hl9
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 .

11
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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 (lrradiance, 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 (HE)
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 (Pin), the conversion effi­
ciency of the source in producing light (17), the spacial distribution of the output and the trans­
missivity of the light path.

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) (l A = 10-10

meters) for the light activated transistors but shifts down to 1.0 micron for the LASeR. 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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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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~ HUMAN EYE SILICON PHOTOTRANSISTORSRADIATORS

Tungsten Lamp 20000K .003 .16
22000 K .007 .19
24000K .0 13 .22
26000K .021 .24
28000K .030 .27
30000K .044 .30

Neon Lamp .35 .7
GaAs LED 0.911 0 1.0
GaP LED 0.711 .08 .7
Fluorescent Lamp .1 .4
Xenon Flash .13 .5
Sun .16 .5

APPROXIMATE EFFECTIVENESS OF VARIOUS SOURCES

To illustrate the feasibility study and approximations, consider a lOW tungsten lamp source
and a silicon phototransistor of 1 mA/mW/cm 2 (H E) sensitivity, 0.1 meter (4 inches) apart:

Pout = 71 • Pin ~ .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 from the lamp -

H
T

= Pout mW/cm2 ~ 8500 = 6.8 mW/cm2
4 . 1T • d2 12.56 (l0)2

HE = 0.25 . HT mW/cm 2 = 1.7 mW/cm 2

Assuming that there are no transmission losses in the path, the phototransistor collector
current is: Ie = ImA/mW/cm2 x 1.7mW/cm2 = 1.7mA,

where: Pin - Power input (mW)
Pout - Power output (mW)
d - Distance (ern)
71 - Conversion efficiency of light source
HT - Total irradiance (mw/cm")
HE - Effective irradiance (mW/cm 2)

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:

HE ~ 2.6 Po/(d + 1.1)2 (d > 1 ern)

14
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IF . FORWARD CURRENT IN AMP ERES
TYPICAL POWER OUT. FORWARD VOLTAGE A ND EFFICIENCY OF LED 55 SER IES

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 em spacing ,
using the IRED at 150 mW and 4% efficiency , the tra nsistor collector current is:

I, = 2.6 (l50mW) (.04) (l mA/mW/cm 2)/(l1.1 em)?
= .13 rnA

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, Po can be raised
to 50 times the steady-state value for short times (~l usee) and low repetition rates (200 pps) ,
although efficiency suffers above the 500 rnA (:::::: 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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1. Relationship between the radiator's input electrical power and
peak axial intensity of radiation

2. The radiator's relative radiation pattern

3. The radiator's relative output as a function of wavelength*

4. Distance between radiator and receiver

5. Angular relationship between axis of radiator and receiver

6. Relative acceptance pattern of receiver

7. Relative sensitivity of receiver as a function of wavelength*

8. Sensitivity of receiver

9. Light transmission efficiency
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CHECK LIST OF REQUIRED SOURCE/DETECTOR INFORMATION

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

The transmission of the light from source to detector is normally not a prob lem and can be
checked visually , but not always. Some organic materials, i.e., plastics, have strong atte nuatio n
of near infrared wavelengths such th at, 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 de to light emitting devices
may change their effective irradian ce by as much as 30% for tungsten lamps, or as much as 100% for
IRED's . Only filt ered d c will yield constant effect ive irradiance for all light emitting devices.



TIME DEPENDANCE OF IRRADIANCE FOR VARIOUS POWER SUPPLIES
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T YPICA L IN FRA RED I RRA DI ATI ON PATTERN OF IRED ON SURFACE 5 CM. AWA Y
(ACTUA L SIZE)

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

f # = Focal Length
Effective Diameter

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

LED 55CF
NO LE NSES

LED 55C
INTEGRAL LENS

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.



DETECTION WITH A CONVERGING LENS
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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

H, irradiance , of adding a lens to the dete ctor 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%.

DIAMETER FOCAL

=======~ :::~h?
A ----.;-

LIGHT ~ LI GHT
SOURCE LENS DETECTOR
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by AC signal processing and simple pulse decoding techniques. Such a system is illustrated in
the fourth secti on of this handbook.

EFFECT OF AMBIENT LIGHT AND SHIELD FINISH ON OPTOELECTRON IC OBJECT DETECTOR

4. Pulsed Systems

Pulsed light syste ms can provide the best possib le 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 lo wer 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.

20
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3. Ambient Light

The effect of ambie nt light on optoelectronics is generally hard to estimate, as the ambie nt
light is usually hard to qua lify 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

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 anot her 0.3 mm (0.015 in.) to the path width which must be blocked to darken the de­
tecto r. When a converging lens is added in front of the detector, the field of view is lessened by,
and th e light pat h is widened by, the lens system's magnification. Add ing 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 techniques

are used to minimize these interactions, with sensitivity or transmission efficiency usually being
the parameters traded off with alignment and cost of materials.
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can th en be det ermined stric tly fr om response time, dista nce cove red, LED th erm al resistance and cost co nstraints.
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Generally, low cost syste ms use UJT derived current pulses from 1 to 10 usee 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.e. 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: de operation, no
external optics; pulsed operation, no ex terna l 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 IRE D, a tra nsparent dielectric
material and a det ector 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 characterist ic V-I curves , are defined by the devices used
to build the coupler and the optical efficiency. The detailed coupler specification defines these
parameters such that, for thes e 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 the y 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 th e relatively high test voltages .

a. Isolation Resistance is the de resistance from the input to output of the coupler. All
G.E. couplers are specified to have a minimum of 1011 ohms 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 th e coupler is to be 'mounted on. Note that at high dielectric st ress
voltages, with printed circuit board leakage added, currents in the tens of nan oamps may flow.



c. Isolation Voltage is 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.

780 V

919 V

DC STEP
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AC STEP

650 V

540 V1000 V*

1025 V707 V*

540 V

AC ZERO <I> DC RAMP AC RAMP
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SURGE ISOLATION VOLTAGE CAPABILITY OF HVPOTHETICAL 1000 V COUPLER

Dual Lead Frame

G.E. Glass

*Specification Sheet Test Method

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 appli cations 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 Capacitan ce 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 effe cts 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 :

• clean up circuit board layout - especially base (gate) lead positioning;

• use base emitter shunt resistance and/or capacitance ;
• design for immunity to noise levels expected ;

• electrostatically shield highly sensitive circuit portions;
• 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.



GENERAL ELECTRIC OPTOCOUPLER ISOLATION VOLTAGE SPECIFICATION METHOD

I. Surge Isolation Voltage
a. Defin ition :

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/I 050V rms for one second ).

c. Test Conditions:
Appli cation 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
5 rnA 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.

c. 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 rnA
at rated voltage , for the duration of the test.

The tests performed were:

I. AC - rms surge rating per G.E. definition.
'" 2. DC Ramp - Value at failure when potential

gradually increased from zero - definition
used on compet itive 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.

" ra m p sl op e JOOOV/sec
COMPETITIVE CONSTRUCTION, DUAL LEAD FRAME
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METHODS OF LIMITING OR ELIMINATING DIELECTRIC BREAKOVER PROBLEMS
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Steady-state isolation voltage rat ings are usually a frac tion 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 group s of the lowest voltages th at could be supplied to the
specification test ed. A destructive surge isolation voltage test was perform ed at specified surge rating
to confirm the selection pro cess, and th en the couplers were placed on rated 60 Hz steady-state
isolation stress. No failur es were observed on the 160 couplers tested for 1000 hours. Th is consisted
of 32 units, Hll A types , each volt age ratio at 800/1 060, 1500/2500, 1500/1770, 2200/2500 and
2500/ 4000 life test to surge test voltage ratios. Not e th at some of the tests are beyond th e rated
steady-state condition for a given test volt age, 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 hea l 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 met allic short,
caused by molten lead wires bridging lead frame to lead frame, noted on some dual lead frame
product. In critical designs, th e 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 protect ion are illustrated below. Note th at 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.
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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 forwa rd voltage is re­
lated to the forward current and is of small magnitude as it varies VF by only about ±10% over the
temperature range.

2. Input, Output and Transfer Characteristics

The complete opto coupler has th e electrical characteristics of the IRED and the detector
at the inp ut 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 ana lytical cir­
cuit design.

a. Input The input characteristics of the coupler are the characteristics of an IRED - us­
ually a single diode, although the HII AA 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,

Another phenomenon , which has been observed in some photocouplers when subjected to
a de 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 SOV 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 detec tor 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 lOOoe have produced no ob serv­
able change in detector leakage.
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ficat ion of the HII AlD . Time delay turn-on is accomplished by shunting th e 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 circu it must be evaluated for
cost and per formance.

The sta bility 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 th e IRED with a resistor such that VF isn't reached until the input current reaches
th e desired threshold value for turn-on. This type of application is documented in the speci-
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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.
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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.

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 secti on must be open-circuited and not shorted to
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the base as can be don e with a single phototransistor in this mode. This is because the base of
the outp ut transistor is not electrically accessible, so when the darlington is connected with a
base emitter short, it acts, not as a photod iode, bu t as a photodiode in parallel with a low-current­
transfer ratio (i.e., the rat io of output current to input cur rent) phototransistor.

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 forwa rd 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.

c. Photo transistor - The phototransistor response is the product of the photodiode current
and the current gain (h FE. 13) 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



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 resistan ce of the transistor base-emitter junction , and the voltage gain
of the transistor. Through Miller Effect , the R-e 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 effe cts 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 fract ions 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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d. Pho todarlington - The pho tod arlington adds the effects of an additional stage of tran­
sistor gain to the phototransistor coupler. The changes in CTR, its temperature coefficient, leak­
age currents 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
pho tod arlington op to coupler is attractive, i.e., at low input currents or at very high output
currents, will be exam ined from the standpoint of device chara cteristics and their interaction with
application perform ance.
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~ 1. 50 .--- -.---- ---,--,------,- ---,------,

:::E
f­
u, 1.25 f------P-.J -- --t- - -j-- -+- ­
u,
o
Z

~ 1.0 0
f­
a
z
~ .75 1-1-/=1~:;;o~~=i:===4==~
o
Z NORMALIZED TO:
~ .50 f------::l""'f--~A.:I--+_- R

SE
= con

a NORMALIZED IOFF IF =10mA
~ .25 FOR IF =10mA --ION =IOFF = 5JLSEC

...J NORMALIZED IOFF
~ FOR IF = 20mA

~ 010 20 50 100 200 500 1000

Z RSE - EXTERNAL BASE RESISTOR - Kn

BIAS EFFECTS ON PHOTOTRANSISTOR SWITCHING SPEED

Switching Times YS. Output Current

.2 .4.6 .8 1.0 2 4 6810 20 4060 100

I CEO - OUTPUT CURRENT - mA

I
l""- I
r-, --l"- I
I'"~

-RL = IKn
r-,

........r-, ..... ....
..... <,

...... <,
........ r-,

NORMALI Z E0 TO: .......... '" "'r---......
RL = loon - .

VCE = 10VOLTS ...... 1"-
ICEO = 2 mA <, RL = Ion

- ION = IOFF =3JLSEC

RL = loon 1'\
I I I

~ 10
:::E 8
f- 6
u,
lJ.. 4
o
z
a:
~ 2
a
z
<t 1.0
z .8
~ .6
a:
~ .4
a
w
N .2
...J
<t
:::E

~ .1
z

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 curre nt as practical. In this mod e, response is dominated by the IRED and photodiode intrinsic
prop erties and can be und er 0.2 usee. Use of a load resistor on the photodiode requires charging
the photodiodes capacitance (25 pF at OV, typica lly) with the associated R-C time constant.

Leakage current of the photo transistor 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 (ty pically 200 pA at 10 V, 25°C) will be about 200 times
this at lOO°e. 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 Ic EO at 10 V, 25°C to 4 p.A
(2000 times) at 10 V, 100°C. Consider the effect on a circuit , which operates at a 100 JlA 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.
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The high gain of the darlington allows useful output currents with input currents down
to 0.5 rnA. 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 J.1.A, 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 rnA and 3 rnA input current,
and the high current output region at above 3 rnA input current, i.e., where the output current is in
the tens and hundreds of rnA.

TYPICAL PHOTODARLINGTON OPTOCOUPLER TRANSFER CHARACTERISTICS

Leakage Cu rrent

Operation in the low input current region with a photodarlington output optocoupler pro­
vides minimum output currents in the 0.1 rnA to lOrnA range at 25°C. High temperature leakage
currents (lCEO) 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

TYPICAL TEMPERATURE EFFECTS ON PHOTODARLINGTON OUTPUT
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PHOTODARLINGTON SWITCHING SPEED AS A FUNCTION OF BIAS

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 effe ct 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 scraping up more drive for the IRED as an alter­
native to going to a non-stand ard or series connec ted resistor. Looking at the photodiode response,
and noting that VBE can be 1.3 V, the 22M resistor eliminates response on a typical unit for
input currents less than 1/4 rnA, which, in worst-case analysis, makes the reason for scraping
up more input cur rent obvious. It also illustrat es another reason for using a transistor output
coupler in some of the lowest input current applications. At low temp eratures these phenomena
make the darlington more attractive: leakage current has decreased, making a base emitter resistor
unne cessary ; 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

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 developm ent.

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 cho ices. Currents are of such magnitude th at , 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 fact ors which govern the
power dissipation in these appli cations. Typ ical values for saturation resistance, up to I, = 100 rnA,
are in the 4 to 8 ohm range. Typ ical offset voltage can be approximated by the lOrnA 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:

Pd ~ I, ( VO FFSET + I, R SATUR ATIO N )·

For steady-st ate loads this corresponds to a maximum collector current of about 100 rnA to
stay within the 150 mW maximum rating. In pulse applications the drop in photodarlington gain
with increasing current limit s usefulness above 250 rnA 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.
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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 240 V 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
120/220 V ac loads with input signals directly from TTL logic.

A knowledge of the SCR tum-on parameters allows circuit design to be done analytically.
1FT • the current into the IRED required to trigger (tum-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 (RG K ) . From this , the relationship of 1FT to
RG K is inferred, i.e., higher RG K , lower 1FT , As RGK also shunts currents generated by leakage,



K

I

I
I 1M

~~ :
I

_ -.J

800 ~~ 56

lOOK

Reverse Gate Bias

30K

HI IC, ------ - ,

]

1 ~
I ....rv-­
I
I
L _

DHD75K

750K

75pF
56

K

Zero Voltage Sw itching

HI IC

]:-=.--'
I ....rv-- '-I--<>-~~c;.
I
L -.J

300 IK 3K 10K

GATE TO CATHODE RESISTO R - OHMS

dv/dt

NORMALIZED TO:
I H @ RGK = 10K, TA =25°C
1FT @ RGK = 10 K, TA = 25°C - - 1--- - - -+-- - - +-- ----'='''''-------1
dv/dt @ RGK =10K, TA =25°C

10

0.0 1'--__----' --'- ..L-.... --'- ---'- ----'

100

cil­Wz
Cl w
!2 a:
a: a:
1-::> 100 f-----~~----+----+_---_+---_+---__i

aU
I- Clz
~ o

~6
a: J:
::> 0
Uz
1- <1:
::> >-
Do l-
~:i
oiD
W <I:

!:::! ~ 0.1
;iu
~ -
a:~
a>
z'"

Gate Capacitor

35

best of all wor lds at the price of additional circuit complexity. Circui t component cost could be
lessened th rough 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

TYPICAL EFFECT OF RGK ON 1FT, dv/dt, AND IH OF PHOTO SCR OPTOCOUPLER

rapid ly rising voltages across junction or isolation capacitance and sto red 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 curren t , IH , the
minimum anode current which will maintain the SCR in cond uction. As it is norm ally desired
to have the SCR turn-on with minimum IR ED current ,while being complete ly imm une to dv/dt ,
and to other extraneous effects and still tu rn-off dependably and rapidly, the choice of a fixed RG K

becomes a compromise. Use of active devices in the place of, or in addition to, RG K can give the

METHODS USED TO OPTIMIZE RGK EFFECT

gate capacitor is simplest , but only affects dynamic response and is of limited use on de 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 tum-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 uniiunction circuit, using an
0.2 J,LF capacitor charged to 8 V and discharged at 1 msec. intervals , draws less than 2 mA and
will tum-on a Hl1 Cl with a 1 K ohm RG K • 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;oC.

Use of the photo SCR coupler on de 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 tum-off circuitry is identical to that detailed
in the G.E. SCR Manual and a maximum tum-off time of 100 usee is used to calculate the com­
mutation circuit values. Pulse capability of the H11C photo SCR coupler output is rated at lOA
for 100 usee. In conjunction with the 50A/J,Lsec, di/dt capability (di/dt indicates the maximum
rate of increase of current through the SCR to allow complete tum-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 III. 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 sample s 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 voltage,
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-2l7 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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mechan isms or beyond common test equipment capability , without regard for maximum rat ings.
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 ex tended stress results
to 200 and 500 cycles, without evidence of thermal fatigue. This is a tribute to the mechanical
design of the GE herme tic IRED. Mechanical sequence stress was not performed on th e 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

DEVICE TYPE STRESS CONDITION
QUANTITY TOTAL BEST ESTIMATE

TESTED DEVICE HOURS FAILURE RATE*

Hermetic I RED Operating Life
267 267,000 0.26%/103 hrs.

• LED55 Series IF = 100mA @ 25°C 0.26%/103 hrs.+
• LED56 Series Storage Life*
• 1N6264 - 1N6266 T = 200°C 80 80 ,000 2.2%/1 03 hrs.

Temperature Cycle"
414 86 ,100"" 0.4 2%/ I00""-65°C to +200°C

Hermetic Detectors Operating Life
75 75 ,000 0.95 %/103 hrs.

• L14F Series Pd = 300mW
• L14G Series Storage Life

T = 200°C 75 75 ,000 0.95%/1 03 hrs.

Temperatu re Cycle 75 7,500"" 0.95 %/100""-65°C to +200°C

Mechanical Sequence
1.5 KG Drop Shock 75 N.A. No Failures20 KG Centrifuge

20 G Vibration

Plastic Detectors Operating Life
250 250,000 0.69 %/103 hrs.

• 2N5777 Series Pd = 200mW
• L14D Series Storage Life
• L14H Series T = 100°C 249 249,000 0.69%/ I03 hrs.

Storage Life
238 238,000 0 .33%/103 hrs.T = 125°C *

Humidit y Storage
249 249, 000 0.28%/10 3 hrs.

T = 40°C, 90% R.H.

* Catastrophic failure rate est imate to upper 50% confi de nce level.
+ Combined catastrophic and degradation, to 6 POUT ;;;.50%. est. failure rate to 50% VCL.
* Stress conditions beyo nd 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 th an simpler components .
Each output device has some unique characte ristics which require unique stress testing. Although
the IRE D 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, therefo re, shows the highest rate of decrease when stressed at identical levels.
(See nex t section for details.) The SCR output coupler is subject to the possibility of inversion
layer formation (channelling) as are all high bloc king 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 result s of these tests illustrate the superiority of the G.E.
patented glass dielectric isolation , silicon doped liquid phase epitaxially grown IRED chip and
to tal elect rical and mechan ical design. This is the premium optocoupler from both a reliability
and a performance standpoint. From a manufact uring standpoint, it enjoys high yields and ease
of assembly, providing this quality at competitive costs.

In the evaluation of these reliabili ty tabl es with the acceleration factors given in the next
section, both the IR ED heatin g 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 stan dpoint , by l aC. Standard CTR readout condi­
tions for photo transistors are IF = lO rnA, and for photodarlingtons at IF = I rnA.

RELIABILITY TEST SUMMARY - GE DIP OPTOCOUPLER

OUTPUT TYPE STRESS CONDITION
QUANTITY TOTAL EXPECTED

TESTED DEVICE HOURS FAILURE RATE*

Photo Transistor Operatin g Life, TA = 25°C
90 90 ,000

0.78%/10 3 hrs.
• H11A Series PT R A N = 300mW, IF = 20mA 0.19 %/103 hrs.+
• 4N35 Series Operatin g Life, TA = 25°C 0.46%/ I03 hrs.
• 4N25 Series PT R A N = 300mW, IF =60mA* 151 367 ,000 <0.001 %/10 3 hrs.+

Operating Life, TA = 1000 C 325 54,600 0.86%/102 hrs .
PT RA N = 0, IF = 1OOmA* 0.12%/103 hrs.+

Photodarl ington Operatin g Life, TA = 25°C
195 195,000 0.40%/10 3 hr.

• H118 Series PT RA N = 300mW, IF = 60mA 0.0026%/103 hr .+
• 4N29 Series

Photo SCR SCR D.C. Blocking Life
• H11C Series VI) = Maximum Rat ing 104 104,000 0.75 %/10 3 hr.
• 4N39 Series TA = 100°C

Combined 1500 C Storage 381 381 ,000 0.69%/10 3 hr.

Combined 1000 C Storage 109 109,000 0.72%/103 hr.

Combined Humidity Storage
333 333 ,000 0.21 %/10 3 hr.TA = 85°C @ 85% R.H.

Combined Temperature Cycle
709 70,900 0.15 %/l0-v-65°C to +150°C

Combined Salt Atmosphere
25 600 0.13 %/hr.MIL-S-750/1041 ,35°C

* 50% upper confidence level best esti mate failure ra te.

+ Degradation only failur e rate to a /:::, CTR > 50% criteria. This is calculate d, using the accelera tio n factors of th e next section, to
equivalen t time at a ssOc, IFS = IFM st ress level, at the SO% VCL.

* Accelerated test, test bias conditions in excess of device rat ings.
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This chart repre sents about 2.0 million device hours of opera tion on 625 du al in-line opto couplers and III hermetic IRED's.

SUMMARY OF TESTS USED TO OBTAIN IRED DESIGN GUIDE LINES

SAMPLE SIZE
TEST DURATION

IFM CURRENT

40

FORMAT OF DATA PRESENTATION:

B. RELIABILITY PREDICTION OF CIRCUITS CONTAINING IRED's

Previously the IRED phenomenon , 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

~ 25°C 40°C 55°C 70°C 80°C 100°C
I FS

20
3mA 1000 Hr.

3mA
20

5mA 1000 Hr.
I. SmA

16
10mA 1000 Hr.

1 lOrnA
27 108

20mA 500, 1000 Hr. 1000 Hr.
1 5 10.20mA lOrnA

20 20 20 60
25mA 1500 Hr. 1500 Hr. 1500 Hr. 1500 Hr.

lOrnA lOrnA lOrnA lOrnA
20 40

50mA 1500 Hr. 1500 Hr.
lOrnA lOrnA

20 163
60mA 1000 Hr. 1000,3000,5000 Hr.

1 5 10 20 60mA lOrnA
20

75mA 1500 Hr.
lOrnA

79 90
100mA IK, 15K, 30K Hr. 168, 1500 Hr.

I. 10. 100mA 1,10,100mA



LIFE TEST RESULTS - I L LUSTR ATING OBSERV ED CHANGE IN IRED OUTPU T WIT H OPERATING TIME
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end of life value . Although this does not represent the worst possible case, no correlation can be
found between init ial 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 th e process, develop the guidelines.

When the percent of init ial value of light output (or current transfer ratio in couplers) of
an IRED on an operatin g life test , is plotted against the time th e 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, th an 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 th e 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 st ress and measurement data have been taken,
and th e spread of dat a 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 (I FS) and/or temperature,
or by monitoring th e test result s at lower current (IFM) levels. Precise acceleration factors have
yet to be determ ined 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.
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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 (lFS) 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, (IFM) also accelerates the phenomena, but in looking at many test
results, it appears that the ratio of IFs/I FM is the key factor affecting the slope besides temperature.
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IRED OUTPUT VS. TIME SLOPE PREDICTION CURVES ASSUMING A VIRTUAL INITIAL TIME OF 50 HOURS
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Temperature Effect
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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 (LED55 series) and optocoupler data
(HI 1 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 IFS/IFM rat io 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 FS/
IFM ratios and low temperatures. These factors cause the best model found to enclose a band of
observed values, as can be seen.

4

20......---------r-------

To use this data the circuit designer must define a desired lifetime, the degree of control he
has on minimum and maximum values of IF 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 rnA of output current at 5 Volts Vn : 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 IF values of up to 20 rnA the CTR is relatively constant and that at 55°C the CTR will be
about 0.85 times its 25°C value (b. ~~R) . The center of the range of slopes vs. I FS/IFM 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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where: AT is the temperature acceleration for slope at the expected operating temperature,

CTR is the specified minimum current transfer ratio, adjusted for bias conditions,
t.CTR/b.T is the change in CTR due to temperature,
Ie is the required output current,

IF 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 rnA, 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 effe cts.

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 (AT)' 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 lOrnA output requirement , the IRED current must be raised by about

40% to compensate for light lessening with operation [i.e., lOOl~029] 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 rnA, as compared to the lOrnA required initially at 25°C. The formula
used in this example is:



A
x ..--!..!.. x AI + log 50]

An

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 AT
and IFs /IFM 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 approximation :

t
x

= 10 [ (log ~~)

where: AI is the slope at stress conditions ..;- slope at use conditions,

AT! is the temperature acceleration at stress conditions,
An is the temperature acceleration at use conditions,

to is th e stress test duration, and
tx 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 o).

The temperature acceleration curve gives a 1T! ratio of the slope per decade at 100°e to the 55°e
value of 2.83=1.62. The middle line of the TIFs / IFM curve gives a ratio of!.Q=2.5 for the slopes

1.75 4
of a 10 mAil 0 mA IFs /I FM compared to the 100 mAil 0 mA IFs /I FM the test was run at. The
equivalent hours for this test at a 55°e use condition is:

[ (log 168) x (1.62) x (2.5) + log 50]
tx = 10 50

= 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% VeL 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 effe ct on circuit failure rate in con­
servatively designed circuits.
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B. Photodetector Parameters

The measurement of electrical parameters of the photodetectors is identical to that for the

band holding the tabs in position, reproducibility will be near the limit s of the test equipmen t
used and environmental control.

IV. MEASUREMENT OF OPTOELECTRONIC DEVICE PARAMETERS

A. IRED Parameters

Measurement of the IRED parameters is relatively straight froward, as the elect rical parameters
are those of a diod e. These paramet ers can be measured on any test equipme nt used to measure
diode parameters, from the bench set-up of two meters and a power supply to the most auto mated
semiconductor tester.

Light output measurements require the use of a spectrally calibra ted photo cell or a calibrated
thermo pile of at least 1/ 2" ( I em) diameter. This allows collection of all th e 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 accur acy
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 op tical measure­
ments due to the cost of equipment and th e specialized knowledge required for such measuremen ts.

Simple comparison measurements of IRED output may be made using a phototransistor
sensor. When this is done, spacing and alignment is critical, due to th e lenses angular respon se
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 th rough a block of
material , smoke blacken the inside of the hole, put a shallow no tch at each end of the hole to
receive the polarity indicator tabs , and use an Ll4G as the detector. The collecto r-base ph ot o­
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 O.6V Ve E, will provide
the most reproducible measurements due to the offsetting temperature coefficients . With a rubber



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 Ie E O 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. RL • hFE). These effects indicate Ie EO 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
conductiv objects in the area , so best reproducibility will be obtained within an electrostatic
shield. Tile 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 or 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 Ll4H 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 usee), th e device
under test will be destroyed if its isolation voltage capability is less than the high voltage supply
·see "Avoid leEO measurements", Hendriks.
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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

is set at. Crowbar techniques may be used in lab set-ups to provide rapid tum-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 ,
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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 Rat io (CTR) can be tested as hF E of a transistor, both the phototran­
sistor and photodiode response, and /npu t Current to Trigger OFT) 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.

These sockets are illustrated above. Some commercial test equipment provides very poor
resolution readings of CTR in the hFE 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.
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b. Waveforms (Polarity Inverted for Clarity)
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td - delay time . This is the time from the 10% point of the final value of the input pulse
to the 10% po int of th e final value of th e out put pulse.

tr - rise time. 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.

t5 - storage time. 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.

tr - fall time. The time where a output pulse decreased from th e 90% point of its
final value to the 10% point of its final value.

SCR turn-off times are circuit controlled, and the measurement technique is detailed in the GE
SCR Manual.

b). Switching Times are measured using the technique illustrated below. Isolat ion 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 td - delay time and t r - 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 ts - storage time and t f - fall time.
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SECTION V. OPTOELECTRONIC CIRCUITS

RELAY : 12V. 0.3A COIL; 20A, FORM C, CONTACTS OR SOLID·STATE SWITCHING OF 16A STEADY·STATE
150A COLD FILAMENT SURGE. RA TING.

LENS : MINIMUM 1" DIAMETER, POSITIONED FOR ABOUT 10° VIEW ANGLE.

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

OFF
+ I~o-0..;;.;N-,-- --,

HEADLIGHT
SWITCH 22K 22K

If a very sensitive (long range), more directional remote trigger unit is desired , the circuit
may be modified to use a Ll 4G2 lensed phototransistor as the sensor. The lens on this transistor .
provides a viewing angle of approximately 10° and gives over a 10 to 1 imp rovement in light
sensitivity (3 to I 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

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 D4l K3, which drives the 22M resistor,
while maximum switching rate is limited by the 0.1 pF capacitor to ~ IS/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/d t triggered flash on connection) and the L8B should be pointed in the general direction of the
camera flash unit. The choice of ind uct or value will set the sensitivity of the circuit, and no
problem was noted with false triggering from fluorescent lights at I H , while triggering seemed
adequate at the 0.1H value.
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SLAVE PHOTOFLASH TRIGGER

2 .2M

HOT SHOE
OR CORD

CONNECTOR

self-biasing circuit which is relatively insensitive to slow changing ambient light, and yet discharges
the 0.01 pF capacitor into th e CI06D gate when illuminated by a photo flash.

Line Voltage Operated A utomatic 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 Ll4H4 generating a base emitter drop across the sensitivity setting register. The
double phase shift network supplying volt age 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 int erest of simplicity. When powe r is applied to the lamp , the 2N6028 timer
starts.

Automatic Nigh t 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.
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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 HIIC3 will stay on until the Ll 4H4 is illumi­
nated and allows the 2N6076 to commutate it off. Due to capacitor leakage currents, temperature
variat ions and component tolerances, the time delay may vary considerably from the nom inal.

Another common use for night light circuits is to tum on remote illumination, warning or
marker lights which operate from battery power supplies. The simplest circuit is one which provides
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illumination when darkness comes . By using the gain available in darlington transistors, th is cir­
cuit is simplifi ed 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 brigh tness and sho rt duty
cycle is often desired to provide maximum visibility and battery life. This necessitates use of an
output transistor which can supply the cold filamen t surge current of the lamp while maintaining
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OUTPUT
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Sun Tracker - In solar cell array applications and solar instrumentation it is desired to know
the positi on of the sun with in 15° to allow efficient automatic alignment. The LI 4G I lens can
provide this type of accuracy in a simple level sensing circuit, and a full hemisphere can be
mon itored with about 150 photo transisto rs.

a low saturation voltage, the addition of dynamic feedback , and the use of a phototransistor
sensor to minimize sensitivity variation.



The sun provides ~ 80 mW/cm 2 to the L14Gl when on the centerline. This will keep the
ou tput down at ~ 0.5V for e ~ 7.50

•

The sky provides ~ 0.5 mW/cm2 to the L14Gl and will keep the output above lOV 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 supp ly
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 adjus ting 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 L14G 1, as illustrated, for "point sources" of light.

120 VAC

LOAD

1

.0 4 7

22 39K

51K

47K

750K

FLAME OUT MONITOR SWITCH

*The A15Q may be replaced by 100 pF shunting a DHD800 .
Wire for minimum crossta lk, 120V to gate , using minimum lead lengths .
RA is selected from the following char t for light level thresho ld programmin g.

RA SELECTION GUIDE FOR ILLUMINATION

HOLD OFF LIGHT LEVEL
~ 20 ~ 40 ~ 80

FOOT
IN FOOTCANDLES

~ 200 ~ 400
CANDLE

RA , Incandescent Light N.A. 1500 270 68 33 Kn
RA , Flame Light 220 75 30 12 6.2 Kn
RA , Fluorescent Light N.A. N.A. 220 0 180 68 Kn

For light sources which subtend over 100 of arc , the L14H 1 should be used and the illumination
levels raised by a factor of 5. This circuit provides zero voltage switching to elimina te phase
controlling.

Brightness Controls - The illumination level of lighted displays shou ld ideally be lowered
as the room ambient light drops to avoid undesirable or unp leasant visual effects. This circu it
provides a very low cost method of controlling the light level from the relative ly 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 n
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CONSTANT BRIGHTNESS CONTROL

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 disp lay 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 app lied to the lamp and can vary the
power applied to the lamp between that availab le and > 30% of available. This provides a candle­
power range fro m 100 % to less than 10% of nominal lamp output. The 100 pH, 2 capacitor
filter network is used to eliminate conducted RFI problems.

Many other light sensitive circuits are feasibl e with th ese versatile devices, and those included
here are chosen to illustrate a range of practical cost effective designs.

DHD
806
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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 obj ects by affecting -the light path between the source and detector.
Norm ally , the light is blocked or reflected by the obje ct to be sensed , although modulation of
th e 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 prov iding visual indi cation of normal flow. Snubber networks

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 Y4 second are ignored by this circu it (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 automatica lly turn on again.

Opt ical Pick Up Tachom eter - Remote , non-contact, measurement of the speed of rotating
objec ts is th e purpose of this simple circuit. Linearity and accura cy 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 volt age sensitive within supply voltage tolerances.
N, 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 n resistor in parallel with a 100 pF
capacitor. 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 mus t 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 pF capacitor integrates the collector voltage feedback, and the
10M resistor provides a high base source impedance to give minimal effect on optical performance.

Mechanical Schematic

¢161 m
LIGHT IDROPI SENSOR

SOURCE PATH CIRCUIT

-5V

220K

GROUND

LOW LIGHT LEVEL DROP DETECTOR

10K
.005

.------_---l( OU~PUT

220K

~ 10M
~ t-+---'VIIV--~---+

2N5777 10fLF

Electrical Schematic

75

LED55C

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
conven tionally , i.e., base open and signal output acro ss 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 - 1Vat 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 enhanced 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 Potentiom eter - This circuit provid es 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." Test s on an Hl7B pair, placed next to each other in a non -

transmissive, non-reflective, housing with a thin light shield separat ing 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" (~ em). 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 IlA leakage (allowing for some ambient light) at black to about 150 IlA 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 conditi ons.

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,

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 H17AI , in the "Frictionless Potentiometer"
configuration , replacing the Ll4H4 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. mot ors
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 H13A 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 D44El 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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blocking the transmission of light from the IRED to the phototransistor. Relat ively long distance
transmission is obtained by pulsing the IRED, at about 10 usee. per 2 msec., to 350 rnA via the
2N6027 oscillator. The phototransistor current is amplified by the D38S1 and 2N5356 amplifier
to fur ther increase distance and allows use of the H11AS, also pulsed by the 2N602 7, to be used
as a synchronous det ector, providing a fail safe, noise immune signal to the D38S 1 switches.

This design was built for battery operation with long battery life a prime consideration.
Note that another stage of amp lification driving the IRED can boost the range by 5 to 10 times,
limited by the IR ED VF , and a higher supp ly voltage for the IRED can double this!
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the coupler module, the programmable unijunction transistor, QI ' discharges capacitor, CI , into
the much larger storage capacitor, C2. The voltage on C2 consequent ly is a direct function of the
rotational speed of the motor. Subsequently, this speed-related potent ial is compared against an
adjustable referen ce voltage, VI , through the monolithic operational amplifier, AI , whose outp ut ,
in turn, establishes a D.C. control input to the second P.D.T., Q2' This latt er device is synchronized
to the A.C. mains and furnishes trigger pulses in conventional manner to the tr iac at a phase angle
determined by the speed control, RI , and by the actual speed of the moto r.

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 requi red. Addi­
tional reliability of operation is attained by synchronously detec ting the photodetecto r current ,
as th is circuit does. PC-l is an IRED and phototransistor pair which detect the presence of an object
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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

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 photo transistor, 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

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.
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high frequency systems. The General Electric LED55 Series IRED is very efficient and has ex­
cellent stability due to the liquid epitaxial pro cessing, 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 illust rat ed 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 usee. 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 than the IR ED) 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, respect ively, 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-

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 usee after the input current pulse
had gone to negligible levels, which places a peak repetition rat e 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 rat e is relatively insensitive to temperature and power supply voltage and
and is a linear fun ction of VIN , 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 LED55C.
Average power consumption of the transmitter circuit is less than 3 watts.
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50 KHz CENTER FREQUENCY FM OPTICAL TRANSMITTER

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 fmal performance. This receiver circuit consists of a Ll4G2 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 Ll4G3 high gain photo-

transistor in place of the lower cost Ll4G2 illustrated, and/or using more stages of stabilized
gain with AGC, while lower cost and sensitivity may be obtained by using an Hl7 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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'Closely posit ioned to i llu m inate L14H4 and H17Al Detector, such that VOUT == 2.8V at VIN ~ O.

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 const raints 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 Hl7 emitter-detector pair and a Ll4H4, as illustrated below. The Hl7
detector and Ll4H are placed so both are illuminated by the Hl7 IRED emitter. Ideally, the
circuit is mechanically designed such that the Hl7 emitter may be positioned to provide Vo U T =

2.8V when VIN = 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, 74HOO 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.
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H74 SERIES OPERATION FROM LOW POWER. MSI AND LSI TTL

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 p.A) 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

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 p.A 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.
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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 IRE D 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 IRE D with minimum
supp ly voltage, minimum temperature and maxim um 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.

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

considered in field application. The first ring detector is the simplest and provides about I 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

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.

PMOS and NMOS - 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 MaS provides higher current
sinking than sourcing capability, while P Ma S 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 MaS and similar to
the CMOS circuit for P MOS. Bias resistor constraints are as previously mentioned.
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Lower line current loading is requ ired in many ring detector applications. This can be pro­
vided by using th e H11BX522 photodarlington optocoupler, which is specified to provide a I rnA
output from a 0.5 rnA input throughout the -25°C to +50°C temperature range. The following
circuit allows ring detec tion down to 40V RMS ring signal while providing 60 Hz rejection to

abo ut 20V RMS. Zero crossing filtering may be accomplished either at the input bridge rectifier
or at the output, similar to th e method employed with th e Hl l AAI illustrated earlier.

Line Current Detection - Detection of line current flow and indicating the flow to an elec­
trically remote point is required in line sta tus monitoring at a variety of points in the telephone
syste m and auxiliary syste ms. 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 HIIAAI
allows line currents of eithe r polarity to be sensed without discrimination and will ignore noise
up to approximately 2.5 rnA.

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 tria c heat sink from the chassis.
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line currents over lOrnA while ignoring line currents of less than 5 rnA. This circuit will maintain
these margins over a _550 C to +1000 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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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 J.lF capacitor to
allow the rapid injection and removal of the ~ 1/2 nC of charge stored in the IRED per rnA 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 IF 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.

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

ISOLATED, LOGIC CONTROLLED, INDICATOR LAMP SWITCH

73

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 HI IA10 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 DHD805 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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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.

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 th e original electro­
mechanical relay, but can also provide solid state reliability , zero volt age 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 te rminals 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 sta te 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 inform ation to a third func tion;
which is the zero voltage switching network. The ZVS network monitors th e line voltage and
controls the fourth (or power) function , selecting the " on" state or " off' state .

Input (Coif) Circuits - The first design consideration is to the relay 's input (or coil) charac­
teristics. It can be a simple current limiting resistor (~ 3 30 n for TTL) in series with a light emit­
ting diode , or it can be as complex as a Schmitt trigger circuit exhibit ing hysteresis characterist ics.

The input circuit should be designed around the available input signal. When work ing with
logic signals, consider the complete capabilities of th e gate output. A logic gate can operate in
both the sinking or sourcing mode. Some MOS (or CMOS) circuits supply only about 20 ue, while
TTL gates can offer up to 50 rna in the sink mod e and -1.6 rna in th e source mode. These currents
are the input available to drive the solid state relay. In mos t circuits, the relays IRED may require
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0.5 rnA to 20 rnA of drive curre nt at a minimum voltage of 1.5V (t he 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.

In general, direct TTL conn ection to the optocoupl er using SSI gates of the 54/74, 54H/74H
and 54S/74S logic families, which guarantee Vo (0) (maximum) of OAV sinking > 12 rnA, is
made with the IRED " on" for a logic zero . Fo r CMOS circuits the logic " 1" output is the best
means of operat ion , using an NPN transistor buffer. The buffer circuit below illustrates the ad­
vantage of the low saturation voltage, high gain, GE transistor D38S.
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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
a 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, QI , will be biased to the "on" state and will hold the SCR
and , consequently, the relay "off."

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.

H11AA1 AC INPUT PHOTON COUPLED ISOLATOR

-r :::': ------...,l:rot L2:62: ~ : 5
I I

3~ / 4, ./
'---------

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 01 is biased in the off
state. Q2 conducts and biases Q3 and, thereby, the IRED, off. When the base of QI reaches the
biasing voltage of O.6V-plus the drop across RD, QI turns on. Q3 is then supplied base drive, and
the solid state relay input will be activated. The combination of Q3 and Q4 act as a constant cur­
rent source to the IRED. In order to turn-off Q3 base drive must be reduced to pull it out of
saturation. Because Q2 is in the off-state as signal is reduced, QI will now stay "on" to a base
bias voltage lower by the change in drop across RD. With these values, highest turn-off voltage is
l.OV, while turn "on" will be at less than 4.1 V 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 A 14) 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 Hll AA coupler which contains two LED's in antiparallel connection can be used.
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NORMAL CLOSED. HALF WAVE ZVS CONTACT CIRCUIT

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 contac t circuit by using the photo SCR to hold off the trigger SCR.

The SCR coupler circuit can be modified to provide higher sensitivity to input signals as
illustrated below. This allows the lower cost 4N39 (HI IC3) to be used with the ~ 7 rnA drive
currents supplied by the illustrated input circuits.



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 n resistor shunts dv/dt currents, passing through
the bridge diode capacitances, from the triac gate, while the 100 n resistor limits surge and gate
currents to safe levels.
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DT2 30H
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\ ZVS
I OUTPUT

/ CIRCUIT
'"
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100
AC VOLTAGE
AND LOAD
TERMINALS

VI3 0 L A20B

Z ER O VOLTAGE SWITCHI NG SOLIO 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.

DT 230F

100

OPTO

~
COUPLER +---- - -

/ "INPUT I ~ \ ZVS

CIRCUIT \ ----rv-- J OUTPUT

0-=-
, / CIRCUIT.... ---- - -

DT
2 30F

AC
VOLTAGE

AND
L OAD

ZERO VOLTAGE SWI TCHING. SOLID STATE RELA Y WITH A NTI -PA RALLEL 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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TABLE I - TYPICAL INCANDESCENT IN·RUSH CURRENT RATINGS
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,...------.--....,....--t-----1>-----~AC

NORMALLY CLOSED INTEGRAL CYCLE. ZEROVOLTAGE SWITCHING. CONTACT CIRCUIT

TABLE II - FULL·LOAD MOTOR·RUNNING AND LOCKED ROTOR CURRENTS
IN AMPERES CORRESPONDING TO VARIOUS AC HORSEPOWER RATINGS

For 240 vo lt lamps, wattage may be doubled.

As an aid in det ermining the appli cability of tr iacs to various jobs and in selection of the
proper triac, a chart has been prepared giving the characteris tics of common incandescent lamp
and motor loads. Both of these loads have high surge currents associa ted with them , which could
complicate thyristor selection without this chart.

*Assumes over-current prote ction has been built in to limit the duration of an locked-rot or condit ion.
Source: Information for these chart s was take n from National Elect ric Code, 1971 Edit ion.

INCANDESCENT LAMP AND ELECTRIC MOTOR TRIAC SELECTION CHART

AMPS.
THEORETICAL

HEATING LIFE GENERAL
RATED STEADY HOT/COLD PEAK IN ·RUSH RATED TIME TO RATED ELECTRIC

WATTAGE VOLTS TYPE STATE RESIST. (170V pk] (LUMENS 90% HOURS TRIAC
RATED RATIO /WATT) LUMENS
VOLTS (Amps) (Sec.) AVERG. SELECTION

6 120 Vacuum 0.050 12.4 0.88 7.4 .04 1500 SC1 36
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 SC14 1/240

100 120 Gas Filled 0.83 14.3 17.3 17.5 .13 750 SC14 1/240
100(proj) 120 Gas Filled 0.87 15.5 19.4 19.5 .16 50 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 .27 1000 SC1 46/245
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

110 - 120 VOLTS 220 - 240 VOLTS MTR. LOC K·Rnt. CURRENT AMPS . G.E. TRIAC· SELECTION
HORSE·
POWER Single- Two· Three· Single- Two· Three · Single·Phase Two or Three Phase 120V 240V

Phase Phase Phase Phase Phase Phase 110-120 220·240 110-120 220 ·240

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 SC1 41/240
1/6 4.4 - - 2.2 - - 26.4 13.2 - - SC146/245 SC141/240

1/4 5.8 - - 2.9 - - 31.8 17.4 - - SC250 SC1 41/240
1/3 7.2 - - 3.6 - - 43.2 21.6 - - SC260 SC146/245
1/2 9.8 4.0 4.0 4.9 2.0 2.0 58.8 29.4 24 12 SC265 SC260



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.
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USING TWO PHOTON COUPLERS TO PROV IDE A SIMPLE AC RELAY
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120VAC

If load current requirements are relatively low (i.e., maximum forward RMS current of 500
rnA), an AC solid state relay can be constructed quite simply by the connection of two HIIC
opt ically coupled SCR's in a back-to-back configuration as illust rated.

LOAD

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 po wer 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 tum-off.
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High Voltage A C 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.

+

r

CONTROL II
SIGNAL

I
L.

G

A RI LOAD

INPUT
SCRI VOLTAGE

DERIVING THE ENERGY TO TRIGGER AN SCR FROM ITS ANODE SUPPLY

Addin g 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.
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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 flexib ility adds cost and more than one power supply may be necessary for mu lt iple SCR's
when no common reference po ints are available.
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Note that in this illustration, R 1 can be connected to Point A which will remove the voltage
from the coupler after SCR1 is triggered or to Point B so that the coupler output will always
see the voltage across the load and SCR 1 • The former is preferred since it decreases the power
dissipation in R 1 • A more practical form of SCR triggering is shown below. Trigger energy is
obtained from the anode supply and stored in C1 • 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 1 and to obtain shorter
time constants for charging C1 , the zener diode is used instead of a resistor.

Trigger energy is obtained from anode supply and stored in C1 • Coupler voltage is limited by
zener diode. A guide to selecting component values would consist of the following steps:

84

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 1 until it stays on. The following table
lists values for R 1 and R 2 along with their power dissipation when the SCR is off for differ­
ent values of IGT and applied ac voltage.

5) Component values for de voltage are easily computed from the following formulae :

EIN - v, (4)R 1 =----
IG

Where: Vz = zener voltage
P(R 1) = IG • (E 1N - Vz ) (5)
p(zener) = IG • VZ (6)

TRIGGERING SCR WITH PHOTON COUPLER WITH LOW VOLTAGE REFERENCE

l) Choose C1 in a range of 0.05 to I microfarad . The maximum value may be limited by the re­
charging time constant (R L + R 1 ) C1 while the minimum value will be set by the minimum
pulse width required to ensure SCR latching.

2) R3 is determined from peak gate current limit (if applicable) and minimum pulse width
req uirements.



EIN(RMSI IGT R1 P(R1) R2 P(R2) p(zener)

11 0/120 50 rna 1200 4.1 1000 .3 1.1
100 600 8.3 470 .6 2.2
150 400 12.5 330 .9 3.4
200 300 16.5 220 1.2 4.5
300 200 24.8 150 1.8 6.7

220 50 2250 9.2 670 .5 1.1
100 1000 18.4 330 .9 2.2
150 750 28.0 220 1.3 3.4
200 500 37.0 150 1.7 4.5
300 350 55.0 125 2.6 6.7

380 50 3500 17.4 560 .5 1.1
100 2000 34.8 330 1.0 2.2
150 1200 52.2 220 1.5 3.4
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 21 00 41.0 330 1.0 2.2
150 1500 62.0 220 1.5 3.4
200 1000 82.0 150 2.1 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 connec tion. A snubber
circuit R2C 2 as shown may be necessary as the dimension of RI and CI are tailored to obtain
optimized triggering and no t for dv/dt protection. Special photon couplers with fiber optics have
to be used to switch thousands of volts .
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A photon coupler with transistor output will limit . the trigger pulse amplitude and rise tim"
due to CTR and saturation effects. Using the HI ICI the rise time of the input pulse to the photon
coupler is not critical, and its amplitude is limited only by the HIICI 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:

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.
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net

The above illustra tes voltage waveform in a three phase system which would appear on the
triac MT-2 terminal before triggering and at the MT-I terminal aft er triggering. The use of the
HIIC to isolate the trigger circuitry from the power semiconductor will simpli fy 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 tr iggered as shown. For higher voltages and higher cur­
rents, the circuits of the previous page can be usefu l 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
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Many other AiC. power control circuits are practical and cost effective. The intent of this
sect ion was to stimulate the circuit designer by presenting a variety of circuits featuring opto
control.

2. DC Solid State Relay Circuits

The de 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 pow er line
switching function , as well as strictly de 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 106

, switches in tens of microseconds, carries low
level de, ac or combination signals and is drive compatible with integrated circuit logic. Al­
th ough the limited current transfer ratio of about I% limits the usefulness to fairly low level

signals (see transfer characteristics in Chapter I) , 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 HI IC readily supplies the d c latching relay function, reverse
polarity blocking, for currents up to 300 rnA (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 de operation, th ough, 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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R2VALUE 200 470 lK 2.2K n

NO HEAT SINK RATINGS AT TA ~ 50°

COIL VOLTAGE 6 12 24 48 120 V

RI VALUE 470 UK 2.4K 4.7K 12K n

I CONTACT, MAX . PULSE WIDTH DUTY CYCLE

0.67 A D.C. 100%
4.0 A 160 msec. 12%
8.0 A 160 msec. 3%
12 A 160 msec. 1%
15 A 160 msec. 0.3%

pulse. If not, random, or undesired , operation may occur. For higher current contacts, the HIIC
may be used to trigger a SCR capable of handling the current, as illustrated below .

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 d c relays in saturated
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switching, at currents to about 5 rnA and 50 rnA, respectively . This is illustrated by the H11 AS
app lication 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 , addit ional 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
tim e. Illustrated below are normally open and normally closed examples of these circuits. These

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 pract ical, cost effective examples.
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Beta, current gain of a transistor. See hFE .

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

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.

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

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.

Critical rate-of-rise of current rating of a thyristor. Higher rates may cause
current crowding and device damage .

Critical rate-of-rise of voltage parameter of a thyristor. Higher rates may cause
device tum-on via junction capacitance charging currents providing gate signal.

lllumination. Luminous flux density incident on a receiver, usually in lumens
per unit of surface.

Lens parameter. The ratio of focal length to lens diameter.

Focal length of a lens or lens system.

lllumination. Total luminous flux incidents on a receiver, normally in lumens.
F =f E • dA.

Gallium Arsenide . The crystalline compound which form s IRED's when suit ­
ably doped.

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

Effective irradiance. The irradiance perceived by a given receiver, usually in
effective Watts per unit area.
Current gain of a transistor biased common emitter. The ratio of collector
current to base current at specified bias conditions.

High temperature reverse bias operating life test.

Thyristor or diode anode current, IT M is preferred terminology for thyristors.

Transistor base current.

Transistor collector current.

gain of an amplifier.

acceleration factor, describe s change in a predicted basic phenomena response
due to secondary conditions denoted by subscript.

Angstrom, a unit of wavelength , equa l to 10-10 meters.

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

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

VI. GLOSSARY OF SYMBOLS AND TERMS

A radiometric

BL photometric

Br radio metric

13 electronic

C elect ronic

C.T. photometric

CTR electronic

DIP electronic

di/d t elect ronic

dv/d t elect ronic

E photometr ic

f/# optic

F optic

F photometric

GaAs electronic

H radiometric

HE radiometr ic

hFE electronic

HTRB reliability

IA electronic

IB electronic

Ie electronic

Optoelectronics spans the disciplines of electronics, photometry, radiometry and optics with
dashes of physics and statistical analysis . The same word or symb ol can have two different mean­
ings, depe nding 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

A op tic

A reliability



10 electronic

IE electronic

IF electronic

IL electronic

IL photometric

IR radiometric

IRED electronic

l photometric

lASCR electronic

lED electronic

A electronic

A radiometric

m optics

M physics

MSCP photometric

n.a. optics

1/ radiometric

P radiometric

Po electronic

PPS electronic

PRM electronic

PUT electronic

Si electronic

SCR electronic

TA electronic

TC electronic

TJ electronic

electronic

UCl - reliability

UJT electronics

V - 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 i 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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B. Optoelectronic Terms

Acceleration Factor - reliability - a factor which describes the change in a predicted phenomena caused
by a secondary effect.

Angstrom Unit radiometric - 10- 10 meters, obsolete term used to describe wavelength of radiation.

Anode electronic - the main terminal , of a device, which is normally biased positive. See
cathode.

Bandgap 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 .

Base electronic - the control terminal of a transistor.

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

Bias electronic - the electrical conditions of component operation or test.

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

Candela photometric- unit of luminous intensity, defined by 1/60 ern? of a black body at
2042°K.

Chatter

Diode

the first subscript commonly denoting the positive terminal.

Radiant emittance. The flux density, in Watts/unit area, emitted by the sur­
face source.

optics
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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.

- 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 IC EO ' of a photodetector with no incident
light.

electronic - A composite transistor containing two transistors connected to mul­
tiply current gain.

- A device which changes light energy (radiation) to electrical energy.

- 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.

radiometric

optics

- radiometricw

Darlington

Detector

Diffraction

Coupler

Critical Angle

Color Temperature

Collector

Current Transfer
Ratio

Dark Current

Cathode

Commutating dv/dt

Coupled dv/dt



optics

optics

radiometric

electronic

electronic

electronic

electronic

electronic

radiometric

electronic
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radiometric - Wavelength of highest intensity of a source .

electronic - A material that's resistivity is a function of illumination level.

- The addition of carrier supplying impurities to semiconductor crysta ls.

- The ratio of on time to period of a pulse t rain.

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

- Irradiance as perceived by a detector.

- Power radiated per unit area from a surface.

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

- A source of radiation.

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

- Ratio of focal length to lens diameter.

- Transparent fibers which transmit light along the fiber's axis due to
the critical angle at the fiber's circumference.

photometric - Illumination 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 termi nal 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,
i.e., .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 sterad ian from a one-can dela source .

radiometric - 10-6 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 - 10-9 meters .

elect ronic - 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 electrica l infor mation, without
electrical connection, between a light source and a light detector.

electronic - Optocoupler.

Lumen

Micron

Modulat ion

Light current

Light

Isolation Voltage

Monochrometer

Interrupter Module

Foot Candle

Foot Lambert

Gallium Arsenide

Gate

Hash

Illumination

Infrared

f/number

Fiber Optics

Emitter

Epitaxial

Irradian ce

Effective Irrad iance

Emittance

Emitter

Doping

Duty Cycle

Efficiency

Monochromatic

Nanometer

Normalized

Optocoupler

Optoisolator

Peak Spectral
Emission

Photoconductor
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- Optocoupler.

- Light sensitive darlington connected transistor pair photodetector.

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

- p-n junction semiconductor diode photodetector.

- Quantum of light from wave theory.

- LASCR.

- A transistor photodetector.

~ A photodiode connected to supply electricity, when iIlurninated.

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

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

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

- 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.

- A device which provides radian t energy .

electronic

radiometric

radiometric

radiometric

radiometric

electronic

electronic

electronic

electronic

electronic

radiometric

electronic

electronic

electronic

electronic

- A plot, usual1y normalized, of source intensity vs. wavelength observed.

- A plot of detector sensitivity vs. wavelength detected.

- Unit of solid angle. A sphere contains 411' steradians.

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

- A very broadband, heat sensing, radiation detector .

- 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.

- The element normally used for incandescent lamp filaments.

- A three terminal voltage threshold semiconductor device normally used
for osciIlators 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 0.555 microns wavelength .

radiometric

electronic

radiometric

electronic

electronic

Photodiode

Photon

PhotoSCR

Phototransistor

Photovoltaic Cell

Point Source

Photocoupler

Photodarlington

Photodetector

Watt

Watt

Reflector Module

Silicon

Tungsten

Unijunction
Transistor

Wavelength

Triac

Silicon Control1ed
Rectifier

Source

Spectral
Distribution

Spectral Sensitivity

Steradian

Synchroneous
Detection

Thermopile

Transistor
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with photo-Darl ington ou t put, and base

with phot odiode and ampl if ier­
t ransistor out put

with photo- Dar li ngton out put, no base

wi th NAND-gate-photod etect o r out put

with photodiode out put

with photot ransistor out put,
and base conne ct ion

with phototransisto r out put ,
no base connect ion

OPTICALLY COUPLED ISOLATORS
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o ICE Approval
-:. Proposed IEEE Revision
o Popular Industry Usage
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npn photot ransisto r,
w it h base connect ion

npn phototransistor,
no base conn ect ion
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pnp four-quadrant photodiode.
with common cathode

A

A

pnp two-segment photodiode,
wi t h common cathode

pnp bid irectional photodiod e
(photo-duo -diod e)

e

npn bidirect iona l photodiode
(photo-duo-diod e)

Ef
photodiode

~

T

DIODES

light-emitting diode (LED)
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A
Absorption coefficient, light in silicon. 3
Accelerated testing • . •. • • .. .. . 37,46
Acceleration factors . . . • . .. 37,41 ,44
AC moto r. .•.• • . . .•••• . . .. 61,62
A.C. relays 74, 87
AI . •. ... . . . .. , . .. . . . . . • •. . 46
Alignment. .• • ... .•.. . . . 20,21,67
Ambient light .• 9,18-20,48,53,56,59
Amplifier . . .....• .. . . . .. •.. 3, 21
Analog ..• .• ... • ..• . .. , 66,67,76
Analog informa tion . . ' 60, 67
Anode supply triggering. . . . . • . . .• 82
Answering equ ipment. • • . . . . . . •. 70
AntiparalleI. . . • . • • . . . . . . 25, 78, 81
Antireflective coating , 37
Aperture. • . . . . . • . . • . . . . , 20
Area light sensitive ••. .•. ... .. 19, 20
AT... .. •. • . • . .. .. . . . . .. . 44 ,46
Attenuation . . • . • . • . . . . . . . . . . 15
Audio switch ing•. ......•. ... .. 88
Avalanche voltage.... •• . •... . • .. 2

B
Backlighting • • • . . . . . . . . . . . . . . 20
Bandgap energy _ . . . . . . . . . . . . . . . 1
Base resistor . . . . . . . . • . . • . . . 31, 32
Battery operat ion • .. . . 54, 55, 58, 61,

63,64,66
Bias conditions • .• • . • . . .• .... , 30
Breakdown protection . . • . . . . . . .• 24
Brightness cont rol . . . • . • . •. .. 56, 57
Buffer 68,75

C
Capacitance •. .... . 3,21,31 ,36,48
Capacitor discharge •. .. . . . 27, 34, 36
Cascode bias 21,59
Channeling . ... .. ..• . ... . .. 25, 39
Chatter . ... . , . . . .. . • . . . . . . 75, 81
Checklist, source/detector . . . . . . • . 16
Click suppression •• . . " . . . . . . . . 70
CMOS . .. .. • . . . . . " 69,75
Coefficient of expansion . ... . .•. . 37
Coil . .. . . • . .. . .. •.... . . .. . 74
Communication lines. . . . . . . . . . . 22
Commun ications 64
Commutation .. . . . . ... ... . . • . 36
Competit ive." 22, 23, 29,46
Construction 10, 23
Contact s 77
Conversion effic iency . . . • . . . . . 13-15
Cost 19-21,37,77
Coupled dv/d t 34
Coupled thermal resistance 39, 44
Coupler .. .. • .. . .•. . . .. . ... . 8
Coupling efficiency . . . . . . • • • . . . 21
CTR . . • .. . 9, 30, 32, 40,44, SO, 61
Current gain ...• .•.. .. .... 30, 32
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C (continued)
Current transfer ratio . . • . . . . . . . . 10
Curve tracer . . . . . ..• . . . .. ... . SO

o
Dark current . . . • . . . . . . . . . . . 4, 48
Darlington ..• .... . .. ... ... ... . 5
Data isolator • • . . . . . . . . . . . . . . . 72
D.C. component . . •.. . . . .. .. .. . 73
D.C. moto r . . ..•• .. . . . . ... 61,62
D.C. relay ... . •• ... .... .. .. 83-90
Degradation . . . . . .•. . ... . 38, 39, 46
Design life 37,40,45
Detectors 8, 14, 33, 38, 63
Detecto rs, light 2, 12,21,27, 52
Dial tap 70
Dielectric . . . . . . . . . . . . . . 10, 21-24
Dielectric breakdown 24
Dielectric stress . . . . 25
Diffract ion . . . . . . . 19
Digital information .. . 68
DIP 21, 22
Display illumination . . 56
Drop detector . . . . . . 59
Dual in-line package . . 10,21
dv/dt . . . . . . . . . . . . . 22, 33, 34, 78
Dynamic response . . .. . 30, 33, 47

E
Effective irradiance. . . 12, 16
Effectiveness . . . . . . . 12, 13
Efficiency of IRED 15,32
Electro mechanical relay 74
Electros tatic shielding 22
Emitters . . . . . . . .. . 8, 12, 38

F
Failure mode . . . . . . 24
Failure rate. . . . . . . . 37
Fiber optics 11, IS , 16,64,65
Filters 47, 48
Fixture 47
Flame monitor . . . . . . 56
Flasher 54
Flashlight communicat or 64
Flow control 58
Fluorescent lamp . . . 14
Forward voltage. . . . . 25
f/ # 18
Frequency of LED emission I

G
GaAp 14
GaAs, GaAs (Si) 12, 14
Gain - photodarlington 15, 16
Gain - phototransisto r IS, 16
Gallium arsenide. . . . . . . . . . 1
Gate 'bias 35
GE-MOV® 24,78
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G (continued)
Glass dielectri c . .. . 10,21,22,38,48-50

H
HllAI0 26,71
HllAA 25,70 ,71 , 76
HI I BX522 71
HI IC 39,49,77-88
H71A 68
H74C 34,68
Hash 68
Headlight dimmer 52
hFE 29

High frequen cy 64,73
High voltage switching. . . . . . .. 32,90
High voltage trigger values 85
HTRB 25,38
Humidity life 37
Hunting 61
Hysteresis 76

I
ICED 47
IFM 39,42
IFS 39,42
1FT 34,50
IH 34
Indicator lamp 58,71-73
Input capacitance 27
Inpu t characterist ics 25,26, 30
Input current 31, 34
Integral cycle contact 78, 79
Integrated circuits 34,68,74
Intercon nect . . . . . . . . . . . . . . . . . 70
Interrupter 8, 9, 58·63, 67
Inversion layer . . . . . . . . . . . . . . . . 25
IRED ... . I , 14, 21, 25, 28,30,33, 37,

40,44,47,59,60,63-65,73
Irradiance 12, 13, 17
Isolat ion 9,21 ,48,74
Isolation capacitance 22, 49
Isolation resistance 21, 48
Isolat ion voltage 10, 22, 43

- specification 23
- steady-state 23
- surge 23
- very high II

Isolator .. . .. ... . •. .. . . . . .. .. 8

J
Junction . . . . . . . . . . . . . . . . . . . I , 2
Junct ion temperature 33, 35, 36

K
Key system 70

L
LI 4G 52



W
Waveform 22

Z

Zener diode 83-86
Zero voltage switching . 35,56,74,76-79

14,21 ,52

x
Xenon flash

S (continued)
Surge currents 78
Surge voltage 22-24
Switching speed . . . . . . . . . . . . 51

- IRED 27
- photodarlington .. 33
- phototransistor. 3, 31

Symmetr ical transistor 6, 28, 88
Synchronous rectifi cation 21

U
UCL 38,46
UJT ' 21,28

V

VBE 33
Virtual initial. 41
Volt age capability 22
Volt age gain 30
Volta ge waveform 23

T
t • .. . . . • ...... • " • . •.. . . • • 44
Tachometer. 58,61
Telecom munications 70
Temperature acceleration 42-44
Temperatur e coeff icient . 25, 28-32, 33,

36,44,47
Temperatur e cycle 37
Therm al resistance 21, 39
Thermopile 47,48
Three-phase circuits 36
Threshold operat ion 26, 71
Time delay 26, 70
to 46
Transfer characterist ics . . 21, 25-27, 29,

30,32,50
Translucence 59,60
Transmissivity 12, 15
Transmitter 64-67, 72
Triac 53,70,78,79
Triac selector 79
Triggering 28, 34, 82
TTL 34,68,75
Tungsten lamp . . . . . . . . . . . . . . . . 14
Turn -off time 36, 51
Turn-on time 27, 51
tx 46

S
Salt at mosphere 39
Saturation characterist ics 33, 34
Schmitt t rigger. 26, 74
SCR . . . . . 5, 28, 53, 76,77, 82,85,88
Self heating 33, 38
Sensitivity 15, 19
Signal to noise rat io 20
Silicon _ 2
Slope 40, 44, 45
Snubber 22, 35, 78
Solid state relay 74-90
Sources, light 1
Spacial distributi on of sources .. 13-15
Spectral effects 12, 16,47,48
Speed 16
Steady-state voltage 22-34
Storage life 37
Stored charge. . . . . . . . . . . . . . . . 72
St ress 37
Sun 14,54

INDEX (continued)

P (continued)
Phone 70
Photocell. . . . . . . . . . 47, 48
Photodarlington 5, 27, 31, 32
Photodiode 2, 27, 3I , 33
Photographi c flash. 52
PhotoSCR 5, 33
Photo transistor 3, 14, 29
PMOS 70
PNP act ion 28
Po 14,64
Point source . . . . . . . . . . . . . . . . 18
Positioning .47, 59
Pot entiometer, frictio nless 59
Power dissipation I , 14, 33-35, 64
PRM 65
Programmable unijunction .36, 53,61,65
Pulsating D.C 88
Pulsed mode 14, 20, 25,31 ,63
Pulsed operat ion 20, 31, 34-36, 64
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Q

Quality control 37

R
Reed relay 88
Reflections 20,59
Ref1ector 8,9, 18, 59
Relay 74-90
Reliability 37-46,74
Repet ition rate. . . . . . . . . . .. 14,64
Resolution . . . . . . . . . . . . . . 19, 59
Response time 64
RFI 56
RGK· 34
Ring detector 70, 71
Ring exte nder 70
Rise-time 27, 64

M
Machine tool , 22
Masking , 19
Measurement , 23, 47
Mechanical test s , 38, 39
Miller effect , . . . . . . . . 3, 30
Model. , 44
Modulation " 64
Monochrom ator , 48
Motor controls , . . . . . . . 60, 79
MSI , 69

N

N.C. contacts .77,81,83,89, 90
Neon lamp '. . . 14
Night light . . . . . . . . 53
NMOS 63
N.O. cont acts 76, 80, 82, 89, 90
Normalized - response 12

- light detectors. . . . . . 12
- light sources . . . . . . . 12

L (eontlnueql
Lamps 13, 17,48, 53 ,79
LASCR 6,52
Laser 21, 65
Latching relay 82, 88
Lead bond 37
Leakage current 25,31 ,32,47,69
LED 1
LED wavelength 1
Lens 8
Lenses 18, 21, 52, 64
Light 1, 12, 52
Light output I , 14, 40
Linear coupler 67
Line current detect or . . . . . . . . . . . 71
Line status 71
Liquid epitax ial , .1, 27,42,64
Load resistor 30, 33, 47
Logjam , 58
Logic circuits , 68-70,74
Low level light , . . . 4, 18, 52, 59
LSI , 69

o
Object de tecto r 58, 59, 63
Offset volt age 33
Operating life 37, 40
Opt ical measuremen ts .4 7,48
Opto coupl er ' " 9, 21, 38
Optoisolator 9,2 1
Out put characteristics 25
Output curren t 31

P

Packaging , 8
Paper tape reader 59
Peak spectral response . . . . . . . . 3, 12
Phase contro l 56, 61



GUIDE TO SPECIFICATIONS

OPTO COUPLERS
PHOTO TRANSISTOR OUTPUT

ISOLATION CURRENT BVCEO
TYPICAL

GE TYPE PAGE VOLTAGElVpk) TRANSFER 10 (nA)
IVOLTS) IJ,lSEC.) VCEISAT)

NO. MAX. MAX.MIN. RATIO MIN. MIN. t r t f

CNY17 1 228 4000 40- 80 50 70 2 2 .3
CNY17 II 228 4000 63-125 50 70 2 2 .3
CNY17 III 228 4000 100-200 50 70 2 2 .3
CNY17 IV 228 4000 160-320 50 70 2 2 .3
CNY32 242 4000 VRMS 20% 100 30 3 3 .4
CNY47 250 2800 20-60 100 30 2 2 .4
CNY47A 250 2800 40 - 100 30 2 2 .4
CNY51 5656 100- 50 70 2 2 .4
H11A1 138 2500 50% 50 30 2 2 .4
H11A2 138 1500 20% 50 30 2 2 .4
H11A3 140 2500 20% 50 30 2 2 .4
H11A4 140 1500 10% 50 30 2 2 .4
H11A5 142 1500 30% 100 30 2 2 .4
H11A520 148 5656 20% 50 30 2 2 .4
H11A550 148 5656 50% 50 30 2 2 .4
H11A5100 148 5656 100% 50 30 2 2 .4
H15A1 188 4000 VRMS 20% 100 30 3 3 .4
H15A2 188 4000 VRMS 10% 100 30 3 3 .4

4N25 124 2500 20% 50 30 3 3 .5
4N25A 124 1775 VRMS 20% 50 30 3 3 .5
4N26 124 1500 20% 50 30 3 3 .5
4N27 124 1500 10% 50 30 3 3 .5
4N28 124 500 10% 50 30 3 3 .5
4N35 128 2500 VRMS 100% 50 30 5 5 .3
4N36 128 1750 VRMS 100% 50 30 5 5 .3
4N37 128 1050 VRMS 100% 50 30 5 5 .3

H74A1 152 1500 100 15

PHOTO DARLINGTON OUTPUT

H11B1 158 2500 500% 100 25 125 100 1.0
HllB2 158 1500 200% 100 25 125 100 1.0
H11B3 158 1500 100% 100 25 125 100 1.0
H11B255 160 1500 100% 100 55 125 100 1.0
H15B1 190 40 00 VRMS 400% 100 30 125 100 1.4
H15B2 190 4000 VRMS 200% 100 30 125 100 1.4

4N29 126 2500 100% 100 30 5 40 1.0
4N29A 126 1775 VRMS 100% 100 30 5 40 1.0
4N30 126 1500 100% 100 30 5 40 1.0
4N31 126 1500 50% 100 30 5 40 1.2
4N32 126 2500 500% 100 30 5 100 1.0
4N32A 126 1775 VRMS 500% 100 30 5 100 1.0
4N33 126 1500 500% 100 30 5 100 1.0

CNY31 240 4000 VRMS 400% 100 30 125 100 1.4
CNY48 252 2120 600% 100 30 125 100 1.0

PHOTO SCR OUTPUT

GE TYPE PAGE ISOLATION IFTRIGGER 10 100°C BLOCKING TYPICAL VF IMAX.)NO. VOLTAGE MIN. (MAX.) (MAX.)j.lA VOLTAGE IMIN.) TON IJ,lSEC.)

H11C1 164 2500 20mA 50 200 1 1.5
H11C2 164 2100 20mA 50 200 1 1.5
H11C3 164 1500 30mA 50 200 1 1.5
H11C4 168 2500 20mA 100 400 1 1.5
H11C5 168 2100 20mA 100 400 1 1.5
H11C6 168 1500 30mA 100 400 1 1.5

4N39 134 1500 14mA 50 200 1 1.5
4N40 134 1500 14mA 150 400 1 1.5

H74C1 172 1500 200
H74C2 172 1500 400
CNY30 236 2500 20mA 50 200 1 1.5
CNV34 236 2500 20mA 150 400 1 1.5
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PROGRAMMABLE THRESHOLD COUPLER

ISOLATION CURRENT BVCEO TYPICAL
VCE(SAT)GE TYPE PAGE VOLTAGEIVpk ) TRANSFER 10 (nA) (VOLTS) (IJ!)EC.I

NO. MAX. MAX.
MIN. RATIO MIN. MIN. t r tf

H11A10 144 1500 10% 50 30 2 2 .4

AC INPUT COUPLER

H11AA1 154 1500 20% 100 30 2 2 .4
H11AA2 154 1500 10% 200 30 2 2 .4
CNY35 246 1500 10% 200 30 2 2 .4

HIGH VOLTAGE COUPLER

H1101 174 2500 20% 100 300 5 5 .4
H1102 174 1500 20% 100 300 5 5 .4
H1103 174 1500 20% 100 200 5 5 .4
H1104 174 1500 10% 100 200 5 5 .4

4N38 132 1500 10% 50 80 5 5 1.0
4N38A 132 1775 VRMS 10% 50 80 5 5 1.0

CNY33 244 2500 20% 100 300 5 5 .4

HIGH VOLTAGE PHOTO DARLINGTON OUTPUT

ISOLATI ON CURRENT BVCEO TYPICAL
VCE(SATIGE TYPE PAGE VOLTAGE (RMS TRANSFER 10 (nAI (V OLTS) (IJ!)EC.1

NO. MIN. RATIO MIN. MAX. MIN. t r tf
MAX.

H11G1 180 2500 1000% 100 100 5 100 1.0
H11G2 180 2500 1000% 100 80 5 100 1.0
H11G3 182 1500 200% 100 55 5 100 1.0

BILATERAL ANALOG FET OUTPUT

PAGE ISOLATION ON-STATE OFF-STATE BREAKDOWN TURN-ON TURN·OFF
GE TYP E NO

VOLTAGE (pk) RESISTA NCE RESISTANCE VOLTAGE TIME TIME
MIN. MAX. OHMS MIN. OHMS (~SEC ) (IJ!)EC)

H11F1 176 2500 200 300M 30 15 15
HllF2 176 2500 330 300M 30 15 15
H11F3' 176 1500 470 330M 15 15 15

INFRARED EMITTERS

PAGE MIN. MAX. PEAK EMISSI ON RISE FALL ~AX. MAX. IF
GE TYPE NO. PO@ V F@ WAVELENGTH TIME TIME Po CONT.

IF =100mA IF =100mA TYP.n .METERS TYP.~.SEC. TYP.~.SEC. mW mA

IN6264 104 6.0mW l.7V 940 1.0 1.0 1300 100
IN6265 104 6.0mW l.7V 940 1.0 1.0 1300 100
IN6266 106 25m\W, r l.7V 940 1.0 1.0 1300 100
caX14 220 5.4mW l.7V 940 1.0 1.0 1300 100
caX15 220 5.4mW l.7V 940 1.0 1.0 1300 100
caX16 220 1.5mW l.7V 940 1.0 1.0 1300 100
caX17 220 1.5mW l.7V 940 1.0 1.0 1300 100
F501 110 12mW l.7V 880 1.5 1.5 1300 100
F502 110 9mW l.7V 880 1.5 1.5 1300 100
F5E 1 110 12mW l.7V 880 1.5 1.5 1300 100
F5E2 110 9mW l.7V 880 1.5 1.5 1300 100
LE055C 114 5.4mW l.7V 940 1.0 1.0 1300 100
LE055B 114 3.5mW l.7V 940 1.0 1.0 1300 100
LE056 114 1.5mW l.7V 940 1.0 1.0 1300 100
LE055CF 114 5.4mW l.7V 940 1.11 1.0 1300 100
LE055BF 114 3.5mW l.7V 940 1.0 1.0 1300 100
LE056F 114 1.5mW l.7V 940 1.0 1.0 1300 100
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DETECTORS
PHOTO TRANSISTORS

PAGE SENSITIVI1Ylma/mw/cm2)
BVCfO BVCrO 'D InA)

SWITCHING TYP. TYP.GE TYPE NO MIN. MAX. IV IV MAX. t r I/lSEC.) tf IJlSEC.1 VCEISAT)

BPW36 224 .6 - 45 45 100 5 5 .4
BPW37 224 .3 - 45 45 100 5 5 .4
L14Gl 120 .6 - 45 45 100 5 5 .4
L14G2 120 .3 - 45 45 100 5 5 .4
L14G3 120 1.2 - 45 45 100 5 5 .4
L14Hl 122 .05 - 60 60 100 5 5 .4
L14H2 122 .2 - 30 30 100 5 5 .4
L14H3 122 .2 - 60 60 100 5 5 .4
L14H4 122 .05 - 30 30 100 5 5 .4

PHOTO DAR L1NGTONS

2N5777 116 .25 - 25 25 100 75 50 .8
2N5778 116 .25 - 40 40 100 75 50 .8
2N5779 116 1.0 - 25 25 100 75 50 .8
2N5780 116 1.0 - 40 40 100 75 50 .8
BPW38 226 15.0 - 25 25 100 75 50 .8
L14Fl 118 15.0 - 25 25 100 75 50 .8
L14F2 118 5.0 - 25 25 100 75 50 .8

PHOTON COUPLED INTERRUPTER MODULE
PHOTO TRANSISTOR OUT PUT

PAGE BVCEO TYPICAL WCEISAn
GE TYPE

NO.
OUTPUT CURRENT 10 (nA)

(VI TON IJlSEC) tf (JlSEC.) MAX.

H13Al 184 IF =20rnA 200JlA 100 30 5 5 .4
H13A2 184 IF =20rnA 50JlA 100 30 5 5 .4
H20Al 196 IF =20rnA 200JlA 100 30 5 5 .4
H20A2 196 IF =20rnA 50JlA 100 30 5 5 .4
H21Al 200 IF =20rnA LOrnA 100 30 8 50 .4
H21A2 200 IF =20m A 2.0rnA 100 30 8 50 .4
H21A3 200 IF =20rnA 4.0rnA 100 30 8 50 .4
H21A4 202 IF =20mA 1.0rnA 100 55 8 50 .4
H21A5 202 IF =20rnA 2.0rnA 100 55 8 50 .4
H21A6 202 IF =20m A 4.0rnA 100 55 8 50 .4
H22Al 208 IF =20rnA 1.0rnA 100 30 8 50 .4
H22A2 208 IF =20rnA 2.0rnA 100 30 8 50 .4
H22A3 208 IF =20rnA 4.0rnA 100 30 8 50 .4
H22A4 210 IF =20rnA 1.0rnA 100 55 8 50 .4
H22A5 210 IF =20rnA 2.0rnA 100 55 8 50 .4
H22A6 210 IF =20rnA 4.0rnA 100 55 8 50 .4
CNY28 232 IF =20rnA 200JlA 100 30 5 5 .4

PHOTO DARLINGTON OUTPUT

H13Bl 186 IF =20rnA 2500JlA 100 25 ISO 150 1.2
H13B2 186 IF =20rnA 1000JlA 100 25 ISO ISO 1.2
H20Bl 198 IF =20rnA 2500JlA 100 25 ISO ISO 1.2
H20B2 198 IF =20rnA 1000JlA 100 25 ISO 150 1.2
H21Bl 204 IF = lOrnA 7.5rnA 100 30 45 250 1.0
H21B2 204 IF = lOrnA 14rnA 100 30 45 250 1.0
H21B3 204 IF = lOrnA 25rnA 100 30 45 250 1.0
H21B4 206 IF = lOrnA 7.5rnA 100 55 45 250 1.0
H21B5 206 IF = lOrnA 14mA 100 55 45 250 1,0
H21B6 206 IF = lOrnA 25rnA 100 55 45 250 1.0
H22Bl 212 IF = lOrnA 7.5rnA 100 30 45 250 1.0
H22B2 212 IF = lOrnA 14rnA 100 30 45 250 1.0
H22B3 212 IF = lOrnA 25rnA 100 30 45 250 1.0
H22B4 214 IF = lOrnA 7.5rnA 100 55 45 250 1.0
H22B5 214 IF = l OrnA 14rnA 100 55 45 250 1.0
H22B6 214 IF = l OrnA 25rnA 100 55 45 250 1.0
CNY29 234 IF =20rnA 2.5rnA 100 25 150 150 1.2

MATCHED EMITTER DETECTOR PAIRS
PHOTO TRANSISTOR OUTPUT

PHOTO DARLINGTON OUTPUT

102



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.
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SOUDSTATE

@D co ELECTRONICS
1N6264

1N6265

38 Io 0

ANODE CATHODE
(CONNECTED
TO CAS E )

SYMIlOL INCHES MILLIMETERS
MIN. MAX. MIN. MAX. NOTES

A . 2~~ &47

" .0 1S 021 .406 . ~ 34

,0 .20 9 .23 0 ~30 ~ .B'

, 0 , .18 0 .187 4.58 4.75
e . IOONOM. 2 .~ NOM. 2

II .~NOIol 1.27 NOM. 2

h .0 30

1.
7 6

I .031 I.0 44 .78 1.12
~ .036 .0 46 .91 1.17 I

L 1.00 2~ .4

Cl 4" 4~' 3

1. Measured from maximum diam et er
of dev ice.

2. Leads having max. diameter .021"
(.533mm) measured in gaging plane
.0 54" + .00 1" - .000 (137 + 025 ­
OOOmm) below the reference p lane of
the device shall be withi n .00 7"
(.778mm) their true posit ion relativ e
to a maximum width tab.

3. From centerline tab.

SYMBOl. IHO€S MILLIMETERS
....N. MAl( MIN. MAX. NOTES

A . I ~~ 3.93

'b .0 16 .02 \ .405 .534

'" .209 .230 ~.3O ~.e~

,0, .180 .187 4 .58 4 .7 5
e . IOONON. 2.!l4NOM . 2

eo OSONOM. 1.27N OM 2

h .030 / ,,78
j .~I I .04 4 .78 1. 12
~ .036 .0 46 .91 1.17 I
L 1.0 0 211.4.. 4~' 4~' 3

rnA
A

mW
W

volts3

100
10

170
1.3

-65 to +150
-65 to +15 0

260

electrical c haracteri stic s: (25°C unless otherwise speci fied)

SYM. MIN. T YP. MAX. UN ITS

t Reverse Leakage Current
(VR = 3V) IR 10 J.1 A

t Fo rward Voltage
(IF = 100mA) VF 1.4 1.7 Volts

t Total Power Output (note 1)
(IF = 100 rnA) Po 6 mW

t Peak Emission Wavelength
(IF = 100 mA) Ap 93 5 945 955 nm

Spect ral Shift with Temperature .28 nmtC

t Spect ral Ban dwidth - 50% !SA 60 nm

t Half Intensity Beam Angle
1N6264 8H 1 20 deg
1N6265 8HI 80 deg

Rise Time - 0-90% of Output t, 1.0 J.1S

Fall Time - 100-10% of Output tf 1.0 J.1 S

Note 1:
Total power output, PO' is the total power radiated by the device int o a solid angle
of 2 n steradians.

t Indicat es J EDEC registered values.
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Gallium Arsenide Infrared - Emitting Diode

The General Electric 1N6264 and 1N6265 Series are gallium arsenide,
light emitting diodes which emit non-coherent , infrared energy. They
are ideally suited for use with silicon detectors. The 1N6264 has a lens
which provides a narrow beam angle while the 1N626 5 has a flat win­
dow fo r a wide beam angle which is useful with ex ternal lensing.

absolute m axi mum rati ngs: (2 5°C un less ot herwise specified)

Voltages
t Reverse Voltage

Currents
t Forward Current (continuous)
t Forward Curre nt (pw 1 J.1S, 200 Hz)

Dissipatio n
t Power Dissipation (TA = 25°C)*

Power Dissipation (Tc =25°C)**

Te mperatures
t Junction Temperature TJ
t Storage Temperature Tst g
t Lead Soldering Time (1/16" [1.6mm] h

fro m case for 10 sec.)
*Derate 1. 36 mwtC above 25°C ambient.

**Derate lOA mwtC above 25°C case.

Infrared Emitter
~ ~ Iii:!I lN6264, lN6265



TYPICAL CHARACTERISTICS 11N6264 - 1N626S\
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SOUDSTATE

@D c ELECTRONICS

Gallium Arsenide Infrared - Emitting Diode

The General Electric 1N6266 is a gallium-arsenide, infrared emit ting
diode which emits non-coherent, infrared energy with a peak wave­
length of 940 nanometers. This device is characterized to precisely
define the infrared beam along the mechanical axis of the device.

,
o

CATHODEAN~DEG
(CONNECTED
TO CASEI

Syo«lL I~HES MILLIMETERS
MIN. MAX. MIN. MAX. NOTES

A 255 6..T

" .016 02 ' ...06 53 •

_0 .20 9 230 530 5~

,0, ./80 .167 4 .5 6 4.75

• .'OONOM. 2.504 NOlI ?

OJ .OSONOM. t. l 7 NOM. 2

• .0 30
, ,76I

03 1 I .0« .78 1.1 2

• .036 .0 . 6 .9 1 1.17 I

L 1.00 2 5 .4
Cl .,. .5· 3

1. Measured from ma x imu m diamet er
o f dev ice.

2. Leads havin g max . dia meter .02 1"
(,533mm) measured in gagi ng plane
.0 54 " + .00 1" - .000 (137 + 025 ­
OOOmm) below t he reference p lane of
t he dev ice shall be w ithin .007 "
(, 778m m) the ir tr ue posit ion relative
to a max imum wi dth tab .

3. From center l in e tab .

VR 3 Volts

IF 100 rnA
IF 10 A

PT 170 mWatts
PT 13 Watts

TJ -65to+150 °c
TSTG -65to+150 °c
TL +260 °c

Infrared Emitter
~ ~1i:9 lN6266

abso lute maximum rati ngs: (TA= 2SoCunlessotherwisespecified)

Voltages
"'Reverse Voltage

Currents
"'Forward Current (Continuous)
"'Forward Current (pw 1usee 200Hz)

Dissipat ion
"'Power Dissipation (TA = 25°C) t
Power Dissipation (Tc = 25°C) IT

Temperatures
"'Junction Temperature
"'Storage Temperature
"'Lead Soldering Time (1/16", 1.6mm,

from case for 10 sec.)
[Derate 1.36mwtC above 25°C ambient.

ttDerate lO.4mWtC above 25°C case.
*Indicates JEDEC registered values.

MAXI MUM RATI NG CURVES

4 6 8 10

~
r-:::::r-r- -<, <,

1\ i\ "r\.

\ ~
\

\

~IOO% DUT Y \ 10% D.C. \%D.C.
CYCLE i\

1\
\ \

I'

o
.01 .0 2 .04 .06 0. 1 .2 .4 .6 .8 1.0 2

IF - INPUT CURREN T - AMPERE S

150

\Z 125

'"iii
~:;> 100
oJ,
CD
ct'"
~a:

3 ~ 75

~~
'"~ Q.

::> ~

~ ~ 50

ct
~,
~ 25

100,000100 1000 10,0 00
f - FREQUENCY - HERTZ

,

- -..... .........-- .....
......... """ ~

<,
~

.....
'- ~

~~
..... ~

~r\. ~+.
i'
~IS'

'b

\.
~IS'

"'0 \'bq,~~1S' 1"1
~U'

1\0.1
10

10
8

6

~ 4
a:
'"Q.
~
ct 2
I...
z
::! 1.0
g; 0 .8

u 0 .6...
::>
~ 0.4

I...
- 0.2

MA X IMUM PULSE CAPABILITY MAXIMU M TEMPERATURE VS. INPUT CURRENT

106



Ie

INFRARED EMITTING DIODE RADIANT INTENSITY

electrical characteristics: I 1N6266 I
(TA = 2SoC unless otherwise specifi ed)

Static Characteristics SYMBOL MIN. TYP . MAX. UNITS

*Reverse Leakage Current IR IO JlA
(VR = 3V)

*Forward Voltage VF 0.9 1.7 Volts
(IF = 100 rnA)

*Radiant Intensity r, 25 mW/sr
(IF = 100mA, w = 0.01 Sr)

*Peak Emission Wavelength Ap 935 955 nm
(IF = 100 rnA)

Spectral Shift with Temperature .28 nmtC
*Spectral Bandwidth - 50% !SA 60 11m
*Half Intensity Beam Angle 8H 1 20 dc g.

Rise Time tr 1.0 JlS
Fall Time tf 1.0 JlS

*Indicates JEDEC registered values.

The design of an Infrared Emitting Diode (IRED)-photo­
detector system normally requires the designer to determine
the minimum amount of infrared irradiance received by the
photodetector, which then allows definition of the photo­
detector current. Prior to the introduction of the IN6266,
the best method of estimating the photodetector received
infrared was to geometrically proportion the piecewise inte­
gration of the typical beam pattern with the specified min i­
mum total power output of the IRED. However, due to
the inconsistencies of the IRED integral lenses and the beam
lobes, this procedure will not provide a valid estimation.

The General Electric 1N6266 now provides the designer
specifications which precisely define the infrared beam
along the device's mechanical axis . The 1N6266 is a pre­
mium device selected to give a minimum radiant intensity
of 25 mW/steradian into the 0.01 steradians referenced by
the device's mechanical axis and seating plane. Radiant in­
tensity is the IRED beam power output , within a specified
solid angle , per unit solid angle.

A quick review of geometry indicates tha t a steradian
is a unit of solid angle , referenced to the center of a sphere,
defined by 47T times the ratio of the area projected by the
solid angle to the area of the sphere. The solid angle is
equal to the projected area divided by the squared radius.

Steradians = 47T A/47TR2 = A/R2 = w.

As the projected area has a circular periphery, a geometric
integration will solve to show the relationship of the Car­
tesian angle (a) of the cone , (from the center of the sphere)
to the projected area.

w = 27T (I -COS %).
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Radiant intensity provides an easy, accurate tool to
calculate the infrared power received by a photodetector
located on the IRED axis. As the devices are selected for
beam characteristics, the calculated results are valid for
worst case analysis . For many applications a simple approxi­
mation for photodetector irradiance is:

H :::; Ie/d 2, in mw/cm 2

where d is the distance from the IRED to the detector
in ern.

IRED power output, and therefore Ie, depends on IRED
current. This variation (~Ie/M) is documented in Figure 1,
and completes the approximation: H =Ie/d

2 (~Ie/~I). This
normally gives a conservative value of irradiance. For more
accurate results , the effect of precise angle viewed by the
dete ctor must be considered. This is documented in Figure
2 (b.Ie/b.w) giving:

H = Ie/d 2 (Me/~I) in mw/cm2.

For worst case designs , temperature coefficients and toler­
ances must also be considered.

The minimum output current of the detector (Id can
be determined for a given distance (d) of the detector
from the IRED.

or

IL = (S)H = (S) (Ie/d2) (~Ie /~w) (~Ie/~I)

where S is the sensitivity of the detector in terms of out­
put current per unit irradiance from a GaAs source.



IRED RADIANT INTENSITY SPECIFICATION CONCEPT
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Since the system requires an IL of 10 rnA minimum the

correct device to use is the Ll4G 1.

Ll4G1 6 10 3 2
Ll4G2 3 10 3 1

Calculated IL = d . is:

Ll4G1 (S) H. = (2) 6.25 = 12.5 rnA

Ll4G2 (S) H. = (1) 6.25 = 6.25 rnA

MATCHING A PHOTOTRANSISTOR WITH 1N6266

Assume a system requiring a l OrnA IL at an IRED to

dete cto r spacing of 2cm (seating plane to seat ing plane),
with bias conditi ons at specification points.

Given: d. = 2 ern; IL = 10 rnA min. ; Ie = 25 mW/Steradian
1

Then: H. ~ Ie/D. 2 = 25/(2)2 = 6.25 mW/cm2.
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7. OUTPUT VS. TEMPERATURE IRED/PHOTOTRANSISTOR PAIR B.IL VS. DISTANCE IRED /PHOTOTRANSISTOR PAIR

TYPICAL CHARACTERISTICS
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sou0 sum:
@0 CO ELECTRONICS

Infrared Emitter
~ ~ Ii:!! F5Dl, F5D2, F5El, F5E2

Gallium Aluminum Arsenide Infrared - Emitting Diode

The General Electric FSD and FSE Series are infrared emitting diodes . They
exhibit high power output and a typical peak wavelength of 880 nanometers.
They provide a significant increase in system efficiency, when used with
silicon detectors, compared to GaAs infrared emitting diodes.

absolute maximum ratings: (2S0C, unless otherwise specified )

Volt age SYMBOL UNITS

Reverse Voltage VR 3 V

Current
Forward Current (continuous) IF 100 rnA
Forward Current (pw, I fJ.S; 200 Hz) IF 10 A
Forward Current (pw, 10,us;100Hz) IF 3 A

Dissipation
Power Dissipation (TA = 2S0C)* PT 170 mW
Power Dissipation (Tc = 2S0C)** PT 1.3 W

Temperatur es

Jun ction Temperature TJ -6S to +ISO °c
Storage Temperature Tstg -6S to +IS O °c
Lead Solder ing Time (1/ 16" TL +260 °c

[1.6mm] from case for 10 sec.)

*Derate 1.36 mWrC above 25°C ambient.
**Derate lOA mWr C above 25°C case.

F5D1 . F5D2 F5E1 . F5E2

SYMBOL MIN . T YP. MAX. UNITS

Reverse Leakage Current
(VR =3V) IR 10 ,uA

Forwa rd Volt age
(IF =100 mA) VF 1.7 Volts
(IF = I A) VF 3.S Volts

elect rical characteristics: (2S0C, unless otherwise specified)

optical characteristics: (2S0C, unless otherwise specified)

mW
mW

UN ITS

nm

MAX.

880

TYP .

12
9

MIN.

110

SYMBOL

FSDI, FSEI
FSD2,FSE2

Total Power Output
(IF = 100mA)(Note I)

Peak Emission Wavelength
(IF = 100 mA)



,

MAX.
UNITS

- nmtc
- nm

20 Deg.
80 Deg.

- JJ.S

- I.J.S

-

TYP.

.3

80

1.5

1.5

MIN.

(25°C unless h
' a t erwise specified)

SYMBOL

- F5Dl , F5D2
- F5El , F5E2

Total POWer output P .
At IF = lOOmA t ~ 0 ' IS ~he total POWer radiated b .

, r IOn s Input current pUlse. y th e deVIce into a solid angle of 2
11" steradians.

o fp teal characteristics ( .
contmued):

Spectral Shift with T
emperature

Spectral Bandwidth _ 50%

Half Intensity Beam Angle

Rise Time

0·90% of Output (Nate 2)
Fall Time

100-10%of Output (Note 2)

NO TES:

1.
2.

38 Io -0

ANOD E CATHODE
(CONNECTED
TO CASE I

F5 El - F5 E2

D:
j ~<

.m. It"--. ' "
liD L .L .~{--=t~j t:,,-':- -- ~ -:o~

SYMBO'
IN CHES MILLIMETERS

MIN. MAX. M IN. MAX.
NOT ES

A - .255 - 6.47

lj>b .016 .021 .406 .534

<P D .209 .230 5.30 5.85

<p DI .180 .187 4.58 4.75

e .100 NOM 2.54 NOM 2

el .050 NOM 1.27 NOM 2

h - .030 - .76

j .031 .044 .78 1.12

k .036 .046 .91 1.17 1

L 1.00 - 25.4 -

a 45° 45° 45° 45° 3

SYMBOL
INCHES MI LLIM ETERS

M IN. MAX. M IN. MAX.
NOTES

A .155 - 3.93
<pb .016 .021 .406 .534
<pO .209 .230 5.30 5.85
en, .180 .187 4.58 4.75

e 100 NOM 2.54 NOM 2

el .050 NOM 1.27 NOM 2

h .030 - .76

j .031 .044 .78 1.12

k .036 .046 .91 1.17 1

L 1.00 - 25.4 -

a 45° 45° 45° 45° 3

NOTES:
1. Measured from maximum diameter of device.
2. Leads having max imum diameter .021 " (.533 rnrn)

measured in gauging plane .054" + .001" - .000 (137
+ 025 - OOOmm) below the reference plane of the
device shall be within .007" (.778mm) thei r true posi­
tion relat ive to a maximum width tab .

3. From centerline tab .

111

NOTES:

1. Measured from max im um diamete r of device.
2. Leads having max imum diame te r .021 " (.533 mm)

measured in gauging plane .054 " + .001" - .000 (137
+ 025 - OOOmm) belo w the ref erence plane of the
device shall be with in .007" (.778 mm) their t rue posi­
tion relative to a maximum width t ab.

3. From centerline tab .

,
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IF5Dl, F5D2, F5El, F5E21



TYPICAL CHARACTERISTICS
IF5Dl, F5D2, F5El, F5E21
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SOUDSTATI:

@0 c ELECTRONICS

LED55BF
LED55CF
LE D56F

NOTE 1:
LEAD DIAMETER IS CONTROl:
L ED IN THE ZONE BETWEEN
.0 50 AND .2 50 FROM THE
SEATING PLAN E. BETWEEN
. 2 50 AND END OF LEAD A
MAX. OF .0 21 IS HEL D.

LED55B
LED55C
LED56

ANODE CATHODE
(CONNECTED
TO CASE)

~Nifj_.---, ~}!!1~
Q .255 ~----,MAX. .15 5

-1 -.t.MAX.
2 LEADS SEATING
017+.002 .O~PLAN E .~

. ~OOI MAX 500 MA 500
(NOTE 1) ~ ~ . ·~ I N. 2 LEADS" n X ·MIN.

.0 1 7~·002 U t
.10 0 .001 -l 100 L

-jNOMr .03 1 (NOTE 1) ~ NOM~03 1

! I I f~ i I i '~~
I I ~45° I I / ~ 450

~1i/- _1 &:~~ ~1
3' .....1 .0 36 3 ' / 1 ~

.0 46 .0 46

rnA
A

volts

mW
W

3

100
10

170
1.3

TJ ·6SoC to +l50°C
TSTG -6SoCto +150°C

10 seconds at 260°C

Direct replacement for SSL55 B, SSL55C , SSL56, SSL55BF, SSL55CF , SSL56F

Infrared Emitter
~ ~ Iii:9 LED55B, LED55C,LED56,LED55BF; LED55C~ LED56F
Gallium Arsenide Infrared- Emitt ing Diode

The General Electric LED55B-LED55C-LED56 Series are gallium arsenide ,
light emitting diode s 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

Currents :
Forward Current Continuous
Forward Current (pw 1 usee 200 Hz)

Dissipations:
Power Dissipation (TA =25°C)*
Power Dissipation (TC =2SoC)* *

Temperatures:
Junction Temperature
Storage Temperature
Lead Soldering Time

<Dera te 1.36 mW/oC above 2 5° C am bient.
° ° Derate 10 .4 mW/ oC above 25° C case.

electrical characteristics: (25°C unless otherwise specified)

MIN . TYP. MAX. UNITS

Reverse Leakage Current
(VR =3V) IR 10 fLA

Forward Voltage
(IF =100mA) VF 1.4 1.7 V

optical characteristics: (2 5°C unless otherwise specified)

Total Power Output (note 1)
(IF =100mA)

LED55B-LED55BF Po 3.5 mW
LEDSSC-LED55CF 5.4 mW
LED56 -LEDS6F 1.5 mW

Peak Emission Wavelength
(IF =100mA) 940 nm

Spectral Shift with Temperature .28 nmt C

Spectral Bandwidth 50% 60 nm

Rise Time 0-90%of Output 1.0 usee

Fall Time 100-10%of Output 1.0 usee

Note 1: Total power output, PO, is the total power radiated by the device into a solid angle of 2 1rsteradians.
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TYPICAL CHARACTER ISTICS LED55B,LED55C,LED56,LED55BF,LED55CF,LED56F
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TYPICAL RADIATION PATTERN
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6. LED 558F, 55CF, 56F
TYPICAL RADIATION PATTERN
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.0 30

~~=U1NOT E tI
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~
I

nA

Volts

Volts

Volts

PELLET LOCATION

THE 0.026" SOUARE PEL LET
IS Wl1rllN THE SHADED AREA

THE ACTIVE AREA IS
CENT ERED WITHIN A 0 .0 15 "
SQUARE ON THE PELLE T
SUR FACE

DIMENSIONS IN INCHES B C E

ALL DIMEN. IN INCHES AND L~ ~
ARE REf ERENCE UNLESS

TOLERANCED. r.170 "1
~I'~ ':;

tLfri]
i~.' ;J

rnA ~~

L1fT;;
DIMENSIONS WITH IN .S,E~AT¥.ING,",I'I--'~~l..-j_. u.,...,,-rr.....
JEDECOUTLINE '0-92 . -P\.ANE i
NOTE t: Lead diam.t.r i ,
controlled in tIM zon. bel..."
.010 ol'ld . 2 ~O 'rom the Matit't9 .SOO
pia",• . 8ehr••n .Z50 andendof
lead Q mo .. . of .0 21 i, hel d .

2.0

2N5779 . 80
Min. Max.

40

12

100

40

2.0k

2N5778,80
Min. Max.

Max.

30 100 usee,
75 250 usee,

0.5 5 usee,
45 150 usee .

7.6 10 pF

10.5 pF

3.4 pF

116

2N5777-80
Typ .

8

100

25

25

1.0k

2N5777.79
Min. Max.

0.5

Cceo

Min.

V(BR)EBO

V(BR)CEO

V( BR)CBO

2N5777.79 2N5778.80
(l 14Dl.31 (l14D2.4)

VCEO 25 40 Volts

VCBO 25 40 Volts

VE BO 8 12 Volts

IL 250 250 rnA

PT 200 200 mW

TJ 4 100°C .-
Tstg + - 65°C to +IOO°C _

10

sou0 STATE

@ co ELECTRONICS

Light Current (VCE = 5V, H = 2mW/cm' **)

Forward Current Transfer Rat io (VCE = 5V,
IC = 2.0mA)

Emitter-Base Breakdown Voltage
(IE = 100~A , H = 0)

Dynamic Characteristics

Switching Speeds (VCE = 10V, IL = lOrnA,
RL = 100 ohms, GaAs LED source)
Delay Time
Rise Time
Storage Time
Fall Time

Collector-Base Capac itance (VCB = 10V, f = IMHz )

Emitter-Base Capacit anc e (VEB =0.5V. f =1MHz)

Collector-Em itt er Capacitance (VCEO = 10V ,
f - l Mllz )

.·H = Rad iati on Flux Densit y. Radiation source is an unfilte red
t ungst en filament bulb at 28700K color tem pera ture.

Dark Current (VCE = 12V , IB = 0)

Collector-Emitter Breakdown Voltage
(lc = lOrnA , H = 0)

Collector-Base Breakdown Voltage
(l c = 100~A , II = 0)

Light Detector Planar Silicon Photo-Darlington Amplifier

&:g~ _&:g 2N5777-80

Voltages-Dark Cha rac teristics
Collector to Emitter
Collector to Base
Emitter to Base

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 : ~2 5 °C) (un less otherwise specified)

Current
Light Current

Dissipat ion
Power Dissipation*

Temperat ure
Junction Temperature
Storage Temperature

·Derate 2.6 7mWtc above 25°C amb ient

electrica I characteristics: (25 0 C) (un less otherwise specified)

2N5777.78
Static Characteristics Min. Max.



TYPICAL ELECTRICAL CHARACTERISTICS
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(25 °C) ( unless otherwise spec ified )

VCEO 25 volts
VCBO 25 volts
VEBO 12 volts

I L 200 rnA

PT 300 mW
PT 600 mW

TJ 150 °c
TSTG -65 to 150 °c

SOUDsom:

@D co ELECTRONICS

TEMPERATURES

Junction Temperature
Storage Temperature

*Dera te 2.4 mW/oC above 25~C ambie nt.
**D erat e 4.8 mW/oC above 25 C ease.

electrical characteristics : (25°C) (unless otherwise specified)
l14F1

DISSIPA TIONS

Power Dissipation (T A = 25° C)*
Power Dissipation (Tc =25°C)**

The General Electric Ll4F 1 and Ll4F2 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 Ll4F1 - Ll4F2 are a TO-18 Style hermeti­
cally sealed packages with lens cap and are designed to be used in opto­
electroni c sensing applications requiring very high sensitivity .

CURRENTS

light Current

absolute maximum ratings :
VO LTAGES - DAR K CHARACTE RISTICS

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

STATIC CHARACTERISTICS MIN. MAX.

light Detector Planar Silicon Photo-Darlington Amplifier

~~ _~ L14Fl, L14F2

LIGHT CURRENT

(VCE =5V, H] =0.2 mW/cm2 ) IL
DARK CURRENT

(VCE =12V, IB = 0) ID

EMITTER·BASE BREAKDOWN VOLTAGE

(I E = 100 J.IA) V(BR)EBO
COLLECTOR-BASE BREAKDOWN VOLTAGE

(IC = 100 J.IA) V(BR)CBO
CO LLECTOR -EMITTER BREAKDOWN VOLTAGE

(Ic = 10 rnA) V(BR)CEO

SWITCHING CHARACTERISTICS (see Switching Circuit)
SWITCHING SP EEDS

(VCC = lOY, IL = 10 rnA, RL = 100 n )
DELAY TIME td
RISE TIME tr
STORAGE TIME ts
FALL TIME tf

t H = Radiation Flux Den sit y. Radiation so urce is an unfiltered tungsten filament bulb at 28700K color temperat ure.

NOTE : Th e 28700 K radiation is 25% effective on the ph ot odarlington ; i.e., a GaAs source of 0.05 mW/ cm2 is equivalent to this
0.2 mW/cm 2 tungsten sou rce.
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@ D ©ELECTRONICS
Light Detector Planar Silicon Photo Transistor

~. ,~ L14Gl ,L14G2,L14G3
The General Electric Ll4G I thru Ll4G3 are highly sensitive NPN Planar Silicon Photo­
transistors. They are housed in a TO-l8 style hermetically sealed package with lens cap.
The Ll4G 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.

absolute m ax im um ratings: (25°C. unless otherwise specified)

Voltages - Dark Characterist ics
Collector to Emitter Voltage Vceo 45 volts

Collector to Base Voltage VCBO 45 volts
Emitter to Base Voltage Ve Bo 5 volts

Currents
Light Current I L 50 rnA

Dissipations
Power Dissipation (T A = 25°C)* PT 300 mW
Power Dissipation (Tc = 25°C)** PT 600 mW

Temperatures
Junction Temperature TJ + 150 °c
Storage Temperature TSTG - 65 to + 150 °c

~(31

B 1 21~

E ll )

*Derate 2.4 mWflC above 25°C ambient
**Derate 4.8 mWfJC above 25°C case

L14G2 L14G3
MIN. MAX. MIN. MAX.

3 12 rnA

100 100 nA

5 5 V

45 45 V

45 45 V

0.4 0.4 V

8 8 usee

7 7 usee
A GaAs source of 3.0 mW/cm2 is approximately equivalent
to a tungsten source, at 2870oK, of 10 mW/cm2

0.4
8

7
NOTE:

100

6

45

5

45

VIBRIE BO

VIBRICBO

I D

electrical characteristics: (25°C unless otherwise specified)

114G1
STATIC CHARAC TER ISTICS MIN. MAX.

Light Current
(Vce = 5V, H] =lOmW/cm2)

Dark Current
(Vce = lOY, H =0)

Emitter-Base Breakdown Voltage
(Ie = 100J,LA, Ic = 0, H =0)

Collector-Base Breakdown Volta ge
(Ic = 100J,LA, Ie = 0, H =0)

Collector-E mitter Breakdown Vol tage
(Ic = lOrnA, H =0 V (BRICeo

Saturat ion Volta ge
(Ic = lOrnA, IB = 1rnA) VCE(SATI

Turn-On Time (Vce = lOY, IC=2mA, ton

Turn-Off Time RL = lOOn ) toft
tH = Radiation Flux Density. Radiation source is on unfiltered

tungsten filament bulb at 28700K color temper ature.

120



TYPICAL ELECTRICAL CHA RACTERISTICS
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@0 CO ELECTRONICS
Light Detector Planar Silicon Photo Transistor

&:9~ _&:9 L14 Hl-4
The Gen eral Electric Light Sensor Series are NPN Planar Silicon Phot otransistors in a clear

epoxy TO-92 package. They can be used in industrial and commercial applications r~quiring a
low cost,general purpose , photosensitive device . Generally only the collector and em itter 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)

Ll4H2, H4 Ll4Hl , H3

VCEO 30V 60V volts

VCBO 30V 60V volts

VEBO 5 volts

IL 100 rnA

PT 200 mW

TJ 100 °c

TSTG -65 to 100 °c

DIMENSIONS WITHIN

• C E

'fLLfT LOCATION

THE 0 .0 2" SOUAR[ PELLET
1$ "" TH IN THE SHAOEO APE A

THE ",Cfl VE AREA 1$
C[ NTEJilEO .,.,. THIN .1,0 .01 0 "
SQUA RE OlOtTHE P( UET
SUR FACE.

[)l MENSlON$ IN INCHES

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

Currents
Light Current

Dissipations
Power Dissipation (TA = 25° C)*

Temperatures
Junction Temperature
Storage Temperature

*Derate 2.67 mWtC above 25°C ambient

L14Hl L14H2 L14H3 L14H4
Min. Max. Min. Max . Min. Max. Min. Max. Units

IL .5 2 . 0 2.0 .5 rnA

ID 100 100 100 100 nA

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

STATIC CHARACTERSITICS

LightCurrent
(VCE =5V, Hj =10mW/cm 2

)

Dark Current
(VCE = l OY, H R: 0 , IB = 0)

tH =Radiation Flux Density . Radiation source is an unfiltered tungsten filament bulb at 2870 0 K color temperature.
**Radiant source is a gallium arsenide light emitting diode .

122

8
7

8 J.Lsec
7 J.Lsec

0.4 volts

5 volts

30 volts

30 volts

8
7

0.4

5

60

60

8
7

0.4

5

30

30

Emitter-Base Breakdown Voltage

(IE = 100J.LA, IC = 0, H R: 0) V(BR)EBO 5

Collector-Base Breakdown Voltage

(Ic = 100J.LA, IE = 0, H R: 0) V(BR)CBO 60

Collector-Emitter Breakdown Voltage

(Ic = lOrnA, H R: 0) V(BR)CEO 60

( Pulse Width:900 J.Lsec, Duty cyclezsl %)

Saturation Voltage

(Ic = lOrnA, IB = ImA) VCE(SAT) 0.4

Switching Speeds
(VCE = 30V, IL = 800 J.LA , RL = Ikn)**

On Time (td + t r) ton
Off T ime o, + t r) toff
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FEATURES:

• Fast switching speeds
• High DC current transfer ratio
• High isolation resistance
• 2500 volts isolation voltage
• I/O compatible with integra ted circuits

Photon Coupled Isolator 4N25-4N25A-4N26-4N27-4N28
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor t A J SEE

_ NOTE I P-'SY~MB""OL,+,\,~~~~~-""LlJ"-'-1
1..- A

The Genera l Electric 4N25 -4N26 -4N27-4N28 con~ist of. ~ A T -3 t T ~
gallium arsenide infrared emitting diode coupled WIth a sili- L i e lTO P VI EW) i ~
con phot o transist or in a dual in-line package. .J JJ 4 6 ---L ~

roll-. B --==1 M'( J

J -l H~ ----1 F~ : .0 15 15- .3 8 / 15-

-r
E
ml I T PR .3 1 S 9 .53.1 0 0 .1 8 5 2.5 4 .4 7 0

SEATING Il... p S .2 25.2 80 5.7 1 7. 12

PLA~E t - I - I - I NOTES

~ , --L I.~r~i~~~~t?:n0i~:=~t:d';:t ~~rm .

-i G I~ 2. ;~;~~:~ ~Sition lead centtlf S-1 ~O aoveeeu il'lSlolle d d imem ion.
4 . These me'1"ure""~,,t'l Ql'l! ...a~ f M"'" the"""' ­

i nQ plone
5.FOUf place• .

t Parameters are J EDEC registered values.

absolute maximum ratings: (25°C) (unless otherwise specified)
t St or age Temperature -55 to 15 0°C. Oper ating Tem per ature -5 5 to 100 °C. Le ad So ld e ring Time (a t 260°C) 10 seconds.

*150 milliwatts
80 milliamps

3 am pere

INFRARED EMITTING DIODE

t Power Dis sipation
t Forward Current (Co nt in uo us )
t Forward Current (Peak )

(Pulse width 30 0 usee 2% duty cycle)
t Reverse Voltage 3 volts

*Derate 2.0mW/ oC above 25°C ambient.

PHOTO·TRANSISTOR

[ Po wer Dissipat io n ** 150 milliwatts
tVCEO 30 vo lt s
tVCBO 70 volts
t V ECO 7 volts

Collector Current (Continuous) 100 milliam ps

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

t Total device dissipation @ 24-25 DC. Po 250mW. t Derate 3.3 mW/oC 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 j Breakdo wn Voltage - V(BR)CEO 30 vo lts

(IF = 10 rnA ) (I c = ImA, IF = 0 )
t Breakdo wn Voltage - V( BR)CBO 70 volts

(Ic = 10 0pA, IF = 0 )
t Reverse Curr en t 100 microamps t Breakdown Vo lt age - V(BR)ECO 7 volts

(VR = 3V ) (I E = 10 0pA, IF = 0 )
tCollector Dar k Current ICEO 4N2 5-2 7 5 50 nanoamps

(V CE = 10V, IF = 0 ) 4N28 100 nanoamps
Capacitance 50 picofarads tCollector Dark Current - ICBO 2 20 nanoam ps

V =O,f=1 MHz (VCB = 10 V, IF = 0 )

coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS

t DC Current Tr ansfer Rat io (I F = lOrnA, VCE = 10 V) 4N2 5 , 4 N25 A, 4N26
4 N2 7 , 4N28

t Sat urat io n Voltage - Collector - Emitter (IF = SOm A,
Ic = 2 rnA)

Resist an ce - IRED to Ph o to-T ransistor (@ 500 volts)
Capaci t an ce - IRED to Ph o to-Trans istor (@0 volts , f = 1 MHz)
[ Isol at io n Voltage - voltage @ 60 Hz with the in put

ter minals (diode) shorted together an d the output
te rminals (transistor) shorted together.

Rise/ Fall Time (VCE = 10 V, ICE = 2mA R L = lOOn)
Rise/ Fall Time ( VCB = 10V, ICB = 50p A , R L = roosn

20
10

%
%
vol ts

gigao hms
picofarad
volts (peak)
volts (peak)
volts (pe ak)

volts (RMS) ( I sec.)
mi croseconds
nanosecond s



TYPICAL CHARACTERISTICS 4N25-28
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absolute maximum rati ngs: (25 °C) (unless othe rwise specified)

[ Storage Temperature -55 to 150°C. Operat ing Temperature -55 to 100 ° C. Lead Soldering Time (at 260° C) 10 seconds.

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

milliwatt s
volts
volts
volts
milli amps

INCH MILl IMETEFI
~~BOL_

~l;o l ~AS~~'a- IB i;-~~=A

8 3 0 0 ~Ef 7 5 2 'f' 2
C 34 0 854 ,
0 .0 1 6 0 2 4 0 5 50 8
E 2 0 0 S Ob ., .0 4 0 0 70 1.0 I 1. 7 b

G 0 9G , '0 22 . 2 7'

" .') b 5 2 . 5 5
J OOB 0 ' 2 20 3 '! O5. ' 00 25 4 3
~ , 5 ' , 5'
v 0' 5 3 8 , 3
P ,3 7 5 9 53
R . 10 0 .18 S 2.54 47 U
S .2 25 280 5 .7 1 7 . 12

PHOTO·DARLINGTON

t Power Dissipat ion ** 150
t VCEO 30
t VCBO 30
t v ECO 5

Collec to r Current (Contin uous) 100

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

[ Derate 3.3 mW/ oC above 25°C ambient.

3 volts

*150 milliwatts
80 milliam ps

3 ampere

SOUDSTATE

@D ©ELECTRONICS

• High DC current transfer ratio
• High isolation resistance
• 2500 volts isolatio n volt age
• I/O compatible with integra ted circuits

126

INFRARED EMI TTING DIODE
t Po wer Dissipation
t Forward Current (Continuo us)
t Forward Cur ren t (Peak)

(Pulse wid th 300psec , 2% du ty cycle)
t Reverse Voltage

*Derate 2.0mW/oC above 25°C ambient.

INFRARED EMITTING TYP. MAX. UNI TS PHOTO·DARLINGTON MIN. TYP. MAX. UNITS

t Forward Voltage 1.2 1.5 volts j Breakdown Voltage - V(BR)C130 30 volts
(I F = l OrnA) (Ic = 100pA, IF =0 )

j Breakdown Voltage - V(BR)CEO 30 volts
t Reverse Current 100 microamps (Ic = Im A, IF =0 )

(VR =3V) t Breakdo wn Voltage - V(BR)ECO 5 volts
(I E =100pA, IF =0)

Capacitance 50 picofarads t Co llector Dark Curre nt - ICEO 100 nanoamps
V =O,f = I MHz (VCE =10V, IF =0 )

MIN. TYP. MAX. UNITS

tCollec t or Output Curr ent (I F = lOrnA, VCE = 10V) 4N32 , 4N32A , 4N33 50 rnA
4N29, 4N 29A, 4N30 10 rnA

4N 31 5 rnA
t Saturation Volt age - Co llec tor - Emitter 4N 29 ,29A ,30,32 ,32A ,3 3 1.0 volts

(IF =8mA, Ic =2mA) 4N 31 1.2 vol ts
Resistance - IRED to Photo-Transisto r (@500 voits) 100 gigaohms
Capacitance - IRE D to Pho to-Transist or (@a volts , f =1 MHz) I picofarad

t lso lation Voltage 60 Hz with the input terminals (diode) 4N2Y,29A ,32,32A 25 00 vo lts (peak)
shorted together and the output terminals (transistor) 4N 30 , 4N31 , 4N3 3 1500 volts (peak)
short ed together 4N29A ,4N32A 177 5 vo lts ( RMS) (I sec.)

t Switc hing Spe eds: Ic =50mA, IF =200m A) Fig ure I
Turn-On Time - ton 5 micro seconds
Turn-Off Time - toff 4N29 , 4N29A , 4N30, 4N 31 40 microseconds
Turn-Off Tim e - toff 4N32, 4N32A , 4N3 3 100 microseconds

t Parameters are JEDEC registered values.

Ga As Infra red Emitti ng Diode & NPN Silicon Photo-Darlington Amplifier t AJ SEE
~OTE 1

The General Electric 4N29 thru 4N33 consist of a gallium R A l- -3 , -,-

arsenide infrared emitting diode coupled with a silicon photo- I I JJc 1T0PV 'E wi JS

darlington amplifier in a dual in-line package. 'i .J 4 5 -

r-</. I-- ~~'(

FEATURES: J 8 --1" +1-

Y-~" Tr----' ·~_ IL P
I .; PLA "JE f - I - i-NOTES

:n~
~ N i l - I I 't eere. .ShOU b.e o p.er monenl indicot!Ol'lot ,e rm .

I
I ~ Ihol one nlOI,on '1'1Ihe Quodra nl adloCe-nt10

2 5 -l G ~ !erm ln ol I .

I ~ I 1-0 ~ . ~n~~~~~dl ~~:~~:~~ ~~:d~:,::'
3 0----+--- 4 4 ;Tn~e~~:e'l<:; urer"..I'" O}re IT" H' " fr....... 'fie 0;""1 0•

L ...1 s rour places

ind ividual electrical characteristics (25 "C)
t Total device dissipation @TA = 25° C. PD 250 mW.

coupled electrica l characteristics (25 ec)



TYPICAL CHARACTERISTICS 4N2g·33
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10·,.,".

INCM MILLIMETER
I MAX MI~ ft4AX

33 0 _3 5 8 .38 88 9
3 0 0 REF 762 REF

. 3 4 0 864
.01 6 .0 2 .4 06 5 08

ZO O 5,08
0 40 0 70 I 0 1 1.7 ij
0 90 ,I I 2 28 2.79

.0 8 5 2.16
00 8 .0 1 2 .20 3 .30 5
ICO 2.5 4

A

•c
o
E
F
G

"J.
M
N 01 5
P .3 7 5 9.53
R . 1 0 0 ,1 8 5 2.5 4 .4 7 0
5 .2 2 5 .2 8 0 5.7 1 7 . 12

SYMBOL

NOTES
I . Tfler . sho l l be opermOl'lel\t indica tio n ot term ­

ina� ori entation in lhe QUOdront odjoc~t to
term inal ' .

2.1n st oUed pos ition Ieod Cet1lef S
3 o veeeu i ll stailed dimens ion
4 re ese me" ..urefl'~"t'l ore "' o~ .....fl' Ille W"I­

;" Vpl oM
~. Four ploces

3550 V (peak)
2500 V(peak)

1500 V(peak)

SOUDSTATE

@ co ELECTRONICS

• Storage Temperature -55 to 150°C
• Operat ing Temperature -55 to lOOoC.

• Lead Soldering Time (at 260°C) 10 seconds.

• Relative Humidit y 85%@85°C

• Input to Output Isolatio n Voltage

4N35 2500 V(RMS)
4N36 1750 VlRMS)

4N37 1050 V(RMSl

M Derate 4.0mW/oC above 25°C
~Dera te 6.7mW/oC above 25°C

TOTA L D EVICE

128

• Indicates JEDEC registered values

'Cr Derate 1.33mWrC above 25° C

PHOTO-TRANSISTOR

• Power Dissipation TA = 25°C ~OO milliwatts

• Power Dissipation 'It = 25°C ~OO milliwatts

(TC ind icates collector lead temperat ure 1/32/1 from case)

• VCEO 30 volt s

• VCBO 70 volts

• VECO 7 volt s
• Collec to r Current (Continuous) 100 milliamps

INFRARED EMITTING DIODE

• Power Dissipation TA = 25°C 'CrlOO milliwatts

• Power Dissipation TC = 25°C 'CrlOO milliwatts

(TC indicates collector lead temperature 1/32/1 from case)

• Forward Current (Continuous) 60 milliamps

• Forward Current (Peak) 3 ampe re

(Pulse width 1 usee, 300 pps)

• Reverse Volt age 6 volt s

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 switchin g speed s
• High DC current transfer ratio
• High isolation resistan ce
• High isolation voltage
• I/O compatible with int egrat ed circuits
• Covered und er V.L. component recognition program, reference file E5 1868

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

Photon Coupled Isolator 4N35,4N36,4N37
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor



MIN. TYP. MAX. UNITS

• DC Current Transfer Ratio (IF = lOrnA, VCE = 10V) 100 %

· DC Current Transfer Ratio (IF = lOrnA, VCE = 10V) TA = -55°C 40 %
• DC Current Tran sfer Ratio (IF = lOrnA, VCE = 10V) TA = +IOOoC 40 %
• Saturation Voltage-Collector To Emitter (IF = lOrnA, IC = 0.5mA) 0.3 volts

• Input to Output Isolation Curre nt (Pulse Width = 8 msec)
(See Note 1) Input to Output Voltage = 3550 V(peak) 4N35 100 microamps

Input to Output Voltage = 2500 V (pea k) 4N36 100 microamps
Input to Output Voltage = 1500 V (peak ) 4N37 100 microamps

• Input to Ou tput 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 (VCC = 10V, 1C = 2MA, RL = lOOn> (See Figure 1) 5 10 microseconds

• Turn off Time - toff (VCC = 10V, IC = 2MA, RL = lOOn> (See Figure 1) 5 10 microseconds

4N35-37

- I - - - 1- 90 %

I i OUTPUT
..L 1__ IO%

I ' ! I
t"'j r j jto"

VOLTAGE WAVE FORMS

r----I INPUT
o---J L-PULSE

129

FIGURE 1

)L---...,.-OUTPUT

TEST CIRCUIT

Vee

Adju st Amplitude of Input Pulse for Ou t put lie) of 2 mA

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

• Indicates JEDEC registered values.

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

ind ividual electrical characteristics (25°C) (unless otherwise specified)

INFRARED EMITTING SYMBOL MIN. MAX. UNITS PHOTO-TRANSISTOR SYMBOL MIN. TYP. MAX. UNITSDIODE
• Forward Voltage VF .8 l.S volts • Breakdown Voltage V(BR) CEO 30 - - volts

(IF = 10 rnA) (lC = 10 rnA, IF = 0)

• Forward Voltage VF .9 1.7 volts • Breakdown Voltage V(BR) CBO 70 - - volts
(IF = 10 rnA) (lC = lOOuA, IF = 0)
TA = -55°C

• Breakdown Voltage V(BR) ECO 7 - - volts
• Forward Voltage VF .7 1.4 volts (IE = 100uA, IF = 0)

(IF = 10 rnA)
Collector Dark Current ICEO - 5 50 nanoamps

TA = +IOO°C
(VCE = 10V, IF = 0)

• Reverse Curren t IR - 10 microamps
(VR = 6V)

• Collector Dark Current ICEO - 500 microamps
(VCE = 30V, IF = 0 )

Capacitance CJ 100 picofarads TA = 100°C
(V=O, f=l MHz)

Capaci tance CCE - 2 - picofarads
(VCE = lOV, f = 1MHz)



I 4N35 - 4N37 TYPICAL CHARACTERISTICS
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14N35 - 4N37

TYPICAL CHARACTERISTICS
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SOUOsmrE

@D co ELECTRONICS
Photon Coupled Isolator 4N38 ,4N38A

INCH MILLIMETER
I NO'"SYMBOL M I N M" .,iN MAX

A ;~ gl .~ ~ ~ 8 .3 8 B 8 .
B 7.6 2 REF 2
C .3 4 0 8,64 3
0 .0 16 .0 2 ,4 0 6 S0 8
E 20 0 5.0 8 A
F .0 4 0 0 7C LOt 1.7 8
G .0 9 0 . 1 1 2.28 2.79.. .0 8 5 2.16 S
J .0 0 8 .0 1 2 .2 0 3 .30 5
K 10 0 2 S A 3

" IS · I S·
N .0 15 38 1 3
P .3 7~ 9.53
R . 1 0 0 .1 8 5 2.5 4 7 ~~ 'S .2 2 5 .2 80 5 .7 1

FEATURES:

• Fast switching speeds
• High DC current transfer rat io
• High isolat ion resistance
• 2500 volts isolation voltage
• I/O compatible with integrated circuits

t lndicates JEOEC registered values

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor t A J SEE
NOTE 1

.L..-- _
The General Electric 4N38 and 4N38 A consist of a galliumRA T,..J,3,L-J-1...J.,.'~T
arsenide infrared emitting diode coupled with a silicon photo L I JJc ( TOP VIE w} i
transistor in a dua l in-line package. .J A 6-Lr- B ----=1"'(

-H- -IFI-

-r~' I TSEATING Ell.. P

PLA~E f - I - 1=.L NOTES
K N , I I . Ther. SI'lQIlbe a permanen t indicotion of t.,,,, ·
~ I inol orientat ion In '!'Iequadran t odjoceftt 10

.., G l~ Iet"minol l .

-I~o ~: ~:~~~I~di ::~~: ~~~d=:S
4 . T tlese me f1'l.uren" l"l"t" or e "' OM fm roo hl e SolO'I" ­

;"9 plane
5.Four ploe.,.

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

j St orage Tempera ture -55 to 150°C. Op erat ing Temperat ure -55 to 100°C. Lead Sold ering Time (at 26 0°C) 10 seconds.

*1 50 milli watts
80 milliamps

3 ampere

INFRARED EMITTING DIODE

j Power Dissipat ion
t Fo rward Current (Conti nuous)
t Forward Current (Peak )

(Pulse width 300psec, 2% duty cycle)
t Reverse Voltage 3 volts

*Oerate 2.0 mW/o C above 25 °C ambient.

PHOTO·TRANSISTOR

t Power Dissipat ion ** I SO milliwatts
t VCEO ·80 volts
tVCBO 80 volts
t v Eco 7 volts

Collector Cu rr ent (Co ntinuous) 100 mill iamps

**Oerate 2.0 mW/oC above 25 °C ambient.

tTota l device dissipat ion @ TA = 25° C. Po 250 mW. [ Derate 3.3 mW/oC above 25°C ambient.

individual electrical characteristics (25°C)
INFRARED EMITTING TYP. MAX. UNITS PHOTO·TRANSISTOR MIN. TYP. MAX. UNITS
DIODE
t Fo rward Vol t age 1.2 1.5 volts t Breakdown Voltage - V(BR)CEO 80 - - volts

(I F = lOrnA ) (Ic = ImA , IF =0 )
j Breakdown Voltage - V(BR)CBO 80 - - volts

(Ic = IpA, IF =0 )
t Reverse Current - 100 microamps t Breakdown Vo ltage - V(BR)ECO 7 - - volts

(VR =3V) (I E =100pA, IF =0 )
t Co llector Dar k Cur rent - ICEO - - 50 nanoa mps

(VCE =60 V, IF =0 )
Capac ita nce 50 - picofarad s j Col lector Dark Current - ICBO - - 20 nanoamps

V =O,f = I MHz (VCE =60V, IF =0 )

coupled electrical characteristics (25°C)
MIN. TYP. MAX. UNITS

j Isolation Voltage 60 Hz with the inp ut terminals (diode) 4 N38 1500 - - volts (peak)
shorted toget her and the out put terminals ( t ransisto r) 4N38A 250 0 - - volts (peak)
shorte d together. 4N38A 177 5 - - volts (RMS) ( I sec .)

t Saturation Voltage - Co llect or - Emitter (I F =20mA, Ic =4mA) - - 1.0 volts
Resistance - IRED t o Pho to-Trans ist or (@500 volt s) - 100 - gigaohms
Capa citanc e - IRED to Pho to-Transistor (@0 volts, f = I MHz) - I - picofarad
DC Curre nt Transfer Rat io (I F = l OrnA, VCE =10V) 10 - %
Swit ching Speed s (VCE = I OV, Ic , =2mA, RL =lOOn)

Turn-On Time - ton - 5 - microseconds
Turn-Off Time - toff - 5 - microse conds
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4. OUTPUT CHARACTERISTICS
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tlndicates JEDEC Registered Values.

SYMBOL I .. , ,,-,INCH AX
MILlI METEFt

I ~ I r ."MIt r¥lA)(
A I , ; ~ g l ~iF

8 '38 8. 9
8 7 . 2 of' 2
C '4 0 8 64 ,
0 j oo I .

0 2 4 0 . 508
E 2 0 0 5.0b 4
F .0 4 0

. ? ; ~
l. OI 1. 7 1:1

G 0 90 2 zo 2 19
H .oes 2 1. 5
J 0 0 8 0 1 2 2 03 ' 0 5, 10 0 2 5 4 ,
~ I S' 1 5·
N .0 1 5 38 1 3
P .3 7 '5 9 53

• . 1 0 0 ,1 8 '5 2.5 4 . 7 0
S .2 25 .2 90 '5.1 1 7 .12

M IN. MAX. UNITS

1FT 30 milliamps
1FT 14 milliamps
rio 100 gigaohms

ton 50 microseconds
500 volts/rnicrosec,

2 picofarads

t Storage Temperature Range -55°C to 150°C
t Operating Temperature Range _55°C to 100°C
tNormal Temperature Range (No Derating) -55°C to 50°C
t Soldering Temperature (J /16" from case, 10 seconds) 260°C
j Total Device Dissipation (-55°C to 50°C), 450 milliwatts
t Linear Derating Factor (above 50°C) , 9 .0mW/oC
t Surge Isolation Voltage (Input to Output).

ISOOV(peak) 1060V(RMS)
[ Steady-State Isolation Voltage (Input to Output) .

9S0V(peak) 660V(RMS)

TOTAL DEVICE

PHOTO ,SCR MIN. MAX. UNITS

j Peak Off-State Voltage - VOM 4N39 200 - volts
(R GK = 10Kn, TA = 100°C) 4N40 40 0 - volts

j Peak Reverse Voltage - VRM 4N39 200 - volts
(TA = 100°C) 4N40 40 0 - volts

t On-Sta te Voltage - VT - J.3 volts
(IT = 300mA)

t Off-State Current - 10 4N39 - 50 microamps
(Vo=200V,TA=IOO°C,IF=O,RGK=lOK)

j Off-State Current - 10 4N40 - 150 microamps
(V[)=400V,TA=IOO°C,IF=O,RGK=lOK)

t Reverse Current - IR 4N39 - 50 microamps
(VR =200V, TA = 100°C, IF =0)

t Reverse Current - IR 4N40 - ISO microamps
(VR = 400V, TA = 100°C, IF = 0)

t Holding Current - IH - 200 microamps
(V FX = SOY, RGK = 27Kn)

ampere

6 volts

* I00 milJiwatts
60 milliamps

SOLID STATE

@D co ELECTRONICS

INFRA RED EMITTING DIODE

j Power Dissipation (-55°C to 50°C)
t Forward Current (Continuous)

(-55°C to 50°C)
tForward Current (Peak) (-55°C to 50°C)

( 100 usee I% duty cycle)
t Reverse Voltage (-55°C to 50°C)

*Derate 2,OmW/oC above 50°C.

PHOTO-SCR

tOff-State and Reverse Voltage 4N39 200 volts
(-55°C to +IOO°C) 4N40 400 volts

j Peak Reverse Gate Voltage (-55°C to 50°C) 6 volts
[Direct On-State Current (-55°C to 50°C) 300 milliamps
j Surge (non-rep) On-State Current 10 amps

(-55°C to 50°C)
[Peak Gate Current (-55 °C to 50°C) 10 milliamps
[ Output Power Dissipation (-55°C to SO°C)**400 milliwatts

**Derate 8mW/oC above 50°C.
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tInput Current to Trigger VAK = SOY, RcK = 10Kn
VAK = 100V, RcK = 27Kn

j Isolation Resistance (Input to Output) Vio = SOOV[)C
tTurn-On Time - VAK = SOV, IF = 30mA, RcK = IOKn, RL = lOOn
Coupled dv/dt , Input to Output (See Figure 13)
Input to Output Capacitance (Input to Output Voltage = O,f = IMHz)

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

Photon Coupled Isolator 4N39, 4N40
Ga As Infrared Emitting Diode & Light Activated SCR
The General Electric 4N39 and 4N40 consist of a gaJlium arsen­
ide ? infrared emitting diode coupled with a light activated silicon
control1ed rectifier in a dual in-line package.

absolute maximum rat ings

coupled electrical characteristics (25°C)

INFRARED EMITTING DIODE TYP. MAX, UNITS

t Forward Voltage VF 1.1 1.5 volts
(I F = lOrnA)

t Reverse Current IR - 10 microamps
(VR = 3V)

Capacitance 50 - picof arad s
(V = O,f = I MHz)
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I 4N39,4N40

TYPICAL APPLICATIONS

10A, T2 L COMPATIBLE, SOLID STATE RELAY

Use of th e 4N40 for high sensiti vity, 2500V iso­
lation capability , provides thi s highly reliable solid
state relay design. This design is compatible with
74 , 745 and 74H series T2 L logic systems inputs
and 220V AC loads up to l OA. I N50 8 0 ( 4 )

LOAD
4 7.J).

O.lpF "CONTACT"
220VAC

25W LOGIC INDICATOR LAMP DRIVER

INDICATOR
LAMP

1001\.

O.lfLF

220VAC

The high surge capability and non -reactive input characteristics
of the 4N40 allow it to directly couple, without bu ffers , T2 L
and DTL logic to indicator and alarm devices , without danger
of introducing noise and logic glitches.

400V SYMMETRICAL TRANSISTOR COUPLER

:g
4N40~Use of the high voltage PNP portion of the 4N40 provides a 400V transistor , - - -- -- --1

capable of conducting positive and negative signals with current t ransfer INPUT I : ,OUTPUT
ratio s of over I %. This function is useful in remote instrumentation, high L __ ---- - _J

voltage power supplies and test equipment. Care should be taken not to ex-
ceed the 400 mW powe r dissipation rating when used at high voltages.

FIGURE 13
COUPLED dv/d t - TEST CIRCUI T

OSCILLOSCOPE

Vp = 800 Volts

t p =.0 10 Seconds

f = 25 Hertz

TA = 250C
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SOLID STATE

@0 ©ELECTRONICS
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p 37 5 s 53
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SEE
fo4 0TE 1

MIN. TYP. MAX. UNITS

HIIAI 50 %
HI IA2 20 %

0.1 0.4 volts
100 gigaohms

2 picofarads

2 microseconds
300 nanosecon ds

Storage Temperature -55 to 150 °C
Operating Temperature -55 to 100°C
Lead Soldering Tim e (at 26 0°C) 10 seconds
Surge Isolation Voltage (Input to Output).

HI I AI 25 00V(peak) I 770V (RMS)
HII A2 1500V(peak) 1060V(RMs)

Steady-St ate Isolati on Voltage (Inp ut to Output).
HI I AI 1500V(peak) 1060V(RMs)
HI IA2 950V(peak) 660V(RMS)

TOTAL DEVICE

PHOTO·TRANSISTOR MIN. TYP. MAX . UNITS

Breakdown Voltage- V(BR)CEO 30 - - volts
(Ic = lOrnA, IF = 0 )

Breakdown Voltage -Vf)R )CBO 70 - - volts
(Ic = 100p A, IF = 0

Breakdown Voltage-Vf)R )ECO 7 - - volts
(I E = 100pA, IF = 0

Collector Dark Curren t - lc EO - 5 50 nanoamp s
(VCE = lOY, IF = 0 )

Capaci tance - 2 - picofarads
(VCE = lOV,f= I MHz)

volts

milliwatts
milliamps
ampere

milliw atts
volts
volts
volts
milliamps

10 microamps

*100
60

3

50 picofarads

Powe r Dissipation
Fo rward Current (Con tinuo us)
Forw ard Current (Peak)

(Pulse width 1 usee 300 P Ps)
Reverse Voltage 3

*Derate 1.33mW/ oC above 25°C ambien t

Reverse Current
(VR = 3 V)

Fo rward Voltage 1.1 1.5 volts
(I F = 10 rnA)

Power Dissipation **150
VCEO 30
VCBO 70
VECO 7
Collector Current (Continuo us) 100

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

Capacitance
(V = O,f= 1 MHz)

INFRARED EMITTIN G DIODE

PHOTO-TRANSISTOR

DC Current Transfer Rat io (I F = lOrnA, VCE = 10V)

Saturat ion Voltage - Collector to Emitter (IF = lOrnA, Ic =O.5mA)
Isolation Resistance (Input to Output Voltage = 500Voc)
Input to Output Capacitance (Input to Output Voltage = O,f = IMHz)

Switching Speeds:
Rise/Fall Time (VCE = lOY, ICE = 2mA, RL = lOOn)
Rise/Fall Time (VCB = lOY, ICB = 50pA , RL = lOOn)

coupled electrical characterist ics (25 °C )

absolute maximum ratin gs: (25° C)

The General Elect ric HIIAI and HIIA2 are gallium arsenide
infrared emi tting diodes coupled with a silicon photo-transistor in
a dual in-line package.

individual electrical characteristics (25 °C)
INFRARED EMITTING DIODE TYP. MA X . UNITS
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SOUDSTATE

@D CO ELECTRONICS

INCH Mill iMETER
SYMBOL II'" A Y U IPoJ '-lAX I "","

A
;~ g l '~~F

8.38 8.8 9
B 1.62 .u 2
C .3 4 0 .6' 3
0 .0 1 6 0 2C ,4 0 6 SO B
E 200 5.08 •, .0 4 0 or c 1 0' 1.7 8
G 0 90 . I I C 2 2. 2.79

" .0 8 5 2.1G 5
J OO B .0 I 2 2 03 30 5
< .I 00 25 4 3
~ 15 " 15"
N .0 1 5 ,3 8 ' 3
p .3 7 5 9.53

• . 1 0 0 .I 85 2.5 4 4 t O
S .2 2 5 .2 80 5.7 1 7 . 12

TOTAL DEVICE

Storage Temperature ·55 to 150°C
Operating Temp erature ·55 to 100°C
Lead Soldering Time (at 260°C) 10 seconds
Surge Isolation Voltage (Input to Output).

H11A3 2500V(peak) 1nOV(RMS)
H11A4 1500 V(peak) 1060V(RMs)

Steady-State Isolation Voltage ( Input to Output).
H11A3 1500V(peak) 1060V(RMs)
H11A4 95 0V(peak) 660V(RMS)

volts

milliwatts
milliamps
ampere

milliwatt s
volts
volts
volts
milliamps

*100
60

3

Power Dissipation
Forward Current (Continuous)
Forward Curre nt (Peak)

(Pulse width lusec 300 P Ps)
Reverse Voltage 3

" Derate 1.33mW/oC above 25°C ambient.

Power Dissipation **150
VCEO 30
VCBO 70
VECO 7
Collector Current (Cont inuous) 100

**Derate 2.0mW/oC above 25°C ambient.

INFRARED EMITTING DIODE

PHOTO·TRANSISTOR

absolute maximum ratings: (25 °C)

The General Electric HI 1A3 and H11A4 are gallium arsenide,
infra red emitt ing diodes coupled with a silicon pho to -transistor in
a dua l in-line package .

Photon Coupled Isolator H11A3 , H11A4
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

t A J SEE..L- _ NOTE '

. =-~ T 3 'TII !\ JJ ~TOP VIE: ~
rio- B ~ '(

-1+ -1' 1-

--r~"TSEATING11- p
PLANE - - - NOTES

K ! !! - I I . There Ihall b. o.permol\en' indica'.ion of t. rm-
~ ,~ inal orientafion In Itl. QUOdro nt odJocent to

--' ~~ termina l I .
, G I . 2.lnstolled,position lead center. ,

10 3 Overa ll ,ns lolled d,meM lon
4 , The, e melJ "lur~,",.t" are ",a d<"1m", trI. 'W"!"­

in9 p10ne
5.Four p10ces

individual electrical characteristics (25 °C)

INFRARED EMITTING DIODE TYP. MAX. UNITS

Forward Voltage 1.1 1.5 volts
(I F = lOrnA)

Reverse Current - 10 microamps
(VR = 3V)

Capacitance 50 - picofarads
(V = O,f = 1MHz)

PHOTO·TRANSISTOR

Breakdown Voltage - V(BR)CEO
(Ic = l OrnA, IF = 0 )

Breakdown Volt age - V(BR)CBO
(Ic = 100J.lA, IF = 0)

Breakdown Voltage - V(BR)ECO
(I E = 100J.lA, IF = 0 )

Collector Dark Current - ICEO
(VCE = lOY, IF =0)

Capacitance
(VCE = 10V, f = 1MHz)

MIN. TYP. MAX. UNITS

30 volts

70 volts

7 volts

5 50 nanoamp s

2 pico farads

coupled electrical characteristics (25 °C)
MIN. TYP. MAX. UNITS

DC Current Transfer Ratio (I F = lOrnA, VCE = 10V) H11A3 20 %
H11A4 10 %

Satu ration Voltage - Collector to Emitter (I F = lOrnA, Ic = 0.5m A) 0 .1 0 .4 volts
Isolat ion Resistance (Input to Outpu t Voltage = 500VDd 100 gigaohms
Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) 2 picofarads
Switching Speeds: Rise/ Fall Time (VCE = 10V, ICE = 2mA, RL = l OOn) 2 microseconds

Rise/ Fall Time (VCB = 10V, ICB = 50J.lA, R L = l OOn ) 300 nanoseconds
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ECTRONICS
Photon Coupled Isolator HIIA5
Ga As Infra red Emitting Diode & NPN Silicon Photo-Transistor

The General Electric HIlA5 is a gallium arsenide , infrared emit­
ting diode coupled with a silicon photo-transistor in a dual in­
line package.

absolute maximum ratings: (25°C)

*100
60

3

volts

milliwatts
milliamps
ampere

Power Dissipation
Forward Current (Continuous)
Forwa rd Current (Peak)

(Pulse width lusec 300 P Ps)
Reverse Voltage 3

*Derate 1.33mW/oC above 25°C ambient.

INFRAR ED EMITTING DIODE

TOTAL DEVICE

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

PHOTO-TRANSISTOR

Power Dissipation
VCEO
VCBO
VECO
Collector Current (Continuous)

**150
30
70

7
100

milliwatts
volts
volts
volts
milliamps

Storage Temperature -55 to 150°C
Operating Temperature -55 to lOO°C
Lead Soldering Time (at 260°C) 10 seconds
Surge Isolation Voltage (Input to Output).

l500V(peak) 1060V(RMS)
Steady-State Isolation Voltage (Input to Output).

950V(peak) 660V(RMS)
10

ind ividual electrical characteristics (25 °C)

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO·TRANSISTO R M IN . T YP. MAX. UNITS

Forward Voltage 1.l 1.7 volts Breakdown Voltage - V(BR)CEO 30 - - volts
(I F = lOrnA) (Ic = lOrnA, IF = 0 )

Breakdown Voltage - V(BR)CBO 70 - - volts
(Ic = lOOJ,lA, IF = 0)

Reverse Current 10 microamps Breakdown Voltage - V(BR)ECO 7 - - volts
(VR = 3V) (I E = lOOJ,lA, IF = 0)

Collector Dark Current - ICEO - 5 100 nanoamps
(VCE = lOY, IF = 0)

Capacitance 50 pico farads Capacitance - 2 - picofarad s'
(V = O,f = lMHz) (VCE = 10V,f= lMHz)

coupled electrical characteristics (25°C)

DC Current Transfer Ratio (I F = lOrnA, VCE = lOY)
Saturation Voltage - Collector to Emitter (I F = l OrnA, Ic = 0.5mA)
Isolation Resistance (Input to Output Voltage = 500VDc)
Input to Output Capacitance (Input to Outpu t Voltage = O,f = IMHz)
Switching Speeds: Rise/Fall Time (VCE = 10V, ICE = 2mA, RL = l OOn)

Rise/Fall Time (VCB = lOY, ICB = 50J,lA, RL = lOOn )

142

MIN. TYP. MA X. UNITS

30 - - %
- 0.1 0.4 volts

100 - - gigaohms
- - 2 picofarads
- 2 - microseconds
- 300 - nanoseconds
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absolute maximum ratings: (25°C) (unless ot he rwise specified)

FEATURES:
• Programmable Threshold - "off' to "on" with a 2/1 change in input curre nt
• Glass Dielectric Isolation
• Fast Switching Speeds
• Operation over wide tem perature range
• High Noise Immun ity
• Covered under V.L. unponent Recognition Program, reference file E51868

Power Dissipation TA =25° C **300 milliwatts
Power Dissipation Te =25° C ***500 milliwatt s

(Te indicates collector lead temperat ure 1/32" from case)
VCEO 30 volts
Ve BO 70 volts
VEBO 7 volts
Collector Current (Conti nuous) 100 milliamps

I " ' N'N~~A'
MILLIMETER

Nn ..-SYMBOL " ....
A

;~gl '~ ~ F
8.3 8 • • 9

• 7.62 RU2
C .34 0 864 3
0 .01 6 .0 2 C .4 0 6 so •
E .ZO O ~ O ij 4
F .0 4 0

.? ~ ~
1.0 1 1, 7 tl

G 0 90 22 1:1 2 79
H .0 8 ~ 2.t 6 5
J 0 0 • .0 1 2 .2 0 3 .3 0 5. 100 2 5 4 3.. IS ' I S'
N .0 1 5 3.' 3
P .3 7 '!l 9 .53R. 1 0 0 .1 8 5 2.5 4 A'"
S .2 2 5 .2 80 5.7 1 7 . 12

NOTES
I . Tnere ~nQlI be Q permanen' indicotion of term ­

ina l /)"ie nlo tion in In. qYodron t odjacfllt to
te rminal I .

2 . Instal led pos i ti()l1 lead centetS
3.0 lteroll installed dimens ion
4 , These me"<:u' l!'ff'.,,,t, are ""'160"....,., ""e W"'I' ­

;"9 plane
5.Foul places

t A J SEE
~ _ NOTE'

RA T3 'T-r- L- I C ' TOP ViEw , SJJ4 6 ~
j"10- .--=:j .. r-

-H -- + 1-

-r~"TSEATING E..1.. p

PLA"E I t - I - I - I
~ I I----L

~ ~1:-0

*100 milliwatts
*100 milliwatts

50 milliamp s

3 ampere
6 volt s

TA =25° C
Te = 25° C

PHOTO-TRANSISTOR

INFRA RED EMITTING DIODE

Power Dissipation
Power Dissipation
Forwa rd Curren t (Continuous)
Forward Current (Peak)
(Pulse width I usee, 300 pps)

Reverse Voltage

*Deratc I. 33mW/oe above 2Soe

PHOTON COUPLED CURRENT THRESHOLD SWITCH HllAl0
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor
The General Elect ric HllAI0 is a gallium arsenide infrared emitting diode coupled with a
silicon pho to transistor in a dual in-line package. It is characterized and spec ified with
two resistors , one on th e input and one on the output. This configuration prov ides a
circu it which will detect a doubling of th e input current level by registering more than a
twenty to one difference in the output cur rent over a wide temperat ure range.

5

4

6
~- --

~~ ,...-+-......--'

I ~
30---}-- HIIAIO

L ....J

THRESHOLD SWITCH BIAS
CIRCUIT ILLUSTRATION

TOTAL DEV ICE

Storage Temperature -55 to 150°C
Operating Temperatu re -55 to 100°C
Lead Solde ring Time (at 260° C) 10 seconds
Inpu t to Output Isolatio n Voltage 1500V(peak)
Surge Isolatio n ( Input to Output)

1500V(peak) 1060V (RMS)
Steady-State Isolat ion Voltage (Input to Output)

950V(peak) 660V(RMS)

**Derate 4.0mW/oe above 2Soe
***Derate 6.7mW/oe above zsvc
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IHllAl0 I
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i
R2 2.7Mn Vout
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2.7M.n

FIGURE 1

r------, INPUT
o--J 1-()PULSE

V. -Fi\-63~PUT
CC -.Jl ----~~%

t i l I I
L...-_...... ---J on-t r- -t r-tof f

VOLTAGE WAVE FORMSTEST CIRCUIT

47fi

lin
)

1
Vin R1 rso r,

Note 1: Tests o f inpu t to o utput isol ation cu rrent res istance, an d capacitance are perfor med with the input term inals (d iode)
sho rted together an d t he output terminals (tr ansistor] shorted together

THRESHOLD CIRCUIT CHARACTERISTICS · BIAS PER FIGURE 1
(-55°C to 100° C Unless Otherwise Specified)

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

SYMBOL PARAMETER/CONDITIONS MIN. TYP. MAX. UNITS

lout Output Current (Vout=1OV, lin :5 SmA, TA =2S0C) I 50 nanoamperes

lout Output Current (Vout=IOV, lin :5 SmA, TA =100°e) I 50 microamperes

Iou}'! D.C. Current Transfer Ratio
lin (Vout=IOV, lin ::: lOrnA) 10 30 percent

Vout Output Saturation Voltage (lin=l OrnA, 10ut=0.SmA) 0.2 0.4 volts

Rio Input to Outpu t Resistance (Vio=SOOV) Note I 100 gigaohms

ton Turn-On Time (Vee = lOY, lin=20 mA, RL=IOOQ) 5 microseconds
Figure 2

tofT Turn-Off Time (Vee = 10V, lin=20mA, RL=IOOQ) 5 microseconds
Figure 2

-U INFRARED
EMITTING

SYMBOL MIN. MAX. UNITS PHOTO·TRANSISTOR SYMBOL MIN. TYP. MAX. UNITSDIODE

Forward Voltage VF 1.5 volts Breakdown Voltage V(BR)CEO 30 - - volts
(IF=IOmA) (le=lOmA, IF=O)

Reverse Current IR - 10 microamps Breakdown Voltage V(BR)CBO 70 - - volts
(VR=6V) (le= IOOJ..lA, 11"=0)

Capacitance CJ 100 picofarads Breakdown Voltage V(BR)EBO 7 - - volts
(V=O, f=1 MHz) (lE=IOOJ..lA,IF=O)

FIGU RE 2
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TYPICAL CHARACTERISTICS
BIASED PER FIGURE 1
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IH11A10 I

AC POWER
LINE

HEATER150K

When remote line current (I LINE) falls below
the programmed threshold value the LED
turns on , indicating loss of power to critical,
isolated circuit function. Phase inversion, ac­
complished by rep lacing the D38Ll with a
D34C I PNP and interchanging the collec tor and
emitter connections, provides an over-current
alarm light.

THERMISTOR

6V

.....-- --0

CI06B

AC POWER
LINE

150 K

DILUTION SOLENOID

)

THRESHOLD COUPLER APPLICATIONS

LINE CURREN T MONITORS
LINE DROPOUT ALARM LIGHT

LINE A
I HII AIO I

I
INHIBIT A,

I IPROCESSOR USE B JLlNE B PROCESSOR
A HIIAIO B

INHIBIT B.
I I

USE C I U NE C

I HIIAIO I

INHIBIT C,

II USE A

I LINE

147

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 cons iderations or to prevent ground loops and provide noise
immunity. Unt il the advent of the HIIAIO such systems were complex and costly. Using the HII AIO
allows the use of simple low power circuits such as illustrated here to provide these functions. In
batt ery operated systems, the low current thresholds of the HII A10 can considerably enhance
batt ery life .

HIIAIO

CONDUCTIVITY
PROBE

INFORMATION FLOW DIRECTOR

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

+5V

3V
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NOTES
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TOTAL DEVICE

volts

milliwatts
milliamps
amperes

6

*100
60

3

Power Dissipation - TA = 25° C
Forward Current (Cont inuous)
Forward Current (Peak)

(Pulse width 1 usee, 300 pps)
Reverse Voltage

*Derate 1.33mW/oc above 25°C.

INFRARED EMITTI NG DIODE

FEATU RES:

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

struction.
• High efficiency liquid epitaxial IRED.
• High humidiy resistant silicone encapsulation .
• Fast switching speeds.

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

The General Electric HIIA520, HIIA550 and HIIA5100 con­
sist of a gallium arsenide, infrared emitting diod e coupled with
a silicon photo-t ransisto r in a dual in-line package.

absolute maximum ratings: (25°C) (unless othe rwise specified)

Photon Coupled Isolator HllA520-HllA550 -HllA5100

t AJ SEEl....- . NOTE '

· ~~ T 3 ' TT---:/L !I \ C ITORV' E: -l
roll- -l ,,'r

J B----.::j

PHOTO-TRANSISTO R

Power Dissipation - TA = 25 °C **300
VCEO 30
VCBO 70
VEBO 7
Collector Current (Continuous) 100

**Derat e 4.0mW/oC above 25°C.

milliwatts
volt s
volts
volts
milliamps

Storage Temperature -55 to 150°C.
Operating Temperature -55 to 100 °C.
Lead Soldering Time (at 260°C) 10 seconds.
Surge Isolation Volt age (Input to Output). See Note 2.

5656V(peak) 4000V(RMS)
Steady-State Isolation Volt age (Input to Output).

See Note 2.
5000V(DC) 3000V(RMS)

PHOTO-T RANSISTO R MIN. TY P. MA X. UNI TS

Breakdown Voltage - V(BR)CEO 30 - - volts
(lc = lOrnA, IF = 0 )

Breakdow n Voltage - V(BR)CBO 70 - - volts
(Ic = IOOpA, IF = 0 )

Breakdown Voltage - V(BR)EBO 7 - - volts
(I E = 100pA, IF = 0 )

Collector Dark Current - ICEO - 5 50 nano-
(VCE = 10V, IF = 0 ) amps

Collector Dark Curr en t - ICEO - - 500 micro-
(VCE = 10V, IF = 0 ) amps
TA = 100°C

Capacitance - CCE - 2 - pico -
(VCE = 10V, f = IMHz) farads

MIN. MAX. UNITS

.8 1.5 volts

.9 1.7 volts

.7 1.4 volts

10 microamps

100 picofarads

Forward Voltage - VF
(IF = lOrnA)

Forwa rd Voltage - VF
(I F = lOrnA)
TA = _55°C

Forward Voltage - VF
(I F = lOrnA)
TA = +lOO°C

Reverse Current - IR
(VR = 6V)

Capacitan ce - C)
(V = O,f= 1MHz)

ind ivid ual electrical characteristics (25°C) (unless otherwise specified)

INFR ARED EMITT ING DIODE
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FIGURE 1: Adjust Amplitude of Input Pu lse fo r Ou tput (Ie) of 2mA

r-I ,INPUT
o--J L---o PULS E

INP UT

)I-- -"1""""0 UTPUT

TES T CIRCUIT

Vee

MIN . TYP . MAX. UNITS

DC Current Transfer Ratio (I F = lOrnA, Ve E = lOV) HIIA5100 100 - - %
HIIA550 50 - - %
HIIA520 20 - - %

Satu ration Voltage - Collector to Emitter (IF = 20mA , Ie = 2mA) - - 0 .4 volts
Isolation Resistance (Input to Output Voltage = 500VDe. See Note I) 100 - - gigaohms
Input to Output Capacitance (Input to Output Voltage = O,f = I MHz. See Note I) - - 2.0 picofarads
Turn -On Time - ton (Vee = lOV, Ie = 2mA, RL = lOOn). (See Figure I) - 5 10 microseconds
Turn-Off Time - toff (Vee = lOV, Ie =2mA, RL = lOOn). (See Figure I) - 5 10 microseconds

IH11A520 - H11A550 - H11A51001
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coupled electrical characteristics (25 "C) (unless otherwise specified)

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:
Su rge Isolat ion Voltage
a. Def inition:

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, a minimum of 100 times during its useful life. Ratings shall apply over entire device operating
temperature range.

b. Specification Format:
Specification, in term s of peak and /or RMS, 60 Hz voltage, of specified dur ation (e.g., S6S6Vpeak /4000VRMS for one second).

c. Test Conditions:
Applicatio n of full rated 60 Hz sinusoidal voltage for one second, with initial application restricted to zero voltage (i.e., zero phase),
from a supp ly capable of sourcing SmA at rated voltage.

Steady-State Isolation Vol tage

a. Def inition:
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. and/or 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
supp ly capable of sourcing SmA at rated voltage, for the duration of the test.
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SOLID STATE

@D co ELECTRONICS

-1 + -H-
-rm" TSEATING E-L p

PLA"E I f - I - I - I
K N I -----l-

-L:- I

--i ~l:o

SYMBO I , ,,,I NC~AX ~;l IM E~i: "or"
A

;6 gl~~ f 8.38 8.89
8 7.62 RE F 2
C . 34 0 8,64 3
0 .0 1 6 .0 2 .4 0 6 soe
E 20 0 ~.O8 •F .0 4 0 OH 1.01 1. 7 tJ
G .0 9 0 . i r c 2,2 8 2.79
H .0 8 s 2.16 ~

J .0 0 8 .0 I 2 .2 0 3 .30 5

• .10 0 2.5 4 3
M 15" I ~.

" .0 15 .3 8 1 3
P .3 7 5 9 .53
R . 1 0 0 .1 8 5 2.5 4 ..4 7 0
5 . 2 2 5 .2 80 5 .7 1 7 . 12

NOTES
I . Thefe eeeu btl a perm onent indiection of le rm •

lno l cr ienlation in l!'IeQI.IOdronl odjO«nt 10
' tlf'm in a l l .

Z.ll\etolled POsihotlleod centers
3.0veroll i l'lSlalled dimefl$ion
4 Theu me""\l rert'~,.t" ore "' ''~ ' '''''' Ihe "...,. ­

;"0 plane
5 , Four place s ,

IN FRA RED EMITTING DIODE

Power Dissipation TA =25°C *I00 milliwatts
Power Dissipation Tc =25°C' *100 milliwatts

(Te indicates collector lead temperature 1/32" from case)
Forward Current (Cont inuous) 60 milliamps
Forward Current (Peak) 3 ampere

(Pulse width Iuse c 300 pps)
Reverse Volt age 6 volts

PHOTO·TRANSISTOR

Power Dissipation TA =25°C **300 milliwatts
Power Dissipation Te = 25°C ***500 milliwatts

(Te indicates collector lead temperature 1/32" from case)
Ve EO IS volts
VC BO IS volts
VECO 5.5 volts
Collector Current (Continuo us) 50 milliamps

*Derate 2.2mW/oC above 25°C.

absol ute maxi mum rati ngs: (25 °C) (unless ot herwise specified)

Photon Coupled Isolator H74A1
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

TTL Interface
The General Electric H74AI provides logic to logic opt ical interfacing of TTL gates
with guaranteed level compatibility in practical specified circuits. The H74AI is a
transist or output photo-coupled isolator specifically designed to eliminate ground
loop cross talk and reflection proble ms when two distinct logic systems are coupled .
It is guaranteed to couple 7400, 74HOO and 74S00 logic gates over the full TTL
temp erature and voltage ranges.

**Dera te 6.7 mW/ oC above 25°C.
*** Derate 11.1mW/o 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 Isolat ion Voltage (Input to Output)

1500V(peak) 1060V(RMs)
Steady-Stat e Isolation Voltage (Input to Output)

950V(peak) 660V(RMS)
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Vout

V Max.
V Min.
usee. Typ.
usee. Typ.
gigaohms Min.
pF Max.

t lin ­
Vln

Vee

Figure 2.

...---_----oVCC2

RECEIVING
GATE
SEE TABLE 1:

153

I H74A1

VCCI 0-----.....----,

TRA NSWITTING
GATE

SEE TABLE r

TABLE I.

CHARACTERISTICS REQUIRED OF TTL GATES WHICH ARE
TO BE INTERFACED BY H74A1

TEST CONDITIONS. FIGURE 2 LIMITS

PARAMETER Vee liN ISI N K Min. Max. Units
Min. Max. Min. Max. Min. Max.

VOUT (1) 4.5V -Q.4mA 2.4 Volts

VOUT (0) 4.5V 12.0mA 0.4 Volts

VIN (1) 5.5V l.OmA 2.0 Volts

VIN (0) 5.5V -l.6mA 0.8 Volts

Yin (0), Receiving Gate For VOUT(O) from Transmitting Gate - .. . . . . . . . . . . . . . . . . . . . . . . 0.8
Yin (1), Receiving Gate for VOUT(l) from Transmitting Gate - . . . . . . . . . . . . . . . . . . . . . . . .. 2.4
tp (0), Transmitting Gate to Receiving Gate Propagation Time - . . . . . . . . . . . . . . . . . . . . . .. 20
tp (1), Transmitting Gate to Receiving Gate Propagation Time - . . . . . . . . . . . . . . . . . . . . . . . 4
Isolation Resistance (Input to Output == 500Vnc l 100
Input to Output Capacitance (Input to Output Voltage == 0, f == 1 MHz) . . . . . . . . . . . . . . . . . . . 2.5

Figure 1. H74A1 BIAS CIRCUIT

Electrical Characteristics of H74AI *
*All specifications refer to the following bias configuration (Figure I) over the full operating temperature (O°C to 70°C) and
logic supply voltage range (4.5 to 5.5VDC) unless otherwise noted.
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sou0 STATE

@D CO ELECTRONICS
AC INPUT PHOTON COUPLED ISOLATOR H11AA1-H11AA2
Ga As Infrared Emitting Diodes & NPN Silicon Photo-Transistor
The General Electric Hl l AAI and Hl l AA2 consist of two gallium arsenide infrared emit­
ting diodes connected in inverse parallel and coupled with a silicon photo-transistor in
a dual in-line package.

FEATURES:
• AC or polar ity insensitive inputs
• Fast switching speeds
• Built-in reverse polarity input protection
• High isolation voltage
• High isolation resistance
• I/O compatible with integrated circuits

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

SYMBOL ' "" lP.} NC~A V ~~ IME~;~ I NO T -
A

~; ~ gl '~ i F 8.38 889
B 7.62 RU 2
C .3 4 0 8 .6 4 3
0 .0 1 6

~6 ~
.4 0 6 SO B

E 5.06 4
F .0 4 0 0 7 0 1.0 1 1. 7 6
G 0 90 . 1 10 2.28 2.79
H .0 8 5 2.16 5
J .0 0 8 .0 I 2 20 3 .30 5
K .10 0 2.54 3
M I S · I S·
N .0 15 38 . 3
P .3 7 5 9 .53
R . 1 0 0 .1 8 5 2.5 4 . 7 0
5 .2 2 5 .2 8 0 5.71 7 . 12

TNO E5
I . T~r. Shall be opermo roent indication 0' ter m ­

ino l orientatio n in t". Quadran' od}acent '0
term ina l I .

2.1 llltoUed position lead centers
3. Overal l i nstall ed dimens ion
4 . These mel]'1Ureffl"fll.. ore Iflod" ' rnffl ' he Sl' I'l' ­

;"0 plone
5.Four pla ce, .

INFRARED EMITTING DIODE

Power Dissipation TA =25° C *100 rnilliwatts
Power Dissipat ion Tc = 25°C *100 milliwatts

(TC indicates collector lead temperature 1/3 2" from case)
Input Current (RMS) 60 milliamps
Input Current (Peak) ± 1 ampere

(Pulse width lusec, 300 pps)

*Derate 1.33mW/oC above 25° C

PHOTO·TRANSISTOR

Power Dissipation TA =25° C **300 milliwatts
Power Dissipation Tc = 25° C ***500 milliwatts

(TC indicates collector lead temperature 1/3 2" from case)
VCEO 30 volts
VCBO 70 volts
VEBO 5 volts
Collector Current (Continuous) 100 milliamps

**Derate 4.0mW/oC above 25°C
***Derate 6.7mW/oC above 25°C

TOTAL DEV ICE

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)

I5 00V(peak) 1060V(RMS)
Steady-State Isolation Voltage (Inp ut to Output)

950V(peak) 660V(RMS)
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Note 1: Test s o f input to output iso latio n current resistance, and capacitance are perf or med with th e input terminals (dio de)
shorted together and the output terminals (transistor) shorted together

IH11AA1, H11AA21
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Note 2: The H11 AA1 specif icati on guarantees the maximum
peak output current will be no more tha n three
times th e minimum peak o utput current at
IF = 10 mA

155

'ICEOIOUTPUT WAVE FORM (SEE NOTE 2 )

AT VCE '5V

I F INPUT WAVE FORM

I r\ I 1\
1/ \ / \

I 1\ »:<, I 1\ /" <,

I \ 1/ \ I \ V \

) \ J '" ) \ J '"
v <, V <,

/ \ 1/ \
1\ / \ /

-, ./ I'\.. ./

IC MIN~~~~

OUT PUT

coupled electrical characteristics (25°C) (unless ot herwise specified)

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

Ie MAX~~~~
OUTPUT

c• INFRARED EMITTING SYMBOL MAX UNITS PHOTO·TRANSISTO R SYMBOL MIN. MAX. UNITSDIODE

Input Voltage VF Breakdown Voltage V(BR)CEO 30 volt s
(I F = ±10 rnA) (Ic = lOrnA, IF = 0)

HIIAAI 1.5 volts
HIIAA2 1.8 volts Breakdown Voltage V(BR)CBO 70 volt s

(Ic = 100~A, IF = 0)

Capacitance CJ 100 picofarads Breakdown Voltage V(BR)EBO 5 volts
(V = 0, F = 1 MHz) (IE = 100~A, IF = 0)

Collector Dark Current ICEO
(VCE = lOY, IF = 0)

HIIAAI 100 nanoamps
HllAA2 200 nanoamps

MIN. MAX. UNITS

Curr ent Transfer Rat io (VCE = 10V, IF = ± lOrnA)

HIIAAI 20 percent

HII AA2 10 percent

Saturation Voltage - Collector to Emitter (ICEQ=0.5mA, IF= ±l OmA) 0.4 volts
Current Tr ansfer Ratio Symmetry : ICEO(VCE=lOV ,IF=lOmA)

Note 2
ICEQ(VCE=lOV ,IF=-lOmA)

a HIIAAI 0.33 3.0

Isolati on Resistance (Input to Output Voltage = 500VDC . See Note 1) 100 gigaohms
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IH.11AA1, H11AA21

In many computer controlled systems where
AC power is controlled, load dropout due to
filament burnout, fusing, etc. or the opposite
situat ion - 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.

Interruption of the 120 VAC power line
turns off the Hll AA, 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.

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 H11AA is turned on indicating the presence
of a ring signal in the isolated telecommuni­
cations system.

LED
ALARM
LIGHT

157
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MIN. TYP. MA X. UNI TS

H11BI 500 %
HIIB2 200 %
HIIB3 100 %

0. 7 1.0 volts
100 gigaohms

2 picofarads
On-Time 125 microseconds
Off-Time 100 mic roseconds

Storage Tempe rature -55 to 150°C
Operating Temperature -55 to 100°C
Lead Soldering Time (at 260°C) 10 seconds
Surge Isolat ion Volt age (Input to Output).

HIIB I 2500V(peak) I770V(RMS)
HIIB2, B3 1500V(peak) 1060V (RMs)

Steady-State Isolation Volt age (Input to Output).
HIIBI 1500V(peak) 1060V(RMs)
HII B2, B3 950V(peak) 660V(RMS)

TOTAL DEVICE

PHOTO-DAR LI NGTON MIN. TYP. MAX. UNI TS

Breakdown Voltage - V(BR)CEO 25 - - volts
(Ic = lOrnA, IF = 0 )

Breakd own Voltage - V(BR)CBO 30 - - volts
(Ic = 1001lA, IF = 0 )

Breakdown Voltage - V(BR)ECO 7 - - volts
(IE = 1001lA, IF = 0 )

Collector Dark Curren t - ICEO - 5 100 nanoa mps
(VCE = IOV, IF = 0 )

Capacitance - 6 - picofarads
(VCE = 10V ,f= IMHz)

milliwatt s
milliamps
ampe re

volts

milliwatts
volts
volts
volts
milliamps

picofarads

3

*100
60

3

**150
25
30

7
100

50

SOUDSTATE
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Power Dissipation
Forward Current (Cont inuous)
Forward Current (Peak)

(Pulse width I usee 300 P Ps)
Reverse Voltage

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

Power Dissipation
VCEO
VCBO
VECO
Collector Current (Continuous)

*Qerate 1.33mW/ oC above 25°C ambient.

INFRARED EMITTING DIODE

PHOTO-DAR LI NGTON

INFRARED EMITT ING DIODE TYP. MAX. UNITS

Forward Voltage
H11B I , B2 (I F = l OrnA) 1.1 1.5 volts
HIIB3 (I F = 50mA) 1.1 1.5 volts

Reverse Current
(VR=3V) 10 microamps

DC Current Transfer Ratio (I F = ImA, VCE = 5V)

Capacitance
(V = O,f = IMHz )

Saturation Voltage - Collecto r to Emitter (IF = ImA, Ic = ImA)
Isolation Resistance (Input to Output Voltage = 500VDc)
Input to Output Capa citance (Input to Output Voltage = O,f = IMHz)
Switching Speeds : (VCE = 10V , Ic = l OrnA, RL = lOOn)

~ah~~~r~re~~~~~~~!~~p~t~~o~~~t~~:r~~t~nB~~I~!1B3 ~
The .Gene.ral Electric. H. 11 B.I , H11B2 and H. II B3. .are gallium I t A J N6H1 'S'-MAB-OL-r-, WINC;:;;H-A o.;;~L'""",lI;;;ME""T~O~.-,

...1....-- 3 3 0 .3 5 8 .38 8 B9

arsenide , infrared emitting diodes coupled With a silicon pho to - RA T-3 1 T ~ 30 0 .~ ~ 6 7 62 B ~~ F

darlington amplifier in a dual in-line package. L' I C ITOPVIEW} S °FE .0 16 ~~ 0 4 06 ,~~ B

JJ 4 6
I G .0 4 0 .0 7 0 1,0 1 1. 7t;-*- .0 9 0 .1 I 22 t; 2 79

absolute maximum ratings: (25°C) .;-'10- B---=:lM~ ~ ~ gg g~ ~ 2;~32 ~~,
-11"1}- -I F I- ~ .o 15 15- .3 8 1 1 5- 3

T~'IT : .100 :7~; 2 .5 4 9:~; t,)
I:nr-~ll : ' ~" I..L P S . .225 .2 B05.1I 7 .12PLA" t - I - I - I NOTES

2 I 5 ~ I I-----L I . ~~~r~i~~~~t~:nOi~~:~=t~~~C:;~~~~ft ~e;m .
I I ..., G I~ l erminal I .

3o-l- 4 -41-0~: ~nv:~~I~di::~~::~ ~:d~::I.
L .1 4 . These me '1"'lIren>l""t" o-e "'''d.fm", '''e """-

in9 plane.
S. Four placet.

coup led electrical characteristics (25°C)

individual electrical characterist ics (25 °C)
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@D co ELECTRONICS
Photon Coupled Isolator H11B255
Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier

absolute maximum ratings: (25°C)
INFRARED EMITTING DIODES

The General Electric H11B255 consists of a gallium
arsenide infrared emitting diode coupled with a silicon
photo-darlington amplifier in a dual in-line package.

milliwatt s
milliamps
ampere

*90
60

3

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width lusec. 300 P Ps)
Reverse Voltage 3 volts

*Derate 1.2mW/oC above 2SoC ambient.

TOTAL DEVICE

PHOTO-DAR L1NGTON

Power Dissipation **2 10 milliwatts
VCEO 55 volts
VCBO 55 volts
VEBO 8 volts
Collector Current (Continuous) 100 milliamps

**Derate 2.8mW/oC above 2SoC ambient .

Storage Temperature -55 to 150°C
Operating Temperatur e -55 to 100°C
Lead Solde ring Time (at 260°C) 10 seconds.
Surge Isolat ion Voltage (Input to Outpu t).

1500V(peak) 1060V(RMs)
Steady-State Isolation Voltage (Input to Outp ut).

950V(peak) 660V(RMS)

individual electrical characteristics (25°C)
INFRARED EMITTING TYP. MAX. UNITSDIODE

Forward Voltage 1.1 1.5 volts
(IF = 20mA)

Reverse Current - 10 microamps
(V R = 3V)

Capacitance 50 - picofarads
(V = O,f = 1 MHz)

PHOTO-DAR LI NGTON MIN. TYP . MAX. UNITS

Breakdown Voltage - V(BR)CEO 55 volts
(Ic = 100/-lA, IF = 0 )

Breakdown Voltage - V(BR)CBO 55 volts
(Ic = 100/-lA, IF = 0 )

Breakdown Voltage - V(BR)EBO 8 volts
(IE = 100/-lA, IF = 0 )

Collector Dark Current - ICEO 100 nano amps
(VCE = lOY, IF = 0 )

Capacitance 2 picofarads
(VeE = 10V,f= 1 MHz)

coupled electrical characteristics (25°C)

DC Current Transfer Ratio (IF = l OrnA, VCE = 5V)
Saturation Voltage - Collector to Emitter (IF = SOmA, Ic = SOmA)
Isolation Resistance (Input to Output Voltage = 500Voc)
Input to Output Capacitance (Input to Output Voltage = O,f = 1 MHz)
Switching Speeds : On-Time - (VCE = l OY, Ic = lOrnA, RL = lOOn)

Off-Time - (VCE = lOY, Ic = lOrnA, RL = l OOn)

MIN. TYP. MAX. UNITS

100 %
1.0 volts

100 gigaohms
2 picofarads

125 micro second s
100 micro seconds

160
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coupled electrical characteristics (25°C)

I M I NI NC~A ~~ l I METE~ Nn , .SYMBOL It MAl(
A

;~g' ~ i ,
8 .39 8& 9

a 7.62 REF 2
C .3 4 0 8.64 ,
0 .01 6 .0 2 4 0 . 50.
E 2 0 0 5,0 8 4, .0 4 0 .0 7 0 I. O J 1 . 7 ~

G .0 9 0 . 1 10 22 8 2 .19

" .0 8 5 2.16 5
J .0 0 8 .0 I 2 .2 0 3 .30 5
K .10 0 2 5 4 ,.. 15 ' 15"
N .0 1 5 ,. I ,
p .31 5 9 .53
R . 1 0 0 .18 5 2.54 .4 7 1)
5 .2 2 5 .2 90 5.7 1 7 .1 2

MIN. TYP. MAX. UNITS

200 %
1.0 Volts

100 gigaohms
2 picofarads

3 milliseconds

Storage Temperature -55 to 150°C
Operat ing Temperature -55 to 100° C
Lead Soldering Time (at 260°C) 10 Seconds
Surge Isolation Voltage (Input to Output).

2500V(peak) 1700V(RMS)
Steady-State Isolation Volt age (In put to Outpu t)

1500V(peak) 1060V(RMS)

TOTAL DEVICE

PHOTO-DAR LI NGTON MIN. TYP. MAX. UNITS

Breakdown Voltage - V(BR)CEO 25 - - volts
(Ic = l OrnA, IF = 0 )

Breakdown Voltage - V(BR)CBO 30 - - volts
(Ic = 100p.A, IF = 0 )

Breakdown Voltage - V(BR)EBO 7 - - volts
(IE = 100p.A, IF = 0 )

Collector Dark Curren t - ICEO
(VCE = 12V, RBE = 7.5 M n , micro-
TA = 50°C) - - 10 amps

Capacitance
Collector-Emitter - CCE pico-
(VCE = 1OV,f = 1 MHz) - 6 - farads

picofarads

10 microamps

50

1.0 1.15 volts

SOUOSDOC

@D ©ELECTRONICS

Power Dissipat ion **150 milliwatts
VCEO 25 volts
VCBO 30 volts
VEBO 7 volts
Collector Current (Continuous) 100 milliamp s

" Derate 2.0mWjOCabove 2SoC ambient.

Reverse Current
(VR=3V)

Forward Voltage
(IF = 0.5mA)

PHOTO-TRANSISTOR

Capacitance
(V =O,f =1MHz)

DC Current Transfer Ratio (IF = 0.5mA, VCE = 6V, RBE = 7.5Mn) -25°C " +50°C
Saturation Voltage - Collector-Emitt er (IF =SmA, Ic =2mA, RBE =7.5 Mn )
Isolation Resistan ce (In put to Output Voltage = 500VDc)
Input to Output Capacitance (Input to Output Voltage =O,f = I MHz)
Switching Speeds : (IF = SmA, See Figure 1) tpr

Photon Coupled Isolator H11BX522 ~
Ga As Solid State Lamp & NPN Silicon Photo-Darlington Amplifier I ~ If.\~~
The General Electric H11BX522 is a gallium arsenide, infrared .L- t AJ Ngf~ ,
~mitting ~io~e coupled with a silicon photo-darlington amplifier R =lQ T ' 3 ' T
in a dual moline package. ~/L !I\ C ITapV IEw,

;4~ .--=:j..r- JJ 4 . -l
absolute maximum ratings: (25°C) r---- ' -H- -1+

IN~::~~si::'i::'NG DIODE '100 milll",", ::prn:r:~::ill=WI "fl~. _ •.o,.,m,","' ;"" ;''';," OI" ,m .

3o-L-~ 4 .., GI~ ;~:~~':,':"'o, '" th . 0""' "'' 0',,,,", '0
Forward Current (Continuous) 60 milliamps L .1 -11-0 ~~:~~~~d;::~~:~ ~~':::':.
Forward Current (Peak) 3 amperes 4 T' ", m.." ........." ... ~"." .~~ to . ..... •

ino JMone

(Pulse width 1 p.sec 300 P Ps) 5'''' 010''.
Reverse Voltage 3 Volts

*Derate 1.33mW/o above 2SoC amb ient.

individual electrical characteristics (25°C)
INFRARED EMITTING DIODE TYP. MAX. UNITS
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sou0 STATE

@ co ELECTRONICS
Photon Coupled Isolator H11 C1 ,H11 C2 , H11 C3
Ga As Infrared Emitting Diode & Light Activated SCR

The General Electric HII CI, Hli C2 and Hll C3 are gallium
arsenide , infrared emitting diodes coupled with light activated sil­
icon controlled rectifiers in a dual in-line package.

absolute maximum rati nqs: (25°C)

*100
60

3

INCH Mill iMETER
S'f'MBOL X I MAX

15·
.3 8 1

15·

A .3 3 0 .3 5 8.3 8 8 8 9
8 .30 0 R EF.7.6 2 REF'
C .34 0 8.604
o .0 1 6 .0 2 .4 0 6 .5 0 B
E 2 0 0 ~.0 8

F' .0 4 0 0 7 1.0 1 1. 7 B
G 0 9 0 .1 I 2.28 2.79
H .0 8 5 2.16
J .0 0 8 .0 1 2 .2 0 3 .30 5
I( .10 0 2.5 4
M
~ .0 15
p .3 7 5 9 .53
R . 10 0 ,1 8 5 2.5 4 .• 7 0
5 .2 2 5 .2 8 0 5. 7 1 7 .12

NOTES
I . There seen be 0 permonent indication of term '

inaI or ienlation-in Ihe quadrant odtoeent 10
ter mi nal l .

2 . Installed pos itio" lead cenler• .
3. Overall installed dimens ion
4 , r nese me"'l.ure"'~lIt' ore ""od~ f,,,,... ''' e W'Y' .

;"g p10ne
5 ,Four places .

TOTA L DEVICE

milliwatts
milliamps
ampere

volts

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width I psec 300 P Ps)
Reverse Voltage 6

*Derate 1.33 mW{OC above .25°C ambient.

INFRAR ED EMITTING DIODE

. PHOTO-SCR

Peak Forward Voltage 200
RMS Forward Current 300
Forward Current (Peak) 10

(100psec 1% duty cycle)
Surge Current (lOrn sec) 5
Reverse Gate Voltage. 6
Power Dissipation (25°C Ambient) ** 400
Power Dissipation (25°C Case) ***1000

**Derate 5.3mW/oC above 25°C ambient.
***Derate 13.3mW{OC above 25°C case.

volts
milliamps
amperes

amperes
volts
milliwatts
milliwatts

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).

Hll CI 2500V(peak) I 770V(RMS)
Hll C2 2100V(peak) 1500V(RMS)
HIIC3 2100V(peak) 1500V(RMS)

Steady-State Isolation Voltage (Input to Output).
HllCI 1500V(peak) 1060V(RMS)
Hll C2 I260V(peak) 890V(RMS)
HII C3 1260V(peak) 890V(RMS)

INFRARE D EMITTING DIODE TYP. MAX.

50 picofarads

Forward Voltage
(IF = lOrnA)

Reverse Current IR
(V R =3V)

Capacitance CJ

(V = O,f = IMHz)

1.2

UNITS

1.5 volts

10 microamps

PHOTO-SCR MIN. TYP. MAX. UNITS

Peak Off-State Voltage - VOM 200 - - volts
(RG K = 10Kfl, 100°C)

Peak Reverse Voltage - VRM 200 - - volts
(RG K = 10Kfl, 100°C)

On-State Voltage - VTM - 1.1 1.3 volts
(ITM = .3 amp)

Off-State Current - 10M - - 50 microamps
(V OM = 200V, TA = 100°C)

Reverse Current - IRM - - 50 microamps
(V RM = 200V, TA = 100°C)

Capacitance (Anode-Gate) - 20 - picofarads
V=OV,f= IMHz(Gate-Cathode) - 350 - picofarads

coupled electrical ch aracteristics (25°C)

Input Current to Trigger (VA K = 50V , RG K = 10Kfl)

Input Current to Trigger (VA K = lOOV, RG K = 27Kfl)

Isolation Resistance (Input to Output Voltage = 500VoC>
Input to Output Capacitance (Input to Output Voltage = O,f = IMHz)
Coupled dV/dt , Input to Output (See Figure 13)

MIN. TYP. MAX. UN ITS

HllCl , C2 20 milliamps
HIIC3 30 milliamps
HIICI, C2 II milliamps
HIIC3 14 milliamps

100 gigaohms
2 picofarads

500 volts/usee

164



100 12020 40 60 BO
TA - AMBIENT TEMPERATURE· -C

IH11C1, H11C2, H11C3 I

4 6 8 10 20 40 60 100 200 400 1000
PULSE WIDTH- WteROSECONDS

NORMALIZED TO
VAK - 50 V
RGK - 10 K

0
T - ZS"C,

"
r--,,- RGK · 300 J1.

• .......• "- IK

•
"

2
<,

~ ---'"'- 10K
L
8 <, ..........• ~ 21K

• - -'~
2

J

FIGURE 6. INPUT CHARACTERISTICS
If VS VF

'00

FIGURE 4. INPUT CURRENT TO TRIGGER
VS PULSE WIDTH

- 60 -40 -20

2

0

8 = ~ RGK " 3 DQ J'\,

•
• ' K

2

10K I,
.8

..
21K..
5. K

.2
NORMALIZED TO

VAK - 50 V
RGK ·IOK

J
T. -25 "C

165

100908030 40 30 60 70

I. -'NPUT CURRENT - MILLIAMPERES

TYPICAL CHARACTERISTICS

!5 10 50 100 200
VAK - ANOOE TO CATHODE VOt.TAGIE~YOLTS

FIGURE 2. INPUT CURRENT TO TRIGGER
VS TEMPERATURE

20

· 40 20 0 20 40 60 80 100
fA - AMBIENT TEMPERATURE--c

•

•

;~~'"
NORMALIZEDTO

\lAK - 50Y'

RGK-tOK

TA - 25 -<;

~ 10TH PERCENTILE --=
I

2

1 -

NORMALIZED TO

VAK · ~OV

RGK - 10K

T. ' 25' C

0 R
GK

- 3001\

5
IK r--

0
'OK

.5 27K

, . K

J

10

10

FIGURE 1. INPUT CURRENT TO TRIGGER
VS ANODE-CATHODE VOLTAGE

FIGURE 3. INPUT CURRENT TO TRIGGER
DISTRIBUTION VS TEMPERATURE

FIGURE 5. TURN ON TIME VS INPUT CURRENT

\
\ Vu: · !SOVOllS

ton· td + tr
" =-01 p.aec

1\ "GK " K \.
.\.. -,
~r-... <,
~~K -- -

"K -= - --- -
2

22

i:
~ I.
II

! "
! 12

~ 10

-' .



100

1.0

4.0

10 20 40

O.B

1.0 20 3.0

v T-ON -STATE VOLTAGE - VOLTS

FIGURE 12. ON-STATE
CHARACTE RISTICS

0 .2 0 .4 0 .0
ON STATE CURRENT - AMPERES

o

2

J~
I

.1 tt..
J

.4

rJ
2 1

.1
I

• ~ JUNCTI ON TEMPERATURE :IZ~·C
4

I I I I I I 1 1 1
~ JUNCTIO N TEMPER ATURE·,oo-C

2

I

... ~ - INCREAS ES TO FORWARD
'I- BR[ AKo v ER VOLTAGE

~,
o \~,

\\' .....,
\\ \'\
\\\ r--.
1\\ \ .....,
\\ \ "~ ..ANOOE LEAD TEIIP

DC CURRENT

AIlBIENTTEIIP~.-A \ \ "HALf-SINE WAVE -\ ,
AVG

\ \. \ "-.
AIlB TEIIP I ANODE LEAD TEIIP

OCCURRENT 112 SINE WAVE AVERAGE

.,...
~
"..I 0
I- .0
Z
~ .0
0:a .0

~
;!
'? .0
z
o
~ 0.0

M

10

9

FIGURE 10. ON STATE CURRENT
VS MAXIMUM ALLOWABLE TEMPERATURE

eo
~
I

~ 10
::>
:;
~ 60..
:I...
1- 50...
~! 40
..J
..J..
:1 30

i
>(

~ 20

FIGURE 8. MAXIMUM TRANSIENT THERMAL
IMPEDANCE

166

100

100

100

BO' 040
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vp = 800 Volts

tp =.010 Seconds

f = 25 Hertz

TA =250C

470 .1\.tVJj--!'!!~ - -,
" COIL" I :: IL • __I

56K
4-----4-f:)j--~

EXPONENTIAL
RAMP GEN.

FIGUR E 13
COUPLED dV/dt - TEST CIRCUIT
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TYPICAL APPLICATIONS
IHllCl, HllC2, HllC31

Use of the high voltage PNP portion of the HIIC provides a 200V
transistor capable of conducting positive and negative signals with current
transfer ratios of over I%. This function is useful in remote instrumentation,
high voltage power supplys and test equipment. Care should be taken not to
exceed the HIIC 400 mW power dissipation rating when used at high voltages.

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

200V SYMMETRICAL TRANSISTOR COUPLER

25W LOGIC INDICATOR LAMP DRIVER

lOA, T2L COMPATA BLE, SOLID STATE RELAY

Use of the HII CI for high sensitivity, 2500 v
isolation capability, provides this highly reliable
solid state relay design. This design is compatable
with 74, 745 and 74H series T2L logic systems
inputs and l 20VAC loads up to lOA.
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Ga As Infrared Emitting Diode & Light Activated SCR

Photon Coupled Isolator H11C4 ,

The General Electric H11C4, H11CS and HI! C6 are gallium
arsenide, infrared emitting diodes coupled with light activated
silicon controlled rectifiers in a dual in-line package.

absolute maximum ratings: (25°C)

volts

milliwatts
milliamps
ampere

*100
60

3

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width lusec 300 P Ps)
Reverse Voltage 6

"'Derate 1.33mW/oC above 25°C ambient.

INFRARED EMITTING DIODE

TOTAL DEVICE

PHOTO - SCR

Peak Forward Voltage 400
RMS Forward Current 300
Forward Current (Peak) 10

(100psec 1%duty cycle)
Surge Current (1Om sec) S
Reverse Gate Voltage 6
Power Dissipation (2S0C Ambient) ** 400
Power Dissipation (2S0C Case) ***1000

"''''Derate 5.3mW/oC above 25°C ambient.
"'''''''Derate 13.3mW/oC above 25°C case.

volts
milliamps
amperes

amperes
volts
milliwatts
milliwatts

Storage Temperature -SS to lSO°C
Operating Temperature -SS to 100°C
Lead Soldering Time (at 260°C) 10 seconds
Surge Isolation Voltage (Input to Output).

H11C4 2S00V(peak) 1770V(RMS)
H1l CS 2l00V(peak) lSOOV(RMS)
H11C6 2l00V(peak) lS00V (RMS)

Steady-State Isolation Voltage (Input to Output).
HllC4 lS00V(peak) 1060V(RMs)
HllCS 1260V(peak) 890V(RMS)
H11C6 1260V(peak) 890V(RMS)

individual electrical characteristics (25°C)
INFRARED EMITTING DIODE TYP. MAX. UNITS

Forward Voltage VF 1.2 1.5 volts
(I F = lOrnA)

Reverse Current IR 10 microamps
(VR = 3V)

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

so picofarads

PHOTO - SCR MIN. TYP . MAX. UNITS

Peak Off-State Voltage - VOM 400 - - volts
(RGK = 10Kn, 100°e)

Peak Reverse Voltage - VRM 400 - - volts
(RGK = lOKn, 100°C)

On-State Voltage - VTM - 1.1 1.3 volts
(ITM = .3 amp)

Off-State Current - 10M - - ISO microamps
(YOM = 400V, TA = 10O°e)

Reverse Current - IRM - - ISO microamps
(V RM = 400V, TA = 100°e)

Capacitance (Anode-Gate) - 20 - picofarads
V=OV,f= 1MHz (Gate-Cathode) - 3S0 - picofarads

coupled electrical characteristics (25°C)

Input Current to Trigger (VAK = SOY, RGK = 10Kn)

Input Current to Trigger (VAK = 100 V, RGK = 27Kn)

Isolation Resistance (Input to Output Voltage = SOOVdc)
Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz)
Coupled dv{dt, Input to Output (See Figure 13)

MIN. TYP. MAX. UNITS

H11C4, CS 20 milliamps
H11C6 30 milliamps
HllC4, CS 11 milliamps
Hl1C6 14 milliamps

100 gigaohms
2 picofarads

SOD volts{psec

168
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS OF OUTPUT (SCR)
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Vp = 800 Volts

t p =.010 Seconds

f = 25 Hertz

TA = 250 C

TYPICAL APPLICATIONS

FIGURE 13
COUPLED dv/dt - TEST CIRCUIT

The high surge capability and non-reactive input characte ristics
of the HII C allow it to directly couple, without buffers , T2 L
and DTL logic to indicator and alarm devices, without danger
of introducing noise and logic glitches.

Use of the high voltage PNP portion of the HII C provides a 400V transistor
capable of conducting positive and negative signals with current transfer
ratios of over I%. This function is useful in remote instrumentation, high
voltage power supplies and test equipment. Care should be taken not to ex­
ceed the HII C 400 mW power dissipation rating when used at high voltages.

25W LOGIC INDICATOR LAMP DRIVER

10A, T2 L COMPATIBLE, SOLID STATE RELAY

Use of the HII C4 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 T2 L logic systems inputs
and 220V AC loads up to lOA.
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YMBOl JI &.lI NC~AX ~~l 'ME~i~ NOT"
A

~~ gl~~F
8 .38 8.89

• 7.6 2 ~ E F. 2
C .34 0 8.64 3
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-oj~1:-0absolute maximum ratings: (25°C) (unless otherwise specified)

Photon Coupled Isolator H74C1, H74C2~ ~L \~
Ga As Infrared Emitting Diode & Light Activated SCR ~$-t£it: r).. .-==IMr

TTL Interface t 3+- ~4 tAJ NgH ,

The General Electric H74Cl and H74C2 are gallium arsenide infrared emitting di~s T l ~oP VI E ~1 T
coupled with light activated silicon cont rolled rectifiers in a dual in-line package. They lJ 4 -l
are specifically designed to opera te from TTL logic inputs and allow cont rol of 120
or 240VAC power with 7400 , 74HOO and 74S00 series logic gates. It can also contro l
up to 400Voc power circuits. They are guaranteed and specified to operate over TTL
voltage and temperature ranges using standard tolerance components.

electrical characteristics of H74C ;I'

INFRARED EMITTING DIODE

Power Dissipation
Forward Current (Continuous)
Forward Current

(Peak 100psec 1%duty cycle)
Reverse Voltage

*Derate 1.33 mW/oC above 25°C ambient.

*100 milliwatts
60 milliamps

1 ampere

6 volts

PHOTO - SCR

Peak Forward Voltage
H74Cl 200
H74C2 400

RMS Forward Current 300
Forward Current 10

(Peak, 100psec 1%duty cycle)
Surge Current (10 msec) S
Reverse Gate Voltage 6
Power Dissipation (2SoC Ambient) ** 400
Power Dissipation (2SOC Case) ***1000
**Derate 5.3 mW/oC above 25°C ambient.

***Derate 13.3 mW/o C above 25°C case.

volts
volts
milliamps
amperes

amperes
volts
milliwatts
milliwatts

*All specifications refer to the following bias configuration (Figure 1) over the full operating temperatu re (O°C to 70°C) and logic
supply voltage range (4.S to S.5Voc) unless otherwise noted.

SCR Leakage, Logic Gate VOUT(l ) ' Both Directions SO
SCR Drop , Anode Positive, Logic Gate VOUT(O) ' ITM = 2S0mA . . . . . . . . . . . . . . . . . . . . . . . . . 1.3
Coupled dv/dt to Trigger, Voc to VAC ( 2SO) • . . . . . '• .•.. .. . ...• . . ..... • .. .. .... .•. SOO
Capacitance (Input to Output Voltage = 0 , f = 1 MHz) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2
Isolation Resistance (Input to Output Voltage = SOOVoc).. ' 100
Turn-On Time of SCR; VOUT(O), Input to Output (2S°C) 200

pAMax.
V Max.
V /p,sec. Min.
pF Max.
Gigaohms Min.
usee. Max.

F igure 1. H74C BIAS CIRCUIT

VOC=51: .5V

LOGIC8ATE
SEE TAILE I

390 %5 %

47
r -ii74C -1
I • I

I • IL- ...J

......-4---~
alKA

F igu re 2.
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IDO

100
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TEST CONDIT IONS, FIGURE 2 LIMITS

PA RAMETER Vee li N ISINK MIN. MAX. UNITS
MIN. MAX. MIN. MAX. MIN. MAX.

VOUT{l) 4.5V -OA mA 2.4 Vol t s

VOUT(O) 4 .5V 12.0mA 0.4 Volts

60 708040

660V RMS

I 060V R MS

See Figure 4
OOC to 70°C
4.5 to 5.5VDC
50 to 200 Vp k
50 to 400 Vpk
-55°C to 150°C
10 sec. Max .
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SCR Current
Op erat ing Temperature Range
Op erat ing Vo ltage Range, VDC

Op erating Voltage Range, ~;:~~

Stor age Tem pera tur e Range
Lead Soldering Time (at 260 °C)
Surge Iso lat ion Voltage

(Input to Output)

1500 V(peak)
Stead y-State Iso lat io n Voltage

(I nput t o Outpu t )

950 V (peak)
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absolute maximum rat ings- total device IH74C1, H74C2 I
TABLE 1. Characteristics required of TTL gate which is to be interfaced with H74C.
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@ D c ELECTRONICS
Ga As Infrared Emitting Diode & NPN Silicon High Voltage Pho to-Transistor

Photon Coupled Isolator H11D1-H11D4

absolute maxi mum ratings: (25 °C)

SYMBOL I M '~NC~4X ~~ IME~;~ NOT£S
A
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8 .38 • B'

B 1.6 2 ~EF 2
C
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volts

milliwatts
milliamps
ampere

*100
60

3

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width lusec 300 P Ps)
Reverse Voltage 6

*Derate 1.33mWrC above 25°C ambient.

INF RAR ED EMITTING DIODE

The General Electric Hll DI-HI 1D4 are gallium arsenide , infrared
emitting diodes coupled with silicon high voltage photo-transis­
tors in a dual in-line package.

PHOTO-TRANSISTOR
HllD1 -D2 HllD3-D4

Power Dissipation **300 **300 milliwatts
VCER 300 200 volts
VCBO 300 200 volts
VECO 7 7 volts
Collector Current 100 100 milliamps

(Continuous)

**Derate 4.0mW/oC above 25°C ambient.

TOTAL DEVICE

Storage Temperature -SS to ISO°C
Operating Temperature -S5 to 100°C
Lead Soldering Time (at 260°C) 10 seconds.
Surge Isolation Voltage (Input to Output) .

nut» 2500V(peak) 1770V(RMS)
HllD2, D3, D4 lSOOV(peak) 1060V(RMs)

Steady-State Isolation Voltage (Input to Output) .
HllDl lSOOV(peak) 1060V(RMS)
HllD2, 03 , D4 9S0V(peak) 660V(RMS)

individu al electrical characteristics (25° C)
INFRA RED EMITTING DIODE TYP . MAX. UN ITS

Forward Voltage 1.1 I.S volts
(IF = lOrnA)

Reverse Current - 10 microamps
(V R = 6V)

Capacitance SO - picofarads
(V = O,f= lMHz)

PHOTO-TRANSISTOR

Breakdown Voltage - V(BR)CER D1,2
(Ic = 1rnA; IF = 0, RBE = 1 meg) D3,4
Breakdown Voltage - V(BR)CBO Dl,2
(Ic = 100pA; IF = 0) 03,4

Breakdown Voltage - V(BR)EBO
(IE = 100pA; IF = 0)

Collector Dark Current - Ic ER,
RBE = 1 meg.

CVcE=200V;IF=0 ;TA= 25°C) Dl ,2
(Vc E=200V; IF=O; TA=1OO°C) Dl ,2
(VcE=lOOV;IF=O;TA= 2S0C) D3,4
(VcE=lOOV;IF=O ;TA=lOO°C) 03,4

MIN. MAX. UNI TS

300 volts
200 volts
300 volts
200 volts

7 volts

100 nanoamps
2S0 microamps
100 nanoamps
250 microamps

coupled electrical characteristics (25°C)

DC Current Transfer Ratio (I F = lOrnA, VCE = lOY, RBE = 1 meg) HllDl , D2, D3
HllD4

Saturation Voltage - Collector to Emitter (I F = lOrnA, Ic = O.SmA, RBE = 1 meg)
Isolation Resistance (Input to Output Voltage = SOOVDc)
Input to Output Capacitance (Input to Output Voltage = O,f=lMHz)
Switching Speeds: Tum-On Time - (VCE = lOY, ICE = 2mA , RL = lOOn)

Tum-Off Time - (VCB = lOY, ICE = 2mA , RL = lOOn)

MIN. TYP. MAX. UNITS

20 %
10 %

0.1 0.4 volts
100 gigaohms

2 picofarads

S microseconds
5 microseconds
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SOUDSTATE

@D(O ELECTRONICS
Photon Coupled Bilateral Analog FET

The General Electric H11F family consists of a gallium arsenide infrared
emitting diode coupled to a symmetrical bilateral silicon photo detector. The
detector is electrically isolated from the input and performs like an ideal
isolated FET designed for distortion-free control of low level A.C. and D.C.
analog signals.

I M ' ~ t<C~..
MILLIMETER

o M«SYMBOL AX

A ~~gl .~ ~ ~
8 .38 889

6 7.62 REF 2
C .3 4 0 8 .6 4 •0 .01 6 02C ,4 0 6 50 8
E 20 0 5.08 4

F .0 4 0 07~ 1.01 1.7 8
G 0 . 0 .I I C 2 26 t .79

" .0 8 5 2.16 5
J .0 0 8 .0 I 2 .2 0 3 .30 5. .10 0 2.54 4

M 15" 15"

" .0 1 5 .3 8 I 4
p .3 7 5 9 .53
R .1 0 0 .1 8 5 2.54 .47 0
S .2 25 .2 80 5.7 1 7 .12

NOTES:

1. There shall be a permanent indica­
t ion of terminal or ientation in the
quadrant adjacent to terminal 1.

2. Installed pos it ion lead centers.
3 . Overall insta lled dimens ion .
4. These measurements are made

from the seat ing plane.
5. Fou r places.

6.. Pin 5 is substrate do not connect.

TYPICAL LOW LEVEL OUTPUT CHARACTERISTIC

1770 V(RMS)
1060 V(RMS)

1060 V (RMS)
700 V(RMS)

-SS to +ISO°C
-SS to +100°C

10 Seconds

3 amps
6 volts

± 30 volts
± IS volts
±100 milliamps

SOO milliamps

H11F3

As An Analog Signal Switch -
• Extremely Low Offset Voltage
• 60V pk-pk Signal Capability
• No Charge Injection or Latchup
• ton ' toff ,,;;; l Susec.

TA =2SoC **300 milliwatts

TA = 2SoC *IS0 milliwatts
60 milliamps

H11F2,H11F1,

TOTAL DEVI CE

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse Width 100f.Lsec 100 pps)
Forward Current (Peak)

(Pulse Width lusec 300 pps)
Reverse Voltage
*Derate 2.0 mWrC above 2SoC.

PHOTO DET ECTOR

Storage Temperature
Operating Temperature
Lead Soldering Time (at 260°C) ,
Surge Isolation Voltage (Input to Output)

HIIFI -HIIF2 2S00V(peak)
HII F3 IS00 V(peak)

Steady-State Isolation Voltage (Input to Output)
HIIFI -Hll F2 ISOO V(peak)
HII F3 1000 V(peak)

Power Dissipation
Breakdown Voltage

HIIFI-HIIF2
HI1F3

Detector Current (Continuous)
**Derate 4.0 mWrC above 25°C.

INF RA RED EMITTING DIODE

Absolute Maximum Ratings: (2S0C Unless Otherwise Specified)

FEATURES:

As a Remote Variable Resistor -
• ,,;;; 100n to > 300M n
• ;;;;. 99 .9% Linearity
• ,,;;; IS pF Shunt Capa .ance
• ;;;;. 1OOG n I/O Isolation Resistance
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200

I·H11F1, H11 F2, H11F3 1

MIN. MAX. UNITS

30 volts
15 volts

50 nanoamps
50 microamps

300 megohms

IS picofarads

- 100 0 100
V46 -OUTPUT VOLTAGE-mV

2. OUTPUT CHARACTERISTICS

- 20 0

- 4 00 f----+--t---j

5 00 Iplam

400
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300
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:I- 200
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Z rooILl
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::> 0u
....
::>

- 10 0ll.....
::>
0 -200I
ID....... -3 00

Breakdown Voltage-\'(BR) 46
(I46=10/lA; IF=0) - FI ,2

- F3
Off-StateDark Current - 146

(V46=15V;I F=0 ;TA = 25°C)
(V46=15V;IF=0;TA = IOO°C)

Off-State Resistance - r46
(V46 = 15V; IF = 0)

Capacitance - C46
(V46 = 0, IF = 0, f = I MHz)

PHOTO·DETECTOR (EitherPolarity)
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TYPICA L CHAR ACTERISTICS (25°C) - EITHE R POLA RITY

10
I F- INPUT CURRENT -mA

1. RESISTANCE VS. INPUT CURRENT
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I F =16mA
i46 =51"A RMS

.1
I

0
1

10 0

Coupled Electrical Characteristics: (2S0C)

MIN. TYP. MAX. UNITS

On-State Resistance - r46
. (IF = 16mA, 146 = 100/lA) HIIFI 200 ohms

HIIF2 330 ohms
HlI F3 470 ohms

On-State Resistance - r46
(IF = 16 rnA, 164 = 100/lA) HI IFI 200 ohms

HlI F2 330 ohms
HII F3 470 ohms

Isolation Resistance (Input to Output)
(VIO = SOOV) 100 gigohms

Input to Output Capacitance
(VIO = O,i = I MHz) 2.5 picofarads

Turn-On Time - ton
(IF = 16mA, RL = son,V46 = 5V) IS microseconds

Turn-Off Time - t off
(IF = 16mA, RL = son,V46 = 5V) 15 microseconds

Resistance, Non-Linearity and Asymmetry
(IF = 16mA, i46 = 25p.A RMS, f = 1KHz) 0.1 percent

INFRARED EMITTI NG DIODE TYP. MAX. UNITS

a Forward Voltage
(IF = 16mA) 1.1 1.75 volts

Reverse Current
(VR = 6V) - 10 microamps

Capacitance
(V = 0,£ = I MHz) 50 - picofarads
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Accuracy and range are improved over convent iona l F ET switches
because the Hll F has no charge injection from the control signal.
The Hll F also provides switching of either polarity input signal up
to 30V magnitude.

ISOLATED SAMPLE AND HOLD CIRCUIT

TEST EQUIPMENT - KELVIN CONTACT POLARITY

MULTIPLEXED. OPTICALLY·ISOLAT ED A/D CONVERSION

The optical isolat ion, linearity and low of fset voltage of the Hll F
allows the remo te multiplexing of low level ana log signals from such
t ransducers as thermocouplers, Hall effect devices, strain gauges, etc.
to a single A/D converter.

In many test equ ipment designs the auto polarity function uses reed
relay contacts to switc h the Kelvin Contac t po lar ity . These reeds are
normally one of the highest maintenance cost items due to st icking
co ntacts and mechanical problems. The totally solid-state H11 F
eliminates these troubles wh ile providing faster switching.
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t

HIGH FREQUENCY

@ I H DYNAMIC RANGE.. 50db
M Z FOR 0:$ I F :$ 30m A

LOW FREQUENCY

@ IOKH DYNAMICRANGE.. 70db
z FOR O:$IFS30mA

ACTIVE FILTER FINE TUNING/BAND SWITCHING

AGC
SIGNAL

IF! ADJUSTS ' I. IF2 ADJUSTS '2

TYPICAL APPLICATIONS IHllFl, HllF2, HllF31

AS A VARIABLE RESISTOR AS AN ANALOG SIGNAL SWITCH

ISOLATED VARIABLE ATTENUATORS

500K

AUTOMATIC GAIN CONTROL

Distortion free attenuation of low level A.C. signals is accomplished
by varying the IRED current, IF. Note the wide dynamic range and
absence of coupling capacitors ; D.C. level shifting or parasitic feed ­
back to the controlling function .

This simple circuit provides over 70db of stable gain control fo r an
AGC signal range of from 0 to 30mA. This basic circuit can be used
to provide programmable fade and attack for electronic mus ic and
can be modified with six components to a high performance com­
pression amplifier.

The linearity of resistance and the low offset voltage of the H11 F
allows the remote tuning or band -switch ing of active filte rs without
switching glitches or disto rt ion. Th is schematic illust rates the con ­
cept, with current to the H11 F1 IRED's controlling the filter 's
transfer character istic.



SOUDSTATE
@D · @ELECTRONICS,

Photon Coupled Isolator H11G1- H11G2
55.130 3/79

Supers edes 55.130 1/79

absolute maximum ratings: (25°C)

Ga As Infrared Emitting Diode & NPN Silicon
Darlington Connected Phototransistor
The General Electr ic Hll G series consists of a gallium arse­
nide, infrared emitting diode coupled with a silicon, darlington
connected, phototransistor which has an integral base-emitter
resistor to opti mize switching speeds and elevated tempe rature
characteristics.

*100
60 ,,.

.3 8 1
".

INCH MILLIMETER
, AX

.3 3 0 .3 5 0 8. 3 8 8.89

.3 0 0 R EF. .1 6 2 RE F.
.3 4 0 .8 6 4

.0 1 6 .0 2 .4 0 6 .5 0 8
.2 0 0 5,08

.0 4 0 0 7 0 1.0 1 1.7 8

.0 9 0 . 1 I 2.28 2.7 9
.08 5 2.16

.0 0 8 .0 12 .2 0 3 .30 5

.10 0 2.5 4

A
B
C
o
E
F
G
H
J
K
M
N .0 1 5
P .3 7 5 .9 5 3
R .100.18 5 2.5 7 .4 7 0
5 .2 2 5 .2 80 5. 7 1 7 . 1"

SYMBOL

NOTES :
I . Ther. 11'lO11b4Io Pltrmanen'indico1ionof te rm ­

inal cr iento t ion in tn.quodran f odjOCent to
terminal I .

2 . Inllf'OlIH pos ition lead cent••.
3. o vereu in, foiled dimention .
4 . Tne.. meosurements~ ,"ode 'rom Ihe H'J' ­

lnq plOM.
5. FOUrplaces.

r-------l::n I:
I I3o-t I 41._----_...1

~A Tt 'J ·m""LJ~ c ,:c..,,:, T
J B lJ. 6 .l..

-H- + 1-

s£An~~" T
PLA NE t t - - I
~ I 1--.1....

-i ~1:-D

amperes
amperes
volts

milliwatts
milliamps

INFRARED EMITTING DIODE

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width 300 usee,
2% Duty Cycle) 0.5
(Pulse width l usec, 300 Hz) 3

Reverse Voltage 6
*Derate 1.33 mWrC above 2SoC ambient .

DARLINGTON CONNECTED PHOTO-TRANSISTOR TOTAL DEVICE

Storage Temperatu re _55°C to +150°C
Operating Temperature ·55°C to +lOO°C
Lead Soldering Time (at 260°C) 10 seconds
Surge Isolation Voltage (Input to Output)

3535 V(peak) 2500 V(RMS)
Steady-State Isolation Volt age (Input to Output)

2 125 V(peak) 1500 V(RMS)milliamps

milliamps

150

VEBO
Collector Current (Continuous)

- Forward
Collector Current (Continuous)

Reverse 10
**Derate 2.0mWrC above 25°C ambient.

VCBO

Power Dissipation **150 milliwatts
VCEO H11G1 100 volts

H11G2 80 volts
H11Gl 100 volts
H11G2 80 volts

7 volts

DETECTOR MIN. TYP . MAX. UNITS

Breakdown Voltage - V(BR)CEO
(Ic = LOrnA, IF =0) - HllGl 100 - - volts

- H11G2 80 - - volts
Breakdown Voltage - V(BR)C BO

(Ic = 100J,lA,IF =0) - HllGI 100 - - volts
- H11G2 80 - - volts

Breakdown Voltage - V(BR)EBO 7 - - volts
(IE = 1001lA,IF = 0 )

Collector Dark Current - ICEO
(VCE = 80V, IF = 0 ) - HllGl - - 100 nanoamps
(VCE =60V,IF =0) - HllG2 - - 100 nanoamps
(VCE = 80V, IF = 0 , TA = 80° C)

- HllGl - - 100 microamps
(VCE = 60V, IF = 0 , TA = 80° C)

- H11G2 - - 100 microamps
Capacitance - 6 - picofarads

(VCE = lOV,f= 1 MHz)

microamps

picofarads

10

50

Reverse Curren t
(VR = 3V)

Capacitance
(V=O,f= 1 MHz)

Forward Voltage 1.1 1.5 volts
(IF = lOrnA)

individual electrical characteristics:(25°C)
EMITTER TYP. MAX. UNITS
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coupled electrical cnaracterlstlcsazsvc)

DC Curren t Transfer Ratio - (IF =lOrnA, VCE =1 V)
(IF = 1rnA, VCE = 5 V)

Saturation Voltage - Collecto r to Emitter - (IF = 1 rnA, Ie = I rnA)
- (IF = 16 mA, Ie = 50 rnA)

Isolation Resistance (Inpu t to Outp ut Voltage =500 Vod
Input to Outpu t Capacitance (Input to Output Voltage = O,f = I MHz)
Switching Speeds :

On-Time - (VCE =5 V, RL =lOOn, IF =lOrnA)
Off-Time - (pulse width , 300 usee, f ~ 30 Hz)

H11G1, H11G2

MIN. TYP. MAX. UNITS

1000 %
500 %

0.75 1.0 volts
0.85 1.0 volts

100 gigaohms
2 picofarads

5 microseconds
100 microseconds

TYPICAL CHARACTER ISTICS
10 0 100

o-c 25"C !lO"C 75"C
TA-AMBIENT TEMPERATURE-"C

IF'!lOmA

I
IF'5mA

NORMALIZED TO'
TA'25"C
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sou0 STATE

@ D co ELECTRONICS
Photon Coupled Isolator H11G3

55.131 3/7 9
Supersedes 55.131 1/7 9

Ga As Infrared Emitting Diode & NPN Silicon
Darlington Connected Phototransistor

The General Electric HIIG series consists of a gallium arse­
nide , infrared emitting diode coupled with a silicon, darlington
connected, phototransistor which has an integral base-emitter
resistor to optimize switching speeds and elevated temperature
characteristics.

r-------l
~J} I

I I
3o-t I,,-----_-.

6

4

absol ute maximum ratings: (25° C)

".
.3 8 1

".

INCH MILLIMETER
A

330 .3 5 8 .38 8 .8 9
.3 0 0 RE F. .1 6 2 RE F'

. 3 4 0 .8 6 "
.0 1 6 .0 2 .4 0 6 . ~ 0 8

.2 0 0 5.08
.0 4 0 .0 7 1.01 1.7 8
.090 . 1 I 2.28 2.79

.0 8 2.1 6
.0 0 8 .0 1 2 .2 0 3 .30 5
.10 0 2.54

A

•c
o
E
F
G
H
J.
M
N .0 15
p .3 7 5 ~ 53

R . 1 0 0 .1 8 5 2.5 7 .4 7
S .2 2 5 .2 8 0 5.7 1 7. 12

YM O

NOTES'
I . T... Pol lbeoperlftOf*ltindic;:ationdterll'l ­

ifto l criefttat ion '" tNi~tod~t to
'.minal l .

2. l".ral~ posiKonIu d c".s.
3. (h..,oll ins ' ol,- d di", ...iofl .
4 . TtIn. meosur....ms 1nI ..ade 'm'" "".NtI' ­

lnv plane .
S. Four pl'oce,.

milliwatts
milliamps

amperes
amperes
volts

*100
60

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width 300/lsec,
2% Duty Cycle ) 0.5
(Pulse width 1 usee , 300 Hz) 3

Reverse Voltage 6
*Derate 1.33mWrC above 2SoC ambient.

INFRARED EMITTING DIODE

DARLINGTON CONN ECTED PHOTO·TRANSISTOR TOTAL DEVICE

100

**150
55
55

7

Power Dissipation
VCEO
VCBO
VEBO
Collector Current (Continuous)

- Forward
Collector Current (Continuous)

- Reverse 10
**Derate 2.0mWrC above 2SoC ambient.

milliwatts
volts
volts
volts

milliamps

milliamps

Storage Temperature _55°C to +150°C
Operating Temperature -55°C to +100°C
Lead Soldering Time (at 26(,°C) 10 seconds
Surge Isolation Voltage (Input to Output)

2125 V(peak) 1500 V(RMS)

Steady-State Isolation Voltage (Input to Output)

1275 V(peak) 900 V(RMS)

individu al electrical characteristics:(25 °C)
EMITTER TYP. MAX. UNI TS DETECTOR MIN. TYP. MAX. UNITS

Forward Voltage 1.1 1.5 volts Breakdown Voltage - V(BR)CEO 55 volts
(I F = lOrnA) (Ic = l.OmA, IF =0)

Breakdown Voltage - V(BR)CBO 55 volts
(Ic =100J,.LA, IF =0)

Reverse Current 10 microamps Breakdown Voltage - V(BR)EBO 7 volts
(VR == 3 V) (IE = 100J,.LA, IF = 0)

Collector Dark Current - ICEO 5 100 nanoamps
(VCE = 30V, IF = 0 )

Capacitance 50 picofarads Capacitance 6 picofarads
(V = 0,£= 1 MHz) (VCE = 10 V, f= 1 MHz)
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coupled electrical characteristics:(25°C)

DC Current Transfer Ratio (IF = 1 rnA, VCE = 5 V)
Saturation Volt age - Collector to Emitter (IF =20 rnA, Ic =50 rnA)
Isolation Resistance (Input to Output Voltage =500 VDc)
Input to Output Capacitance (Input to Outpu t Voltage =O,f =1 MHz)
Switching Speeds:

On-Time - (VCE =5V , RL = lOOn , IF = lOrnA)
Off-Time - (Pulse width ~ 300 usee,f ~ 30 Hz)

I HllG3

MIN . TYP. MAX. UNITS

200 %
0.85 1.2 volts

100 gigaohms
2 picofarads

5 microseconds
100 microseconds

TYPICAL CHARACTER ISTICS
100 100

20
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pamps
pamps

volts

J.lSecs
J.lSecs

UNITS

milliwatts
milliamps
volts
volts

0.4

** 150
100
30­
5

MAX.

NOTl S:
1. Four ..... l.-dd~a)ntrol"'~.rsr· (1.21 ..... '

from tN -.tint pt.M1nd t N ~ 0' tN .....

2. TN fIla. wh:hirl , .osr 11.a2 ) IQY " Of'

ttlil C*ft ' .

""Derate 2.5mW!"C above 25°Cambient

Power Dissipat ion
Collector Current (Continuous)
VCEO
VECO

MIN. TYP.

HI 3AI 200 400
H13A2 50

0.2

5
5

PHOTO·T RAN SISTOR
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milliwatts
milliamps
amp

volts3

*100
60

I

Power Dissipation
Forward Current (Continuous)
Forward Current

(peak , lO0J.lS, 1% duty cycle)
Reverse Voltage

" Derate 1.67mWtC above 25·C ambient

Output Current (IF = 20 rnA, VCE = 10V)

Saturation Voltage (I F = 20 rnA, Ic = 25J.LA)

Switch ing Speeds (VCE = 10V, Ic = 2 rnA, R L = lOOn>
On Time (td + t r)
Off Time (ts + tf)

INFRARED EMITTING DIOD E

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO·T RANSISTOR MIN. MAX. UNITS

Forward Voltage 1.2 1.7 volts Breakdown Voltage 30 volts

(IF = 10 rnA) V(BR)CEO (Ic = 10 rnA)

Reverse Current 10 pamps Breakdown Voltage 5 volts
(V R = 2V) V(BR)ECO (IE = 100J.LA)

Capacitance 150 pf Collector Dark Current 100 nA
(\I= 0 , f = IMHz) ICEO (VCE = 10V, IF =0 , H=O)

INCHEI " ' LUMITI'"

FEATURES: SYMBOL MIN . " AX. MIN . "AX. NOTU

Low cost, plastic module
A •300 .- 1.11 10.1'

•

'TI ~f
A, .on .... 1.11 2.11.. .01' .011 ...., ...2

• Non-contact switching r - , r--- , 0 .... .... 24.24 2....

1 1 I 0, .47& .... 12.07 1Ui}

• Fast switching speeds 1 1"'1
0, .120 .130 1 00 1 3110, .200 .236 1.21 ....

• Solid state reliability : h 1 0, .ll9ll .110 2.211 2.10

I I 1 E .200 ..36

• I/ O compatible with integrated circuits 2 '-- _J L_ _ _ _ .J 3 F .000 . ' 00 2.42 2."
l .3IlO l.82.. .120 .1311 1 00 1 311
Q .r.. .r.. .Ll3 11."
T .110 NOM. Z.18NOM.

absolute maxim um rati ngs: (25°C) (unless otherwise specified)

Storage and Operating Temperature -55· to 85·C. Lead Soldering Time (at 260·C) 10 seconds.

coupled electrical ch aracteris tics (25°C)

Photon Coupled Interrupter Module H13Al,H13A2
The General Electric Hl3AI and H13A2 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 encode rs, or other opaque
material, switching the output transistor from an "ON" into an
"OFF" state.

individual electrical characteristics (25°C)



TYPICAL CHARACTERISTICS
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INFRARED EMITT ING DIODE PHOTO·DAR LI NGTON

Power Dissipation *100 milliwatts Power Dissipation **150 milliwatts

Forward Current (Continuous) 60 milliamps Collector Current (Cont inuous) 100 milliamps

Forward Current 1 amp VCEO 25 volts
(peak, 100 us, 1%duty cycle)

VECO 7 volts
Reverse Voltage 3 volts

NOTES:
'l , Fou r ..... Lnd dianwl: ... controf'" twl_ .0150"" 11.27 MMJ

frofI"llN -e:i"l P-" -'" 1M end of tM .....

2. The ...Ii,.•• r.," within • •08O"'. ' .52 IlIMI...,.. on
tMClntlfItM.

INCHES MI LLIMET ERS

SYMBOL MIN. .....x. MIN . "AX. NOTEI

... .390 .- 'Ul 10.16

"', .075 .0B5 un 2.15.. .0 18 .019 .40 7 .482 ,
° .... .... 24.24 24 .99
0, .475 .... 12.07 12.57

°2 .120 .130 3.06 3.30

" .206 .230 5.21 ....
'2 .0lIO .110 2.211 2.79
E .250 &30
F .095 . ' 06 2.42 2."
L .300 7./12 ,.. .120 . ' 30 3.06 3.30
Q .745 .7" lUI3 19.17
T .1t ONOM. 2.11 NOM. 2

""Derate 2.5mW/"C above 25°C ambient

'TI ~.
r - , r - -- ,
1 I 1 1
I 1 I I
1 1"""1 1
1 1""'\1 1
I 1 1 I

2 ...- _ J L ____ .J 3

MIN. TYP. MAX. UNITS

Output Current (IF = 20 rnA, VCE = 5V) H13Bl 2500 pamps
H13B2 1000 pamps

Saturation Voltage (IF = 20 rnA, Ic = 0.5 rnA) 1.2 volts

Switching Speeds (VCE = 10V, Ic = 2 rnA, R L = l OOn)
On Time (td + t r) ISO psecs

Off Time (ts + tt) ISO J.lsecs

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO·DARLI NGTON MIN. MAX. UNITS

Forward Voltage 1.2 1.7 volts Breakdown Voltage 25 volts
(IF = 10 rnA) V(BR)CEO (lc = 10 rnA)

Reverse Current 10 pa mps Breakdown Voltage 7 volts
(VR = 2V) V(BR)ECO (IE = 100J.LA)

Capacitance ISO pf Collector Dark Current 100 nA
(V = 0, f= IMHz) ICEO (VCE = 10V, IF= 0 , H = 0)

• Low cost, plastic module
• Non-contact switching
• Solid state reliability
• I/O compatible with integrate d circuits

" Derate 1.67mW/"C above 25°C ambient

186

absolute maximum rati ngs: (25°C) (unless otherwi se specified)

Storage and Operating Temperature _550 to 85°C. Lead Soldering Time (at 260°C) 10 seconds.

individual electrical characteristics (25°C)

coupled electrical characteristics (25°C)

Photon Coupled Interrupter Module H1381,H1382
The General Electric Hl3Bl 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- .
terrupting the signal with tape , cards, shaft encoders , or other
opaque material, switching the output transistor from an "ON"
into an "OFF" state.
FEATURES:
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TYPICAL CHARACTERISTICS
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Breakdown Voltage - V(BR)CEO 30 volts
(Ic = lOrnA, IF = 0 )

Breakdown Voltage - V(BR)ECO 5 volts
(IE = 1001lA, IF = 0)

Collector Dark Current - ICEO 5 100 nanoamps
(VCE = l OY, IF = 0 )

Capacitance 3.5 picofarads
(VCE = lOY, f = l MHz)

Storage Temperature -55 to 85°C
Operating Temperature -55 to 85°C
Lead Soldering Time (at 260°C) 10 seconds
Surge Isolation Voltage (Input to Output).

5650V(peak) 4000V(RMS)
Steady-State Isolation Voltage (Input to Outpu t).

3500V(peak) 2500V(RMS)

UNITS

rl-t--~~ ...,I _ .1
I _ 1
I 1
I IL. ....I

2 3

%
%

0.4 volts
gigaohrns

2 picofarads
microseconds
microsecond

.375 9.52

.3&0 B.B9

.25 0 &.35

MAX.

INCHES M1LUMETERS
MIN. !lAX . MIN. MAX. NOTES

.090 . 110 2 .29 2.79

.0 16 .0 19 .1407 .482

.2B5 .315 7.24 B.OO

MIN. TYP . MAX. UNITS

3
3

0.2

TYP.

S .0 10 .020 .26 .50

A

L .300 7.62

o

E
'2
'I

S .085 .10 5 2.1& 2 .66

SYMBOL

NOTES:
I. FOUR LEADS. LEAD DIAMETER CONTROL­

L ED BETWEEN .050" 1I.27 MMI FROMTHE
SEATING PLANE AND THE END OF THE
LEADS.

20
10

100

MIN.

Hl5Al
H15A2

TOTAL DEVICE

PHOTO-TRANSISTORUNITS

milliwatt s
milliamps
ampere

volts

milliwatts
volts
volts
milliamps

picofarads

10 microamps

1.7 volts

3

*100
60

3

1.1

50

TYP. MAX.

Forward Voltage
(IF = lOrnA)

Reverse Current
(VR = 3Y)

*Derate 1.67mWrC above 25°C ambient.

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width 1 usee 300 P Ps)
Reverse Voltage

Power Dissipation **150
VCEO 30
VECO 5
Collector Curren t (Continuous) 100

**Derate 2.5 mWrC above 25°C ambient.

Capacitan ce
(V = O,f= lMHz)

INFRARED EMITTING DIODE

DC Current Transfer Ratio (I F = lOrnA, VCE = lOY)

PHOTO-TRANSISTOR

INFRARED EMITTING DIODE

188

Saturation Voltage - Collector to Emitter (IF = lOrnA, Ic = 0.5mA)
Isolation Resistance (Input to Output Voltage = 500VDc)
Input to Output Capacitance (Input to Output Voltage = O,f = lMHz)
Switching Speeds: Tum- On Time - (VCE = IOV, ICE =2mA, RL = l OOn )

Tum-Off Time - (VCE = IOV, ICE = 2mA, RL = l OOn)

The General Electric Hl 5Al and Hl5A2 are gallium arsenide,
infrared emitting diodes coupled with silicon photo transistors in a
low cost plastic package with lead spacing, compatible to dual
in-line package.

Photon Coupled Isolator H15Al,H15A2

absolute maximum ratings: (25°C)

coupled electrical characteristics (25°C)

Ga As Infrared Emitting Diodes & NPN Silicon Photo-Transistors

individual electrical characteristics (25°C)
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TYPICAL CHARACTERISTICS
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TYP. MAX. UNITS

%
%

0.8 1.4 volts
gigaohms

2 picofarads
125 microseconds
100 microseconds

INCHES M1LUMETERS
SYMBOL MIN. MAX. 1I1N. lIAX. NOTES

A .350 B.B9
'b .0 16 .0 19 .40 7 .482 I
0 .37S 9.S2
'1 .28S .31S 7.24 8.00
'2 .090 . 110 2 .29 2.79
E .2SO 8.3S
L .30 0 7.62 I
S .0 10 · .020 .26 .SO
S .08 S .I OS 2.18 2 .88

NOTES:
I. FOUR LEADS. L EAD DIAMETER CONTROL­

LED 8ETWEEN .050· 1I.27 MM ) FROMTHE
SEATING PLAN E AND THE END OF THE
li A~ . .

r~J--~~-lI ~ I
: I
L -.J

2 3

400
200

100

MIN.

H15 Bl
H15 B2

I f--Bo~4
E 0

2 . .f 3

I I

Storage Temperature -55 to 85°C
Operat ing Temperature -55 to 85°C
Lead Soldering Time (at 260°C) 10 seconds
Surge Isolation Voltage (Input to Output).

5650V(peak) 4000V(RM S)
Steady-State Isolation Voltage (Input to Output) .

3500V(peak) 2500V(RMS)

TOTAL DEVICE

PHOTO-DAR LINGTON MIN. TYP . MAX. UNITS

Breakdown Voltage - V(BR)CEO 30 - - volts
(I c = lOrnA, IF = 0)

Breakdown Voltage - V(BR)ECO 7 - - volts
(IE = 100 J.lA, IF = 0)

Collector Dark Current - ICEO - 5 100 nano amp s
(VCE = 10V, IF = 0)

Capacitance - 6 - picofarads
(VCE = lOV, f= IMHz)

milliwatts
milliamps
ampere

volts

milliwatt s
volts
volts
milliamps

*100
60

3

**150
30

7
100

sou0 STATE

@D co ELECTRONICS

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width 1 J.lsec 300 P Ps)
Reverse Voltage 3

*Derate 1.67mW/ oC above 2SoC ambient.

**Derate 2.SmW/ oC above 2SoC ambient.

Power Dissipation
VCEO
VECO .
Collector Curr ent (Cont inuous)

Forward Voltage 1.1 1.7 volts
(I F = lOrnA)

Reverse Current 10 microamps
(V R = 3V)

Capacitance 50 picofarads
(V= O,f = IMHz)

INFRARED EMITTING DIODE

PHOTO-DAR LINGTON

DC Current Trans fer Rat io (I F = 5mA , VCE = 5V)

Saturation Voltage - Collector to Emitter (IF = 5mA, Ic = 2~A)
Isolation Resistance (Input to Outpu t Voltage = 500Vod
Input to Output Capacitance (Input to Output Voltage = O,f = lMHz)
Switching Speeds: Turn-On Time - (VCE = 10V, Ic = lOrnA, R L = l OOn)

Turn-Off Time - (VCE = lOV, Ic = lOrnA, RL = lOOn)

190

The General Electric Hl 5Bl and Hl5B2 are gallium arsenide,
infrared emitting diodes coupled with silicon photo-darlington
ampli fiers in a low cost plastic package with lead spacing, com­
patible to dua l in-line package.

absolute maximum ratings: (25°C)

Photon Coupled Isolator H15Bl, H15B2

individual electrical characteristics (25°C)
INFRARED EMITTING DIODE TYP . MAX. UNITS

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

coupled electrical characteristics (25°C)
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sou0 STATE

@D co ELECTRONICS

2 1

milliwatts
milliamps
volts
volts

I 2

EMTTER DETECTOR

2n- 1 r-[ 'I I I '
I I ~ I :
I I I I
L _ -J L_ ....l

I 2

**lSO
100
30

S

I
INCHES MILLIMETERS

SYMBOL MIN. MAX. MIN. MAX. NOTES

A .170 .210 4 .31 5.3 4
.pb .0 16 .021 .406 .534 1

.pb2 .0 16 .0 19 .40 6 .4B3 1
;0 .1 70 .200 4 .3 1 5.0 B

; 01 . 160 . 190 4.06 4.B3
E .125 . 155 3.17 3.94
• .095 .10 5 2.41 2.6 7 3
· 1 .045 .055 1.14 1.40 3
J . 135 . 170 3.42 4.32
L .500 12.70 1
Ll .0 50 1.27 1
L2 .250 6.35 1
a .09 5 REF. 2.29 REF. 2
R .055

1 10 5
.12

12.67S .OBO 2.03
SI .090 REF. 2 .29 REF.

MIN. TY P. MAX. UNITS

SO u amps
0.2 0.4 volts

S tl sees
S tl sees

Power Dissipation
Collector Current (Continuous)
VCEO
VECO

**Derate 2.0mW/oC above 2SoC ambient .

PHOTO-TRANSISTOR

PHOTO-TRANSISTOR MIN. MAX. UNITS

Breakdown Voltage - V(BR)CEO 30 - volts
(Ic = I mA)

Breakdown Voltage - V(BR)ECO S - volts
(I E = 100 tlA )

Collector Dark Current - ICEO - 100 nA
(VCE = lOY, IF =O,H "'" 0 )

r==~/~R..,L-;PELLET LOCATION

.p T I I c= f ':1- - 02"'5
.pDj "J • 1= -f- ..1

L~:~j'! L[~,
NOTES:
I . (T WO LEADS) .pb2 APPLI ES BETWEEN Ll AND L2
.pbAPPLIES BETWEEN L2 AND .5' 1I2.70 MM) FROM
SEATI NG PLANE. DIAME TER IS UNCONTROLLEDIN Ll
AND BEYOND. .5" (12.70 MM) FROM SEATING PLANE .
2. THE CENTER LINE OF THE ACTIVE ELEMENT IS
LOCATED WITHIN 1 .020 ' <'51MM) OF THE POSITION
SHOWN.
3. AS MEASURED WITHIN .0 50 " (1.27MM) OF THE
SEATING PLANE .

volts

pf

tlamps

volts

. milliwatts
milliamps
ampere

10

1.7

*10 0
60

1

SO

1.2

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(lO Otls, 1% Dut y Cycle)
Reverse Voltage 3

*Derate 1.3mW/ oC above 2SoC ambient.

192

Forward Voltage
(I F = lOrnA)

Reverse Current
(V R =2V)

Capacitance
(V = O,f = lMHz)

INFRARED EMITTING DIODE

Output Current (I F =20mA, VCE = lOY)
Saturation Voltage (IF = 20mA, Ic = 2StlA)
Switching Speeds: Turn-On Time (td + tr ) (VCE = lOY, Ic =2mA , RL = lOOn)

Turn-O ff Time «, + tf) (VCE = lOY, Ic =2mA, RL =lOOn)

FEATURES:

• Low Cost
• Side Looking
• I/O Compatible with Integrated Circuits

Matched Emitter - Detector Pair H17Al
The General Electric HI7Al is a matched emit ter -detector pair
which consists of a gallium arsenide , infrared emitting diod e in a
clear epoxy TO-92 type package and a silicon photo-tr ansistor
also in a clear epo xy TO-92 ty pe package.

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

• Emitter Detector
• BLACK matched to BLUE
• ORANGE matched to RED
• WHITE matched to VIOLET

absolute maximum ratings: (25 °C) (unless otherwise specified)
Storage and Operati ng Temperature -SSuC to 8SoC. Lead Solde ring Time (at 260°C) 10 Seconds.

individual electrical characteristics (25°C)
·INFRA RED EMITTING DIODE TYP. MAX. UNI TS

coupled electrical characteristics (25°C)
Note : Coupled electrical characteristics are measured at a separation distance of .I 2S"

with the faces of the emitter and detector parallel within 3°.



TYPICAL CHARACTERISTICS
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milliwatts
milliam ps
volts
volts

EMITT ER DETECTOR

2~__ 1 ' ..r~-- ~'
I I I I

II I ~ I :
I 1

L_...J L _ .•
'2

I 2

**150
100
25

7

INCHES MILLIMETERS
SYMBOL MIN. MAX. MIN. MAX. NOTES

A . 170 .210 4 .31 5.34
4> b .0 16 .02 1 .406 .534 1

~b6 .016 .0 19 .40 6 .4B3 t
. 170 .200 4.31 5.08

¢D I . 160 . 190 4.06 4.83
E .125 . 155 3. 17 3.94
e .095 .10 5 2.4 1 2.67 3
"I .0 45 .055 1.14 1.40 3
J . 135 . 170 3.42 4.32
L .500 12.70 1
LI .050 1.27 1
L2 .250 6.35 1
Q .09 5 REF. 2.29 REF. 2
R .055 I .12

12 67S .080 .10 5 2.03
SI .090 REF. 2 .29 REF.

MIN. TYP. MAX. UNITS

1000 tl amp s
1.2 volts

150 u sees
150 usecs

**Derate 2.0mW/oC above 25°C ambient.

Power Dissipation
Collector Current (Continuous)
VCEO
VECO

PHOTO-TRANSISTOR

PHOTO-DARLINGTON MIN. MAX. UNITS

Breakdown Voltage - V(BR)CEO 25 - volts
(Ic = ImA)

Breakdown Voltage - V(BR)ECO 7 - volts
(I E = 100tlA)

Collector Dark Curr ent - ICEO roo nA
(VCE = l OY, IF = O,H ~ 0 )

r=;:,-= =f.,o=R-6PEL~ET r CATIONt I l-~ I
¢ I I <== " I -02 S

~ lJj I I J "r -f- ..i.

\~~~,~.! L~,
NOTES:
I. (T WO LEA DS) ¢ b2 APPLIES BETWEEN LI AND L2·

~~:irNL~ E~L~~~WD~~~ ~MlNI~ '3~~~J~~0~L~~?~Ll
AND BEYOND. .5" (12.70 MM) FROM SEATING PL ANE.
2. THE CENTER LINE OF THE ACTIVE ELEMENT IS
LOCATED WITHIN t .0 20 " C51MM) OF THE POSITION
SHOWN.
3. AS MEASURED WITHIN .0 50 " (1.27 MM) OF THE
SEATING PLANE

volts

pf

u amps

volts

milliwatts
milliamps
ampere

194

(VCE = lOY, Ic =2mA, R L =100D)
(VCE = lOY, Ic =2mA, R L =100D)

10

1.7

*100
60

I

50

1.2

SOLID STATE

@D co ELECTRONICS

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(l OOtlS, 1% Duty Cycle)
Reverse Voltage 3

*Derate 1.33mW/ oC above 25°C ambient.

Forward Voltage
(IF = l OrnA)

Reverse Curren t
(V R = 2V)

Capacitance
(V = O,f = IMHz)

INFRARED EMITTING DIODE

Out put Current (I F = 20mA, VCE = 5V)
Saturation Voltage (IF =20mA, Ic =0.5mA)
Switching Speeds: Tu m-On Time (td + t-)

Turn-Off Time (t s + tf)

FEATURES:

• Low Cost
• Side Looking
• I/O Compatible with Integrated Circu its

The General Elect ric Hl 7Bl is a matched emitter-dete ctor pair
which consists of a gallium arsenide , infrared emitting diode in a
clear epoxy TO-92 type package and a silicon pho to-darlington
also in a clear epoxy TO-92 type package .

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

• Emitter Detector
• BLACK matched BROWN
• ORANGE matched to YELLOW
• WHITE matched to GREEN

Matched Emitter- Detector Pair H!l8!

coupled electrical characteristics (25°C)
Note : Coupled electrical characteristics are measured at a separation distance of .125"

with the faces of the emitter and det ector parallel within 3° .

individual electrical characteristics (25°C)
INFRARED EMITTING DIODE TYP. MAX. UN ITS

absolute maximum ratings: (25°C) (unless otherwise specified)
St orage and Operating Temperature _55°C to 85°C. Lead Soldering Time (at 260°C) 10 Seconds.



TYPICAL CHARACTERISTICS IH17Bl I

-
--

IF" 20mA
I -_.. .. -.- ..

I F =IOmA

~
I F= ~ mA

I
) JI""

NORMAL IZ E'D TO:
VCE =!lV

IF = 20m A

TA =2~oC
d - ,125"

I
L-_LJ

2. OUTPUT CURRENT VS. TEMPERATURE

.0
- /l 6 ° C -311°C -15° C /loC 25°C 45°C

TA-AMBIENT TEMPERATUR E-oC

1005010 205

LH

v"

~

I

n
V NORMALIZED TO;

I VCE= 5V
I F =20mA

d =.I25° C
I

D.C.INPUT CURRENT

1/
- - PULSE INPUT

CURRENT
I (2 mSEC, 1% DUTY

CYCLE )

I

I I I TI

1
I

I F -INPUT CURRENT -m A

1. OUTPUT CURRENT VS. INPUT CURRENT

1.0

0.0 0 0
I

0.00

10

I­
Z
ILl
II:
II:

a
I-

~
I­
::>o

~ O.
N
:J
«
::E
II:
o
Z
Ie 0 .0
o...

1.25

100~Bm

5. OUTPUT VS. DISTANCE

e
N
::;

.01":0a:
0z

8
.':' 00 1

0001

300250200150

d- DIS TA NCE - mi l!:

10 050

4. OUTPUT CURRENT VS.

SHIELD LOCATION

0

NORMAL I ZEO TO : -
'.ICE · 5 II -
" 0

.1

I F-20mA
I

=.: t:- d _

--~!'r "~~,~E6~
I

<;IDE VIEW

t
~ , ~d REFERENCE\

' ,
1 1

---8 -8-- LINE REP-
I RESENTS ==

+ THE 50 %
TOP, VIEW RESPONSE

-, I POINT-

0 .0 0

....
s
~
~ 0

o

"W
N
::;

"
: 0.0
oz

)

1001.0 10

VCE - COLLECTOR TO EMITT fR VOLTAGE - VOLTS

3. OUTPUT CHARACTERISTICS

-~ -

..,/'"
I F =20m A

...........

IF = IOmA

I

IF =5m A

NORMALIZED TO:
VCE ·5V

IF · 20 mA
d · .125 "

O.Of
0 .1

....
Z

~ 1.0
a:
::>
o

~......
::>
o
o
~
::;

"'"a:
~ O.
I

e
~

195



SQUDSTATE

@D co ELECTRONICS
Photon Coupled Interrupter Module H20A1,H20A2

The General Electric H20A l and H20A2 are gallium arsenide
infrared emitting diode s 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, switching the output transistor from
an " ON" into an " OF F" state .

FEATURES:

• Low cost, plastic module
• Non-contact switching
• Fast switchin g speeds
• Solid-state reliability
• I/O compatible with integrated circuits

'nQ'r- , r--- ,
I I I
I 1""'1 I1 1""'\ 1

: I I I
2 '- - _J L __ _ _.J 3

S'IM. INCHES MILLIMETERS MJTESMIN....AX. MIN MAX.
A .390 .400 9.9 1 10 .1 6
AI 075 0 8 5 1. 91 2.15
4>b 16 .0 19 .40 .482 I

475 .495 12.07 12.57
DI J 2 .130 3.05 3.30
81 0 5 235 5.2 1 5.96
82 9 .110 2.29 2.7 9
E - .250 - 6 .35
F l-'U\. 7.62 I
L .1I oNO", 2.79 NOM. 2

NOTES:
I. FOURLEADS. LEAD CXAMETER CONTROl:

L ED BETWEEN .0 50 " (I .27 MM) FROM
THE SEATING PL ANE AND THE END
OF THE LEADS.

2.THE SENSING AREA FALLS WITH IN A
.060 " ( 1.52 MM) SQUARE ON THIS
CENTER LI NE.

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

Storage and Operating Temperature -55°C to 85°C. Lead Soldering Time (at 260°C) 10 seconds .

INFRA RED EMITTING DIODE PHOTO-TRANSISTOR

milliwatts

milliamps

volts

volts

Power Dissipation *"'150

Collector Current (Continuous) 100

VCEO 30

VECO 5

**Derate 2.5 mwtC abo ve 25°C ambient.

milliwatts
milliamps
amp

"'100
60

1

Power Dissipation
Forward Current (Continuous)
Forward Current

(Peak lOOIlS, 1% duty cycle)
Reverse Voltage 3 volts

*Derate 1.67 mwtC above 25°C ambient.

individual electrical characteristics (25°C)

INFRARED EMITTING DIODE TYP. MAX. UNITS

Forward Voltage 1.3 1.7 volts
(IF = 20 rnA)

Reverse Current lO uamps
(VR = 3V)

Capacitance 25 pF
(V = O,f = 1 MHz)

PHOTO-TRANSISTOR MIN. MAX. UNITS

Breakdown Voltage 30 - volts
V(BR)CEO (Ie = 10 rnA)

Breakdown Voltage 5 - volts
V(BR)ECO (1E = l 00IlA)

Collector Dark Current - 100 nA
ICEO (VCE = 10V, IF = O, H = 0 )

coupled electrical characteristics (25°C)

MIN. TYP. MAX. UN ITS

Output Current (IF =20 rnA, VCE = lO V) H20Al 200 400 Ilamps
H20A2 50 Ilamps

Saturation Voltage (IF = 20 rnA, lc = 25 IlA) 0.2 0.4 volts
Switching Speeds :

On Time (td + t r) - (VCE = 10 V, Ic = 2mA, RL = 100 n ) 5 Ilsecs
Off Time (ts + tf) - (VCE = 10 V, Ic = 2 rnA, RL = 100 n ) 5 Ilsecs
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SOLID STATE

@0 ©ELECTRONICS
Photon Coupled Interrupter Module H20B1,H20B2

The General Electric H20Bl and H20B2 are gallium arsenide
infrared emitting diodes coupled with a silicon photo-darling­
ton in a plastic housing. The gap in the housing provides a
means of interrupting the signal with tape, cards , shaft en­
coders , or other opaq ue material, switching the output tran­
sistor from an " ON" into an " OFF" state.

FEATURES:

• Low cost, plastic module
• Non-contact switching
• Solid-state reliability
• 1/0 compatible with integrated circuits

' ] ~4
r - , r - - - ,
, 'I ,
I ' ,,' I
: hi :
I I I I

2 '- - _J L_ _ _ _ .J 3

SYM. INCHES MILLIMETERS f'.OTESMIN. AX. MIN. MAX.
A .39{ .400 9.9 1 10.1 6
AI .0 75 0 8 5 1.91 2.15
dlb 16 .0 19 .40 .482 I

4 75 .495 12.0 7 12.57
I J 2 .130 3.05 3.30

81 0 5 23 5 5.21 5.96
82 09C .110 2.2 9 2.79
E - .250 - 6.35
F .3OC 7.6 2 - I
L .I I ONOM 2.79 NOM. 2

NOTES:
I. FOUR LEADS. LEAD lXAMETER CONTROL:

LED BETWEEN .050 " (1.27 MM) FROM
TIiE SEATING PLANE AND THE END
OF TIiE LEADS.

2.THE SENSINGAREA FALLS WITHIN A
.06 0 " (1.52MM) SQUARE ON THI S
CENTER LINE .

absolute maximum ratings: (25°C) (unle ss ot herwise specified)

Storage and Operating Temperature -55°C to 85°C. Lead Soldering Time (at 260 °C) 10 seconds.

INFRARED EMITTING DIODE PHOTO-DAR LI NGTON

milliwatts

milliamps

volts

volts

**Derate 2.5 mwt Cabo ve 25°C a mbient.

Power Dissipation **150

Collector Current (Continuous) 100

VCEO 30

VECO 7

milliwatts
milliamps
amp

*100
60

1

Power Dissipation
Forward Current (Continuous)
Forward Current

(Peak, 100/ls, 1% duty cycle)'
Reverse Voltage 3 volts

*Derate 1.67 mwtC above 25°C ambient.

individual electrical characteristics (25°C)
INFRARED EMITTING DIODE TYP . MAX. UNITS

Forward Voltage 1.3 1.7 volts
(IF = 20 rnA)

Reverse Current 10 /l amps
(VR = 3 V)

Capacitance 25 pF
(V = O,f = 1 MHz)

PHOTO-DARLINGTON MIN. MAX. UNITS

Breakdown Voltage 30 - volts
V(BR)CEO (Ic = 10 rnA)

Breakdown Voltage 7 - volts
V(BR)ECO (IE = 100 /lA)

Collect or Dark Current - 100 nA
Ic EO (VCE = 10V, IF = 0 , H = 0 )

coupled electrical characteristics (25 °C)

Output Current (IF = 20 rnA, VCE = 5 V)

Saturation Voltage (IF = 20 rnA, Ic = 0.5 rnA)
Switching Speeds:

On Time (td + tr ) - (VCE = 10 V, Ic = 2 rnA, RL = 100 rl)
Off Time (t s + tr) - (VCE = 10 V, Ic = 2 rnA, RL = 100 rl )

MIN. TYP. MAX. UN ITS

H20Bl 2.5 m amps
H20B2 1.0 m amps

1.2 volts

150 usecs
150 usecs
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, .
3. THE: SENSINGAREA IS DEFINEO

BY THE · 5· DIMENSION AND
BY DIMENSION "T" 10.7$ ....
1.!.030INCH1 .

,.

SYMBOl.
MIL.UM [ TERS INCHES

NOTES
M,' MAX M," MAl<.

A

c JOO .",I'"A, 1.0 3.2 ~ 119 . 12 5
A. 1.0 3 2 . 119 . 12 '•• .600 .7!lO .024 D30 ,
" ,' 0 NOM 020 .... ,
D 24,3 24 .7 ..., 01'
D, 11.6 020 .4 ' 1 ,,,
D. 'D " . 119 .129

" 6. .. .272 ,..., ,.1 .. 09' .110
E . ,S 6" .243 .249
l 800 .31'., 52 ,., . 126 .133
D 18.9 19.2 .74' r ee
• 1.3 NOM. .~I NOM.

" 1.3 NOM. .05 1HOM

" l.3 NO", .0' . HOM
S .s, l l.O .0)4 1.0 39
S. 3.4' 3.1' I . I ~ .14 7, 2 .6 N hi. .10 3 NOM ,

..., "IJ....® .,
SECTION x·xT

LEAD PROFIL.E

PHOTOTRANSISTOR

DETECTOR MIN. TYP. MAX. UNITS

Breakdown Voltage 30 V

V(BR)CEO Ic = 1 rnA
Breakdown Voltage 6 V

V(BR)ECO IE = 100p.A
Collector Dark Current 100 nA

ICEO VCE = 2S V
Capacitance 3.3 S pF

Cce Vc E=SV, f=IMHz

(See Note 1)

-SSOC to +IOO°C
-SSoC to +100°C

260°C

SOUDSDrrE

@ co ELECTRONICS

INF RA RED EMITTING DIODE

Power Dissipation PE *100 mW Power Dissipa tion Po **I S0 mW
Forward Current IF 60 rnA Collector Current Ic 100 rnA

(Continuous) (Conti nuous)
Forward Current (peak) IF 3 A Collector-Emitter VCEO 30 V

(Pulse Width ~ I p.s Voltage
PRR ~ 300 pps) Emitter-Collector VECO 6 V

Reverse Voltage VR 6 V Voltage
*Derate 1.33 mWrC above 25°C ambient. **Derate 2.0 mWrC above 25°C ambient.

Storage Temperature
Operating Temperature
Lead Soldering Temperature

(S seconds maximum)

H21A1 H21A2 H21A3
UN ITS

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX.

ICE(on) IF = SmA, VCE = SV O.I S - - 0.30 - - 0.60 - - rnA
ICE(on) IF = 2OrnA, VCE = SV 1.0 - - 2.0 - - 4 .0 - - rnA

IcE(on) IF = 30mA, VCE = SV 1.9 - - 3.0 - - S.S - - rnA

VCE(sat) IF = 20mA, Ic = 1.8mA - - - - - 0.40 - - 0.40 V

VCE(sat) IF = 3OrnA,Ic = 1.8mA - - 0.40 - - - - - - V

ton VCC= SV, IF = 30mA, RL = 2.5KQ - 8 - - 8 - - 8 - p.s

toff VCC= SV, IF = 30mA, RL = 2.SKQ - SO - - SO - - SO - p.s

EMITTER MIN. TYP. MAX. UN ITS

Reverse Breakdown Volt age 6 - - V
V(BR)R IR = 1Op.A

Forward Voltage - - 1.7 V
VF IF = 60 mA

Reverse Current - - 100 nA
IR VR =SV

Capacitance - 30 - pF
Cj V = 0 , f= 1MHz

individ ual electrical characteristics:(25 °C ) (See Note I)

coupled electrical characteristics:(25 °C)

Note I : Stray irradiationcan alter values of characteristics. Adequate shielding shouldbe provided.

200

1mm Aperture
Photon Coupled Interrupter Module H21A1 ,H21A2,H21A3
The General Electric H2IA Interrupter Module is a gallium
arsenide infrared emitting diode coupled to a silicon photo­
transistor in a plastic housing. The packaging system is de­
signed to optimize the mechanical resolution , coupling
efficiency , ambient light rejection, cost , and reliability. The
gap in the housing provides a means of interrupting the signal
with an op aque material, switching the output from an " ON"~. T ~rE :1
into an " OFF" state. L A.,

absolute maximum ratings: (25 °C) 'T- A" l 1~= ~t
. x ~

TOTAL DEVICE ;-.,-' ....;.....
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5. SWITCHING SPEED VS. RL
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SOLID STATE

@ D CO ELECTRONICS
1mm Aperture
Photon Coupled Interrupter Module H21A4, H21A5,H21A6

...aTES '
r . IPol O t DHrIl ENSIONS ARE

DERIVEO FROMMILLIMETERS
2 . 'OU CROSS

SECT Ol.LEO
BET t 0'0 "'
FRO .loNE AND
THE EAOS.

3 . THE SENSING AREA IS DEFINED
BY THE " S· DIMENSION AND
By DIMENSION " T" !o.n ....
1! .OXl INOH.

SYMBOL
MILU MET ERS IPIICH[ S

""ES.,. ... .,. MA,
A

~ , J" .0

"',I. '"
A, 3.0 :u . 119 . I Z ~

A, 3.0 3 2 . 119 . 12 '

•• 600 .150 .0 24 0 30 2

" .50 NOM .0 20 HOfr,l 2
0 24.3 241 .9>, 972
0, 11,6 IZ.O ." ' 72
02 ' 0 " .119 . 129

" .9 rs .272 29>., 2.' " 09' .110
E ... 6.35 '" " 9
L 80O .3 1'.' ' 2 ,.. . 126 .133

° 18 .9 19.2 .74 ' ,7"
R 1.3 NOM 05 1 NOM.
R, 1.3 NOM. .0 51 NOM
R, 1.3 NOM .0 5 1 NOM
5 ee l l.O .0 34 ] .0 39
5, , :.. , 3.7' 1.1 36 .14 1
t 2.6 N M .10 3 NOM ,

1 ~1l

® bl
SECTlONX 'xr

LEAD PROFILE

LA,
r

-55°C to +IOO°C
_55°C to +lOO°C

260°C

TOTAL DEVICE

Storage Temperature
Operating Temperat ure
Lead Soldering Temperature

(5 seconds maximum)

The General Electric H2IA Interrupter Module is a gallium
arsenide infrared emitting diode coupled to a silicon photo­
tr ansistor in a plastic housing. The packaging system is de­
signed to optimize the mechanical resolution , coupling
efficiency , ambient light rejection , cost, and relia bility . The
gap in the housing provides a means of interrupting the signal
with an opaque material , switching the output from an "ON"
into an " OFF" state.

absolute maximum ratings: (25°C)

INFRARED EMITTING DIODE PHOTOTRANSISTOR

3

*100
60

V

mW
rnA

V6

55

**150
100

VCEO

Po
Ic

Power Dissipation
Collector Current

(Cont inuo us)
Collector-Emitter

Voltage
Emitter-Collector

Voltage
**Derate 2.0 mwtC above 25°C ambient.

V

A

mW
rnA

Power Dissipation
Forward Current

(Continuous)
Fo rward Current (Peak)

(Pulse Wldth s; 1p.s
PRR ,;;;; 300 pps )

Reverse Voltage VR 6
*Derate 1.33 mwt Cabove 25°C ambient.

individual electrical characteristics:(25 °C)(See Note 1)

EMITTER MIN. TYP. MAX. UNITS

Reverse Breakdown Voltage 6 V
V(BR)R IR = 10 p.A

Forward Voltage 1.7 V
V F IF = 60mA

Reve rse Current 100 nA
IR VR=5V

Capacitance 30 pF
C, V= O,f= IMHz

DETECTOR MIN. TYP. MAX. UNITS

Break down Voltage 55 - - V

V(BR)CEO Ic = 1 rnA
Breakdown Voltage 6 - - V

V(BR)ECO IE = 100p.A
Collector Dark Current - - 100 nA

ICEO VCE = 45V
Capacitance - 3 .3 5 pF

c., VCE = 5V , f = 1MHz

coupled e lectrical characteristics:(25 ° C ) (See Note 1)

H21A4 H21A5 H21A6
UNITS

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX.

ICE(on) IF = SmA , VCE = 5V 0.15 - - 0.30 - - 0 .60 - - rnA

ICE(on) IF = 20mA, VCE = 5V 1.0 - - 2 .0 - - 4.0 - - rnA

lc E(on) IF = 30mA, VCE = 5V 1.9 - - 3.0 - - 5.5 - - rnA

VCE(sat) IF = 20mA, Ic = I. 8mA - - - - - 0040 - - 0040 V

VCE(sat) I F = 30mA, Ic = I.8mA - - 0.40 - - - - - - V

ton VCC= 5V , IF = 30mA, RL = 2. 5KQ - 8 - - 8 - - 8 - p.s

toff VCC= 5V , IF = 30mA, RL = 2.5KQ - 50 - - 50 - - 50 - p.s

Note 1: Stray irradiation can alte r values of characteristics. Adeq uate shielding should be provided.
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TYPICAL CHARACTERISTICS
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SOUDSDO"'E

@0 CO ELECTRONICS
1mm Aperture
Photon Coupled Interrupter Module H2181,H2182,H2183

Storage Temperature
Operating Temperature
Lead Soldering Temperature

(5 seconds maximum)

-55°C to +IOO°C
_55°C to +IOO°C

260°C

5"'8Ol ....LU ...£TEAS INCHES
NOTES

"'" " AX "'" MAX

A
~ 1 J" .0 <'~ I '"A , 3.0 :u . 119 . 1 2 ~

A, 3.0 32 . 119 . 125.,
600 .1~ .0 24 D30 ,

" .50 NOM 020 NOM ,
0 24.' 24.1 ." .9 72
0, 11,6 020 <51 <"
0, ' 0 " .119 . 12 9

" •• ,. 21' ,9>
" " ' 8 .09 ' .110
E ." 6.3' ' 43 ,..
L 8.00 '"•• " ... . 126 .133
0 18.9 .9 2 .74' .1"• 1.3 NOM .~l NOM
A, 1.3 NOM .0 5 1 NOM., 1.3 NOM .0 ' 1 NOM.
5 85 l "0 0"" 10395, 3,'., 3.75 I . 136 .14 7
T 2.6 N "' , . 10 3 NOM ,

NOTES '
I . INCH DIMENSIONS ARE

DERIVED FROM" Ll lllfETEftS .
2 . AD CROSS

ROLLED
.. ( 0 50 "'

PLANE AHO
T HE LE AOS.

:5. THE SENSING AREA IS O£FIN£O
BY THE -s- DIMENSION AND
BY OI"ENS~ -T- !;O.1 , ....
I !;.0 30 INCH ) .

INFRARED EMITTING DIODE DARLINGTON CONNECTED PHOTOTRANSISTOR

Power Dissipation PE *100 mW Power Dissipa tion Po **150 mW
Forward Current IF 60 rnA Colle ctor Current Ic 100 rnA

(Continuous) (Continuous)
Forward Current (Peak) IF 3 A Colle ctor-Emitter VCEO 30 V

(Pulse Width ~ 1~s Voltage
PRR ~ 300 pps) Emitter-Collector VECO 7 V

Reverse Voltage VR 6 V Voltage
*Derate 1.33 mWr C above 25°C ambient. **Derate 2.0 mWrC above 25°C ambient.

individ ual electrical characteristics:(25 "C) (See Note 1)

EMITTER MIN. TYP. MAX. UNITS

Reverse Breakdown Volt age 6 V
V(BR)R IR =lO ~A

Forw ard Voltage 1.7 V
V F IF = 60 mA

Reverse Current 100 nA
IR VR = 5V

Capa citance 30 pF
C j V = 0 , f = IMHz

DETECTOR MIN. TYP. MAX. UNITS

Breakdown Voltage 30 - - V

V(BR)C EO Ic = 1 rnA
Breakdown Voltage 7 - - V

V(BR)ECO IE = 100M
Collector Dark Current - - 100 nA

Ic EO VCE = 25V
Capa citance - 5 8 pF

c., Vc E=5V, f =IMHz

coupled electrical characteristics: (25 "C) (See Note 1)

H21B1 H21B2 H21B3
UNITS

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP . MAX.

ICE(on) IF = 2mA, VCE = I .5V 0.5 - - 1.0 - - 2.0 - - rnA

IcE(on) IF = SmA, VCE = 1.5V 2.5 - - 5.0 - - 10 - - rnA

Ic E(on) IF = l OrnA, VCE = 1.5V 7.5 - - 14 - - 25 - - rnA

VCE(sat) IF = l OrnA, Ic = I.8mA - - 1.0 - - 1.0 - - 1.0 V

VCE(sat) IF = 60mA, Ic = SOmA - - - - - 1.5 - - 1.5 V

ton VCC= 5V , IF = lOrnA , RL = 750,Q - 45 - - 45 - - 45 - IJ.s
VCC= 5V, IF = 60mA, RL = 7Sn - - - - 7 - - 7 - ~s

toff VCC= 5V , IF = lOrnA , RL = 750,Q - 25 0 - - 250 - - 250 - ~s

VCC= 5V, IF = 60mA, RL = 75,Q - - - - 45 - - 45 - ~s

Note 1: Stray irradiation can alter values of characteristics. Adequate shielding should be provided.
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@D co ELECTRONICS

NOTES '
I . """eM D1M( NSIOl\lS "'RE

O[RfVED FIItOM" L l IIllE:TE.-s
2 . FOl..H'LE ADS. LE AD CROSS

SECTION IS CONTlI'OlLEO
8f T_fEN 1.2 7 I MO "'
FROIll SlAT ING Pl NE AND
THE ENO OF THE L EADS.

3 . THE SENSING A" EA IS DEFINED
I!lY THE · 5· DIMENSION AND
8Y DIMENSION " T" ~O_ 7' ....
! ! ,0 50 I/otCHI

ST.,en. WIl. UM ETERS INCHES
NOTES

M'. M.. MO' MA '.
0 ' ,/ " 0 "',1'"" 3.0 :u . 119 . 1 2 ~

" 3 0 12 .119 . 1 2 ~.. 600 . 1~ .0 24 0 )0 ,
-, .' 0 N()III 020 MOM ,
0 ,., 24.1 9> ' '"0 , ". 11 0 ,., ,..
0, so " '" . 129

" ., J> .272 ..,., "
,. osr " 0, ." 6.3' .., ..,

L 8.00 .] 1'
e. s.a ,., ". .133
0 18 .9 .., .14 ' .,,.
R 1.3 NOM 05 ' NOM
R, 1.3 NOW 05 1HOM
R, 1.3 fillOY 0 '1 NOM
s 8 ' llO ,034 ' 039
$, 3 4 ' :H ' I . 136 ,/4 7
T 2 6 N ... . IOH .()M ,_55°C to +I OO°C

_55°C to +100°C
260°C

TOTAL DEVICE

Storage Temperature
Operating Temperature
Lead Soldering Temperatu re

(5 seconds maximum)

absolute maximum ratings: (25°C)

1mm Aperture
Photon Coupled Interrupter Module H21B4,H21B5, H21B6
The General Electric H21B Interrupter Module is a gallium
arsenide infrared emitting diode coupled to a silicon darlington
connected photot ransistor in a plastic housing. The packaging
system is designed 'to optimize the mechanical resolution,
coupling efficiency, ambient light rejection, cost , and reli­
ability . The gap in the housing provides a means of interrupt­
ing the signal with an opaque material, switching the out put
from an "ON" into an "OFF" state.

L
"rr------------------------,

INFRAREDEMITTING DIODE DARLINGTON CONNECTED PHOTOTRANSISTOR

3

*100
60

V

mW
rnA

V7

55

**150
100

VCEO

Po
IC

Power Dissipation
Collector Current

(Continuous)
Collector-Emitte r

Voltage
Emitte r-Collector

Voltage
**Derate 2.0 mW;oC above 25°C ambient.

A

V

mW
rnA

Power Dissipation
Forward Current

(Continuous)
Forward Current (Peak)

(Pulse Width ~ I IJ.S
PRR ~ 300 pps)

Reverse Voltage VR 6
*Derate 1.33 mW;oC above 25°C ambient.

individual electrical characteristics:(25 °C) (See Note I)

EMITTER MIN. TYP. MAX. UNITS

Reverse Breakdown Voltage 6 V
V(BR)R IR = 10 J,LA.

Forward Voltage 1.7 V
VF IF = 60 mA

Reverse Current 100 nA
IR VR = 5V

Capacitance 30 pF
Cj V= O, f= IMHz

DETECTOR MIN. TYP. MAX. UNITS

Breakdown Voltage 55 - - V
V(BR)C EO Ic = I rnA

Breakdown Voltage 7 - - V
V(BR)ECO IE = 100J,LA.

Collector Dark Current - - 100 nA
ICEO' VCE = 45V

Capacitance - 5 8 pF
Cce VCE = 5V, f= I MHz

coupled electrical characteristics:(25 °C) (See Note I)

H21B4 H21B5 H21B6
MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS

ICE(on) IF = 2mA, VCE = 1.5V 0.5 - - 1.0 - - 2.0 - - rnA
IcE(on) ~ F = SmA, VCE = I.5V 2.5 - - 5.0 - - 10 - - rnA
ICE(on) IF = lOrnA, VCE = 1.5V 7.5 - - 14 - - 25 - - rnA
VCE(sat) IF = IOmA, Ic = I .8mA - - 1.0 - - 1.0 - - 1.0 V
VCE(sat) IF = 6OmA, Ic = SOmA - - - - - 1.5 - - 1.5 V
ton VCC= 5V, IF = l OrrtA, RL = 750n - 45 - - 45 - - 45 - liS

VCC= 5V, IF = 60mA, RL = 75n - - - - 7 - - 7 - liS
toff VCC= 5V, IF = l OrnA, RL = 750n - 250 - - 250 - - 250 - liS

Vcc= 5V, IF = 60mA, RL = 75n - - - - 45 - - 45 - liS

Note I: Stray irradiation can alter values of characteristics. Adequate shielding should be provided.
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PHOTOTRANSISTOR

Power Dissipation
Collector Current

(Continuous)
Collector-Emitter

Voltage
Emitter-Collector

Voltage
**Derate 2.0mwtC above 25°Cambient.

DETECTOR MIN. TYP. MAX. UNITS

Breakdown Voltage 30 - - V
V(BR)CEO Ie = I rnA

Breakdown Voltage 6 - - V
V(BR)ECO IE = 1001lA

Collector Dark Current - - 100 nA
ICEO VCE = 25V

Capacitance - 3.3 5 pF
c., VC E = 5V, f= IMHz

V

A

mW
rnA

3

*100
60

_55°C to +100°C
_55°C to +100°C

260°C

SOUDSTATE

@D co ELECTRONICS

EMITTER MIN. TYP . MAX. UNITS

Reverse Breakdown Voltage 6 V
V(BR )R IR = 10 Il A

Forward Voltage 1.7 V
VF IF = 60mA

Reverse Current 100 nA
IR VR =5V

Capacitance 30 pF
Cj V = 0 , f= IMHz

INFRARED EMITTING DIODE

TOTAL DEVICE

Power Dissipation
Forward Current

(Continuous)
Forward Current (peak)

(Pulse Width";;; l us
PRR";;; 300 pps)

Reverse Voltage VR 6
*Derate 1.33 mwtC above 25°Cambient.

Storage Temperature
Operating Temperature
Lead Soldering Temperature

(5 seconds maximum)

absolute maximum ratings: (25°C)

H22A1 H22A2 H22A3
UNITS

MIN. TYP . MAX. MIN. TYP . MAX. MIN. TYP . MAX.

ICE(on) IF = SmA, VCE = 5V 0.15 - - 0.30 - - 0.60 - - rnA
ICE( on) IF = 20mA, VCE = 5V 1.0 - - 2.0 - - 4 .0 - - rnA
lcE(on) IF = 30mA, VCE = 5V 1.9 - - 3.0 - - 5.5 - - rnA
VCE(sat) IF = 20mA, Ic = 1.8mA - - - - - 0.40 - - 0.40 V
VCE(sal) IF = 30mA, IC = 1.8mA - - 0.40 - - - - - - V
ton' Vcc " 5V, IF = 30mA, RL = 2.5Kn - 8 - - 8 - - 8 - Ils
toff VCC= 5V, IF = 30mA, RL = 2.5Kn - 50 - - 50 - - 50 - Ils

ind iv id ual electrical characteristics:(25 °C) (See Note I)

Note 1: Stray irradiation canaltervalues of characteristics. Adequate shielding should be provided.

208

coupled electrical characteristics:(25 DC) (See Note I)

1mm Aperture
Photon Coupled Interrupter Module H22A1, H22A2 ,H22A3
The General Electric H22A Interrupter Module is a gallium
arsenide infrared emitting diode coupled to a silicon photo­
transistor in a plastic housing. The packaging system is de­
signed to optimize the mechanical resolution, coupling
efficiency, ambient light rejection , cost, and reliability. The
gap in the housing provides a means of interrupting the signal
with an opaque material , switching the output from an "ON"
into an "OFF" state .
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TOTAL DEV ICE

Storage Temperature
Operating Temperature
Lead Soldering Temperature

(5 seconds maximum)

absolute maximum ratings: (25°C)

1mm Aperture
Photon Coupled Interrupter Module H22A4, H22A5 ,H22A6
The General Electric H22A Interrupter Module is a gallium
arsenide infrared emitting diode coupled to a silicon photo­
transistor in a plastic housing. The packaging system is de-
signed to optimize the mechanical resolution , coupling
efficiency, ambient light rejection, cost, and reliability . The
gap in the housing provides a means of interrupting the signal
with an opaque material, switching the output from an "ON"
into an "OFF" state.

IN FRA RED EMITTING DIODE PHOTOTRANSISTOR

3

*100
60

V

V

mW
rnA

6

55

**150
100

VCEO

Po
Ic

Power Dissipation
Collector Current

(Continuous)
Collector-Emitter

Voltage
Emitter-Collector

Voltage
**Derate 2.0 mW r C above 2SoC ambient.

A

V

mW
rnA

Power Dissipation
Forward Current

(Continuous)
Forward Current (Peak)

(Pulse Width ~ 1J1s
PRR ~ 300 pps)

Reverse Voltage VR 6
*Derate 1.33 mW rC above 2SoC ambient.

indi vidual electrical characteristics:(25 °C) (See Note I)

EMITTE R MIN. TYP . MAX. UN ITS

Reverse Breakdown Voltage 6 - - V
V(BR)R IR = 10 J1A

Forward Voltage - - 1.7 V
V F IF=60mA

Reverse Current - - 100 nA
IR VR =5V

Capacitance - 30 - pF
Cj V = 0 , f= IMHz

DETECTOR MIN. TY P. MAX. UNITS

Breakdown Voltage 55 - - V
V(BR)CEO IC = 1 rnA

Breakdown Voltage 6 - - V

V(BR)ECO IE = 100J1A
Collector Dark Current - - 100 nA

ICEO VCE = 45V
Capacitance - 3.3 5 pF

c., VCE = 5V , f= IMHz

coupled electrical characteristics:(25 °C) (See Note 1)

H22A4 H22A5 H22A6
UN ITS

MIN. TYP . MAX. MIN. TYP. MAX. MI N. TYP. MAX.

ICE(on) IF = SmA , VCE = 5V 0.15 - - 0.30 - - 0 .60 - - rnA
ICE(on) IF = 20mA, VCE = 5V 1.0 - - 2.0 - - 4 .0 - - rnA
IcE(on) IF = 30mA, VCE = 5V 1.9 - - 3.0 - - 5.5 - - rnA
VCE(sat) IF = 20mA, Ic = 1.8mA - - - - - 0.40 - - 0.40 V
VCE(sat) IF = 30mA, Ic = 1.8mA - - 0.40 - - - - - - V
ton VCC = 5V, IF = 30mA, R L = 2.5K.Q - 8 - - 8 - - 8 - J1s
toff VCC= 5V, IF = 30mA, RL = 2.5Kn - 50 - - 50 - - 50 - J1s

Note 1: Stray irradiation can alter values of characteristics. Adequate shielding should be provided.
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SOLID STATE

@D co ELECTRONICS
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TOTAL OEVICE

Storage Temperature
Operating Temperature
Lead Soldering Temperatu re

(5 seconds maximum)

absolute maxim um ratings: (25 °C )

1mm Aperture
Photon Coupled Interrupter Module H22B1 ,H22B2 ,H22B3
The General Electric H22B Interrupter Module is a gallium
arsenide infrared emitting diode coupled to a silicon darlington
connected phototransistor in a plastic housing. The packaging
system is designed to optimize the mechanical resolution,
coupling efficiency, ambient light rejection, cost , and reli­
ability. The gap in the housing provides a means of interrupt­
ing the signal with an opaque material , switching the output
from an "ON" into an "OFF" state .

INFRARED EMITTI NG DIODE DARLINGTON CONNECTED PHOTOTRANSISTOR

Power Dissipation PE *100 mW Power Dissipation Po **150 mW
Forward Current IF 60 rnA Collector Current Ic 100 rnA

(Continuous) (Continuous)
Forward Current (Peak) IF 3 A Collector -Emitter VCEO 30 V

(Pulse Width ~ I fJ.S Voltage
PRR ~ 300 pps) Emitter-Collector VECO 7 V

Reverse Voltage VR 6 V Voltage
*Derate 1.33 mWrC above 25°C ambient. **Derate 2.0 mWrC above 25°C ambient.

ind ividu al electrical characteristics:(25DC) (See Note I)

EMITTER MIN. TYP. MAX. UN ITS

Reverse Breakdown Voltage 6 V
V(BR)R IR = lO J-LA

Forward Voltage 1.7 V
VF IF = 60mA

Reverse Current 100 nA
IR VR =5V

Capacitance 30 pF
Cj V=O, f=IMHz

DETECTOR MIN. TYP. MAX. UN ITS

Breakdown Voltage 30 - - V
V(B R)CEO Ic = I rnA

Breakdown Voltage 7 - - V
V(BR)ECO IE = 100J-LA

Collector Dark Current - - 100 nA
ICEO VCE = 25 V

Capacitance - 5 8 pF
c., VCE = 5V, f= IMHz

coupled electrical characterist ics:(25 °C) (See Note I)

H22B1 H22B2 H22B3 UN ITSMIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX.

ICE(on) IF = 2mA, VCE = 1.5V 0.5 - - 1.0 - - 2.0 - - rnA
lcE(on) IF = 5mA, VCE = 1.5V 2.5 - - 5.0 - - 10 - - rnA
ICE(on) IF = l OmA, VCE = 1.5V 7.5 - - 14 - - 25 - - rnA
VCE(sat) IF = lOrnA, Ic = 1.8mA - - 1.0 - - 1.0 - - 1.0 V
VCE(sat) IF = 60mA, Ic = 50mA - - - - - 1.5 - - 1.5 V
ton Vec= 5V, IF = l OmA, RL = 750,Q - 45 - - 45 - - 45 - J-LS

VCC= 5V, IF = 60mA, RL = 75,Q - - - - 7 - - 7 - J-LS
toff VCC= 5V, IF = lOrnA, RL = 750,Q - 250 - - 250 - - 250 - J-LS

Vce = 5V, IF = 60mA, RL = 75,Q - - - - 45 - - 45 - J-Ls

Note I: Stray irradiation canalter values of charactenstlcs. Adequate shielding should be provided.
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TYPICAL CHARACTERISTICS
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TOTAL DEVICE

Storage Temperature
Operating Temperature
Lead Soldering Temperature

(5 seconds maximum)

absolute maximum ratings: (25°C)

1mm Aperture
Photon Coupled Interrupter Module H22B4 ,H22B5 , H22B6
The General Electric H22B Interrupter Module is a gallium
arsenide infrared emitting diode coupled to a silicon darlington
connected phototransistor in a plastic housing. The packaging
system is designed to optimize the mechanical resolution,
coupling efficiency , ambient light rejection , cost , and reli­
ability . The gap in the housing provides a means of interrupt­
ing the signal with an opaque material, switching the output
from an "ON" into an " OFF" state.

INFRARED EMITTING DIODE DARLINGTON CONNECTED PHOT OTRANSISTOR

Power Dissipation PE *100 mW Power Dissipation Po **150 mW
Forward Current IF 60 rnA Collector Current Ic 100 rnA

(Continuous) (Continuous)
Forward Current (Peak) IF 3 A Collector-Emitter VCEO 55 V

(Pulse Width ~ I fJ.S Voltage
PR R ~ 300 pps) Emitter-Collector VECO 7 V

Reverse Voltage VR 6 V Voltage
*Derate 1.33 mWrC above2SoCambient. **Derate 2.0 mWrC above 2SoC ambient.

individual electrical characteristics:(25 °C) (See Note 1)

EMITTER MIN . TYP. MAX. UNITS

Reverse Breakdown Voltage 6 - - V
V(BR)R IR= lO /lA

Forward Voltage - - 1.7 V
VF IF = 60mA

Reverse Current - - 100 nA
IR VR =5V

Capacitance - 30 - pF
Cj V = 0 , f= IMHz

coupled electrical characteristics:(25 °C)

DETECTOR MIN. TYP. MA X. UNITS

Breakdown Volt age 55 V
V(BR)CEO Ic = I rnA

Breakdown Voltage 7 V
V(BR)ECO IE = 100J,LA

Collector Dark Current 100 nA
ICEO VCE = 45V

Capacitance 5 8 pF
Cce VCE = 5V , f= IMHz

(See Note I)

H22B4 H22B5 H22B6
MIN. TYP . MAX. MIN. TYP. MAX. MIN. TYP . MAX.

UN ITS

ICE(on) IF = 2mA, VCE = I.5V 0.5 - - 1.0 - - 2.0 - - rnA
IeE(on) IF = SmA, VCE = 1.5V 2.5 - - 5.0 - - 10 - - rnA
ICE(on) IF = lOrnA, VCE = 1.5V 7.5 - - 14 - - 25 - - rnA
VCE(sat) IF = lOrnA, Ic = 1.8mA - - 1.0 - - 1.0 - - 1.0 V
VCE(sat) IF = 60mA, Ic = SOmA - - - - - 1.5 - - 1.5 V
ton VCC= 5V, IF = lOrnA, RL = 750n - 45 - - 45 - - 45 - /lS

VCC= 5V, IF = 60mA, RL = 75n - - - - 7 - - 7 - /ls

torr VCC= 5V, IF = lOrnA, RL = 750n - 250 - - 250 - - 250 - /lS
Vcc= 5V, IF = 60mA, RL = 75n - - - - 45 - - 45 - /ls

Note 1: Stray irradiation can alter values of characteristics. Adequateshielding should be provided.
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TYPICAL CHARACTERISTICS
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sou0 STATE

@0 CO ELECTRONICS

absolute maximum ratings : (25°C)

SYM MILLI~ INCHES NOTESMETER S
MIN MA X MIN MAX

A 5.59 5.80 .22 0 .228

8 1.78 NOM . .070 NOM 2

<PI> .60 .75 .024 .030 1

bl .51 NOM . .020 NOM 1

0 4.45 4 .70 .175 .185

E 2.4 1 2.67 .095 .10 5

El .58 .69 .023 .027

e 2.4 1 2.67 .095 .105 3

G 1.98 NOM . .0 78 NOM.

L 12 .7 - .500 -
Lt 1.40 1.65 .055 .065

S .83 .94 .033 .037 3

NOT ES,
1. Two leads. Lead cross section d imensions uncon­

troll ed w it hi n 1.27 MM 1.050" 1 o f seati ng plane .

2. Centerl ine of active elemen t located wit hin .25 MM
(,010") of true position.

3 . As measured at the seat ing plane.
4. Inch di m ensio nsd erived f rom mill ime ter s.
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-SSOC to +IO O°C
·SSoC to +I OO°C

26 0°C

EMITTER-DETECTOR PAIR

Storage Temperature
Operating Temperature
Lead Soldering Temperature

(S seco nds maximum)

Matched Emitter-Detector
Pair H23A1

The General Electric H23Al is a matched emitter-detector
pair which consists of a gallium arsenide , infrared emitting
diode and a silicon phototransistor. The clear epoxy packag­
ing system is designed to optimize the mec hanical resolution,
cou piing efficiency, cost, and reliability. The devices are
marked with a color dot for easy identification of the emitter
and detector.

INFRARED EMITTING DIODE PHOTOTRANSISTOR

3

*100
60

**Oerate 2.0 mWrC above 2SoC ambient.

Power Dissipation
Forward Current

(Continuous)
Forward Current (Peak)

(Pulse Width <; Ius
PRR <; 300 pps)

Reverse Voltage VR 6

*Oerate 1.33 mWrC above 2SoC ambient.

mW ·
rnA

A

V

Power Dissipation
Collector Current

(Continuous)
Collector-Emitter

Voltage
Emitter-Collector

Voltage

Po
IC

VCEO

**I SO

100

30

6

mW
rnA

V

V

DETECTOR MIN . TYP. MAX. UN ITS

Breakdown Voltage 30 - - V

V(BR)CEO IC = 1 rnA
Breakdown Voltage 6 - - V

V(BR)ECO IE = 100fJ.A
Collector Dark Current - - 100 nA

ICEO VCE = 2SV
Capacitance - 3.3 S pF

Cce VCE = 5V , f= 1 MHz

ind ivid ual electrical characteristics ( 25°C) (See Note 1)

EMITTER MIN . TYP. MAX. UNITS

Reverse Breakdown Voltage 6 V

V(BR)R IR = IOfJ.A
Forward Voltage 1.7 V

VF IF = 60 rnA
Reverse Current 100 nA

IR VR = SV
Capacitance 30 pF
~ V = 0 , f= 1 MHz

coupled electrical characteristics (25° C) (See Note 1)

No te: Coupled ele ctrical cha ract eristics are measured at a separation distance of 4mm (.ISS inches)
with the lenses of the emitter and detector on a common axis within O.lmm and parallel within So.

MIN . TYP. MAX. UNITS

ICE(on) IF = 30mA, VCE = SV I.S rnA

VCE(sat) IF = 30mA, IC = 1.8mA 0040 V

ton VCC = SV, IF = 30mA, RL = 2.SKQ 8 fJ.S
toff VCC = SV, IF = 3OmA, RL = 2.5KQ SO fJ.s

Notel : Stray irradiation can alter values of characteristics. Adequate shielding should be provided.
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68. OUTPUT CURRENT
VS.

DISPLACEMENT
(A NGU LA R & AXIS)

-~ 0 ~ 50

TA-AMBIENT TEMPERATURE-'C

4. VCE(sat) VS. DISTANCE

- 55

2. OUTPUT CURRENT VS. TEMPERATURE

8-ANGULAR DISPLACEMENT-DEGREES
o 10 20 30 40 50 60

=~ ~~I~~ ~rRmF I

{f[J=~H--++ D D:I ~ BNOJuZEJ TO_
, r I -~ 11 VALUEOFI CE (... 1

f-- 4 mm I ~ AT VCE=5V =
- d=4mm t--~F-30mA -

i--+--+f-+--II--t 4mm 8 - 0 ' , -----J
1

r \ d =4mm _

tn D \ 1\ I
Ie ~AD \J

o d IC=I.BmA,IF PULSED PW=IOO~s, PRR=I OOpps
H

~ ~
IF; 100imA

,/

/ 60~A
I

/
/
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I fo-

/I ./ 20~A
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'/ II OmA

I
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- ,.---~ fo-
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i ,
1 -r---
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I-- -NORMALIZED TO -{d l-- I--
VCE =5V, IF =30mA, TA; 25'C, d= 4 mm.
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TYPICAL CHARACTERISTICS

50

I RED EMITTER

30 40

d-D ISTANCE- mm

20

4 6 B 10 20 4 0 60BO 100 200 400 60 0 1000

IF -INPUT CURRENT-mA

SENSOR

50 75 10 0 25 50 75
TA-AMBIENT TEMPERATURE-'C

2

3. OUTPUT CURRENT VS. DISTANCE

1. OUTPUT CURRENT VS. INPUT CURRENT
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, o d I---

~
NORMALI ZED TO : t-1 t---
VCE- 0.4V, I F= 30 mA, d= 4m m.
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5. LEAKAGE CURRENTS VS. TEMPERATURE

0.0010 4 10

~z
W
0:

s 10 2
o

'"0:
C§
o
w 10
N
:J..
~
0:

s
I

8s

~
z
W
0:
0:
::>
o
~
::>
11.
~
::>
o
S O.
N
:J
<t
~
0:
o
~ 0.0
C
.5!.
w
o

0.0 0 I

20

10

10

~
z
W
0:
0:
::>
o
~
::>
11.
~
::>
o
o
W
N
:J
C(
~

l5
~ 0 .0

:§
ws



'u
INCHES NOT ES

MIN MA X

.220 .228

.070 NOM 2

.024 .030 1

.020 NOM 1

.175 .185

.09 5 .10 5

.023 .027

.09 5 .105 3

.078 NOM.

.500 -

.0 55 .06 5

.033 .03 7 3

imensions uncon-
of seating pla ne.
ated withi n .25 MM

e.
itlimet ers,

0 mW
0 rnA

00 V

7 V

X. UNI TS

V

V

0 nA

pF

A X. UNITS

- rnA
1.0 V CJ- /lS

- /lS

'--

8

10

5

45

250

7.5

M IN. TYP. M

MIN TYP . MA

NOTE S:

1. Tw o leads. l ead cross sect ion d
t rolled wit h in 1.27 MM 1.050" )

2. Cen terl ine of activ e elemen t lee
(,0 10") of tr ue posit io n.

3 . As measured at the seating plan

4. Inch dimensions derived f rom m

SYM MILLI-
METE RS

MIN MA X

A 5.59 5.80
2

B 1.78 NOM.

01> .60 .75

--j bltL bl .51 NOM.

a 4.45 4 .70

~b-.0-i- E 2.4 1 2.67

El .58 .69
.SECTION x-x 2.41 2 .67

LEAD PROFILE
G 1.98 NOM.

.' L 12.7..
Ll 1.40 1.65

S .83 .94

Breakdown Voltage 30
V(BR) CEO IC = 1 rnA

Breakdown Voltage 7
V(BR) ECO IE = 100/lA

Collector Dark Current
ICEO VCE = 25 V

Capacitance
Cce VCE = 5V, f= 1 MHz

DARLINGTON CONNECTED
PHOTOTRANSISTOR

2

~
EI D

ET . '.
-jG

rl~4;'SEATINGT PLANE

~:~

r­
I

EM ITT ER :
(B LA CK ) :

I
I
I
I
L_

V

V

nA

pF

1.7

100

_55 °C to +100°C
·55 °C to +100°C

260°C

30

6

IF = lOrnA, VCE = 1.5V
IF = lOrnA, Ic = 1.8 rnA
VCC = 5V, IF = lOrnA, RL = 750n

VCC = 5V, IF = l OrnA, RL = 750n

SOLID STATE

@0 CO ELECTRONICS
Matched Emitter-Detector

Pair H2381

EMITTER - DETECTOR PAIR

Storage Temperature
Operating Temperature
Lead Soldering Temperature

5 seconds maximum

ICE(on)
VCE(sat )
to n
tof f

Reverse Breakdown Voltage
V(BR)R IR = 10/lA

Forward Voltage
VF IF = 60 rnA

Reverse Current
IR VR = 5V

Capacitance
Ci V = 0 , f= 1 MHz

218

INFRA RED EMITTING DIODE

Power Dissipation PE *100 mW Power Dissipation Po **15
Forward Current IF 60 rnA Collector Current IC 10

(Continuous) (Continuous)
Forward Current (Peak) IF 3 A Collector-Emitter VCEO 3

(Pulse Width ~ l/ls Voltage
PRR ~ 300pps) Emitter-Collector VECO

Reverse Voltage VR 6 V Voltage
" Derate 1.33 mwt C above 25°Cambient. **Oerate 2.0 mWrC above 25°C ambient.

individual electrical characteristics (25°C) (See Note 1)
;..-.:..---.....:.....------,- --r---,-

EMITTER M IN . TYP . MAX. UNITS DETECTOR
~---------+--+--+-

coupled electrical characteristics (25°C) (See Note 1)
Note : Coupled electrical characteristics are mea sured at a sepa ration distance of 4mm (.155 inches)
with the lenses of the emitter and detector on a com mon axis within 0.1 mm and parallel within 5°.

The General Electric H23B I is a matched emitter-detector
pair which consists of a gallium arsenide , infrared emitting
diode and a silicon , darlington connected, phototransistor.
The clear epoxy packaging system is designed to optimize the
mechanical resolution , coupling efficiency, cost , and relia­
bility. The devices are marked with a color dot for easy
identification of the emitter and detector.

absolute maximum ratings: (25°C)

Note 1: Stray irradiation can alter valuesof characteristics. Adequate shieldingshould be provided.
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68. OUTPUT CURRENT
VS.

DISPLACEMENT
(ANGULAR & AXIS)

.4 .6 .8 1
VCEl l atJ- VOLTS

4. VCE(sat) VS. DISTANCE

-25 0 +25 + 50
TA- AMBIENT TEMPERATURE - 'C

.2

- 55

2. OUTPUT CURRENT VS. TEMPERATURE

1-+--Jl-_-I--fNORMAUZEDTQ !NORMAL IZEDTO'
VAWEOFIalanl VALUEOF ICElanl

I---+--#--+--+AT VCE=1.5V , AT VcE" 1.5 V,
I F=IOmA, I F=IO mA, - -+-- I-\...---
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01
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I--0~d

-~ 9
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I- ! L
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I
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70

100

60

75

EMITTER

30 40 50
d -D ISTANCE-m m

20

TYPICAL CHARACTERISTICS

4 6 8 10 20 40 60 BOIOO 200 400 600 1000
IF -INPUT CURRENT- mA

DETECTOR

50 75 100 25 50
TA -AMBIENT TEMPERATURE-'C

10

3. OUTPUT CURRENT VS. DISTANCE

2

4

1. OUTPUT CURRENT VS. INPUT CURRENT

~NORMALIZED TO NORMALI ZED TO' I

f- VcC 2 5 V - VR =5 V

f-- TA' 25'C ./ -TA - Z5 ' C
I

1/ /
/ /

I

1':>.:),./ / ./
.'fIy / ,/

I
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......
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I /

/

/
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~ ~==/ IF= 10m A / - ,-

/ d= 4 mm
I - -

,I/
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I
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5. LEAKAGE CURRENTS VS. TEMPERATURE
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SOLID STATE

@D co ELECTRONICS

caX15 ,CaX17
SEATING

caX14, CaX1 6

SYMllOL INCHES ...,LL,...ETERS
""N . MAX. ""N . "'AX. NOTES

A .255 6.47

~ .0 16 .021 .406 .534 I

'b, .016 .0 19 .406 .48 3 I

' 0 .20 9 .23 0 530 585

, 0 , .17 8 . 195 4.52 4.96

I . IOONOM. 2 .54 NOM. 3

I I .050 NOM. 1.27 NO.... 3

h .040 1.02

I .031 .0 44 .78 1.1 2

k .036 .0 46 .91 1.17 2

L .500 12.7 I

L I .050 1.27 I

L2 . 250 6.35 I

Cl 4 5" 45' 4

mW
W

170
1.3

T] -65°C to +150°C
Tstg -65°C to tISO°C

10 seconds at 260°C

absolute maximum ra t ings : (25°C unless otherwise specified )

Voltage :
Reverse Voltage VR 3 volts

Current s:
Forward Current Continuous IF 100 rnA
Forward Current (pw 1 J1S , 200 Hz) IF 10 A

Dissipations :
Power Dissipation (TA = 2S0 C)*
Power Dissipation (Te = 2S0 C)**

Temperatures:
Junction Temperature
Storage Temperatu re
Lead Soldering Time

' Dera te 1.36 mwt e above '2Soe ambient .
" Dera te 10.4 mW /oe ab ove 2 Soe case .

Infrared Emitte'r
~ tli:9 CaX14-CaX15-CaX16-CaX17
Gallium Arsenide Infrared- Emitt ing Diode
The General Electric CQX14-CQXlS-CQXI6-CQX1 7 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.

electrical characteristics: (25°C unless otherwise specified)

NUN. TYP . MAX. UN ITS

Reverse Leakage Current
(VR =3V) IR 10

Forward Voltage
(I F =100mA) VF 1.4 1.7

I. "" AP!'L1ES BETWEENLI ANOL2 , b APPLIES BETWEEN L 2
ANO.50 0" (12.70 ...., FRO" REFERENCE PLANE. OIA.. ETER
IS UNCONTROLEOIN L, ANO BEYOND.500" 0 2.70 .... , FROM
REFERENCE PLANE.

2. MEASURED FRO'" ...AXI"'U " DIA...ETER OF DEVICE.
3 LEADS HAVING ...AXI...U" DIA.. ETER .0 19 " 1.4 83 ..... 1 .. EASURED

IN GAGING PLANE .0 54" + 0 01' - .000 11.37+ .0 2 5 - .0 0 0 101101 1
BELOW THE REFERENCE PLANE OF THE DEVICE
SHALL BE WITHIN .0 0 7" 1.77 8 101" 1 THEIR TRUE

POSITION RELATIVE TO A ...AXIMUM WIDTH TAB.
4. FRO" CENTERLINE TAB.

SYMBOL INCHES ""LLI"'ETERS
MtN. MAX MIN. " AX. NOTES

A . 155 3.93

'b .016 .021 .406 .534 I

lib, .016 .019 .40 6 .48 3 I
,0 .209 .230 5 .30 5.85
,0, . 178 . 195 4.52 4 .96

I . IDONO" . 2.54 NO". 3
I , .0 5ONO". 1.27 NO" 3
h .040 1.02
j .03 1 .()4 4 .78 1.12
k .036 .0 46 .91 1.17 2
L .500 12.7 I

LI ·050 1.27 I

L2 .250 6.35 I

Cl 45" 45" 4

mW
mW

V

nm

nm

nmtC

J1A

J1s

J1S

940

.28

60

1.0

1.0

Spectral Shift with Temperature

Spectral Bandwidth 50%

Rise Time 0-90% of Output

Fall Time 100-10% of Output

optical characterist ics: (25°C unless otherwise specified)

Total Power Output (note I)
(I F = lOOmA)

CQX14-CQXlS Po 5.4
CQX16-CQXI7 1.5

Peak Emission Wavelength
(I F =100mA)

Not e 1: To tal power o u tpu t, PO' is the tota l power radiated by the device int o a solid angle of 2 tt ste radi ans.
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TYPICAL CHARACTERISTICS
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foIQTES
I . T,..,. shall blI a perm o""'" Mieohon of '''nII ­

ina l or~"tat iOtl in ,... quod l'Ont od jocent to
Iet"rninal l .

2 . Instolled pos ition lead c Wlt••.
3 . Overa ll ins lalle d dimeM ion
4 . Tnen rneos ur.."entt ore "'ode 'tOm the W"f ­

ino plane
5.Four place.

INCH ~~jME~~: NOfFSSYMBOL U ' N uA
A ;~gl .~ ~ ~ 8:;: 2 18 :~ rB 2
C .~ ~ ~

B6 4 3
0 .0 1 6 4 0 6 , O B
E m ~ ,O8 4, .0 4 0 1.01 1. 7 8
G 0 9 0 . 1 10 2 28 2 79
H OB 5 2.16 5
J .0 0 8 0 ' 2 .2 0 3 .30 5, 10 O 2.5 4 3
M 15 · 15·
N .0 15 .3 8 1 3
P .3 7 !l 9 53

• . 1 0 0 .1 8 !l 2.57 7~~05 .2 25 .2 80 5.7 1

MIN . TYP . MAX. UNITS

32 volts

70 volts

S volts

S 100 nanoamps

2 picofarads

MIN. TYP. MAX. UNITS

60 %
0.1 0.4 volts

100 gigaohms
2 picofarads

2 microseconds

r - -- - - --.,

~j]Qi :
I I
I I

3 <>-t---- I 4L J

TOTAL DEV ICE

PHOTO·TRANSISTOR

Storage Temperature -SSoC to +I SO°C

Operating Temperature -SSoC to +100°C

Lead Soldering Time (at 260°C) 10 seconds

Surge Isolation Voltage (Input to Output)
4000VRMS

Breakdown Voltage - V(BR)CEO
(Ic = lOrnA, IF = 0 )

Breakdown Voltage - V(BR)C BO
(Ic =1001lA, IF =0 )

Breakdown Voltage - V(B R)ECO
(IE =1001lA , IF =0 )

Collector Dark Current - ICEO
(VCE =10V, IF =0)

Capacitance
(VCE = 10V, f = I MHz)

milliwatts
volts
volts
volts
milliamps

volts

milliwatts
milliamps
ampe re

*100
60

3

SOUOSDOC

@0 CO ELECTRONICS

PHOTO -TRANSISTOR

Power Dissipation ** ISO
VCEO 32
VCBO 70

~co S
Collector Current (Continuous) 100

**Derate 2.0mWtC above 25°C ambien t.

INFRARED EMITTING DIODE

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width I usee 300 P Ps)
Reverse Volt age S

*Derate 1.33mWtC above 25°C ambient .

DC Current Transfer Ratio (IF = 10 rnA, VCE = S V)
Satu ration Voltage - Collector to Emitter (IF = 10 rnA, Ic = 0.5 rnA)
Isolation Resistance (Input to Outpu t Voltage = SOOVDC)
Input to Outp ut Capacitance (Input to Out pu t Volt age = O,f = J MHz)
Switching Speeds: Rise/ Fall Time (VCE = 10 V, ICE = 2 rnA, RL = lOOn)

coupled electrical characteristics:(25°C)

individual electrical characteristics:(25°C)
r-------------'"'T""--r--r---,.----.,

absolute maximum ratings: (25°C}

INFRARED EMITTING DIODE TYP. MAX. UNITS

Forward Voltage 1.1 1.5 volts
(IF = lO rnA)

Reverse Current - 10 microamps
(VR = 3 V)

Capacitance SO - picofarads
(V = O,f = I MHz)

The General Elect ric CQY80 is a gallium arsenide , infrared
emitting diode coupled with a silicon pho to -transistor in a dual
in-line package.

Ga As Infrared Emitting Diode & NPN Silicon
Pho to-Transistor

Photon Coupled Isolator cavao
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Light Detector Planar Silicon Photo Transistor

&:9~ _&:9 BPW36 , BPW37
The General Electric BPW36 and BPW37 are high ly sensitive NPN Planar Silicon Photo­
transistors. They are housed in a TO-18 style hermeti cally 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 pro vided , however , to control sensitivity and gain
of the device .

-.0\(31

B 1 21~

E(I)

volts
volts
volts

45
45

5

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

Voltages - Dark Characteristics
Collec tor to Emitter Volt age
Collector to Base Voltage
Emitter to Base Voltage

224

t H =Radiation Flux Density. Radiation source is on unfiltered tungsten filament bulb at 28700 K color temperature.
NOTE: A GaAs source of 3.0 mW/cm2 is approximately equivalent to a tungsten source, at 28700 K, of 10 mW/cm2.

Currents
light Current IL 50 mA

Dissipations
Power Dissipation (T A =25° C)* PT 300 mW
Power Dissipation (Tc =25°C)** PT 600 mW

Temperatures
Ju ncti on Tempe ratu re T] +150 °c
Storage Temperature TSTG -65 to +150 °c

*Derate 2.4 mW/oC above 25°C ambient
"Derate 4.8 mW/oC above25°C case

electrical characteristics: (2 5° C unles s otherwise specified)

BPW36 BPW37
STATIC CHARACTERISTICS MIN. MAX. MIN. MAX.

Light Current
(VCE =5V, Ht = Iomw/cm") IL 6 3 mA

Dark Current
(VCE = lOY, H =0) ID 100 100 nA

Emitter-Base Breakdown Voltage
(IE = 100J,LA, Ic =0, H =0) V(BR)EBO 5 5 V

Collector-Base Breakdown Voltage
(Ic = 100pA, IE =0, H =0) V(BR)CBO 45 45 V

Collector-Emitter Breakdown Voltage
(Ic =10mA, H =0) V(BR)CEO 45 45 V

Saturation Voltage
(Ic =10mA, IB =ImA) VCE(SAT) 0 .4 0.4 V

Turn-On Time (VCE = lOY, Ic =2mA, ton 8 8 usee

Turn-Off Time RL =lOOn) toff 7 7 usee

----- -------- - -- - -- --- --- --- -----



TYPICAL ELECTRICAL CHARACTERISTICS I BPW36, BPW37 I
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Light Detector Planar Silicon Photo-Darlington Amplifier

~~ _~ BPW38

V25

~'(2 ) 8

E (I )

MIN. MAX.

3 rnA

100 nA

12 V

25 V

mW
mW

volts
volts
volts

rnA

25
25
12

300
600

200

V(BR)CEO

V(BR)CBO

V(BR)EBO

I D

150
-65 to 150

The General Electric BPW38 is a supersensitive NPN Planar Silicon Photo­
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 Sty le her metically sealed package
with lens cap and is designed to be used in opto-electronic sensing appli ca­
tions requiring very high sensitivity.

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

VOLTAGES - DARK CHARACTERISTICS
Collector to Emit . Voltage Ve EO
Collector to Base oltage Vc so
Emitter to Base Voltage VEBO

CURRENTS
light Current

DISSIPATIONS
Power Dissipat ion (TA = 25°C)*
Power Dissipation (Te = 25° C)**

TEMPERATURES
Junction Temperature
Storage Temperature

'Derate 2.4 mwte above 2soe ambient.
" Dera te 4.8 mW/o e a bo ve 25°C case.

electrical characteristics: (25°C unle ss otherwise specified)

STATIC CHARACTERISTICS
LIGHT CURRENT

(Ve E = 5V, H] = 0.2 mW/cm2)

DARK CURRENT
(VCE = 12V,IB= 0)

EMITTER·BASE BREAKDOWN VO LTAGE

(I E = 100/lA)

COLLECTOR·BASE BREAKDOWN VOLTAGE
(Ic = 100/lA)

COLLECTOR·EMITTER BREAKDOWN
VOLTAGE

(Ie = l OrnA)

SWITCHING CHARACTERISTICS
(see Switching Circuit)

t H= Radiation Flu x Den sit y. Radiation source is an unfiltered tungsten filament bulb at 2870 0K color temperature.

NOTE : The 2870
0

K radiat ion is 2 5% effective on the photodarlington ; i.e . , a GaAs source o f 0.05 mW /cm 2 is equivalent to this 0.2 mW/ 2
tungsten source. cm

SWITCHING SPEEDS
(Vee = lOY, IL = 10 rnA, RL = lOOn)

DELAY TIME

RISE TIME

STORAGE TIME

FALL TIME

td

t r

ts

tf

50

300

10

250

/lsec

J1Sec

/lsec

usee

226
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Photon Coupled Isolator CNY17

SYMBOL u • • ,INC':. AX ~~lIMETER
"nT; 'I~ h'lAX,

A ~~ gr~~~ 8 .' 8 18.8 '
8 7.62 ~ EF 2
C .3 4 0 8 .6 4 ,
° .0 1 6 .0 2 .4 0 6 .5 0 8
E .2 0 0 5.0 8 4
F .04 0 010 1.01 l. 78

" .0 9 0 :, ,( 2.2 8 2 .79
H .0 8 5 2.16 s
J .0 0 8 .0 1 2 20' .30 5

• .10 0 2.5 4 ,.. ". ".
" .0 1 5 .3 8 l ,
P .3 7 5 9 .53

• . 10 0 .1 8 5 2.54 .. 7 1,)
S . 2 2 5 .2 8 0 5.7 1 7 . 12

Creepoge Dislance 8.2mm min.
Air Gap 7.6m m min.

NOTES·
I. Trier. sholl be a per manent ftiica t;on 0' ttl, m •

ina! orien tOl ion in t!'leQUOdron t adjocen' to
terminal I

2 . lnltolled pos ition I, a d centers ,
3. 0lte roll i ll stolled dimension .
4 . These ~'o'e'"'~"t, ore "..~~ fIT' ''' the WO'!"­

;"9 plane.
5. Four pfacu .

I.-- A] SEE
L- I. ." OTEIRAT ' ' Tr: L- I C l TOP VIEw ) S

JJ 4 6 ~
J"J.- 8 -=:j ..'(

-+ 1- +1-

'--~" TSE,,"" " E.l.. P
PLA"E II - I - I - I
~ ': -.L

-i ~t:-o

milliwatt s
volts
volts
volts
milliamps

volts

milliwatts
milliamps
ampere

*100
60

3

SOUDsmrE

@0 ©ELECTRONICS

Power Dissipation - TA **150
VCEO 70
VCBO 70
VECO 7
Collector Current (Continuous 150

**Derate 2.0 mW/oC above 25°C

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 Outpu t).

5000V(peak) 3000V(RMS)
Steady-State Isolation Voltage (Input to Output).

4000V(peak) 2830 V(RMS)

228

Power Dissipation - TA
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width Ius, 300 P Ps)
Reverse Volt age 3

*Derate 1.33 mW/oC above 25°C

PHOTO-TRANSISTOR

TOTA L DEVICE

IN FRARED EMITTING DIODE

FEATUR ES:

• Fast switching speeds
• High DC current transfer ratio
• High isolation resistance
• High isolation voltage
• 1/0 compatible with integrated circuits

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

Ga As Infrared Emitting Diode & npn Silicon Photo - Transistor

The General Electric CNYl7 consists of a gallium arsenide in-
frared emitting diode coupled with a silicon photo transistor in
a dual in-line package.



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

the output terminals (transistor) shorted together.

I CNY17 I

~ INPUT
o--J L- PULSE

PHOTO·TRANSISTOR MIN. TYP . MAX. UNITS

Breakdown Voltage - V(BR)CEO 70 - - volts
(Ic = lOrnA, IF =0)

Breakdown Voltage - V(BR)CBO 70 - - volt s
(Ic =100j.LA, IF =0)

Breakdown Voltage - V(BR)ECO 7 - - volts
(IF = 100j.LA, IF =0)

Collector Dark Current - ICEO - 5 50 nanoamps
(VCE = 10V, IF =0)

Capacitance - CCE - 2 - picofarads
(VCE =10V, f = I MHz)

)f------._OUTPUT

TEST CIRCUIT

229

Adjust Ampl it ude of Input Pulse for Output (I e ) of 2 rnA

FIGURE 1

INFRARED EMITTING DIODE MIN. MAX. UNITS
I

Forward Voltage - VF .8 1.65 volts
(I ~ = 60 rnA)

\
Reverse Current - IR - 10 microamps(iR = 3V)

Capacitance - CJ - 100 picofarads
(~ = O,f = I MHz)

DC c lrrent Transfer Rat io (IF = lOrnA, VCE = 5V)

MIN. TYP. MAX. UNITS

CNYI7 I 40 - 80 %
CNYI7 II 63 - 125 %
CNYI 7 III 100 - 200 %
CNYI7 N 160 - 320 %

Saturation Voltage - Collector to Emitter (IF = lOrnA, Ic = 2.5 mA) - - 0.3 volts
Isolation Resistance (VIO = 500V Dc) (See Note I) 100 - - gigaohms
Input to Output Capacitance (VIO = O,f = I MHz) (See Note I) - - 2.5 picofarads
Turn- On Time - ton (VCC = 10V, Ic = 2mA, RL = l OOn) (See Figure I) - 5 10 microseconds
Tum-Off Time - toff (Vcc = 10V, Ic = 2mA, RL = lOOn ) (See Figure I) - 5 10 microseconds

I

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

coupled electrical characteristics (25°C) (unless otherwise specified)
I
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INFRARED EMITTING DIODE TYP. MAX. UNI TS PHOTO-TRANSISTOR MIN. MAX. UNITS

Forward Voltage 1.2 1.7 volts Breakdown Voltage 30 volts

(IF = 10 rnA) V(BR)CEO (IC = lOrnA)

Reverse Current 10 J.tl,mps Breakd own Voltage S volts

(VR = 2V) V(BR)ECO (IE = 100JIA)

Capacitance ISO pf Collector Dark Curre nt 100 nA

(V = 0, f = 1 Mhz) ICEO (VCE = 10V, IF = 0 , H=O)

SOLID STATE

@ D CO ELECTRONICS

tl amps
volts

UNITS

u see
JIsec

milliwatts
milliamps
volts
volts

** l SO
100
30
S

0.4

MAX.

NO TIES:

1. Four 1Mdt. LMd diamfi. contro lled blft_ .050'" " .27 MMI
frO"'!1M tNtine p"rM ...d I'" tnd of 1M~•.

2. 1M MnliPlg... f,nl with in I .060 " I' .52 MMI ,qUit, Of'!

Ih lscent«Ii,...

INCHES MILL IMETER S

SYMBOL MIN . MA X, MIN. M AX, NOTES

• .390 .400 9.91 10.16

" .0 75 .011' 1.91 2.15

'" .01 8 .0 111 .eo, .482 1

° ..,. ." 4 2• .2. 2• •9SI
0, .475 .4" 12.07 12.57
0, . ' 20 .130 3.05 3.30

" .205 .230 5.21 ....
" .090 . 110 2.29 2.19
E .250 0.30, .095 .105 2.42 2."
L .300 ' .1l2 1... .120 .130 3.05 3.30

° .' 48 .755 18.93 19.17
T .110 NOM. 2.79 NOM. 2

S
S

TYP.

400
0.2

200

MIN.

**Derate 2.SmW/oC above 2SoC ambi ent

Power Dissipation
Collecto r Current (Cont inuous)

VCEO
VECO

PHOTO-TRANSISTOR

232

volts

milliwatts
milliamp s
amp

3

*100
60

1

'n~4
r - , r--- ,
1 1 1

1 1'""1 II I "", I
: :, I

7 '-- _J L__ _ _ .J 3

Power Dissipation
For ward Current (Continuous)
Forward Current

(peak, 100JIS, 1%du ty cycle)
Reverse Volt age

*Derate 1.67mW/oC above 2SoC ambient

Output Current (IF = 20mA, VCE = 10V)
Saturat ion Voltage (IF = 20mA, IC = 2SJIA)
Switching Speeds (VCE = 10V, IC = 2mA, RL = lOOn)

On Time (td + tr)
Off Time (ts + tf)

INFRARED EMI TTING DIODE

• Low cost , plastic module
• Non-contact switching
• Fast switching speeds
• Solid state reliabilit y
• 1/0 compatible with integrated circuits

FEATURES :

The General Electric CNY28 is a gallium arsenide infrared emitting
diode coupled with a silicon photo-transistor in a plast ic hou sing.
The gap in the housing provides a means of interrupting the signal
with tape, cards, shaft encoders , or other opaque material,
switching the output transist or from an "ON" into an " OFF"
state. r-~~ I

v0-+~~"""o"""';-o~~"T""""+-v_:

1 ~:~~'1
-+~tQ
~I~n

ro'" ""r
absolute maximum ratings: (25°C ) (unless otherwise specified)

Storage and Operating Temperature _55° to 85°C. lead Soldering Time (at 260°C) 10 seconds.

coupled electrical characteristics (25 °C)

individual electrical characteristics (25 °C )

.Photon Coupled Interrupter Module CNY28
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milliwatts
milliamps
volts
volts

UNITS

p amps

volts

J.L secs

p secs

** 150
100

25
7

1.2

MAX.

NOTES :
, . Four 1Mdf" Laed d~metel' cont roll ed blM:w.." .060" " .2 7 MMI

from tl'll ti ng p"'"and t~ efW:I or IN INdI.

2. The Wf'l li~ f, lIl with in • .060 " 11.52 MMI IQU.' on
thi , centerli ne.

INCHES M I LL IM ETERS

SYM BOL MIN . MAX . M IN . M AX . NOTES

• .390 .400 9.91 10,16

" .0 15 .08' 1.91 2.15

4t> ,018 .0 19 ."'7 .482 1

° .... .... 24.24 24.99
0, ,4 75 .495 12.07 12.57
0 , .120 . ' 30 J OS 3.30

'I .2DS .230 5.21 s.ss
" .090 .110 2.29 2.79
E . >SO 6.30
F .095 . ' OS 2.42 2."
L .300 7.82 1
4t> . ' 20 . '30 JOS 3.30

° .7AS .755 18.93 19. 11
T . 110 NOM. 2. 7St NOM . 2

ISO
ISO

TYP.

2500

MIN.

**Derate 2.5mW/ oC above 25°C ambient

Power Dissipation
Collector Current (Conti nuous)

VCEO
VECO

PHOTO-DAR LI NGTON

PHOTO-DAR L1NGTON M IN. MAX. UNITS

Breakdown Voltage 25 vol ts
V(BR)CEO (lC = 10 rnA)

Breakdown Voltage 7 volts
V(BR)ECO (IE = 100J.L a)

Collector Dark Curren t 100 nA
ICEO (VCE= 10V, IF=O, H=O)

volts

milliwatts
milliamp s
amp

3

*100
60

1

SOUDSTATE

@ D co ELECTRONICS

Power Dissipation
Forward Current (Conti nuous)
Forward Current

(peak, 100 J.Ls, 1%duty cycle)
Reverse Vol tage

*Derate 1.67mW/oC above 25°C ambient

234

INFRARED EMITTING DIODE

Output Current (IF = 20mA, VCE = 5V)

Satur ation Volt age (IF = 20mA, Ie = 0.5 rnA)

Switching Speeds (VCE = 10V, IC = 2 rnA, RL = lOOn)
On Time (td + tr)

Off Time n,+ tf)

Photon Coupled Interrupter Module CNY29

INFRARED EMITT ING DIODE TYP. MAX. UNITS

For ward Volt age 1.2 1.7 volts
(IF = 10 rnA)

Reverse Current - 10 J.Lamps
(VR = 2V)

Capacitan ce 150 - pf
(V = 0, f = 1 MHz)

FEATURES: 1~_ , r~-- , 4

• Low cost , plastic module : l : :
• Non-contact switching : :~: I

I I I
• Solid-state reliability L__J L .J

• I/O compatible with integrated circuits 2 3

The General Elect ric 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 inte rrupting the
signal with tape , cards, shaft encoders, or other opaque material,
switching the output transistor from an "ON" into an " OFF"
state.

coupled electrical characteristics (25°C)

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

Storage and Operating Temperature _55° to 85°C. Lead Soldering Time (at 260°C) 10 seconds.

individual electrical characterist ics (25°C)



TYPICAL CHARACTERISTICS
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volts
volts
volts
volt s
volts

UNITS

microamps
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microamps
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Peak Off-State Voltage- Vo M CNY30 200
(Re K = 10Kn, TA = 100°C) CNY34 400
Peak Reverse Voltage-VRM CNY30 200

(TA = 100°C) CNY34 400
On-Stat e Voltage-VT 1.3

(IT = 300mA)
Off-State Current-Io CNY30 50
( Vo=200V,TA=1OO°C, IF=O, Re K=lOK)
Off-Stat e Current-Io CNY34 150

(V 0 =400V,TA=100°C ,IF=O, RGK=1OK)
Reverse Current-s-Ip CNY30 50

(VR= 200V, TA = 100°C, IF = 0 )
Reverse Current-Ts CNY34 150

(VR=400V, TA = 100°C, IF = 0 )

TOTAL DEV ICE

Storage Tem perature Range -55°C to 150° C
Operat ing Temperature Range _55°C to 100°C
Normal Temp eratu re Range (No Derat ing) -55°C to 80°C
Soldering Temperature (10 seconds) 260°C
Tot al Device Dissipation (-55°C to 50°C) , 450 milliwatt s
Linear Derating Factor (above 50° C), 9.0mWt C
Surge Isolat ion Volt age (Input to Outpu t).

2S00V(peak) I770V(RMS)

Steady-State Isolation Voltage (Input to Output).

IS00V(peak) 1060V(RMs)

PHOTO-SCR MIN. MAX.

SQUDSTATE

@D co ELECTRONICS

MIN. MAX. UNITS

Inpu t Current to Trigger VAK = SOY, RGK = lOKn 1FT 20 milliamps

VAK = lOOV, RGK = 27Kn 1FT
I I milliamps

Isolat ion Resistance VIa = SOOVOC rIO 100 gigaohms

Turn-On Time - VAK = SOY, IF = 30mA, ReK= lOKn, RL = 200n ton 50 microseconds
Coupled dv/dt , Inpu t to Output (See Figure 13) 500 volts microsec.
Input to Out put Capacitance (VIa = O,f = 1 MHz) 2 picofarads

236

Photon Coupled Isolator CNY30-CNY34
Ga As Infrared Emitting Diode & Light Activated SCR
The General Elect ric CNY30 and CNY34 consist of a gallium ~
arsenide, infrared emitting diode coupled with a light activated
silicon controlled rectifier in a dua l in-line package.

absolute maximum ratin gs: (25 °C ) (unless other wise specified)

coupled electrical characteristics (25 °C)

individual electrical characterist ics (25°C) (unless otherwise specified )

INFRARED EMITTING DIOD E
Power Dissipation (-55°C to 50°C) *100 milliwatts
Forward Current (Continuous) 60 milliamps

(-55° C to 50°C)
Forw ard Current (Peak) (-55°C to 50°C) 1 ampere

(l OOps 1% duty cycle)
Reverse Voltage (-55°C to 50°C) 6 volts

' Oerate 2.0mW/oC above 50°C.

PHOTO-SCR
Off-State and Reverse Volt age CNY30 200 volts
(-55°C to 100°C) CNY34 400 volts
Peak Reverse Gate Volt age (-55 °C to 50° C) 6 volts
Direct On-State Current (_55°C to 50°C) 300 milliamps
Surge (non-rep) On-State Current 10 amps
(-55°C to 50°C)
Peak Gate Current (_55°C to 50°C) 10 milliamps
Output Power Dissipation
(-55°C to SO°C)* * 400 milliwatts

• • Derate 8mW/oCabove 50°C.

INFRA REDEMITTI NGDIODE TY P. MAX. UNITS

Forward Voltage VF 1.1 1.5 volts
(I F = lOrnA)

Reverse Current IR - 10 micro amps
(VR = 3V)

Capacita nce 50 - picofarads
(V= O,f = 1 MHz)



TYPICAL CHARACTERISTICS 1CNY30 - CNY34 I
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ICNY30 - CNY34 I TYPICAL CHARACTERISTICS OF OUTPUT (SCR)
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OSCILLOSCOPE

220VAC

INDICATOR .
LAMP

O.lpF

IOOA

CNY30
OR

CNY34

IN5080(4)

r--o--_-ic:'h_N..--_--......--l LOAD

O.lpF "CONTACT"
47.J\. 220V AC

+ o-I---,...J

Vp = 800 Volts

t p =.0 10 Seconds

f = 25 Hertz

T A = 250 C

EXPONENTIAL
RAMP GEN.

FIGURE 13
COUPLED dv/dt - TEST CIRCUIT

I

I
25W LOGIC INDICATOR LAMP DRIVER

The higJ surge capabili ty and non -reac tive input cha racteristics
of the device allow it to direct ly couple, with out bu ffers , T2 L
and DTd logic to indicator and alarm devices, without danger
of introducing noise and logic glitches.

I
400V SlMMETR ICAL TR AN SISTOR COUPL ER

I
Use of the high volt age PNP por tion of the CNY34 provides a 400V transistor
capable pf conducting positive and negative signals with current transfer
ratios of1 over I%. This funct ion is useful in remote instrumentation , high
voltage ppwer supplies and test equipment. Care should be taken not to ex­
ceed the i NY34 400 mW po wer dissipation rating when used at high voltages.

ICNY30 - CNY34 I
TYPICAL APPLICATIONS

I
10A, T2 L COMPATIBLE, SOLID STATE RELAY

I
Use of the CNY34 for high sensitivity , 2500V iso-
lation capability, provides this highly reliable solid
state relay design. This design is compatible with
74 , 74S land 74H series T2 L logic systems inputs
and 220V AC loads up to lOA.

I
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microseconds100

'(;
-e-

rf~-1lington Amplifier 1 .::- I
: I'- __ _ _ _ ..J

2 3

I--D--i

' B 4

INCHES MILLI METERS

E 0 I SYMBOL MIN. MAX. MIN. MAX. NOTES
2 4

2 • of3 3 A .3 50 889

I I r- E~ S ~b .0 16 .0 19 .407 .482 I
0 . 37 5 9.52

~l
' I .28 5 . 3 15 7. 2 4 8.00
12 .0 90 . 110 2 .2 9 2 .79
E .2 5 0 6 .35

=~NG L . .30 0 7.62 I
PLANE S .010 .0 20 .26 .50

L SI .08 5 .10 5 2 .16 2 .6 6

~t>- :: ~
NOTES:

I. FOUR LEADS. L EAD DtAMETER CONTROL-

:..-.,- • 12 ~ L ED BETWEEN .050· 11.27 101101) FROMTHE
SEAT ING PL ANE AND THE END OF THE
LEADS .

TOTAL DEVICE

Storage Temperature -55 to 85°C
Operat ing Temperature -55 to 85°C
Lead Soldering Time (at 260° C) 10 seconds
Surge Isolat ion Volt age (Input to Output). r-

5650V(peak) 4000V(RMS) V
Steady-State Isolation Voltage (Input to Output) .

3500V(peak) 2500V(RMS)

PHOTO-DAR LINGTON M IN. TYP . MAX. UNITS

Breakdown Voltage - V(BR)CEO 30 - - volts
(Ic = l OrnA, IF = 0 )

Breakdown Voltage - V(BR)ECO 7 - - volts
(IE = 100pA, IF = 0)

Collector Dark Current - ICEO - 5 100 nanoamps
(VCE = lOV, IF = 0 )

Capacitance - 6 - picofarads
(VCE = 10V, f = 1 MHz)

MI N. TYP. MAX. UNITS

400 - - %
A) - 0.8 1.4 volts

100 - - gigaohms
1 MHz) - - 2 picofarads
R = l OOn - 125 - microseconds

volts

milliwatts
milliamps
ampere

milliwatts
volts
volts
milliamps

*100
60

3

SOLID STJ.trE

@D CO ELECTRONICS

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width 1 usee 300 pps)
Reverse Voltage 3

*Derate 1.67 mWjOC above 25°C ambient.

Power Dissipation **150
VCEO 30
VECO 7
Collector Current (Con tin uous) 100

**Derate 2.5 mWjOC above 25°C ambient.

240

DC Current Transfer Ratio (IF = 5 rnA, VCE = 5V)
Saturation Voltage - Collector to Emitter (IF = 5 rnA, Ic = 2 m
Isolation Resistance (Input to Output Volt age = 500Voc)
Input to Output Capa citan ce (Input to Output Voltage = O,f =
Switching Speeds: Turn-On Time - (VCE = 10V, Ic = l OrnA, L )

Turn-Off Time - (VCE = lOV, Ic = lOrnA, RL = lOOn)

INFRARED EMITTING DIODE

PHOTO-DARLINGTON

Ga As Infrared Emitting Diode & NPN Silicon Photo-Dar

The General Electric CNY31 is a gallium arsenide, infrared emit­
ting diode coupled with silicon photo-darlington amplifier in a
low cost plastic package with lead spacing, com patible to dual
in-line package.

Photon Coupled Isolator CNY31

INFRARED EMITTING DIODE TYP. MAX. UNITS

Forward Volt age 1.1 1.7 volts
(IF = lOrn A)

Reverse Current - 10 microamps
(VR = 3V)

Capacitance 50 - picofarads
(V = O,f = 1 MHz)

absolute maximum ratings: (25°C)

individual electrical characteristics (25°C)

coupled electrical characteristics (25°C)



I CNY31

TYPICAL CHARACTERISTICS

OUTPUT CURRENT VS INPUT CURRENT
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rl-t--~?lI - I
I - II IL ...J

2 3

INCHES MILLIMETERS
SYMBOL MIN. MAX. MIN. MAX. NOTES

A .350 B~9

h .0 16 .0 19 .40 7 .482 I
I D . 375 9.52

" I .285 . . 315 7.24 B.OO
"2 .090 . 110 2 .29 2. 79
E .250 6.35
L .30 0 7.62 I
S .0 10 .020 . 26 .50
SI .08 5 .10 5 2.16 2.66

NOTES.
I. fOUR LEADS .L.'EAO DIAMETER CONTROL­

LED BETWEEN .050" 1I.27 MM) fROM THE
SEATING PLANE AND THE END Of THE
LEADS.

4

TOTAL DEVICE

milliwatts
Milliamps
ampere

*100
60

3

SOlID STATE

@0 (~)ELECTRONICS

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse widt h Lusec 300 pps)
Reverse Voltage 3 volts

*Derate 1.67 mW/o above 25°C ambient.

INFRARED EMITTING DIODE

Photon Coupled Isolator CNY32
Ga As Infrared Emitting Diodes & NPN Silicon Photo-Transistors

The General Electr ic CNY32 is a gallium arsenide , infrared emit-
ting diode coupled with a silicon photo transistor in a low cost
plastic package with lead spacing, compatible to dual in-line
package .

absolute maximum ratings: (25°C)

PHOTO-TRANSISTOR

Power Dissipation **150 milliwatts
VCEO 30 volts
Vsco 5 volts
Collector Current (Continuous) 100 milliamps

**Derate 2.5 mW/oC above 25°C ambient.

Storage Temperature -55 to 85°C
Operating Temperature -55 to 85°C
Lead Soldering Time (at 260° C) 10 secon ds
Surge Isolation Voltage (Input to Output)

5650V(peak) 4000V(RM S)
Steady-State Isolation Volt age (Input to Output).

3500V(peak) 2500V(RM S)

individual electrical characteristics (25°C)

INFRARED EMITTING DIODE TYP. MAX. UNITS

Forward Voltage 1.1 1.7 volts
(I F = lOrnA)

Reverse Current 10 micoramps
(VR = 3Y)

Capacitance
(V = O,f = 1 MHz) 50 picofarads

PHOTO-TRANSISTOR MIN. TYP . MAX. UNITS

Breakdown Voltage - V(BR)CEO 30 - - volt s
(Ic = lOrnA, IF = 0)

Breakdown Voltage - V(BR)ECO 5 - - volts
(IE = 100/lA, IF = 0)

Collector Dark Current - ICEO - 5 100 nanoamps
(VCE = 10V, IF = 0)

Capacitance - 3.5 - picofarads
(VCE = lOV, f = 1MHz)

coupled electrical characteristics (25°C)

DC Current Transfer Ratio (I F = lOrnA, VCE = lOY)
Saturation Voltage - Collector to Emitter (IF ::: lOrnA, Ic =0.5mA)
Isolation Resistance (Input to Output Voltage = 500VDc)
Input to Output Capacitance (Input to Output Voltage = O,f = 1 MHz)
Switching Speeds: Turn-On Time - (VCE = lOV, ICE = 2mA, RL = lOOn)

Turn-Off Time - (VCE = lOV, ICE = 2mA, RL = lOOn)

MIN. TYP. MAX. UNITS

20 %
0.2 0.4 volts

100 gigaohms
2 picofarads

3 microseconds
3 micro seconds
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TYPICAL CHARACTERISTICS
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NOTES
I . Tnere see n be 0 permanent lf1dicoll()" 0' le rm .

ina l Otie nlo tion in t!'le Quadranl odJOC~1 to
termi nal' .

2 Installed position lead cen' en
3 O."erol1 i"s tolled dimen s ion
" r ees e rr.e'1"'",e",p"t, nre ff'l)lfp '- "IT' ' '' ~ ~'ll ­

;"9 plone
5 Four creces

INCH Mlll l,..ETfk
$ 'i'MBOL I ". . MAX

8~~~}
'f!l.!..:'.S.

4
~~ gl~ ~;8 7.62 RE F" Z

C .34 0 864 s
0 .01 6 .0 2 0 4 0 6 50 8
E ZOO 5 0 . 4
F .0 4 0

?~ f
1.0 1 I. 70

G 0 90 22 . 27 9

" .oe 5 Z I 6 5
J .oos O t Z Z 0 3 ' O5, 10 0 Z 54 3
~ 15· 1 5·

• .0 1s 3 81 ,
P .3 7 5 953

" . 10 0 .1 8 5 2.5 4 4 7 0
S . 2 2 5 Z8 0 5 .7 1 7 . 12

MIN . TYP. MAX. UNITS

20 %
0.1 0.4 volts

100 gigaohms
2 picofarads

5 microseconds
5 microseconds

'_ 4

I
SEE

NOTE 1"A T3 ' l --r-
I

.1 C lT OP v IE wl 5

4 6 J_
s: ~ '(

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).

2500V(peak) I770V(RMS)

Steady-State Isolation Voltage (Input to Output).

1500 V(peak) 1060V(RMS)

TOTAL DEVICE.

milliwatts
milliamps
ampere

volts

milliwatts
volts
volts
volts
milliamps

6

*100
60
3

**300
300
300

7
100

SOUDSTATE

@D co ELECTRONICS

Power Dissipation
Forward Curre nt (Continuous)
Forward Current (Peak)

(Pulse width 1usee 300 pps)
Reverse Volt age

· Derate I.33mWtC above 25°C ambient.

Power Dissipation
VCEO
VCBO
VEBO
Collector Current

(Continuous)
·· Derate 4.0mWjOe above 25° ambient.

INFRARED EMITTING DIODE

PHOTO-TRANSISTOR

244

DC Current Transfer Rat io (I F = l OrnA, VCE= 10V)
Saturation Voltage - Collector to Emitter (IF = l OrnA, Ic = 0.5 mA)
Isolation Resistance (VIO = 500VDc)
Input to Outpu t Capacita nce (VIO = O,f = IMHz)
Switching Speeds: Turn -On Time - (VCE = 10V , ICE = 2m A, RL = lOOn)

Turn-Off Time - (VCE = lOY, ICE = 2mA, RL = lOOn)

The General Electric CNY33 is a gallium arsenide , infrared emit­
ting diode coupled with silicon high voltage photo-t ransistors in
a dual in-line package .

absolute maximum ratings: (25 °C)

Photon Coupled Isolator CNY33
Ga As Infrared Emitting Diode & NPN Silicon High Voltage Pho to-Transistor

ind ivid ual electrical characteristics (25 °C)

coupled electrical characteristics (25°C)

INFRARED EMITIING DIODE TYP. MAX. UNITS PHOTO-TRANSISTOR MIN. MAX. UNITS

Forward Voltage 1.1 1.5 volts Breakdown Voltage - V(BR)CEO 300 - volts

(I F = l OrnA) (Ie = ImA; IF = 0)
Breakdown Voltage - V(BR)CBO 300 - volts

(Ic = 1001lA; IF = 0)

Reverse Current - 10 micro amps Breakdown Voltage - V(BR)EBO 7 - I volts

(V R = 6V) (IE = 1001lA; IF = 0)
Collector Dark Current - IeE~ I

100(VCE=200V; IF=O, TA = 25 C) - nanoamps

Capacitance 50 - picofarads (Vc E=200V; IF=O; TA =100° C) - 250 microamps

(V = O,f = I MHz)



TYPICAL CHARACTERISTICS
CNY33
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SOLID STATE

@ D co ELECTRONICS
AC Input Photon Coupled Isolator CNY35
Ga As Infared Emitting Diodes & NPN Silicon Pho to-Transistor

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

INFRARED EMITTING DIODE

The General Elect ric CNY35 consists of two gallium arsenide,
infrared emitting diodes connected in inverse parallel and coupled
with a silicon photo-transistor in a dual in-line package.

FEATUR ES:

• AC or polar ity insensitive inputs
• Fast switching speeds
• Built-in reverse polarity input protection
• High isolation voltage
• High isolation resistance
• I/O comp atible with integrated circuits

INCH Mlll lMETfFl

~b...~~~'c ~8k i~Af ~';Qill.•a 3 0 0 ~ E F 7,6 2 REF 2
C .3 4 0 8 6 4 j

0 .0 1 6 0 20 4 0 6 50.
E 20 0 s.oe 4
F .0 4 0 0 7 0 1,0 1 1. 7 l:l
G 0 9 0 .1 10 2 2. 2 79

" .I) b 5 2' . 5
J 0 0 8 0 ' 2 2 0 ' '0 5, 10 0 2 5 4 3
M I S" , 5', .0 1 5 38' j
p .3 7 5 9 53
R . 1 0 0 ' . 5 2.5 4 4 7 0
5 .2 25 2 . 0 5 .7 1 7 . 12

NOTES
I . t eeee eeou be 0 l)ermO lleflt indica tio n of term ·

inaI ori enta t ion in ' he Quodranl od jQC~t 10
f~rmin O I t •

2. ln stoned pos i'io" lea d Cefller,
3 Overa ll ;"$ Iolled dimension
4 tn ese rr,e '1<:llrempn l" f)'e " "'1d.. f " ,1" tile '>10" ' ·

;n9 plone
5 FO\Jr pl aces

r- - --- - - .,IJD' '6
'~I I,

2 I I 5
, I

30-+-- I 4
IL J

milliwatts
milliwatts

milliamps
ampe re

Power Dissipation - TA =25° C *100
Power Dissipation - TA =25°C *100

(TC indicates collector lead
temperature 1/32" from case)

Input Current (RMS) 60
Input Curren t (Peak) ±1

(Pulse width 1 us, 300 pps)

*Derate 1.33 mW;oC above 2SoC

PHOTO-TRANSISTOR

**Dera te 4.0 mW/oC above 2SoC
*** Dera te 6.7 mW/oC above 2SoC

Power Dissipat ion - TA = 25°C
Power Dissipation - TA = 25°C

(TC indic ates collector lead
temperature 1/32" from case)

VCEO
VCBO
VEBO
Collector Current Continuous)

**300
***500

30
70

5
100

milliwatts
milliwatts

volts
volts
volts
milliamps

TOTAL DEVICE

Storage Temperature -55 to 150°C
Operating Temperatu re -55 to 100°C
Lead Soldering Time (at 260°C) 10 seconds
Surge Isolation Voltage (Input to Output)

1500V(peak) 1060V(RMs)
Steady-State Isolation Voltage (Input to Output)

950V(peak) 660\'(RMS)

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

INFRARED EMITTING DIODE

Input Voltage - VF
(IF = ±10mA)

Capacitance
(V = O,f= 1 MHz)

MAX.

1.8

100

UNITS

volts

picofarads

PHOTO-TRANSISTOR MIN. MAX. UNITS

Breakdown Voltage - V(BR)CEO 30 - volts
(Ic = lOrnA, IF =0)

Breakdown Voltage - V(BR)C BO 70 - volts
(Ic = 100/.lA, IF =0)

Breakdown Voltage - V(BR)EBO 5 - volts
(IE =100/.lA, IF =0)

Collector Dark Current - ICEO - 200 nanoamps
(VCE = lOV, IF =0)
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Note 1: Tests of input to output isolat ion current resistance, and capacitance are performed with the input term inals (diode) shorted together and
the output terminals (transistor) shorted together.

I CNY35

UNITS

percent
volts
gigaohrns

0.4

MAX.

10

100

MIN.

Note 2: These waveforms and curves are exaggerated
in amplitude d ifferences to ind icat e t he out­
puts corresponding to the positive and neg­
at ive input polarities will not be identical.
Typical differences in ampl itude is 10 % to
20%.

100
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coupled electrical characteristics (25°C) (unless otherwise specified)



ICNY35
TYPICAL CHARACTERISTICS
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UPSSOLID STATE TURN -ON SWITCH

I CNY35 I

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 compute r
control in either of these situations while
maintaining complete electrical isolation be­
tween the logic and the power system.

Interruption of the 120 VAC power line
turns off the CNY35. allowing C to charge
and turn on the 2N5308-D45H8 combination
which activate s 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 cho ice of the value of C.

Note that for other than resistive loads, phase
angle correction of the monitoring voltage
divider is required.

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.

LED
ALARM
LIGHT
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TO INVERTER
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TYPICAL APPLICATIONS
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Storage Tempe rature -55 to 150°C
Operating Temperature -55 to 100°C
Lead Soldering Time (at 260° C) 10 seconds
Surge Isolation Voltage (Input to Output).

2828V (peak) 2000V(RMS)
Steady-State Isolati on Voltage (Input to Output).

1695V(peak) l200V(RMS)

TOTAL DEVICE

milliwatts
volts
volts
volts
milliamps

volts

milliwatts
milliamps
ampere

3

*100
30

3

SOUDSDOC

@D co ELECTRONICS

Power Dissipation **150
VCEO 30
VCBO 50
VEBO 4
Collector Current (Continuous) 30

·· Derate 2.0mW/oC above 25°Cambient

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width 1 IlS 300 pps)
Reverse Voltage

· Derate 1.33mW/oC above 25°Cambient

PHOTO-TRANSISTOR

IN FRA RED EMITTING DIODE

MIN. TYP. MAX. UNITS

DC Current Trans fer Ratio (IF = l OrnA, VCE = .4V) CNY47 20 60 %
CNY47A 40 %

Saturation Voltage - Collector to Emitter (IF = l OrnA, Ic = 2mA) CNY47 0.1 0.4 volts

(IF = lOrnA, Ic = 4mA) CNY47A 0.4 volts
Isolation Resistance (VIO = 500VDd 100 gigaohms
'Input to Output Capacit ance (VIO = O,f = 1 MHz) 2 picofarads
Switching Speeds :

Rise/Fall Time (VCE = lOY, ICE = 2mA, RL = 100D) 2 microseconds
Rise/Fall Time (VCB = lOY, ICB = 501lA, RL = 100D) 300 nanoseconds

250

coupled electrical characteristics (25°C)

INFRA RED EMITTING DIODE TYP. MAX. UNITS PHOTO·TRANSISTOR MIN. TYP. MAX. UNITS

Forward Voltage 1.1 1.5 volts Breakdown Volt age-V(BR)CEO 30 - - volts
(I F = 10 rnA) (Ic= lOrnA, IF = 0)

Breakdown Volt age- V(BR)CBO 50 - - volts
(Ic = 1001lA, IF = 0 )

Reverse Current - 100 microamps Breakdown Voltage-V(BR) EBO 4 - - volts
(VR= 3V) (I E = 1001lA, IF = 0 )

Collecto r Dark Current-Ic EO - 5 100 nanoamps
(VCE = lOY, IF = 0)

Capacitance 50 - picofarads Collector Dark Current -lcBo - - 20 nanoamps
(V = O,f= 1 MHz) (VCB= lOY, IF = 0)

Capacitance - 2 - picofarads
(VCE = lOY, F = 1 MHz)

Photon Coupled Isolator CNY47 , CNY47A
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor
The General Electric CNY47 and CNY47 A are gallium arsenide
infrared emitting diodes coupled with a silicon photo-transistor
in a dual in-line package .

absolute maximum ratings: (25°C)

indi vid ual electrical characteristics (25 °C )



ICNY47, CNY47A I

TYPICAL CHARACTERISTICS
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sou0 STATE

@ co ELECTRONICS
Photon Coupled Isolator CNY48
Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier

UNITS

%
volts
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volts
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MIN.

On-Time
Off-Time

Storage Temperature -65 to 150°C
Opera ting Temp erature -55 to 100°C
Lead Soldering Time (at 260°C) 10 seco nds
Surge Isolation Voltage (Input to Output).

2 120(peak) 1500V(RM S)
Steady-Sta te Isolation Voltage (Input to Output) .

1270V(peak) 900V(RMS)
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TOTAL DEV ICE

PHOTO-DA RL1NGTON MIN. TYP . MAX. UNITS

Breakdown Voltage-V(BR)CEO 30 - - volts

(Ic = l OmA, IF = 0)
Breakd own Voltage - V(BR)CBO 30 - - volts

(Ic = 1001lA, IF = 0)
Breakdown Voltage - V(BR)EBO 6 - - volts

(IF = 1001lA, IF = 0)
Collector Dark Current - ICEO - 5 100 nanoa mps

(VCE = 10V, IF = 0)
Capacitance - 6 - picofarads

(Ve E = 10V,f = 1 MHz)

milliwatts
volts
volts
volt s
milliamps

milliwatts
milliamps
ampere

*100
60

3

Power Dissipation ** 150
VCEO 30
VCBO 30
VEBO 6
Collector Current (Continuous) 100

··Derate 2.0mW/oC above 25°Cambient.

Power Dissipation
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width 1 IlS 300 pps)
Reverse Voltage 3 volts

·Derate 1.33mWf C above 25°Cambient.

DC Current Trans fer Ratio (I F = lOrnA, VCE = I V)
Saturat ion Voltage -Collector to Emitter (IF = lmA Ic = 2mA)

(IF = SmA Ic = l OrnA)
(IF = lOrnA, Ic = 60mA)

Isolation Resistan ce (VIO = 500VDc)
Inpu t to Output Capacitance (VIO = O,f = IMHz)
Switching Speeds : (VCE = lOY, Ic = lOrnA, RL = lOOn)

PHOTO-DAR LI NGTON

IN FRA RED EMITT ING DIOD E

individ ual elec trical characteristics (25°C)
INFRARED EMITTING DIODE TYP. MAX. UNITS

Forward Voltage
(I F = lOrnA) 1.1 1.3 volts

Reverse Curren t
(VR = 3V) 10 microamps

Capacitance
(V = O,f = 1 MHz) 50 picofarads

The General Electr ic CNY48 consists of a gallium arsenide, in­
frared emitting diode coupled with a silicon photo-darlington
amplifier in a dual in-line package.

coupled electrical characterist ics (25 °C)

absol ute maximum ratings: (25° C)



TYPICAL CHARACTERISTICS I CNY48 I
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SOUDSTATE

@0 CO ELECTRONICS
Photon Coupled Isolator CNY51
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

absolute maximum ratings : (25°C) (unless otherwise specified)
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Creepage Distance 8 .2 mm min.
Air Gap 7.6 mm min.

TOTAL DEVICE

volts

milliwat ts
milliamps
amperes

6

*100
60

3

Power Dissipation - TA = 25°C
Forward Current (Continuous)
Forward Current (Peak)

(Pulse width I usee, 300 pps)
Reverse Voltage

*Derate 1.33mW/O( above 25°C.

FEATURES:

• High isolation voltage, 5000V minimum.
• General Electric unique paten ted glass isolation con-

struct ion.
• High efficiency liquid epitax ial IRED.
• High humidiy resistant silicone encapsulation.
• Fast switching speeds.

INFRARED EMITTING DIODE

Th e Ge neral Elect ric CNY51 cons ists of a gallium arsenide,
infrared emitting d iode co upled with a sili co n ph oto-tr ansi s tor
in a dua l in-line package.

**Derate 4.0mW/oC above 25°C.

PHOTO-TRANSISTOR

Power Dissipation - TA = 25°C
VCEO
VCBO
VEBO
Collector Current (Continuous)

**300
70
70

7
100

milliwatts
volts
volts
volts
milliamps

Storage Temperature -55 to 150°C.
Operating Temperature ·55 to 100°C.
Lead Soldering Time (at 260°C) 10 seconds.
Surge Isolat ion Voltage (Input to Output). See Note 2.

5656V(peak) 4000V(RMS)
Steady-State Isolation Voltage (Input to Output).

See Note 2.
5000V(DC) 3000V(I{MS)

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

INFRARED EMITTING DIODE MIN. MAX. UNITS

For war d Vo ltage - VF 1.65 volt s
(I F = 60 m A)

Forward Vo ltage - VF .8 1.5 volts
(I F = l OrnA)

Forwa rd Voltage - VF .9 1.7 volts
(I F = l OrnA)
T A =-55 °C

Forward Vol tage - VF .7 1.4 volts
(I F = l OrnA)
T A = +lOOoC

Rev erse Cu rren t - I R 10 microamps
(VR = 6V )

Capaci tan ce - C J 100 picofarads
(V = O,f = I rAHz)

PHOTO-TRANSISTOR MIN. ' TYP.~AX. UNITS

Breakdown Voltage - \(BR )CEO 70 - - volts
(lc = lOrnA, IF = 0)

Breakdown Vol t age - "<BR)CEO 70 - - volts
(Ie = 100JlA, ~ = 0 )

Breakdown Vol ta ge - V(BR)CEO 7 - - volts
(Ie = 100JlA, ~ = 0 )

Collector Dark Current - ICEO - 5 50 nano-
(VCE = 10V, I F= 0) amps

Collector Dark Current - I CEO - - 500 micro -
(VCE = 10V, IF = 0' amps
T A = 100°C .

Capacitance - CCE - 2 - pico
(VCE = 10V, f = l MHz ) fara ds

254



FIGURE 1: Adju st Ampl itude of Input Pulse for Output lIel of 2mA
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TEST CIRCUIT

Vee

MIN. TYP. MAX. UNITS

DC Current Transfer Ratio (I F = l OrnA, VCE = IOV) CY N51 100 - - %

Saturation Voltage - Collector to Emitter (IF = 20mA, Ic = 2mA) - - 0.4 volts
Isolation Resistance (Input to Output Voltage = SOOVDC ' See Note I) 100 - - gigaohms
Input to Output Capacitance (Input to Output Voltage= O,f= 1MHz. See Note 1) - - 2.0 picofarads
Turn-On Time - ton (Vee = IOV, Ic =2mA, RL = lOOn ). (See Figure 1) - 5 10 microseconds
Turn-Off Time - toff (Vee = 10V, Ie = 2mA, RL = l OOn ). (See Figure 1) - 5 10 microseconds

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

255

NOTE 1:
Tests of inp ut to output isolation current resistan ce, a nd capacita nce are performed with the inp ut terminal s (dio de) shorted together
and the output te rmina ls ( transisto r) shor ted together.

NOTE 2:

Surge Isola t ion Voltage
a. Defin ition :

Thi s rating is used to pro tect against tra nsien t over-voltages generated from swit chi ng and lightning-induced surges. Devices shall be
capable of withs tand ing thi s str ess, a minimum of 100 times during its useful life. Rat ings sha ll apply over entire dev ice op erat ing
te mpe rature range.

h. Specif ication Format:
Specifica tion , in terms of peak a nd/or RMS, 60 Hz voltage, of spe cified d uratio n (e.g., 5656V pea k/4000V RMS fo r one second ).

" Test Condi tions:
Applicat ion of fu ll rated 60 Hz sinusoida l voltage fo r o ne second, with init ial application rest ricted to zero vo ltage (i.e ., zero phase),
f; .Jrn J supply capable of sourcing 5mA at rated voltage.

Steady-State Isola t ion Vol tage

a. Defini tion :
Thi s rati ng is used to prot ect against a stead y-sta te voltage whi ch will appear across the device isola tio n fro m an elec t rica l sour ce
dur ing its usefu l life . Ratings sha ll apply ove r the entire device operat ing te mpera ture ra nge and shall be verifie d by a 100 0 hOIU
life test.

b. Specif ication Format:
Specif ied in te rms of D.C. a nd/o r RM'S 60 Hz sinusoida l waveform.

c. Test Conditions:
Appli cat ion of the full rated 60 Hz sinusoidal volt age , with initial applica tio n res tricted to zero vo ltage (i.e., zero phase) , fro m a
supp ly capab le of sourci ng 5mA at rated voltage, fo r the duration of the test.
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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 FCD83lD HIlA520

4N25A 4N25A FCD836C HIIA520

4N26 4N26 FCD836D HIlA520

4N27 4N27 III HIIA3

4N28 4N28 IL5 HIIAI

4N29 4N29 ILl2 HIlA5

4N30 4N30 ILl5 HIIA5

4N31 4N31 ILI6 HIlA5

4N32 4N32 1174 HIlA5

4N33 4N33 lLA30 HIIB3
ILA55 HIlB255

4N3 5 4N35 ILCA2·30 HlIB3

4N3 6 4N36
4N37 4N37 ILCA2-55 HIlB255
4N38 4N38 MCA8 H13BI
4N38 A 4N38A MCA81 Hl3B2
4N39 4N39 MCA230 HIlB3
4N40 4N40 MCA23I HIlB2
CLI OO LED56 MCA255 HIIB255
CLI2 HIlA5 MCT2 HIIA2
CLI3 4N37 MCT2E HIlA3

MCT8 Hl3AI
CLI 5 HIIA2 MCT26 HIIA5
CLII O HIIBI

Hl3A2
CLI20 HIIA2 MCT81

CLI200 H22AI
MCS2 HIlC3
MCS2400 HIlC6

CLI25 HllAA l
MOCIOOO 4N26

CLI26 HIIAAI
MOCIOOI 4N25

Cl l 506 HIIA4
MOClOO2 4N27

CLI5 10 4N37
MOCIOO3 4N28

CLl 5Il 4N37
MOCIOO5 HIIA520

FCD810 HIIA5
MOClOO6 HIlA520

FCD810C HIIA520
MOCl200 4N30

FCD810D HIIA520
FCD811 HIIA3 MRD300 LI4GI

MRD310 Ll4G2

FCD820 HIIA2 MRD3050 LI4G2

FCD820C HIIA520 MRD3051 LI4G2

FCD820D HIlA520 MRD3052 LI4G2

FCD825C HIIA550 MRD3053 LI4G2

FCD825D HIIA550 MRD3054 LI4G2

FCD830C HIIA520 MRD3055 Ll4G2

FCD830D HIIA520 MRD3056 LI4GI

FCD83 l C HIIA520 NCT200 HIlA5
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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 HIIA5 SE5450-1 LED56
OPl30 LED56 SE5450-2 LED56
OP131 LED55B SE5450-3 LED55B
OPl32 LED55C SE5451-1 LED56
OPl33 LED55C SE5451-2 LED55B
OPBl20 H13AI SE5451-3 LED55B
OPB242 Hl3AI SE5453-1 LED56
OPB243 H13BI SE5453-2 LED55B
OPB800 Hl3AI SE5453-3 LED55B
OPB800S Hl3AI SE5453-4 LED55B

OPB803 H13BI SE5455-1 LED55B
OPB806 Hl3AI SE5455-2 LED55C
OPB813 H2lAI SE5455-3 LED55C
OPB814 H2lA2 SE5455-4 LED55C
OPB815 H2lA2 SGlOO9 LED55B
OPl2150 HIIA4 SGIOO9A LED55C
OPl2151 HIIA4 SPX2 HIIA550
OPl2152 HIIA2 SPX2E HIIA550
OPI2153 HIIAI SPX4 HIlA550
OPl2250 HIIA3 SPX5 HIIA550
OPI2251 HIIA3

OPI2252 HIIA3
SPX6 HIlA5100
SPX26 HIIA520

OPI2253 HIlAI
SPX28 HIIA520

OPI2500 HIlAA2
SPX35 HIIA5100

OPI3150 HIIB2 SPX36 HIlA5100
OPI3151 HIlB2 SPX37 HIlA5100
OPI3152 HIlB3 SPX1873-1 Hl3AI
OPI3153 HIlBI SPX1873-2 H2lAI
OPI3250 HIIBI SPX1873-3 Hl3BI
OPI325 I HIlBI SPX1873-4 H2lA3
OPI3252 HIIBI
OPI3253 HIIBI SPX1876-1 Hl3AI
OPI6000 HIID2 SPX1876-2 H13AI
OPl6100 HIID4 SPX1876-3 H13BI

SD5410-1 Ll4FI TIUI LED55B

SD5410-2 Ll4FI TIL33 LED55B

SD5410-3 Ll4FI TIL34 LED56
SD5440-1 Ll4G2 TIL81 Ll4GI
SD5440-2 Ll4G2 TIll I I HIIA4
SD5440-3 Ll4G2 TIll 12 HIIA5

SD5440-4 Ll4GI TIll 13 HIIB2

SD5440-5 Ll4GI
SE3450-1 LED56F TIll 14 HIlA3

SE3450-2 LED56F TILll5 HIlA3
TIll 16 HIIA3

SE3450-3 LED56F TIll 17 HIIAI
SE3451-1 LED56F TIll 18 HIlA5
SE3451-2 LED55BF TIll 19 HIIB2
SE3451-3 LED55CF TIll 38 Hl3AI
SE3453-1 LED56F TIll 43 H13AI
SE3453-2 LED56F TIll 44 H13A2
SE3453-3 LED55BF TIll 45 H13BI
SE3453-4 LED55CF TIll 46 H13B2
SE3455-1 LED55BF TIll47 H22A3
SE3455-2 LED55CF TIll 48 H22AI
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6/ 1/79

(Phi ladelph ia)
Wayn e 19087
999 O ld Eagle Schoo l Rd.
Area Code : 215
962-1500

Pittsburgh 15220
3 Parkwa y Cente r
Room 304
A rea Code: 412
921-41 34

TEXAS
Dallas 75 240
6530 LBJ Fr eeway
Suite 119-B
A rea Code : 214
661- 8582

Houston 77036
70 11 S.W. Freeway
Suite 106
Area Cod e: 713
777-3443

WISCONSIN
Milwaukee 5320 2
615 E. M ichigan St .
A rea Code: 414
271 -5000

VIRGINIA
Wayne sboro 22980
245 Mark et Ave .
Ar ea Code : 703
94 3-1151

WASHINGTON
Seattle 98188
112 Andover Par k, E.
P.O. Box 88850,98188
Area Code : 206
575- 2866

PENNSYLVANIA
Eri e 16531
8 uild ing 63 -2
1100 Lawrence Pkwy.
Area Code : 814
455-54 66

New York Cit y - call :
Jericho 11753
400 Jericho Tnpk.
Area Code: 516
681 -0900

Rochester 14623
3000 Winton Rd ., S.
Area Code : 716
46 1-5400

Syracuse 13221
Bldg. 1, Ro om 227
Electronics Pk.
Area Code : 315
456-2196

NORTH CAROLINA
Greensboro 2740 8
1828 Banking St .
P.O. Box 9476
Area Code: 919
273-6981

OHIO
Cleveland 44 132
262 50 Euc lid Av e.
Area Code: 216
266-2900
Dayt on 4 5439
3430 S. D ixie Highway
Mai lin g Add ress:
P.O. Box 2143
Ketter ing Branc h 45429
Area Code: 513
298 -0311

OKLAHOMA
Ok lahoma City 73 112
3022 No rthwest Exp ressway
May- Ex Bui ld ing
Room 41 2
Area Code: 40 5
94 3-90 15

MISSOURI
St . Louis 631 32
1530 Fairview St .
Area Code : 314
429- 69 41

NEW JERSEY
Fairf ield 07 006
420 Rou te 46
A rea Code : 201
227-6050

MINNESOTA
Minneapo lis 55435
4900 Vik ing Dr.
Room 108
Area Code : 612
835-2550

MICH IGAN
Southf ield 48075
24681 Northwestern
Area Code: 313
355 -3552

INDIANA
Ft. Wayne 46805
2109 E. Stat e Blvd.
Area Code : 219
482 -45 57

Ind ianapol is 46 208
3750 N. Meridian St .
Area Code: 317
9 23-72 21

KANSAS
Overland Park 66212
10550 Bar k ley
Are a Code: 913
967-6254

MASSACHUSETTS
Wellesley 021 81
1 Washington St .
Area Code: 617
237-2050

FLOR IDA
Nor t h Palm Beach 33408
321 Nor thla ke Blvd .
Sui te 101
Area Code : 305
844-5202

CONN ECTICUT
Merid en 06450
1 Prest ige Drive
Mai ling Address:
P.O. Bo x (910, 06450
Are a Code : 203
238-6887

GENERAL ELECTRIC WORLDWIDE ELECTRONIC COMPONENTS SALES OF fiCES

ALAB AMA ILLiNOIS NEW YORK
Huntsville 35801 Chicago 60641 A lbany 12205
3322 S. Memor ial Pkwy. 3800 N. Milwaukee Ave. 11 Computer Dr .,W.
Suite 4 Area Code : 312 A rea Code : 518
Area Code : 205 777 -1600 458-77 55
883-9 220

ARI ZONA
Phoen ix 85016
5320 Nort h 16t h St.
Area Code : 602
264-1751

CALI FORNI A
Santa Monica 90405
3420 Ocean Park Blvd.
Su ite 1000
Area Cod e 213
450 - 035 3

Palo Alto 94304
180 1 Page Mill Rd.
Suite 223
Area Code: 415
493 -2600

COLORADO
Denver 80201
20 1 Un iversity Blvd.
Mail ing Add ress:
P.O. Bo x 2331 , 80201
Area Code : 303
320-3031

"DIST RICT OF COLUMBIA
(Wash ingto n)
Falls Church, Va. 22043
7777 Leesburg Pike
Area Code : 703
790 -1700

AFRICA
S.A . General Elect r ic (Pty) Ltd.
P.O. Bo x 24
Ma'itland 740 5
R.S.A .
Tel : 511251

S.A. General Elect ric Ltd .
P.O. Bo x 1482
Capet own, R.S.A.
Tel: 51-125 1

AUSTRALIA
Aus tralian General Elect ric Ltd .
86-90 Bay St .
Ult imo, N.S.W., 200 7
Te l : 212·37 11

\USTR IA
\ eral Electr ic Tec hn ical

'ice Company, Inc .

~
tra l Euro pe Li aison
dan Strasse 99
'enna, Au str ia

Com pany (USA)
ulpe 150

CANADA
Canadian General Electri c Co.
189 Dufferin St .
To ro nt o, Ontario, Canada
Area Code: 416
Tel : 537-4481

ENGLAND
International General Electr ic
Company of New Yor k, Ltd .

Par k Lorne,
111 Par k Rd .
London NW87 J L
Tel : 01-402-4100

FRANCE
General Electr ic Technica l Service

Company Inc., France
42 Ave nue Mo ntaig ne
Par is-8e
Tel : 225-52-32

GERMANY
General Elect r ic Germany
Postfach 2963
Praunhe imer Land strasse 50
6000 Fran kfurt/Main , Germany
Tel. : 76071

INDIA MEXICO
Elp ro In ternat ional Ltd. General Electri c De Mex ico, S.A.
Producer Goods Dept. A par tad o 53-983
Nirmal, 17th Floor Mar ina Nacio nal No . 365
Nar iman Point . Bombay 400021 Mex ico 17 D.F.
Tel : 292471 Tel : 545-63 -60

IRELAND SINGAPORE
Inte rn at ion al General Elect r ic General Electric (USA) As ia Co.
Compa ny of New York Cathay Bu ild ing, Suite 104

The Demesne Orchard Road
County Louth Sin gapo re, 9
Du ndalk SPAIN
Tel : (042) 32371 Int ernational General Electr ic
ITAL Y Compa ny o f Spain, S.A .
Compa gnia Generale Di Elett ric i ta Edif icio Espana Apa rt ado 700
Elect ron ic Components Operat ion A ven ida Jose A nto n io 88
V ia V ittor ia Colonna 4 Madr id
20149 M ilano Italy Tel : 247.16.05

Tel. : 4987224/4986281 SWEDEN
International Genera l Electric AB

JAPAN Fack, Tritonvagen 27
General Electr ic Japan, Ltd. 171 20 Solna
Tonichi Bldg., 5t h F loor Sweden
2-31, Roppongi, 6-Chome, Tel : 081730 07 40

Minato-Ku VENEZUELA
To kyo , 106 Japan Genera l Elect r ic De Venezuela S.A .
Tel : 03 -405 -2920 Sabana Grande

Caracas


