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OPTOELECTRONICS

General Information

Motorola Optoelectronic products include infrared-emitting diodes, silicon
photo detectors and opto-couplers/isolators.

Motorola is the leader in high technology opto-couplers. For control of 110
and 220 Vac lines, the triac drivers (MOC3010, MOC3020, MOC3030) are
unequaled.

All Motorola opto-couplers have a minimum isolation voltage of 7500 Vac
peak, the highest available. The broad opto-coupler line includes nearly all
the transistor, Darlington, SCR, and Triac output devices now available in
the industry.

Each device is presented in the easy-to-use Selector Guide and is included
in a detailed data sheet in a succeeding section.
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The Motorola Spectrum of

OPTOELECTRONICS

INFRARED-LIGHT-EMITTING DIODES

The infrared-light-emitting diode emits radiation in the
near infrared region when forward bias current (If) flows
through the PN junction. The light output power (Pg) is
a tunction of the drive current (IF) and is measured
in milliwatts.

Infrared-light-emitting diodes are used together with
photosensors.

FIGURE 1

Photodiodes

Radiation falling at the PN junction will generate hole
electron pairs which cause the carriers to move, thus
causing a current flow (Ip). The power density of the
radiation H (measured in mW/cm?) determines the current
flow. 1. At zero radiation, a small leakage current, called
dark current (Ip) will remain.

FIGURE 3
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PHOTOSENSORS

Silicon photosensors respond to the entire visible
radiation range as well as to the near infrared radiation
range. The radiation response of a photosensor is a
function of the material and the diffusion depth of the
lightsensitive PN junction. Al silicon photosensors
(diodes, transistors, darlingtons, triacs) show the same
basic radiation frequency response which peaks in the
near infrared radiation range. Therefore, the sensitivity
range of Motorola silicon sensors is ideally suited to
Motorola infrared-emitting diodes.
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Phototransistors

The phototransistor is a light radiation controlled
transistor. The collector base junction is enlarged and
works as a reversed biased photodiode controlling the
transistor. The collector current, Iy, depends on the
radiation density (H) and the dc current gain of the
transistor. Under dark condition, the transistor is switched
off: the remaining leakage current, ICEQ, is called collector
dark current.

FIGURE 4
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Photodarlingtons

The photodarlington works on the same principle as
a phototransistor. The collector base junction of the driver
transistor is radiation sensitive and controls the
driver transitor. The driver transistor controls the fol-
lowing transistor. The darlington configuration yields
a high current gain which results in a photodetector
with very high light sensitivity.

Phototriacs

The gate of the phototriac is radiation sensitive and
triggers the triac at a certain specified radiation density
(H). At dark condition, the triac is not triggered. The
remaining leakage current is called peak blocking current
(IDRM ). The device is bilateral and designed to switch
ac signals.

FIGURES FIGURE 6
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Optical Isolators/Couplers

Do r

ISOLATORS

An optoelectronic isolator contains both an IRED
and a photodetector in the same package, ‘arranged so
that energy radiated from the IRED is efficiently coupled
to the detector through a clear, isolating dielectric. An
opaque material surrounds the dielectric and provides
ambient light protection.

Since there is no electrical connection between input
and output, and since gallium-arsenide emitters and silicon
detectors cannot reverse their roles, a signal is able to pass
through the isolator in one direction only. To a degree
determined by the package input-output capacitance and
dielectric characteristics, the device is unresponsive to
common mode input signals and provides input circuitry
protection from the output circuit environment. Ground
loop prevention, dc level shifting, and logic control of
high voltage power circuitry are therefore typical areas
where isolators are very useful.

The measure of an isolator’s ability to efficiently pass
a desired signal is most commonly referred to as Current
Transfer Ratio (CTR). It is dependent upon the radiative
efficiency of the IRED, the spacing between the IRED
and the detector, the area and sensitivity of the detector,
and the amplifying gain of the detector. It is subject to
the nonlinearities (current, voltage, temperature) of
both chips, causing a rather complex transfer function
which should be evaluated closely when used at non-

- specified conditions.

The ability of an isolator to provide standoff pro-
tection is usually expressed as an Isolation Surge Voltage
and is essentially a measure of the integrity of the package
and the dielectric strength of the insulating materials.
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FIGURE 7 — BASIC OPTO ISOLATOR (COUPLER)
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ISOLATION VOLTAGE

The primary function of an \optoelectronic isolator
is to provide electrical separation between input and
output, especially in the presence of high voltages.
The amount of stress that an isolator can safely withstand
and the stability of this protection varies considerably
with package construction techniques used.

Figure 8 shows an older isolation technique, where the
light transmission medium is a small amouni of a clear,
silicone-rubber type of material. Surrounding it is usually
a black epoxy or phenolic compound. It has been found
that the weakest point in this approach is the interface
between the “light-pipe™ and the overmold. It is a rela-
tively short path between lead frames along this interface,
and the two materials are dissimilar enough that the
integrity of the interface is usually poor. This technique
initially gives marginal standoff protection and stability



ISOLATION VOLTAGE

FIGURE 8 — Standard

FIGURE 9 — Motorola

under voltage stress is very poor.

Figure 9 shows Motorola’s improved construction
technique. The clear dielectric used here is a transfer-
molded epoxy that encompasses a large volume of the
interior of the package. The overmold is a transfer-molded
opaque epoxy. The result is a much longer interface
(typically ten times longer) between two very similar,
electrically stable compounds. Minimum specified isolation
voltage capability is 7500 volts ac peak on all Motorola
isolators, and typical units provide in excess of 12,000
volts ac peak protection on a reliable, repeatable basis
(in a clean and low humidity environment). External
ambient conditions (humidity, cleanliness, etc.) tend to
be the limiting factors when using Motorola isolators.
Representative test data at typical applied voltages are
shown below:

Test | No. of Units | Applied Voltage | Failure @ 1000 Hrs
A 100 1500 V ac peak
8 100 5000 V dc peak ]

Isolation voltage has been specified in terms of both
dc and ac conditions, sometimes with no associated test
duration. In general, ac conditions are more severe
than dc. Any imperfections or discontinuities in the
isolating dielectric tend to have a lower dielectric constant
than the surrounding areas and assume a disproportionate
share of the total ac applied field, in the same manner that
the smallest capacitance in a series string assumes the
highest voltage drop under ac conditions. Microscopic
ruptures can occur at these points, causing localized
degradation and propagation of the weakened areas until
large-scale puncture occurs. Dc fields tend to distribute
more linearly. Additionally, ac fields are more effective
in causing mobile impurities to align themselves and
produce leakage paths.

Continuous ratings are therefore difficult to guarantee
reliably as the result of individual unit testing or sorting.
Instead. surge isolation voltage ratings should be specified
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with an associated test duration, while continuous ratings
must be the result of a well-controlled, well-characterized
assembly technique and realistic generic data. Since ac
conditions are usually the most severe, it has become
common to give them the most attention.

UNDERWRITERS’ LABORATORIES RECOGNIZED

Most Motorola isolators are available under the Under-
writers’ Laboratories Component Recognition Program.
It should be noted that applicable Motorola isolators are
recognized for use in applications up to 240 Vac. Under
the U.L. criteria, these devices must have passed isolation
voltage tests at approximately 5000 volts ac peak for
one second. In addition, Motorola tests every coupler to
7500 V ac peak for 5 seconds.

COUPLER PROCESS FLOW/QUALITY CHECK POINTS

Every optocoupler manufactured by Motorola under-
goes extensive in-process checks for quality. After each
process step (for example, die bond, encapsulation.
electrical test. etc.) the product is randomly sampled.
If the sample does not pass high-quality standards, the
product flow is halted and corrective action is taken.
In this manner, quality is built in at Motorola.

FIGURE 10 — Coupler Process Flow/Quality Check Points

Die'Bond
Wafer Scribe  Q.A. Die
and Break Inspection
Point Q.A. Die Bond
inspection Point
Die Wetting,
Location, Damage
Wire Bond
Q.A. Wire Bond
Electrical inspection Point
Screen Visual and Wire Puil
<—_—> Mechanical and
Process Molding Operations
A Final Q.A. Visual
Q.A. Inspection,
Inspection Lead Frame and
Package Quality
ILEGEND
100% Electrical
Screen
Final Test Q.A.
Etectrical and Visual




CTR

dv/dt

ICEO

SCR

tf

t

Current Transfer Ratio — The ratio of
outputcurrenttoinputcurrent, ataspeci-
fied bias, of an opto coupler.

Commutating dv/dt — A measure of the
ability of a triac to block a rapidly rising
voltage immediately after conduction of
the opposite polarity.

Coupled dv/dt — A measure of the ability
of an opto thyristor coupler to block when
the coupler is subjected to rapidly
changing isolation voltage.

Luminous Flux Density {Hluminance)
[lumens/ft.2 = ft. candles] — The radia-
tion flux density of wavelength within the
band of visible light.

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

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

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

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

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

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

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

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

Photo Current Rise Time — The response
time for the photo-induced currenttorise
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Triac

Tstg
V(BR)R

V(BR)CBO

V(BR)CEO

V(BRJECO

Vceo

Vceo

VECO

VF

Viso

VR

Aglum)

OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS

from the 10% point to the 90% point when
pulsed with the stated GaAs (gallium-
arsenide) source under stated conditions
of collector voltage, load resistance, and
ambient temperature.

A thyristor which can block or conduct in
either polarity. Conduction is initiated by
forward bias of a gate-MTI junction.

Storage Temperature

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

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

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

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

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

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

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

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

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

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

Wavelength of maximum sensitivity in
micrometers.
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OPTICAL
COUPLERS/ISOLATORS

Couplers are designed to provide isolation protection
from high-voltage transients, surge voltage, or low-level
noise that would otherwise damage the input or gen-
erate erroneous information. They allow interfacing
systems of differentlogic levels, different grounds, etc.,
that would otherwise be incompatible. Motorola
couplers are tested and specified to an isolation voltage
of 7500 Vac peak

Motorola offers a wide array of standard devices with
a wide range of specifications (including the first series
of DIP transistors and Darlington couplers to achieve
JEDEC registration: transistors — 4N25 thru 4N38, and
Darlingtons — 4N29 thru 4N33). All Motorola couplers
are UL Recognized with File Number E54915.

CASE 730A

The Transistor Coupler is probably the most
popular torm of isolator since it offers moderate
speed (approximately 300 kHz), sensitivity and
economy. In addition, the collector-base junc-
tion can be used as a photodiode to achieve
higher speeds. The output in the diode mode is
lower, requiring amplification for more usable
output levels

1 6
\ 4 o5

2

3o+—NC o4

The Darlington Transistor Coupler is used when
high transtfer ratios and increased output current
capability are needed. The speed, approximately
30 kHz, is slower than the transistor type but the
transfer ratio can be as much as ten times as
high as the single transistor type

1 6
1L o5

2 o

3Jo—+——NC —0 4

Transistor Output
Isolation Voltage is 7500 V (Min)
on all devices. See notes

OC Current v
Device Transfer (BR)CEO
" Volts
Type Ratio Min
% Min
TIL112 20 20
TIL115 20 20
L1s 60 30
MCT26 60 30
TIiLmm 80 30
TiL114 80 30
12 10 20
4aN27 10 30
4N28 10 30
H11A4 10 30
TiL124 10 30
TIL153 10 30
IL74 125 20
TiL12s 20 30
TIL154 20 30
aN25 20 30
4N26 20 30
H11A2 20 30
H11A3 20 30
H11A520 20 30
8] 20 30
MCT2 20 30
TIL116 20 30
4N38 20 80
H11A5 30 30
MCT271 45 30
H11A1 50 | 30
H11A550 50 30
TIL117 50 30
TiL126 .50 30
TiL155 50 30
CNY17 62 70
MCT275 70 80
MCT272 75 30
MCT277 100 30
4N35 100 30
4N36 100 30
aN37 100 30
H11A5100 100 30
MCT273 125 30
MCT274 225 30

Darlington Output
Isolfation Voltage is 7500 V (Min}
on all devices. See notes.

DC Current v
Device Transter (BR)CEO
N Volts
Type Ratio Min
% Min
aN31 50 30
H11B3 100 25
4aN29 100 30
4N30 100 30
MCA230 100 30
H118255 100 55
MCA255 100 55
H1182 200 25
MCA231 200 30
MOC119" 300 30
TIL119° 300 30
TiL113" 300 30
MOC8030° 300 80
TiL27e 300 30
TiL12g°2 300 30
TIL156° 300 30
TIL157°2 300 30
H1181 500 25
aN32 500 30
4N33 500 30
MOCB020° 500 50
MOCB050° 500 80
MOC8021" 1000 50

‘Pin 3 and Pin 6 are not connected

Notes: :

1 1solation Surge Voltage Vigq s aninternal device dieiec
¢ breakdown rating For this test LED pins 1 and 2 are
common and phototransistor pins 4.5 and 6 are common

2 Al Motorola couplers are specified at 7500 Vac peak (5
seconds) Thisusually exceeds the onginator s specifica
tion and JEDEC registered values

3 See Case 730A-01 Style 3



OPTICAL COUPLERS/ISOLATORS (continued)

The Triac Driver Output Coupler is a gallium-
arsenide IRED, optically coupled to a silicon
bilateral switch designed for applications requir-
ing isolated triac triggering such as interface
from logic to 110/220 V RMS line voitage. These
devices offer low current, isolated ac switching;
high output blocking voltage; small size: and.
fow cost

1 6
y

2 \%% o5

3 04+——NC © 4

Triac Driver Output
Isolation Voltage is 7500 V (min)
on all devices. See notes.

LED Trigger Current | Fe2k Blocking
Device Type mA Vottage

Max Volts

Max

MOC3009 30 250
MOC3010 15 250
MOC3011 10 250
MOC3020 30 400
MOC3021 15 400
MOC3030™* 30 250
MOC3031"" 15 250

**With Zero-Crossing Detector

The Digitat Logic Coupler is a gallium-arsenide
IRED optically coupled to a high-speed inte-
grated detector. Designed for applications
requiring electrical isolation, fast response time,
and digital logic compatibility such as interfacing
computer terminals to peripheral equipment,
digital control of power supplies, motors, and
other servo machine applications

Intended for use as a digital inverter, the appli~
cation of a current to the IRED input resuits in a
LOW voltage; with the IRED off the output voltage
is HIGH.

10+ —0-6
2k
S
2 0 -0 5 °
3 o NC 4

Digital IC Output
Isolation Voltage is 7500 V (min)
on all devices. See notes.

Output Voltage
@WF=16mA| @IF-0 ton/toff
Device Type | VCC =50V |vcc =50V ns
Isink =10 mA | yolts Min Max
Volts Max
MOC5005 06 4.0 700
MOCS5006 06 40 350

The Optically-Isolated AC Linear Coupler is a
gallium-arsenide IRED optically coupled to a
bipolar monotithic amplifier. Converts an input
current variation to an output voltage variation
while providing a high degree of electrical isola-
tion between input and output. Can be used for
telephone line coupling, peripheral equipment
isolation, audio and other applications.

1 o roé
;4

2 o o 5

30-NC o4

Linear Amplifier

Output

Isolation Voltage is 7500 V (min).

See notes.
Single Ended
Transfer Gain Distortion
@Vec=12V, (@ vcc = 12V,
Device Type mV/mA Isig = 1.0 mA
Typ % Typ
MOC5010 200 02
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OPTICAL COUPLERS/ISOLATORS (continued)

SCR Couplers

The SCR Output Coupler is a gallium-arsenide
IRED optically coupled to a photo sensitive silicon
controlled rectifier (SCR). Itis designed for appli-

SCR Output

Isolation Voltage is 7500 V (min)

on all devices.

LED Trigger Current

Peak Blocking

cations requiring high electrical isolation between Device T mA Max Voltage
ircuitry like i ircui evice e
:zw voi‘(i:ge circuitry like integrated circuits, and yp VAK =50 V | Vak= 100V Volits
e ac line. RGK =10k [RgK =27 k) Max
MOC3000 30 14 400
MOC3001 20 " 400
MOC3002 30 14 250
MOC3003 20 1 250
Anode 1 [] 6 SCR Gate
Cathode 2 C : 5 SCR Anode
NC 3 [ ] 4 SCR Cathode

These SCR Couplers are interchangeable with many devices available in the industry

Motorola

Device Manufacturer Equivalent
H11C1 GE MOC3003
H11C2 GE MOC3003
H11C3 GE MOC3002
H11C4 GE MOC3001
H11C5 GE MOC3001
H11C6 GE MOC3000

MCS2 Gl MOC3002*

MCS2400 Gl MOC3000*
0OP14201 Optron MOC3003
0PI14202 Optron MOC3002
OP14401 Optron MOC3001
OPi14402 Optron MOC3000
scst1i1c Spectronics MOC3003
SCS11C3 Spectronics MOC3002
SCs11Cc4 Spectronics MOC3001
SCS11C6 Spectronics MOC3000

*Minor electrical difference




INFRARED-EMITTING DIODES

Infrared (900 nm) gallium-arsenide emitters are available from Motorola for use
in light modulators, shaft or position encoders, punched card and tape
readers, optical switching and logic circuits. They are spectraily matched for
use with silicon detectors.
Peak Emission Wavelength = 900 nm (Typ)
Forward Voltage @ 50 mA = 1.2 (Typ).

Emission Angle — Angle at which IR emission
is 15% of maximum intensity.

Package Device Type Angle
a

Power Output
Typ

ﬁ Actual Size MLED930 30°

Case 209-02 Metal

650 uW @ 100 mA

Actual Size MLEDS2 110°

v\ MLED93
[ MLED94
Case 29-02 Plastic MLED95

650 uW @ 100 mA
3.0 mW @ 100 mA
5.0 mW @ 100 mA
8.0 mW @ 100 mA

SILICON PHOTO DETECTORS

A variety of silicon photo detectors are available for a wide range of light detecting
applications. Devices are available in packages offering choices of viewing angle
and size in either low-cost, economical, plastic cases or rugged, hermetic, metal
cans. Advantages over photo tubes are high sensitivity, good temperature

stability, and proven silicon reliability. Applications include card and tape

readers, pattern and character recognition, shaft encoders, position sensors,
counters, and others. Maximum sensitivity occurs at approximately 800 nm.

Photodiodes

Photodiodes are used where high speed is required (1.0 ns).

Type Light Current V(BR)R Dark Current
Package uA H Voits nA
Volts
Number Typ @ mW/cm? Max @
Actual Size MRDS500 9.0 50 20 20
Case 209-02 Metal
Convex Lens
~ Actual Size MRD510 20 5.0 2.0 20
Case 210-01 Metal
Flat Lens




SILICON PHOTO DETECTORS (continued)

Phototransistors

Phototransistors are used where moderate sensitivity and medium speed (2.0 us) are required.

Type Light Current V(BR)CEO Dark Current
Package Nuﬁber mA @ H Volts nA @ VCE
Typ mW/cm? Min Max Voits
Actual Size MRD310 25 50 50 25 20
. MRD300 75 5.0 50 25 20
Case 82-05 Metal
Actual Size L14H4 05 10 30 100 10
4 L14H1 05 10 60 100 10
7 . L14H2 20 10 30 100 10
’ Case 29-02 L14H3 20 10 60 100 10
Actual Size MRD3050 0.2 50 30 100 20
MRD3051 02 5.0 30 100 20
MRD3054 12 5.0 30 100 20
Case 82-05 Metal MRD3055 1.8 50 30 100 20
MRD3056 25 50 30 100 20
Photodarlingtons are used where maximum sensitivity is required with typical rise and fall times of 50 us.
Type Light Current V(BR)CEO Dark Current
Package uA H Voits nA Ve
oits
Number Typ @ mWw/cm? Min Max @
A Actuat Size MRD370 10 0.5 40 100 10
MRD360 20 05 40 100 10
Case 82-05 Metal
Actual Size MRD14B 20 2.0 12 100 12
R . 2N5777 40 20 25 100 12
// 2N5778 4.0 2.0 40 100 10
Case 29-02 Plastic 2N5779 8.0 2.0 25 100 12
2N5780 8.0 20 40 100 12

Photo Triac Drivers

Photo triac drivers contain a light sensitive IC acting as a trigger device for direct interface with a triac.

Trigger On-State | Off-State Output | _ P2
Sensitivity Blocking
Type RMS Current | Terminal Voltage
Package Number H mA Voits Peak Current
u mW/cm? Max Min nA
Typ Typ
Actual Size MRD3010 1.0 100 250 10
. MRD3011 05 106 250 10
Case 82-05

“Irradiance level to Latch Output

2-6




CROSS-REFERENCE

The following is a cross-reference of all known optoelectronic devices at
the time of printing. This list is meant to serve as a substitution guide for
existing competitive devices to Motorola's optoelectronic product line.

Motorola’s nearest equivalent devices are selected on the basis of general
similarity of electrical characteristics. Interchangeability in particular applica-
tions is not guaranteed. Before using a substitute, please compare the detailed
specifications of the substitute device to the data sheet of the original device.

In the event the device we recommend does not exactly meet your needs,
we encourage you to look for another device from the same line source
which will have similar characteristics, or contact your nearest distributor or
Motorola sales office for further information.

CODE

A = Direct Replacement

B = Minor Electrical Difference

C =Minor Mechanical Difference

D = Significant Electrical Difference
E = Significant Mechanical Difference
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CROSS-REFERENCE

Motorola
Device Manufacturer Description Equivalent Code
BP101 Siemens TO-18 Lensed Phototransistor MRD3050 C
BP102 Siemens TO-18 Lensed Phototransistor MRD3050 C
BPW14 Telefunken -TO-18 Lensed Phototransistor MRD300 A
BPW15 Pro Electron PILL Lensed Phototransistor MRD6&02 A
BPW16 Telefunken Plastic Lensed Phototransistor MRD160 A
BPW17 Telefunken Piastic Lensed Phototransistor MRD160 A
BPW?24 Tetefunken TO-92 Lensed Phototransistor L14H1 C
BPW30 Telefunken TO-18 Lensed Photodarlington MRD360 A
BPX25A Philips TO-18 Lensed Photodarlington MRD370 A
BPX25 Philips TO-18 Lensed Phototransistor MRD300 A
BPX29A Philips TO-18 Lensed Photodarlington MRD370 A
BPX29 Philips TO-18 Lensed Phototransistor MRD310 A
BPX37 Philips TO-18 Lensed Phototransistor MRD300 A
BPX38 Philips TO-18 Lensed Phototransistor MRD3055 A
BPX43 Siemens TO-18 Lensed Phototransistor MRD300 A
BPX58 Siemens TO-18 Lensed Phototransistor MRD300 A
BPX59 Siemens TO0-18 Lensed Photodarlington MRD360 A
BPX62-1 Siemens PILL Lensed Phototransistor MRD601 A
BPX62-2 Siemens PILL Lensed Phototransistor MRD602 A
BPX62-3 Siemens PILL Lensed Phototransistor MRD603 A
BPX62-4 Siemens PILL Lensed Phototransistor MRD&04 A
BPX70,C,D, E Philips Plastic Lensed Phototransistor MRD450 BE
BPX72,C,D, E Philips Plastic Lensed Phototransistor MRD450 BE
BPX81 Siemens Plastic Lensed Phototransistor MRD160 A
BPYG2 Siemens TO-18 Lensed Phototransistor MRD3050 A
CcL100 Centralab TO-18 Lensed I.R. LED MLED930 B
CcL110 Centralab TO-18 Lensed I.R. LED MLED930 A
CL110A Centralab TO-18 Lensed |.R. LED MLED930 A
CcL1108 Centralab TO-18 Lensed |.R. LED MLED930 B
CLI-2 Clairex 6-Pin DIP, Coupler, Transistor Output 4N38 B
CLI-3 Clairex 6-Pin DIP, Coupler, Transistor Qutput 4N35 B
CLI-5 Clairex 6-Pin DIP, Coupler, Transistor Output 4N26 A
cLI-10 Clairex 6-Pin DIP, Coupler, Transistor Qutput 4N33 B
CLR2050 Clairex TO-18 Lensed Photodarlington MRD3050 A
CLR2060 Clairex TO-18 Lensed Photodarlington MRD360 A
CLR2110 Clairex TO-18 Lensed Phototransistor MRD310 A
CLR2140 Clairex TO-18 Lensed Phototransistor MRD310 A
CLR2150 Clairex TO-18 Lensed Phototransistor MRD300 A
CLR2160 Clairex TO-18 Lensed Phototransistor MRD300 A
CLR2170 Clairex TO-18 Lensed Photodarlington MRD370 A
CLR2180 Clairex TO-18 Lensed Photodarlington MRD360 A
CLT3020 Clairex PILL Lensed Phototransistor MRD601 A
CLT3030 Clairex PILL Lensed Phototransistor MRD602 A
CLT3160 Clairex PILL Lensed Phototransistor MRD603 A
CLT3170 Clairex PILL Lensed Phototransistor MRD604 A
CLT4020 Clairex PILL Lensed Phototransistor MRD601 E
CLT4030 Clairex PILL Lensed Phototransistor MRD602 E
CLT4060 Clairex PILL Lensed Phototransistor MRD6&03 E
CLT4070 Clairex PiLL Lensed Phototransistor MRD604 E
CNY17 Siemens 6-Pin DIP Coupler Transistor Output CNY17 A
CNY18 Siemens 6-Pin DIP Coupler Transistor Output 4N25 A
CNY21 Telefunken Long DIP Coupler Transistor Output 4N25 E
cav1o Pro Electron TO-18 Lensed I.R. LED MLED930 B
cQavy11,B,C Philips TO-18 Lensed I.R. LED MLEDS30 B
caviz, B Philips TO-18 Lensed 1.R. LED MLED930 B
cQavyi13 Pro Electron 6-Pin DIP, Coupler, Transistor Qutput 4N26 B
cavi4 Pro Electron 6-Pin DIP, Coupler, Transistor Qutput 4N26 B
cayis Pro Electron 6-Pin DIP, Coupler, Transistor Qutput 4N26 B
CcQy31 Pro Electron 6-Pin DIP, Coupler, Transistor Output MLED930 B
cQy32 Pro Electron 6-Pin DIP, Coupter, Transistor Output MLEDS930 B
cay3e Pro Electron Piastic DIP, Coupler, Transistor Output MLED6G0 B
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CROSS-REFERENCE (continued)

Motorola
Device Manufacturer Description Equivalent Code
cQavy4o0, 41 ITT 6-Pin DIP, Coupler, Transistor Output 4N26 A
cayso Telefunken 6-Pin DIP, Coupler, Transistor Output MOC1005 B
EEB0 EEP Plastic, Lensed |.R. LED MLED60 [
EE100 EEP Plastic, Lensed |.R. LED MLED60 E
EP2 EEP 6-Pin DIP, Coupler, Transistor Output 4N 26 B
EPY62-1 EEP TO-18 Lensed Phototransistor MRD3055 A
EPY62-2 EEP TO-18 Lensed Phototransistor MRD3056 A
EPY62-3 EEP TO-18 Lensed Phototransistor MRD310 A
FCD810, A Fairchild 6-Pin DIP, Coupter, Transistor Output 4N27 A
FCD810, B, C, D Fairchild 6-Pin DIP, Coupler, Transistor Output 4N27 A
FCD820, A Fairchild 6-Pin DIP, Coupler, Transistor Output 4N26 A
FCD820, B Fairchild 6-Pin DIP, Coupler, Transistor Output 4N 25 A
FCD820,C, D Fairchild 6-Pin DIP, Coupler, Transistor Qutput MOC1005 B
FCD825, A Fairchitd 6-Pin DIP, Coupler, Transistor Output 4N35 A
FCD825,B Fairchild 6-Pin DIP, Coupler, Transistor Output 4N35 A
FCD825C, D Fairchild 6-Pin DIP, Coupler, Transistor Qutput AN35 A
FCD830, A Fairchild 6-Pin DIP, Coupler, Transistor Output 4N26 A
FCD830, B Fairchiid 6-Pin DIP, Coupler, Transistor Output 4N25 A
FCD830,C, D Fairchild 6-Pin DIP, Coupler, Transistor Output 4N26 A
FCD831, A Fairchild 6-Pin DIP, Coupler, Transistor Output 4N27 A
FCD831,8 Fairchild 6-Pin DIP, Coupler, Transistor Output 4N25 A
FCD831,C,D Fairchild 6-Pin DIP, Coupler, Transistor Output MOC1006 A
FCD836 Fairchild 6-Pin DIP, Coupler, Transistor Output 4N27 A
FCD836C, D Fairchild 6-Pin DIP, Coupler, Transistor Output MOC1006 A
FCD850C, D Fairchild 6-Pin DIP, Coupler, Darlington Output 4N29 A
FCD855C, D Fairchild 6-Pin DIP, Coupter, Darlington Output 4N29 A
FCD860C, D Fairchild 6-Pin DIP, Coupler, Darlington Output 4N32 A
FCD865C, D Fairchild 6-Pin DIP, Coupler, Darlington Output 4N32 B
FPE100 Fairchild TO-18, Lensed, |.R. LED MLEDS30 A
FPE410 Fairchitd TO-18, Lensed, |.R. LED MLED930 B
FPES00 Fairchild TO 18, Lensed, I.R. LED MLEDS30 B
FPE520 Fairchild Metal, FO, IRED MFOE200 D
FPT100 Fairchild Plastic, Lensed Phototransistor MRD160 €
FPT100, A Fairchild Plastic, Lensed Phototransistor MRD160 E
FPT100,B Fairchild Plastic, Lensed Phototransistor MRD160 E
FPT120, A Fairchild Plastic, Lensed Phototransistor MRD450 E
FPT120,B Fairchild Plastic, Lensed Phototransistor MRD450 E
FPT120,C Fairchild Plastic, Lensed Phototransistor MRD300 B
FPT131 Fairchild Plastic, Lensed Phototransistor MRD160 E
FPT132 Fairchild Plastic, Lensed Phototransistor MRD160 E
FPT220 Fairchild Plastic, Lensed Phototransistor MRD160 £
FPT400 Fairchild Plastic, Lensed Darlington Transistor MRD360 A
FPT500, A Fairchild TO-18, Lensed, Transistor MRD300 A
FPT510 Fairchild TO-18, Lensed, Transistor MRD3054 A
FPT510, A Fairchild TO-18, Lensed, Transistor MRD3055 A
FPT520 Fairchild TO-18, Lensed, Transistor MRD300 A
FPT520A Fairchild TO-18, Lensed, Transistor MRD300 B
FPT530A Fairchild TO-18, Lensed, Transistor MRD300 A
FPT450A Fairchild TO-18, Lensed, Transistor MRD300 B
FPTS50A Fairchild TO-18, Lensed, Transistor MRD300 B
FPT560 Fairchild TO-18, Lensed, Phototransistor MRD300 B
FPT570 Fairchild TO-18, Lensed, Phototransistor MRD360 A
GG686 Fairchild TO-18, Lensed, Phototransistor MRD300 B
GS101 Gen'l Sensors PiLL, Lensed, Phototransistor MRD601 A
GS103 Gen’l Sensors PILL, Lensed, Phototransistor MRD601 A
GS161 Gen'l Sensors PILL, Lensed, Phototransistor MRD601 A
GS163 Gen'l Sensors PILL, Lensed, Phototransistor MRD601 A
GS165 Gen’l Sensors PILL, Lensed, Phototransistor MRD604 A
GS167 Gen’l Sensors PiLL, Lensed, Phototransistor MRD604 A
GS201 Gen’l Sensors PiLL, Lensed, Phototransistor MRD601 E
GS203 Gen'’l Sensors Pit.L, Lensed, Phototransistor MRD601 E
GS261 Gen’'l Sensors PILL, Lensed, Phototransistor MRD601 E
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CROSS-REFERENCE (continued)

Motorola
Device Manufacturer Description Equivalent Code
GS263 Gen’l Sensors PILL, Lensed, Phototransistor MRD601 E
GS265 Gen’l Sensors PILL, Lensed, Phototransistor MRD604 E
GS267 Gen’l Sensors PILL, Lensed, Phototransistor MRD604 E
GS501 Gen’l Sensors PILL, Lensed, Phototransistor MRDG04 E
GS503 Gen'’l Sensors PILL, Lensed, Phototransistor MRD601 E
GS561 Gen'l Sensors PILL, Lensed, Phototransistor MRD601 E
GS567 Gen'’l Sensors PILL., Lensed, Phototransistor MRD604 £
GS600, 3,6,9, 10 | Gen'l Sensors TO-18, Lensed, Phototransistor MRD300 A
GS612 Gen'l Sensors TO-18, Lensed, Phototransistor MRD3050 A
GS670 Gen'l Sensors TO-18, Lensed, Phototransistor MRD3050 A
GS680 Gen’l Sensors TO-18, Lensed, Phototransistor MRD300 A
GS683 Gen’l Sensors TO-18, Lensed, Phototransistor MRD300 A
GS686 Gen'l Sensors TO-18, Lensed, Phototransistor MRD300 A
H11A1 GE 6-Pin DIP Coupler Transistor Output H11A1 A
H11A2 GE 6-Pin DIP Coupler Transistor Output H11A2 A
H11A3 GE 6-Pin DIP Coupler Transistor Qutput H11A3 A
H11A4 GE 6-Pin DIP Coupler Transistor Qutput H11A4 A
H11A5 GE 6-Pin DIP Coupler Transistor Output H11A5 A
H11A520 GE 6-Pin DIP Coupler Transistor Qutput H11A520 A
H11A550 GE 6-Pin DIP Coupler Transistor Output H11A550 A
H11A5100 GE 6-Pin DIP Coupler Transistor Output H11A5100 A
H74A1 GE 6-Pin DIP Coupler Transistor Output 4N26 B
H11AA1 GE 6-Pin DIP Coupler Transistor Qutput 4N26 D
H11AA2 GE 6-Pin DIP Coupler Transistor Output 4N27 o]
H11B1 GE 6-Pin DIP Coupler Darlington Output H11B1 A
H11B82 GE 6-Pin DIP Coupler Darlington Output H11B2 A
H1183 GE 6-Pin DIP Coupler Darlington Output H1183 A
H11B255 GE 6-Pin DIP Coupler Darlington Output H11B255 A
H11C1,2,3 GE 6-Pin DIP Coupler SCR Output MOC3003 A
H11C4,5,6 GE 6-Pin DIP Coupler SCR Qutput MOC3001 A
H1174C1, 2 GE 6-Pin DIP Coupler SCR Output MOC3001 A
H11D1,2,3,4 GE 6-Pin DIP Coupler Hi V. Transistor MOC3001 DE
It Litronix 6-Pin DIP Coupler Transistor Qutput Lt A
IL5S Litronix 6-Pin DIP Coupler Transistor Output 4N25 B
iL12 Litronix 6-Pin DIP Coupler Transistor Output 112 A
iL1s Litronix 6-Pin DIP Coupler Transistor Output i1s A
IL16 Litronix 6-Pin DIP Coupler Transistor Output IL16 A
IL74 Litronix 6-Pin DIP Coupler Transistor Output 1L74 A
ILA 30 Litronix 6-Pin DIP Coupler Darlington Output 4N33 B
ILA 55 Litronix 6-Pin DIP Coupler Darlington Qutput 4N33 B
ILCA2-30 Litronix 6-Pin DIP Coupler Darlington Output 4N33 8
{LCA2-55 Litronix 6-Pin DIP Coupler Darlington Output 4N33 B
IRL40 Litronix TO-18 Lensed I.R. LED MLED930 B
IRL60 Litronix Plastic, Lensed |.R. LED MLED60 A
L8, L9 GE TO-18 Lensed Phototriac MRD3011 D
L14F1 GE TO-18 Lensed Photodarlington MRD360 A
L14F2 GE TO-18 Lensed Photodartington MRD370 A
L14G1 GE TO-18 Lensed Phototransistor MRD300 A
L14G2 GE TO-18 Lensed Phototransistor MRD310 A
L14G3 GE TO-18 Lensed Phototransistor MRD310 A
L14H1 GE TO0-92 Phototransistors L14H1 A
L14H2 GE TO-92 Phototransistors L14H2 A
L14H3 GE T0-92 Phototransistors L14H3 A
L14H4 GE TO-92 Phototransistors L14H4 A
L15E GE PILL, Lensed, Phototransistor MRD603 A
L15A GE PILL, Lensed, Phototransistor MRD602 A
L15A X601 GE PILL, Lensed, Phototransistor MRD601 A
L15A X602 GE PILL, Lensed, Phototransistor MRD602 A
L15A X603 GE PILL, Lensed, Phototransistor MRD603 A
L15AX604 GE PiLL, Lensed, Phototransistor MRD604 A
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CROSS-REFERENCE (continued)

Motorola
Device Manufacturer Description Equivalent Code
LD261 Siemens Piastic, I.R. LED MLED60 C
LED 56, F GE TO-18, Lensed, I.R. LED MLED930 A
L.PT Litronix Plastic, Lensed, Phototransistor MRDA450 E
LPT100A Litronix Plastic, Lensed, Phototransistor MRD450 E
LPT1008 Litronix Plastic, Lensed, Phototransistor MRD450 E
M-161 Gl Piastic, Lensed, Phototransistor MRD160 C
M-162 Gi Piastic, Lensed, Phototransistor MRD160 [
M-163 Gi Plastic, Lensed, Phototransistor MRD450 E
M-164 Gl Plastic, Lensed, Phototransistor MRD450 E
M-165 Gl Plastic, Lensed, Phototransistor MRDA450 E
MEG0 Gl Plastic, Lensed, I.R. LED MLED60 C
MEG1 Gl Plastic, Lensed, I.R. LED MLEDG60O C
ME702 Gl Plastic, Lensed, I.R. LED MLEDS00 E
MCA230 Gl 6-Pin, DIP, Coupler Darlington Output MCA230 A
MCA231 Gl 6-Pin, DIP, Coupler Darlington Output MCA231 A
MCA255 Gl 6-Pin, DIP, Coupler Darlington Output MCA255 A
MCS2 Gi 6-Pin, DIP, Coupler SCR Qutput MOC3011 DE
MCS2400 G} 6-Pin, DIP, Coupler SCR Output MOC3011 DE
MCT2 Gl 6-Pin, DIP, Coupler Transistor Output MCT2 A
MC2E Gl 6-Pin, DIP, Coupler Transistor Qutput MCT2E A
MCT26 Gl 6-Pin, DIP, Coupler Transistor Qutput 4N27 B
oP123 Optron PILL, Lensed, |.R. LED MLED910 A
oP124 Optron PILL, Lensed, I.R. LED MLEDS10 A
OP130 Optron TO-18, Lensed, I.R. LED MLED930 A
oP131 Optron TO-18, Lensed, |I.R. LED MLED930 A
0oP160 Optron Plastic, Lensed, |.R. LED MLEDS00 E
OP500 Optron Plastic, Lensed, Phototransistor MRD450 E
OP600 Optron PILL, Lensed Phototransistor MRD&01 A
0P601 Optron PILL, Lensed Phototransistor MRD601 A
0OP602 Optron PILL, Lensed Phototransistor MRD602 A
0P603 Optron PILL, Lensed Phototransistor MRD&03 A
0OP604 Optron PILL, Lensed Phototransistor MRD604 A
OP640 Optron PILL, Lensed Phototransistor MRD601 A
OP641 Optron PiLL, Lensed Phototransistor MRD601 A
OPg42 Optron PILL, Lensed Phototransistor MRD602 A
0OP643 Optron PILL, Lensed Phototransistor MRD602 A
OoP644 Optron PILL, Lensed Phototransistor MRD603 A
0OP800 Optron TO-18 Lensed Phototransistor MRD3055 A
0P801 Optron TO-18 Lensed Phototransistor MRD3050 A
0oP802 Optron TO-18 Lensed Phototransistor MRD310 A
0OP803 Optron TO-18 Lensed Phototransistor MRD300 A
OP804 Optron TO-18 Lensed Phototransistor MRD300 A
0OP805 Optron TO-18 Lensed Phototransistor MRD300 A
OP830 Optron TO-18 Lensed Phototransistor MRD300 A
OPI110 Optron 8-Pin, DIP, Coupler Transistor Qutput MOC1005 DE
0OP12150 Optron 6-Pin, DIP, Coupler Transistor OQutput MOC1006 A
OPi12151 Optron 6-Pin, DIP, Coupler Transistor Output 4N27 A
OP12152 Optron 6-Pin, DIP, Coupler Transistor Output 4N26 A
OPI12153 Optron 6-Pin, DIP, Coupler Transistor OQutput 4N 26 D
OP12250 Optron 6-Pin, DIP, Coupler Transistor Output MOC1006 A
0OP12251 Optron 6-Pin, DIP, Coupler Transistor Output MOC1006 A
0OP12252 Optron 6-Pin, DIP, Coupler Transistor Output 4N25 A
0OP12253 Optron 6-Pin, DIP, Coupler Transistor Output 4N25 D
PC503 Sharp 6-Pin, DIP, Coupler Transistor Qutput 4N26 A
SD1440-1,-2,-3,-4 Spectronics PILL, Lensed Phototransistor MRD3050 DE
SD2440-1 Spectronics PILL, Lensed Phototransistor MRD601 A
SD2440-2 Spectronics PILL, Lensed Phototransistor MRD&02 A
SD2440-3 Spectronics PiLL, Lensed Phototransistor MRD603 A
$D2440-4 Spectronics PILL, Lensed Phototransistor MRD604 A
SD2441-1 Spectronics PILL, Lensed Phototransistor MRD602 A
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CROSS-REFERENCE (continued)

Motoroia
Device Manufacturer Description Equivalent .Code
SD2441-2 Spectronics PILL, Lensed Phototransistor MRD603 A
SD2441-3 Spectronics PILL, Lensed Phototransistor MRD604 A
SD2441-4 Spectronics PILL, Lensed Phototransistor MRD604 B
SD3420-1,-2 Spectronics TO-18, Flat Window Pin, Photodarlington MRD510 A
SD5400-1 Spectronics TO-18, Lensed Photodarlington MRD370 A
SD5400-2 Spectronics TO-18, Lensed Photodarlington MRD360 A
SD5400-3 Spectronics TO-18, Lensed Photodarlington MRD360 A
SD5420-1 Spectronics TO-18, Lensed Photodarlington MRD500 A
SD5440-1 Spectronics TO-18, Lensed Phototransistor MRD3052 A
SD5440-2 Spectronics TO-18, Lensed Phototransistor MRD3056 A
SD5440-3 Spectronics TO-18, Lensed Phototransistor MRD300 A
SD5440-4 Spectronics T0-18, Lensed Phototransistor MRD300 B
SD5442-1,-2,-3 Spectronics TO-18, Lensed Phototransistor MRD300 B
SE1450 series Spectronics TO 18, Lensed Phototransistor MLED930 E
SE2450 series Spectronics PILL, Lensed I.R. LED MLED910 8
SE24860 series Spectronics PILL, Lensed I.R. LED MLED910 B
SES450 series Spectronics TO-18, Lensed |.R. LED MLEDS30 A
SE5451 series Spectronics TO-18, Lensed I.R. LED MLEDQ30 B
SG1001 series RCA PILL, Lensed I.R. LED MLEDS10 8
SPX2 Spectronics 6-Pin DIP, Coupler Transistor Qutput 4N35 A
SPX2E Spectronics 6-Pin DIP, Coupler Transistor ODutput 4N35 A
SPx4 Spectronics 6-Pin DIP, Coupler Transistor Qutput 4N35 A
SPX5 Spectronics 6-Pin DIP, Coupler Transistor Qutput 4N35 A
SPX6 Spectronics 6-Pin DIP, Coupler Transistor Qutput 4N35 A
SPX26 Spectronics 6-Pin DIP, Coupler Transistor Qutput 4N27 A
SPX28 Spectronics 6-Pin DIP, Coupler Transistor Output 4N27 A
SPX35 Spectronics 6-Pin DIP, Coupler Transistor Qutput 4N35 A
SPX36 Spectronics 6-Pin DIP, Coupler Transistor Qutput 4N35 A
SPX37 Spectronics 6-Pin DIP, Coupler Transistor Qutput 4N35 A
SSL4, F Solar Systems TO-18, Lensed I.R. LED MLED930 8
S§SL34,54 Solar Systems TO-18, Lensed I.R. LED MLED930 B
STPT10 Sensor Tech Plastic Lensed Phototransistor MRD160 c
STPT15 Sensor Tech Plastic Lensed Phototransistor MRD160 Cc
STPT20 Sensor Tech PILL, Lensed Phototransistor MRD604 A
STPT21 Sensor Tech PILL, Lensed Phototransistor MRD601 A
STPT25 Sensor Tech PILL, Lensed Phototransistor MRD603 A
STPT45 Sensor Tech Plastic Lensed Phototransistor MRD450 A
STPT51 Sensor Tech TO-18, Lensed Phototransistor MRD3050 A
STPTS3 Sensor Tech TO-18, Lensed Phototransistor MRD3056 A
STPT6O series Sensor Tech PILL, Lensed Phototransistor MRDG601 series A
STPT80 Sensor Tech TO-18, Lensed Phototransistor MRD3056 A
STPT80 Sensor Tech TO-18, Lensed Phototransistor MRD3056 A
STPT81 Sensor Tech TO-18, Lensed Phototransistor MRD3052 A
STPT82 Sensor Tech TO-18, Lensed Phototransistor MRD3053 A
STPT83 Sensor Tech TO-18, Lensed Phototransistor MRD3054 A
STPT84 Sensor Tech TO-18, Lensed Phototransistor MRD3056 A
STPT260 Sensor Tech TO-18, Lensed Darlington Transsitor MRD360 A
STPT300 Sensor Tech TO-18, Lensed Phototransistor MRD300 A
STPT310 Sensor Tech TO-5, Lensed Photodarlington MRD360 [}
TIL23 Texas Instr. PILL, Lensed Phototransistor MLED910 A
TiL24 Texas Instr. PILL, Lensed Phototransistor MLED910 B
TIL26 Texas Instr. Plastic, Lensed |.R. LED MLED60 E
TiL31 Texas Instr. TO-18, Lensed Phototransistor MLED930 B
TIL33 Texas Instr. TO-18, Lensed Phototransistor MLED930 B
TIL34 Texas Instr. TO-18, Lensed Phototransistor MLED930 A
TIL63 Texas Instr, TO-18, Lensed Phototransistor MRD3050 A
TIL64 Texas Instr, TO-18, Lensed Phototransistor MRD3050 A
TIL6S Texas Instr. TO-18, Lensed Phototransistor MRD3052 A
TIL66 Texas Instr, TO-18, Lensed Phototransistor MRD3054 A
TiLe7 Texas Instr, TO-18, Lensed Phototransistor MRD3056 A
TIL78 Texas Instr. Plastic, Lensed Phototransistor MRD450 C
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CROSS-REFERENCE (continued)

Motorola
Device Manufacturer Description Equivalent Code
TiL81 Texas Instr. TO-18, Lensed Phototransistor MRD300 A
TiL111 Texas Instr. 6-Pin DIP, Coupler Transistor Output TiL111 A
TiL112 Texas Instr. 6-Pin DIP, Coupler Transistor Output TIL112 A
TIL113 Texas Instr, 6-Pin DIP, Coupler Transistor Output TiL113 A
Tit114 Texas Instr. 6-Pin DIP, Coupler Transistor Output TiL114 A
TiL115 Texas Instr. 6-Pin DIP, Coupler Transistor Qutput TIL11S A
TiL116 Texas Instr. 6-Pin DIP, Coupler Transistor Output TiL116 A
TiL117 Texas Instr. 6-Pin DIP, Coupler Transistor Output TIL117 A
TIL118 Texas Instr. 6-Pin DIP, Coupler Transistor Qutput MOC1006 C
TIL119 Texas tnstr. 6-Pin DIP, Coupler Transistor Output TIL119 A
TIL601 Texas Instr. PILL, Lensed Phototransistor MRD601 A
TiL602 Texas Instr, PILL, Lensed Phototransistor MRD602 A
TIL603 Texas instr. PILL, Lensed Phototransistor MRD603 A
TiL604 Texas Instr. PiLL, Lensed Phototransistor MRD604 A
TLP501 Toshiba 6-Pin DIP, Coupler Transistor Output 4N27 B
TLP503 Toshiba 6-Pin DIP, Coupler Transistor Output 4N25 B
TLP504 Toshiba 6-Pin DIP, Coupler Transistor Qutput 4N25 B
1N5722 Industry PILL, Lensed Phototransistor MRD601 A
1N5723 Industry PILL, Lensed Phototransistor MRD602 A
1N5724 Industry PILL, Lensed Phototransistor MRD603 A
1N5725 Industry PILL, Lensed Phototransistor MRD604 A
2N5777 Industry TO-92, Plastic Photodariington 2N5777 A
2N5778 Industry TO-92, Plastic Photodarlington 2N5778 A
2N5779 Industry TO0-92, Plastic Photodarlington 2N5779 A
2N5780 Industry TO-92, Plastic Photodariington 2N5780 D
4N25 Industry 6-Pin DIP, Coupler Transistor Output 4N25 A
4N26 Industry 6-Pin DIP, Coupler Transistor Output 4N26 A
4aN27 Industry 6-Pin DIP, Coupler Transistor Qutput 4aN27 A
4N28 Industry 6-Pin DIP, Coupler Transistor Output 4N28 A
4N29 tndustry 6-Pin DIP, Coupler Darlington Output 4N29 A
4N30 Industry 6-Pin DIP, Coupler Darfington Qutput 4N30 A
4N31 Industry 6-Pin DIP, Coupler Darlington Output 4N31 A
4N32 Industry 6-Pin DIP, Coupler Darlington Qutput 4N32 A
4N33 Industry 6-Pin DIP, Coupler Darfington Output 4N33 A
4N35 Industry 6-Pin DIP, Coupler Transistor Output 4N35 A
4N36 Industry 6-Pin DIP, Coupler Transistor Output 4AN37 A
4N37 Industry 6-Pin DIP, Coupter Transistor Output 4N37 A
4N38 Industry 6-Pin DIP, Coupler Transistor Output 4N38 A
4N39 Industry 6-Pin DIP, Coupler SCR Output MOC3011 DE
4N40 Industry 6-Pin DIP, Coupler SCR OQutput MOC3011 DE
4N45 Industry 6-Pin DIP, Coupler Darlington Output 4N32 DE
4N46 industry 6-Pin DIP, Coupler Darlington Output 4N32 DE
6N135 Industry 8-Pin DIP, Coupler Transistor Output MOC1006 DE
6N136 Industry 8-Pin DIP, Coupler Transistor Output MOC1005 DE
BN138 Industry 8-Pin DIP, Coupler Dartington Output 4N32 DE
B6N139 industry 8-Pin DIP, Coupler Darlington Output 4N32 DE
5082-4203 Hewlett-Packard TO-18, Lensed Photo PIN Diode MRDS500 A
5082-4204 Hewlett-Packard TO-18, Lensed Photo PIN Diode MRDS500 A
5082-4207 Hewlett-Packard TO-18, Lensed Photo PIN Diode MRD500 A
5082-4220 Hewlett-Packard TO-18, Lensed Photo PIN Diode MRDS00 A
5082-4350 Hewlett Packard 8-Pin DIP, Coupler Transistor Output MOC1006 DE
5082-4351 Hewlett Packard 8-Pin DIP, Coupler Transistor Output MOC1005 DE
5082-4352 Hewlett Packard 8-Pin DIP, Coupler Transistor Qutput MOC1005 DE
5082-4370 Hewilett Packard 8-Pin DIP, Coupler Darlington Qutput 4N32 DE
5081-4371 Hewlett Packard 8-Pin DIP, Coupler Darlington Qutput 4N32 DE
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OPTOELECTRONICS DATA SHEETS

2N5777 thru 2N5780, MRD14B
4N25, A; 4N26, 4N27, 4N28

4N29, A; 4N30, 4N31,
4N32, A; 4N33

4N35, 4N36, 4N37
4N38, A

L14H1 thru L14H4
MLED60, MLEDSO
MLED92

MLEDS3 thru MLED95
MLEDS00

MLED930

MOC119

MOC1005, MOC1006
MOC3000 thru MOC3003
MOC3009 thru MOC3011
MOC3020, MOC3021
MOC3030, MOC3031
MOC5005, MOC5006
MOC5010

MOC8020, MOC8021
MOC8030, MOC8050
MRD150

MRD160

MRD300, MRD310
MRD360, MRD370
MRD450

MRD500, MRD510
MRD3010, MRD3011

MRD3050, MRD3051, MRD3054,

MRD3055, MRD3056

Opto Couplers/Isolators
(Industry)

Plastic NPN Silicon Photo Darlington Amplifiers ...............
NPN Phototransistor and PN infrared-Emitting Diode ..........

NPN Photodarlington and PN Infrared-Emitting Diode ..........
NPN Phototransistor and PN Infrared-Emitting Diode ..........
Optical Coupler with NPN Transistor Qutput ..................
Plastic NPN Silicon Photo Transistors ........................
Infrared-Emitting Diodes .......... ... .ot
Infrared-Emitting Diode ............. ... . ... . i,
Infrared-Emitting Diodes ................ ..ol
Infrared-Emitting Diode .........c..oiiniiniin i,
Infrared-Emitting Diode . ........... .
Opto Coupler with Darlington OQutput ........................
Opto Coupler with Transistor Qutput .........................
Opto SCRCouUpIer ... e
Optically-Isolated Triac Driver, 250V .........................
Optically-Isolated Triac Driver, 400V ............ ... ... ......
Zero Voltage Crossing Optically-Isolated Triac Driver, 250V .. ..
Digital Logic Coupler ........ ... . i
Optically-Isolated AC Linear Coupler .........................
High CTR Darlington Coupler ............. ... iiiiiiiinnnn.
80-Volt Darlington Coupler ........ ..ottt i,
Plastic NPN Silicon Photo Transistor .........................
Plastic NPN Silicon Photo Transistor ..............0..........
NPN Silicon High Sensitivity Photo Transistor .................
NPN Silicon High Sensitivity Photo Darlington Transistor ......
Plastic NPN Photo Transistor ........... ... ... ...,
PIN Silicon Photo Diode .............c.iiiiiiiiinenniinn..
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@ MOTOROLA

2N57717 thru
2N5780

MRD14B

PLASTIC NPN SILICON PHOTO
DARLINGTON AMPLIFIERS

. . . designed for applications in industrial inspection, processing and
control, counters, sorters, switching and logic circuits or any design re-
quiring extremely high radiation sensitivity, and stable characteristics.

Economical Plastic Package

e Sensitive Throughout Visible and Near Infrared Spectral Range

for Wide Application

Precision Die Placement

TO-92 Clear Plastic Package for Standard Mounting

Annular Passivated Structure for Stability and Reliability

Range of Radiation Sensitivities and Voltages for Design Flexibility

12, 25,40 VOLT
PHOTO DARLINGTON
AMPLIFIERS
NPN SILICON

200 MILLIWATTS

MAXIMUM RATINGS

2N5777°| 2N5778"

Rating Symbol |MRD14B| 2N5779 | 2N5780 Unit
Collector-Emitter Voltage VCEO 12 25 40 Volts
Collector-Base Voltage VeBo 18 25 40 Volts
Emitter-Base Voltage VEBO | 80 8.0 12 Volts
Light Current L — 250 mA
Total Device Dissipation @ T 5 = 25°C Pp 200 mW

Derate above 25°C 267 mW/°C
Operating and Storage Junction TJ,Ts(g“) -65 to +100 oc
Temperature Range

*Indicates JEDEC Registered Data.

(1) Heat Sink should be applied to leads during soldering to prevent case temperature

from exceeding 100°C.

FIGURE 1 —CONSTANT ENERGY SPECTRAL RESPONSE

100 l

Ta = 259C /
80

/
" /
/

/

~
=3

RELATIVE RESPONSE (%)

~
S

a5 06 07 08

A, WAVELENGTH (um)

09

10

STYLE 14
PIN 1 EMITTER
2. COLLECTOR
3 BASE

NOTES

1. CONTOUR OF PACKAGE BEYOND ZONE "P”

2. ISUNCONTROLLED
OIM “F~ APPLIES BETWEEN “H"” AND
“L".DIM D" & "S” APPLIES BETWEEN
“L" & 12.70 mm {0.5") FRGM SEATING
PLANE. LEAD DIM IS UNCONTROLLED
IN"H" & BEYOND 12.70 mm (0.57)
FROM SEATING PLANE

MILLIMETERS
MIN | MAX

INCHES
MIN | MAX

432 | 533 ] 0170 0210
44 521 [ 0.175] 0205
419 [ 0125] 0165
056 ] 0016 | 0022
0.48 [ 0.016 | 0.019

1400045 ] 0.055
256 | - 0100
267 ] 0,085 | 0.105 |
- loso0] -

— o250 -
292 [ 0080 0115
- Jous| -
y — Jomss |
0.36 | 0.41 [ 0014 [ 0,016

All JEDEC dimensions and notes apply.

CASE 29-02
T0-92

P PN I P g g

|| v|Z|r|x|=|x|o| i o|o|m|»




2N5777 THRU 2N5780 , MRD14B

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

Characteristic Symbol Min Typ Max Unit
Collector Dark Current (Note 2) ICEO - - 0.1 uA
(Vcg=12V)
Collector-Emitter Breakdown Voltage (Note 2) V(BR)CEO Volts
(Ic = 10 mA) MRD148 12 - -
2N5777, 2N5779 25 - -
2N5778, 2N5780 40 - -
Collector-Base Breakdown Voltage (Note 2) V(BR)CBO Volts
(Ic = 100 uA) MRD148 18 - -
2N5777, 2N5779 25 - -
2N5778, 2N5780 40 ~ —
Emitter-Base Breakdown Voltage (Note 2) V(BR)EBO Voits
{tg = 100 uA) MRD148 8.0 - -
2N5777, 2N5779 8.0 - -
2N5778, 2N5780 12 - - B
* OPTICAL CHARACTERISTICS (T 5 = 25°C unless otherwise noted)
Characteristic Fig. No. Symbol Min Typ Max Unit
Collector Light Current {Notes 1,4,5) - 'y mA
(Vcg =5.0V) MRD14B 05 2.0 -
2N5777, 2N5778 05 4.0 -
2N5779, 2N5780 2.0 8.0 —
DC Current Gain {Note 2) - hre -
(VCE = 5.0V, ic = 0.5 mA) 2N5777, 2N5778 25k -
2N5779, 2N5780 50k — -
Wave Length of Maximum Sensitivity 1 As 0.7 0.8 1.0 um
Turn-On Delay Time {Notes 3, 4) 23 td1 - - 100 us
Rise Time (Notes 3, 4) 2,3 ty — — 250 us
Turn-Off Delay Time (Notes 3, 4) 2,3 14?2 - - 5.0 us
Fall Time {(Notes 3, 4) 2,3 4 - - 150 us
Collector-Base Capacitance - Ceb pF
(Vcg =10V, f=1.0MHz, 1g =0) 2N5777 thru 2N5780 - - 10

*Indicates JEDEC Registered Data.
NOTES:

1. Radiation Flux Density (H) equal to 2.0 mW/cm2 emitted from
a tungsten source at a color temperature of 2870°K.

2. Measured under dark conditions. (Hx0).

3. For unsaturated rise time measurements, radiation is provided by
a pulsed GaAs (gallium-arsenide} light-emitting diode (A =~ 0.9

FIGURE 2 — PULSE RESPONSE TEST CIRCUIT

vee

NC

Ry - 10052

P2 10 mA
l OUTPUT

PEAK

um) with a pulse width equal to or greater than 500 micro-
seconds (see Figures 2 and 3).

4. Measurement mode with no electrical connection to the
base lead.

5. Die faces curved side of package.

FIGURE 3 — PULSE RESPONSE TEST WAVEFORM
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@ MOTOROLA

4N25, 4N25A
4N26
4N27
4N28

NPN PHOTOTRANSISTOR AND
PN INFRARED EMITTING DIODE
... Gallium Arsenide LED optically coupled to a Silicon Photo Transistor designed
for applications requiring electrical isolation, high-current transfer ratios, small
package size and low cost; such as interfacing and coupling systems, phase and
feedback controls, solid-state relays and general-purpose switching circuits.
e High Isolation Voltage —
Viso = 7500 V (Min)

® Excellent Frequency Response —
300 kHz (Typ)
® Fast Switching Times @ Ic = 10 mA
tan = 0.87 us (Typ) — 4N25,A 4N26
2.1 us{Typ) — 4N27,4N28
toff = 11 us {Typ) — 4AN25,A,4N26
6.0 us (Typ) —4N27,4N28
® 4N25A is UL Recognized
Package File Number E54915

e High Collector Output Current
@1 = 10mA —
Ic = 5.0 mA (Typ) — 4N25,A 4N26
2.0mA (Typ) — 4N27,4N28
e Economical, Compact, Dual-In-Line

OPTO
COUPLER/ISOLATOR

TRANSISTOR OUTPUT

*MAXIMUM RATINGS (T 5 = 25°C unless otherwise noted) .

[ Rating | Symbol | Vaiue |  Unit

INFRARED-EMITTING DIODE MAXIMUM RATINGS

Reverse Voltage VR 3.0 Volts
Forward Current — Continuous I3 80 mA
Forward Current — Peak Ig 3.0 Amp
Pulse Width = 300 us, 2.0% Duty Cycle
Total Power Dissipation @ T = 25°C Pp 150 mw
Negligible Power in Transistor
Derate above 26°C 2.0 mW/°C

PHOTOTRANSISTOR MAXIMUM RATINGS

Coliector-E mitter Voitage Vceo 30 Volts
E mitter-Collector Voltage VECO 7.0 Volts
Collector-Base Voltage VcBo 70 Volts
Total Device Dissipation @ Tp = 25°C Pp 150 mwW
Negligibte Power in Diode

Derate above 25°C 2.0 mW/C
TOTAL DEVICE RATINGS
Total Device Dissipation @ T 5 = 256°C Pp 250 mW
Equal Power Dissipation in Each Eternent

Derate above 26°C 3.3 mwW/°C
Junction Temperature Range Ty ~55 to +100 °c
Storage Temperature Range Tstg -55 to +150 oc
Soldering Temperature {10 s) 260 Sc

*{ndicates JEDEC Registered Data.

FIGURE 1 — MAXIMUM POWER DISSIPATION

Figure 1 is based upon using limit

180 values in the equation:
H ] 1 Ty1-Ta = Rgua (PD1 + Kg Pp2)
= Ta = 250C where
—
] 120 — Ty1 Junction Temperature (100°C)
=
g \ | TA Ambient Temperature
2 100
g ] sg0¢ \ " Rgja Junction to Ambient Thermal
g ow (5000C/W)
14 \ \ Pp1 Power Dissipation in One Chip
§ o P— 750¢ \ Pp2 Power Dissipation in Other Chip
g w I\ - Kg Thermai Coupling Coefficient
: \ \
s o | 120%)
£ \ \ 1‘ Example
i - N
2 m 0 0 0 20 ™ T80 With Po; = 90 mW in the LED

@ Tp = 50°C. the transistor

Pp2. AVERAGE POWER DISSIPATION (mW)
Pp (Ppo)must be less than 50 mW
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[6] [3] [4]
STYLE 1:
B PIN 1. ANODE
2. CATHODE
i 3. NC
I 12T 3 4. EMITTER
-.] L 5. COLLECTOR|
F 6.

NOTES:
1. DIMENSIONS A AND B ARE DATUMS.
2. T ISSEATING PLANE.
3. POSITIONAL TOLERANCES FOR LEADS:
(bl 013 10009@[T [ AGE)
4. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.

5. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5,1973.

[MILLIMETERS| _ INCHES |
|DIM] _MIN | MAX_|
A .

—o|no|ole
o
|
.

.20 | 030 {0008 0,017
254 | 381 |0.100] 0.150
762 BSC 0.300 BSC
M| G0 ] 150 | 0o | 150
N1 038 | 254 |0.015]0.100
127 | 203 | 0.050] 0.080

L.

CASE 730A-01




4N25, 4N25A, 4N26, 4N27, 4N28

LED CHARACTERISTICS (T 5 = 25°C unless otherwise noted)

Characteristic Min Unit
*Reverse Leakage Current — MA
(VR =3.0V, R =1.0Mohms)
*Forward Voltage - Volts
(Ig =10 mA)
Capacitance _ pF
(VR =0V, f=1.0MHz)
PHOTOTRANSISTOR CHARACTERISTICS (T4 = 25°C and I = 0 unles: ted)
*Coliector-Emitter Dark Current 4N25, A, 4N 26, AN27 - nA
(Ve = 10 V, Base Open) 4N28 —
*Collector-Base Dark Current — nA
(Vep = 10 V, Emitter Open)
*Collector-Base Breakdown Voitage 70 Volts
(lg=100 uA, Ig =0}
*Collector-Emitter Breakdown Voltage 30 Volts
{lc=1.0mA,lIg=0)
*Emitter-Coliector Breakdown Voltage 7.0 Volts
(g =100 wA, 1g = 0)
DC Current Gain - -
(Vge = 5.0V, Ig = 500 wA)
COUPLED CHARACTERISTICS (T 5 = 25°C unless otherwise noted)
*Collector Qutput Current (1) 4N25, A, 4N26 2.0 mA
(VCeE=10V,Ig =10mA, Ig =0) 4N27,4N28 1.0
Isolation Surge Voltage (2, 5) Volts
{60 Hz Peak ac, 5 Seconds) 7500
(60 Hz Peak) *4N25, A 2500
*4N26, 4N27 1500
*4N28 500
{60 Hz RMS for 1 Second) (3} *4N25A 1775
Isolation Resistance (2) - Ohms
{V =500V)
*Collector-Emitter Saturation - Volts
{ic=20mA, I =50mA)
Isolation Capacitance {2) — pF
(V=0,f=10MHz2)
Bandwidth (4) — kHz
(Ic =2.0mA, R|_ =100 ohms, Figure 11 (2)
SWITCHING CHARACTERISTICS
Delay Time 4N25, A, 4N26 - us
{Ic=10mA, Vge = 10V 2N27, 4N28 -
Rise Time Figures 6 and 8) 4N25, A, AN26 — us
4N27, 4N28 —
Storage Time 4N25, A, 4N26 - us
ic=10mA, Vgg = 10V 4N27, 4N28 —
Fall Time Figures 7 and 8) 4N25, A, 4N26 - us
4N27,4N28 -
*Indicates JEDEC Registered Data
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle € 2.0%.
(2) For this test LED pins 1 and 2 are common and phototransistor pins 4, 5, and 6 are common.
{3) RMS Volts, 60 Hz. For this test, pins 1, 2, and 3 are common and pins 4, 5, and 6 are common.
(4) I adjusted to yield Ic = 2.0 mA and ic = 2.0 mA p-p at 10 kHz.
(5) Isolation Surge Voltage, V g0, is an internal device dielectric breakdown rating.
DC CURRENT TRANSFER CHARACTERISTICS
FIGURE 2 — 4N25,A,4N26 FIGURE 3 — 4N27,AN28
50 R S 1
dTE = T4 e
20 Vgg=10Vv = /gg= 10V
E . -»v—j 1T . ] H ] 7
50 ERESs i =k s
«
Ty= -559C 3
S 20 ” : 3 - T, = 550C
o«
=) 4 S L
g oy g 2
S 0s Foa 1000C =
8 . 1 8 P
502 AT 25°¢ S 4
=1 V
01 A4 4 |
51 = - o t —=+3
0.05 Z1IE T
. 1.0 20 5.0 10 20 50 100 200 500 20 5.0 500

¢, FORWARD DIODE CURRENT (mA}

Ig, FORWARD DIODE CURRENT {mA)




4N25, AN25A, 4N26, 4N27, 4N28

vE. INSTANTANEOUS FORWARD

t, TIME (us)

FIGURE 4 — FORWARD CHARACTERISTICS

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 5 —~ COLLECTOR SATURATION VOLTAGE

10
T M1
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FIGURE 6 — TURN-ON TIME FIGURE 7 — TURN-OFF TIME
20- T v 200 T
10% Vge=10V =
. [ IF=201¢"
5.0 q . T)=25°C
. 7 e e e
20 TH<1Z
N P~ El
D S =
?t’: 3 EV\* S SRk = g
a5 T S ':
- 1 - - —+ 4 - e —
02t k’; < 20
it ~N TN
0.1 e ~ == - 4 4 -
H = P 1 = ++ — N
0.05 T —==i==t= 4N25A 4N26 " 05 =H={==" 4N25.A 4N26 ™
ool 1t aNZ2, 428 02 N1, 4N |
05 07 10 20 30 50 70 10 20 30 50 705 07 10 20 30 50 70 10 20 30 50
Ic, COLLECTOR CURRENT (mA) Ic. COLLECTOR CURRENT {mA)
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4N25, 4AN25A, 4N26, 4N27, AN28

FIGURE 11 — FREQUENCY RESPONSE TEST CIRCUIT
30
T

——t—t

20—Tp=25°C

TING000 N

T
~J000<2 S

IC. COLLECTOR OUTPUT CURRENT (NORMALIZED)
o
n

30 50 70 100 200 300 500 700 1000
1, FREQUENCY (kHz)

FIGURE 10 — FREQUENCY RESPONSE

CONSTANT I

10uF 470 CURRENT  *—— Vgg=10VOLTS
MODULATION 0—)
INPUT
r=l-—--
L A
QUTPUT
-—
IF

1c (DC) = 2.0 mA

ic (AC SINE WAVE = 2.0 mA P.P}

TYPICAL APPLICATIONS

FIGURE 12 — ISOLATED MTTL
TO MOS (P-CHANNEL) LEVEL TRANSLATOR

FIGURE 13 — COMPUTER/PERIPHERAL INTERCONNECT

To——
FROMMTTL

LOGIC [y
(5.0 mA PULSE) |
L

20—

V]
COMPUTER | DATA LOGGER 4N25A7 VCC

3009
TWISTED PAIR

FIGURE 14 — POWER AMPLIFIER

FIGURE 15 —- INTERFACE BETWEEN LOGIC AND LOAD

S5V
o

Vout

M 1
INPUT Fss18

SIGNAL Hpsu01

INDUCT.
LOAD

14005 AC
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MOTOROLA

NPN PHOTO DARLINGTON AND PN INFRARED
EMITTING DIODE

... Gallium Arsenide LED optically coupled to a Silicon Photo
Darlington Transistor designed for applications requiring electrical
isolation, high-current transfer ratios, small package size and low
cost; such as interfacing and coupling systems, phase and feedback
controls, solid-state relays and general-purpose switching circuits.
e High Isolation Voltage

Viso = 7500 V (Min)

e Excellent Frequency Response —
30 kHz (Typ)
e Fast Switching Times @ I = 50 mA
ton = 2.0 us (Typ)
toff = 25 us (Typ) — 4N29,30,31
60 us (Typ) — 4N32,33
e 4N29A, 4N32A are UL Recognized —
Fiie Number E54915

e High Coltector Output Current
@1g = 10 mA —
Ic = 60 mA (Min) — 4N32,33
10 mA {Min) — 4N29,30
5.0 mA (Min) — 4N31
e Economical, Compact,
Dual-In-Line Package

4N29, 4N29A
4N30
4N31

4N32, 4N32A
4N33

OPTO

DARLINGTON OUTPUT

COUPLER/ISOLATOR

MAXIMUM RATINGS (T4 - 25°C unless otherwise noted)

STYLE 1t

B PIN 1.

' Rating T Symbol l Value I Unit ,
INFRARED-EMITTING DIODE MAXIMUM RATINGS
Reverse Voltage VR 3.0 Volts
Forward Current = Continuous Ie 80 mA (6] (5] [
Forward Current — Peak I 3.0 Amp
{Pulse Width = 300 us, 2.0% Duty Cycle)
Total Power Dissipation @ T = 25°C Pp 150 mw O :
Negligible Power in Transistor T T 3 4,
Derate 25°C 20 mW/°C 5,
erate above J;L 6
PHOTOTRANSISTOR MAXIMUM RATINGS A
Collector-Emitter Voltage VCEO 30 Volts
C
Emitter-Collector Voltage VECO 5.0 Volts
Collector-Base Voltage Vceo 30 Volts :!__
Total Power Dissipation ® T = 26°C [ 150 mw T 17 —rtN
Negligible Power in Diode Tk
Derate above 25°C 2.0 mw/°C o
el= ll—-o
TOTAL DEVICE RATINGS
Total Device Dissipation @ T = 25°C Pp 250 mw
Equal Power Dissipation in Each Element NOTES:
Derate above 25°C 3.3 mw/°C 1. DIMENSIONS A AND B ARE DATUMS.
Operating Junction Temperature Range Ty -55 to +100 °c 2. T ISSEATING PLANE.
3. POSITIONAL TOLERANCES FOR LEADS:
Storage Temperature Range Tstg -551t0 +150 °c [bloniz 0us@IT [ A®
Soldering Temperature {10 s) — 260 o¢ 4. DIMENSION L TO CENTER OF LEADS

PQ1 AVERAGE POWER DISSIPATION (mW}

FIGURE 1 — MAXIMUM POWER DISSIPATION

Figure 1 is based upon using limit
values in the equation
Ty1-Ta=Ryya (PD1 + Ky PD2)
where

Ty1  Junction Temperature (1007C)
\ Ta  Ambient Temperature
Ay ja Junction to Ambient Thermal
R Resistance (500°C/W}
\ \ Pp1  Power Dissipation in One Chip
Pp2 Power Dissipation in Other Chip
Kg  Thermal Coupling Coefficient
120%])

Exampte
With Ppq - 90 mW in the LED

@ Tp = 50°C, the Darlington

Pp (Pp 2! must be less than 50 mwW.

\ \ \
L\ \

] 20 @ 60 80 100 120 140
Pp2 AVERAGE POWER DISSIPATION (mW)

160
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WHEN FORMED PARALLEL.
. DIMENSIONING AND TOLERANCING PER
ANS! Y14.5,1973.

o

ANODE

. CATHODE
. NC

EMITTER

. COLLECTOR
. BASE

TMILLIMETERS|  INCHES
DIM|_MIN | MAX_| MIN | MAX
A8 .89 1 0.320 | 0.350 |

60| 0.240 | 0.260

.08 | 0.115 [ 0.200
[ o]0 .51 | 0.016 | 0.020 |
02 | 1.78 | 0.040 ] 0.070

G z‘ﬁ‘nsc [ 0.1008SC
J | 020 | 0.30 | 0.008 [ 0.012

K| 2.5 | 381 [0.100 | 0.150
| L] 1628SC__| 0.3008SC
M| G0 150 | Qo | 150
N[ 038 | 266 | 0.015 ] 0,100
P, 127 | 203 [0.050 ] 0.080

CASE 730A-01




LED CHARACTERISTICS (T4 = 25°C unless otherwise noted)

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

Characteristic Symbol Min Typ Max Unit
*Reverse Leakage Current IR - 0.005 100 HA
(VR = 3.0V, R|_= 1.0 M ohms)
*Forward Voltage Vg - 1.2 1.5 Volts
(If = 50 mA)
Capacitance (o] - 150 - pF
(VR =0V, f=1.0MHz)
PHOTOTRANSISTOR CHARACTERISTICS (T = 25°C and I = 0 unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
*Collector-Emitter Dark Current IcCEO - 8.0 100 nA
(Vcg = 10 V, Base Open)
*Collector-Base Breakdown Voltage V(BR)CBO| 30 110 - Volts
{Ic =100 wA, IE = 0)
*Collector-Emitter Breakdown Voltage V(BR)CEO| 30 75 - Volts
{ic=100 A, Ig=0)
*Emitter-Collector Breakdown Voitage V(BR)ECO 5.0 8.0 - Volts
(lg =100 uA, Ig = 0)
DC Current Gain hgg - 15K - -
(Ve =5.0V, Ic =500 uA)
COUPLED CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
*Collector Qutput Current {1) 4N32, 4N33 Ic 50 80 — mA
(VCE= 10V, g =mA, Ig =0) 4N29, 4N30 10 40 -
4N31 5.0 — —
Isolation Surge Voltage (2, 5) Viso Volts
{60 Hz ac Peak, 5 Seconds) 7500 - -
*4N29, 4N32 2500 - -
*4N30, 4N31, 4N33 1500 — -
Isolation Resistance (2) - - 1011 - Ohms
{(V =500V)
*Collector-Emitter Saturation Voltage (1) 4N31 VCE(sat} - 0.8 1.2 Volts
(ic=2.0mA, I = 8.0 mA) 4N29, 4N39, 4N32, 4N33 - 08 1.0
Isolation Capacitance (2) - - 08 - pF
(V=0,f=10MHz)
Bandwidth (3) — - 30 - kHz
(Ic =20 mA, R =100 ohms, Figures 6 and 8)
SWITCHING CHARACTERISTICS (Figures 7 and 9), (4)
Turn-On Time ton - 2. 5.0 us
{ic =50mA, Ig =200 mA, Vge = 10 V)
Turn-Off Time toff Hs
{lc=50mA, IF =200 mA, Ve = 10 V) 4N29, 30, 31 - 25 40
4N32, 33 — 60 100

*Indicates JEDEC Registered Data.
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%.

(2) For this test, LED pins 1 and 2 are common and phototransistor pins 4, 5, and 6 are common.

(3) I adjusted to yield Ic = 2.0 mA and i = 2.0 mA P-P at 10 kHz.

{4) 14 and t, are inversely proportional to the amplitude of Ig; tg and t¢ are not significantly affected by I8
(5) Isolation Surge Voitage, V|s0. is an internal device dielectric breakdown rating.

DC CURRENT TRANSFER
FIGURE 2 — 4N29, 4N30, 4N31 CHARACTERISTICS FIGURE 3 — 4N32, 4N33
ad =T T ’e » " 100 T > & -
sof—§ VeE= 10V =z 7 sof VCE=10V ¥ 1
- I T,- 750 7 z — 7
2 f 4=150 44 5 // Z ., T,l|"75(5‘ P
= 0
) LV d 4 I Al ZaWa
H A/ >a < 2 S —
S s0 A < 3 50 Z o
E' 20 / / A el § 20 ¥ A1/ 15
0 520
@ 10 ,/ // 1/ -55°C E 0 741" /A\ -55°C
3 737 = g —
S 05 ya 7 505 7 -
= vy I/I 1/ -~
o il ol
0.1 0.1
05 07 10 20 30 50 70 10 20 30 50 02 03 05 07 10 20 30 50 70 10 2

I¢, FORWARD DIODE CURRENT {mA)

iF. FORWARD DIODE CURRENT (mA)




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

TYPICAL ELECTRICAL CHARACTERISTICS
(Printed Circuit Board Mounting)

FIGURE 4 — FORWARD CHARACTERISTIC FIGURE 6§ — COLLECTOR-EMITTER CUTOFF CURRENT
103 T 7
. —Vge= 10V
22 4 [— iF=0 7
2 e 102 F— 1g=0
2 2 3
gz E_ 74
a8 = F
S8 H
S w A e o 4
=3 gg v 7
% g 1.6 4 Qg
- > a9
2 14 " pd 2 7
< H1 S 7
> =1
1.2 -l g w2 -
1.0 ] 10-3)
10 10 10k - -40 -20 0 +20 +40 +60 +80
if. INSTANTANEGUS FORWARD CURRENT {mA) TA, AMBIENT TEMPERATURE (°C)
FIGURE 6 — FREQUENCY RESPONSE FIGURE 7 — SWITCHING TIMES
10 T 1000 = =1 =
07 500 H—11 veg= 0V =
0s 1 0'1— 200 7 AN3233 T li::: =4ic
w ‘ ? F— Ty =250C -
2 03 500 00 s
< ~
5 TING T TN N 50 T i —
2 02 RL =10k ~ B
z \\ \‘ —i 20 1 I T 0
= ‘ t M~
?__ o NG \\ Y= E=p s L _ —T
§ 0.07 = 50 PN anaer3 -
> 005 0 7] — 1+
=3 N t
3 omf— o
c=20m P +
= 002 Ta = 250C 05 aN29/33
AT 02 1 =
8 1T 1 1 1
001 l ] l 01 I
10 20 30 50 70 10 20 30 50 70 100 03 05 10 2030 50 10 20 30 50 100 700300
f, FREQUENCY (kH2) Ic, COLLECTOR CURRENT (mA)
FIGURE 8 — FREQUENCY RESPONSE TEST CIRCUIT FIGURE 9 — SWITCHING TIME TEST CIRCUIT
CONSTANT
CURRENT N.C. vee
INPUT N.C. vee oV
-~
1.04F r— PULSE o 0 ! PULSE
MODULATION 1 INPUT QuTPUT
INPUT °—)}—’\;\7’F —t | :
| Leo! Y- PHOTO
o | W | PHOTO | T TRANSISTOR
| . TRANSISTOR H|
PN 2 ouTPUT il
-— If
IF | | a4 =
| PULSE |
B (s 1.0 ms
Ic (DC)=2.0mA L WIDTH
ic (AC SINE WAVE) = 20 mA PP =
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4N29, 4N29A, 4N30, 4N31, 4N32, 4AN32A, 4N33

TYPICAL APPLICATIONS
FIGURE 10 - VOLTAGE CONTROLLED TRIAC

20k
AAA L0AD
ow
s 200
g 20w 2N6156
51 1T " 115 Vac
i I
Vin=15V D 4 5060
[
2
|
L _
FIGURE 11 — AC SOLID STATE RELAY
5100 +
R1 R2
a 30k 30k a2
MPSA92 F‘W"“‘ MPSA42
D1 02 60 Hz AC POWER
_/_ 216V 1N4003 1N4003 2NG165
ov
CONTROL SIGNAL * GATE
+ @ MTq
B st s2
- B3 17 mus Mus R4
G!“ 1 0ok [ oS 4 gy S 100Kk
— |
| + O
x 5 L _PHOTONFLUX
FIGURE 12 — OPTICALLY COUPLED ONE SHOT
910
VW VAA—
47k 10k
51 = R PULSE WIDTH
001uF ATk t=05RC
MPSB515
Vin=15V
100k 2 !
FIGURE 13— ZERO VOLTAGE SWITCH
10k
7
2N3906 N6342
0.05 uF
%V =
180
60 Hz
AC POWER
50k | tor R
aw } 120 VAC t
Rs 10k for
8w } 230 VAC )¢ L
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@ MOTOROLA

4N35
4N36
4N37

NPN PHOTOTRANSISTOR AND
PN INFRARED EMITTING DIODE

... gallium-arsenide LED optically coupled to a silicon photo-
transistor designed for applications requiring electrical isolation,
high-current transfer ratios, small package size and low cost such as
interfacing and coupling systems, phase and feedback controls,
solid-state relays and general-purpose switching circuits.

® High Electrical Isotation V|gg = 7500 V (Min)
® High Transfer Ratio —
100% (min) @ IF = 10 mA, VCE = 10V

® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.3 Vdc {max) @ IF = 10 mA, Ic = 0.5 mA

® UL Recognized File Number E549156

OPTO
COUPLER/ISOLATOR

TRANSISTOR OUTPUT

[6] [] [4]
STYLE t:
MAXIMUM RATINGS (T 5 = 25°C unless otherwise noted) & PN ; éﬁ?:OEDE
[ Rating Symbol Value | Unit_ | T __i. i zﬁlTTER
"INFRARED-EMITTER DIODE MAXIMUM RATINGS L 5. COLLECTOR
Reverse Voltage VRe 6.0 Volts A F 6. BASE
Forward Current — Continuous I 60 mA
Forward Current — Peak IF 30 Amp
Pulse Width = 1.0 us, 2.0% Duty Cycle
Total Power Dissipation @ Tp = 25°C Pp mw
Negligible Power in Transistor 100
Derate above 25°C 1.3 mW/oC
Total Power Dissipation @ T¢ = 25°C Pp 100 mw
Derate above 25°C 1.3 mW/°C
*PHOTOTRANSISTOR MAXIMUM RATINGS
Collector-Emitter Voltage VCceo 30 Volts NOTES:
Emitter-Base Voltage VEBO 7.0 Volts 1. DIMENSIONS A AND B ARE DATUMS.
Collector-Base Voltage VeBo 10 Volts : éég.ﬁfﬁﬂ?«f&ﬁ&'féss FOR LEADS:
Output Current — Continuous Ic 100 mA @l@mﬂgw
Total Power Dissipation @ Ta = 25°C Pp mw s DIMEN;ON LTO CENTER OF LEADS
Negligible Power in Diode 300 WHEN FORMED PARALLEL.
Derate above 25°C 40 mw/°C 5. DIMENSIONING AND TOLERANCING PER
Total Power Dissipation @ T = 25°C Pp 500 mwW ANSIY14.5,1973.
Derate above 25°C 6.7 mW/%c
TOTAL DEVICE RATINGS Dm["‘,"‘:,:'",“n:::s T
*Total Power Dissipation @ Tp = 25°C Pp 300 mw A 8 0,320 | 0.350 |
Derate above 25°C 33 mw/°c : 2401 060
Input to Output Isolation Voitage, Surge Viso | D] 016 | 0.020 |
60 Hz Peak ac, 5 seconds 7500 Volts —E 7 '03%0052%
JEDEC Registered 4N35 = 3500 V Vpk 4| 020 ] 030 [0008] 00i2
Data @ 8 ms 4N36 = 2500 V | Ki 254 | 3.81 [0.100] 0.150
4N37 = 1500 V j T By a0 Bs
> : o
‘;uncnon Temperature Range T) -55 to +100 OC %7_370_5; gg;g gl;gg
torage Temperature Range Tstg ~-55 to +150 C -
*Soldering Temperature {10 s) - 260 °c CASE 730A-01

*Indicates JEDEC Registered Data

3-13




4N35, 4N36, 4N37

ELECTRICAL CHARACTERISTICS

[ Characteristic

I Symbol |

Typ

Max

Unit

LED CHARACTERISTICS (T 5 = 25°C unless otherwise noted)

*Reverse Leakage Current
(VR =60V)

0.005

HA

*Forward Voltage
{lg =10 mA)
(IF =10 mA, Tp = -55°C)
(Ig =10 mA, T4 = 100°C)

VE

08

0.7

15

14

Volts

Capacitance
(VR =0V, f=10MHz)

C

pF

“PHOTOTRANSISTOR CHARACTERISTICS (Ta = 259C and I = 0 unless otherwise noted)

Collector-Emitter Dark Current
{(Vgg =10V, Base Open)
{VcE = 30 V, Base Open, Tp = 100°C)

Iceo

50
500

nA
HA

Collector-Base Dark Current
(Vg = 10 V, Emitter Open)

iceo

20

nA

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

V(BRICBO

70

Volts

Collector-Emitter Breakdown Voitage
(ic=10mA,1g=0)

V(BR)CEO

30

Volts

Emitter-Base Breakdown Voltage
(lg =100 A, ig = 0)

V(BR)EBO

70

Volts

*COUPLED CHARACTERISTICS (T 5 = 25°C unless otherwise noted)

‘Current Transter Ratio
(VCeg =10V, IF = 10 mA)
(VCE =10V, I = 10 mA, Tp = -55°C}
(VGE =10V, Ig =10 mA, T4 = 100°C)

Ic/tE

10
04
04

Input to Output Isolation Current (2) (3}
(Vg = 3650 V) 4N35
(Vio = 2500 V) 4N36
(Vjo = 1500 Vpk! 4N37

ho

100

100

HA

Isolation Resistance (2)
(V =500 V)

Rio

Obhms

Collector-Emitter Saturation Voltage
(Ic =05mA, Ig = 10 mA)

VCE(sat)

0.3

Volts

Isolation Capacitance (2)
(V=0,f=10MHz)

25

pF

*SWITCHING CHARACTERISTICS (Figure 1)

Turn-On Time
(Ve =10V, Ic=20mA, R =100 8)

4.0

Hs

Turn-Off Time
(Vec =10V, Ic=20mA, R =100 §2)

toff

4.0

*Indicates JEDEC Registered Data.
NOTES: 1. Puise Test: Pulse Width = 300 us, Duty Cycle < 2.0%.

2. For this test LED piné 1 and 2 are common and phototransistor pins 4, 5, and 6 are common.

3. Puise Width < 8.0 ms.
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4N35, 4N36, 4N37

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 1 — SWITCHING TIMES TEST CIRCUIT FIGURE 2 — FORWARD CHARACTERISTICS
J L g
47 Input Pulse s
Input =
A E_ 20
= Output e g
SR8l — 4
Vee RL S0
zZ o Y
=216 + A
t [] - - )4
Test Circuit = ‘on—-" — ~] :‘-‘oﬂ 17 = 14
! = T 13
Vary Input Pulse Voltage Wave Forms s L 1
Amplitude for Various 1.2 - L
Collector Currents o8 S
—
10
1.0 10 100 10k
if. INSTANTANEQUS FORWARD CURRENT (mA)
FIGURE 4 — COLLECTOR BASE CURRENT
FIGURE 3 — COLLECTOR SATURATION REGION versus INPUT CURRENT
* EFH 5%
g 4
2 2 400 Veg =10V P
& 04 S B Ta- 20
5 £
g [ s <
= 03— -2 2 -
= 2
& ) =
= o«
E. 0.2 e >
2o
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2 ] g
= 0.1 -
2 ; 1.0
] 05
=0
0.2 05 1.0 20 50 10 20 0.5 10 20 5.0 10 20 50
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FIGURE 5 — COLLECTOR LEAKAGE CURRENT
versus TEMPERATURE FIGURE 6 — COLLECTOR CHARACTERISTICS
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4N35, 4N36, 4N37

FIGURE 7 — ISOLATED MTTL TO MOS
{P-CHANNEL) LEVEL TRANSLATOR

TYPICAL APPLICATIONS

FIGURE 8 — COMPUTER/PERIPHERAL INTERCONNECT

6 +50V
1 o——
FROMMTTL [ a5
LOGIC | o ,
(50 mAPULSE) | I !
14 MPSE516  TO MOS CIRCUIT
aN35
20— 4\ e
aN37

COMPUTER

DATA LOGGER
3000
TWISTED PAIR I

4N35
4N36
4N37

FIGURE 9 — POWER AMPLIFIER

FIGURE 10 — INTERFACE BETWEEN LOGIC AND LOAD

INPUT \
SIGNAL \
L

SV
oS

33k

Vout

MPS-UG1
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@ MOTOROLA

4N38
4N38A

® High Isolation Voitage —
Viso = 7500 V (Min)

OPTICAL COUPLER WITH NPN
TRANSISTOR OUTPUT

.. .gallium-arsenide LED optically coupled to a silicon photo-
transistor. Designed for applications requiring electrica!l isolation,
high breakdown voltage and low leakage such as teletypewriter
interfacing, telephone line pulsing and driving high-voltage relays.

® High Collector Emitter Breakdown Voltage —

V(BR)CEQ = 80 V (Min)
® Economical Dual-in-Line Package
® 4AN38A UL Recognized, File Number E54915

OPTO
COUPLER/ISOLATOR

TRANSISTOR OUTPUT

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

[6] [5] [4]
STYLE 1:
B PIN 1. ANODE
O 2. CATHODE
__}_ 3. NC

(17127 3] 4 EMITTER

5. COLLECTOR

6. BASE

l Rating J Symbol l Value I Unit
INFRARED-EMITTING DIODE MAXIMUM RATINGS
Reverse Voltage VR 30 Volts
Forward Current = Continuous g 80 mA
Forward Current ~ Peak I3 30 Amp
Pulse Width = 300 us, 2.0% Duty Cycle
Toral Device Dissipation @ T =25°C Pp 150 mw
Negligible Power in Transistor
Derate above 25°C 20 mW/°C
PHOTOTRANSISTOR MAXIMUM RATING
Collector-Emitter Voltage VCEO 80 Volts
Emitter-Collector Voltage VECO 70 Volits
Collector-Base Voltage VcBo 80 Volts
Total Device Dissipation @ T p = 25°C Pp 150 mwW
Negligible Power in Diode
Derate above 25°C 20 mw/°C
TOTAL DEVICE RATINGS
Total Device Dissipation @ T = 25°C Pp 250 mw
Equal Power Dissipation in Each Element
Derate above 25°C 33 mwW/°C
Junction Temperature Range Ty -56 to +100 oc
Storage Temperature Range Tstg -551t0 +150 °c
Soldering Temperature (10s) 260 °c

*Indicates JEDEC Registered Data.

180

£ . Ta - 250C

E —

2 0 nt

20

g \

a

a " )01

£ w

2 \ \

s

] 750¢

K b

g ) \ x

(.

R \
0
0 20 40 60 80 100 120 140

Pp2. AVERAGE POWER DISSIPATION (mwW)

160

FIGURE 1 — MAXIMUM POWER DISSIPATION

Figure 1 is based upon using limit
values in the equation

Ty1-Ta = Rgya (Po1 + Kg Pp2)
where

Tj1 dunction Temperature {100°C)
Ta Ambient Temperature

Rgya Junction to Ambient Thermal

Resistance (500°C/W)

Pp1 Power Dissipation in One Chip

Pp2
Kg

Power Dissipation in Other Chip
Thermal Coupling Coefficient
(20%)
Example
With Pny = 90 mW in the LED

@ Tp = 50°C, the transistor

Pp (Pp2)must be less than 50 mW.
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NOTES:

s wN

o

. DiMENSIONS A AND B ARE DATUMS.

T IS SEATING PLANE.
POSITIONAL TOLERANCES FOR LEADS:
(]2 0.13 (0009 [T | AR
DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.
DIMENSIONING AND TOLERANCING PER
ANSI Y14.5,1973.

MILLIMETERS| INCHES
DIM] MIN | MAX | MIN | MAX |
Al S .89 10320 | 0.350 |
60 | 0.240 | 0.260
.08 | 0.115 | 0.200
D | 0 51| 0.016 | 0.020 |
02 [ 1.78 | 0.040 [ 0.070
G| 2548SC 0.100 BSC
J 020 [ 030 |0:008] 0012
K| 2.54 | 3.8 [0.100] 0.150
[y [ 0.300 BSC
[]
N

CASE 730A-01




4N38, 4N38A

LED CHARACTERISTICS (T 5 = 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
* Reverse Leakage Current IR - 0.005 100 MA
(VR =3.0V)
*Forward Voitage Vg - 1.2 1.5 Volts
(1Ig=10mA )
Capacitance C - 150 - pF
(VR =0V, f=1.0MHz)
PHOTOTRANSISTOR CHARACTERISTICS (T 5 = 25°C and | = 0 unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
*Collector-Emitter Dark Current Iceo - 3.5 50 nA
(VCE = 60V, Base Open)
*Collector-Base Dark Current IcBO - - - nA
(Ve = 60V, Emitter Open)
*Collector-Base Breakdown Voltage V(BRICBO 80 120 - Volts
(Ic = 100uA, Ig = O
*Collector-Emitter Breakdown Voltage V(BR)CEO 80 90 - Volts
(Ic=1.0mA, Ig=0)
*Emitter-Collector Breakdown Voltage V(BR}ECO 7.0 8.0 - Volts
(Ig = 100 A, Ig = 0)
DC Current Gain heg - 250 - -
(Vcg = 6.0V, 1c = 500uA)
COUPLED CHARACTERISTICS (T = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Isolation Surge Voltage (2, 3} Viso Volts
(60 Hz Peak ac, 5 Seconds) (3) 4N38, A 7500 - -
*(60 Hz Peak ac) *4N38 1500 - -
*4N38A 2500 - -
*(60 Hz RMS for 1 second} *4N38A 1775 - —
Isolation Resistance (2) - - 1011 - Ohms
(V= 500 V)
*Collector-Emitter Saturation VCE (sat) - - 1.0 Volts
(ic = 4.0mA, tg = 20 mA)
Isolation Capacitance {2) - - 1.3 - pF
(V=0 f=10MHz}
SWITCHING CHARACTERISTICS
Delay Time {Ic=10mA, Vg = 10V) td - 0.07 - us
Rise Time Figures 6 and 8 t - 0.8 - us
Storage Time | (Ic = 10mA, Vg = 10V) 15 - 4.0 - us
Fall Time Figures 7 and 8 t - 7.0 - us

“Indicates JEDEC Regrstered Data. (1) Pulse Test; Pulse Width = 300 us, Duty Cycle < 2.0%.
(2) For this test LED pins 1 and 2 are common and Photo Transistor pins 4, 5 and 6 are common.
(3) Isolation Surge Voltage, Vg0, is an internal device dielectric breakdown rating.

TYPICAL TRANSFER CHARACTERISTICS

FIGURE 2 — COLLECTOR-CURRENT versus
DIODE FORWARD CURRENT
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FIGURE 3 — COLLECTOR-CURRENT versus
COLLECTOR-EMITTER VOLTAGE
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4N38, 4N38A

TYPICAL ELECTRICAL CHARACTERISTICS

Vvi. INSTANTANEQUS FORWARD

1, TIME {us}

FIGURE 4 — FORWARD CHARACTERISTICS
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FIGURE 6 — TURN-ON TIME

T
Ve o Q
lp=201¢

Ty=25°C

10k
5.0

20
1.0

[\

==

02
01

0.05

0.02
05 07

10 20 30 50 70 10

Ic. COLLECTOR CURRENT (mA)

20 30 50

FIGURE 8 — SATURATED SWITCHING TIME
TEST CIRCUIT

10V

Ry

Rpand Ry VARIED TO OBTAIN DESIRED CURRENT LEVELS SCOPE

PULSE -t - — -

INPUGT  Rp ' r 1|
A
| |
w oy E‘
| TRANSISTOR |
2 A |
PULSE WIDTH

00,5 ourvevee b0 Lo 4

Veg(say). COLLECTOR-EMITTER

ICEQ. COLLECTOR-EMITTER DARK

3-19

t, TIME (us)

FIGURE 5 — COLLECTOR SATURATION VOLTAGE

10 T T T TTTIT T
Ip=2510 o= omm
= =50 1C —————
= 08 Ty=257C
(=]
=
=1
I 06
5
S
z /
S 04
5 / 1/
=
2 -
S 02er TI+7
T—13 HHIF+
0
005 01 02 05 10 20 50 10 20 50
Ic. COLLECTGR CURRENT (mA)
FIGURE 7 - TURN-OFF TIME
200 —
Vee=10v
100 iF=201¢
T)=25°C 3
50
20 H
" *y\.\
50
-
20 S, N
10
=
05
02
05 0.7 10 20 30 50 70 10 20 30 50
1c. COLLECTOR CURRENT (mA)
FIGURE 9 — DARK CURRENT versus
AMBIENT TEMPERATURE
10,000
A
1000,
Z
Veg= 10V
100 iF=0
- ig=0
< 4
z 7’
= 10 —
z /
ERY —
v
-
[ =
001
5 50 -25 0 25 +50 W5 100

TA.AMBIENT TEMPERATURE (°C)



4N38, 4N38A

TYPICAL APPLICATIONS )
The applications below utilize the 80 volt breakdown capability of the 4N38 and 4N38A elimin-
ating the need for divider networks, zener diodes and the associated assembly costs.

FIGURE 10 — TYPICAL TELETYPE INTERFACE
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@ MOTOROLA

L14H1
thru
L14H4

PLASTIC NPN SILICON PHOTO TRANSISTORS

- . . designed for applications in industrial inspection, processing and
control, counters, sorters, switching and logic circuits or any design re-
quiring extremely high radiation sensitivity, and stable characteristics.

Economical Plastic Package

Sensitive Throughout Visible and Near Infrared Spectral Range

for Wide Application

Range of Radiation Sensitivities and Voltages for Design Flexibility
TO-92 Clear Plastic Package for Standard Mounting
® Annular Passivated Structure for Stability and Reliability

® Ideal Companion to the MLED92, 93, 94, and 95 IR Emitter

TO-92
PHOTO TRANSISTORS

NPN SILICON

0057
ao67°0"

R

o ]
o057

U 0.067

Die Placement Will Be
Within the Boundaries
ot the Dotted Circle

MAXIMUM RATINGS

Rating Symbol L14H1,3 L14H2,4 Unit
Collector-Emitter Voltage VCEO 60 30 Volts
Collector-Base Valtage VcBo 60 30 Volts
Emitter-Base Voltage VEBO 5.0 5.0 Volts
Light Current Iy 100 mA
Total Device Dissipation @ T p = 25°C Po 200 mw

Derate above 25°C 2.67 mw/°C
Operating and Storage Junction TJ,TS‘9(1) -65 to +100 °c
Temperature Range

*Indicates JEDEC Registered Data.

(1) Heat Sink should be applied to leads during soldering to prevent case temperature

from exceeding 100°C.

FIGURE 1 — NORMALIZED LIGHT CURRENT versus
RADIATION FLUX DENSITY
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i
seaTing L.
pLaNe 7
F
D —\1
STYLE 14: B A
PIN 1. EMITTER I‘ R c
2 COLLECTOR —f—
3. BASE 0004
N
N— ¥
NOTES.

1. CONTOUR OF PACKAGE BEYOND ZONE P
2. ISUNCONTROLLED
DIM “F” APPLIES BETWEEN “H" AND
“L”.DIM "D & “S” APPLIES BETWEEN
“L"&12.70 mm (0.5") FROM SEATING
PLANE. LEAD DIM IS UNCONTROLLED
IN“"H"” & BEYOND 12.70 mm {0.5")
FROM SEATING PLANE

MILLIMETERS INCHES
OIM| MIN | MAX | MIN | MAX
A | 4 . 171 210
B .44 X 17! 206
C . 165
D 56 .022
.48 019
G .40 055
H - .54 | - . 100
41 .67 | 0.085 | 0.105
K_[1270 - .500 -
L .35 - .250 -
N 03 [ 2920080 0.115
.92 - 115 -
R_{-343 = Al -
s .36 [ 0.41 ] 0.014 | 0.016
All JEDEC dimensions and notes apply.
CASE 29-02
TO-92




L14H1 THRU L14H4

STATIC ELECTRICAL CHARACTERISTICS (T4 - 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Collector Dark Current (Note 2) D - - 100 nA
(Vcg = 10V)
Collector-Emitter Breakdown Volitage (Note 2) V(BRICEO Volts
(g =10 mA) L14H2, 4 30 - -
L14H1, 3 60 ~ -
Coltector-Base Breakdown Voltage (Note 2) V(BRICBO Volts
(1c = 100 uA) L14H2, 4 ) 30 - ~
(1g = 0) L14H1, 3 60 - —
Emitter-Base Breakdown Voltage (Note 2) V(BR)EBO 5.0 - - Volts
{Ig =100 uA, ic = 0}
Saturation Voltage VCE(sat) - - 0.4 Volts

{ic =10 mA, Ig = 1.0 mA)
OPTICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Collector Light Current {Notes 1,4, 5) IR mA
(VCE=5A0V,RL=100 Q) L14H1, 4 05 - -
L14H2, 3 20 — -
Turn-On Time (Note 3) (VCg =30V, I =800 KA, ton — - 8.0 us
Turn-Off Time {Note 3} RL =10k ot B = 70 s
NOTES:
1. Radiation Flux Density (H) equal to 10 mW/cm? emitted from um) with a pulse width equal to or greater than 500 micro
a tungsten source at a color temperature of 2870°K. seconds.
2. Measured under dark conditions. {(Hx=0). 4. Measurement mode with no electrical connection to the
3. For unsaturated rise time measurements, radiation is provided by base lead
a pulsed GaAs (gallium-arsenide) light-emitting diode (A == 0.9 5. Die faces curved side of package.

FIGURE 2 — CONTINUOQUS LIGHT CURRENT versus
DISTANCE FIGURE 3 — PULSED LIGHT CURRENT versus DISTANCE

-7 TR 10K S - - TR
1 sounce. wicoor ] i i T %7 —1f }souace wleo92
T rTa-as0c ! 5K e e SE PO, s
- G e e K- T ! 1"‘”
. . . - ‘“ - 4 N .
\ N 4 —'Trﬁ - —: - PO

1L, LIGHT CURRENT (uA)

11, LIGHT CURRENT {,A)

0 20 40 6.0 80 10 12 14 16 18 20
d, DEVICE SEPARATION (mm) d, DEVICE SEPARATION tmm)
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@ MOTOROLA

MLED60
MLED90

INFRARED-EMITTING DIODES

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

® High Intensity — 550 uW/str (Typ) @ I = 50 mA — MLED60
350 uW/str (Typ) @ IF = 50 mA — MLEDS0

tnfrared Emission — 930 nm (Typ)

Low Drive Current — Compatible with Integrated Circuits

Unique Molded Lens for Durability and Long Life

Economical Plastic Package
® Smali Size for High Density Mounting

® Easy Cathode ldentification — Wider Lead

INFRARED-EMITTING DIODES
930 nm
PN GALLIUM ARSENIDE

120 MILLIWATTS

MAXIMUM RATINGS

Rating Symbol Vaiue Unit
Reverse Voltage VR 30 Volts
Forward Current-Continuous 13 80 mA
Tota! Power Dissipation ® Tp = 25°C Pp(1) 120 mw
Derate above 25°C 2.0 mw/°C
Operating and Storage Junction T,.Tstg -40 to +85 oc

Temperature Range

THERMAL CHARACTERISTICS

Characteristic * Symbol Max Unit
Thermal Resistance, Junction to Ambient Rpgall) 500 ocmw
Solder Temperature 260°C for 3sec 1/16" from case

(1MPrinted Circust Board Mounting

FIGURE 1 — INSTANTANEOUS RADIANT INTENSITY
versus FORWARD CURRENT
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o

iQ, INSTANTANEQUS AXIAL RADIANT

0.05

20 50 10 20 50 100 200 500 1000 2000

if, INSTANTANEQUS FORWARD CURRENT (mA)

STYLE 2.
PIN 1 ANQDE
2. CATHODE
MILLIMETERS]  iNCHES
DIM[ MIN | MAX | MIN | MAX
A | 234 | 256 | 0.092 | 0.102 |
B | 211 2360083 0.09
[ 64 0.094 | 0.104
0| 06 74 ] 0.025 | 0.02
F |04 56 [ 0.018 | 0.022 |
A 83 | 0.062 0.0
J 1020 0.30]0.008]001
K 965] - [0380] -
M| 90 | 110 [ g0 | 1y0
CASE 23404
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MLEDG60, MLEDSO

ELECTRICAL CHARACTERISTICS (T = 259C unless otherwise noted)

Characteristic Fig. No. Symbol Min Typ Max Unit
Reverse Leakage Current — IR - 50 — nA
(VR - 30V, R = 1.0Megohm)
Reverse Breakdown Vo-tage - V(BRIR 30 — - Volts
(Ig = 100 uA)
Forward Voltage 2 VE - 12 15 Volts
g - 50 mA)
Total Capacitance - Cr - 50 - ofF
(VR=0V,f=10MHz)
OPTICAL CHARACTERISTICS (Ta  25°C unless otherwise noted)
Characteristics Fig. No. Symbol Min Typ Max Unit
Axial Radiant Intensity 1 Po uW/
. MLEDBO 400 550 - Sterachan
(1g = 50 mA) MLEDS0 200 350 -
Peak Emission Wavelength - Ap - 930 - nm
Spectral Lo Haif Wt - AA - a8 — nm
FIGURE 3 — RADIANT INTENSITY versus
FIGURE 2 — FORWARD CHARACTERISTICS JUNCTION TEMPERATURE
[ G0 - . - A
Ft L) (U A A A B B B
’ = . B . . ! + .
22+ = |
2 L—f— ~ = 20 . . . - S —
a | | <
g or o £
22 bt E
w8, 0 z
ERAR L . —+ z
28 By 2
SE16—7 4 =
g8 - - 5
2 e z
N - g
1204 v 44K <
[ °
ol T
10 100 10k
1g, INSTANTANEGUS FORWARD CURRENT {mA) T, JUNCTION TEMPERATURE 19C)
FIGURE 4 — CONTINUOUS RADIANT INTENSITY
B versus FORWARD CURRENT FIGURE 5 — SPATIAL RADIATION PATTERN
Z 1000 —
Z 1 T
i 500 Ta 25°C
z
- -l
% 300 =
z LED 80
=
= MLED 30
< 100 '41/
= -
<
< w0
< Wl
< Yy
3 30
=
z A
z e
S o
= 10 20 46 60 10 20 40 60 80 100

IF, CONTINUGUS FORWARD CURRENT tmA)

Output saturation effects are not evident at currents up to 2 A as shown on Figure 1. However, power output decreases due to heating of the
sermiconductor as indicated by Figure 3. To estimate output level, average junction temperature may be calculated trom

Tyavi Ta s aa Vi'eD

where D is the dlity cycle ot the applied current, (g Use of the above method should be restricted to drive conditions employing pulses of
less than 10 us duration to avord errors caused by high peak junction temperatures
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@ MOTOROLA

MLED92

INFRARED-EMITTING DIODE

.. . designed for industrial processing and control applications such
as light modulators, shaft or position encoders, end of tape detectors,
and optical coupler applications. Supplied in TO-92 package for ease
of mounting and compatibility with existing automatic inser-

tion equipment,
® High Power Output—

Po = 150 uW (Typ) @ IF = 50 mA
e [nfrared-Emission — 930 nm (Typ)

® One-Piece, Unibloc Package for High Reliability

LOW COST
INFRARED-EMITTING DIODE

PN GALLIUM ARSENIDE

MAXIMUM RATINGS

——DIA
G 06/
0osa _ T 7
- - §
0064
o

Die Placement Wil Be
Within the Boundaries
of the Dotted Circle

Rating Symbol Vatue Unit
Reverse Voltage VR 3.0 Volts
Forward Current-Continuous I 100 mA
Total Power Dissipation @ Tp = 25°C Ppi1) 215 mwW
Derate above 25°C 2.86 mW/°C
Operating and Storage Junction T1.Tstg -65 to +100 oc
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermai Resistance Junction to Ambient Royalt) 350 oc/w

(1) Rggal1) is measured with the device soldered into a typical printed circuit board.

FIGURE 1 — RELATIVE SPECTRAL OUTPUT

10
TN
2 F=50mA |/
08T 1y =28c / B
=
z
f=3
295
=
: / \
g
5
S04 /
S
o
a
=02
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o
0
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A, WAVELENGTH (nm)

. A—

[ Ho
searing L t —t
PLANE - !
ANEF R |
K
I
|
1
o -
!
WS
STYLE 20 SECT. A-A
PIN 1. NC. ~ =R c
2. CATHODE , i
3 ANODE D—r—r
& N
RS
NOTES

1. CONTOUR OF PACKAGE BEYOND ZONE "P”
2. ISUNCONTROLLED.
DIM “F APPLIES BETWEEN "H" AND
“L".DIM D" & "S” APPLIES BETWEEN
“L"&12.70 mm (0.57) FROM SEATING
PLANE. LEAD DIM IS UNCONTROLLED
IN"H” & BEYONO 12.70 mm {0.5")
FROM SEATING PLANE

MILLIMETERS] _ INCHES
DIM[ MIN_| MAX | MIN | MAX
A | 432 | 533]0170] 0210
B | 444 | 521 0.175] 0205
8 | 419 0.166
D | 041 | 056 022
41| 048 019
G | 1141 140 055
- 54| - 10100
41 | 267 | 0,095 | 0.105
1200 | - |os00| -
1635 - Joas0] -
N | 203 | 292 ]0080] 0115
92 - Jons] -
R [ 343 - [0u35]
s 1 036 | 04l [0014] 0016

Al JEDEC dimensions and notas apply.
CASE 29-02
T0-92
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MLED92

ELECTRICAL CHARACTERISTICS (T4 25°C unless otherwise noted)

Characteristic Fig. No. Symbol Min Typ Max Unit

Reverse Leakage Current - IR - 50 - nA
(Vig 30V, R 10 "egohm)

Reverse Breakdown Voltage - V(BRIR 30 - -~ Volts
R 100 LA

Instantanvous Forward Voltage (Notr 3) 2 VE - 12 15 Volts
(g 50 mA)

Total Capacitance cr — 150 - oF

(VR -0V.f 10MH2)
OPTICAL CHARACTERISTICS (T4 259C unless otherwise noted)

Characteristic Fig. No. Symbol Min Typ Max Unit
Total Power Output INotes 1 and 3) 3.4 Py 50 150 — u\V
g 50 mA)
Rahant Intensity (Note 21 o - 066 - mW sterachan
(lg 50 mA)
Peak Emission Wavelength ! Ap - 930 — nm
Spectral Line Half Wigth 1 ' - 48 — nm

NOTE
1 Power Output. P, 1s the total power radhated by the device into a sohd angle of 2= steradians Ttis measured by direc tiog all radigtion
Jeaving the device. within this sohid angle, onto a calibrated sthicon solar cell

2 lrradiance tromog Light Enatting Diove s LED? can be calculate!? by
b o Ahere H s aradiance i mW.em?2. g is radiant intensity 1n MW stecadian,
42t distance from LED to the detector in cim
3. Pulse Test Pulse Width- 300 us. Duty Cycles 2 07
FIGURE 2 - FORWARD CHARACTERISTICS FIGURE 3 ~ POWER QUTPUT versus JUNCTION TEMPERATURE
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MOTOROLA

MLED93
MLED94
MLED95

INFRARED-EMITTING DIODE

LOW COST
INFRARED-EMITTING DIODE

... designed for industrial processing and control applications such
as light modulators, shaft or position encoders, end of tape detectors,
and optical coupler applications. Supplied in TO-92 package for ease
of mounting and compatibility with existing automatic insertion
equipment.
® High Power Output — (Typ)

MLED93 — 3.0 mW

MLED94 — 5.0 mW

PN GALLIUM ARSENIDE

0054 _
0064

00‘.31’J

o067

oy

-
[

A

t

]

MLED95 — 7.0 mW

@ Ig = 100 mA (duty cycle <2.0%)
® Infrared-Emission — 930 nm (Typ)
@ One-Piece, Unibloc Package for High Reliability

0097

-

Die Placement Will Be
Within the Boundaries
of the Dotted Circle.

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 6.0 Volts
Forward Current-Continuous [ 100 mA
Total Power Dissipation @ Tp = 256°C Ppl1) 215 mw
Derate above 25°C 2.86 mwW/°C
Operating and Storage Junction T3.Ts1g -65 to +100 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance Junction to Ambient Rgyalt) 350 °C/W

(‘)RgJA“) i1s measured with the device soldered into a typical printed circuit board.

FIGURE 1 — RELATIVE SPECTRAL OUTPUT
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T
| IF =50 mA

Tp = 25°C /

T
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=

/
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~

Pout. POWER GUTPUT (NORMALIZED)

STYLE 20:
PIN1. NC.
2. CATHODE
3. ANODE

NOTES:
1. CONTOUR OF PACKAGE BEYOND ZONE P
2 ISUNCONTROLLED.
DIM “F” APPLIES BETWEEN “H” AND
“L”.DIM D" & "S" APPLIES BETWEEN
“L" & 12,70 mm (0.5") FROM SEATING
PLANE. LEAD DIM IS UNCONTROLLED
IN "H" & BEYOND 12.70 mm (0.5%)
FROM SEATING PLANE

0
880 900

920

940

960 980

A. WAVELENGTH (am)

MILLIMETERS r___l!ﬂMES
DIM| MIN | MAX | MIN | MAX
Al 4 5.3 170 | 0.210
B X 5.2 175 | 0.208
C 3 1 .12 .16
0 56 [ 0.01 .022
.4 1 .019
G . X .04 .055
H - .54 - 10100
A1 . .095 105
12,10 ~ .500 -
.35 - 1250 =
N .03 | 2.92 | 0080 ] 0.115
92 - 115 -
R .43 - 10135 =
S 036 [ 0.41]0014] 0016
Al JEDEC dimensions and notes apply.
CASE 29-02
T0-92
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MLED93, MLED94, MLEDS95

ELECTRICAL CHARACTERISTICS (TA 25 C unless otherwise noted)

Characteristic j Fig. No Symbol Min Typ I Max Unit
Reverse Leakage Current ! [J=] 50 nA
(VR - 60 V. R 10 Megohmj) ‘
Reverse Breakdown Voltage i V(BRIR 60 Volts
{ig -~ 100 uA) I
Instantaneous Forward Voltage i 2 ! VE 13 18 Volts
(Ig - 50 mA) }
Total Capacitance | Ct . 150 pF
(VR OV.f 10MHz) | } I |
OPTICAL CHARACTERISTICS (To 25 C unless otherwise noted)
Characteristic [ Fig. No Symbol Min Typ Max [ Unit
Total Power Output (Notes 1 and 3) r 3.4 Po | mw
F 100 mA MLED93 ! 20 30 |
MLED94 | 40 50 | :
MLED95 | 60 70 !
1
Radiant Intensity (Not=s 2 and 3) | lo mW steradian
(If - 100 mAi MLED93 1 132
MLED94 ; 220 | i
MLED95 308 ‘ !
- i +
Peak Emission Wavelength ! 1 P 930 | ‘ nm
Spectral Line Half Width 1‘ 1 Ax 48 ; I nm
NOTE:
1 Power Quiput Py s the total power radiated by the device [0s measured by directing afl radiation leaving the devics onta a calibrated integrating sphere
2 lrradiance frum a Light Emithing Diode (LED) can be calculated by
b o where His iradiance in mw em? 115 radhant inteasity i W steradhan
Tdy d s distance from LED 10 the detector in cm
3 Pulse Test Pulse Width 300 .s Duty Cycle 20
plse TSt Pule din o Dty Bvele FIGURE 3 - POWER OUTPUT versus
FIGURE 2 — FORWARD CHARACTERISTICS JUNCTION TEMPERATURE
- . Cong o oo Yo 1 I i I —
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@ MOTOROLA

MLED900

INFRARED-EMITTING DIODE

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

INFRARED-EMITTING DIODE
930 nm

PN GALLIUM ARSENIDE

120 MILLIWATTS

It is
spectrally matched for use with silicon detectors.
® High Power Output — 550 uW (Typ) @ IF = 50 mA
® [nfrared Emission — 930 nm (Typ)
® Low Drive Current — 10 mA for 120 uW (Typ)
® Unique Molded Lens for Durability and Long Life
® Economical Plastic Package
MAXIMUM RATINGS
Rating Symbol Value Unit
Reverse Voitage VR 3.0 Volts
Forward Current-Continuous 53 80 mA
Total Device Dissipation @ Ta = 260C Pp(1) 120 mw
Derate above 25°C 2.0 mW/°C
Operating and Storage Junction T4 Tstg (21| .40 to +85 °c
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient 0JA 500 oCW

(1) Printed Circuit Board Mounting

(2) Heat Sink should be applied to teads during soldering to prevent Case Temperature

exceeding 85°C.

g —
U o]

STYLE2:
2. CATHODE

PIN ! ANODE
G
yL

-

L

I

FIGURE 1 — RELATIVE SPECTRAL OUTPUT
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gED 900 920 940 960 980

A, WAVELENGTH (nm)

PR B R

NOTE:
1. LEAD IDENTIFICATION: SQUARE
BONDING PAD OVER PIN 2.

MILLIMETERS INCHES
DIM| MIN | MAX | MIN | MAX
A .56 | 4.06 | 0.140 | 0.160
C 457 | 633 [ 0.180 | 0.210 |
0 .46 | 0.61 | 0.018 | 0.024
F 23 | 0.28 | 0.009] 0.011
H 02 [ 121 .040 | 0.050

.35 250 | -
L .33 048 .013] 0.019
1] 1.91 NOM .075 NOM
CASE 171-02
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MLEDS00

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

Characteristic Fig. No. Symbol Min Typ Max Unit

Reverse Leakage Current - IR - 50 ~ nA
(VR = 3.0V, R = 1.0 Megohm)

Reverse Breakdown Voltage - V(BRIR 3.0 - - Voits
(IR = 100 uA)

Forward Voltage 2 VE - 1.2 1.5 Volts
(Ig =50 mA)

Total Capacitance - Cr - 150 - pF

(VR=0V,f=1.0MHz)

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

Characteristics Fig. No. Symbol Min Typ Max Unit

Total Power Output (Note 1) 3.4 Po uW
{if = 50 mA) 200 550 -
Radiant intensity {Note 2) lo - 24 — mW/steradian
(1o = 10 mA)

Peak Emission Wavelength 1 Ap - 930 — nm
Spectral Line Haif Width 1 AN - 48 — nm
NOTE:

1. Power Output, Py, is the total power radiated by the device into a solid angle of 27 steradians. It is measured by directing ali
radiation leaving the device, within this solid angle, onto a calibrated silicon solar cell
2. Irradiance from a Light Emitting Diode (LED) can be calculated by:

H=lg where H is irradiance in mw/cm2, lg is radiant intensity in mW/steradian;
d_z d is distance from LED to the detector in cm.
FIGURE 2 — FORWARD CHARACTERISTICS FIGURE 3 — POWER OUTPUT versus JUNCTION TEMPERATURE
30
4
- 22 = 20
4 & \
< N \
£ Z <
S a =
=2 g
2818 A £ 0
[ g
Z2 5 4 2 .
2216 A S .
Z3s A s 0
271, g
’-i A ; 05 <
) - &
ol
10 -t 2 03
-15 -50 -25 0 25 50 75 100 150
10 10 100 10k
1f. INSTANTANEOUS FORWARD CURRENT (mA) Ty, JUNCTION TEMPERATURE (°C)
FIGURE 4 — INSTANTANEOUS POWER OUTPUT
versus FORWARD CURRENT FIGURE 5 — SPATIAL RADIATION PATTERN
_nrCT T
‘;E' 10 250¢
-
g 50
[
=
2 20
S
g 0 —|
2 05
o -
o
Z 0 .
= >~
Al
173
=
= 005
o
0.02

20 50 10 20 50 100 200 500 1000 2000

if, INSTANTANEQUS FORWARD CURRENT (mA)

Output saturation effects are not evident at currents up to 2 A as shown on Figure 4. However, saturation does occur due to heating of the
semiconductor as indicated by Figure 3. To estimate output level, average junction temperature may be calculated from:

TiAv)=Ta *+04a VEIED

where D is the duty cycle of the applied current, Ig. Use of the above method should be restricted to drive conditions empioying pulses of
less than 10 us duration to avoid errors caused by high peak junction temperatures.
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MLED930

INFRARED-EMITTING DIODE

.. . designed for applications requiring high power output, low drive
power and very fast response time. This device is used in industrial
processing and control, light modulators, shaft or position encoders,

INFRARED-EMITTING DIODE
900 nm
PN GALLIUM ARSENIDE

250 MILLIWATTS

punched card readers, optical switching, and logic circuits. It is
spectrally matched for use with silicon detectors.
® High-Power Output — 650, uW (Typ) @ IF = 100 mA
® [nfrared-Emission — 900 nm (Typ)
® |ow Drive Current — 10 mA for 70 uW (Typ)
® Popular TO-18 Type Package for Easy Handling and Mountin,
Py e 9 v ) 9 N 9 CONVEX LENS
® Hermetic Metal Package for Stability and Reliability
MAXIMUM RATINGS = A
B
Rating Symbol Value Unit L f - {F
Reverse Voltage VR 30 Volts 4 I
c
Forward Current-Continuous e 150 mA 1
Total Device Dissipation @ T = 25°C Ppi1) 250 mw SEATING }
Derate above 25°C 25 ¢ PLANE K
Operating and Storage Junction Ty.Tstg -65 to +125 oc |
Temperature Range i
THERMAL CHARACTERISTICS
Characteristics Symbol Max Unit
Thermal Resistance, Junction to Ambient AN 400 oC/w
(1)Printed Circuit Board Mounting
STYLE 1
FIGURE 1 — RELATIVE SPECTRAL OUTPUT PIN 1. ANODE
PIN 2. CATHODE
10 NOTES:
‘ ] —l 1. PIN 2 INTERNALLY CONNECTED
! T 4 TO CASE
I = 50 mA / 2. LEADS WITHIN 0.13 mm (0.005)

08 =74 = 250¢

0.4

0.2 /

Po, POWER OUTPUT (NORMALIZED)

800 840

880 820

X\, WAVELENGTH {nm}

960 1000

RADIUS OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

MILLIMETERS] __INCHES
DIM ["MIN [ MAX | MIN | MAX
A | 531 584 |0.209 | 0.230
B | 452 495 | 0.178 | 0.195
C .08 [ 6.35 | 0.200 | 0.250
D | 0.41] 048 _ms@
51 1.02_| 0.020 | 0.040
G 254 BSC 0,100 B
991 1.17 | 0.039 | 0.046
84| 122 | 0.033 | 0.048
200 - 500 | —
351 401 | 0132 | 0.1
M | 450 BSC 459 BSC
CASE 20901
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MLED930

ELECTRICAL CHARACTERISTICS (T 5 = 25°C uniess otherwise noted)

Characteristic Fig. No. Symbol Min Typ Max Unit

Reverse Leakage Current - Ir - 20 - nA
(Vg =3.0V)

Reverse Breakdown Voltage - V(BR)R 3.0 8.8 - Volts
(IR = 100 uA)

Forward Voltage 2 Vg - 1.25 15 Volts
(If =50 mA)

Total Capacitance - Ct - 150 - pF

(VR=0V, f= 1.0MH2)
OPTICAL CHARACTERISTICS (T4 = 25°C uniess otherwise noted)

Characteristic Fig. No. Symbol Min Typ Max Unit
Total Power Output (Note 1) 3,4 Po 200 650 - uW
(I =100 mA)
Radiant Intensity (Note 2) [ — 1.5 - mW/steradian
(1F = 100 mA)
Peak Emission Wavelength 1 AP 900 nm
Spectral Line Half Width 1 AN 40 nm

NOTE:
1. Power Output, P, is the total power radiated by the device into a solid angle of 2 steradians. |t is measured by directing all radiation
leaving the device, within this solid angle, onto a calibrated silicon solar cell.
2. Irradiance from a Light Emitting Diode (LED) can be calcutated by

lo  where H is irradiance in mW/cm2; | isradiant intensity in mW/steradian;

H = ‘;2 d is distance from LED to the detector in cm
FIGURE 2 — FORWARD CHARACTERISTICS FIGURE 3 — POWER QUTPUT versus JUNCTION TEMPERATURE
3
520 30
g |
> 1
- Ty = 250C . / —~
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2 LA & ~N
3 — e AN
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2 =
= 04 g0 N
= S
5 al
=
= 03
> 20 50 10 20 50 100 200 500 1000 2000 75 50 -25 0 2 50 15 100 150
if, INSTANTANEOUS FORWARD CURRENT (mA) T4, JUNCTION TEMPERATURE (0C)
FIGURE 4 — INSTANTANEOUS POWER OUTPUT
versus FORWARD CURRENT FIGURE 5 — SPATIAL RADIATION PATTERN
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MOC119

NPN PHOTO DARLINGTON AND PN INFRARED
EMITTING DIODE

... Gallium Arsenide LED optically coupled to a Silicon Photo
Darlington Transistor designed for applications requiring electrical
isolation, high-current transfer ratios, small package size and low
cost; such as interfacing and coupling systems, phase and feedback
controls, solid-state relays and general-purpose switching circuits.

o High Isolation Voltage —
Viso = 7000 V (Min)

® High Collector Output Current
@IF =10 mA —
Ig = 30 mA (Min)

® Excellent Frequency Response —

30 kHz (Typ)

e Fast Switching Times @ Ic =2.5mA

t, = 10 us (Typ)
tf = 50 us (Typ)

e Economical, Compact, Dual-in-Line Package

Base Not Connected

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

l Rating 4L Symbol l Value l Unit J
INFRARED-EMITTING DIODE MAXIMUM RATINGS
Reverse Voltage VR 30 Voits
Forward Current — Continuous Ie 100 mA
Forward Current — Peak e 3.0 Amp
(Puise Width = 300 us, 2.0% Duty Cycle)
Total Power Dissipation @ T = 25°C Pp 150 mw
Negligible Power in Transistor
Derate above 25°C 20 mw/°C
PHOTOTRANSISTOR MAXIMUM RATINGS
Collector-Emitter Voltage VCEO 30 Volts
Emitter-Collector Voltage VECO 7.0 Volts
Collector-Base Voltage Vcgo 30 Volts
Total Power Dissipation @ Tp = 25°C Pp 150 mwW
Negligible Power in Diode
Derate above 25°C 2.0 mw/°C
TOTAL DEVICE RATINGS
Total Device Dissipation @ T = 25°C [25) 250 mW
Equal Power Dissipation in Each Element
Derate above 25°C 3.3 mw/°C
Operating Junction Temperature Range Ty -55 to +100 oc
Storage Temperature Range Tstg -551t0 +150 °c
Soldering Temperature (10 s) - 260 °c

FIGURE 1 — DEVICE SCHEMATIC

OPTO

COUPLER/ISOLATOR

DARLINGTON OUTPUT

6] [S] [4)
STYLE 3
B PIN ;
*.l k) — :
L *'i‘f :
A

ANDDE

. CATHODE
. NC

EMITTER

. COLLECTOR
. NC

NOTES
1. DIMENSIONS A AND B ARE DATUMS,

2. T ISSEATING PLANE.
3. POSITIONAL TOLERANCES FOR LEADS
[dl@ 013 000@|T | AwBE

4. DIMENSION L TQ CENTER OF LEADS
WHEN FORMED PARALLEL.

5. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5,1973.

MILLIMETERS| _INCHES
oM [ Ma MAX
[ A 320 ] 0350 |
B 0260
c 0.200
[1] 0.020
F 0.070
G 0.100 BSC
) 0.008 [ 0.01Z
K| 254 | 38t [ 0.100] 0.150
762 BSC 0.300 BSC
M| 00 [ 150 | 00 | 150
| N 038 | 2.54 | 0.015] 0.100
(P 127 ] 203 0050} 0.080

CASE 730A-01




MOC119

LED CHARACTERISTICS (T = 25°C unless otherwise noted.)

(Ve =10V, Ic=25mA, R = 100 2}

Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current iR — 0.005 100 HA
(VR =3.0V, R_=1.0M ohms)
Forward Voltage VE — 1.2 156 Volits
(I = 10mA)
Capacitance C — 150 - pF
(VR=0V,f=1.0MHz)
PHOTOTRANSISTOR CHARACTERISTICS (T 5 = 25°C and Ig = O unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Collector-Emitter Dark Current ICEO - 8.0 100 nA
(VCE= 10V, Ig = 0)
Collector-Emitter Breakdown Voltage V(BR)CEO 30 60 - Volts
(ic=1004A, 1g = 0)
Emitter-Collector Breakdown Voltage V(BR)ECO 7.0 8.0 - Volts
(Ig = 10uA, Ig = 0)
COUPLED CHARACTERISTICS (T 5 = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Collector Output Current (1) Ic 30 70 - mA
(Veg =20V, Ig = 10mA)
Isolation Surge Voltage (2, 5), 60 Hz ac Peak, 5 Second Viso 7000 - - Volts
Isolation Resistance (2) - - 1011 — Ohms
(V= 500V)
Collector-Emitter Saturation Voltage (1) VCE(sat) - 0.8 1.0 Volts
{Ic=10mA, Ig = 10 mA)
Isolation Capacitance {2) - - 1.0 - pF
{Vv=0, f=1.0MHz)
SWITCHING CHARACTERISTICS (Figures 4,5)
Rise Time t - 10 - us
(Vec =10V, Ig= 25mA, R = 100 22)
Fall Time t§ - 50 - us

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%.

(2) For this test LED pins 1 and 2 are common and Photo Transistor pins 4 and 5 are common.

(3) ¢ adjusted to yield Ic = 2.0 mA and ic = 2.0 mA P-P at 10 kHz.

(4) tg and t; are inversely proportional to the amplitude of If; ts and t¢ are not significantly affected by Ig.
(5) Isolation Surge Voltage, Vis0. is an internal device dielectric breakdown rating.
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MOC119

DC CURRENT TRANSFER CHARACTERISTICS

FIGURE 2 — COLLECTOR CURRENT versus FIGURE 3 — COLLECTOR CURRENT versus
COLLECTOR-EMITTER VOLTAGE DIODE CURRENT
80, 200
- 1
Fa = 100 =
c e T 2 Ve = 20V 24
=z 60 = 7 Vee =10V
S = 7
Z 50 B i e o
o o« v
(- =Y /
e B S e R =] 7
g Yyl z
= 30 — i e S i S 5 A
S // ; 10 v s
5 90 [ - ! | o
=0 [ IF = 5.0mA S va
i m— e
10 S S R— —
V' If=20mA /
0 L L 20
02 04 06 08 10 12 14 16 18 20 10 20 30 50 70 10 20 a0 50
VGE. COLLECTOR-EMITTER VOLTAGE (VOLTS) I, DIODE CURRENT (mA}
SWITCHING CHARACTERISTICS
FIGURE 4 - SWITCHING TEST CIRCUIT FIGURE § - VOLTAGE WAVEFORM
CONSTANT
CURRENT
INPUT  NC. Ve 'Clon) = 25mA
MODULATION O KF N B [ P
INPUT [
a7 1 ]
PHOTO
LED : h o : TRANSISTOR
o2 |
ouTPUT
. |
IF
e Output
I¢ (0C) = 2.0 mA —

ic (AC SINE WAVE) = 20 mA PP

FIGURE 6 — FORWARD CHARACTERISTIC

~
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~
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@
N
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Vg, INSTANTANEOUS FORWARD

A
16 va
14 ’ pd
1.2 -t
10
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MOC119

IcEQ. COLLECTOR-EMITTER CURRENT (mA)

FIGURE 7 — COLLECTOR-EMITTER DARK CURRENT

TEMPERATURE CHARACTERISTICS

versus TEMPERATURE
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@ MOTOROLA

MO0C1005
MO0C1006

5000 VOLTS — HIGH ISOLATION COUPLER

. . . Gallium Arsenide LED optically coupled to a Silicon Photo-
transistor designed for applications requiring high electrical isolation,
high transistor breakdown-voltage and low-leakage, small package
size and low cost; such as interfacing and coupling systems, logic to
power circuit interface, and solid-state relays.

® High Isolation Voltage — Vg0 = 5000 V (Min)

® High Collector-Emitter Breakdown Voltage —
V(BR)CEO =80 V (Typ) @ Ic = 1.0 mA
® High Collector Qutput Current @ I =

Ic =5.0mA (Typ) — MOC1005
=3.0mA (Typ} — MOC1006

® Economical, Compact, Dual-In-Line Plastic Package

10 mA —

MAXIMUM RATINGS (T 4 = 25°C unless otherwise noted).

OPTO
COUPLER/ISOLATOR

TRANSISTOR OUTPUT

FIGURE 1 — MAXIMUM POWER DISSIPATION

Figure 1 1s based upon using limit

160, values in the equation:
[ N— T31-Ta =Rgya (Ppy + Kg Pp2)
E Ta = 259C
z " where
2 1| nY h ion Temperature (100°C)
§ 100 \ TaA Ambient Temperature
2
s p—d__50°C \ Rg ya Junction to Ambient Thermal
g w0 \ \ Resistance (500°C/W)
S 60 | Pp1 Power Dissipation in One Chip
S " P —— 759C \ Pp2 Power Dissipation in Other Chip
‘s \ Kg Thermal Coupling Coefficient
5 20 (20%)
« 0 \ Example

20 « 60 80 100 120 140 160 With Ppy = 90 mW in the LED

Pp2. AVERAGE POWER DISSIPATION (mW)

@ Ta = 50°C, the transistor
Pp (Ppoimust be less than 50 mW.

[ Rating [ symbot | vawe [ unit |

INFRARED-EMITTING DIODE MAXIMUM RATINGS

Reverse Voltage VR 3.0 Volts

Forward Current — Continuous I3 80 mA

Forward Current - Peak Ir 3.0 Amp [6] [5] [4]

Pulse Width = 300 us, 2.0% Duty Cycle f STYLE 1:

Total Power Dissipation @ Tp = 26°C Po 150 mw 8  PIN 1. ANODE
Negligible Power in Transistor O | g ﬁ:TMODE
Derate above 25°C 2.0 mwW/°C ISmFimK) 4 EMITTER

PHOTOTRANSISTOR MAXIMUM RATINGS el o LOLLECTOR

Collector-Emitter Voltage Vceo 30 Volts A .

Emitter-Collector Voltage VECO 7.0 Voits

Collector-Base Voltage VcBo 70 Volts

Total Power Dissipation @ T 5 = 25°C Pp 150 mw
Negligible Power in Diode
Derate above 25°C 2.0 mw/oc

TOTAL DEVICE RATINGS

Total Power Dissipation @ T p = 25°C ) 250 mw

Equal Power Dissipation in Each Element
Derate above 25°C 3.3 mW/°C

Junction Temperature Range T, -55 to +100 oc NolTEglmznsnuwsA AND B ARE DATUMS.

Storage Temperature Range Tstg -55 to +150 °c 2. T ISSEATING PLANE.

Soldering Temperature {10 s) 260 Oc 3. POSITIONAL TOLERANCES FQR LEADS

lb|c01310009@]T | AB@

4. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.

5. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5,1973.

MILLIMETERS|  INCHES _

oM MIN
A

Bl

c
}»n
| F

[

i

K
L]

M

N

P

CASE 730A-01
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MOC1005, MOC1006

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

Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current (VR = 3.0 V) [ — 0.005 100 nA
Forward Voltage (I = 10 mA) Vg — 1.2 15 Volts
Capacitance (Vg =0V, f= 1.0 MHz) Cc — 30 — pF
PHOTOTRANSISTOR CHARACTERISTICS (T = 25°C and Ig = O unless otherwise noted)
Collector-Emitter Dark Current IcEO — 36 50 nA
(Vcg = 10 V, Base Open)
Collector-Base Dark Current IcBO — — 20 nA
(Vcg = 10 V, Emitter Open)
Collector-Base Breakdown Voltage V(BR)CBO 70 100 — Volts
(Ic=100 uA, Ig=0)
Collector-Emitter Breakdown Voltage V(BR)CEO 30 80 — Volts
(lc=10mA. ig=0)
Emitter-Collector Breakdown Voltage V(BR)ECO 70 - - Volts
(Ig = 100 4A, Ig = 0)
DC Current Gain (Vg = 5.0V, ic = 500 pA) hFe — 250 — —
COUPLED CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Coltector Output Current (1) MOC1005 Ic 20 5.0 — mA
(VCE=10V. Ig=10mA, Ig=0) MOC1006 10 3.0 —
Isolation Surge Voltage, (1) Viso . Vdc
DC(2). 5000 10000 —
AC (3) 5000 10000 —
Isolation Resistance (4) (V = 500 V) — — 1011 — Ohms
Collector-Emitter Saturation (Ic = 2.0 mA, Ig = 50 mA) VCE(sat) — 0.2 0.5 Volts
Isolation Capacitance (4) {V =0, f=1.0 MHz) — _ 1.3 — pF
Bandwidth (5) {Ic = 2.0 mA, R = 100 Ohms, Figure 11) — — 300 — kHz
SWITCHING CHARACTERISTICS
Delay Time MOC1005 t4 — 0.07 — us
(Ic=10mA,Vcc=10V) MOC1006 — 0.10 —
Rise Time Figures 6 and 8 MOC1005 te — 08 — us
MOC1006 — 20 —
Storage Time MOC1005 1g — a0 — us
(Ic=10mA, Ve =10V) MOC1006 — 20 —
Fall Time Figures 7 and 8 MOC1005 ¢ — 8.0 — us
MOC1006 — 8.0 —

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%

{2) Peak DC Voltage — 1.0 Minute

(3) Nonrepetitive Peak AC Voltage — 1 Full Cycle. Sine Wave, 60 Hz

(4) For this test LED pins 1 and 2 are common and Photo Transistor pins 4. 5 and 6 are common.
(5) ig adjusted to yield Ic = 2.0 mA and ic = 2.0 mA p-p at 10 kHz

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 2 — MOC100§ FIGURE 3 — MOC 1006
100 100
1 HHH 3 —
_ s 1 B H 50 —
t Ve = 10V = P vee = 10v
e 2 +—+ T »
= T s I
= 10 E¥H I — c 10
s H Ty=-55°C == £
3 5o = 3 S0 T, --6°C 1y
E - } W
g 20 26°C ) }
= t 2
3 10 100°C 3 10 2°C
Q - +
S 8 +—¥
£ 08 =, o OSHHTE ~
1l 7 = 7 we
02 o.2HHIS
0.1 ()
os 10 20 D TEE:] 0 168 200 500 s 180 20 6 18 2 W e 280 e
Ig, FORWARD DIODE CURRENT (mA} Ig, FORWARD DIODE CURRENT (mA)
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MOC1005, MOC1006

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 4 — FORWARD CHARACTERISTICS

FIGURE 5 — COLLECTOR SATURATION VOLTAGE

10 T
m T TTTTm
M =— —— — =251
o 22 =& Ig=501Ic
= Ez "M T)=25°C
Z 20 2
=g 28 o, /
218 A EE I l
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1ol oLLLLL ||
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FIGURE 6 — TURN-ON TIME FIGURE 7 — TURN-OFF TIME
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10 +— 100 Vep=10V =
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FIGURE 8 — SATURATED SWITCHING FIGURE 9 — DARK CURRENT versus
TEST CIRCUIT AMBIENT TEMPERATURE
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0V
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MOC1005, MOC1006

FIGURE 10 — FREQUENCY RESPONSE

a

& 1

2 20—Ta=25C

3 |

(=]

2

=

Z ™ Ry - 10082

= 07 1

3 g5 N |

5 5000

& ~ N
&

503 N }

« 10009

s N
5 0.2 J

g N

g N

> 01

S T3 50 70 100 200 300 s00 700 1000

f, FREQUENCY (kHz)

FIGURE 12 — POWER AMPLIFIER

5V
50 Q2 MOC1005 334
| MOC1006
- ')’ Vout
MPSE518
INPUT
SIGNAL Mesuat

FIGURE 14 — UNIVERSAL CMOS LOGIC TRANSLATOR
{Programmable Constant Current Drive)

FIGURE 11 — FREQUENCY RESPONSE TEST CIRCUIT

CONSTANT Ic
10uF 470 CURRENT *——— V(e = 10 VOLTS

MODULATION 0—)
INPUT

g (DC)=20mA
ic (AC SINE WAVE = 20 mA P.P}

FIGURE 13 — INTERFACE BETWEEN LOGIC AND LOAD

INDUCT
LOAD

R
: 1N4005 AC
1 Yooy
| S

o0—— IMOCIOIL‘)

2 ¢ & MoC1006

FIGURE 15 — ISOLATED DC MOTOR CONTROLLER

+50-18V
+28V
(5V-18V) Ip~10 “%”l ?
o ' set 100k
+VL0GIC ’In MOC1005
'v_ _ 5 MOC1006 50k . Iu
) 4 R r -2 saw IN400T
Sim | 50 mA 1
] -0 /) K -
p? ' I ! mpPs.uas {\
e L_12__ 4|4 /£ \
INPUT COMPATIBLE ¢ MOC 1005, MOC 1006 L— \
WITH CMOS, TTL, OUTPUT COMPATIBLE [ N
DTL, HTL WITH CMOS | "
INPUT MPS5172 MPS5172 It W
MPS5172 1k =: 3 /
10 NG
3k 470 N /
— e
e; ®
GND 1
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@ MOTOROLA

MOC3000
MOC3001
MOC3002
MOC3003

OPTO SCR COUPLER

These devices consist of a gallium-arsenide infrared emitting
diode optically coupled to a photo sensitive silicon controlied rectifier
(SCR). They are designed for applications requiring high electrical
isolation between low voltage circuitry, like integrated circuits, and

the ac line.
® High Blocking Voltage

MOC3000, 3001 — 400 V for 220 Vac Lines
MOC3002, 3003 — 250 V for 1.10 Vac Lines

@ Very High Isolation Voltage
Viso = 7500 V Min

® Standard 6-Pin DIP

® UL Recognized, File Number E564915

OPTO
COUPLER/ISOLATOR
with
PHOTO SCR OUTPUT
400 and 250 VOLTS

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

[ Rating [ symbol | wvalue [ unit
INFRARED EMITTING DIODE MAXIMUM RATINGS
Reverse Voltage VR 7.0 Volts
Forward Current — Continuous IF 60 mA
Total Power Dissipation @ Tp = 25°C Pp 100 mw
Negligible Power in Transistor
Derate above 25°C 1.33 mW/°C
OUTPUT DRIVER MAXIMUM RATINGS
Peak Forward Voltage = MOC3000, 1 Vom 400 Volts
MOC3002, 3 250
Forward RMS Current IT(RMS) 300 mA
(Fuli Cycle, 50 10 60 Hz) Tp = 25°C
Peak Nonrepetitive Surge Current ITsm 3.0 A
(PW =10 ms, DC= 10%)
Tota! Power Dissipation @ Tp = 25°C Pp 400 mw
Derate above 25°C 5.33 mW/eC
TOTAL DEVICE MAXIMUM RATINGS
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Volitage, 60 Hz,
5 Second Duration)
Junction Temperature Range Ty -40 to +100 °C
Ambient Operating Temperature Range TA -55 to +100 °c
Storage Temperature Range Tstg -551t0 +150 °C
Soldering Temperature (10 s) — 260 °C
(1) Isolation surge voltage, V|g0. is an internal device dielectric breakdown rating.
Anode 1 E j 6 SCR Gate

Cathode 2 C

ne 3 [

] 5 ScRAnode

[] 4 SCR Cathode

[6] [S] [a] )
STYLE 7:
PIN 1. ANODE
B 2. CATHODE

O 3 NC

4. SCR CATHODE
SARVIRE) ‘ 5. SCR ANODE

6. SCR GATE

el

NOTES:

1. DIMENSIONS A AND B ARE DATUMS.

2. -T ISSEATING PLANE.

3. POSITIONAL TOLERANCES FOR LEADS:

Sl@0.130005@[T [ ARE®

4. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.

6. DIMENSIONING AND TOLERANCING PER
ANSI Y145, 1973,

TMILLIMETERS|  INCHES
1] MK T MAX [ MIN | MAX ]|
A 813 [ 8.89 | 0.320 | 0350
B| 6.10 | 6.60 | 0.240 | 0.260
C | 2.92 | 508 |0.115] 0.200
D] 041 [ 0.51 |0.016 | 0.020

.62 | 1.7 | 0.040| 0.070

G| 2548B5C 0.100 BSC

0.20 | 0.30 | 0,008 | 0.012
K] 2.54 | 3.81 [0.100 | 0.150
[ L] 762BSC | 0.300BSC
M| 00 [ 150 | Qo | 150
N | 038 | 254 [0.015] 0.100

1.27 | 203 {0050 | 0.

CASE 730A-01
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MOC3000, MOC3001, MOC3002, MOC3003

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

Characteristic Symbol J Min Typ Max Unit
LED CHARACTERISTICS
Reverse Leakage Current IR — 0.05 10 pA
(VR=3.0V)
Forward Voltage VE — 1.2 16 Volts
{lg = 10 mA)
Capacitance Cy — 50 — pF
(V=0.f=1.0MHz)
DETECTOR CHARACTERISTICS
Peak Off-State Voitage MOC3000, 3001 Vpm 400 — - Volts
(RGK = 10k, Tp = 100°C) MOC3002, 3003 250 — —
Peak Reverse Voltage MOC3000. 3001 VRM 400 — — Voits
(RGgK = 10 kf}, T = 100°C) MOC3002, 3003 250 — —
On-State Voltage VTm — 1.1 1.3 Volts
{trm=0.3 A)
Off-State Current Ipm uA
(VpM =400V, Rgk = 10 kf}, T = 100°C) MOC3000, 3001 - — 150
(VDM = 250 V, Rgk = 10 k{2, Ta = 100°C) MOC3002, 3003 — — 50
Reverse Current IrRM uA
{VRM =400V, Rgk = 10k}, To = 100°C} MOC3000, 3001 - — 150
(VRM = 250 V, RgK = 10 ki), T = 100°C) MOC3002, 3003 — — 50
Capacitance (V=0, f= 1.0 MHz) Cy pF
Anode - Gate — 20 —
Gate - Cathode — 350 —
COUPLED CHARACTERISTICS
LED Current Required to Trigger lfT mA
(VAK =50 V, Rgk = 10 k() MOC3001, 3003 — 10 20
MOC3000, 3002 — 15 30
{(VAK = 100 V, Rgk = 27 k1) MOC3001, 3003 — 6.0 11
MOC3000, 3002 - 8.0 14
Isolation Resistance Riso 100 — — GO
(V10 = 500 Vdc)
Capacitance Input to Output Ciso — — 20 pF
(Vip=0.f=1.0MHz)
Coupled dv/dt, input to Output dv/dt —_ 500 — Volts/us
(Rgk = 10kQ)
Isolation Surge Voltage Viso 7500 - - Vac

(Peak ac Voltage, 60 Hz, 5 Second Duration)
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MOC3000, MOC3001, MOC3002, MOC3003

TYPICAL ELECTRICAL CHARACTERISTICS

Ta = 25°C
FIGURE 1 — FORWARD VOLTAGE versus FIGURE 2 — ANODE CURRENT versus
FORWARD CURRENT ANODE-CATHODE VOLTAGE
1000
500
o 22 77
e /
s = 200 Ty =100°C
2 20 z J
Sz = 100 7
o= e F3 v - v s
‘é gl 8 i E 50 y — &
28 4 3 f Ty=25°C
SE16 w20
= 2 I
= P Z 0
= 14 H = + .
- o + 50 B+
5 L 1
12 1
oL 20 117
1o—" o 111
10 10 100 1.0k Y0 02 04 06 08 10 12 14 16 18 20
if. INSTANTANEOUS FORWARD CURRENT (mA) VK. ANODE-CATHOGE VOLTAGE (VOLTS)
FIGURE 3 — LED TRIGGER CURRENT FIGURE 4 — FORWARD LEAKAGE CURRENT
versus TEMPEATURE versus TEMPERATURE
10 — 10,000
o
= 50 VaK = 50V 5,000 >
g Rgk = 10 k2 z =z
g T = 25°C & 1,000
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3-43



OPTICALLY ISOLATED TRIAC DRIVER 0PTO
These devices consist of a gallium-arsenide infrared emitting diode, COUPLER/ISOLATOR
optically coupled to a silicon bilateral switch and are designed for
applications requiring isolated triac triggering, low-current isolated PHOTO TRIAC DRIVER
ac switching, high electrical isolation (to 7500 V peak), high detector OUTPUT
standoff voltage, small size, and low cost. 250 VOLTS
@ UL Recognized File Number 54915
o Output Driver Designed for 115 Vac Line
e Standard 6-Pin DIP
MAXIMUM RATINGS (Tp = 259C unless otherwise noted)
l Rating I Symbol T Value [ Unit 1
INFRARED EMITTING DIODE MAXIMUM RATINGS
Reverse Voltage VR 3.0 Volts
Forward Current — Continuous g 50 mA
Total Power Dissipation @ T = 26°C Pp 100 mw
Negligible Power in Transistor
Derate above 25°C 1.33 mw/°C
OUTPUY DRIVER MAXIMUM RATINGS
OffState Output Terminal Voltage VDRM 250 Volts G é f]
O -1 STYLE 6:
On-State RMS Current Ta = 25°C | IT(RMS) 100 mA '1' PIN 1. ANODE
(Full Cycle, 50 to 60 Hz) Ta = 70°C 50 mA 8 2. CATHODE
Peak Nonrepetitive Surge Ci t | 1.2 A 3. NC
O oy o ies Surge Burren TSM K] 4. MAIN TERMINAL
(PW = 10 ms, DC = 10%)
Lz 3 5. SUBSTRATE
Total Power Dissipation @ Tp = 256°C Pp 300 mw U 6. MAIN TERMINAL
Derate above 26°C 4.0 mw/°C FL‘
TOTAL DEVICE MAXIMUM RATINGS A
Isotation Surge Voitage (1) Viso 7500 Vac
(Peak ac Voltage, 60 Hz,
5 Second Duration)
Total Power Dissipation @ T s, = 25°C Pp 330 mw
Derate above 25°C 4.4 mW/°C
Junction Temperature Range Ty -40 to +100 oc
Ambient Operating Temperature Range TaA -40 10 +70 oc
Storage Temperature Range E!.Q -40 to +150 oc
Soldering Temperature (10 s) — 260 °c
(1) Isolation surge voltage, V g(, is an internal device dielectric breakdown rating. NOTES:
1. DIMENSIONS A AND B ARE DATUMS.
2. -T ISSEATING PLANE,
3. POSITIONAL TOLERANCES FOR LEADS:
Blpo13 0os@[T [ AwB®
4. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.
5. DIMENSIONING AND TOLERANCING PER
ANS! Y14.5, 1973
Anode 1 [] [] & Main Terminal [MILLIMETERS|  INCHES
DIM[ MIN | MAX_| MIN | MAX
A 1 .89 1320 | 0.350
B 1 60 .240 | 0.260
Triae Driver Substrate C | 29 08 | 0.115 ] 0.200
5 Triac Driver Substra D[ 041 | 0.51 | 0016 | 0.020
Cathode 2 [ !I 17 06 NOT Connect 102 | 178 | 0.080] 0.070
| G| 254BSC 0.100 BSC
J 1 0.20 ] 030 |0.008 ] 0.012
K| 254 | 381 [0.100 ] 0.150
1.62 BSC 0.300 B85C
3 4 Main Terminal M| 00 | 150 0o 150
E :| an mine N[ 038 | 254 10.015] 0.100
1.27 | 2.03 {0.050 | 0.080
CASE 730A-01
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MOC3009 , MOC3010 , MOC3011

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

[ Characteristic ] Symbol l Min LTyp [ Max l Unit I

LED CHARACTERISTICS

Reverse Leakage Current 'R - 0.05 100 A
(VR =3.0V)

Forward Volitage VE - 1.2 1.5 Volts
lg = 10 mA)

DETECTOR CHARACTERISTICS (Ig = O unless otherwise noted)

Peak Blocking Current, Either Direction IDRM — 10 100 nA
{Rated VpRM, Note 1)

Peak On-State Voltage, Either Direction VTm - 25 3.0 Volts
(ITm = 100 mA Peak)

Critical Rate of Rise of Off-State Voltage, Figure 3 dv/dt - 2.0 - V/us

Critical Rate of Rise of Commutation Voltage, Figure 3 dv/dt - 0.15 - Vius
(l|gad = 15 mA)

COUPLED CHARACTERISTICS

LED Trigger Current, Current Required to Latch Output MOC3009 I3 15 30 mA
(Main Terminal Voltage = 3.0 V) MQC3010 - 8.0 15

MOC3011 — 5.0 10
Holding Current, Either Direction Iy - 100 - HA

ITp. ON-STATE CURRENT (mA)

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

2. Additionat information on the use of the MOC3009/3010/3011
is avaitable in Application Note AN-780.

TYPICAL ELECTRICAL CHARACTERISTICS

Ta = 25°C
FIGURE 1 — ON-STATE CHARACTERISTICS
+800
| Output Pulse Width = 80 us mll
If = 20 mA
2400 |— 1= 60 Hz /|
Ta < 250C /
-
-
e a
0 &
>
/ 3
=
o«
o
=
-400
—
-800

-14 -12 -10 -80 -60-40-20 0 20 40 60 80 10 12 14
VM. ONSTATE VOLTAGE (VOLTS)
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FIGURE 2 — TRIGGER CURRENT versus TEMPERATURE
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MOC3009 , MOC3010 , MOC3011

FIGURE 3 — dv/dt TEST CIRCUIT

FIGURE 4 — dv/dt versus LOAD RESISTANCE

Rin ' s 24 0.24
Vee O — ] |
2| MOC3009 Static
MOC3010 —o0 Vi 20 0.20
MOC3011 |4 = 2
§ Vin =30 V RMS 2
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o 16— Test Circuit in Figure 3 016 8
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I I c
1 - ot 012 %
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<
ov 10k 08 L 008 g
2N3904 Pd
| Commutating Static 04 4 004
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dv/dt=8.9 f Vi, R, LOAD RESISTANCE (k)
FIGURE 5 — dv/dt versus TEMPERATURE FIGURE 6 — COMMUTATING dv/dt versus FREQUENCY
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FIGURE 7 — MAXIMUM NONREPETITIVE SURGE CURRENT

= | Ta=25°C
g 80 Ig=20mA
K3
[ -
z
w
E
20

3 ™~
g T
«
3 T
2 | —
w10 o
=
&
=

0 " L

0.01 01 10 10 100

PW, PULSE WIDTH {ms}

3-46



MOC3009 ,MOC3010,MOC3011

TYPICAL APPLICATION CIRCUITS

FIGURE 8 — RESISTIVE LOAD

Vee Rin 1

MOC3009

2
:D)o_. MOC3010
MOC3011

—o0

180

AL
120 v
60 Hz

FIGURE 9 — INDUCTIVE LOAD WITH SENSITIVE GATE TRIAC
{lgT < 15 maA)

Rin 1
VCCW_H MOC3009
D_é_ MOC3010
Moc3011
o—

FIGURE 10 — INDUCTIVE LOAD WITH NON-SENSITIVE GATE TRIAC

(15 mA < IgT < 50 mA)

MOC3009

2
D)—o—« MOC3010

MOC3011
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@ MOTOROLA

MOC3020
MO0C3021

@ Standard 6-Pin Plastic DIP

OPTICALLY ISOLATED TRIAC DRIVER
These devices consist of a gallium-arsenide infrared emitting
diode, optically coupled to a silicon bilateral switch. They are
designed for applications requiring isolated triac triggering.
® UL Recognized File Number E54915
® Output Driver Designed for 220 Vac Line
@ V|50 Isolation Voltage of 7500 V Peak

MAXIMUM RATINGS (Tp = 250C unless otherwise noted)

OPTO COUPLER

PHOTO TRIAC DRIVER
OUTPUT

400 VOLTS

[ Rating [ Symbol I Value l Unit J
INFRARED EMITTING DIODE MAXIMUM RATINGS
Reverse Voltage VR 3.0 Volts
Forward Current — Continuous g 50 mA
Total Power Dissipation @ Tp = 25°C Pp 100 mW
Negligible Power in Triac Driver
Derate above 25°C 1.33 mw/°C
OUTPUT DRIVER MAXIMUM RATINGS
Off-State Output Terminal Voltage VDRM 400 Volts
On-State RMS Current Ta = 25°C | IT(RMS) 100 mA
(Full Cycle, 50 to 60 Hz) Tp = 70°C 50 mA
Peak Nonrepetitive Surge Current ITsm 1.2 A
(PW = 10 ms, DC = 10%)
Total Power Dissipation @ Tp = 25°C Pp 300 mw
Derate above 25°C 4.0 mw/°C
TOTAL DEVICE MAXIMUM RATINGS
Isofation Surge Voltage (1) Viso 7500 Vac
{Peak ac Voltage, 60 Hz,
5 Second Duration)
Tota! Power Dissipation @ Tp = 25°C Pp 330 mW
Derate above 25°C 4.4 mW/°C
Junction Temperature Range Ty -40 to +100 °c
Ambient Operating Temperature Range Ta -40 to +70 oC
Storage Temperature Range L‘B -40 to +150 oc
Soldering Temperature {10 s) — 260 o¢

(1) Isolation surge voltage, V|50, is an internal device dielectric breakdown rating.

Anode 1 E

Cathode 2 C

6 Main Terminal

5 Triac Driver Substrate
DO NOT Connect

[ ] 4 Main Termunal

STYLE 6:
6] Q 0 PIN 1. ANODE

1

2. CATHOOE
B 3. NC
4. MAIN TERMINAL
O 5. SUBSTRATE
\SRVIntIn 6. MAIN TERMINAL
el
A

P
1 1] N

—~lgkP

:

NOTES:

1. DIMENSIONS A AND B ARE DATUMS.

2. -T ISSEATING PLANE

3. POSITIONAL TOLERANCES FOR LEADS

blp013005@[T | Aak®)]

4. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.
DIMENSIONING AND TOLERANCING PER
ANSI Y14.5,1973.

o

MiIL

IMETERS INCHES

0.008 [ 0.012

0.100 | 0.150
0.300 BSC
0o 150

15, 0.100
L0050 081 |

CASE 730A.01
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MOC3020, MOC3021

ELECTRICAL CHARACTERISTICS (T4 = 252C unless otherwise noted)

[ Characteristic I Symbol T Min ]7Typ ] Max I Unit J

LED CHARACTERISTICS

Reverse Leakage Current IR 0.05 100 BA
(Vg = 3.0V)

Forward Voltage VE - 1.2 1.5 Volts
(I = 10 mA)

DETECTOR CHARACTERISTICS (i = O unless otherwise noted)

Peak Blocking Current, Either Direction IDRM - 10 100 nA
(Rated VpRM, Note 1)

Peak On-State Voltage, Either Direction VTm - 25 3.0 Volts
{ITpm = 100 mA Peak)

Critical Rate of Rise of Off-State Voltage, Tpo = 85°C dv/dt 10.0 - V/us

COUPLED CHARACTERISTICS

LED Trigger Current, Current Required to Latch Output 1FT mA
(Main Terminal Volitage = 3.0 V, Note 2J MOC3020 - 15 30

MOC3021 8.0 15
Holding Current, Either Direction Iy 100 - uA

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

2. All devices are guaranteed to trigger at an Ig value less than or equal to max IgT. Therefore, recommended operating If lies

between max Ig1 (30 mA for MOC3020, 15 mA for MOC3021) and absolute max If (50 mA).

TYPICAL ELECTRICAL CHARACTERISTICS

Ta=25°C
FIGURE 1 — ON-STATE CHARACTERISTICS FIGURE 2 — TRIGGER CURRENT versus TEMPERATURE
+800 1.4
/ g 13k
z / z [
£ 00 // £ 12
=
g A z| 1
3 V = N
= 0 & 1.0
o«
% / 2 gg ™
g A T
§ -400 4 g 08
// o7
-800_A 06
-3.0 -2.0 -1.0 10 2.0 30 -40 -20 0 20 40 60 80 100
VTm. ON-STATE VOLTAGE (VOLTS) Ta. AMBIENT TEMPERATURE (°C)
FIGURE 3 — TYPICAL APPLICATION CIRCUIT
Rin 1 6 360 470 Hot R L
vVee L O——AAA- AAA ’e) Inthis circuit the “hot" side of the line is switched and the
2 MOC load connected to the cold or ground side.
D_o_‘ 3020/ |—o 0.05uF = 39 220 The 39 ohm resistor and 0.01 uF capacitor are for snub-
3021 4 vac bing of the triac, and the 470 ohm resistor and 0.05 uF
3 capacitor are for snubbing the coupler. These components
O 0.01 pF may or may not be necessary depending upon the particular
triac and load used.

Ground

Additional information on the use of optically coupled triac
drivers is available in Application Note AN-780A.
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@ MOTOROLA

MOC3030
MOC3031

ZERO VOLTAGE CROSSING
OPTICALLY ISOLATED TRIAC DRIVER

This device consists of a gallium arsenide infrared emitting diode
optically coupled to a monolithic silicon detector performing the
function of a Zero Voltage crossing bilateral triac driver.

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

® Simplifies Logic Control of 110 Vac Power
Zero Voltage Crossing

High Breakdown Voltage: VDRM =250 V Min
High Isolation Voltage: VISO = 7500 V Min
Small, Economical, 6-Pin DIP Package

Same Pin Configuration as MOC3010/3011

UL Recognized, File No. E54915

dv/dt of 100 V/us Typ

OPTO
COUPLER/ISOLATOR
ZERO CROSSING
TRIAC DRIVER
250 VOLTS

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

NOTES:
(6] [S] [4] 1. DIMENSIONS A AND B ARE DATUMS.
2T ISSEATING PLANE

g 3 POSITIONAL TOLERANCES FOR LEADS

O ] i 1|2 0.1310.005@][T | AgB®)]

T2 3 4. DIMENSION L TO CENTER OF LEADS

WHEN FORMED PARALLEL
"IFL 5. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5,1973.

Rating l Symbol l Value l Unit

INFRARED EMITTING DIODE MAXIMUM RATINGS
Reverso Voltage VR 3.0 Volits }yﬁmnms[ INCHES _
Forward Current — Continuous \F 50 mA L;“L’M" M:; %’ ::5)5
Total Power Dissipation @ T = 26°C Pp 120 mw oy ooy B OB Gvies.

Negligible Power in Output Driver 0 51 1 0.016 | 0.020 PIN 1. ANODE

Derate above 26°C 1.33 mW/°Cc | F 17102 [ 178 T0040] 0.070 | 2. CATHODE

G| 258SC 0.100 8SC 3. NC

OUTPUT DRIVER MAXIMUM RATINGS 020 | 0.30 | 0.008 KLIH ; guAslgTTnEAG'gML
Off-State Output Terminal Voltage VDAM 250 Volts 2 S;G-,L:S—g'—% 6. MAIN TERMINAL
On-State RMS Current Ta =25°C | It{Rms) 100 mA : 3.55 i '25; LD‘L"]S 01‘5;0

{Full Cycle, 50 t0 60 Hz) Ta = 85°C 50 mA 1.27 | 203 | 0050 0.080 |
Peak Nonrepetitive Surge Current ITsm 1.2 A y

(PW = 10 ms) CASE 730401
Total Power Dissipation ® T = 25°C Pp 300 mw

Derate above 25°C 4.0 mW/°C COUPLER SCHEMATIC
TOTAL DEVICE MAXIMUM RATINGS
isolation Surge Voltage (1) Viso 7500 Vac 1 6

(Peak ac Voltave, 60 Hz, Anode [: Py Main

5 Second Duration) Terminal
Total Power Dissipation ® T4 = 25°C P 330 mW

Derate above 25°C 4.4 mW/°C \
Junction T ture R T, 40 to +100 °c 2 \ 5

Cti emperature Range 'y -40 t0 Cathode : [] Substrate
Ambient Operating Temperature Range Ta -40 to + 85 °c DO NOT
Storage Temperature Range Tsg -40 to +150 oc Connect
Soldering Temperature (10 s) — 260 oc 3 M

Zero
(1) Isolation surge voltage, V g0, is an internal device dislectric breakdown rating. NC [: Crossing -~ :] Main
Circuit Terminal
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MOC3030 , MOC3031

ELECTRICAL CHARACTERISTICS (T4 = 28°C unless otherwise noted)

r Characteristic I Symbol ] MinJ Typ I Max l UnilJ
LED CHARACTERISTICS
Reverse Leakage Current IR - 0.05 100 HA
(VR =3.0V)
Forward Voltage Vg - 13 1.5 Volts
(IF =30 mA)
DETECTOR CHARACTERISTICS (i = 0 untess otherwise noted)
Peak Blocking Current, Either Direction |DRM - 10 100 nA
(Rated VDRM. Note 1)
Peak On-State Voltage, Either Direction V™M — 18 3.0 Volts
| {iTm = 100 mA Peak)
Critical Rate of Rise of Off-State Volitage dv/dt - 100 - V/us
COUPLED CHARACTERISTICS
LED Trigger Current, Current Required to Latch Output ieT mA
{Main Terminal Voitage = 3.0 V, Note 2) MOC3030 - - 30
MOC3031 ~ - 15
Holding Current, Either Direction IH — 100 - HA

ZERO CROSSING CHARACTERISTICS

Inhibit Voltage V|H — 15 25 Volts
(lF = Rated IFT' MT1-MT2 Voltage above which device will not
trigger.)

Leakage in Inhibited State 'R — 100 200 BA
“F = Rated 'FT' Rated VDRM’ Off State)

Note 1. Test voltage must be applied within dv/dt rating.
2. All devices are guaranteed to trigger at an g value less than or equal to max IgT. Therefore, recommended operating I lies
between max |1 (30 mA for MOC3030, 156 mA for MOC3031) and absolute max Ig (50 mA).

TYPICAL ELECTRICAL CHARACTERISTICS

Ta=25%C
FIGURE 1 — ON-STATE CHARACTERISTICS FIGURE 2 — TRIGGER CURRENT versus TEMPERATURE
T T T
Output Pulsewidth — B0 ps

800 50 mA 13
_ +600} ! = 60 Hz
H Ta = 250C 4 12
= 400
- 5o
= 200 a
) yd 2w ™~
E F N~
% ~200 S 09
=
°»! -400 \\\
s /] 0.8

-600

-~800 / 0.7

40 -30 -20 -10 0 10 20 30 40 -40 -20 0 20 40 60 80 100
Vim- ON-STATE VOLTAGE (VOLTS) TA‘ AMBIENT TEMPERATURE (°C)
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MOC3030 , MOC3031

FIGURE 3 — HOT-LINE SWITCHING APPLICATION CIRCUIT

cc  Rin 6 51 Hot Typical circuit for use when hot line switching is required.
] In this circuit the “hot” side of the line is switched and
| Moc g the load connected to the cold or neutral side. The load
D_ 3;103301/ ~——0 39 may be connected to either the neutral or hot line.
3 a 115 Vac Rin is calculated so that IF is equal to the rated IgT of
the part, 15 mA for the MOC3031 or 30 mA for the
MOC3030. The 39 ohm resistor and 0.01 uF capacitor
are for snubbing of the triac and may or may not be
necessary depending upon the particular triac and load
used.

>
<
3
1.0k 001 \im

Load

FIGURE 4 — INVERSE-PARALLEL SCR DRIVER CIRCUIT

, Av

115 Vac

Vee

l—1 6 Suggested method of firing two, back-to-back SCR's,
MOC3031 with a Motorola triac driver. Diodes can be 1N4001;
2 s SCR SCR resistors, R1 and R2, are optional 1 k ohm.

3 4
l 51

Load r\j
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@ MOTOROLA

MOC5005
MOC5006

output voltage is HIGH.
® High Isolation Voltage —
Viso = 7500 V (Min)

ton =420 ns (Typ) — MOC5005
=225 ns (Typ) — MOC5006
toff = 320 ns (Typ) — MOC5005
=270 ns (Typ) — MOC5006

® Built-In Hysteresis (Figure 2)
® UL Recognized, File No. E54915

DIGITAL LOGIC COUPLER
...gallium arsenide IRED optically coupled to a high-speed

integrated detector. Designed for applications requiring electrical
isolation, fast response time, and digital logic compatibility such as
interfacing computer terminals to peripheral equipment, digital con-
trol of power supplies, motors and other servo machine applications.

Intended for use as a digital inverter, the application of a current
to the IRED input results in a LOW voltage; with the IRED off the

® Fast Switching Times @ I = 16 mA, Ve = 5.0V

® Economical, Compact, Dual-In-Line Plastic Package

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

OPTO
COUPLER/ISOLATOR -

HIGH-SPEED
~  DIGITAL OUTPUT

[ Rating | Symbol I Value l Unit ]
INFRARED-EMITTING DIODE MAXIMUM RATINGS
Reverse Voltage" VR 3.0 Voits
Forward Current Continuous g 50 mA
Peak 3.0 Amp
Pulse Width = 300 us, 2.0% Duty Cycle
Device Dissipation @ Tp = 25°C Pp 100 mwW
Negligible Power in |C
Derate above 25°C 20 mw/°C
OUTPUT GATE MAXIMUM RATINGS
Supply Voltage Vee 7.0 Volts
Supply Current @ Ve =50 V lec 15 mA
Device Dissipation @ Tp = 25°C Pp 200 mw
Negligible Power in Diode
TOTAL DEVICE RATINGS
Total Device Dissipation @ Tp = 25°C Pp 200 mwW
Maximum Operating Temperature TA 85 °c
Storage Temperature Range Tstg |55 to +100 °c
Soldering Temperature (10 s) 260 °c
FIGURE 1 — COUPLER SCHEMATIC
Anode 1 0— 06 Vce
2k
=<
Cathode 2 O— 0O 5 Gnd
NC 3 O—f—r O 4 Output

™

[6] [5] (4]
1 STYLE 5:
PIN 1. ANODE
o 8 2. CATHODE
9 3. NC
EramEy ——J- 4. UTPUT
_.! l- 5 GROUND
Lﬁ i_] 6. vee
A

c

4
T

(D%
gl T

NOTES:
. DIMENSIONS A AND B ARE DATUMS.
. -T ISSEATING PLANE
POSITIONAL TOLERI}NCES FOR LEADS
[blooianos@]T | AwBe)
. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.
DIMENSIONING AND TOLERANCING PER
ANSI Y14.5,1973.

& w o=

«

MILLIMETERS|  INCHES

MIN | MAX 4 MIN | MAX |
8.13 0

CASE 730A-01
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MOC5005, MOC5006

l Characteristic 1 Symbol J Min 1 Typ I Max l Unit

IRED CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Reverse Leakage Current (VR =30V, R = 1.0 M) IR = 0.05 10 uA
Forward Voltage (Ig = 10 mA) VE - 12 15 Volts
Capacitance (VR =0V, f =10 MHz} [ — 100 — pF

ISOLATION CHARACTERISTICS (T4 = 25°C)

Isolation Voltage (1} 60 Hz, AC Peak, 5s Vis0 7500 — — Volts
Isolation Resistance (V = 500 V} (1) — — 101! - Ohms
Isolation Capacitance (V =0, f = 1.0 MHz) (1) - - 13 - pF

DEVICE CHARACTERISTICS (T4 = 25°C)

Supply Current (Ig =0, Vec = 5.0 V) Iccloff) 15 25 35 mA
Supply Current (Ig = 16 mA, Ve =5.0V) icclon) 25 4.0 8.0 mA
Output Voltage Low {Ig = 16 mA, Vo = 5.0 V, Igiqk = 10 mA) Vou - 035 0.6 Volts
Output Voitage High {If =0 mA, Vce =5.0 V, tsource = 2001A) VoH 40 4.75 - Volts

SWITCHING CHARACTERISTICS

Turn-On Time MOC5005 ton — 420 700 ns
(IF =16 mA,Vcc =50V, MOC5006 - 225 350
Fall Time Figure 3) MOC5005 4] - 250 - ns
MOCS5006 — 200 -
Turn-Off Time MOC5005 toff - 320 700 ns
(I =16mA, Ve =50V, MOC5006 - 270 350
Rise Time Figure 3) MOC5005 ty - 250 - ns
MOC5006 - 125 -

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

FIGURE 2 — TYPICAL OUTPUT VOLTAGE FIGURE 3 — TEST CIRCUIT
versus DIODE CURRENT
100 < > T 71
Vee =50V ol v isv
f -
96 4 cc
R =400
_ 80
=
g n 15 2 0 ——0Gnd
5 g ° '
g 60 - i '_:,'_ Probe Cap
=< 2 ! = 16 pF
2 5 !
5 ° —L—0o0
g 50 3 01 2 utput
2 r Y 4
~N
o a0
<
H
o 30
z
)
>
20
See Figure 3
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0 20 6.0 10 14 18
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@ MOTOROLA MO0C5010

OPTICALLY ISOLATED AC LINEAR COUPLER OPTO
COUPLER/ISOLATOR
.. . gallium arsenide IRED optically-coupled to a bipolar monolithic AC LINEAR AMPUIFIER

amplifier. Converts an input current variation to an output voltage
variation while providing a high degree of electrical isolation between

input and output. Can be used for line coupling, peripheral equip-

ment isolation, audio, medical, and other applications.

® 250 kHz Bandwidth

® Low Impedance Emitter Follower Output: Zp < 200 Q
® High Voltage Isolation: V|go = 7500 V (Min)

® UL Recognized, File Number E54915

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

Rating l Symbol ' Value J Unitj
INFRARED EMITTING DIODE
Reverse Voltage VR 3.0 Volts ANOOE
Forward Current — Peak Ig 50 mA CATHODE
Pulse Width = 300 us, 20% Duty Cycle Ne
Device Dissipation @ T = 25°C Pp 100 mw - QuTPUT

. GROUND
Negligible Power in {C

Y
Derate above 25°C 20 mw/°C -.1; L. te
AC AMPLIFIER A

Supply Voltage Vee 15 Volts
Supply Current @ Ve =12V Ice 13 mA
Device Dissipation @ Tp = 25°C Pp 200 mwW
Negligible Power in Diode 1
TOTAL DEVICE
Device Dissipation @ T p = 25°C Pp 200 mw
Maximum Operating Temperature Ta 85 oc
Storage Temperature Range Tstg -55 to +100 °c

NOTES:
DIMENSIONS A AND B ARE DATUMS.

T IS SEATING PLANE.

POSITIONAL TOLERANCES FOR LEADS:
“$I0 013 (0009G] T AmBR
DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.
OIMENSIONING AND TOLERANCING PER
ANSI Y14.5, 1973

~o=-

FIGURE 1 — COUPLER SCHEMATIC

bad

-

*

10 0 6 Vee

TMILLIMETERS'  INCHES

h 4 / DIM] MIN | MAX | MIN | MAX
/ . 89, 0320 | 0.350 |

240 1 0.260

115 0,200

20 O 5 Gnd ~'0016770020
.78 | 0.040 | 0.070 |
2k G, 254BSC | 0.1008BSC |

J 7020 T 030 .008 ] 0.012

| K 2.54 | 3.81 [0.100 ' 0.150

L 7628SC . 0.3008SC
3 0 O 4 Output "_I:M w® 150 ——r‘—on 150
N 038 T 254 | 0015 0.100
[P, 127 ] 203 [0050 0.080 |

CASE 730A-01
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MOC5010

[ Characteristic ] Symbol l Min i Typ _IiMlx | Unit J
IRED CHARACTERISTICS (T 5 = 25°C unless otherwise noted)
Reverse Leakage Current (VR =3.0V, R = 1.0 MQ) IR - 0.05 10 uA
Forward Voltage (Ig = 10 mA) Vg - 1.2 15 Volts
Capacitance (Vg =0V, f = 1.0 MHz) C — 100 - pF
ISOLATION CHARACTERISTICS (Tp = 25°C)
Isolation Voltage (1) 60 Hz, AC Peak Viso 7500 - - Volts
isolation Resistance (V = 500 V) (1) - - 1011 - Ohms
Isolation Capacitance (V =0, f = 1.0 MHz) (1) - - 1.3 pF
DEVICE CHARACTERISTICS (T = 25°C)
Supply Current (Ig =0, Vee = 12 V) Icc 2.0 6.0 10 mA
Transfer Resistance — Gain (Vec =60V} GR - 100 - mV/mA
lsig = 1.0 mA p-p, Igjas = 12 mA (Vec=12V) 100 200 -
Output Voltage Swing — Single Ended (Vec=12V) Vo - 40 - Volts
Single-Ended Distortion (2) THD See Figure 2
Step Response t - 14 — us
DC Power Consumption (Ve =6.0V) P - 30 - mw
(Vee=12V) — 72 —
Bandwidth BW 100 250 = kHz
DC Output Voltage (I gp = 0}, Veg = 12V Vo 0.2 1.0 6.0 Volts

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

(2) Recommended If = 10 to 15 mA at Ve = 12 V.

FIGURE 2 — TYPICAL TOTAL HARMONIC DISTORTION

— T T T
L 10 uf
Spectrum

50} Analyzer
g
z MOC5010 2.2k
2 4,
= =
13 - =
Z 30
S //
Z
S 20
-4
<
k4

1.0

40 8.0 12 16 20 24
Lsignal PP (mA)

Typical totel harmonic distartian @ 25°C {for
units with gain of 200 mV/mA at Igj,s = 12 mA,
Ve =12 V, f= 50 kHz,Load = [See Insert] ).

NORMALIZED GAIN

FIGURE 3 — NORMALIZED FREQUENCY RESPONSE
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FIGURE 4 — TELEPHONE COUPLER APPLICATION
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MO0C8020
M0C8021

@ High Transfer Ratio
500% — MOC8020
1000% — MOC8021

V(BR)CEO = 50 Vdc (Min)
® High Isolation Voltage —
ViSO = 7500 Vac Peak

® Base Not Connected

® UL Recognized, File No. E54915
® Economical Dual-In-Line Package

® High Collector-Emitter Breakdown Voltage —

HIGH CTR DARLINGTON COUPLER
.. . Gallium Arsenide LED optically coupled to a Silicon Photo
Darlington Transistor designed for applications requiring electrical
isolation, high breakdown voltage, and high current transfer ratios.
Provides excellent performance in interfacing and coupling
systems, phase and feedback controls, solid state relays, and
general purpose switching circuits.

OPTO
COUPLER/ISOLATOR

DARLINGTON OUTPUT

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

L Rating [Symbol l Value 4L UnitJ
INFRARED-EMITTING DIODE
Reverse Voltage VR 3.0 Volts
Forward Current — Continuous g 50 mA
Forward Current — Peak I 3.0 Amp
Pulse Width = 300 us, 2.0% Duty Cycle
Total Power Dissipation @ T4 = 25°C Pp 150 mW
Negligible Power in Transistor
Derate above 25°C 2.0 mw/°C
PHOTO DARLINGTON TRANSISTOR
Collector-Emitter Voltage VCEO 50 Volts
Emitter-Collector Voltage VECO 5.0 Volts
Collector Current — Continuous Ic 150 mA
Total Power Dissipation @ Tp = 25°C Pp 150 mwW
Negligible Power in Diode 20 mw/°C
Derate above 25°C
TOTAL DEVICE
Total Device Dissipation @ Tp = 25°C Pp 250 mW
Equal Power Dissipation in Each Element
Derate above 25°C 3.3 mw/°C
Operating Junction Teémperature Range T -55 to +100 oc
Storage Temperature Range Tst -55 to +150 °c
Soldering Temperature (10's) — 260 Sc

FIGURE 1 — DEVICE SCHEMATIC

[=1 [2] [
P

V4

(]
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ﬁ— STYLE 3

PIN ANODE
. CATHODE
. NC

1.
2
3
4. EMITTER
5.
6

.

. COLLECTOR
. NC

-
X
Gal j':
K
gt T
NOTES:

P W -

o

. DIMENSIONS A AND 8 ARE DATUMS
T IS SEATING PLANE.

POSITIONAL TOLERANCES FOR LEADS
[bloo13 0os@[T [ A®B®
DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.

DIMENSIONING AND TOLERANCING PER
ANSI Y14.5,1973

TMILLIMETERS | INCHES
Lol N | MAx | MIN | maX
A 81 89| 0.320 | 0.350 |
8 61 60 0.240 | 0.260
C 1232 | 508 [0115] 0200
E_ 47 | 0.5/ 0016 | 0,020 |
F1 102 | 178 | 0040 0.070
G| 285A8SC 0,100 BSC
J | 020 1030 | 0008] 0012
K| 2.54 | 381 |0.100] 0.150
U] 7628SC | 0300BSC
M 00 |15 | 00 | 150
N 038 | 25 1001510100
P 127 | 203 ]0.050 [ 0080

CASE 730A-01




MOC8020, MOC8021

LED CHARACTERISTICS (T4 = 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current IR - 0.005 10 BA
(VR =3.0V)
Forward Voltage VE - 1.2 20 Volts
{Ig = 10 mA)
Capacitance C - 100 - pF

(VR =0V, f=1.0MHz)

PHOTO DARLINGTON CHARACTERISTICS (T = 25°C and I = 0, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Collector-Emitter Dark Current Iceo - 8.0 100 nA
(Vcg=10V)
Collector-Emitter Breakdown Voltage V(BR)CEO 50 60 - Volts
{Ic =1.0mA)
Emitter-Collector Breakdown Volitage V(BR)ECO 50 8.0 - Volts
(1g = 100 pA)
COUPLED CHARACTERISTICS (T 5 = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Coltector Output Current Ic mA
(VCE =5.0V, Ig = 10 mA) MQOC8020 50 90 -
MOC8021 100 150 —
Isolation Surge Voltage (1, 2), Vac 60 Hz Peak ac, 5 Second Viso 7500 — - Volts
Isolation Resistance (1) - - 1o - Obhms
{V =500 V)
Isotation Capacitance (1) - - 08 - pF

(V=0,f=10MHz)

SWITCHING CHARACTERISTICS

Turn-On Time (1 = 10 mA, Vcg = 50 V, Ry = 100 Q) ton - 13 — us

Turn-Off Time (Ig = 10 mA, Vcg =50 V, R = 100 Q) toff - 60 - Hs

{1) For this test LED pins 1 and 2 are common and Photo Transistor pins 4 and 5 are common.
(2) Isolation Surge Voltage, V|gQ. is an internal device dielectric breakdown rating.

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 3 — COLLECTOR CURRENT versus

FIGURE 2 — FORWARD CHARACTERISTICS COLLECTOR-EMITTER VOLTAGE (MOC8020)
100
100, .
w IE=15mA L
L o22 _ I 10 mA
€ < 80
Z 20 Z / L]
o & z 7
28 E 60 l //
2518 =1
o = o
] y 4 = %0
=216 = 4
Zo ‘/ o 40 5.0 mA
=5 7 o] I
2 14— L 2 30 /
=z » 3
¢ © 20
'z [ 10 /; 20mA
1 T o
’2 0 10 100 1.0k 02 04 06 08 10 12 14 15 18 20
if. INSTANTANEGUS FORWARD CURRENT (mA) VE. COLLECTOR-EMITTER VOLTAGE (VOLTS)
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M0C8030
@ MOTOROLA MOC8050

80-VOLT DARLINGTON COUPLER
. .. Gallium Arsenide LED optically coupled to a Silicon Photo

Darlington Transistor designed for applications requiring electrical OPTO

isolation, high breakdown voltage, and high current transfer ratios. COUPLER/ISOLATOR
Characterized for use as telephony relay drivers but provides excellent

performance in interfacing and coupling systems, phase and feedback DARLINGTON OUTPUT

controls, solid state relays, and general purpose switching circuits.
® High Transfer Ratio @ Qutput = 50 mA -

300% — MOC8030

500% — MOC8050
® High Collector-Emitter Breakdown Voltage —

V(BR)CEOQ = 80 Vdc (Min)
® High isolation Voltage —

V)50 = 7500 Vac Peak l 1 1
® Excellent Stability Over Temperature

Economical Dual-In-Line Package
® Base Not Connected

"MAXIMUM RATINGS (T = 25°C untess otherwise noted.)

_ _ & R A STYLE 3:
R. Symbol Val Unit
I ating 1 ym ] alue T ni ] —f PIN 1. :219:505

INFRARED-EMITTING DIODE NC

Somawm

Reverse Voltage VR 3.0 Volts C Egﬂlﬁ;oﬂ
Forward Current — Continuous I3 80 mA sIgrimK) _—L NC
Forward Current — Peak i3 3.0 Amp
Pulse Width = 300 us, 2.0% Duty Cycle
Total Power Dissipation @ T p = 25°C Pp 150 mw
Negligible Power in Transistor
Derate above 25°C 20 mw/°C
PHOTO DARLINGTON TRANSISTOR
Coltector-E mitter Voltage VCEO 80 Volts
Emitter-Collector Voltage VECO 5.0 Volts
Collector Current - Continuous Ic 150 mA
Total Power Dissipation @ Tp = 25°C Pp 150 mwW
Negligible Power in Diode 2.0 mw/°C

Derate above 25°C

NOTES:
. DIMENSIONS A AND B ARE DATUMS.

Total Device Dissipation @ Tp = 25°C Pp 250 mwW . -T ISSEATING PLANE.
Equal Power Dissipation in Each Element . POS{TIONAL TOLERANCES FOR LEADS:

Derate above 25°C 33 mw/°C [blpois 0@t [ Awk®

TOTAL DEVICE

w r

Operating Junction Temperature Range Ty ~65 to +100 °c 4. DIMENSION L TO CENTER OF LEADS
- L) WHEN FORMED PARALLEL.
Storage Temperature Range Tst. -55 to +150 C 5. DIMENSIONING AND TOLERANCING PER
Soldering Temperature (10 s) - 260 oc ANSI Y14.5,1373
FIGURE 1 — DEVICE SCHEMATIC IMILLIMETEBS INCHES
3 DIM| MIN | MAX | MIN [ 1
[+] [2] [+] o) b T
:] .60
.08
/ D .51
8
G 2.54 BSC
J 020 030
K, 254 | 38!
L] 7628SC |
M] 00 [ 150
N_ 038 | 284
P 127 | 203

u LiJ ‘i] CASE 730‘\-;1
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MOC8030, MOC8050

LED CHARACTERISTICS (T 5 = 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current IR - 0.005 10 HA
(VR =30V
Forward Voltage VE - 1.2 20 Volts
{Ig = 10 mA)
Capacitance C - 100 - pF
(VR =0V, f=1.0MHz)
PHOTO DARLINGTON CHARACTERISTICS (T4 = 25°C and If = 0, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Collector-Emitter Dark Current ICEO — 25 1000 nA
{(VcE =60 V)
Collector-Emitter Breakdown Voltage V(BR)CEO 80 95 - Volts
{Ic =1.0mA)
Emitter-Collector Breakdown Voltage V(BRIECO 5.0 80 — Volts
{1g = 100 uA)
COUPLED CHARACTERISTICS (T 5 = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Collector Output Current Ic mA
(Ve =15V, If = 10 mA) MOC8050 50 100 -
MOC8030 30 50 —
Isolation Surge Voltage (1, 2), Vac 60 Hz Peak ac, 5 Second Viso 7500 - — Volts
Isolation Resistance (1) - - 101 - Ohms
(V=500 V)
Isotation Capacitance (1} - - 08 - pF
{(V=0,f=1.0MHz)
SWITCHING CHARACTERISTICS
Turn-On Time (Ig = 10 mA, Vcg =60 V, Ry = 100 ©2) ton - 13 - us
Turn-Off Time (1g = 10 mA, Vg =50 V, Ry = 100 2} toff - 60 - us

(1) For this test LED pins 1 and 2 are common and Photo Transistor pins 4 and 5 are common.
(2) Isolation Surge Voltage, V|80, is an internal device dielectric breakdown rating.

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 2 — FORWARD CHARACTERISTICS

FIGURE 3 — COLLECTOR-EMITTER DARK CURRENT

versus TEMPERATURE
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MOC8030, MOC8050

TYPICAL ELECTRICAL CHARACTERISTICS

COLLECTOR CURRENT versus COLLECTOR-EMITTER VOLTAGE

FIGURE 4 - MOC8050 FIGURE 5 — MOC8030
100, v 80
Ig = 15mA -[
° : 10 mA 0
m.
Z 80 / - S —1
E E 60 1
= 70 [ ] = /
= 4 z
- [/ 2 5 — - }
= 60 l 3 10 mA
3 . 3 B B [ B
= 50 «
2 2
g 50mA ] S 30— — A B —
I E / /
g % / 3
S 20 — o 4 5.0 mA
10 / 2.0mA 10 /r 7,77"
2.0 mA
0! 0 -+
02 04 06 08 10 12 14 16 18 20 0 02 04 06 08 10 12 14 16 18 20
Vce COLLECTOR-EMITTER VOLTAGE (VOLTS) VCE, COLLECTOREMITTER VOLTAGE (VOLTS)
COLLECTOR CURRENT versus COLLECTOR-EMITTER VOLTAGE
(at 25° and 70°C)
FIGURE 6 — MOC8050 FIGURE 7 — MOC8030
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MOC8030, MOC8050

INTERFACING TTL OR CMOS LOGIC TO 50-VOLT, 1000-OHMS RELAY
FOR TELEPHONY APPLICATIONS

in order to interface positive logic to negative-powered electromechanical relays, a change in voltage
level and polarity plus electrical isolation are required. The MOC8050 can provide this interface and

eliminate the external amplifiers and voltage divider networks previously required. The circuit below

shows a typical approach for the interface.

Vbo
R TO 1
MOC8050
cmos TO 2 ' s
PRl
)
- —_l: Relay Ground
3 4
E 1000 2
-50 Vv
50 mA

1N4004
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@ MOTOROLA

MRD150

for Wide Application

® Economical Plastic Package

® Smali Size for High-Density Mounting

PLASTIC NPN SILICON PHOTO TRANSISTOR

e Sensitive Throughout Visible and Near Infrared Spectral Range

® Annular Passivated Structure for Stability and Reliability

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

® High Light Current Sensitivity {0.20 mA) for Design Flexibility

40 VOLT
MICRO-T
PHOTO TRANSISTOR
NPN SILICON

50 MILLIWATTS

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VcEO 40 Volts
Emitter-Collector Voltage VECO 6.0 Volts
Total Device Dissipation @ Ta = 25°C Pp 50 mwW
Derate above 25°C 0.67 mwW/°C
Operating and Storage Junction T(1), Tgeq| -40 to +1 00 °c
Temperature Range

{1) Heat Sink should be applied to leads during soldering to prevent Case

Temperature from exceeding 85°C.

FIGURE 1 ~ COLLECTOR-EMITTER SENSITIVITY

2.0

T TTTTTI
181 vec=20V
I coLOR TEMP = 2870%
1.6 TUNGSTEN SOURCE

14

1.0

08

0.6

0.4

1{. COLLECTOR LIGHT CURRENT (mA)

0.2

——

01 02 0.5

10

20 5.0

H, RADIATION FLUX DENSITY (mW/cm2)

10 20

T2 D
A 1(v 4 2JF |“L
L NI T
= K~ K-———
v fC
P :
|
F r—ﬂ—]
m
PIN 1. EMITTER
2.COLLECTOR
MILLIMETERS]  (NCHES
OM[IMIN [ MAX | MIN | MAX
A (198 | 234 |0.078 |0.092
C [ 122 | 147 [0.048 [0.058
D | 025 010 | 0,016
F 10 5 .004 | 0.006
H | 051 7 .020 | 0.030
K 406 | — 160 | —
M| 30 70 30 70

NOTE:
1. INDEX BUTTON ON PACKAGE

BOTTOM IS 0.25/0.57 mm (0.010/0.020)
DIA & 0.05/0.13 mm (0.002/0.005) OFF
SURFACE.

CASE 17301
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MRD150

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

Characteristic Fig. No. Symbol Min Typ Max Units
Collector Dark Current - ICEO uA
(Vce = 20 V; Base Open)
(Note 2) Ta = 26°C - - 0.10
Ta =85°C - 5.0 -
Collector-Emitter Breakdown Voltage - V(BR)CEO Volts
(I = 100 uA; Base Open; Note 2} 40 - -
Emitter-Collector Breakdown Voltage - V(BRIECO Volts
(Ig = 100 uA; Base Open; Note 2) 6.0 - -
OPTICAL CHARACTERISTICS (T = 25°C unless noted)
Characteristic Fig. No. Symbol Min Typ Max Units
Collector Light Current 1 [N mA
(Ve = 20 V; R = 100 ohms; Base Open) 0.20 0.45 -
(Note 1)
Photo Current Rise Time {Note 3) 2and 3 t - 25 - us
Photo Current Fall Time (Note 3) 2and3 1% -~ 4.0 - us
Wavelength of Maximum Sensitivity 9 As(typ) - 038 - psm

NOTES:

1. Radiation Flux Density (H) equal to 5.0 mW/cm2 emitted from

a tungsten source at a color temperature of 2870°K.
2. Measured under dark conditions. (H=0).

FIGURE 2 — PULSE RESPONSE TEST CIRCUIT

vee
Tqa v

he

N.C.
$———— 0
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3. For unsaturated response time measurements, radiation is
provided by a puised GaAs (gallium-arsenide) light-emitting
diode (A = 0.9 um) with a pulse width equal to or greater than
10 microseconds (see Figure 2 and Figure 3).

FIGURE 3 — PULSE RESPONSE TEST WAVEFORM
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MRD150

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 5 — COLLECTOR

FIGURE 4 — COLLECTOR-EMITTER CHARACTERISTICS SATURATION CHARACTERISTICS
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@ MOTOROLA

MRD160

PLASTIC NPN SILICON PHOTO TRANSISTOR

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

Economical Plastic Package

® Sensitive Throughout Visible and Near Infrared Spectral Range
for Wide Application

Small Size for High-Density Mounting

High Light Current Sensitivity (0.50 mA) for Design Flexibility
Annular Passivated Structure for Stability and Reliability
Complement to MLED60/90 LEDs

40 VOLT
PHOTO TRANSISTOR
NPN SILICON

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Volts
Emitter-Collector Voltage VECO 6.0 Volts
Total Device Dissipation @ Tp = 25°C Po 100 mw
Derate abave 25°C 13 mw/°C
Operating and Storage Junction Ty(1).Tstg| ~40 to +85 °c
Temperature Range

(1) Heat Sink should be applied to leads during soldering to prevent Case
Temperature from exceeding 85°C.

€
FIGURE 1 — NORMALIZED LIGHT CURRENT versus
RADIATION FLUX DENSITY

NE 10 B — —
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23 20 A A
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H, RADIATION FLUX DENSITY (mW/cm2)
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F J
_ﬂ e
STYLE 2:

PIN 1. ANODE
2. CATHODE

MILLIMETERS INCHES
MIN | MAX | MIN | MAX

34| 258 | 0.092 ] 0.102
1] 2.36 | 0.083 | 0.09
39 | 264 [ 0.094 ] 0.104
64 | 0.74] 0025 | 0029

=
=

HEIRIE IR RS
|

0465 | 056 | 0.018 | 0022
57| 1.83 [ 0.062] 0072

0.20 | 0.30 | 0.008 | 0012

965 ] - |0380] -

90 [ 710 | 90 | o
CASE 234.04

3-66




MRD160

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

Characteristic Fig. No. Symbol Min Typ Max Units
Collector Dark Current - ICEO BA
(Ve = 20 V: Note 2)
Ta = 25°C - - 0.10
Ta =85°C - 5.0 -
Collector-Emitter Breakdown Voltage - V(BRICEO Volts
(Ic = 100 uA; Note 2) 40 - -
Emitter-Collector Breakdown Voltage - V(BRIECO Volts
(Ig = 100 uA; Note 2) 6.0 — -
OPTICAL CHARACTERISTICS (T A = 25°C unless noted)
Characteristic Fig. No. Symbol Min Typ Max Units
Collector Light Current 1 ' mA
(Vee = 20 V; R = 100 ohms; Note 1) 0.50 1.5 -
Photo Current Rise Time (Note 3) 2and3 ty - 25 - us
Photo Current Fall Time (Note 3) 2and3 5 - 4.0 -
NOTES:

1. Radiation Flux Density (H) equal to 5.0 mW/cm2 emitted from
a tungsten source at a color temperature of 2870 °K.

2. Measured under dark conditions. (H=.0).

FIGURE 2 — PULSE RESPONSE TEST CIRCUIT
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3. For unsaturated response time measurements, radiation is
provided by a pulsed GaAs (gallium-arsenide) light-emitting
diode (A = 0.9 um) with a pulse width equal to or greater than
10 microseconds (see Figure 2 and Figure 3).

FIGURE 3 ~ PULSE RESPONSE TEST WAVEFORM




MRD160

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 4 — CONTINUOUS LIGHT CURRENT versus DISTANCE
10

FIGURE 5 — PULSED LIGHT CURRENT versus DISTANCE
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MRD300
MRD310

NPN SILICON HIGH SENSITIVITY
PHOTO TRANSISTOR

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

@ Popular TO-18 Type Package for Easy Handling and Mounting
® Sensitive Throughout Visible and Near Infrared Spectral Range

for Wider Application

® Minimum Light Current 4 mA at H = 5 mW/cm2 (MRD300)
® External Base for Added Control
® Annular Passivated Structure for Stability and Reliability

50 VOLT
PHOTO TRANSISTOR
NPN SILICON

250 MILLIWATTS

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

Rating (Note 1) Symbol Value Unit
Collector-Emitter Voltage VCEO 50 Volts
Emitter-Collector Voltage VECO 7.0 Volts
Collector-Base Voltage VcBo 80 Volts
Total Device Dissipation @ T = 25°C Pp 250 mwW

Derate above 25°C 1.43 mwW/°C
Operating Junction and Storage TiTsag -65to +200 oc
Temperature Range

FIGURE 1 — LIGHT CURRENT versus IRRADIANCE
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3. COLLECTOR

W
4
NOTES:
1. LEADS WITHIN .13 mm (.005) RADIUS
OF TRUE POSITION AT SEATING
PLANE, AT MAXIMUM MATERIAL

CONDITION.
2. PIN 3INTERNALLY CONNECTED TO
CASE.
MIt LIMETERS INCHES
OIM[ MIN ] mAX MIN | MAX
A 6.31 | 5.84 | 0.209 | 0.230
B 4521495 | 01781 0.135
C 457] 648 | 0.180 | 0.255
D 041048 | 0.016 | 0.019
- 1 1e - 0.045
G 254 BSC 0.100 BSC
H 0.99 T7.17 | 0.039 [ 0.046
J 084 122 }0.033 | 0.048
K J1270 | - 0.500 -
L 335 (401 §0.132] 0.158
M 459 8SC 459 BSC

CASE 82-05
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MRD300, MRD310

STATIC ELECTRICAL CHARACTERISTICS (Tp = 259C unless otherwise noted)

1.

2.

3.

Radiation flux density (H) equal to 5.0 mW/cm?2 emitted from
a tungsten source at a color temperature of 2870°K.

Radiation flux density (H) equal to 0.5 mW/cm?2 (pulsed) from
a GaAs (gallium-arsenide) source at A=x20.9 um.

For ated resp time r is pro-
vided by pulsed GaAs (gallium-arsenide) light-emitting diode
(A = 0.9 um) with a pulse width equal to or greaster than 10
microseconds (see Figure 6) || = 1.0 mA pesk.

3-70

Characteristic Symbol Min Typ Max Unit
Collector Dark Current ICEO
(Vec =20V, H=0) Tp = 25°C - 5.0 25 na
Ta = 100°C - 40 - uA
Collector-Base Breakdown Voltage V(BR)CBO 120 - Volts
(Ic = 100 uA)
Collector-Emitter Breakdown Voltage V(BRICEQ 50 85 - Valts
(ig = 100 A}
Emitter-Collector Breakdown Voltage V(BRIECO 7.0 8.5 - Volts
(Ig = 100 uA)
OPTICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Device
Characteristic Type Symbol Min Typ Max Unit
Light Current I mA
{Vce =20 V, R = 100 ohms) Note 1 MRD 300 4.0 8.0 -
MRD310 1.0 3.5 -
Light Current
(Vge = 20 V, R = 100 ohms) Note 2 I mA
MRD 300 - 25 -
MRD310 - 08 -
Photo Current Rise Time (Note 3) (R = 100 ohms tr - 2.0 25 us
I = 1.0 mA peak)
Photo Current Fall Time (Note 3) (R_ = 100 ohms t¢ - 25 4.0 us
1L = 1.0 mA peak)
NOTES:




MRD300, MRD310

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 2 — COLLECTOR-EMITTER FIGURE 3 — NORMALIZED LIGHT CURRENT
SATURATION CHARACTERISTIC versus TEMPERATURE
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MRD300, MRD310

RELATIVE RESPONSE (%)

FIGURE 8 — CONSTANT ENERGY SPECTRAL RESPONSE
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FIGURE 9 — ANGULAR RESPONSE
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MRD360
MRD370

NPN SILICON HIGH SENSITIVITY
PHOTO DARLINGTON TRANSISTORS

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

® Popular TO-18 Type Hermetic Package for Easy Handling and

Mou

nting

® Sensitive Throughout Visible and Near Infrared Spectral Range
for Wider Application

e Minimum Light Current 12 mA at H = 0.5 mW/cm2 (MRD360)

o External Base for Added Control

® Switching Times —
tr @ 1 = 1.0 mA peak = 15 us (Typ) — MRD370
tf @ 1= 1.0 mA peak = 25 us (Typ) — MRD370

PHOTO DARLINGTON
TRANSISTORS
NPN SILICON

40 VOLTS
250 MILLIWATTS

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

Rating (Note 1) Symbol Value Unit
Coliector-Emitter Voltage VCEO 40 Volts
Emitter-Base Voltage VEBO 10 Volts
Collector-Base Vol tage Veso 50 Volts
Light Current I} 250 mA
Total Device Dissipation @ T = 25°9C Pp 250 mwW

Derate above 25°C 1.43 mw/°C
Operating and Storage Junction T).Tstg |65 to +200 oc
Temperature Range

IL, LIGHT CURRENT (mA)

100p-

FIGURE 1 — LIGHT CURRENT versus IRRADIANCE
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M <\> )
NOTES:

1. LEADS WITHIN .13 mm (.005) RADIUS
OF TRUE POSITION AT SEATING
PLANE, AT MAXIMUM MATERIAL
CONDITION.

2. PIN 3 INTERNALLY CONNECTED TO
CASE.

MILLIMETERS] INCHES
DIM[ MIN | MAX
A 631584
452495
457 648
041

CASE 82-05
TO-18 Type
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MRD360, MRD370

STATIC ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.}

Characteristic Symbol Min Typ Max Unit
Coltector Dark Current ICEO - 10 100 nA
(Vee =10V, H=0) Tp=25°C
Collector-Base Breakdown Voltage V(BR)CBO 50 100 - Volts
(Ic = 100 pA)
Cotlector-Emitter Breakdown Voltage V(BR)CEO 40 80 - Volts
(Ig = 100 uA)
Emitter-Base Breakdown Voltage V(BR)EBO 10 155 - Voits
(1g = 100 wA)
OPTICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
Characteristic Device Type | Symbot Min Typ Max Unit
Light Current ' mA
Vce = 5.0V, R = 10 Ohms (Note 1) MRD360 12 20 -
MROD370 3.0 10 -
Collector-Emitter Saturation Voltage VCE(sat) 0.6 1.0 Volts
(1_ = 10 mA, H = 2 mW/cm? at 2870°K) -
Photo Current Rise Time (Note 2) (R = 100 ohms MRD360 t - 15 100 us
{L = 1.0 mA peak} MRD370 - 15 100
Photo Current Fall Time (Note 2) (R = 100 ohms MRD360 tf - 65 150 us
I = 1.0 mA peak} MRD370 - 40 150

NOTES:

1. Radiation flux density (H) equal to 0.5 mW/cm2 emitted tfrom

a tungsten source at a color temperature of 2780°K.

2. For unsaturated response time measurements, radiation is pro-
vided by puised GaAs (gallium-arsenide} light-emitting diode
(A = 0.9 um) with a pulse width equal to or greater than 500

microseconds (see Figure 6) I|_ = 1.0 mA peak.
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MRD360, MRD370

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 2 —~ COLLECTOR-EMITTER

SATURATION CHARACTERISTIC FIGURE 3 — COLLECTOR CHARACTERISTICS
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MRD360, MRD370

RELATIVE RESPONSE (%)

FIGURE 7 — CONSTANT ENERGY SPECTRAL RESPONSE
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FIGURE 8 — ANGULAR RESPONSE
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MRD450

® Economical Plastic Package

for Wide Application

PLASTIC NPN SILICON PHOTO TRANSISTOR

* Minimum Sensitivity (0.2 mA/mW/cm?2) for Design Flexibility
® Unique Molded Lens for High, Uniform Sensitivity
® Annular Passivated Structure for Stability and Reliability

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

® Sensitive Throughout Visible and Near Infrared Spectral Range

40 VOLT
PHOTO TRANSISTOR
NPN SILICON

100 MILLIWATTS

MAXIMUM RATINGS

Rating (Note 1) Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Volts
Emitter-Collector Voltage VECO 6.0 Volts
Total Device Dissipation @ Tp = 25°C Pp 100 mwW

Derate above 25°C 1.3 mwW/°C
Operating Junction Temperature Range Tyn -40 10 +85 °C
Li\orage Temperature Range Tstg -40 to +85 °C

(1) Heat Sink should be applied to leads during scldering to prevent Case Temperature from

exceeding 85°C

FIGURE 1 — COLLECTOR-EMITTER SENSITIVITY
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N
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 N—
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NOTE
1. LEAD IDENTIFICATION: SQUARE
BONDING PAD OVER PIN 2.

MILLIMETERS|  INCHES
DIM| MIN | MAX | MIN | MAX
A | 356 | 406 | 0.140| 0.160
57 | 5. 180 { 0210
D | 0.46 | 0. 018 | 0.024
23 | 0.28 | 0.009] 0.011
H | 1.02 | 127 | 0.040] 0.050
K | 635 | - 0250 -
L | 033 | 048 | 0013] 0019
[ 13INOM | 0.075NOM
CASE 171-02
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MRD450

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

Characteristic Symbot Min Typ Max Unit
Collector Dark Current Iceo uA
{Vece =20V, Note 2)
Ta = 25°C - - 0.10
Ta =85°C - 5.0 -
Collector-Emitter Breakdown Voltage V(BRICEO Volts
{Ic = 100 uA; Note 2) 40 -
Emitter-Collector Breakdown Voltage V{(BR)ECO Volts
{Ig = 100 uA; Note 2) 6.0 - -
OFTICAL CHARACTERISTICS (T a = 25°C unless otherwise noted)
Characteristic Fig. No. Symbol Min Typ Max Unit
Collector-Emitter Radiation Sensitivity 1 SRCEO mA/mW/cm?2
(Vce =20V, R = 100 ohms, Note 1) 0.2 08 -
Photo Current Rise Time (Note 3) 2and 3 [ - - 25 us
Photo Current Fall Time {Note 3) 2and 3 t - 4.0 us
Wavelength of Maximum Sensitivity 9 As - 08 - Mum

NOTES:

1. Radiation Flux Density (H) egual to 5.0 mW/cm2 emitted from

a tungsten source at a color temperature of 2870°K.
2. Measured under dark conditions. (Hx0).

FIGURE 2 — PULSE RESPONSE TEST CIRCUIT
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3. For unsaturated response time measurements, radiation is
provided by a pulsed GaAs {gallium-arsenide) light-emitting
diode (A 0.9 um) with a pulse width equal to or greater than

10 microseconds (see Figure 2 and Figure 3).

FIGURE 3 — PULSE RESPONSE TEST WAVEFORM
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MRD450

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 4 — COLLECTOR-EMITTER CHARACTERISTICS FIGURE 5 — COLLECTOR SATURATION
CHARACTERISTICS
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@ MOTOROLA

MRD500
MRD510

PIN SILICON PHOTO DIODE

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

® Ultra Fast Response — (<1.0 ns Typ)
MRDS50C (1.2 uA/mW/cm2 Min)
MRD510 (0.3 uA/mW/cm2 Min}

@ Available With Convex Lens (MRD500) or Flat Glass {MRDS510) for
Design Flexibility

® High Sensitivity —

® Popular TO-18 Type Package for Easy Handling and Mounting

Sensitive Throughout Visible and Near Infrared Spectral Range
for Wide Application

® Annular Passivated Structure for Stability and Reliability

PHOTO DIODE
PIN SILICON

100 VOLTS
100 MILLIWATTS

MRD500 MRD510
(CONVEX LENS), (FLAT GLASS)
CASE 209-01 CASE 210-01

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

Rating Symbol Value Unit
Reverse Voitage VR 100 Volts
Total Device Dissipation @ T p = 260C Pp 100 mwW
Derate above 25°C 057 mwW/°C
Operating and Storage Junction TJ:Tstg -65 to +200 °c
Temperature Range

FIGURE 1 — TYPICAL OPERATING CIRCUIT

+V

Vsignal

NOTES
1 PIN 2 INTERNALLY CONNECTED
TO CASE
2 LEADSWITHIN 0 13 mm (0.005)
AAOIUS OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION

—— X ) -]

SEATnG MILLIMETERS]  INCHE
PLANE M [ Win WiN | WAX
3 . ¥
52 178 0,19
.08 ¥ .
a0, 1 1
St 102 Too20 70
61 2548C | 0t
[ W [ 08T 117 [0
084 [ 1.22 [ 0,033 ] 0
270] - |0 -
3351401 013
M| aso8sC | 2
STYLE
PIN T ANODE

PIN 2 CATHOOE

CASE 209-01

‘:l NOTES
e | PIN 2INTERNALLY CONNECTED
il T0 CASE
T 2 LEADSWITHIN 013 (0.005)
| c AADIUS OF TRUE POSITION
. AT SEATING PLANE AT MAXIMUM
4% MATERIAL CONDITION
x

SEATING
PLANE

EIKI"EHHS INCHES
Dim (1 MAX

531 ] ssa [ 0208 | 0230
[} 455 178 | 0.195
l.5; 533 ] 0.180 [ 0.210
[IANY] il 1I
2.54 8SC 0.1

099 | 117 [ 0.039 | 0.048
0. 122 1 0. 7]

12.% - . =
4 4

STYLE !
PIN 1. ANODE
2 CATHODE
CASE 210-01
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MRD500, MRD510

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

Characteristic Fig. No. Symbol Min Typ Max Unit
Dark Current Ip nA
(VR = 20 V, R = 1.0 megohm; Note 2)
Ta = 25°C - - 2.0
4and5
Ta = 100°C en - 14 -
Reverse Breakdown Voltage - V(BRIR 100 300 - Volts
{IR = 10 A)
Forward Voltage - Vg - 0.82 1.1 Volts
(1 =50 mA)
Series Resistance - Rs - 1.2 10 ohms
(Ilg = 50 mA)
Total Capacitance 6 Ct - 25 4 pF
(VR =20V;f=10MHz}
OPTICAL CHARACTERISTICS (T = 25°C)
Characteristic Fig. No. Symbol Min Typ Max Unit
Radiation Sensitivity SR wA/mW/cm?2
(Vg =20V, Note 1) MRD500 2and 1.2 30 -
MRD510 and 3 03 0.42 -
Sensitivity at 0.8 um S(A = 0.8 um) uA/mW/em?2
(VR =20V, Note 3) MRDS00 - - 6.6 -
MRD510 - 1.5 -
Response Time - Yresp) 1.0 ns
(VR = 20 V, R_ = 50 ohms) —
Wavelength of Peak Spectral Response 7 Ag - 08 - um
NOTES:

1. Radiation Flux Density (H) equal to 5.0 mW/cm?2 emitted from

a tungsten source at a color temperature of 2870°K.

2. Measured under dark conditions. (H==0).

3. Radiation Flux Density (H) equal to 0.5 mW/cm?2 at 0.8 um,
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MRD500, MRD510

fL, LIGHT CURRENT (uA)
=

FIGURE 2 - IRRADIATED VOLTAGE — CURRENT

TYPICAL ELECTRICAL CHARACTERISTICS

CHARACTERISTIC FOR MRD500

100 . . :
1= H = 20 W/em?
50 ——
. 10 .
1
L : l s
j | 50 | : |
T T T | A 1
0 L ; 1 ! i
1 T ‘L —
20— !
5.0 ; ! : +
] 1.0
! |
o
20 [ 0.5
T
10 |
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60 10 80 90

VR. REVERSE VOLTAGE (VOLTS)

FIGURE 4 — DARK CURRENT versus TEMPERATURE
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50 7%
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FIGURE 6 — CAPACITANCE versus VOLTAGE
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FIGURE 3 — IRRADIATED VOLTAGE — CURRENT
CHARACTERISTIC FOR MRD 510
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FIGURE 5 — DARK CURRENT versus REVERSE VOLTAGE
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MOTOROLA

MRD3010
MRD3011

250 V NPN SILICON PHOTO TRIAC DRIVER

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

® Hermetic Package at Economy Prices

® Popular TO-18 Type Package for Easy Handling and Mounting

® High Trigger Sensitivity

HET = 0.5 mW/cm?2 (Typ-MRD3011)

OPTICALLY TRIGGERED
TRIAC DRIVER

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

Rating Symbol Value Unit

Off-State Output Terminal Volitage VDRM 250 Volts
On-State RMS Current Ta = 259C | IT(RMS) 100 mA

(Full Cycle, 50 to 60 Hz) Ta = 70°C 50 mA
Peak Nonrepetitive Surge Current ITsm 12 A

(PW =10 ms, DC = 10%)
Total Power Dissipation @ Tp = 25°C Pp 400 mwW

Derate above 25°C 228 mw/°C
Operating Ambient Temperature Range TA -40 to +70 oc
Junction Temperature Range Ty ~40 to +100 oc
Storage Temperature Range Tstg -40 to +150 oc
Soldering Temperature (10 s) - 260 Sc

\\
Y&

O MAIN TERMINAL 1

e MAIN TERMINAL 2

SEATING
PLANE /

STYLE3:
PIN 1. MAIN TERMINAL
2. MAIN TERMINAL
3. SUBSTRATE
{do not connect)
NOTES:

1. LEADS WITHIN .13 mm (.005) RADIUS
OF TRUE POSITION AT SEATING
PLANE, AT MAXIMUM MATERIAL
CONDITION.

2. PIN 3INTERNALLY CONNECTED TO
CASE.

MILLIMETERS]  INCHES
OIM["MiN [ max | MIN | max

A_] 531|588 | 0.230
95 0.195

0.255

48 0.019

— i [ - oms
754BSC | 0.1008SC

99 [ 1.17 | 0039 | 0.046
84 [ 122 ] 0033 0.048

_|1270] - 500 |
L .35 [ 401 | 0.132 [ 0.158
M | 450 esC 45

CASE 82-05
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MRD3010, MRD3011

dv/dt, STATIC (V/ps)

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

Characteristic Symbol Min Typ Max l Unit I
DETECTOR CHARACTERISTICS (I¢ = 0 untess otherwise noted)
Peak Blocking Current, Either Direction IDRM - 10 100 nA
(Rated VprMm. Note 1)
Peak On-State Voltage, Either Direction VTm - 25 3.0 Velts
{ITpm = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage, Figure 3 dv/dt - 2.0 - V/us
Critical Rate of Rise of Commutation Voltage, Figure 3 dv/dt - 0.18 - V/us
(l10ad = 15 mA)
OPTICAL CHARACTERISTICS
Maximum Irradiance Level Required to Latch Output
(Main Terminal Voltage 3.0 V, R =150 ) MRD3010 HeT 1.0 5.0 mW/em?2
Color Temperature = 2870°K MRD3011 - 05 20
Holding Current, Either Direction 17} - 100 - uA
Initiating Flux Density = 5.0 mW/cm?2
NOTE 1. Test voitage must be applied within dv/dt rating.
FIGURE 1 — ON-STATE.CHARACTERISTICS FIGURE 2 — dv/dt TEST CIRCUIT
+800 |
T =
- QOutput Pulse Width = 80 us vVee
_ H = 5 mWcm? @ 28700K
<
£ 400} ! " 60 Hz
= ~ R MRD .
= Ta - 250C " . 3011 Vin
= / e
< MLED R
3 930 L
p
/|
2
% 400
2
£ P 45V 10k
. 2N3904
-800 \; | j ov
-14 -12 -10-80 -60-40-20 0 20 40 60 80 W0 12 14 Commutating l Static.l
dv/dt dv/dt
V. ON-STATE VOLTAGE (VOLTS) avidt- 891 Vi, —
FIGURE 3 — dv/dt versus LOAD RESISTANCE FIGURE 4 — dv/dt versus TEMPERATURE
24 024 2% T T T T T 024
e Static dv/dt
T = ~— — Commutating dv/dt ’
20 Static 020 2.0 Circuit in Figure 2 1020
g 3 0.16
Vin =30 V RMS F 28T AN
16 L 016 o = P
Test Circuit in Figure 2 o o
| E— Rp=2ka_|™= 0.12
2 22k ~ ] )
[ — <5 | -
12 L] 02 o I ~ 1=
Commutating L~ é‘ § 08 - N - 008
/ A S S O Il
< [~
08 // MWEE o4 e
vV
0.4 0.04 0 0
0 04 0.8 12 16 20 25 30 40 50 60 70 80 90 100

Ry, LOAD RESISTANCE (k:2)
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MRD3010, MRD3011

FIGURE 5 — COMMUTATING dv/dt versus FREQUENCY FIGURE 6 — MAXIMUM NONREPETITIVE SURGE CURRENT
1000 T o o 0 5 e o e e e
5 S SRR IO S R
) e Test Circuit in Figure 2 E 2 o—r "i 3 -
Z ' dv/dt= 8.9 Vit z 5.0 mW/em? @ 28709K
= Rp=1ke us
@ 100 N ]
2 . =
S 320 n
> T
g N g i ——
=] 2 [
£ £ ~H—
e w 10
> N
3
L3 T
il
10 0 i
10 100 1000 10,000 0.01 0.1 10 10 100
f, MAXIMUM OPERATING FREQUENCY (Hz) PW, PULSE WIDTH (ms)
RESISTIVE LOAD INDUCTIVE LOAD
R z.
1 390
\ 120 v 1 180 R
\ 60 Hz \:\
;J: (3]
2 ¢
-&- -0

TRIAC IgT < 15 mA
R=24k
C1=0.1uF

TRIAC IgT > 15 mA
R=1.2kQ
C1=0.2uF
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MOTOROLA

MRD3050,MRD3051,
MRD3054,
MRD3055,MRD3056

NPN SILICON PHOTO TRANSISTORS

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

® Hermetic Package at Economy Prices

® Popular TO-18 Type Package for Easy Handling and Mounting

® Sensitive Throughout Visible and Near Infrared Spectral Range
for Wider Application

® Range of Radiation Sensitivities for Design Flexibility
® External Base for Added Control
® Annular Passivated Structure for Stability and Reliability

30 VOLT
PHOTO TRANSISTORS
NPN SILICON

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

Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 30 Volts
Emitter-Collector Voltage VECO 5.0 Volts
Collector-Base Voltage VcBo 40 Volts
Total Power Dissipation @ T 4 = 25°C Po 400 mw
Derate above 25°C 2.28 mw/°c
Operating and Storage Junction Ty Tstg -65 to +200 °c
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RgJA 438 ocw
30 T
M Tea T
< SOURCE TEMP = 2870°K
£ 24}——TUNGSTEN SOURCE
= TYPICAL CURVE FOR MRD3056
w2
«
3.
=
3 15
b
o« 12
(=]
S 90
pre}
b=
2 60
S
=30
0 0 20 40 6.0 80 0 12 14 16 18 20

H, RAQIATION FLUX DENSITY (mW/cm2)
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PLANE

1

SEATING T

K

STYLE 1 l
e

PIN 1. EMITTER
2. BASE

3. COLLECTOR

NOTES:

1. LEADS WITHIN .13 mm (.005) RADIUS
OF TRUE POSITION AT SEATING
PLANE, AT MAXIMUM MATERIAL
CONDITION.

2. PIN 3INTERNALLY CONNECTED TO
CASE.

MILUMETERS] _INCHES
DIM"MIN [max | min [ max
A | 531 (584 | 02090230

0.195

452495 [0.178




MRD3050, MRD3051, MRD3054, MRD3055, MRD3056

STATIC ELECTRICAL CHARACTERISTICS (T 5 = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Collector Dark Current IcEO uA
(Vg =20V, R = 1.0 Megohm, Note 2) Tp = 25°C - 0.02 0.1
Ta =85°C - 5.0 -
Collector-Base Breakdown Voltage V{(BR)CBO 40 100 - Volts
(Ic = 100 uA)
Collector-Emitter Breakdown Voltage V(BR)CEO 30 75 - Voits
{Ic = 100 uA)
Emitter-Collector Breakdown Voltage V(BR)ECO 5.0 8.0 - Volts

{ig = 100 uA)

OPTICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic Fig. No. Symbot Min Typ Max Unit
Collector-Light Current 1 n mA
(Veec =20V, R =100 ohms, Note 1) MRD3050 0.1 - -
MRD3051 0.2 — —
MRD3054 05 - -
MRD3055 1.5 - -
MRD3056 20 8.0 -
Photo Current Saturated Rise Time (Note 3) 4 r(sat) - 1.0 - us
Photo Current Saturated Fall Time (Note 3) 4 t(sat} - 1.0 - us
Photo Current Rise Time (Note 4) 4 ty - 2.0 - us
Photo Current Fall Time (Note 4) 4 t - 25 - us
Wavelength of Maximum Sensitivity - As - 08 - um

NOTES: approximately 1.0 microsecond (see Figure 4).

1. Radiation flux density (H) equal to 5.0 mW/cm?2 emitted from
a tungsten source at a color temperature of 2870°K.

2. Measured under dark conditions. (H==0).

3. For saturated switching time measurements, radiation is pro-
vided by a pulsed xenon arc lamp with a pulse width of

4. For unsaturated switching time measurements, radiation is pro-
vided by a pulsed GaAs (gallium-arsenide) light-emitting diode
(¥=0.9 um} with a pulse width equal to or greater than 10 micro-
seconds {see Figure 4).
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MRD3050, MRD3051, MRD3054, MRD3055, MRD3056

Ic. COLLECTOR CURRENT (mA)

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 2 — COLLECTOR EMITTER

CHARACTERISTICS — MRD3056

FIGURE 3 - PHOTO CURRENT verus TEMPERATURE

2 SOURCE TEMP = 28700 0
= 28700K
- =250 =
18[~ TUNGSTEN SOURCE NORMALIZED TO T = 250C V(':‘c v
1 - OTE 1 _
Het10mWem2 | | 2 s -
14 3 - "
|
» — I S COLLECTOREMITTER |-~
ol s == —
10 210 -
80 { 50 =) _|-- COLLECTOR-BASE
: I S, N -
50 — 3 —
Z 05
40 I 2.0 2
T
2. 1.0
0 | 0
0 5.0 10 15 20 25 -50 2 0 2% 50 75 100

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

N.C.

i=1.0mA
PEAK ‘

TA. AMBIENT TEMPERATURE (°€)

FIGURE 4 — PULSE RESPONSE TEST CIRCUIT AND WAVEFORM
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FIGURE 5 — DARK CURRENT versus TEMPERATURE
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MRD3050, MRD3051, MRD3054, MRD3055, MRD3056

100 mH
RFC

§-25 Vv

1.2k

—*{l|1|r—1

a1
MRD3050/MRD3056

TYPICAL CIRCUIT APPLICATIONS
(Extracted from Motoroia Application Note AN-508, “Applications of Phototransistors in Electro-Optic Systems”)

FIGURE 6 — STROBEFLASH SLAVE ADAPTER

INPUT TO STROBE
FLASH UNIT

Q2
2N5064

FIGURE 7 — LIGHT OPERATED SCR ALARM USING
SENSITIVE-GATE SCR

YHOV

v
Atarm
>
18k
2N5060
st
MRD
3050 10k

FIGURE 8 — CIRCUIT DIAGRAM OF VOLTAGE REGULATOR FOR PROJECTION LAMP.

80 Vims
*0.5%

Input
106 10
180 vac 115V
now
O

Q1and Q2: MPSE516
Q3: MRD3054
1N4004
(4) R3 Qutput Adj.
Potentiometer RS
15k (Range 50-80 V) 15k/2W
ar
—— - [ RG
S 2.0k
82
03
a2 3 N
4870 SCR
B1 2N4444*
R2 R4 ¢ 0.1uF
33KTW 2k T 100y

*2N 4444 10 be used with a heat sink.
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@ MOTOROLA

OPTO

COUPLERS/ISOLATORS

PHOTOTRANSISTOR AND PHOTODARLINGTON
OPTO COUPLERS

Extensive series of popular industry couplers in the standard
dual-in-line plastic package.

® High Isolation Voltage — 7500 V
All Motorola couplers are specified at 7500 V ac peak (5
seconds). This usually exceeds the originator’s specification.

® Specifications Correspond to Originator’s Specifications
All parameters other than isolation voitages are tested to the
originator’s specifications (both condition and limits), including
parameters which may not be shown on this data sheet.

® UL Recognition, File No. E54915
All Motorola devices shown here are UL Recognized.

Transistor Couplers
H11A1,2,3,4,5
H11A520, 550, 5100
IL1, 12,15, 74
MCT2, 2E, 26
MCT271, 272, 273
MCT274, 275, 277
TIL111,112,114, 1156
TIL116,117
TIL124, 125,126
TIL153, 154, 155

Darlington Couplers
H11B1, 2, 3, 255
MCA230, 231, 255
TiIL113,119, 127, 128
TIL156, 157

TIL119, 128,157 ONLY ALL OTHERS
GEONC B STYLE 3: STYLE 1:
1 PIN 1. ANODE PIN 1. ANODE
8 2. CATHODE 2. CATHODE
3. NC 3. NC
O | 4. EMITTER 4. EMITTER
RV — 5. COLLECTOR 5. COLLECTOR
L 6. NC 6. BASE
F
A
P !
el 1D N ‘
INCHES
T Y MIN_| MAX
N PN llo Al 8138 320 | 0.350
10 | 660 | 0.260 ] 0.260
115 | 0.200
0 076 | 0.020
; 040 | 0,070
NOTES: 040 1 0.
1. DIMENSIONS A AND B ARE DATUMS 5 _ZABSC 0.100BSC_|
J 1070 [ 030 | 0008 | 0.012
2 T ISSEATING PLANE. T 25 380100 0 150
3. POSITIONAL TOLERANCES FOR LEADS: CL T Te0se 0.300 65C
[6[@013 005@]T [ ABE®) Ml 00 [ 150 | go | 150
— N 038 | 25 | 001510100
4. DIMENSION L TO CENTER OF LEADS P 127 | 203 | 0050 0.080

WHEN FORMED PARALLEL.
DIMENSIONING AND TOLERANCING PER
ANSI Y14.5,1973.

o

CASE 730A-01

PLASTIC PACKAGE

CASE 730A-01
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OPTO COUPLERS ISOLATORS

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

Collector-
Current Collector Emitter LED

PARAMETER Transfer Isolation Saturation Dark Breakdown Forward

Ratio Voltage (1) Voltage Current Voltage Voltage

TEST F=0 'F=0
CONDITION Ig and Vg as shown | Input to Output | If and Ic as shown | VCE as shown | IC as shown | I as shown
SYMBOL CTR Viso VCE(SAT) ‘ceo V(BRICEO VE
% Volts Peak Volts nA Voits Volts

If Vce If Ic VCE If
Device Type Min mA Volts Min Max | mA mA Max | Volts Min Ic Max | mA
H11A1 50 10 10 7500 0.4 10 05 50 10 30 10 1.5 10
H11A2 20 10 10 7500 04 10 05 50 10 30 10 15 10
H11A3 20 10 10 7500 04 10 0.5 50 10 30 10 15 10
H11A4 10 10 10 7500 04 10 0.5 50 10 30 10 1.5 10
H11A5 30 10 10 7500 04 10 0.5 100 10 30 10 1.7 10
H11A520 20 10 10 7500 0.4 20 20 50 10 30 10 15 10
H11A550 50 10 10 7500 04 20 20 50 10 30 10 16 10
H11A5100 100 10 10 7500 04 20 20 50 10 30 10 1.5 10
H11B1* 500 10 50 7500 1.0 1.0 1.0 100 10 25 10 15 10
H1182* 200 | 10 5.0 7500 10| 10| 10 | 100 10 25 10 | 15 | 10
H1183* 100 | 10 5.0 7500 10| 10| 10 | 100 10 25 o [ 15 | s0
H11B265* 100 10 5.0 7500 — — — 100 10 55 0.1 156 20
iL1 20 10 10 7500 05 16 1.6 50 10 30 1.0 15 60
2 10 10 50 7500 — — — 250 50 20 1.0 15 10
L5 60 10 10 7500 05 50 20 100 50 30 1.0 15 60
1L74 125 16 50 7500 0.5 16 20 500 5.0 20 1.0 1.75 10
MCA230* 100 10 5.0 7500 1.0 50 50 100 10 30 0.1 15 20
MCA231* 200 1.0 1.0 7500 1.2 10 50 100 10 30 1.0 15 20
MCA255* 100 10 5.0 7500 1.0 50 50 100 10 55 0.1 1.5 20
MCT2 20 10 10 7500 04 16 20 50 10 30 1.0 1.5 20
MCT2€ 20 10 10 7500 0.4 16 20 50 10 30 10 15 20
MCT26 6.0 10 10 7500 0.5 60 16 100 50 30 1.0 1.5 20
MCT271 45 10 10 7500 04 16 20 50 10 30 1.0 15 20
MCT272 75 10 10 7500 04 16 20 50 10 30 1.0 15 20
MCT273 125 10 10 7500 04 16 20 50 10 30 1.0 15 20
MCT274 225 10 10 7500 0.4 16 20 50 10 30 1.0 15 20
MCT275 70 10 10 7500 0.4 16 20 50 10 80 1.0 15 20
MCT277 100 10 10 7500 — — — 50 10 30 1.0 15 20
TIL1 1Y 8.0 16 04 7500 0.4 16 2.0 50 10 30 1.0 14 16
TiL112 20 10 5.0 7500 05 50 20 100 50 20 1.0 15 10
TIL113~ 300 10 1.0 7500 1.0 125 50 100 10 30 1.0 15 10
TIL14 8.0 16 04 7500 0.4 16 20 50 10 30 1.0 14 16
TIL115 20 10 5.0 7500 0.5 50 20 100 50 20 1.0 15 10
TiL116 20 10 10 7500 0.4 15 2.2 50 10 30 1.0 15 60
TiL17 50 10 10 7500 0.4 10 05 50 10 30 1.0 1.4 16
TIL119"2 300 10 20 7500 1.0 10 10 100 10 30 1.0 15 10
TiL124 10 10 10 7500 0.4 10 1.0 50 10 30 1.0 1.4 10
TIL125 20 10 10 7500 0.4 10 10 50 10 30 1.0 1.4 10
TIL126 50 10 10 7500 04 10 1.0 50 10 30 10 1.4 10
TIL127" 300 10 1.0 7500 1.0 50 125 100 10 30 10 1.5 10
TiL128+2 300 10 20 7500 1.0 10 10 100 10 30 1.0 1.5 10
TiL163 10 10 10 7500 04 10 10 50 10 30 1.0 14 10
TIL154 20 10 10 7500 04 10 1.0 50 10 30 1.0 14 10
TIL155 50 10 10 7500 0.4 10 1.0 50 10 30 1.0 1.4 10
TIL156* 300 10 10 7500 1.0 50 125 100 10 30 10 15 10
TIL157%2 300 10 20 7500 1.0 10 10 100 10 30 1.0 1.5 10
*Darlington

(1} Isolation Surge Voitage V|g0. is an internal device dielectric breakdown rating.

For this test LED pins 1 and 2 are common and phototransistor pins 4, 5, and 6 are common.
(2) See Case 730A-01, Style 3.

3-91




3-92



OPTOELECTRONICS

Applications Information

4-1



AN-440

THEORY AND CHARACTERISTICS
OF PHOTOTRANSISTORS

Prepared By:
John Bliss

INTRODUCTION

Phototransistor operation is based on the sensitivity of
a pn junction to radiant energy. If radiant energy of prop-
er wave-length is made to impinge on a junction, the cur-
rent through that junction willincrease. Thisoptoelectronic
phenomenon has provided the circuit designer with a device
for use in a wide variety of applications. However, to
make optimum use of the phototransistor, the designer
should have a sound grasp of its operating principles and
characteristics.

HISTORY

The first significant relationships between radiation and
electricity were noted by Gustav Hertz in 1887. Hertz ob-
served that under the influence of light, certain surfaces
were found to liberate electrons.

In 1900, Max Planck proposed that light contained
energy in discrete bundles or packets which he called
photons. Einstein formulated this theory in 1905, show-
ing that the energy content of each proton was directly
proportional to the light frequency:

E = hf,
where E is the photon energy,
h is Planck’s constant, and
f is the light frequency.

1)

Planck theorized that a metal had associated with it a
work function, or binding energy for free electrons. If a
photon could transfer its energy to a free electron, and
that energy exceeded the work function, the electron could
be liberated from the surface. The presence of an electric
field could enhance this by effectively reducing the work
function. Einstein extended Planck’s findings by showing
that the velocity, and hence the momentum of an emitted
electron, depended on the work function and the light
frequency.

PHOTO EFFECT IN SEMICONDUCTORS

Bulk Crystal

If light of proper wavelength impinges on a semiconduc-
tor crystal, the concentration of charge carriers is found
to increase. Thus, the crystal conductivity will increase:

0=q (ke n + up p), )

where o is the conductivity,
q is the electron charge,
Me is the electron mobility,
h is the hole mobility,
n is the electron concentration, and
p is the hole concentration.

The process by which charge-carrier concentration is
increased is shown in Figure 1. The band structure of the
semiconductor is shown, with an energy gap, or forbidden
region, of Eg electron volts. Radiation from two light
sources is shown striking the crystal. Light frequency f]
is sufficiently high that its photon energy, hfy, is slightly
greater than the energy gap. This energy is transferred to
a bound electron at site one in the valence band, and the
electron is excited to a higher energy level, site one in the
conduction band, where it is free to serve as a current
carrier. The hole left behind at site one in the valence band
is also free to serve as a current carrier.

The photon energy of the lower-frequency light, hf7,
is less than the band gap, and an electron freed from site
two in the valence band will rise to a level in the forbidden
region, only to release this energy and fall back into the
valence band and recombine with a hole at site three.

The above discussion implies that the energy gap, Eg,
represents a threshold of response to light. This is true,
however, it is not an abrupt threshold. Throughout the
photo-excitation process, the law of conservation of mo-
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FIGURE 1 — Photoeffect in a Semiconductor

mentum applies. The momentum and density of hole-
electron sites are highest at the center of both the valence
and conduction bands, and fall to zero at the upper and
lower ends of the bands. Therefore, the probability of an
excited valence-band electron finding a site of like mo-
mentum in the conduction band is greatest at the center
of the bands and lowest at the ends of the bands. Conse-
quently, the response of the crystal to the impinging light
is found to rise from zero at a photon energy of Egelectron
volts, to a peak at some greater energy level, and then to
fall to zero again at an energy corresponding to the differ-
ence between the bottom of the valence band and the top
of the conduction band.

The response is a function of energy, and therefore of
frequency, and is often given as a function of reciprocal
frequency, or, more precisely, of wave length. Anexample
is shown in Figure 2 for a crystal of cadmium-selenide. On
the basis of the information given so far, it would seem
reasonable to expect symmetry in such a curve; however,
trapping centers and other absorption phenomena affect
the shape of the curvel.

The optical response of a bulk semiconductor can be
modified by the addition of impurities. Addition of an
acceptor impurity, which will cause the bulk material to
become p-type in nature, results in impurity levels which
lie somewhat above the top of the valence band. Photo-
excitation can occur from these impurity levels to the con-
duction band, generally resulting in a shifting and reshaping
of the spectral response curve. A similar modification of
response can be attributed to the donor impurity levels in
n-type material.

PN Junctions

If apn junction is exposed to light of proper frequency,
the current flow across the junction will tend to increase.
If the junction is forward-biased, the net increase will be
relatively insignificant. However, if the junction is reverse-
biased, the change will be quite appreciable. Figure 3 shows
the photo effect in the junction for a frequency well within
the response curve for the device.

1. See references for a detailed discussion of these.

Photons create hole-electron pairs in the crystal on both
sides of the junction. The transferred energy promotes
the electrons into the conduction band, leaving the holes
in the valence band. The applied external bias provides an
electric field, &, as shown in the figure. Thus the photo-
induced electrons in the p-side conduction band will flow
down the potential hill at the junction into the n-side and
from there to the external circuit. Likewise, holes in the
valence band of the n-side will flow across the junction
into the p-side where they will add to the external current.
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Under dark conditions, the current flow through the
reverse-biased diode is the reverse saturation current, Ig.
This current is relatively independent of the applied volt-
age (below breakdown) and is basically a result of the
thermal generation of hole-electron pairs.

When the junction is illuminated, the energy trans-
ferred from photons creates additional hole-electron pairs.
The number of hole-electron pairs created is a function of
the light intensity.

For example, incident monochromatic radiation of H
(watls/cmz) will provide P photons to the diode:

AH

P=R,

3)

where X is the wavelength of incident light,
h is Planck’s constant, and
c is the velocity of light.

The increase in minority carrier density in the diode
will depend on P, the conservation of momentum restric-
tion, and the reflectance and transmittance properties of
the crystal. Therefore, the photo current, 1}, is given by
(4)

where 7 is the quantum efficiency or ratio of current car-
riers to incident photons,

Ixn=nFqA,

F is the fraction of incident photons trans-
mitted by the crystal,

q is the charge of an electron, and
A is the diode active area.

Thus, under illuminated conditions, the total current
flow is

1=1+I. (5)

If Iy is sufficiently large, 15 can be neglected, and by
using the spectral response characteristics and peak spectral
sensitivity of the diode, the total current is given approxi-
mately by

1~§ SRH, (6)

where & is the relative response and a function of radiant
wavelength,

SR is the peak spectral sensitivity, and
H is the incident radiation.

The spectral response for a silicon photo-diode is given
in Figure 4.

Using the above relations, an approximate model of the
diode is given in Figure 5. Here, the photo and thermally
generated currents are shown as parallel current sources.
C represents the capacitance of the reverse-biased junction
while G represents the equivalent shunt conductance of
the diode and is generally quite small. This model applies
only for reverse bias, which, as mentioned above, is the
normal mode of operation.
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Photo Transistor

If the pn junction discussed above is made the collector-
base diode of a bipolar transistor, the photo-induced cur-
rent is the transistor base current. The current gain of the
transistor will thus result in a collector-emitter current of

Ic=(hfe + 1y, @]
where I is the collector current,

hfe is the forward current gain, and
Iy, is the photo induced base current.

The base terminal can be left floating, or can be biased up
to a desired quiescent level. In either case, the collector-
base junction is reverse biased and the diode current is the
reverse leakage current. Thus, photo-stimulation will re-
sult in a significant increase in diode, or base current, and
with current gain will 17sult in a significant increase in
collector current.

The energy-band diagram for the photo transistor is
shown in Figure 6. The photo-induced base current is
returned to the collector through the emitter and the ex-
ternal circuitry. In so doing, electrons are supplied to the
base region by the emitter where they are pulled into the
collector by the electric field €.
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The model of the photo diode in Figure S might also be
applied to the phototransistor, however, this would be se-
verely limited in conveying the true characteristics of the
transistor. A more useful and accurate model can be ob-
tained by using the hybrid-pi model of the transistor and
adding the photo-current generator between collector and
base. This model appears in Figure 7.

Assuming a temperature of 25°C, and a radiation source
at the wave length of peak response (i.e., § = 1), the follow-
ing relations apply:

Ix=SRCBO - H, (82)
gm = 40i, and (8b)
Tbe = hfe/gm, (8¢)

where SRCBO is the collector-base diode radiation sensitiv-
ity with open emitter,

gm is the forward transconductance,

ic is the collector current, and

rhe is the effective base-emitter

resistance.
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In most cases r'h << rpe, and can be neglected. The
open-base operation is represented in Figure 8. Using this
model, a feel for the high-frequency response of the device
may be obtained by using the relationship

8m

[

®

where fy is the device current-gain-bandwidth product.
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STATIC ELECTRICAL CHARACTERISTICS
OF PHOTOTRANSISTORS

Spectral Response

As mentioned previously, the spectral response curve
provides an indication of a device’s ability to respond to
radiation of different wave lengths. Figure 9 shows the
spectral response for constant energy radiation for the
Motorola MRD300 phototransistor series. As the figure
indicates, peak response is obtained at about 8000
(Angstroms), or 0.8 um.
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Lambert’s law of illumination states that the illumina- > g0
w pomm"
tion of a surface is proportional to the cosine of the angle 2
between the normal to the surface and the direction of Q 60
the radiation. Thus, the angular alignment of a photo- g
transistor and radiation source is quite significant. The w 20
cosine proportionality represents an ideal angular response. E
The presence of an optical lens and the limit of window < 20
size further affect the response. This information is best 2
conveyed by a polar plot of the device response. Such a °
plot in Figure 10 gives the polar response for the MRD300 2500 2600 2700 2800 2900
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broad band source of radiation, such as an incandescent
lamp. The response of the photo transistor is therefore
dependent on the source color temperature. Incandescent



sources are normally operated at a color temperature of
2870°K, but, lower-color-temperature operation is not
uncommon. It therefore becomes desirable to know the
result of a color temperature difference on the photo sensi-
tivity. Figure 12 shows the relative response of the MRD300
series as a function of color temperature.

Temperature Coefficient of Ip

A number of applications call for the use of photo-
transistors in temperature environments other than normal
room temperature. The variation in photo current with
temperature changes is approximately linear with a positive
slope of about 0.667%/°C.

The magnitude of this temperature coefficient is prima-
rily a result of the increase in hFE versus temperature,
since the collector-base photo current temperature coeffi-
cient is only about 0.1%/°C.
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FIGURE 13 — Collector Characteristics for MRD300

Collector Characteristics

Since the collector current is primarily a function of
impinging radiation, the effect of collector-emitter volt-
age, below breakdown, is small. Therefore, a plot of the
Ic—VCE characteristics withimpinging radiationas a param-
eter, are very similar to the same characteristics with IB as
a parameter. The collector family for the MRD300 series
appears in Figure 13.

Radiation Sensitivity

The capability of a given phototransistor to serve in a
given application is quite often dependent on the radiation
sensitivity of the device. The open-base radiation sensitiv-
ity for the MRD300 series is given in Figure 14. This indi-
cates that the sensitivity is approximately linear with respect
to impinging radiation. The additional capability of the
MRD300 to be pre-biased gives rise to interest in the sensi-
tivity as a function of equivalent base resistance. Figure
15 gives this relationship.
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Capacitance

Junction capacitance is the significant parameter in
determining the high frequency capability and switching
speed of a transistor. The junction capacitances of the
MRD300 as a function of junction voltages are given in
Figure 16.

DYNAMIC CHARACTERISTICS
OF PHOTOTRANSISTORS
Linearity
The variation of hFEg with respect to collector current
results in a non-linear response of the photo transistor over
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FIGURE 16 — Junction Capacitances versus Voltage for MRD300
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large signal swings. However, the small-signal response is
approximately linear. The use of a load line on the col-
lector characteristic of Figure 13 will indicate the degree
of linearity to be expected for a specific range of optical
drive.

Frequency Response

The phototransistor frequency response, as referred to
in the discussion of Figures 7 and 8, is presented in Figure
17. The device response is flat down to dc with the rolloff
frequency dependent on the load impedance as well as on
the device. The response is given in Figure 17 as the 3-dB
frequency as a function of load impedance for two values
of collector current.
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FIGURE 17— 3 dB Frequency versus Load Resistance for MRD300
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Noise Figure

Although the usual operation of the phototransistor is
in the floating base mode, a good qualitative feel for the
device’s noise characteristic can be obtained by measuring
noise figure under standard conditions. The 1 kHz noise
figure for the MRD300 is shown in Figure 18.

Small Signal h Parameters

As with noise figure, the small-signal h-parameters, meas-
ured under standard conditions, give a qualitative feel for

the device behavior. These are given as functions of col-
lector current in Figure 19. With this information, the de-
vice can be analyzed in the standard hybrid model of Figure
20(a); by use of the conversions of Table I, the equivalent
r-parameter model of Figure 20(b) can be used.

TABLE | — Paramater Conversions

hfp = ﬂe__
1+ hfe
Nfet
" Thoe
hoe
b = hie _hre (1 +hife)
hoe
SWITCHING CHARACTERISTICS
OF PHOTOTRANSISTORS

In switching applications, two important requirements
of a transistor are:
(1) speed
(2) ON voltage
Since some optical drives for phototransistors can pro-
vide fast light pulses, the same two considerations apply.

Switching Speed

If reference is made to the model of Figure 8, it can be
seen that a fast rise in the current Iy will not result in an
equivalent instantaneous increase in collector-emitter cur-
rent. The initial flow of I\ must supply charging current
to CcB and CBE. Once these capacitances have been
charged, I\ will flow through rpe. Then the current gene-
rator, gm - Vbe, Will begin to supply current. During turn-
off, a similar situation occurs. Although I .may instan-
taneously drop to zero, the discharge of CCB and CBE
through rpe will maintain a current flow through the col-
lector. When the capacitances have been discharged, Vpe
will fall to zero and the current, gm - Vpe, will likewise
drop to zero. (This discussion assumes negligible leakage
currents). = These capacitances therefore result in turn-on
and turn-off delays, and in rise and fall times for switching
applications just as found.in conventional bipolar switch-
ing transistors. And, just as with conventional switching,
the times are a function of drive. Figure 21 shows.the col-
lector current (or drive) dependence of the turn-on delay
and rise times. Asindicated the delay time is dependent on
the device only; whereas the rise-time is dependent on both
the device and the load.

If a high-intensity source, such as a xenon flash lamp,
is used for the optical drive, the device becomes optically
saturated unless large optical attenuation is placed between
source and detector. This can result in a significant storage
time during the turn off, especially in the floating-base
mode since stored charge has no direct path out of the
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base region. However, if a non-saturating source, such as
a GaAs diode, is used for switching drive, the storage, or
turn-off delay time is quite low as shown in Figure 22.

Saturation Voltage

An ideal switch has zero ON impedance, or an ON volt-
age drop ofzero. The ON saturation voltage of the MRD300
is relatively low, approximately 0.2 volts. For a given col-
lector current, the ON voltage is a function of drive, and is
{a) Hybrid Modael ( L) ) ; shown in Figure 23.

1ohp
® APPLICATIONS OF PHOTOTRANSISTORS

bo *v:::ﬁ — c As mentioned previously, the phototransistor can be
re (1=hgp) used in a wide variety of applications. Figure 24 shows
b - two phototransistors in a series-shunt chopper circuit. As
re N Q1 is switched ON, Q3 is OFF, and when Q] is switched
OFF, Q3 is driven ON.
e Logic circuitry featuring the high input/output electrical
(b) r-Parameter Model isolation of photo transistors is shown in Figure 25.
Figure 26 shows a linear application of the phototran-
FIGURE 20 — Low Frequency Analytical Models of Ph i sistor. As mentioned previously, the linearity is obtained
Without Photo Current Generator for small-signal swings.
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A double-pole, single-throw relay is shown in Figure 27.

In general, the phototransistor can be used in counting
circuitry, level indications, alarm circuits, tachometers, and
various process controls.

Conclusion

The phototransistor is a light-sensitive active device of
moderately high sensitivity and relatively high speed. Its
response is both a function of light intensity and wave-
length, and behaves basically like a standard bipolar tran-
sistor with an externally controlled collector-base leakage
current.
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APPENDIX 1

Radiant energy covers a broad band of the electromag-
netic spectrum. A relatively small segment of the band is
the spectrum of visible light. A portion of the electromag-
netic spectrum including the range of visible light is shown
in Figure I-1.

The portion of radiant flux, or radiant energy emitted
per unit time, which is visible is referred to as luminous
flux. This distinction is due to the inability of the eye to
respond equally to like power levels of different visible
wavelengths. For example, if two light sources, one green
and one blue are both emitting like wattage, the eye will
perceive the green light as being much brighter than the
blue. Consequently, when speaking of visible light of vary-
ing color, the watt becomes a poor measure of brightness.
A more meaningful unit is the lumen. In order to obtain
a clear understanding of the lumen, two other definitions
are required.

The first of these is the standard source (Fig. I-2). The
standard source, adopted by international agreement, con-
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sists of a segment of fused thoria immersed in a chamber
of platinum. When the platinum is at its melting point,
the light emitted from the chamber approximates the radia-
tion of a black body. The luminous flux emitted by the
source is dependent on the aperture and cone of radiation.
The cone of radiation is measured in terms of the solid
angle.

The concept of a solid angle comes from spherical ge-
ometry. If a point is enclosed by a spherical surface and a
set of radial lines define an area on the surface, the radial
lines also subtend a solid angle. This angle, w, is shown in
Figure I-3, and is defined as

(1)

where A is the described area and r is the spherical radius.

If the area A is equal to r2, then the solid angle sub-
tended is one unit solid angle or one steradian, which is
nothing more than the three-dimensional equivalent of a
radian.

With the standard source and unit solid angle estab-
lished, the lumen can be defined.

A lumen is the luminous flux emitted from a standard
source and included within one steradian.

Using the concept of the lumen, it is now possible to
define other terms of illumination.

Iluminance

If a differential amount of luminous flux, dF, is imping-
ing on a differential area, dA, the illuminance, E, is given
by

dF
E=gy (1-2)
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FIGURE I—1 — Portion of Electromagnetic Spectrum

Illuminance is most often expressed in lumens per square
foot, or foot-candles. If the illuminance is constant over
the area, (I-2) becomes

E=F/A. (1-3)

Luminous Intensity
When the differential flux, dF, is emitted through a dif-
ferential solid angle, dco, the luminous intensity, 1, is given
by
dF

1=5-

dw

(-4)
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Luminous intensity is most often expressed in lumens
per steradian or candela. If the luminous intensity is con-
stant with respect to the angle of emission, (I-4) becomes:

F

1=—.
w

(I-5)

If the wavelength of visible radiation is varied, but the
illumination is held constant, the radiative power in watts
will be found to vary. This again illustrates the poor quality
of the watt asa measure of illumination. A relation between
illumination and radiative power must then be specified at
a particular frequency. The point of specification has been
taken to be at a wavelength of 0.555 um, which is the peak
of spectral response of the human eye. At this wavelength,
1 watt of radiative power is equivalent to 680 lumens.

APPENDIX II
OPTOELECTRONIC DEFINITIONS

Luminous Flux: Radiant flux of wavelength within
the band of visible light.

Lumen: The luminous flux emitted from a standard
source and included within one steradian (solid angle
equivalent of a radian).

Radiation Flux Density (Irradiance): The total inci-
dent radiation energy measured in power per unit
area (e.g., mW/cmz).

Luminous Flux Density (Illuminance): Radiation
flux density of wavelength within the band of visible
light. Measured in lumens/ft2 or foot candles. At
the wavelength of peak response of the human eye.
0.555 um (0.555X 10'6m),'1 watt of radiative power
is equivalent to 680 lumens.

Radiation Sensitivity: The ratio of photo-induced
current to incident radiant energy, the latter meas-
ured at the plane of the lens of the photo device.

SR,

Sy, [lumination Sensitivity: The ratio of photo-induced
current to incident luminous energy, the latter meas-

ured at the plane of the lens of the photo device.
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FIGURE |1-3 — Solid Angle, w

Spectral Response: Sensitivity as a function of wave-
length of incident energy. Usually normalized to
peak sensitivity.

Constants

Planck’s constant: h =4.13 X 10-15 eV.s.
q=1.60X 10719 coulomb.
c=3X108 m/s.

electron charge:
velocity of light:

Ilumination Conversion Factors

Multiply By To Obtain
lumens/ft2 1 ft. candles
lumens/ft2* 1.58 X 1073 mW/em?
candlepower 4n lumens

*At 0.555 um.
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APPLICATIONS OF PHOTOTRANSISTORS
IN ELECTRO-OPTIC SYSTEMS

INTRODUCTION

A phototransistor is a device for controlling current
flow with light. Basically, any transistor will function as a
phototransistor if the chip is exposed to light, however,
certain design techniques are used to optimize the effect
in a phototransistor.

Just as phototransistors call for special design tech-
niques, so do the circuits that use them. The circuit
designer must supplement his conventional circuit knowl-
edge with the terminology and relationships of optics and
radiant energy. This note presents the information neces-
sary to supplement that knowledge. It contains a short
review of phototransistor theory and characteristics, fol-
lowed by a detailed discussion of the subjects of irradiance,
illuminance, and optics and their significance to photo-
transistors. A distinction is made between low-frequency/
steady-state design and high-frequency design. The use of
the design information is then demonstrated with a series
of typical electro-optic systems.

PHOTOTRANSISTOR THEORY

Phototransistor operation is a result of the photo-effect
in solids, or more specifically, in semiconductors. Light of
a proper wavelength will generate hole-electron pairs
within the transistor, and an applied voltage will cause
these carriers to move, thus causing a current to flow. The
intensity of the applied light will determine the number of
carrier pairs generated, and thus the magnitude of the
resultant current flow.

In a phototransistor the actual carrier generation takes
place in the vicinity of the collector-base junction. As
shown in Figure 1 for an NPN device, the photo-generated
holes will gather in the base. In particular, a hole
generated in the base will remain there, while a hole
generated in the collector will be drawn into the base by
the strong field at the junction. The same process will
result in electrons tending to accumulate in the collector.
Charge will not really accumulate however, and will try to
evenly distribute throughout the bulk regions. Conse-
quently, holes will diffuse across the base region in the
direction of the emitter junction. When they reach the
junction they will be injected into the emitter. This in
turn will cause the emitter to inject electrons into the
base. Since the emitter injection efficiency is much larger
than the base injection effeciency, each injected hole will
result in many injected electrons.

It is at this point that normal transistor action will
occur. The emitter injected electrons will travel across the
base and be drawn into the collector. There, they will
combine with the photo-induced electrons in the collector
to appear as the terminal collector current.

Since the actual photogeneration of carriers occurs in
the collector base region, the larger the area of this region,
the more carriers are generated, thus, as Figure 2 shows,
the transistor is so designed to offer a large area to
impinging light.

NN\
Cm
.

FIGURE 1 — Photo-Generated Carrier Movement
in a Phototransistor

! For a detailed discussion see Motorola Application Note .
AN-440, “Theory and Characteristics of Phototransistors.”
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FIGURE 2 — Typical Double-Diffused Phototransistor Structure
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FIGURE 3 — Floating Base Approximate Model of Phototransistor

PHOTOTRANSISTOR STATIC CHARACTERISTICS

A phototransistor can be either a two-lead or a
three-lead device. In the three-lead form, the base is made
electrically available, and the device may be used as a
standard bipolar transistor with or without the additional
capability of sensitivity to light. In the two-lead form the
base is not electrically available, and the transistor can
only be used with light as an input. In most applications,
the only drive to the transistor is light, and so the
two-lead version is the most prominent.

As a two-ead device, the phototransistor can be
modeled as shown in Figure 3. In this circuit, current
generator I represents the photo generated current and
is approximately given by

Iy =nFqA (1)

where

n is the quantum efficiency or ratio of current carriers
to incident photons,

F is the fraction of incident photons transmitted by
the crystal,

q is the electronic charge, and
A is the active area.

The remaining elements should be recognized as the
component distribution in the hybrid-pi transistor model.
Note that the model of Figure 3 indicates that under dark
conditions, I is zero and so vpe is zero. This means that
the terminal current I = gm vpe is also zero.
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In reality there is a thermally generated leakage
current, lg, which shunts Iy. Therefore, the terminal
current will be non-zero. This current, ICEQ, is typically
on the order of 10 nA at room temperature and may in
most cases be neglected.

As a three lead device, the model of Figure 3 need only
have a resistance, rp’. connected to the junction of Cpe
and Cpe. The other end of this resistance is the base
terminal. As mentioned earlier, the three lead phototran-
sistor is less common than the two lead version. The only
advantages of having the base lead available are to stabilize
the device operation for significant temperature excur-
sions, or to use the base for unique circuit purposes.

Mention is often made of the ability to optimize a
phototransistor’s sensitivity by using the base. The idea is
that the device can be electrically biased to a collector
current at which hFg is maximum. However, the intro-
duction of any impedance into the base results in a net
decrease in photo sensitivity. This is similar to the effect
noticed when ICEQ is measured for a transistor and found
to be greater than ICER. The base-emitter resistor shunts
some current around the base-emitter junction, and the
shunted current is never multiplied by hFE.

Now when the phototransistor is biased to peak hpg,
the magnitude of base impedance is low enough to shunt
an appreciable amount of photo current around the
base-emitter. The result is actually a lower device sensitiv-
ity than found in the open base mode.

Spectral Response — As mentioned previously, a
transistor is sensitive to light of a proper wavelength.
Actually, response is found for a range of wavelengths.
Figure 4 shows the normalized response for a typical
phototransistor series (Motorola MRD devices) and in-
dicates that peak response occurs at a wavelength of 0.8
um. The warping in the response curve in the vicinity of
0.6 pm results from adjoining bands of constructive and
destructive interference in the SiO, layer covering the
transistor surface.
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Radiation Sensitivity — The absolute response of the
MRD450 phototransistor to impinging radiation is shown
in Figure 5. This response is standardized to a tungsten
source operating at a color temperature of 2870°K. As
subsequent discussion will show, the transistor sensitivity
is quite dependent on the source color temperature.

Additional static characteristics are discussed in detail
in AN-440, and will not be repeated here.

LOW-FREQUENCY AND STEADY-STATE DESIGN
APPROACHES

For relatively simple circuit designs, the model of
Figure 3 can be replaced with that of Figure 6. The
justification for eliminating consideration of device
capacitance is based on restricting the phototransistor’s
use to d.c. or low frequency applications. The actual
frequency range of validity is also a function of load
resistance. For example, Figure 7 shows a plot of the 3 dB
response frequency as a function of load resistance.

Assume a modulated light source is to drive the
phototransistor at a maximum frequency of 10 kHz. If
the resultant photo current is 100 nA, Figure 7 shows a
3-dB frequency of 10 kHz at a load resistance of 8
kilohms. Therefore, in this case, the model of Figure 6 can
be used with acceptable results for a load less than 8

[ 6}
(2]

p=H'SRACEO ge

FIGURE 6 — Low-Frequency and Steady-State Model
for Floating-Base Phototransistor
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kilohms. For larger loads, the hybrid-pi model must be
used.

For the remainder of the discussion of low frequency
and steady state design, it is assumed that the simplified
model of Figure 6 is valid.

RADIATION AND ILLUMINATION SOURCES

The effect of a radiation source on a photo-transistor is
dependent on the transistor spectral response and the
spectral distribution of energy from the source. When
discussing such energy, two related sets of terminology are
available. The first is radiometric which is a physical
system; the second is photometric which is a physiological
system,

The photometric system defines energy relative to its
visual effect. As an example, light from a standard 60
watt-bulb is certainly visible, and as such, has finite
photometric quantity, whereas radiant energy from a
60-watt resistor is not visible and has zero photometric
quantity. Both items have finite radiometric quantity.

The defining factor for the photometric system is the
spectral response curve of a standard observer. This is
shown in Figure 8 and is compared with the spectral
response of the MRD series. The defining spectral re-
sponse of the radiometric system can be imagined as unit
response for all wavelengths.



A comparison of the terminoYogy for the two systems
is given in Table I.

There exists a relationship between the radiometric and
photometric quantities such that at a wavelength of 0.55
um, the wavelength of peak response for a standard
observer, one watt of radiant flux is equal to 680 lumens
of luminious flux. For a broadband of radiant flux, the
visually effective, or photometric flux is given by:

F=K [ PQ)s A (22)

where

K is the proportionality constant (of 680 lumens/-
watt),

P (A) is the absolute spectral distribution of radiant
flux,

8(A) is the relative response of the standard observer,
and
dX is the differential wavelengtn,

A similar integral can be used to convert incident

radiant flux density, or irradiance, to illuminance:
E=K [ HQ) () dx (2b)

In Equation(2b)if H (A) is given in watts/ cm?, E will
be in lumens/ cm?. To obtain E in footcandles (lumens/-
ft?), the proportionality constant becomes

K = 6.3 x 10° footcandles/mW/cm?

Fortunately, it is usually not necessary to perform the
above integrations. The photometric effect of a radiant
source can often be measured directly with a photometer.

Unfortunately, most phototransistors are specified for
use with the radiometric system. Therefore, it is often
necessary to convert photometric source data, such as the
candle power rating of an incandescent lamp to radiometric
data. This will be discussed shortly.

GEOMETRIC CONSIDERATIONS

In the design of electro-optic systems, the geometrical
relationships are of prime concern. A source will effective-
ly appear as either a point source, or an area source,
depending upon the relationship between the size of the
source and the distance between the source and the
detector.

Point Sources — A point source is defined as one for
which the source diameter is less than ten percent of the
distance between the source and the detector, or,

« < 0.1, 3)

where

« is the diameter of the source, and
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r is the distance between the source and the detector.

Figure 9 depicts a point source radiating uniformly in
every direction. If equation (3) is satisfied, the detector
area, Ap, can be approximated as a section of the area of
a sphere of radius r whose center is the point source.

The solid angle, w, in steradians? subtended by the
detector area is

O]

Since a sphere has a surface area of 4712, the total solid
angle of a sphere is

anr® .
wg="5 = 4 steradians.

r

Table II lists the design relationships for a point source
in terms of both radiometric and photometric quantities.
The above discussion assumes that the photodetector is
alligned such that its surface area is tangent to the sphere
with the point source at its center. It is entirely possible
that the plane of the detector can be inclined from the

TABLE | — and Pho! ic T

Description Radiometric Photometric

Total Flux

Radiant Flux, P, in Watts Luminous Flux, F, in

Lumens

Emitted Flux
Density ata
Source Surface

Radiant Emittance, W,
in Watts/cm

Luminous Emittance, L
in Lumens/ft? (foot-
lamberts), or lumens/
cm? (Lamberts)

Source Intensity

Radiant Intensity, I,
{Point Source} i

in Wat

Luminous Intensity, 1,
[ i
(Candela)

Radiance, Br, in

Source Intensity
(Watts/Steradian) fem?

(Area Source)

Luminance, B, in
{Lumens/Steradian) /ft?
{footlambert}

Flux Density
Incident on a
Receiver Surface

Wuminance, E, in

Irradiance, H, in
Lumens/ft® (footcandle)

Watts/em?

TABLE Il — Point Source Relationships

Description Radiometric Photometric
Point Source 1, Lt
Intensity

Incident Flux H{lrradiance) :'_;, watts/ | Efitiuminance) - L,

Density 3 s o
gistance’ jumens/distance!
Total Flux Qutput P = dnif, Watts F = 4xl| Lumens
of Point Source
TABLE HI — Design Relationships for an Area Source

Description Radiometric Photometric

BL, Lumens/cm?/
teradian

Source Intensity B,, Watts/cm? /steradian

E F
D’”'"w lux W=nB,, Watts/cm® L=rB. Lumens/cm’
ensity

By A, B A:
Incident Flux H =—}+[~‘—5d) Watts/em® € =55 Lumens/em?
Density g g

*Steradian: The solid equivalent of a radian.
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FIGURE 9 — Point Source Geometry

tangent plane. Under this condition, as depicted in Figure
10, the incident flux density is proportional to the cosine
of the inclination angle, ¢. Therefore,

!

H= ;;— cos ¢, and (5a)
I

E= fl; cos ¢. (5b)
r

AREA SOURCES

When the source has a diameter greater than 10 percent
of the separation distance,
.= 0.1r, (6)
it is considered to be an area source. This situation is
shown in Figure 11. Table IlI lists the design relationships
for an area source.
A special case that deserves some consideration occurs
when
a
—>>r, )
2
that is, when the detector is quite close to the source.
Under this condition,

g _DrAs Brhs ®
2 ,.(¢ (a ¥
"N2) \2
but, the area of the source,
2
a
aveaf 5) : ©
Therefore,
H~Br=W, 10)

That is, the emitted and incident flux densities are
equal. Now, if the area of the detector is the same as the
area of the source, and equation (7) is satisfied, the total
incident energy is approximately the same as the total
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FIGURE 10 — Detector Not Normal to Source Direction

radiated energy, that is, unity coupling exists between
source and detector.

LENS SYSTEMS

A lens can be used with a photodetector to effectively
increase the irradiance on the detector. As shown in
Figure 12a, the irradiance on a target surface for a point
source of intensity, I, is

H=1/d2, (11

where d is the separation distance.

In Figure 12b a lens has been placed between the
source and the detector. It is assumed that the distance d’
from the source to the lens is approximately equal to d:

d ~d, (12)
and the solid angle subtended at the source is sufficiently
small to consider the rays striking the lens to be parallel.

If the photodetector is circular in area, and the
distance from the lens to the detector is such that the

image of the source exactly fills the detector surface area,
the radiant flux on the detector (assuming no lens loss) is

Pp=PL=H nr?, (13)
where

Pp is the radiant flux incident on the detector,

PL is the radiant flux incident on the lens,

H’ is the flux density on the lens, and

rL is the lens radius.

Using equation (12),

H' =1/d*> =H. (14)

The flux density on the detector is
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Figure 12 — Use of a Lens to Increase Irradiance on a Detector
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Hp =Pp/Ap, (15)

where Ap is the detector area, given by
ADp =mrg?. (16)

Using (13), (14), and (16) in (15) gives
Hp=jr (43)2 a7

Now dividing (17) by (11) gives the ratio of irradiance
on the detector with a lens to the irradiance without a
lens.

2

L
mo_f @) _my
H 1/a? G ’

As (18) shows, if the lens radius is greater than the
detector radius, the lens provides an increase in incident
irradiance on the detector. To account for losses in the
lens, the ratio is reduced by about ten percent.

R= o.9<.ri~) : (19)
|

where R is the gain of the lens system.

It should be pointed out that arbitrary placement of a
lens may be more harmful than helpful. That is, a lens
system must be carefully planned to be effective.

For example, the MRD300 phototransistor contains a
lens which is effective when the input is in the form of
parallel rays (as approximated by a uniformly radiating
point source). Now, if a lens is introduced in front of the
MRD300 as shown in Figure 13, it will provide a non-
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parallel ray input to the transistor lens. Thus the net
optical circuit will be misaligned. The net irradiance on the
phototransistor chip may in fact be less than without the
external lens. The circuit of Figure 14 does show an
effective system. Lens | converges the energy incident on
its surface to lens 2 which reconverts this energy into
parallel rays. The energy entering the phototransistor lens
as parallel rays is the same (neglecting losses) as that
entering lens 1. Another way of looking at this is to
imagine that the phototransistor surface has been in-
creased to a value equal to the surface area of lens 1.

FIBER OPTICS

Another technique for maximizing the coupling be-
tween source and detector is to use a fiber bundle to link
the phototransistor to the light source. The operation of
fiber optics is based on the principle of total internal
reflection.

Figure 15 shows an interface between two materials of
different indices of refraction. Assume that the index of
refraction, n, of the lower material is greater than that, n’,
of the upper material. Point P represents a point source of
light radiating uniformly in all directions. Some rays from
P will be directed at the material interface.

At the interface, Snell’s law requires:

nsing=n’sing’, (20)
where

6 is the angle between a ray in the lower material and
the normal to the interface,

and

8'is the angle between a refracted ray and the normal.
Rearranging (20),



sinf' =2 sing. (21)
n
By assumption, n/n’ is greater than one, so that
sin 8" > sin 0. (22)

However, since ithe maximum value of sin 8’ is one and
occurs when 8 is 90°, 8’ will reach 90° before 6 does.
That is, for some value of 6, defined as the critical angle,
6, rays from P do not cross the interface. When 6 >0c,
the rays are reflected entirely back into the lower
material, or total internal reflection occurs.

Figure 16 shows the application of this principle to
fiber optics. A glass fiber of refractive index n is clad with
a layer of glass of lower refractive index, n'. A ray of light
entering the end of the cable will be refracted as shown.
If, after refraction, it approaches the glass interface at an
angle greater than 6, it will be reflected within the fiber.
Since the angle of reflection must equal the angle of
incidence, the ray will bounce down the fiber and emerge,
refracted, at the exit end.

The numerical aperature, NA, of a fiber is defined as
the sin of the half angle of acceptance. Application of
Snell’s law at the interface for 6, and again at the fiber
end will give

NA=Ssing=/n%-n2.

For total internal reflection to occur, a light ray must
enter the fiber within the half angle ¢.

Once a light ray is within the fiber, it will suffer some
attenuation. For glass fibers, an absorption rate of from
five to ten per cent per foot is typical. There is also an
entrance and exit loss at the ends of the fiber which
typically result in about a thirty per cent loss.

As an example, an illuminance E at the source end of a
three-foot fiber bundle would appear at the detector as

(23)

Ep=0.7 Ee-aL=0.7Ee-(0.1)3)=051E, (24)

where E is the illuminance at the source end,
Ep is the illuminance at the detector end,

a is the absorption rate, and

L is the length.
This assumes an absorption loss of ten percent per foot.

TUNGSTEN LAMPS

Tungsten lamps are often used as radiation sources for
photodetectors. The radiant energy of these lamps is
distributed over a broad band of wavelengths. Since the
eye and the phototransistor exhibit different wavelength-
dependent response characteristics, the effect of a tung-
sten lamp will be different for both. The spectral output
of a tungsten lamp is very much a function of color
temperature.
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FIGURE 14 — Effective Use of External Optics with the MRD 300
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FIGURE 15 — Ray Refraction at an Interface

¥

FIGURE 16 — Refraction in an Opticat Fiber

Color temperature of a lamp is the temperature
required by an ideal blackbody radiator to produce the
same visual effect as the lamp. At low color temperatures,
a tungsten lamp emits very little visible radiation. How-
ever, as color temperature is increased, the response shifts
toward the visible spectrum. Figure 17 shows the spectral
distribution of tungsten lamps as a function of color
temperature. The lamps are operated at constant wattage
and the response is normalized to the response at 2800°K.
For comparison, the spectral response for both the
standard observer and the MRD phototransistor series are
also plotted. Graphical integration of the product of the
standard observer response and the pertinent source
distribution from Figure 17 will provide a solution to
equations (2a) and (2b).

Effective Irradiance — Although the sensitivity of a
photodetector to an illuminant source is frequently
provided, the sensitivity to an irradiant source is more
common. Thus, it is advisable to carry out design work in
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terms of irradiance. However, since the spectral response
of a source and a detector are, in general, not the same, a
response integration must still be performed. The integral
is similar to that for photometric evaluation.

PE= [PQ)Y () dA (25)
where

PE is the effective radiant flux on the detector, P(A) is
the spectral distribution of source flux
and

Y() is the spectral response of the detector.
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Again, such an integration is best evaluated graphically.
In terms of flux density, the integral is

HE= [HO)Y ) dr (26)

where HE is the effective flux density (irradiance) on

the detector

and H (A) is the absolute flux density distribution of

the source on the detector.

Graphical integration of equations (2b) and (26) has
been performed for the MRD series of phototransistors
for several values of lamp color temperature. The results
are given in Figures 18 and 19 in terms of ratios. Figure
18 provides the irradiance ratio, HE/H versus color
temperature. As the curve shows, a tungsten lamp
operating at 2600°K is about 14% effective on the MRD
series devices. That is, if the broadband irradiance of such
a lamp is measured at the detector and found to be 20
mw/cm?, the transistor will effectively see

HE = 0.14 (20) = 2.8 mW/cm? 27)

The specifications for the MRD phototransistor series
include the correction for effective irradiance. For
example, the MRD450 is rated for a typical sensitivity of
08 mA/mW/cm?®. This specification is made with a
tungsten source operating at 2870°K and providing an
irradiance at the transistor of 5.0 mW/cm?. Note that this
will result in a current flow of 4.0 mA.

However, from Figure 18, the effective irradiance is

HE = (5.0)(.185) = 0.925 mW/cm? (28)

By using this value of HE and the typical sensitivity
rating it can be shown that the device sensitivity to a
monochromatic irradiance at the MRD450 peak response
of 0.8 um is

_Ic _40mA

"HE 0925 mW/cm
Now, as shown previously, an irradiance of 20
mW/cm? at a color temperature of 2600°K looks like
monochromatic irradiance at 0.8um of 2.8 mW/cm?
(Equation 27). Therefore, the resultant current flow is

,=433 mA/mW/cm? (29)

1=SHE (4.33%2.8) = 12.2 mA (30)

An alternate approach is provided by Figure 20. In this
figure, the relative response as a function of color
temperature has been plotted. As the curve shows, the
response is down to 83% at a color temperature of
2600°K. The specified typical response for the MRD450
at 20mW/cm? for a 2870°K tungsten source is 0.9
mA/mW/cm?. The current flow at 2600°K and 20
mW/cm? is therefore

1=(0.83)(0.9X20) =149 mA 31



This value agrees reasonably well with the result
obtained in Equation 30. Similarly, Figure 19 will show
that a current flow of 6.67 mA will result from an
illuminance of 125 foot candles at a color temperature of
2600°K.

Determination of Color Temperature — It is very likely
that a circuit designer will not have the capability to
measure color temperature. However, with a voltage
measuring capability, a reasonable approximation of color
temperature may be obtained. Figure 21 shows the
classical variation of lamp current, candlepower and
lifetime for a tungsten lamp as a function of applied
voltage. Figure 22 shows the variation of color tempera-
ture as a function of the ratio

_ MSCP
P~ WATT

(32)
where

MSCP is the mean spherical candlepower at the lamp
operating point and WATT is the lamp IV product
at the operating point.

As an example, suppose a type 47 indicator lamp is

used as a source for a phototransistor. To extend the
lifetime, the lamp is operated at 80% of rated voltage.

Geometric Considerations — The candlepower ratings
on most lamps are obtained from measuring the total
lamp output in an integrating sphere and dividing by the
unit solid angle. Thus the rating is an average, or
mean-spherical-candlepower. However, a tungsten lamp
cannot radiate uniformly in all directions, therefore, the
candlepower varies with the lamp orientation. Figure 23
shows the radiation pattern for a typical frosted tungsten
lamp. As shown, the maximum radiation occurs in the
horizontal direction for a base-down or base-up lamp. The
circular curve simulates the output of a uniform radiator,
and contains the same area as the lamp polar plot. It
indicates that the lamp horizontal output is about 1.33

100 T
5 0=
2
H 60
g
o
[
® 40
2
2
K
£ 20
2500 2600 2700 2800 2900

Lamp Rated Volts Rated Current MSCP Source Color Temperature (°k)
47 6.3V 150 mA 0.52 approx FIGURE 20 — Relative Response of MRD Series versus Color
Temperature
300
[ T 1T A 15
1000 T Candle Power 250 o §
= : 225 93
§§ 100 I 200 § €
:; g Life P 175 E §
=3 13
22 10 1s0 &
Current —— 126
10 ha 1 |a0e
¢ T100| ¢ ] 1.0 .
g § 75 urrent 5 E %
23 50| Candle Power 1 Life o1 3§ g
8t 25 P
&8 0 1 | 0.01
o 60 70 80 90 100 110 120 130 140
Percent of Rated Voltage )
FIGURE 21 — Tungsten Lamp Parameter Variations versus
Variations about Rated Volitage
From Figure 21 for 80% rated voltage, 3200
(Rated Current) (Percent current) = (.15)%0.86) = 0.129 ¥ 3000
ampers e 2800
(Rated CP) (Percent CP) = (0.5%0.52) = 0.26 CP 2 |+
(Rated Voltage) (Percent Voltage) = (6.3%0.8) =5.05V g 2600
E 2400 ]
WATTS = (5.05)(0.129) = 0.65 5 2200
2 2
g e
o
p= 8—256 =04, 2000 ,/
’ 1800
0 02 04 06 08 10 1.1 12 1.4

From Figure 22, for p=04,
CT = 2300°K,

4-21

p. (MSCP/WATT)
FIGURE 22 — Color Temperature versus
Candle Power/Power Ratio
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FIGURE 23 — Typical Radiation Pattern for a Frosted
Incandescent Lamp

times the rated MSCP, while the vertical output, opposite
the base, is 0.48 times the rated MSCP.

The actual polar variation for a lamp wilt depend on a
variety of physical features such as filament shape, size
and orientation and the solid angle intercepted by the
base with respect to the center of the filament.

If the lamp output is given in horizontal candlepower
(HCP), a fairly accurate calculation can be made with
regard to illuminance on a receiver.

A third-form of rating is beam candlepower, which is
provided for lamps with reflectors.

In all three cases the rating is given in lumens/steradian
or candlepower.

SOLID STATE SOURCES

In contrast with the broadband source of radiation of
the tungsten lamp, solid. state sources provide relatively
narrow band energy. The gallium arsenide (GaAs) light-
emitting-diode (LED) has spectral characteristics which
make it a favorable mate for use with silicon photo-
detectors. LED’s are available for several wavelengths, as

100 é'c GaAs
— . / l@vng\s‘}\
80

shown in Figure 24, but as the figure shows, the GaAs
diode and the MRD phototransistor series are particularly
compatible. Application of Equation (26) to the GaAs
response and the MRD series response indicates that the
efficiency ratio, HE/H, is approximately 0.9 or 90%. That
is, an irradiance of 4.0 mW/cm? from an LED will appear
to the phototransistor as 3.6 mW/cm?®. This means that a
typical GaAs LED is about 3.5 times as effective as a
tungsten lamp at 2870°K. Therefore, the typical sensitiv-
ity for the MRD450 when used with a GaAs LED is
approximately

$=(0.8)(3.5) = 2.8 mA/mW/cm?. (33)

An additional factor to be considered in using LED’s is
the polar response. The presence of a lens in the diode
package will confine the solid angle of radiation. If the
solid angle is 8, the resultant irradiance on a target located
at a distance d is

4P 2
= e watts/cm?, (34)

where

P is the total output power of the LED in watts

0 is the beam angle

d is the distance between the LED and the detector in
cm.

LOW FREQUENCY AND STEADY STATE
APPLICATIONS

Light Operated Relay — Figure 25 shows a circuit in
which presence of light causes a relay to operate. The
relay used in this circuit draws about 5 mA when Q2 is in
saturation Since hFE (min) for the MPS3394 is 55 at a
collector current of 2mA, a base current of 0.5 mA is
sufficient to ensure saturation. Phototransistor Q1 pro-
vides the necessary base drive. If the MRD300 is used, the
minimum illumination sensitivity is 4 uA/footcandle,
therefore,

__lc _osma 35)
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This light level can be supplied by a flashlight or other
equivalent light source.

The equivalent irradiance is obviously that value of
irradiance which will cause the same current flow. Assume
the light source is a flashlight using a PR2 lamp. The
ratings for this lamp are

Lamp Rated Volts  Rated Current ~ MSCP
PR2 238 0.50 A 0.80

If the flashlight has new batteries the lamp voltage is
VL =2(1.55)=3.1 volts (36)

This means that the lamp is operated at 130 per cent of
rated voltage. From Figure 21 for 130% rated voltage,

(Rated Current) (Percent Current) = (0.5)(1.15) =

0.575 ampere

(Rated CP) (Percent CP) = (0.80)(2.5) = 2 CP

(Rated Voltage) (Percent Voltage) = (2.38X(1.3) = 3.1

volts.

Therefore, the MSCP/watt rating is 1.12. From Figure
22, the color temperature is 2720°K.

Now, from Figure 20, the response at a color tempera-
ture of 2720°K is down to 90% of its reference value. At
the reference temperature, the minimum SRCEQ for the
MRD300 is 0.8 mA/mW/cm?, so at 2720°K it is

SRCEO (MIN) = (0.9X0.8) =0.72 mA/mW/cm?  (37)

and

Ic 0.5
HE =Spcgo =0.72 = 0.65 mW/cm?®  (38)

However, sensitivity is a function of irradiance, and at
0.695 mW/cm? it has a minimum value (at 2720°K) of
about 0.45 mA/mW/cm? , therefore

0.5
HE =775 = 1.11 mW/cm? (39

Again, we note that at an irradiance of 1.11 mW/cm®,
the minimum SRCEQ is about 0.54 mA/mW/cm?. Several
applications of the above process eventually result in a
convergent answer of

HE ~ 1.0 mW/cm,? (40)

Now, from the MRD450 data sheet, SRCEO (min) at
an irradiance of 1.0 mW/cm? and color temperature of
2720°K is

SRCEO = (0.15)(0.9) = 0.135 mA/mW/cm? (41)

At 1.0 mW/cm?, we can expect a minimum IC of
0.135 mA. This is below the design requirement of 0.5
mA. By looking at the product of SRCEO (min) and H on
the data sheet curve, the minimum H for 0.5 mA for using
the MRD450 can now be calculated.

H _3.0_1(MRD450) _1(MRD450)
1.

Hg 10 T(MRD300) 125

42)
or

1 (MRD450) = 375 footcandles (43)

This value is pretty high for a two D-cell flashlight, but
the circuit should perform properly since about 200
footcandles can be expected from a flashlight, giving a
resultant current flow of approximately

220 .
I= 275 (0.5 mA)=0.293 mA (44)
This will be the base current of Q2, and since the relay
requires 5 mA, the minimum hFg required for Q2 is

hFE (Q2) = 0—2%3 =17. (45)

This is well below the hFE (min) specification for the
MPS3394 (55) so proper circuit performance can be
expected.

A variation of the above circuit is shown in Figure 26.
In this circuit, the presence of light deenergizes the relay.
The same light levels are applicable. The two relay circuits
can be used for a variety of applications such as automatic
door activators, object or process counters, and intrusion
alarms. Figure 27, for example, shows the circuit of
Figure 26 used to activate an SCR in an alarm system. The
presence of light keeps the relay deenergized, thus
denying trigger current to the SCR gate. When the light is
interrupted, the relay energizes, providing the SCR with
trigger current. The SCR latches ON, so only 2 momen-
tary interruption of light is sufficient to cause the alarm
to ring continuously. S1 is a momentary contact switch
for resetting the system.

18 K2
Sigma
11F-2300-GSIL

Q2
MPS3394
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FIGURE 26 — Light De-energized Relay
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Operated SCR Alarm Circuit

If the SCR has a sensitive gate, the relay can be
eliminated as shown in Figure 28. The phototransistor
holds the gate low as long as light is present, but pulls the
gate up to triggering level when the light is interrupted.
Again, a reset switch appears across the SCR.

Voltage Regulator — The light output of an incandes-
cent lamp is very dependent on the RMS voltage applied
to it. Since the phototransistor is sensitive to light
changes, it can be used to monitor the light output of a
lamp, and in a closed-loop system to control the lamp
voltage. Such a regulator is particularly useful in a
projection system where it is desired to maintain a
constant brightness level despite line voltage variations.

Figure 29 shows a voltage regulator for a projection
lamp. The RMS voltage on the lamp is set by the firing
angle of the SCR. This firing angle in turn is set by the
unijunction timing circuit. Transistors Q1 and Q2 form a
constant-current source for charging timing capacitor C.

The magnitude of the charging current, the capaci-
tance, C, and the position of R6 set the firing time of the
UJT oscillator which in turn sets the firing angle of the
SCR. Regulation is accomplished by phototransistor Q3.
The brightness of the lamp sets the current level in Q3,
which diverts current from the timing capacitor. Potentio-
meter R6 is set for the desired brightness level.

s1
+10 VvV
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Alarm
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2N5060
s1

MRD 1.0k
300

i

FIGURE 28 — Light Operated SCR Alarm
Using Sensitive-Gate SCR
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If the line voltage rises, the lamp tends to become
brighter, causing an increase in the current of Q3. This
causes the unijunction to fire later in the cycle, thus
reducing the conduction time of the SCR. Since the lamp
RMS voltage depends on the conduction angle of the
SCR, the increase in line voltage is compensated for by a
décrease in conduction angle, maintaining a constant lamp
voltage.

Because the projection lamp is so bright, it will saturate
the phototransistor if it is directly coupled to it. Either of
two coupling techniques are satisfactory. The first is to
attenuate the light to the phototransistor with a translu-
cent material with a small iris. The degree of attenuation
or translucency must be experimentally determined for
the particular projection lamp used.

The second coupling technique is to couple the lamp
and phototransistor by a reflected path. The type of
reflective surface and path length will again depend on the
particular lamp being used.
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HIGH FREQUENCY DESIGN APPROACHES

It was shown in Figure 7 that the frequency response
of the MRD phototransistor series is quite dependent on
the load. Depending on the load value and the frequency
of operation, the device can be modled simply as in Figure
6, or else in the modified hybrid-pi form of Figure 3.

While the hybrid-pi model may be useful for detailed
analytical work, it does not offer much for the case of
simplified design. It is much easier to consider the
transistor simply as a current source with a first-order
transient response. With the addition of switching charac-
teristics to the device information already available, most
design problems can be solved with a minimum of effort.



Switching Characteristics — When the phototransistor
changes state from OFF to ON, a significant time delay is
associated with the rpe Che time constant. As shown in
Figure 30, the capacitance of the emitter-base junction is
appreciable. Since the device photocurrent is gm Vbe
(from Figure 3), the load current can change state only as
fast as vpe can change. Also, vpe can change only as fast as
Cpe can charge and discharge through the load resistance.
Figure 31 shows the variations in rise and fall time
with load resistance. This measurement was made using a
GaAs light emitting diode for the light source. The LED
output power and the separation distance between the LED
and the phototransistor were adjusted for an ON photo-
transistor current of 1.5 mA. The rise time was also meas-
ured for a short-circuited load and found to be about 700 ns.

The major difficulty encountered in high-frequency
applications is the load-dependent frequency response.
Since the phototransistor is a current source, it is desirable
to use a large load resistance to develop maximum output
voltage. However, large load resistances limit the useful
frequency range. This seems to present the designer with a
tradeoff between voltage and speed. However, there is a
technique available to eliminate the need for such a
tradeoff.

Figure 32 shows a circuit designed to optimize both
speed and output voltage. The common-base stage Q2
offers a low-impedance load to the phototransistor, thus
maximizing response speed. Since Q2 has near-unity
current gain, the load current in Rf is approximately
equal to the phototransistor current. Thus the impedance
transformation provided by Q2 results in a relatively load-
independent frequency response.

The effect of Q2 is shown in Figures 33 and 34. In
Figure 33, the 3-dB frequency response as a function of
load is shown. Comparing this with Figure 7, the effect of
Q2 is quite evident. Comparison of Figures 31 and 34 also
demonstrates the effect of Q2.

Remote Strobeflash Slave Adapter — At times when
using an electronic strobe flash, it is desirable to use a
remote, or “slave” flash synchronized with the master.
The circuit in Figure 35 provides the drive needed to
trigger a slave unit, and eliminates the necessity for
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FIGURE 35 — Strobeflash Slave Adapter
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synchronizing wires between the two flash units.

The MRD300 phototransistor used in this circuit is cut
off in a VCER mode due to the relatively low dc
resistance of rf choke L1 even under high ambient light
conditions. When a fast-rising pulse of light strikes the
base region of this device, however, L1 acts as a very high
impedance to the ramp and the transistor is biased into
conduction by the incoming pulse of light.

When the MRD300 conducts, a signal is applied to the
gate of SCR Q2. This triggers Q2, which acts as a
solid-state relay and turns on the attached strobeflash
unit.

In tests this unit was unaffected by ambient light
conditions. It fired up to approximately 20 feet from
strobe-light flashes using only the lens of the MRD300 for
light pickup.

CONCLUSION

The phototransistor provides the circuit or system
designer with a unique component for use in dc and linear
or digital time-varying applications. Use of a phototran-
sistor yields extremely high electrical and mechanical
isolation. The proper design of an electro-optical system
requires a knowledge of both the radiation source
characteristics and the phototransistor characteristics.
This knowledge, coupled with an adequately defined
distance and geometric relationship, enables the designer
to properly predict the performance of his designs.
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ISOLATION TECHNIQUES USING
OPTICAL COUPLERS

Prepared by
Francis Christian

INTRODUCTION

The optical coupler is a new device that offers the
design engineer new freedoms in designing circuits and
systems. Problems such as ground loop isolation, common
mode noise rejection, power supply transformations, and
many more problems can be solved or simplified with the
use of an optical coupler.

Operation is based on the principle of detecting emit-
ted light. The input to the coupler is connected to a light
emitter and the output is a photodetector, the two ele-
ments being separated by a transparent insulator and housed
in a light-excluding package. There are many types of
optical couplers; for example, the light source could be
an incandescent lamp or a light emitting diode (LED).
Also, the detector could be photovoltaic cell, photocon-
ductive cell, photodiode, phototransistor, or a light-sensi-
tive SCR. By various combinations of emitters and detec-
tors, a number of different types of optical couplers could
be assembled.

Once an emitter and detector have been assembled as
a coupler, the optical portion is permanently established
so that device use is only electronic in nature.- This elimi-
nates the need for the circuit designer to have knowledge
of optics. However, for effective application, he must
know something of the electrical characteristics, capabili-
ties, and limitations, of the emitter and detector.

COUPLER CHARACTERISTICS

The 4N25 is an optical coupler consisting of a gallium
arsenide (GaAs) LED and a silicon phototransistor. (For
more information on LEDs and phototransistors, see
References | and 2).

The coupler’s characteristics are given in the following
sequence: LED characteristics, phototransistor character-
istics, coupled characteristics, and switching characteristics.
Table 1 shows all four for the 4N2§ series.

INPUT

For most applications the basic LED parameters I and
VE are all that .we needed to define the input. Figure |
shows these forward characteristics, providing the neces-
sary information to design the LED drive circuit. Most
circuit applications will require a current limiting resistor
in series with the LED input. The circuit in Figure 2 is a
typical drive circuit.

The current limiting resistor can be calculated from
the following equation:

where

vg, Instantaneous Forward Voltage (Volts)

1.8

1.0
1

VF = diode forward voltage
Ig = diode forward current

T
T, =25%
//
L+
1111
i
.0 20 50 10 20 50 100 200 500 1000

ig, Instantaneous Forward Current (mA)

FIGURE 1 — Input Diode Forward Characteristic
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FIGURE 2 — Simple Drive Circuit For An LED



LED CHARACTERISTICS (T, = 25°C unless otherwise noted)

TABLE |

Characteristic Symbol Typ Max Unit
*Reverse Leakage Current s 005 100 uA
(VR =30 V.R_=1.0Mohms)
*Forward Voltage Ve 1.2 15 Volts
(lg =50 mA)
Capacitance c 150 - oF
(VR =0V, t=10MH2z
PHOTOTRANSISTOR CHARACTERISTICS (T4 = 25°C and (g = 0 uniess otherwise noted)
Characteristic Symbol Tye Max Unit
*Coliector-Emitter Dark Current 4N25 4N26. aN27 ceo 35 S0 nA
(Vg = 10 V. Base Open) anz8 _ 100
“Collector-Base Dark Current Icso 20 nA
(Vg = 10 V., Emitter Open)
*Collector Base Breakdown Voitage V(BRICBO - - Volts
(1 =100 wA, 1g = 0} -
“Collector Emitter Breakdown Voitage V(BRICEO - - Volts
e =10mA, 15 =0
“Emutter-Collector Breakdown Voltage V(BR}ECO - - Voits
(lg =100 wA, Ig = O}
OC Current Gan heg 250 - -
IVeg =50V 1 = 500 uA)
COUPLED CHARACTERISTICS (T, = 25'C unless otherwise noted)
Characterstic Symbol Typ Max Unit
“Catlector Output Current (1) AN25.4N26 e 50 - mA
(Veg ~ 10V Ig - 10mA. 1g = 0l 4N27,4N28 30 -
“is0lation Voltage (21 anNzs Viso - = Vorts
4N26,4N27 - -
4N28 - =
tsolation Resistance (2} - 10" - Ohms
(v - 500 vV
“*Collector Emitter Saturation VeEtsan 02 0s Volts
(g =20 mA. (g = 50 mA}
Isolation Capacitance (2) - 13 - oF
(V =0, f=10MHzl
Banawsdth (31 - 300 - KHz
(Ic =20mA. Ry =100 ohms, Figure 11)
SWITCHING CHARACTERISTICS
Delay Time 4N25,4N26 [ 007 - us
g =10mA Ve = 10 V) 4AN27,4N28 010 -
Rise Time Figures 6 and 8 4aN25,4N26 %, [e2:] - us
AN27.4N28 2.0 -
Storage Time 4N25.4N26 [N 40 - us
(Ic = 10mA, Ve =10 V) 4N27.4N28 20 -
all Time Figures 7 and 8 4N254AN26 [ 70 - us
4N27.4N28 30 —
*Indicates JEDEC Regiteres Data 1) Pulse Test Puise Width 300 us, Duty Cycle & 20%
12) For this test LED pins 1 3nd 2 are common and Photo Transistor pins 4,5 and 6 are comman
{31 1F adjusted to yeeld Ic - 20 mA and ¢ - 2 0mAp pat 10kHz
lg =25 I¢
OUTPUT =FF g %0 ic
T,=25°

The output of the coupler is the phototransistor. The
basic parameters of interest are the collector current I
and collector emitter voltage, VCE. Figure 3 is a curve of

VCE(sat) versus IC for two different drive levels.

COUPLING

To fully characterize the coupler, a new parameter, the

dc current transfer ratio or coupling efficiency (n) must
be defined. This is the ratio of the transistor collector
current to diode current I¢/lg. Figures 4A and 4B show
the typical dc current transfer functions for the couplers
at VCE = 10 volts. Note that n varies with IF and VCE.
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FIGURE 3 — Collector Saturation Voltage



Once the required output collector current IC is known, TURN-ON TIME

the input diode current can be calculated by 20 T T 1
10 Vec=10V m—.
(R Ig=201c 3
1F = Ic/n, 5.0 e — Ty =25% ]
~
2.0 P~ -y =
where  IF is the forward diode current 1 10D ~ ¢l
I¢ is the collector current g os £ =
n is the coupling efficiency or transfer ratio. E ~ T +
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The switching times for the couplers are shown in N N 1000 9N
. . . o
Figures 5A and SB. The speed is fairly slow compared to go2
switching transistors, but is typical of phototransistors 3 \\
. . . o
because of the large base-collector area. The switching time 50.1
or bandwidth of the coupler is a function of the load 30 0 70 100 200 300 500 700 1000

resistor R because of the Ry C( time constant where CQ
is the parallel combination of the device and load capaci-
tances. Figure 6 isa curve of frequency response versus Ry..

f, Frequency (kHz)

FIGURE 6 — Frequency Response
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FIGURE 7 — Pulse Mode Circuit FIGURE 8 — Linear Mode Circuit
OPERATING MODE

The two basic modes of operation are pulsed and linear.
In the pulsed mode of operation, the LED will be switched
on or off. The output will also be pulses either in phase
or 180° out of phase with the input depending on where
the output is taken. The output will be 180° out of
phase if the collector is used and in phase if the emitter
is used for the output.

time for a diode-transistor coupler is in the order of 2 to
S ws, where the diode-diode coupler is 50 to 100 ns. The
one disadvantage with the diode-diode coupler is that the
output current is much lower than the diode-transistor
coupler. This is because the base current is being used as
signal current and the § multiplication of the transistor is
omitted. Figure 10 is a graph of IR versus IF using the
coupler in the diode-diode mode.

Vee Vee
r————7 7
° ! 2. |
Vin | 1[ |
| -
L 4 oO———
Vin |
o——4—
Ry L———
FIGURE 9 — Circuit Connections for Using the 4N26
As a Diode-Diode Coupler
140
. o 130
In the linear mode of operation, the input is biased at 120
a dc operating point and then the input is changed about 110
this dc point. The output signal will have an ac and dc 100 7
component in the signal. 90 7
Figures 7 and 8 show typical circuits for the two modes g 80 v
of operation. =70 /
60 e
o .
THE 4N26 AS A DIODE-DIODE COUPLER 40 /,/
The 4N26 which is a diode-transistor coupler, can be 30 7
used as a diode-diode coupler. To do this the output is f:
taken between the collector and base instead of the collec-
tor and emitter. The circuits in Figure 9 show the connec- 10 20 30 40 50 60
tions to use the coupler in the diode-diode mode. Ig in (mA)

The advantage of using the 4N26 as a diode-diode
coupler is increased speed. For example, the pulse rise
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FIGURE 11 — Coupler-Driven SCR

APPLICATIONS

The following circuits are presented to give the designer
ideas of how the 4N26 can be used. The circuits
have been bread-boarded and tested, but the values of the
circuit components have not been selected for optimum
performance over all temperatures.

Figure 11 shows a coupler driving a silicon controlled
rectifier (SCR). The SCR is used to control an inductive
load, and the SCR is driven by a coupler. The SCR used
is a sensitive gate device that requires only 1 mA of gate
current and the coupler has a minimum current transfer
ratio of 0.2 so the input current to the coupler, IF, need
only be 5 mA. The 1 k resistor connected to the gate
of the SCR is used to hold off the SCR. The 1N4005
diode is used to supress the self-induced voltage when the
SCR turns off.

Figure 12 is a circuit that couples a high voltage load
to a low voltage logic circuit. To insure that the voltage
to the MTTL flip-flop exceeds the logic-one level, the coup-

FIGURE 12 — Opto Coupler In A Load To Logic Transtation

ler output current must be at least 10 mA. To guarantee
10 mA of output current, the input current to the LED
must be 50 mA. The current limiting resistor R can be

V-VE
calculated from the equation R = 005 If the power
supply voltage, V, is much greater than VE, the equation

v
for R reducesto R= —.
0.05

The circuit of Figure 13 shows a coupler driving an
operational amplifier. In this application an ac signal is
passed through the coupler and then amplified by the op
amp. To pass an ac signal through the coupler with mini-
mum distortion, it is necessary to bias the LED with a dc
current. The ac signal is summed with the dc current so
the output voltage of the coupler will have an ac and a
dc component. Since the op amp is capacitively coupled
to the coupler, only the ac signal will appear at the out-
put.

+5 V

510

l'oc =10 mA
22 uF 44

4N26
'Ac(paak)f
5 mA

b Vout

Ay =-10

FIGURE 13 — Coupling An AC Signal to an Operationsl Amplifier



The circuit of Figure 14 shows the 4N26 being used as a diode-diode coupler, the output being taken from the collector-
base diode. In this mode of operation, the emitter is left open, the load resistor is connected between the base and ground,
and the collector is tied to the positive voltage supply. Using the coupler in this way reduces the switching time from

2to 3 us to 100 ns.

+6

Input

0.1 uF Output

1.0 us—=
I # Vout

3V
Input
Puise

-6 V

0.6 V— MC1733 =
90 =
0

t, 1090 =100 ns

FIGURE 14 — Using the 4N26 as a Diode-Diode Coupler

The circuit of Figure 15 is a standard two-transistor one-shot, with one transistor being the output transistor of the
coupler. The trigger to the one-shot is the LED input to the coupler. A pulse of 3 us in duration and 15 mA will trigger
the circuit.  The output pulse width (PWQ) is equal to 0.7 RC + PW| + 6 ps where PW| is the input pulse width and 6
us is the turn-off delay of the coupler. The amplitude of the output pulse is a function of the power supply voltage of the

output side and independent of the input.

O +5 Vv
— Vo
sV

e
I, | PW =07 R
Input 0—1—

L Output
Input PWour = 0.7 RC + PWmin
Iy Vorom 02
Moy VolHigh) = 5.0 V (for A 3 4.7 k)

FIGURE 15 — Puise Stretcher
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The circuit of Figure 16 is basically a Schmitt trigger.
Cne of the Schmitt trigger transistors is the output transis-
tor of a coupler. The input to the Schmitt trigger is the
LED of the coupler. When the base voltage of the coup-
ler’s transistor exceeds Ve+Vpe the output transistor of

the coupler will switch on. This will cause Q2 to conduct
and the output will be in a high state. When the input to
the LED is removed, the coupler’s output transistor will
shut off and the output voltage will be in a low state. Be-
cause of the high impedance in the base of the coupler

MPSE518 1.2k
L'O¢‘I2V
If =30 mA __ _A4N26 —& Qutput
s1 1 T
Ju , |
Inpu(o——o—l_._
3v
Input oV
25V
Output v-——/ L
utpy 0 | N | [ | [ t
Ms 0 1 2 3 4 5 6 7 8 9 10
FIGURE 16 — Opticatly Coupled Schmitt Trigger
+5 V
1k 1k
10k = Qutput
60 50 0K o5 o6
wor I~ T 77 Ir TTT T T 1 100
|
Set | Reset
Input 2 ! L : | -S (- Input
L L _
4AN26 4AN26
a
Re
100
2v =
Set
Input
ov
45V
Output / \
o5V
20 V—,
Reset
Input
ov
[ T L I L A A e P A A
tus) 0 1 2 3 4 5 6 7 8 91011121314151617 181920

FIGURE 17 — Optically Coupled R-S Flip-Flop
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transistor, the turn-off delay is about 6 us. The high base
impedance (100 k ohms) represents a compromise between
sensitivity (input drive required) and frequency response.
A low value base resistor would improve speed but would
also increase the drive requirements.

The circuitin Figure 17 can be used as an optically coup-
led R-S flip-flop. The circuit uses two 4N26 couplers
cross coupled to produce two stable states. To change
the output from a low state to a high state requires a
positive 2 V pulse at the set input. The minimum width
of the set pulse is 3 us. To switch the output back to the
low state needs only a pulse on the reset input. The reset-
operation is similar to the set operation.

Motorola integrated voltage regulators provide an input

for the express purpose of shutting the regulator off. For
large systems, various subsystems may be placed in a stand-
by mode to conserve power until actually needed. Or the
power may be turned OFF in response to occurrences such
as overheating, over-voltage, shorted output, etc.

With the use of the 4N26 optically coupler, the reg-
ulator can be shut down while the controlling signal is
isolated from the regulator. The circuit of Figure 18 shows
a positive regulator connected to an optical coupler.

To insure that the drive to the regulator shut down
control is I mA, (the required current), it is necessary to
drive the LED in the coupler with § mA of current, an
adequate level for logic circuits.

lo=1mA

MC1569R
MC1469R 0.001 uF

sc +*Vo

2N706

5 =

7
co |*
1.0 uF T

R* = |[Vijp =1.7 V| kQ

0.1 uF
Case :_[ = —

FIGURE 18 — Optical Coupler Controlling the Shut Down
of MC1569 Voltage Regulator

qus
Output
Y05 pus
FIGURE 19 — Simple Pulse Amplifier
The circuit in Figure 19 is a simple pulse amplifier \;sing REFERENCES

positive, ac feedback into the base of the 4N26. The
advantage of the feedback is in faster switching time. With-
out the feedback, the pulse rise time is about 2.0 us, but
with the positive feedback, the pulse rise time is about
0.5 us. Figure 17A shows the input and output wave-
froms of the pulse amplifier.
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2. “Motorola Switching Transistor Handbook.”
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APPLICATIONS OF THE MOC3011 TRIAC DRIVER

Prepared by:
Pat O'Neil

DESCRIPTIONS OF THE MOC3011

Construction

The MOC3011 consists of a gallium arsenide infrared
LED optically exciting a silicon detector chip, which is
especially designed to drive triacs controlling loads on the
115 Vac power line. The detector chip is a complex device
which functions in much the same manner as a small
triac, generating the signals necessary to drive the gate of
a larger triac. The MOC3011 allows a low power exciting
signal to drive a high power load with a very small number
of components, and at the same time provides practically
complete isolation of the driving circuitry from the
power line.

The construction of the MOC3011 follows the same
highly successful coupler technology used in Motorola’s
broad line of plastic couplers (Figure 1). The dual lead

IRED BLACK OVERMOLD

DETECTOR

LIGHT PIPE

FIGURE 1 — Motorola Double-Molded Coupler Package
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frame with an epoxy undermold provides a stable dielectric
capable of sustaining 7.5 kV between the input and
output sides of the device. The detector chip is passivated
with silicon nitride and uses Motorola’s annular ring to
maintain stable breakdown parameters.

Basic Electrical Description

The GaAs LED has nominal 1.3 V forward drop at
10 mA and a reverse breakdown voltage greater than 3 V.
The maximum current to be passed through the LED
is SOmA.

The detector has a minimum blocking voltage of
250 Vdc in either direction in the off state. In the on
state, the detector will pass 100 mA in either direction
with less than 3 V drop across the device. Once triggered
into the on (conducting) state, the detector will remain
there until the current drops below the holding current
(typically 100 pA) at which time the detector reverts to
the off (non-conducting) state. The detector may be
triggered into the on state by exceeding the forward
blocking voltage, by voltage ramps across the detector
at rates exceeding the static dv/dt rating, or by photons
from the LED. The LED is guaranteed by the specifi-
cations to trigger the detector into the on state when
10 mA or more is passed through the LED. A similar
device, the MOC3010, has exactly the same characteristics
except it requires 15 mA to trigger.



Since the MOC3011 looks essentially like a small optically
triggered triac, we have chosen to represent it as shown
on Figure 2.

————-Q

R oad
1 6 150
Vce 0—0—] 116 Vac
2 R1
Moc3011  |[—o

10

mA 4 Vin
O—1

. FIGURE 2 — Schematic Representation
of MOC3011 and MOC3010

2L

sV 180
Vce 300 ! 6 R1 R2
O~ AAM—O—

2

MOC3011  |—o Cc1 =

7400 4 115

o—-—. -—o— Vac

NOTE: Circuit supplies 26 mA drive to gate of triac at
Vin =25V and Tp < 70°C.

TRIAC
IgT R2 c
15 mA 2400 01
30 mA 1200 0.2
50 mA 800 0.3

FIGURE 4 — Logic to Inductive Load Interface
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FIGURE 3 — Simple Triac Gating Circuit

USING THE MOC3011 AS A TRIAC DRIVER

Triac Driving Requirements

Figure 3 shows a simple triac driving circuit using
the MOC3011. The maximum surge current rating of the
MOC3011 sets the minimum value of Rl through the
equation:

R1(min) = Vin(pk)/1.2 A

If we are operating on the 115 Vac nominal line voltage,
Vin(pk) = 180 V, then

R1(min) = Vip(pk)/1.2 A = 150 ohms.

In practice, this would be a 150 or 180 ohm resistor.
If the triac has IGT = 100 mA and Vg = 2 V, then the
voltage Vijn necessary to trigger the triac will be given
by VinT =Rl « IgT+VGT+ VTM =20 V.

Resistive Loads

When driving resistive loads, the circuit of Figure 3
may be used. Incandescent lamps and resistive heating
elements arc the two main classes of resistive loads for
which 115 Vac is utilized. The main restriction is that
the triac must be properly chosen to sustain the proper
inrush loads. Incandescent lamps can sometimes draw
a peak current known as ‘“‘flashover” which can be
extremely high, and the triac should be protected by a
fuse or rated high enough to sustain this current.



Line Transients—Static dv/dt

Occasionally transient voltage disturbance on the ac
line will exceed the static dv/dt rating of the MOC3011.
In this case, it is possible that the MOC3011 and the
associated triac will be triggered on. This is usually not a
problem, except in unusually noisy environments, because
the MOC3011 and its triac will commute off at the next
zero crossing of the line voltage, and most loads are
not noticeably affected by an occasional single half<cycle
of applied power. See Figure 5 for typical dv/dt versus
temperature curves.

Inductive Loads—Commutating dv/dt

Inductive loads (motors, solenoids, magnets, etc.)
present a problem both for triacs and for the MOC3011
because the voltage and current are not in phase with each
other. Since the triac turns off at zero current, jt may be
trying to turn off when the applied current is zero but the
applied voltage is high. This appears to the triac like a
sudden rise in applied voltage, which turns on the triac
if the rate of rise exceeds the commutating dv/dt of the
triac or the static dv/dt of the MOC3011.

Snubber Networks

The solution to this problem is provided by the use of
“snubber” networks to reduce the rate of voltage rise
seen by the device. In some cases, this may require two
snubbers—one for the triac and one for the MOC3011.
The triac snubber is dependent upon the triac and load
used and will not be discussed here. In many applications

the snubber used for the MOC3011 will also adequately
protect the triac.

In order to design a snubber properly, one should
really know the power factor of the reactive load, which is
defined as the cosine of the phase shift caused by the
load. Unfortunately, this is not always known, and this
makes snubbing network design somewhat empirical.
However a method of designing a snubber network
may be defined, based upon a typical power factor. This
can be used as a “first cut” and later modified based
upon experiment.

Assuming an inductive load with a power factor of
PF = 0.1 is to be driven. The triac might be trying to turn
off when the applied voltage is given by

Vio = Vpksin¢ =~ Vpk =~ 180 V

First, one must choose Rl (Figure 4) to limit the peak
capacitor discharge current through the MOC3011. This
resistor is given by

R1 = Vpk/Imax = 180/12 A=150 Q

A standard value, 180 ohm resistor can be used in practice
for R1.

It is necessary to set the time constant for 7 = R2C.
Assuming that the triac turns off very quickly, we have a
peak rate of rise at the MOC3011 given by

dv/dt = Vio/r = Vio/R2C

Setting this equal to the worst case dv/dt (static) for the
MOC3011 which we can obtain from Figure 5 and solving
for RoC:

dv/dt(Ty = 70°C) = 0.8 V/us = 8 X 105
R2C = Vio/(dv/dt) = 180/(8 X 105) ~ 230 X 10-6

bz T T T 1 024
Static dv/dt
— = = Commutating dv/dt
20 .20
£
> 16 0.16
s = SN
2 Ry =2k ~]
=R 2ke 0.12
2 | <k
2 - T +~
2 o8 3 = ~ 3 0.08
AL =51012 ] — - -+~
=]
0.4 0.04
0 IO
25 30 40 50 60 70 80 90 100
Ta. AMBIENT TEMPERATURE (°C)

(S7/A) ONTLY LNWWOD “10/Ap

Vee Rin 1 6
o— ]
2 Vin
Moc3011 p—O
a
o—
RL
+5V
I l I I l l I l ov 10 k
Commutating Staxic._l
|' dv/dt T av/at 2N3304
dv/dt=8.9 1 Vi
dv/dt Test Circuit

FIGURE 5 — dv/dt versus Temperature
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The largest value of R2 available is found, taking into
consideration the triac gate requirements. If a sensitive
gate triac is used, such as a 2N6071B, IgT = 15 mA @
-400°C. If the triac is to be triggered when Vi <40 V

(R1 + R2) = Vin/IGT =~ 40/0.015 ~ 2.3 k

If we let R2 = 2400 chms and C = 0.1 uF, the snubbing
requirements are met. Triacs having less sensitive gates
will require that R2 be lower and C be correspondingly
higher as shown in Figure 4,

INPUT CIRCUITRY

Resistor Input

When the input conditions are well controlled, as for
example when driving the MOC3011 from a TTL, DTL, or
HTL gate, only a single resistor is necessary to interface
the gate to the input LED of the MOC3011. This resistor
should be chosen to set the current into the LED to be
a minimum of 10 mA but no more than 50 mA. 15 mA is
a suitable value, which allows for considerable degradation
of the LED over time, and assures a long operating life for
the coupler. Currents higher than 15 mA do not improve
performance and may hasten the aging process inherent
in LED’s. Assuming the forward drop to be 1.5 V at

15 mA allows a simple formula to calculate the input
resistor.

R =(Vce - 1.5)/0.015

Examples of resistive input circuits are seen in Figures
2 and 6.

Increasing Input Sensitivity

In some cases, the logic gate may not be able to source
or sink 15 mA directly. CMOS, for example, is specified
to have only 0.5 mA output, which must then be
increased to drive the MOC3011. There are numerous
ways to increase this current to a level compatible with
the MOC3011 input requirements; an efficient way is
to use the MC14049B shown in Figure 6. Since there are
six such buffers in a single package, the user can have
a small package count when using several MOC3011’s
in one system,

MOC3011 —O

FIGURE 7 — MOC3011 Input Protection Circuit

Vee
R 1 180 2.4k
M- A Load
2
MOC3011 0.1 uF ;F 2N60718
1/6 Hex Buffer 3 115 Vac
[o S—
O

Vee R HEX BUFFER
50V | 2200 MC75492
10V 600 2 MC75492
15 v 910 MC140498

FIGURE 6 — MOS to ac Load Interface



Input Protection Circuits

In some applications, such as solid state relays, in
which the input voltage varies widely the designer may
want to limit the current applied to the LED of the
MOC3011. The circuit shown in Figure 7 allows a non-
critical range of input voltages to properly drive the
MOC3011 and at the same time protects the input LED
from inadvertent application of reverse polarity.

LED Lifetime

All light emitting diodes slowly decrease in brightness
during their useful life, an effect accelerated by high
temperatures and high LED currents. To allow a safety
margin and insure long service life, the MOC3011 is
actually tested to trigger at a value lower than the
specified 10 mA input threshold current. The designer
can therefore design the input circuitry to supply 10 mA
to the LED and still be sure of satisfactory operation over

a long operating lifetime. On the other hand, care should
be taken to insure that the maximum LED input current
(50 mA) is not exceeded or the lifetime of the MOC3011
may be shortened.

APPLICATIONS EXAMPLES

Using the MOC3011 on 240 Vac Lines

The rated voltage of a MOC3011 is not sufficiently
high for it to be used directly on 240 Vac line; however,
the designer may stack two of them in series. When used
this way, two resistors are required to equalize the voltage
dropped across them as shown in Figure 8.

Remote Control of ac Voltage

Local building codes frequently require all 115 Vac
light switch wiring to be enclosed in conduit. By using
a MOC3011, a triac, and a low voltage source, it is

#5V?
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MOC3011 ¥_ N II

180 .
s E—o

MOC3011 1 A II
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FIGURE 8 — 2 MOC3011 Triac Drivers in Series to Drive 240 V Triac
Non-Conduit #22 Wire 180
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115 Vac

360
Y YA y
MOC3011
— O

£,
T

FIGURE 9 — Remote Control of ac Loads Through Low Voltage Non-Conduit Cable



possible to control a large lighting load from a long
distance through low voltage signal wiring which is com-
pletely isolated from the ac line. Such wiring usually is
not required to be put in conduit, so the cost savings in
installing a lighting system in commercial or residential
buildings can be considerable. An example is shown in
Figure 9. Naturally, the load could also be a motor,
fan, pool pump, etc.

Solid State Relay

Figure 10 shows a complete general purpose, solid state
relay snubbed for inductive loads with input protection.
When the designer has more control of the input and
output conditions, he can eliminate those components
which are not needed for his particular application to
make the circuit more cost effective.

Interfacing Microprocessors to 115 Vac Peripherals

The output of a typical microcomputer input-output

(I/O) port is a TTL-compatible terminal capable of driving
one or two TTL loads. This is not quite enough to drive
the MOC3011, nor can it be connected directly to an SCR
or triac, because computer common is not normally
referenced to one side of the ac supply. Standard 7400
series gates can provide an input compatible with the
output of an MC6820, MC6821, MC6846 or similar
peripheral interface adaptor and can directly drive the
MOC3011. If the second input of a 2 input gate is tied
to a simple timing circuit, it will also provide energization
of the triac only at the zero crossing of the ac line voltage
as shown in Figure 11. This technique extends the life
of incandescent lamps, reduces the surge current strains
on the triac,and reduces EMI generated by load switching.
Of course, zero crossing can be generated within the
microcomputer itself, but this requires considerable
software overhead and usually just as much hardware
to generate the zero-crossing timing signals.

150 180 24k
O———MA AA » VA, ’ -0
A : AN 0.1 6F
2w
1N4002 2N6071B
MOC3011 115 Vac
2N3904
>
Sar S0k
>
<
[og =
FIGURE 10 — Solid-State Relay
v 45V 200 W
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Address Q (Resistive
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FIBER OPTICS

General Information

The Motorola Fiber Optic product portfoliois intended principally to address
fiber optic communications systems in the computer, industrial controls,
medical electronics, consumer and automotive applications.

Analog and digital modulation schemes at bandwidths through 50 MHz and
system lengths through several kilometers may be achieved using Motorola
fiber optic semiconductor devices.

The semiconductors are housed in packages suitable for high-volume
production and low cost. Most important, however, the packages are standard-
ized, permittinginterchangeability, speedy field maintenance, and easy
assembly into systems.



a new method of cabled communication and data transmission using modulated light through an

optical cable.
Basic Fiber-Optic Link
Transmitter Receiver

~m——————— = A —_——e— e — = — - ——— -1

| - |

| Source- Optical Fiber-to- Output |

— Driver — Source to-Fiber 1 ___ anca | Detector p——J Detector | Circ':m | —
Signal | Connection iber Connection | Signal
In | I Out
T T
—————————— J e o o — = — - — ———

Fiber optic systems offer many advantages in terms of performance and cost over traditional electrical,
coaxial or hard-wired transmission systems.
Fiber optic systems inherently provide:
Ability to transmit a great deal of data on a single fiber
Electrical isolation
EMI/RFI noise immunity, no electromagnetic coupling
No signal radiation or noise emission
No spark or fire hazard
Short circuit protection, no current flow
Transmission security
Lightweight, small diameter cable
Lightning surge current and transient immunity

Cost effectiveness

The fiber optic emitters and detectors are in the new and unique ferrule package and in the standard
lensed TO-18 type package. This ferrule package was developed to provide maximum coupling of light
between the die and the fiber. The package is small, rugged and producable in volume. The ferrule
mates with the AMP ferrule connector #227240-1 for easy assembly into systems and precise fiber-
to-fiber alignment. This assembly permits the efficient coupling of semiconductor-to-fiber cable and
allows the use of any fiber type or diameter.

Threaded Cable

AMP Connector
2272401

Slots for
RFI/EMI
Shield

Clad Fiber Light Guide
Highly Polished
Fiber Tip

Motorola

Ferrule Semiconductor TO-18 Header

Index Matching
Epoxy

r'/

Semiconductor Emitter
or Detector

Press On
Retention Plate
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BASIC CONCEPTS OF FIBER OPTICS
AND FIBER OPTIC COMMUNICATIONS

Prepared By:
John Bliss

Introduction

This note presents an introduction to the main principles of
fiber optics. Its purpose is to review some basic concepts from
physics that relate to fiber optics and the application of
semiconductor devices to the generation and detection of light
transmitted by optical fibers. The discussion begins with a
description of a fiber optic link and the inherent advantages of
fiber optics over wire.

A fiber optic link .

Webster gives as one definition of a link “something which
binds together or connects.” In fiber optics. a link is the
assembly of hardware which connects a source of a signal with

its ultimate destination. The items which comprise the assembly
are shown in Figure 1. As the figure indicates. an input signal.
for example. a serial digital bit stream. is used to modulate a
light source. typically an L'ED (light emitting diode). A variety
of modulation schemes can be used. These will be discussed
later. Although input signal is assumed to be a digital bit
stream. it could just as well be an analog signal. perhaps video.

The modulated light must then be coupled into the optical
fiber. This is a critical element of the system. Based on the
coupling scheme used. the light coupled into the fiber could be
two orders of magnitude down from the total power of source.

Once the tight has been coupled into the fiber. it is attenuated
as it travels along the fiber. It is also subject to distortion. The
degree of distortion limits the maximum data rate that can be
transmitted.
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At the receive end of the fiber. the light must now be coupled
into a detector element (like a photo diode). The coupling
problem at this stage. although still of concern. is considerably
less severe than at the source end. The detector signal is then
reprocessed or decoded to reconstruct the original input signal.

A link like that described in Figure | could be fully
transparent to the user. That is, everything from the input signal
connector to the output signal connector could be prepackaged.
Thus. the user need only be concerned with supplying a signal of
some standard format (like T?L.) and extracting a similar signal.
Such a T2L in T3L out system obviates the need for a designer
to understand fiber optics. However. by analyzing the problems
and concepts internal to the link. the user is better prepared to
apply fiber optics technology to his system.

Advantages of Fiber Optics

There are both performance and cost advantages to be realized
by using fiber optics over wire.

Greater Bandwidth. The higher the carrier frequency in a
communications system. the greater its potential signal band-
width. Since fiber optics work with carrier frequencies on the
order of 10'*-10" Hz as comparedto radio frequencies of 106-10%
H7. signal bandwidths are potentially 10* times greater.

Smaller size and weight. A single fiber is capable of replacing
a very large bundle of individual copper wires. For example. a
typical telephone cable may contain close to 1.000 pairs of copper
wire and have a cross-sectional diameter of seven to ten
centimeters. A single glass fiber cable capable of handling the
same amount of signal might be only one-half centimeter in
diameter. The actual fiber may be as small as 50 u-meters. The
additional size would be the jacket and strength elements. The
weight reduction in this example should be obvious.

Lower attenuation. L.cngth for length. optical fiber exhibits

less attenuation than does twisted wire or coaxial cable. Also. the
attenuation of optical fibers. unlike that of wire. is not frequency
dependent.

Freedom from EMI. Unlike wirc. glass does not pick up nor
generate electro-magnetic interference (EMI). Optical fibers do
not require expensive shielding techniques to desensitize them to
stray fields.

Ruggedness. Since glass is relatively inert in the kind of
environments normally seen by wired systems. the corrosive
nature of such environments is of less concern.

Safety. In many wired systems. the potential hazard of short
circuits between wires or from wires to ground. requires special
precautionary designs. The diclectric nature of optic fibers
eliminates this requirement and the concern for hazardous sparks
occurring during interconnects.

Lower Cost. Optical fiber costs are continuing to decline while
the cost of wire is increasing. In many applications today. the total
\wstem cost for a fiber optic design is lower than for a comparable
ed design. As time passes. more and more systems will be
decidedly less expensive with optical fibers.

Physics of light

The performance of optical fibers can be fully analyzed by
application of Maxwell's Equation for electromagnetic field
theory. However. these are necessarily complex and. for-
tunately, can be bypassed for most users by the application of
ray tracing and analysis. When considering LLED’s and photo
detectors. the particle theory of light is used. The change from
ray to particle theory is fortunately a simple step.

Over the years. it has been demonstrated that light (in fact. all
electromagnetic energy) travels at approximatley 300.000 Km/
second in free space. It has also been demonstrated that in
materials denser than free space. the speed of light is reduced.
This reduction in the speed of light as it passes from free space

Projected Path
Of Incident Ray

(@)

Refracted
Light
Free Ray
Space
Red
Green
. Denser
Irfmdent Material Sunlight <=
Light
Ray Violet

FIGURE 2. REFRACTION OF LIGHT:

a. Light refraction at an interface; b. White light spectral seperation by prismatic refraction.

]/ 7
7
Ve

(b}




into a denser material results in refraction of the light. Simply
stated, the light ray is bent at the interface. This is shown in
Figure 2a. In fact, the reduction of the speed of light is different
for different wavelengths: and. therefore. the degree of bending
is different for each wavelength. Itis this variation in effect for
different wavelengths that results in rainbows. Water droplets
in the air act like small prisms (Figure 2b) to split white sunlight
into the visible spectrum of colors.

The actual bend angle at an interface is predictable and depends
on the refractive index of the dense material. The refractive
index, usually given the symbol n. is the ratio of the speed of
light in free space to its speed in the denser material:

n= speed of light in free space n
speed of light in given material

Although n is also a function of wavelength. the variation in
many applications is small enough to be ignored and a single
value is given. Some typical values of n are given in Table I:

Table |
Representative Indices of Refraction
Vacuum .. ettt e [P 1]
Air ... e eeees e 1.0003( LO)
Waler oo oo v v tvevssnennnonnessons ceeeess 133
Fused QUartz . .« v v v evvvvenannsssnnassenns 146
Glass o evvvneaenceennsonnane P B
DIamond . ...coveeinntsstcennaensaassaasa20
SIHEON v v vevinvennnnnennns [ X
Gallium-Arsenide o o v e vvvevnsonvoneen P X

It is interesting to consider what happens to a light ray as it
meets the interface between two transmissive materials. Figure
3 shows two such materials of refractive indices n, and n,. A
light ray is shown in material | and incident on the interface at
point P. Snell’s law states that:

n, Sin6, = n, Siné, (2)

The angle of refraction. 8, . can be determined:

Sing, = n, Siné, (3)
n,

If material | isair, n, has the value of |:and since n, is greater
than 1. 8, is seen to be less than 6, : that is. in passing through
the interface, the light ray is refracted (bent) toward the normal.

If material | is not air but still an index of refraction less than
material 2. the ray will still be bent toward the normal. Note that
if n, is less than n, . 8, is greater than @, . or the ray is refracted
away from the normal.

Consider Figure 4 in which an incident ray is shown at an
angle such that the refracted ray is along the interface. or the
angle of refraction is 90°. Note that n, >n,. Using Snell’s law:

Siné, = %‘ Sin8, (4)

2

or, with 8, equal to 90°:

Sin, = n, Siné; 5)
n,
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The angle, 8. . is known as the critical angle and defines the

- angle at which incident rays will not pass through the interface.

For angles greater than 8_, 100 percent of the light rays are
reflected (as shown in Figure 5). and the angle of incidence
equals the angle of reflection.

This characteristic of reflection for light incident at greater
than the critical angle is a fundamental concept in fiber optics.

Optical Fibers

Figure 6 shows the typical construction of an optical fiber.
The central portion, or core. is the actual propagating path for
light. Although the core is occasionally constructed of plastic, it
it more typically made of glass. The choice of material will be
discussed later. Bonded to the core is a cladding layer -- again,
usually glass, although plastic cladding of glass core is not
uncommon. The composition of glass can be tailored during
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processing to vary the index of refraction. For example. an
all-glass, or silica-clad fiber. may have the compositions set so
that the core material has an index of refraction of 1.5: and the
clad has an index of refraction of 1.485. To protect the clad
fiber. it is typically enclosed in some form of protective rubber
or plastic jacket. This type of optical fiber is called a “step index
multimode " fiber. Step index refers to the profile of the index of
refraction across the fiber (as shown in Figure 7). The core has
an essentially constant index n ,- The classification “multimode™
should be evident shortly.

* Protective
Core Cladding Jacket

FIGURE 6. SINGLE FIBER CONSTRUCTION

Numerical Aperture

Applying the concept of total internal reflection at theny n,
interface. we can now demonstrate the propagation of light
along the fiber core and the constraint on light incident on the
fiber end to ensure propagation. Figure 8 illustrates the
analysis. As the figure shows, ray propagation results from the
continuous reflection at the core/clad interface such that the
ray bounces down the fiber length and uitimately exits at the far
end. If the principle of total internal reflection is applied at

point P. the critical angle value for g, is found by Snell’s law:

8. = 6, (min) = Sin-' n, (6)
n,;

Now, since g, is a complementary angle to 6,.

8, (max) = Sin-'(n,2- n;)" (7
n,

Again applying Snell’s law at the entrance surface (recall Nair
=1).

Siné;, (max) = n, Siné, (max) (8)
Combining (7) and (8).
Siné,, (max) = (n,2 - n,2)* )

6;, (max) represents the largest angle with the normal to the
fiber end for which total internal reflection will occur at the
coreclad interface. Light rays entering the fiber end at angles
greater than 6;, (max) will pass through the interface at Pand be
lost. The value Sin6;, (max) is one of the fundamental parameters
for an optical fiber. It defines the half-angle of the cone of
acceptance for light to be propagated along the fiber and is called
the “numerical aperture.” usually abbreviated N.A.

N.A. = Sin6,, (max) = (n,? - n,3" (10)

There are several points to consider about N.A. and equation
(10). Recall that in writing (8). we assumed that the material at the
end of the fiber was air with an index of 1. If it were some other
material, (8) would be written (with m representing the material):

n, Siné;, (max) = n, Siné, (max) (an

and. compming Crand (h

Sin;, (max) = (n,? - 3% = N.A. a2
ny

That is. the N.A. would be reduced by the index of refraction of

the end material. When fiber manufacturers specify N.A.. it is

usually given for an air interface unless otherwise stated.

The second point concerns the absoluteness of N.A. The
analysis assumed that the light rays entered the fiber: and in
propagating along it. they continually passed through the central
axis of the fiber. Such rays are called “meridonal™ rays. It is
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FIGURE 8. RAY PROPAGATION IN A FIBER

entirely possible that some rays may enter the fiber at such an
angle thatin passing down the fiber, they never intercept the axis.
Such rays are called “skew™ rays. An example is shown in both
side and end views in Figure 9.

| meter to allow the attenuation of clad and high order modes') is
connected to a high N.A. radiometric sensor. such as a large-area
photodiode. The power detected by the sensor is read on a
radiometer power meter. The other end of the fiber is mounted on

FIGURE 9. SKEW RAY PATH
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Also. some rays may enter at angles very close to the critical
angle. In bouncing along the fiber. their path length may be
considerably longer than rays at shallower angles. Consequently.
they are subject to a larger probability of absarption and may,
therefore. never be recovered at the output end. However, for
very short lengths of fiber. they may not be lost. These two
effects. plus the presence of light in the cladding for short lengths.
results in the N.A. not cutting off sharply according to equations
(10) and (12) and of appearing larger for short lengths. It is
advisable to define some criteria for specifying N.A. At Motorola.
N.A. is taken as the acceptance angle for which the response is no
greater than [0dB down from the peak value. This is shown in
Figure 10. Figure |1 shows a typical method of measuring a
fiber's N.A. In the measurement. a sample to be measured (at least

a rotatable fixture such that the axis of rotation is the end of the
fiber. A collimated light source is directed at the end of the fiber.
This can be a taser or other source. suchasan LED. at a sufficient
distance to allow the rays entering the fiber to be paraxial. The
fiber end is adjusted to find the peak response position. Ideally.
this will be at zero degrees: but manufacturing
variations could result in a peak slightly offset from zero. The
received power level is noted at the peak. The fiber end is then
rotated until the two points are found at which the received power
is one-tenth the peak value. The sin of half the angle between these
two points is the N.A.

The apparent N.A. of a fiber is a function of the N.A. of the

High order modes refers to steep angle rays.
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source that is driving it. For example, Figures 12a and 12b are
plots of N.A. versus length for the same fiber. In (12a) the source
has a broad N.A.(0.7). while in (12b) the source N.A. is0.32. Note
that in both cases. the N.A. at 100m is about 0.31: but at | meter.
the apparent N.A. is 0.42 in (12a) but 0.315 in (12b). The high
order modes entering the fiber from the 0.7 N.A. source take
nearly the full 100 meters to be stripped out by attenuation. Thus.
a valid measurement of a fiber's true N.A. requires a collimated.
or very low. N.A. source or a very long-length sample.

Fiber Attenuation

Mention was made above of the “stripping” or attenuation of
high order modes due to their longer path length. This suggests
that the attenuation of power in a fiber is a function of length.
This is indeed the case. A number of factors contribute to the
attenuation: imperfections at the core clad interface: flaws in the
consistency of the core material: impurities in the
composition. The surface imperfections and material flaws tend
toaffect all wavelengths. The impurities tend to be selective in the

wavelength they affect. For example. hydrox! molecules (OH")
are strong absorbers of light at 900nm. Therefore. if a fiber
manufacturer wants to minimize losses at 900nm. he will have
totake exceptional care in his process to eliminate moisture (the
source of OH”). Other impurities are also present in any
manufacturing process. The degree to which they are controlled
will determine the attenuation characteristic of a fiber. The
cumulative effect of the various impurities results in plots of
attenuation versus wavelength exhibiting peaks and valleys.
Four examples of attenuation (given in dB/ Km) are shown in
Figure 13.

Fiber Types

Tt was stated at the beginning of this section that fibers can be
made of glass or plastic. There are three varietics available today:

. Plastic core and cladding:
. Glass core with plastic cladding - often catled *PCS®
(plastic-clad silica):

3. Glass core and ciadding -- silica-clad silica.
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All plastic fibers are extremely rugged and useful for systems
where the cable may be subject to rough day-after-day
treatment. They are particularly attractive for benchtop inter-
connects. The disadvantage is their high attenuation characteristic.

PCS cables offer the better attenuation characteristics of glass
and are less affected by radiation than all-glass fibers.? They see
considerable use in military-grade applications.

All glass fibers offer low attenuation performance and good
concentricity. even for small-diameter cores. They are generally
easy to terminate. relative to PCS. On the down side. they are
usually the least rugged. mechanically. and more susceptible to
increases in attenuation when exposed to radiation.

The choice of fiber for any given application will be a function
of the specific system’s requirements and trade-off options.

So far. the discussion has addressed single fibers. Fibers.
particularly all-plastic. are frequently grouped in bundles. This is
usually restricted to very low-frequency. short-distance applications.
The entire bundle would interconnect a single light source and
sensor or could be used ina fan-out at cither end. Bundles are also
available for interconnecting an array of sources with a matched

21t should be noted that the soft clad material should be
removed and replaced by a hard clad material for best fiber core-to
connector termination.

array of detectors. This enables the interconnection of multiple
discrete signal channels without the use of multiplex techniques.
In this type of cable, the individual fibers are usually separated in
individual jackets and. perhaps. cach embedded in clusters of
strength clements, like Kevlar. In one special case bundle. the
fibers are arrayed in a ribbon configuration. This type cable is
frequently seen in telephone systems using fiber optics.

In Figure 7. the refractive index profile was shown as constant
over the core cross-section with a step reduction at the core clad
interface. The core diameter was also large enough that many
modes (low and high order) are propagated along its path. In
Figure 14. a scction of this fiber is shown with three discrete
modes shown propagating down the fiber. The lowest order mode
is seen traveling along the axis of the fiber (or at least parallel to
it). The middle order mode is seen to bounce several times at the
interface. The total path length of this mode is certainly greater
than that of the mode along the axis. The high order mode is seen
to make many trips across the fiber. resulting in an extremely long
path length.

The signal input 1o this fiber is scen as a step pulse of light.
However, since all the light that enters the fiber at a fixed time
does not arrive at the end at one time (the higher modes take
longer to traverse their longer path). the net effect is to stretch or
distort the pulse. This is characteristic of a multimode. step-index
fiber and tends to limit the range of frequency for the data being
propagated.

Figure 1S shows what this pulse stretching can do. An input
pulse trainis seen in(15a). Atsome distance (say 100 meters), the
pulses (due to dispersion) are getting close to running together but
are still distinquishable and recoverable. However, at some
greater distance (say 200 meters). the dispersion has resulted in
the pulses running together to the degree that they are indistinguish-
able. Obviously. this fiber would be unusable at 200 meters for
this data rate. Consequently. fiber specifications usually give
bandwith in units of M Hz-Km -- that is. a 200 MH7-Km cable can
send 200-MHz data up to | Km or 100-MHz data up to 2Kmeetc.

To overcome the distortion due to path length differences. fiber
manufacturers have developed graded index fiber. An example of
multimode. graded-index fiber is shown in Figure 16.

In the fiber growth process. the profile of the index of
refraction is tailored to follow the parabolic profile shown in the
figure. This results in low order modes traveling through a
constant density material. High order modes see lower density
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material as they get further away from the axis of the core. Thus.
the velocity of propagation increases away from the center. The
result is that all modes. although they may travel different
distances. tend to cover the length of the fiber in the same amount
of time. This yiclds a fiber with higher bandwidth capability than
multimode stepped index.

One more fiber type is also available. This is the single mode.
step-index fiber shown in Figure 17. In this fiber. the core is
extremely small (on the order of just a few micrometers). This
type accepts only the lowest order mode and suffers no modal
dispersion, Itisanexpensive fiber and requires a very high-power.
highly-directional source like a laser diode. Consequently. applica-
tions for this type of fiber are the very high data rate. long-
distance systems.

As a final statement on fiber propertics. it is interesting to
compare optical fiber with coax cable. Figure 18 show the loss
versus frequency characteristics for a low-loss fiber compared
with the characteristics of several common coax cables. Note that
the attenuation of optical fiber is independent of frequency (up to
the point where modal dispersion comes into play).

Active Components For Flber Optics

Propagation through fiber optics is in the form of light or.
more specifically. electromagnetic radiation in the spectral
range of near-infrared or visible light. Since the signal levels to

be dealt with are generally electrical in nature (like serial digital
logic at standart T2L levels). it is necessary to convert the source
signal into light at the transmitter end and from light back to
T2L at the receive end. There are several components which can
accomplish these conversions. This discussion will concentrate
on light emitting diodes (LED's) as sources of PIN photodiodes
and Integrated Detector Preamplifiers (IDP’s) as sensors.

Light Emitting Diodes

Most people are familiar with LED' in calculator displays.
Just as they are optimized geometrically and visually for the
function of displaying characters. some LLED's are specifically
designed and processed to satisfy the requirements of generating
light. or near-light (that is. infrared). for coupling into fibers.
There are several criteria of importance for LED’s used with
fibers:

1. Output power:

2. Wavelength:

3. Speed:

4. Emission pattern.

Output power. Manufacturers are continually striving to
increase the output power or efficiency of LED's. The more
efficientan LED, the lower its drive requirements, or the greater
the losses that can be accomodated elsewhere in the system.

Low Order
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FIGURE 16. PROPAGATION ALONG A MULTIMODE GRADED INDEX FIBER Core)
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However. total power emitted by an LED is not the whole
picture (sce Emission Pattern)

Wavelength. As shown carlier, optical fibers exhibit an
attenuation characteristic that varies with wavelength. Figure
19is a repeat of one of the sample curves from Figure 13. If this
fiber were to be used in a system. the desired wavelength of
operation would be about 875nm where the attenuationisdown
to about 7dB/Km. The most undesirable wavelength for use in
this fiber's range is 630nm where the loss is about 600dB Km.
Therefore. all other considerations being satisfied. an LED with
a characteristic emission wavelength of 875nm would be used.

140
2 N, L) LI
120 .§ S
of & &
3 & N
100 L < A —
<& (<]
E 80 €
H o ]
§ e © ~
c
8
g ——
<
2
< Low-Loss Optical Fiber —
-
0 1 L 1 i I L1 1
200 400 600 800 1000

Frequency (MHz)
FIGURE 18. COMPARATIVE ATTENUATION
VERSUS FREQUENCY FOR OPTICAL FIBER

AND COAX CABLE

Speed. LED's exhibit finite turn-on and turn-off times. A
device with a response of 100nsec would never work in a 20-
MHz system. (In general, the 3dB bandwidth is equal to 0.35
divided by the risetime.) Ina symmetrical RTZ system (see data
encoding later in this paper), the pulse width for a single bit
would be 25nsec. A 100nsec LED would hardly have begun to
turn on when it would be required to turn off. There is often a
trade-off between speed and power, so it would not be advisable

to select the fastest diode available but rather the fastest
required to do the job. with some margin designed in.

Emission Pattern. In typical data communications systems
the light from the LED is coupled into a fiber with a core
diameter of 100 to 200um. If the emission pattern of a particular
LLEDisa collimated beam of 100um or less diameter, it might be
possible to couple nearly all the power into the fiber. Thus. a
100uW LED with such an emission pattern might be a better
choice than a SmW LED with a lambertian?® pattern.

Light Generation

Light is emitted from an LED as a result of the recombining
of electrons and holes. Electrically, an LED is just a P-N
junction. Under forward bias. minority carriers are injected
across the junction. Once across. they recombine with majority
carriers and give up their energy in the process. The energy
given up is approximately equal to the energy gap for the
material. The same injection; recombination process occurs in
any P-N junction: but in certain materials, the nature of the
process is typically radiative -- that is, a light photon is
produced. In other materials (silicon and germanium. for

Attenuation (dB Kmy

Wavelength (nf

FIGURE 19. ATTENUATION VERSUS
WAVELENGTH FOR A SAMPLE FIBER
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example). the process is primarily non-radiative and no
photons are generated.

Light emitting materials do have a distribution of non-
radiative sites -- usually crystal lattice defects. impuritics. etc.
Minimizing these is the challenge to the manufacturer in his
attempt to produce more efficient devices. Itis also possible for
non-radiative sites to develop over time and. thus. reduce
efficiency. Thisis what gives LED's finite lifetimes. although 105
to 10*-hour lifetimes are essentially infinite compared with
some other components of many systems.

The simplest LED structures are homojunction. epitaxially-
grown devices and single-diffused divices. These structures are
shown in Figure 20.

The epitaxially-grown LED is generally constructed of
silicon-doped gallium-arsenide. A melt of elemental gallium
containing arsenic and silicon dopant is brought in contact at
high temperature with the surface of an n-type gallium-arsenide
wafer. At the initial growth temperature. the silicon atoms in
the dopant replace some of the gallium atoms in the crystal
lattice. In so doing. they contribute an excess electron to the
bond. This results in the grown layer being n-type. During the
growth, the temperature is systematically reduced. At a certain
critical temperature. the silicon atoms begin to replace some of
the arsenic atoms in the crystal. This removes an electron from
the bond. resulting in the formation of a p-type layer. As a
finished diode. the entire surface. as well as the four sides.
radiate light. The characteristic wavelength of this type of
device is 940nm. and it typically radiates a total power of ImW
at [00mA forward current. [tis relatively slow with turn-on and
turn-off times on the order of 150nsec. The non-directionality
of its emission makes it a poor choice as a light source for use
with optical fibers.

The planar diffused L.ED is formed by controlled diffusion of

zincinto a tellurium-doped n-gallium-arsenide wafer. A finished
diode has a typical power output of 500uW at a wavelength of
900nm. Turn-on and turn-off times are usually aroun [5-
20nsec. The emission pattern is lambertian. similar to the grown

‘Lambertian: The spatial pattern of reflected light from a
sheet of paper. e.g. The intensity of light in any direction from a
plane lambertian surface is equal to the intensity in the direction
of the normal to the surface times the cos of the angle between
the direction and the normal.

n GaAs
n AlGaAs
p AlGaAs
Metal p AlGaAs
— n GaAs
Zz p GaAs
Z
w4
A L
f— f

FIGURE 21. PLANAR HETEROJUNCTION LED

junction LED above.

Both of the above structures, although they can be used in
fiber optics. are not optimized for the purpose of coupling into
small fibers. Several variations of L.ED structures are currently
used to improve the efficiency of light coupling into fibers. The
two basic structures for fiber optic LED' are surface emitting
and edge emitting. Surface-emitting devices are further broken
down to planar and etched-well devices. The material used for
these devices could be gallium-arsenide or any material which
exhibits efficient photon-generating ability. The most common
material in use today is the ternary crystal aluminum-gallium-
arsenide. Itis used extensively because it results in very efficient
devices and has a characteristic wavelength around 820nm? at
which many fibers give lowest attenuation. (Many fibers are
even better around 1300nm, but the materials technology for
L.ED's at this wavelength -- InGaAsP --is still on the front end
of the learning curve: and devices are very expensive.)

Planar Fiber Optic LED

The planar heterojunction LED is somewhat similar to the
grown junction LLED of Figure 20a. Both utilize the liquid-
phase epitaxial process to fabricate the device. The LLED shown
in Figure 21 is a heterojunction aluminum-gallium-arscnide

a. Epitaxially Grown Surface LED

Diffused p Region

p Epitaxial Layer
n Epitaxial Layer

n Type Substrate

n Substrate

b. Planar Diffused Surface LED

FIGURE 20. SIMPLE LED STRUCTURES
a. Epitaxially Grown
b. Planar Diffused
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structure. The geometry is designed so that the device currentis
concentrated in a very small area of the active layer. This
accomplishes several things: (1) the increase in current density
makes for a brilliant light spot; (2) the small emitting area is well
suited to coupling into small core fibers; and (3) the small
effective area has a low capacitance and, thus, higher speed.

In Figure 21, the device appears to be nothing more than a
multilayer version of the device in Figure 26a with a top metal
layer containing a small opening. However, as the section view
of AA shows in Figure 22, the internal construction provides
some interesting features. To achieve concentration of the light
emission in a small area. a method must be incorporated to
confine the current to the desired area. Since the individual
layers are grown across the entire surface of the wafer, a
separate process must be used to confine the current. First an
n-type tellurium-doped layer is grown on a zinc-doped p-type
substrate. Before any additional layers are grown, a hole is
etched through the n-layer and just into the substrate. The
diameter of the hole defines the ultimate light-emitting area.
Next, a p-type layer of Ak Gai-« As is grown. This layer is doped
such that its resistivity is quite high; this impedes carrier flow in
a horizontal direction, but vertical flow is not impeded since the
layer is so thin. This ensures that current flow from the substrate
will be confined to the area of the etched hole. The next layer to
be grown is the p-type active layer. The aluminum-gallium mix
of this layer gives it an energy gap corresponding to 820nm
wavelength photons. The actual P-N junction is then formed by
growth of an n-type tellurium-doped aluminum-gallium-
arsenide. The doping and aluminum-gallium mix of this layer is
set to give it a larger energy gap than the p-layer just below it.
This makes it essentially transparent to the 820nm photons
generated below. A final cap layer of gallium-arsenide is grown
to enable ohmic contact by the top metal. The end result is an
820nm planar LED of small emission area. The radiation
pattern is still lambertian, however.

Metal
n GaAs
n AlGaAs e P AlGaAs
p AlGaas ] n GaAs
p GaAs

FIGURE 22. SECTION AA OF PLANAR
HETEROJUNCTION LED

If a fiber with a core equal in area to the emission area is
placed right down on the surface, it might seem that all the
emitted light would be collected by the fiber: but since the
emission pattern is lambertian, high order mode rays will not be
launched into the fiber. :

There is a way to increase the amount of light coupled. If a
spherical lens is placed over the emitting area. the collimating

4This is adjustable by varying the mix of aluminum in the
aluminum-gallium-arsenide crystal.

effect will convert high order modes to low order modes (see
Figure 23).

Optical
Fiber

Glass
Microlens

Clear Diecoat

\ Emitting Area

FIGURE 23. INCREASING LIGHT COUPLING
WITH A MICROSPHERE

Etched-Well Surface LED

For data rates used in teleccommunications ( 100 MHz), the
planar LED becomes impractical. These higher data rates
usually call for fibers with cores on the order of 50-62um. If a
planar LED is used, the broad emission pattern of several
hundred micro-meters will only allow a few percent of the
power to be launched into the small fiber. Of course, the
emission area of the planar device could be reduced:; but this can
lead to reliablility problems. The increase in current density will
cause a large temperature rise in the vicinity of the junction, and
the thermal path from the junction to the die-attach header
(through the confining layer and substrate) is not good enough
to help draw the heat away from the junction. Continuous
operation at higher temperature would soon increase the non-
radiative sites in the LED and the efficiency would drop rapidly.
If the chip is mounted upside down, the hot spot would be closer
to the die-attach surface; but the light would have to pass
through the thick substrate. The photon absorption in the
substrate would reduce the output power significantly. The
solution to this problem was developed by Burris and Dawson,
of Bell Labs. The etched-well, or *Burrus™ diode, is shown in
Figure 24.

The thick n-type substrate is the starting wafer. Successive
layers of aluminum-gallium-arsenide are grown epitaxilly on
the substrate. The layer functions (confinement, active,
window) are essentially the same as in the planar structure.
After the final p-type layer (contact) is grown, it is covered with
alayer of Si05. Small openings are then cut in the Si0, to define
the active emitting area. Metal is then evaporated over the wafer
and contacts the p-layer through the smal! openings. The final
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FIGURE 24. BURRUS, OR ETCHED WELL,

(b) Crossection at AA

(b)

processing consists of etching through the substrate. The etched
wells are aligned over the active areas defined by the Si02
openings on the underside of the wafer and remove the heavily-
photon-absorptive substrate down to the window layer. As an
indication of the delicacy of this operation, it requires double-
sided alignment on a wafer about 0.1m thick with a final
thickness in the opening of about 0.025mm.

The radiation pattern from the Burrus diode is still
lambertian. However, it is a remarkably-small emitting area
and enables coupling into very small fibers (down to SO0um). The
close proximity of the hot spot (0.025mm) to the heat sink at the
die attach makes it a reliable structure.

Several methods can be used for launching the emitted power
into a fiber. These are shown in Figure 25.

The Burrus structure is superior to the planar for coupling to
small fibers (<100um) but considerably more expensive due to
its delicate structure.

Edge-Emitting LED

The surface structures discussed above are lambertian

sources. A variation of the heterojunction family that emits a
highly-directional pattern is the edge-emitting diode. This is
shown in Figure 26. The layer structure is similar to the planar
and Burrus diodes, but the emitting area is a stripe rather thana
confined circular area. The emitted light is taken from the edge
of the active stripe and forms an eliptical beam. The edge-
emitting diode is quite similar to the diode lasers used for fiber
optics. Although the edge emitter provides a very efficient
source for coupling into small fibers, its structure calls for
significant differences in packaging from the planar or Burrus.

Photo Detectors

PIN Photodiodes. Just as a P-N junction can be used to
generate light, it can also bé used to detect light. If a P-N
junction is reverse-biased and under dark conditions, very little
current flows through it. However, when a light shines on the
device, photon energy is absorbed and hole-electron pairs are
created. If the carriers are created ir or near the depletion region
at the junction, they are swept across the junction by the electric
field. This movement of charge carriers across the junction

.

(a) (b)

FIGURE 25. FIBER COUPLING TO A BURRUS DIODE.

(a) Standard Fiber Epoxied In Well.
(b) Fiber With Balled End Epoxied In Well.
(c) Microlens Epoxied In Well.

()
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FIGURE 26. EDGE EMITTING LED

(a) Stucture
(b) Beam Pattern

(b)

causes a current flow in the circuitry external to the diode. The
magnitude of this current is proportional to the light power
absorbed by the diode and the wavelength. A typical
photodiode structure is shown in Figure 27, and the IV
characteristic and spectral sensitivity are given in Figure 28.

In Figure 28a, it is seen that under reverse-bias conditions,
the current flow is noticeable a function of light power density
on the device. Note that in the forward-bias mode, the device
eventually acts like an ordinary forward-biased diode with an
exponential 1V characteristic.

Although this type of P-N photodiode could be used as a fiber
optic detector, it exhibits three undesirable features. The noise
performance is generally not good enough to allow its use in
sensitive systems; it is usually not fast enough for high-speed
data applications; and due to the depletion width, it is not
sensitive enough. For example, consider Figure 29. The
depletion is indicated by the plot of electric field. In a typical
device, the p-anode is very heavily doped: and the bulk of the
depletion region is on the n-cathode side of the junction. As
light shines on the device, it will penetrate through the p-region

toward the junction. If all the photon absorption takes place in
the depletion region, the generated holes and electrons will be
accelerated by the field and will be quickly converted to circuit’
current. However, hole-electron pair generation occurs from
the surface to the back side of the device. Although most of it
occurs within the depletion region, enough does occur outside
this region to cause a problem in high-speed applications. This
problem is illustrated in Figure 30. A step pulse of light is
applied to a photodiode. Because of distributed capacitance
and bulk resistance, and exponential response by the diode is
expected. The photocurrent wave form show this as a ramp at
turn-on. However, there is a distinct tail that occurs starting at
point “a.” The initial ramp up to “a” is essentially the response
within the depletion region. Carriers that are generated outside
the depletion region are not subject to acceleration by the high
electric field. They tend to move through the bulk by the process
of diffusion, a much slower travel. Eventually, these carriers
reach the depletion region and are sped up. The effect can be
eliminated, or at least substantially reduced by using a PIN
structure. This is shown in Figure 31, and the electric field

Diffused p Region
L

/)

Y
4

n-Si Substrate

>

—

A

(a)

Metal
Anode
Contact

(b)

FIGURE 27. PN PHOTODIODE

(a) Device
(b) Section View At AA
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FIGURE 28. CHARACTERISTICS OF A PN PHOTODIODE
(a) I-V Family
(b) Spectral Sensitivity

distribution is shown in Figure 32. Almost the entire electronic The critical parameters for a PIN diode in a fiber optic
field isacross the intrinsic (1) region so that very few photonsare  application are:
absorbed in the p- and n- region. The photocurrent response in .
such a structure is essentially free of the tailing effect seen in I Responsivity;
Figure 30.

In addition to the response time improvements, the high
resistivity l-region gives the PIN diode lower noise per-

2. Dark current;

3. Response speed:

formance. 4. Spectral response.
!
Input
n P Light
Direction Leve!
of

~— Light Signat

Time

Junction

A

Photo-
Current

Ti
—D‘l Iﬂ—— Depletion Region ime

FIGURE 30. PULSE RESPONSE OF A
FIGURE 29. ELECTRIC FIELD IN A REVERSE- PHOTODIODE

BIASED PN PHOTODIODE
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FIGURE 31. PIN DIODE STRUCTURE

system with an LED operating at 820nm. the response (or
system length) would be:

Rigg0) = %R(gom = 1.26Rggq) (13)

//

/

Responsivity is usually given in amps/ watt at a particular
wavelength. It is a measure of the diode output current for a
given power launched into the diode. In a system, the designer
must then be able to calculate the power level coupled from the
system to the diode (see AN-804, listed in Bilbliography).

Dark current is the thermally-generated reverse leakage
current in the diode. In conjunction with the signal current
calculated from the responsivity and incident power. it gives the
designer the on-off ratio to be expected in a system.

4

RELATIVE RESPONSE (%)

V.

/

03

N

06 07 08 1.0

A, WAVELENGTH (um)
FIGURE 33. RELATIVE SPECTRAL RESPONSE
MFOD 102F PIN PHOTODIODE

0.2 04 05 09 o2

Integrated Detector Preamplifiers. The PIN photodiode
mentioned above is a high output impedance current source.

I
I
i

e
pi Junction —>| ]
‘ ni Junction

FIGURE 32. ELECTRIC FIELD DISTRIBUTION
IN A PIN PHOTODIODE

Diode Thickness

The signal levels are usually on the order of tens of nanoamps to
tens of microamps. The signal requires amplification to provide
data at a usable level like T2L. In noisy environments. the
noise-insensitive benefits of fiber optics can all be lost at the
receiver connection between diode and amplifier. Proper
shielding can prevent this. Analternative solution is to integrate
the follow-up amplifier into the same package as the photo
diode. This device is called an integrated detector preamplifier
(IDP). An example of this is given in Figure 34.

Incorporating an intrinsic layer into the monolithic structure
is not practical with present technology. so a P-N junction
photodiode is used. The first two transistors form a tran-
simpedance amplifier. A third stage emitter follower is used to
provide resistive negative feedback. The amplifier gives a low
impedance voltage output which is then fed to a phase splitter.
The two outputs are coupled through emitter followers.

The MFOD404F IDP has a responsivity greater than
20mV/uW at 900nm. The response rise and fall times are 50nS
maximum, and the input light power can go as high as 30uW

before noticeable pulse distortion occurs. Both outputs offer a

Response Speed determines the maximum data rate
capability of the diode; and in conjunction with the response of
other elements of the system, it sets the maximum system data
rate.’

Spectral Response determines the range, or system length,
that can be achieved relative to the wavelength at which
responsivity is characterized. For example, consider Figure 33.
The responsivity of the MFODI02F is given as 0.15A/ W at
900nm. As the curve indicates, the response at 900nm is 78
percent of the peak response. If the diode is to be used in a

sDevice capacitance also impacts this. See “Designer’s Guide
to Fiber-Optic Data Links" listed in Bibliography.

typical impedance of 200Q.

The IDP can be used directly with a voltage comparator or,
for more sophisticated systems. could be used to drive any
normal voltage amplifier. Direct drive of a comparator is shown
in Figure 35.

A Fiber Optics C Sy

Now that the basic concepts and advantages of fiber optics
and the active components used with them have been discussed,
it is of interest to go through the design of a system. The system
will be a simple point-to-point application operating in the
simplex® mode. The system will be analyzed for three aspects:

1eath

¢In a simplex system, a single transmitter is connected to a
single receiver by a single fiber. Ina half duplex system. a single
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1. Loss budget:
2. Rise time budget:
3. Data encoding format.

Loss Budget. If no in-line repeaters are used. every element of
the system between the LLED and the detector introduces some
loss into the system. By identifying and quantifying each loss,
the designer can calculate the required transmitter power to
ensure a given signal power at the receiver, or conversely, what
signal power will be received for a given transmitter power. The
process is referred to as calculating the system loss budget.

This sample system will be based on the following individual
characteristics:

Transmitter: MFOE102F, characteristics in data sheet.

Fiber: Silica-clad silica fiber with a core diameter of
200 um; step index multimode; 20dB / Km
attenuation at 900 nm; N.A. of 0.35; and a 3dB
bandwidth of SMHz-Km.

Receiver:  MFOD404F, characteristics in data sheet.

The system will link a transmitter and receiver over a distance
of 250 meters and will use a single section of fiber (no splices).

‘cont. from pg. 5-17

fiber provides a bidirectional alternate signal flow between a
transmitter/receiver pair at each end. A full duplex system
would consist of a transmitter and receiver at each end and a
pair of fibers connecting them.

Some additional interconnect loss information is required.”

I. Whenever a signal is passed from an element with an
N.A. greater than the N.A. of the receiving element, the
loss incurred is given by:

N.A. Loss =20 log (NA1 / NA2) (14)
where: NA| is the exit numerical aperture of the signal
source:
where: NA2 is the acceptance N.A. of the element|rec-
eiving the signal.

2. Whenever a signal is passed from an element with a
cross-sectional area greater than the area of the receiving
element, the loss incurred is given by:

Area Loss = 20 log (Diameter | / Diameter 2) (}5)
where: Diameter | is the diameter of the signal source
(assumes a circular fiber port);
where: Diameter 2 is the diameter of the element
receiving the signal.

3. If there is any space between the sending and receiving
elements, a loss is incurred. For example: an LED with
an exit N.A. of 0.7 will result in a gap loss of 2dB if it
couples into a fiber over a gap of 0.15mm.

4. If the source and receiving elements have their axes
offset, there is an additional loss. This loss is also
dependent on the seperation gap. For an LED with an
exit N.A. of 0.7 and a gap with its receiving fiber of
0.15mm, there will be a loss of 2.5dB for an axial
misalignment of 0.035Smm.

7For a detailed discussion of all these loss mechanisms, see
AN-804.
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5. Ifthe end surfaces of the two elements are not parallel. an
additional loss can be incurred. If the non-parallelity is
held below 2-3 degrees. this loss is minimal and can
gencrally be ignored.

6. As light passes through any interface. some of it is
reflected. This loss, called Fresnel loss, is a function of the
indices of refraction of the materials involved. For the
devices in this example, this loss is typically 0.2dB/
interface.

The system loss budget is now ready to be calculated. Figure

38 shows the system configuration. Table 1l presents the
individual loss contribution of each element in the link.

TABLE Il
Fiber Optic Link Loss Budget
Loss
Contribution
MFOE102F to Fiber N.A. Loss 6.02dB

MFOE102F to Fiber Area L.oss 0

Transmitter Gap Loss (see text) 2.00dB
Transmitter Misalignment Loss (see text) 2.50dB
Fiber Entry Fresnel Loss 0.20dB
Fiber Attenuation (250 meters) 5.00dB
Fiber Exit Fresnel Loss 0.20dB
Receiver Gap Loss 2.00dB
Receiver Misalignment L.oss 2.50dB
Detector Fresnel Loss 0.20dB
Fiber to Detector N.A. Loss 0

Fiber to Detector Area Loss 0

Total Path Loss 20.62dB

Note that in Table 11 no Fresnel loss was considered for the
LED. This loss, although present, is included in specifying the

output power in the data sheet.

In this system, the LED is operated at 100 mA. MFOE102F
shows that at this current the insiantaneous output power is
typically 130uW. This assumes that the junction temperature is
maintained at 25°C. The output power from the LED is then
converted to a reference level relative to ImW:

P =10log 0.13mW (16)
1.0mW
P. = -8.86dBm ()]
The power received by the MFOD404F is then calculated:
Pr = Pu - loss (18)
Pg = 1062948)mw = 0.001mW 19

This reference level is now converted back to absolute power:
PR = 10(=**)mW = 0.001mW (20)

Based on the typical responsivity of the MFOD404F, the
expected output signal will be:

Vo = (30mV/uW) (1uW) = 30mV [¢2))]

As shown in MFODA404F, the output signal will be typically
seventy-five times above the noise level.

In many cases, a typical calculation is insufficient. To
perform a worst-case analysis, assume that the signal-to-noise
ratio at the MFOD404F output must be 20dB. The maximum
noise output voltage is 1.0mV. Therefore, the output signal
must be 10mV. With a worst-case responsivity of 20mV/uW,
the received power must be:

Pp = Vo = 10mV = 0.5u4W

R 20mV/iuW

(22)
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FIGURE 38. SIMPLEX FIBER OPTIC POINT TO POINT LINK
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MFODA404F

Pp = 10l0g 0.0005mW = -33dBm (23)
1mW

The link loss was already performed as worst case, so:

P.(LED) = -33dBm + 20.62dB = -12.39dBm (29)

Po = 10(—"#*)mW = 0.0577mW = 57.TuW (25)

MFOE02F includes a derating curve for LED output versus
junction temperature. At 100mA drive, the forward voltage
will be greater than 1.5V worst case. Although it will probably
be less than 2.0V, using 2.0V will give a conservative analysis:

Pinss = (0.1A) (2V) = 200mW (26)

This is within the maximum rating for operation at 25°C
ambient. If we assume the ambient will be 25°C or less, the
junction temperature can be conservatively calculated:

AT =(400°C/ W) (0.2W) = 80°C 27

If we are transmitting digital data, we can assume an average
duty cycle of 50 percent so that theAT) will likely be 40°C. This
gives:

Ti = Ta +ATi = 65°C (28)
The power output derating curve shows a value of 0.65 at 65°C.
Thus, the DC power level will be:

Po(DC) = 57.7uW = 88.77uW (29)

0.65

As MFOE102F indicates, at SOmA DC the minimum power
is 40uW. Doubling the current should approximately double
the output power, giving 80uW.

Since the required DC equivalent power is 87.77uW., the link
may be marginal under worst case conditions. The designer may
be required to compromise somewhat on S/N ratio for the
output signal or set higher minimum output power* or
responsivity specifications on the LED and detector devices.
Use of a lower attenuation cable, or higher N/ A cable, would
also help by reducing the length loss or N/A loss at the

81t might also be advisable to allow for LED degradation over
time. A good design may include 3.0dB in the loss budget for
long-term degradation.

transmitter end.

Rise Time Budget. The cable for this system was specified to
have a bandwidth of SMHz-Km. Since the length of the system
is 250 meters, the system bandwidth, if limited by the cable, is
20MHz. Data links are usually rated in terms of a rise time
budget. The system rise time is found by taking the square root
of the sum of the squares of the individual elements. In this
system the only two elements to consider are the LED and the
detector. Thus:

e TV (RUFO) + (Rederearor)? (30)
Using the typical values of MFOD404F and MFOE 102F:

tre —’v(25)2+(50)2=60n5 (31

Total system performance may be impacted by including the
rise time of additional circuit elements. Additional consi-
derations are covered in detail in AN-794 and the Designer’s
Guide mentioned earlier (see Bibliography).

Data Encoding Format. In a typical digital system, the
coding format is usually NRZ, or non-return to zero. In this
foramat, a string of ones would be encoded as a continuous high
level. Only when there is a change of state to a “0" would the
signal level drop to zero. In RTZ (return to zero) encoding, the
first half of a clock cycle would be high fora *1” and low fora
“0." The second half would be low in either case. Figure 39
shows an NRZ and RTZ waveform for a binary data stream.
Note between a-b the RTZ pulse rate repetition rate is at its
highest. The highest bit rate requirement foran RTZ system isa
string of “1's™. The highest bit rate for an NRZ system is for
alternating “1's” and “0’s,” as shown from b-c. Note that the
highest NRZ bit rate is half the highest RTZ bit rate, oran RTZ
system would require twice the bandwidth of an NRZ system
for the same data rate.

However, to minimize drift in a receiver, it will probably be
AC coupled; but if NRZ encoding is used and a long string of
“1's™ is transmitted, the AC coupling will result in lost data in
the receiver. With RTZ data, data is not lost with AC coupling
since only a string of “0's" results in a constant signal level; but
that level is itself zero. However, in the case of both NRZ and
RTZ, for any continuous string of either “1’s” or “0's” for NRZ
or “0's RTZ will prevent the receiver from recovering any
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clock signal.

Another format, called Manchester encoding, solves this
problem. by definition, in Manchester, the polarity reverses
once each bit period regardless of the data. This is shown in
Figure 40. The large number of level transitions enables the
receiver to derive a clock signal even if all “1's™ or all “0's™ are

being received.

the receiver may saturate. A good encoding scheme for these
applications is pulse bipolar encoding. This is shown in Figure
41. The transmitter runs at a quiescent level and is turned on
harder for a short duration during a data *0" and is turned off
for a short duration during a data “|".

Additional details on encoding schemes can be obtained from
recent texts on data communications or pulse code modulation.

Binary Data 1 o 1 1 o ]

NRZ Vcc

Manchester Vcc

LUy LUy

FIGURE 40. MANCHESTER DATA ENCODING

In many cases, clock recovery is not required. It might appear
that RTZ would be a good encoding scheme for these
applications. However. many receivers include automatic gain
control (AGC). During a long stream of *0%s.” the AGC could

crank the receiver gain up: and when *1’s™ data begin to appear,

Summary

This note has presented the basic principles that govern the
coupling and transmission of light over optical fibers and the
design considerations and advantages of using optical fibers for
communication information in the form of modulated light.
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FIGURE 41. PULSE BIPOLAR ENCODING
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BASIC FIBER OPTIC TERMINOLOGY

FIBER:

CABLE:

CLADDING:

CORE:

ACCEPTANCE ANGLE:

NUMERICAL
APERTURE (NA):

FRESNEL LOSS:

INDEX OF REFRACTION:

EMITTER:

DETECTOR:

The glass, plastic-clad silica or plastic medium by which light
is conducted or transmitted. Can be muiti-mode (capable of
propagating more than one mode of a given wavelength) or
single-mode (one that supports propagation of only one mode
of a given wavelength).

The jacketed combination of fiber or fiber bundlies with cladding
and strength reinforcing components.

A covering for the core of an optical fiber that provides optical
insulation and protection. Generally fused to the fiber, it has a
low index of refraction.

The light transmitting portion of the fiber optic cable, It has a
higher index of refraction than the cladding.

A measure of the maximum angle within which light may be
coupled from a source or emitter. It is measured relative to the
fiber's axis.

A number that indicates a fiber's ability to accept light and
shows how much light can be off-axis and still be accepted
by the fiber.

Reflection losses which occur at the input and output interfaces
of an optical fiber and are caused by differences in the index
of refraction between the core material and immersion media.

Compares the velocity of light in a vacuum to its velocity in a
material. The index or ratio varies with wavelength.

Converts the electrical signal into an optical signal. Lasers
or LED’s are commonly used.

Converts light signals from optical fibers to electrical signals
that can be further amplified to allow reproduction of the
original signal.
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Designed as infrared sources for fiber optic communication systems. These devices are designed to
conveniently fit within compatible AMP connectors. (TO-18 type packages fit AMP connector 227015;
ferruled semiconductors fit AMP connector 227240-1.)

Both 820 nm and 900 nm wavelengths are available. Unless otherwise noted, the optical port of
the ferruled devices is 200 um fiber optic core diameter.

Response
Total Power Output Fiber Time
Device A Core ty/t¢
Package Type Typ @ Ig(mA) nm Diameter NA Typ ns
(]
- MFOE100 560 uW 50 900 - — 50
]
r 209-02| MFOE200 16 mW 50 940 — - 250
o & MFOE102F | 140 uW 100 900 200 0.7 285
w
3| — 338-02| MFOE103F 140 4W 100 900 200 07 15
[+ 4
<
e MFOE106F 700 uW 100 820 200 0.58 12
338D-01

PHOTO-

TANY

Designed for the detection of infrared radiation in fiber optic communication systems. A family of
detectors including PIN diodes, photo transistors (XSTR), photo Darlingtons (DARL), and monolithic
Integrated Detector Preamplifiers (IDP) are provided. The Integrated Detector Preamplifiers contain light
detectors, transimpedance preamplifiers, and quasi-complementary outputs. These devices are
designed to conveniently fit within compatible AMP connectors. (TO-18 type packages fit AMP connector
227015; ferruled semiconductors fit AMP connector 227240-1.)

The optical port of the ferruled devices is 200 um fiber optic core diameter.

Device Responsivity Operating R’;z:: se
T Voltage
vp ag Typ
Package Type Number 820 nm 900 nm Voits te/tf
PIN MFOD100 20 uA/mW/cm2 18 uA/mW/cm2 20 10 ns/10ns
© : @ 209-02
2
o XSTR| MFOD200 | 8.4 mA/mW/cm2 | 5.6 mA/mW/cm2 20 2.5 us/4.0 us
82-04 DARL| MFOD300 85 mA/mW/cm2 | 75 mA/mW/em2 50 40 4s/60 us
& PIN | MFOD102F 0.5 uA/uW 0.4 uA/uW 20 25 ns/26 ns
PIN | MFOD104F 0.5 uA/uW 0.4 AW 50 6.0 ns/6.0
o 338-02 HAK i nsreons
] XSTR| MFOD202F 115 uA/uW 100 uA/uW 20 2.5 us/4.0 us
F DARL| MFOD302F | 6800 uA/uW 6000 uA/uW 5.0 40 us/60 us
g 338A-02 iDP MFOD402F 1.7 mV/uW 1.5 mV/uW 15 20 ns/20 ns
% 0P | MFOD4O4F 34 mV/pW 30 mV/uW 5.0 40 ns/40 ns
10P | MFOD405F 5.0 mV/uW 4.0 MV/uW : /
3388-01 mV/y 0O mV/u 50 10ns/10ns
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< TRANSMITTERS -

Complete signal processing circuitry is used to translate electrical energy to optical energy for fiber
optic systems. This family includes monolithic integrated circuit drivers and complete fiber optic
modules with infrared source.

Operating
Device Voltage Drive A Optical
Package Type Bandwidth Volts Current Po nm Port
. 10 Mbit TTL Thru
MFOC700% | 25 Mbit ECL 0t ooma| T - -
620-06
MFOLO2T 200 kbit TTL +5.0 100 mA | 140 uW 800 200 um

*To be introduced.

< RECEIVERS

Devices used to convert optical energy to conditioned electrical impulses in fiber optic systems. This
family includes monolithic integrated circuit signal processing circuits with AGC and complete
modules with TTL and ECL outputs.

Operating I Min Input
Device Voltage Dynamic for 10-9
Package Type Bandwidth Volts AGC Range Detector BER
.| 10Mbit TTL IDP or
MFOCB00* | 50 vt ect +5.0 ves | >20dB PIN —
620-06
. 10 nW

MFOLO2R 200 kbit TTL +6.0 no >20d8 PIN 50 dBm

343-01

*To be introduced.
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L LINKS

Fiber optic Links are designed as educational tools but are usable in real system applications. Tutorial
in nature, they include the necessary parts to construct fiber optic communication links. They include
preterminated fiber optic cable, connectors, source, and detector. In the MFOLO2 are complete TTL
transmitter and receiver modules.

Device Type Transmitter Receiver Cable Data Rate
MFOLO1 MFOE103F MFOD402F 1 meter 20 megabit NRZ
MFOLO2 MFOLO2T MFOLO2R 10 meters 200 kbit NRZ

A complement of parts are made available to ease the design of fiber optic systems using the Motorola
ferruled semiconductor components, and are convenient items to the customer’s purchasing cycle.

Device Type Description
MFOAQ2 Connector, AMP 227240-1
MFOAO3 Cable, 1 meter DuPont $120, Terminated
MFOA10 Cable, 10 meters DuPont RFAX PIR140, Terminated
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@ MOTOROLA

MFOD100

medical electronics,

Very Low Leakage

industrial
systems, security systems, etc.

controls,

Ultra Fast Response — 1.5 ns typ

Ip = 2.0 nA {max} @ VR = 20 Volts
® Compatible with AMP Mounting Bushing #227015

@ Spectral Response Matched to MFOE 100, 200

® Hermetic Metal Package for Stability and Reliability
.

°

PIN PHOTO DIODE FOR FIBER OPTICS SYSTEMS

...designed for infrared radiation detection in short length, high
frequency Fiber Optics Systems. Typical applications include:
M6800 Microprocessor

N
‘o——ﬂ—o

FIBER OPTICS
PIN PHOTO DIODE

CONVEX LENS

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

Rating Symbol Vatue Unit
Reverse Voltage VR 150 Volts
Total Device Dissipation @ T g = 26°C Po 100 mW
Derate above 25°C 0.57 mwW/°C
Operating and Storage Junction TiTag -551t0 +175 oc
Temperature Range

FIGURE 1 — RELATIVE SPECTRAL RESPONSE

4

/

\

\
\
\

RELATIVE RESPONSE (%)

/

20 /

A

02 03 04 05

cs 07 o8
A, WAVELENGTH (um)

09

1.0 1Lo2

“A—.T o
e 1
Fl
(1
SEATING ]
PLANE K

STYLE 1:

PIN 1. ANODE
PIN 2. CATHODE

NOTES:
1. PIN 2 INTERNALLY CONNECTED
T0 CASE
2. LEADS WITHIN 0.13 mm (0.005)
RADIUS OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

MILLIMETERS
MIN_| MAX
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MFOD100

ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Dark Current ip nA
(VR =20 V,R(_ =1.0M, Note 1)
Ta =25°C - 1.0 10
Ta =100°C - 14 -
Reverse Breakdown Voltage V(BRIR 100 200 - Volts
{Ig =10 uA)
Forward Voltage Vg - - 1.1 Volts
(Ig =50 mA)
Series Resistance Rg - - 10 ohms
(Ig = 50 mA)
Total Capacitance Ct - - 40 pF
(VR =20V, f=10MHz)
Responsivity (Figure 2) R
04 c5 - HA/UW
Response Time ton - 1.0 - ns
(VR =20V, R = 50 ohms) toff - 1.0 - ns

1. Measured under dark conditions. H = 0
FIGURE 2 — RESPONSIVITY TEST CONFIGURATION

1 Meter Galite 1000 Fiber

I_F, or
DuPont PIR140 +5.0 vV
Lt / Ll
MFOE100 Connectar D.UT. =

TYPICAL CHARACTERISTICS

COUPLED SYSTEM PERFORMANCE versus FIBER LENGTH*

FIGURE 3 — MFOE100 SOURCE FIGURE 4 — MFOE200 SOURCE

T
Tp = 250C

~ 50 ]T

I~
™~ 'F=100mA
20 ~ -

I = 100 mA

05
~
Ig =50 mA >

\\

05 P

CURRENT iN MFOD100 (uA)
CURRENT IN MFOD100 (zA)
=
"

o
=
3
>,

. 0.2

02 0.1
0 10 20 30 40 50 60 70 8¢ 90 10 0 3.0 6.0 98 12 15

FIBER LENGTH (m) FIBER LENGTH {m)
*0.045'" Dia. Fiber Bundle, N.A. ~ 0.67, Attenuation at 900 nm ~ 0.6 dB/m
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@ MOTOROLA

MFOD102F

Advance Information

Prepolished Optical Port

Fast Response — 25 ns Typ

May Be Used with MFOExxx Emitters
FOAC Package — Small and Rugged
Fiber Input Port Greatly Enhances Coupling Efficiency

Compatible with AMP Connector %227240-1
200 um (8 mit) Diameter Optical Port

PIN PHOTO DIODE FOR FIBER OPTIC SYSTEMS

. . . designed for infrared radiation detection in high frequency
Fiber Optic Systems. It is packaged in Motorola’s Fiber Optic Active
Component (FOAC) case, and fits directly into AMP Incorporated
fiber optic connectors. These metal connectors provide excellent
RFI immunity. Typical applications include medical electronics,
industrial controls, M6800 microprocessor systems, security systems,
computer and peripheral equipment, etc.

FIBER OPTICS
PIN PHOTO DIODE

A\

MAXIMUM RATINGS (T = 252C Unless otherwise noted}

Rating Symbol Value Unit
Reverse Voltage VR 100 Volts
Total Device Dissipation @ T = 250C Pp 100 mW
Derate above 25°C 0.57 mW/oC
Operating Temperature Range Ta -30 to +85 oc
Storage Temperature Range Tstg -30to +100 oc

FIGURE 1 — CONE OF ACCEPTANCE

|

Numerical Aperture (NA) = Sin §
Full Cone of Emittance = 2.0 Sin~1 (NA}

~— -

~

T

STYLE? |
PIN 1. ANODE
2 CATHODE/CASE

— x——

Ao
e
fE

NOTES:
1. [CI7) 1S SEATING PLANE.
2. POSITIONAL TOLERANCE FOR
LEADS:
[+ 03600aG 7]
3. DIMENSIONING AND
TOLERANCING PER Y14.5,1973.

MILLIMETERS INCHES
MIN | MAX | MIN | MAX
686 | 7.11 | 0.270

0
254 | 264 |0.100 0.

394 | 444 ] 0.155

80
]
040 [ 048 [0.016]| 0.019
5
$1

6.17 | 638 | 0.243] 0.2
254 BSC 0.100 8SC
1270| - 0500 -

450 [ NOM [ 450 [ NOM
6.22 | 6.73 [ 0.245] 0.265

z\z[x|ofn|m ol > (2

CASE 338-02

This is advance information and specifications are subject to change without notice.

Patent applied for.
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MFOD102F

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Characteristic Symbol Min Typ Max Unit

Dark Current Ip - — 2.0 nA
(VR =20V,R_=10M,H=0)

Reverse Breakdown Voltage V(BRIR 100 200 - Voits

(IR = 10 uA)

Forward Vottage Vg - - 1.1 Voits
(Ig = 50 mA)

Series Resistance Re - - 10 ohms
{Ig = 50 mA}

Total Capacitance Cr - - 4.0 pF
(VR =20V, f=1.0 MH2)

Noise Equivalent Power NEP - 50 - M/\/a?

OPTICAL CHARACTERISTICS (T4 = 25°C)

Responsivity @ 900 nm R 0.15 0.40 - KA/MW
(VR=20V,R_ =100, P =10 uW") i

Response Time @ 900 nm ton - 25 - ns
(VR =20 V. R =50 2} toff - 25 - ns

Numerical Aperture of Input Port NA ~ 048 - -

(200 um [8 mil} diameter core)

*Power launched into Optical Input Port. The designer must account for interface coupling losses.

TYPICAL CHARACTERISTICS

FIGURE 2 — RELATIVE SPECTRAL RESPONSE FIGURE 3 — DETECTOR CURRENT versus FIBER® LENGTH
100 10 .
8.0 Source: MFOE 102F
90 4 6.0 If =50 mA
" 5.0 Ta = 250C
. 7 B e~
z N g i3 \ T 2
u / \ £ 20
£ 60 / \ @ - h—
g« =10 ] —
= . / \ S o8 =
z / 208 N
—_ o 05
< 30 =04
o /, 5 ]
e 2 o 03
3
10 02 =0
0
01 N
02 03 04 o5 06 07 08 03 10 11 12 20 40 60 80 100 120 W0 160 180 200 220
X, WAVELENGTH (um) FIBER LENGTH umi
Fiber Type:

1. Quartz Products QSF200
2. Galileo Galite 3000 LC
3. Valtee PC10

4. DuPont PFXS 120R
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@ MOTOROLA

MFOD104F

Advance Information

PIN PHOTO DIODE FOR FIBER OPTIC SYSTEMS

. . designed for infrared radiation detection in high frequency
Fiber Optic Systems. It is packaged in Motorola’s Fiber Optic Active
Component (FOAC) case, and fits directly into AMP Incorporated
fiber optic connectors. These metal connectors provide excellent
RFI immunity. Typical applications include medical electronics,
industrial controls, M6800 microprocessor systems, security systems,

computer and peripheral equipment, etc.
Fast Response — 6.0 ns Typ @ 5.0 V
May Be Used with MFOExxx Emitters
FOAC Package — Small and Rugged
Fiber Input Port Greatly Enhances Coupling Efficiency

Prepolished Optical Port

Compatible with AMP Connector %227240-1
200 um (8 mil) Diameter Optical Port

FIBER OPTICS
PIN PHOTO DIODE

A\

MAXIMUM RATINGS (T = 259C Unless otherwise noted)

Rating Symbol Value Unit
Reverse Voltage VR 100 Volts
Total Device Dissipation @ Tp = 250C Pp 100 mW
Derate above 25°C 0.57 mW/oC
Operating Temperature Range Ta —30 to +85 oc
Storage Temperature Range T“g ~30 to +100 oC

FIGURE 1 — CONE OF ACCEPTANCE

Numerica! Aperture (NA) = Sin
Full Cone of Emittance = 2.0 Sin~ 1 (NA)

STYLE L.
PIN 1. ANODE
2. CATHODE/CASE

NOTES:
1 1S SEATING PLANE.
2. POSITIONAL TOLERANCE FOR
LEADS
(F 146000 @]T]
3. DIMENSIONING AND
TOLERANCING PER Y14.5,1973.

MILLIMETERS INCHES
OIM[ MIN | MAX | MIN [ MAX
A | 68 | 7.11 10.270]| 0.280°
B | 25 | 264 |0.100] 0.104
D [ 040 [ 048 [0.016] 0019
E | 394 | 444 [0.155[ 0175
F | 617 ] 638 | 0.243] 0251
G 2.54 BSC 0.100 BSC
K {1270 - 0.500 -
M | 450 | NOM [ 45° | NOM
N | 622 ] 673 {0.245 0.265

CASE 338-02

This is advance information and specifications are subject to change without notice.
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MFOD104F

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Characteristic Symbol Min Typ Max Unit
Dark Current Ip — - 2.0 nA
(VR=20V,R_ =10M,H~0)
Reverse Breakdown Voltage V(BRIR 100 200 - Volts
{Ig = 10 uA)
Forward Voltage VE - 082 1.2 Volts
(Ig = 50 mA)
Total Capacitance Cr - - 4.0 pF
(VR =5.0V, f=1.0MHz)
Noise Equivalent Power NEP - 50 - fW/\/Hz
OPTICAL CHARACTERISTICS (T4 =25°C)
Responsivity @ 900 nm R 0.15 0.40 - HA/UW
(VR=50V,P=10uW*)
Response Time @ 900 nm ton. toff ns
VR=50V - 6.0 -
12V - 4.0 -
20V - 20 -
Numerical Aperture of Input Port, 3.0 dB NA - 0.48 - -
(200 um [ 8 mil ] diameter core)

*Power launched into Optical Input Port. The designer must account for interface coupling losses.

RELATIVE RESPONSE {%)

TYPICAL CHARACTERISTICS

FIGURE 2 — RELATIVE SPECTRAL RESPONSE

FIGURE 3 — DETECTOR CURRENT versus FIBER* LENGTH

100 10
8.0 Source: MFOE 103F
90 7 60 IE =50 mA
80 A 5vg Ta = 250C
4 —— T H
< ™ —— 1 }
10 / $30 ~— 1 B
“ / = 20 ] |
w M + | o, 4
/ \ B R
50 a 310 ___
® / \ S8 NG
/ 208 NG w‘
10 7 S ~ i
/ i : 4
20 203 '
1 02 3N
-y
0 N o

62 03 064 05 06 07 08 09
A, WAVELENGTH (um)

1.0

7-8

20 40 60 80

100 120 140 160 180 200 220
FIBER LENGTH im)
Fiber Type:
1. Quartz Products QSF 200
2. Galileo Galite 3000 LC
3. Vaitec PC10
4. DuPont PFXS 120R



@ MOTOROLA

MFOD200

Typical

® Spectral Response Matched to MFOE100, 200
® Hermetic Metal Package for Stability and Reliability
@ High Sensitivity for Medium Length Fiber Optic

Control Systems
® Compatible with AMP Mounting Bushing #227015

PHOTOTRANSISTOR FOR FIBER OPTICS SYSTEMS

...designed for infrared radiation detection in medium length,
medium frequency Fiber Optic Systems.
include: medical electronics, industrial controls, security systems,
M6800 Microprocessor systems, etc.

applications

FIBER OPTICS

NPN SILIC

ON

PHOTOTRANSISTOR

AN

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

Rating (Note 1) Symbol Value Unit
Collector-Emitter Voltage VCeQ 40 Voits
Emitter-Base Vol tage VEBO 10 Volts
Collector-Base Voltage Vceo 70 Volts
Light Current I 250 mA
Total Device Dissipation @ Tp = 25°C Pp 250 mwW

Derate above 25°C 1.43 mW/°C
Operating and Storage Junction T).Tstg |-55t0 +1 75 oc
Temperature Range

FIGURE 1 — CONSTANT ENERGY SPECTRAL RESPONSE

X WAVELENGTH (um)

100
\

80
/ \
/ \
2 / \
; 40 // \ -
5 /
AN 4 A\

0.4 05 0.6 07 08 08 1.0 1.1 1.2

SEATING
PLANE /

STYLE 1:
PIN 1. EMITTER
2. BASE
3. COLLECTOR

NOTES:

1. LEADS WITHIN .13 mm {.005) RADIUS

OF TRUE POSITION AT

SEATING

PLANE, AT MAXIMUM MATERIAL

CONDITION.

2. PIN 3INTERNALLY CONNECTED 70

CASE.

MILLIMETERS

INCHES

M| MIN

4.52
7]

uﬂﬂ)l

[g'-




MFOD200

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

Characteristic Symbol Min Typ Max Unit
Collector Dark Current Iceo
(Ve =20V, H==0) Tp = 26°C - - 25 na
Ta = 100°C - 40 - KA
Collector-Base Breakdown Voltage V(BR)CBO 50 - -~ Volits
{Ic = 100 uA)
Collector-Emitter Breakdown Voltage V(BR)CEO 30 - - Volts
tic = 100 pA)
Emitter-Collector Breakdown Voitage V(BR)ECO 7.0 = - Volts
{lg = 100 uA)
OPTICAL CHARACTERISTICS (T = 25°C)
Characteristic Symbol Min Typ Max Unit
Responsivity {Figure 2) R 14.5 18 - BA/UW
Photo Current Rise Time (Note 1) tr - 25 - us
(R =100 ohms)
Photo Current Fall Time (Note 1) tf - 40 - us
(R = 100 ohms)

Note 1. For unsaturated response time mcasurements, radiation is provided by pulsed GaAs {(gallium-arsenide) light-emitting diode (A ~ 900 nm)

with a pulse width equal to or greater than 10 microseconds, Ic = 1.0 mA peak.

FIGURE 2 — RESPONSIVITY TEST CONFIGURATION

1 Meter Galite 1000 Fiber

a—

(-
Y i

D.U.T.
MFOE100 Connector

or
DuPont PIR140 +20 vV

TYPICAL CHARACTERISTICS
COUPLED SYSTEM PERFORMANCE versus FIBER LENGTH*
FIGURE 3 — MFOE100 SOURCE

FIGURE 4 — MFOE200 SOURCE

1000 T 10 ¥
< Tp=250C J —
Ta=250C
500 Ty z
g N £
=
= N If = 100 mA 5
§ ~ S s T
2
o = o~
: |F=50nh\ z U Ig = 100 mA
z — s |~ ~
= S . w =
z 50 g « Ig = 50 mA ~
= SN S 01
3
E] N N ~—
e N =
20 ~
S N~
10 0.01
0 50 10 15 20 25 0 30 60 90 12 15 18 21 24 21 30

FIBER LENGTH (m)

*0.045" Dia. Fiber Bundle, N.A. = 0.67, Attenuation at 900 nm = 0.6 dB/m
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@ MOTOROLA

MFOD202F

Advance Information

PHOTOTRANSISTOR FOR FIBER OPTIC SYSTEMS

. designed for infrared radiation detection in medium frequency

Fiber Optic Systems. It is packaged in Motorola’s Fiber Optic Active
Component (FOAC) case, and fits directly into AMP Incorporated
fiber optic connectors. These metal connectors provide excellent RF|
immunity. Typical applications include medical electronics, industrial
controls, security systems, computer and peripheral equipment, etc.

High Sensitivity for Medium Frequency Fiber Optic Systems
May Be Used with MFOExxx Emitters

FOAC Package — Small and Rugged

Fiber Input Port Greatly Enhances Coupling Efficiency
Prepolished Optical Port

Compatible with AMP Connector #227240-1

200 um [8 mil] Diameter Core Optical Port

FIBER OPTICS

NPN SILICON
PHOTOTRANSISTOR

N

MAXIMUM RATINGS

(TA = 259C unless otherwise noted).

Rating Symbot Value Unit
Collector-Emitter Voltage Vceo 50 Volts
Emitter-Base Voltage VEBO 10 Volts
Collector-Base Voltage VcBO 50 Volts
Light Current I 250 mA
Total Device Dissipation @ T = 250C Pp 250 mwW

Derate above 25°C 1.43 mW/oC
Operating Temperature Range TaA -30to +85 oC
Storage Temperature Range Tstg -30 to +100 oC

FIGURE 1 — CONE OF ACCEPTANCE

Numerical Aperture (NA) =
Full Cone of Emittance = 2.0 Sin-1(NA)

Sin 6

-8

1T
F

B &8
STYLE 1:
PIN 1. EMITTER
2. BASE
3. COLLECTOR/CASE
Ao

T

IR 9.4

<3

NOTES:

1. [T-) 1S SEATING PLANE.

2. POSITIONAL TOLERANCE FOR
LEADS:
ESRETITICYE

3. DIMENSIONING AND
TOLERANCING PER Y14.5,1973.

MILLIMETERS INCHES

450 | NOM [ 450 | NOM
6.22 | 6.73 | 0.245] 0.265

DM MIN | MAX | MIN | MAX
A | 686 | 7.1 .270 | 0.280
8 | 254 [ 264 [0100] 0.104
D [ 040 | 048 | 0016 0.019
'E | 394 | 444 | 0.155] 0.175
F | 617 ] 638 | 0.243] 0.251
] 254 8SC 0.100 8SC
K [1270] - 0500 -
]

N

CASE 338A-02

This is advance information and specifications are subject to change without notice.
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MFOD202F

STATIC ELECTRICAL CHARACTERISTICS (T = 250C unless otherwise notes)

Characteristic Symbol Min Typ Max Unit
Coliector Dark Current iceo - 50 50 nA
(Vcc=20V,H=~0)
Collector-Base Breakdown Voltage V(BR)CBO 50 - — Volts
(Ic = 100 wA)
Collector-Emitter Breakdown Voltage V(BR)CEO 50 - - Volts
{ic = 100 pA)
OPTICAL CHARACTERISTICS (T = 25°C)
Characteristic Symbol Min Typ Max Unit
Responsivity R 70 100 - RA/uW
(Ve =20V, R =102, A =~ 900 nm, P = 1.0 uW*)
Photo Current Rise Time tr - 25 - us
(R =100 Q)
Photo Current Fall Time tf - 4.0 - us
(RL = 100 )
Numerical Aperture of Input Port — Figure 1 NA - 048 - -
(200 um [8 mil] diameter core}

*Power Launched into Optical Input Port. The designer must account for interface coupling losses.

TYPICAL CHARACTERISTICS

FIGURE 2 — CONSTANT ENERGY SPECTRAL RESPONSE

FIGURE 3 — DETECTOR CURRENT versus FIBER* LENGTH

6.0

100 -
. 40 4{
30 -
Source: MFOE102F
80 _ z.u\'\ 3 JF=50mA
= / \ € Ta = 250C
o / \ SETILN —~
Z 60 & 08 —
g / \ S '
« \ S N N
= S o4 >
W0 N
s 7 © 03
< / \ S N
< @ 02 b N
I / \ T T~
0.1 El N ¥
0.08
0 0.06
0.05
04 05 06 07 08 09 10 o2 20 40 60 80 100 120 140 160 180 200 220

A WAVELENGTH (um)
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*Fiber Type
1. Quartz Products QSF200
2. Galileo Galite 3000 LC
3. Valtec PC10
4. DuPont PFXS 120R



@ MOTOROLA

MFOD300

PHOTODARLINGTON TRANSISTOR
FOR FIBER OPTICS SYSTEMS

... designed for infrared radiation detection in long length, low
frequency Fiber Optics Systems. Typical applications include:
industrial controls, security systems, medical electronics, M6800
Microprocessor Systems, etc.

Spectral Response Matched to MFOE100, 200
® Hermetic Metal Package for Stability and Reliability

Very High Sensitivity for Long Length Fiber Optics
Control Systems
® Compatible With AMP Mounting Bushing 227016

FIBER OPTICS

NPN SILICON
PHOTODARLINGTON
TRANSISTOR

N

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

Rating Symbot Value Unit
Collector-Emitter Voltage Vceo 40 Volts
Emitter-Base Voltage VEBO 10 Volts
Collector-Base Voltage VcBO 70 Volts
Light Current I8 250 mA
Total Device Dissipation @ Ty = 25°C Pp 250 mw

Derate above 25°C 1.43 mw/°C
Operating and Storage Junction Ty Tstg |-55t0 +175 oc
Temperature Range

STYLE

FIGURE 1 — CONSTANT ENERGY SPECTRAL RESPONSE

100 T

80 / A -

RELATIVE RESPONSE ( )
S
S
]

/ —
20

0
04 05 06 07 08 03 10 11 12
A WAVELENGTH (pm)

T -

PLANE

|
¢
SEATING 7 T %
I3
|

PIN 1. EMITTER
2. BASE
3. COLLECTOR

NOTES:
1. LEADS WITHIN .13 mm (.005) RADIUS
OF TRUE POSITION AT SEATING
PLANE, AT MAXIMUM MATERIAL

CONDITION.
2 PIN 3INTERNALLY CONNECTED TO

CASE

MILLIMETERS| _INCHES
DIM] MIN_ MAX | MIN | MAX
A | 531 684 | 0209]0230
B | 452 | 495 | 017
C | 6.22 | 6.98 | 0.28
D | 041|048 [0016]0
F | 119 ] 1.60 | 0.047] 0.063 |
G | 2548SC 0100 BSC
H | 099 | .17 | 0039] 0046
J 84 | 122 | 0.033]0.048
K [ 127 - 10500 -
L 35 [ 401 | 0.132] 0158
M 50 BSC 450 BSC
CASE 82-04
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MFOD300

STATIC ELECTRICAL CHARACTERISTICS (Tp =25°C)

Characteristic Symbol Min Typ Max Unit
Collector Dark Current IcCEO - 10 100 nA
(VCg=10V.H=0)
Collector-Base Breakdown Voltage V(BR)CBO 50 - - Volts
{ic = 100 uA)
Cotlector-Emitter Breakdown Voltage V(BRICEQ 30 . - Volts
{lc = 100 pA)
Emitter-Base Breakdown Voltage V(BRIEBO 10 - - Volts
(Ig = 100 wA)
OPTICAL CHARACTERISTICS (Tp = 25°C)
Characteristic Symbo! Min Typ Max Unit
Responsivity (Figure 2) R 400 500 - HA/uW

Photo Current Rise Time (Note 1)
(R =100 ohms)

Photo Current Fall Time (Note 1) tf - 60
{Ry_ =100 ohms}

t - 40 - HS

- us

Note 1. For unsaturated response time measurements, radiation is provided by pulsed GaAs (gallium-arsenide) light-emitting diode (X = 900 nm)
with a pulse width equal to or greater than 500 microseconds, Ic = 1.0 mA peak.

FIGURE 2 — RESPONSIVITY TEST CONFIGURATION

1 Meter Galite 1000 Fiber

I_F_. or
DuPont PIR140
| / (- +50 V
T \ i
MFOE100 Connector
TYPICAL CHARACTERISTICS
COUPLED SYSTEM PERFORMANCE versus FIBER LENGTH*
FIGURE 3 — MFOE100 SOURCE FIGURE 4 — MFOE200 SOURCE
0 = 3 10 P E SRR, b Sl sl |
5o Ta=25°C S S Ta-25°C 3
~ 3 WAL
= ~ € N
E ] = ANEAN
g 1o S 3 10 e
s e e S~
& 05 ~o —] = \\
z ~
E ~ g =100mA = ‘\\\\\
= . N ]
i} ~ « N
g w \%i—* Al S If = 100 mA ==
> ~— o B —
005 If = 50 mA — =
— I = 50 MAS SN
I NI
0.0 0.01 I ~
30 60 90 12 15 18 21 24 27 30 0 50 10 15 20 25 30 35 40 45 50
FIBER LENGTH (m) FIBER LENGTH (m)

*0.045” Dia. Fiber Bundle, N.A. = 0.67, Attenuation at 900 nm = 0.6 dB/m




@ MOTOROLA

MFOD302F

r Advance Information

PHOTODARLINGTON TRANSISTOR
FOR FIBER OPTIC SYSTEMS

ment, etc.

Control Systems

May Be Used with MFOExxx Emitters

FOAC Package — Smali and Rugged

Fiber Input Port Greatly Enhances Coupling Efficiency
Prepolished Optical Port

Compatible with AMP Connector #227240-1

200 um (8 mil) Diameter Core Optical Port

.. . designed for infrared radiation detection in low frequency Fiber
Optic Systems. It is packaged in Motorola’s Fiber Optic Active
Component (FOAC) case, and fits directly into AMP Incorporated
fiber optic connectors. These metal connectors provide excellent
RFI immunity. Typical applications include medical electronics,
industrial controls, security systems, computer and peripheral equip-

® High Sensitivity for Low Frequency Long Length Fiber Optic

FIBER OPTICS
NPN SILICON
PHOTODARLINGTON
TRANSISTOR

N

MAXIMUM RATINGS (T4 = 259C unless otherwise noted).

Rating Symbot Value Unit
Collector-Emitter Voltage VCEQ 40 Volts
Emitter-Base Valtage VEBO 10 Volts
Collector-Base Voltage VeBO 50 Volts
Light Current e 250 mA
Total Device Dissipation @ Tp = 250C Pp 250 mw

Derate above 25°C 1.43 mW/oC

Operating Temperature Range Ta -30 to +85 oc
Storage Temperature Range TSB‘L -30to +100 oC

FIGURE 1 — CONE OF ACCEPTANCE

Numerical Aperture (NA) = Sin 8
Fult Cone of Emittance = 2.0 Sin"1 (NA)

S —
18| T
F
Sy
E
STYLE1:
PIN 1. EMITTER K
2. BASE
3. COLLECTOR/CASE
o
—
N ‘ )] 6
,L_ AJ i

NOTES:
1. IS SEATING PLANE.
2. POSITIONAL TOLERANCE FOR
LEADS:
3. DIMENSIONING AND
TOLERANCING PER Y14.5,1973.

MILLIMETERS INCHES
DIM| MIN | MAX [ MIN | MAX
A {686 7.11 !0270] 0.280
8 | 254 | 264 |0.100] 0.104
D | 040 | 048 | 0016 0.019
E | 394 ] 444 | 0.155] 0.175
F | 617} 638 | 0.243] 0.261
G 2.54 BSC 0.100 BSC
K [1270] - 0500 -
M | 459 | NOM | 45% | NOM
N | 622 | 673 [0.245] 0.265

CASE 338A-02

This is advance information and specifications are subject to change without notice.
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MFOD302F

STATIC ELECTRICAL CHARACTERISTICS (Tp =259C)

Characteristic Symbol Min Typ Max Unit

Collector Dark Current iCEO - 10 100 nA
(Veg=12V,H=0,Ta = 250C)

Collector-Base Breakdown Voltage V(BR)CBO 50 - - Volts
{Ic =100 uA)

Collector-Emitter Breakdown Voltage V(BR)CEO 40 - - Voits
(lg =100 uA)

Emitter-Base Breakdown Voltage V(BH)EBO 10 — - Volts
{lg = 100 uA)

OPTICAL CHARACTERISTICS (Tp = 25°C)

Characteristic Symbol Min Typ Max Unit
Responsivity R 2000 6000 - RAUW
(Ve =50V, R =102, A ~ 900 nm, P = 1.0 uW*)
Photo Current Rise Time t - 40 - Hs
(Ry_ = 100 ohms)
Photo Current Fall Time tf - 60 - us
(R = 100 ohms)
Numerical Aperture of Input Port — Figure 1 NA - 0.48 - -

(200 um (8 mil] diameter core)

*Power launched into Optical Input Port. The deisgner must account for interface coupling losses.

TYPICAL CHARACTERISTICS

FIGURE 2 — CONSTANT ENERGY SPECTRAL RESPONSE FIGURE 3 — DETECTOR CURRENT versus FIBER* LENGTH
100 100
80
VAREER @
[ —
80 .
Z / \ Ew \\ T~
o - N —
] £ 2 -
Z 60 & 1
S / \ § 0
£ / \ S 80  ——
> 40 v S 60
5 / g 50 S MFO \‘\\
z = 4.0 f-—-fSource: E102F
= / \ 3 30 If = 50 mA NN
20 20 Ta = 250C 3\\
’ T N
0 10 [ ] N
04 05 06 07 08 09 0 12 20 40 60 B0 100 120 140 160 180 200 220

A WAVELENGTH (um) FIBER LENGTH (m)
* FIBER TYPE

1. Quartz Products QSF 260
2. Galileo Galite 3000 LC
3. Vaitec PC10

4. DuPont PFXS 120R
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@ MOTOROLA

MFOD402F

INTEGRATED DETECTOR/PREAMPLIFIER
FOR FIBER OPTIC SYSTEMS

. . designed as a monolithic integrated circuit containing both
detector and preamplifier for use in medium bandwidth, medium
distance systems. Packaged in Motorola’s Fiber Optic Active Com-
ponent {(FOAC) case, the device fits directly into AMP Incorporated
fiber optic connectors which also provide excellent RFI immunity.
The output of the device is low impedance to provide even less
sensitivity to stray interference. The MFOD402F has a 200 um [8
mil] fiber input with a high numerical aperture.
Usable for Data Systems Up to 30 Megabaud
Dynamic Range Greater Than 100:1
RFI Shielded in AMP Connector #227240-1
May Be Used with MFOExxx Emitters
FOAC Package — Small and Rugged
Fiber input Port Greatly Enhances Coupling Efficiency
Prepolished Optical Port

FIBER OPTICS

INTEGRATED DETECTOR
PREAMPLIFIER

MAXIMUM RATINGS

{TA = 259C untess otherwise noted).

Rating Symbol Value Unit
Operating Voltage Vee 20 Volts
*Total Device Dissipation @ T = 250C Pp 250 mW
Derate above 25°C 143 mwW/oC
Operating Temperature Range Ta ~30 to +85 oC
Storage Temperature Range Tstg -30 to +100 oc

*Package Limitations.

FIGURE 1 — CONE OF ACCEPTANCE

Numerical Aperture (NA) = Sin 8
Full Cone of Emittance = 2.0 Sin-1 (NA)

—A—
18|

__',
F

= 51
e
STYLE2:
K

PIN 1. OUTPUT

2. Ve
3. GROUND/CASE
-

]

DL

AN

NOTES:
1. [CT2] IS SEATING PLANE.
2. POSITIONAL TOLERANCE FOR
LEADS:
[ 11360006 7]
3. DIMENSIONING AND
TOLERANCING PER Y14.5, 1973.

MILLIMETERS| _INCHES

MIN | MAX W_uiﬁ
86 | 7.1 | 0270 0.260
54 | 264 | 0.100] 0.104
40 | 048 | 0016 0.019
394 | 444 | 0.155] 0175
6.17 | 6.38 | 0.243] 0.251
2.54 BSC 0.100 BSC
1270] - [0s500] -
450 | NOM | 45% | NOM
6.22 | 673 | 0.245] 0.265

CASE 338A-02

zglﬂﬁ“'mﬂ-)

Patent applied for.
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MFOD402F

ELECTRICAL CHARACTERISTICS

(Vcec =158V, Ta = 2509C)

Value
Characteristics Symbol Conditions Min Typ Max Units
Power Supply Current Icc Circuit A 1.4 1.7 2.0 mA
Quiescent dc Output Voltage Vq Circuit A 0.6 0.7 0.9 Volts
Resistive Load RgMax 300 - - Ohms
Capacitive Load CoMax - - 20 pF
Output Impedance Zo —_ 200 - Ohms
RMS Noise Output VNO Circuit A - 0.3 - mV
Noise Equivalent Power NEP - 57 - pW/\/T
Operating Voltage Range Vee 5.0 - 15 Volts
Bandwidth* (3.0 dB) BW - 175 - MHz
OPTICAL CHARACTERISTICS (T4 = 25°C)
Responsivity (Vce =15V, A =900 nm, P = 10 uW**) R Circuit B 0.6 15 - mV/uW
Pulse Response tr, tf Circuit B — 20 - ns
Numerical Aperture of Input Core NA - 0.70 - -
(200 um [8 mil] diameter core)
*Calculated from Step Response.
**Power launched into Optical Input Port. The designer must account for interface coupling losses.
See Application Note AN-804.
FIGURE 2 — EQUIVALENT SCHEMATIC FIGURE 3 — TYPICAL APPLICATIONS
_2Vee
Input A :j R
isne Output
in Output
Package MFOD402F - AcC Comparator
Amp
3
Ground
and
Case
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MFODA402F

TEST CIRCUIT A

r ? ’ /mA\ +15 vV
1 1T &

:E.oi uFILO HF

It

No Optical
input : out

;

0.1 uF

DC Volts

Boonton
\4 928D
RF Millivoltmeter

Optical Fiber

Pulse
Generator

]

10 4w l‘i
[}

L h

Optical Power

into

TEST CIRCUIT B

FEE

Oscill
{ec Coupled)

Tektronix
= P6106 Probe
(13 pF, 10 M)

Optical Input Port

APPLICATIONS INFORMATION

The MFODA02F is designed primarily for use in ac
coupled fiber optic receivers as shown in Figure 3. Best
performance is to be obtained with receivers in approxi-
mately the 10 MHz (20 Mbs) range. The output is an ac
voltage in the range of 1-100 mV riding on a 700 mV
quiescent dc level. The ac signal should be amplified by a
high-gain amplifier such as an MC1733 or MC1590 and
applied to suitable comparators to transform it into the
desired logic form.

The device is designed for use with 8 mil (200 um)
fiber optic cables. This size is becoming standard in com-
puter use and is well designed for the frequency range
common in this equipment.

A typical operating system should be designed to deliver
a suitable amount of power to provide at least a 10 dB
signal to noise ratio. If the system is operated at maximum

7-19

bandwidth, approximately 3 uyW of power from an 8 mil
fiber will typically provide this ratio.

The performance of the device is affected by the capac-
itance seen at the output port to ground. This should be
held below 20 pF to provide lowest noise operation.
Values above about 50 pF may cause it to oscillate. Lower
capacitance values will cause less overshoot in the transient
response. The transient response is also affected by the
operating voltage. The recommended operating voitage is
15 V, although the device can be operated at 5 V if the
overshoot is tolerable in the particular system. (Figures
4 and 5.} See Application Note AN-794.

For best results, the MFOD402F should be inserted
into an AMP metal fiber optics connector with the case,
circuit ground, and metal connector all grounded. This
will minimize RFI and lower the error rate observed
in the system.




MFOD402F

FIGURE 4 — OUTPUT WAVEFORM WITH Vg =15V

FIGURE 5 — OUTPUT WAVEFORM WITH V¢ = 5.0V
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@ MOTOROLA

MFOD404F

FOR FIBER OPTIC SYSTEMS

INTEGRATED DETECTOR/PREAMPLIFIER

... designed as a monolithic integrated circuit containing both detec-
tor and preamplifier for use in medium bandwidth, medium distance
systems. It joins Motorola family of Straight Shooter devices
packaged inthe Fiber Optic Ferrule case. The device fits directly into
AMP Incorpaorated fiber optic connectors which also provide
excellent RFl immunity. The output of the device is low impedance to
provide even less sensitivity to stray interference. The MFOD404F
has a 200 um (8 mil) fiber input with a high numerical aperture.
® Usable for Data Systems up to 10 Megabaud
® Dynamic Range Greater than 100:1

® RFI Shielded in AMP Connector #227240-1
® May be Used with MFOExxx Emitters

® Ferrule Package — Small and Rugged

@ Fiber Input Port Greatly Enhances Coupling Efficiency
® Prepolished Optical Port

FIBER OPTICS

INTEGRATED DETECTOR
PREAMPLIFIER

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

Rating Symbol Value Unit
Supply Voitage Vee 75 Volits
Operating Temperature Range TA -30to +85 °C
ﬁorage Temperature Range Tstg -30to +100 °C
FIGURE 1 — EQUIVALENT SCHEMATIC
r—-"-"=-=-"=-"=-">">"—"—"—-—- - = — = |
1
. oV
| 1 1 % ' ce
| |
| |
|
| N
Internal | ¢——1——o Inverted
Light | | Output
Pipe 1 |
1:': * ’ | | o Non-Inverted
: | Output
| i i
: T © Gnd/Case
e - - - N

R —

()

STYLE 1:

PINT. -Vour
2. gyt
3. GND/CASE
a.

+Vee

NOTES:
IR 1S SEATING PLANE.
2. POSITIONAL TOLERANCE FOR LEADS:

V[ 036000 @[T

3. DIMENSIONING AND TOLERANCING
PER Y14.5,1973.

[MILLIMETERS | __INCHES
OM[ MIN_ [MAX | MIN | max
A| 686 7.1 0270 | 0.280
641 264 0.100 ] 0.104
1016 ] 10.80 | 0.400 | 0.425
X 48] 0.016 | 0.019
94 | 444 0155 [ 0.175

2.54 8SC 100 BSC

K| 1270 — [0500] —
M| 450 BSC 450 BSC
N1 6.22] 6.J3] 0.245] 0.265

CASE 3388B-01

Patent applied for.
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MFOD404F

ELECTRICAL CHARACTERISTICS (Vg =50V, Ta =25°C)

Characteristics Symbol | Conditions ' Min Typ Max Units
Power Supply Current icc Circuit A 3.0 35 5.0 mA
Quiescent dc Output Voltage {Non-Inverting Output) Vq Circuit A 05 0.6 0.7 Volts
Quiescent dc Output Voltage {Inverting Output) Vaq Circuit A 27 30 33 Volts
Output Impedance z — 200 - Ohms
RMS Noise Output VNO Circuit A — 0.4 1.0 mVv
OPTICAL CHARACTERISTICS (Tp = 25°C)
Responsivity (Vcc = 5.0 V. P =20 uW*) A =900 nm R Circuit B 20 30 50 mV/uW
A =820 nm — 35 —
Pulse Response .t Circuit B — 35 50 ns
Numerical Aperture of Input Core NA — 0.70 — —
(200 um [8 mil] diameter core)
Signal-to-Noise Ratio @ Pjy = 1.0 uW peak” S/N - 35 - dB
Maximum Input Power for Negligible Distortion in — — 30 uW
Output Pulse*
RECOMMENDED OPERATING CONDITIONS
Supply Voltage vee 40 5.0 6.0 Volts
Capacitive Load CL — — 100 pF
Input Wavelength A — 900 — nm
*Power launched into Optical Input Port. The designer must account for interface coupling losses
FIGURE 2 — TYPICAL PERFORMANCE OVER
OPERATING TEMPERATURE RANGE
TEST CIRCUIT A
0+50V
a2¢ 20
3238 1 No
£s pra ! I}.m ylﬂ},o uF
o 6 > Optical L L
=814 Pt 3 R input - _Non-invening
82 12 o = Vg [
o5 i e R a4 — - .
F2 10 i Y [T — Inverting 0.1 uF
PR e i L =f=gop.
== L Vot
= 06 : 4 —
x = T —
=3 04 - Boonton
DC Volts 928D
= RF
-30 -20 -10 0 10 20 30 40 50 60 70 80 = Millivoltmeter
TEMPERATURE, °C
TEST CIRCUIT B
L
20%
LED +50V 80%
0.01 t tr
UF 1.0 ufF
Pulse Optical Fiber .’_l: :L
~ Non- i
Generator }_Q@L[: on-inverting Oscilloscope
ac Coupled
tnverting Tektronix ( upled)
— — = P6106 Probe
PW = 250 ns (13 pF. TOM)
20 uW [—I
u Optical Power
0 Launched into
Optical Input Port
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MFOD404F

FIGURE 3

*Vout

Vout

Puise response of MFOD404F 1o square wave input with peak
optical input power of 2 0 microwatts at Ve = 50V

FIGURE 4

E “Vout

Vout

MFOD404F response to psuedo-random bit stream inpul with
average optical input power of 1.0 microwatt Note the good
quality eye pattern at 10 Mbits per second, Vo 50V

APPLICATIONS INFORMATION

The basic function of the MFOD404F integrated detec-
tor “preamplifieris toconvertan optical inputinto a
voliage level proportional to the received optical power.
Within the package is a monolithic chip having the detec-
tor diode and a transimpedance amplifier with emitter
follower isolation amplifiers on both the inverted and
non-inverted outputs. A high level of RFl EMIimmunity is
provided by this detector circuit

The MFOD404F is in the Motorola ferrule fiber optic
semiconductor package with a 200 um fiber core input
With the AMP connector, #227240-1, these ferrule
devices are easily and precisely assembled into systems,
can be connected to plastic or glass cable of almost any
diameter and are easilv interchanged for system modi-
fication or upgrade. Mechanics of the use of the ferrule
devices and basic optic system losses are presentedin the
Motorola Application Note AN-804

AMP Bushing
2272401

Motorola Ferrule

Press-On
Retention

Plate \

FIGURE 5

L /\<"'},/ \
N
. AMP Ferrule

Connector

\‘\Jam Nut

Lockwasher

Motcrola ferrule semiconductors
fit directly into AMP terminating
bushing #227240-1

Self-Tapping
Screws
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MFOD404F

APPLICATIONS INFORMATION (continued)

A Simple, 10 Mbps Fiber Optic Link

The schematic diagram in Figure 6 illustrates how
easily a high performance fiber optic link can be con-
structed with low-cost commercially available compon-
ents when based on the MFOD404F integrated detector/
preamplifier.

When used with the fiber indicated in Figure 6, the
MFOE103F conservatively launches a peak power of 5.0
microwatts when driven with a peak current of only 50

milliamperes. Since the receivers sensitivity is 0.1 micro-
watts average power for 10-9 BER (Bit Error Rate) at data
rates up to 10 Mbps NRZ, reliable communications links
can be constructed up to 500 meters in length while
providing both a 6.0 dB power margin for LED time and
temperature degradation and 3.0 dB for connector loss at
the receiver (worst case design). In addition, since the
receiver dynamic range exceeds 20 dB, there is nodanger
of overloading the receiver in short link length applications.

+5.0V
Transmitter

68 N

Data 8

FIGURE 6 — 10 Mbps LINK SCHEMATIC DIAGRAM

MFOE103F
Input O— 3
) Optical Cable
Transmitter O— . ITT - T1302 Fiber
Enable .
4| MC75452 or Equivalent
= {10 dB/km @ 900 nm)

+5.0V +5.0V  +50V

27 k 1.8k

1.0uF
LAY

>

MFOD404F

+5.0V

+5.0V +5.0V

MC75140
2.4k
AN— -
+ TTL
Output

gz.ak

1.0 uF
1.8k 327k 327k
0.1 uF
1€

+5.0V LAY

Receiver

MPSHg1 5.6 k

+50V




@ MOTOROLA

MFOD405F

INTEGRATED DETECTOR/PREAMPLIFIER

FOR FIBER OPTIC SYSTEMS

designed as a monohthic integrated circuit containing both detec-
tor and preamplifier for use in computer, industrial control, and

other communications systems.

Packaged in Motorola’s Ferrule case, the device fits directly into
AMP Incorporated fiber optic connectors which also provide
excellent RFlimmunity. The output of the device is low impedance to
provide even less sensitivity to stray interference. The MFOD405F
has a 200 um (8 mul) fiber input with a high numerical aperture

® Usable for Data Systems

® o0 000

Prepolished Optical Port

Through 40 Megabaud

Dynamic Range Greater than 100:1

RFI Shielded in AMP Connector #227240-1

May be Used with MFOExxx Emitters

Ferrule Package — Small and Rugged

Fiber Input Port Greatly Enhances Coupling Efficiency

FIBER OPTICS

INTEGRATED DETECTOR
PREAMPLIFIER

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

Rating Symbol Value
Supply Voltage Vee 75
Operating Temperature Ra;'aée Ta -301to +8
Storage Temperature Rrange ’ Tslg -30t0 +100

FIGURE 1 — EQUIVALENT SCHEMATIC

Internal :

Light })

Pipe . \

Vee

Inverted
Qutput

Non-Inverted
Qutput

—0 Gnd Case

- A =
-Br
[ v
i
- _i i C
roee A
€.
STYLE!
PINT -V
ouT X
2 vour
3. GND CASE
4 ‘VCC . 1
- D
i o
N ' G
M a ot i
1 -
NOTES

1 [ 1] ISSEATING PLANE

2 POSITIDNAL TOLERANCE FOR LEADS
Tole oo @ T

3 DIMENSIONING AND TOLERANCING
PFR Y145 1973

" UMILLIMETERS  INCHES

DIM] MIN iMAX | MIN | MAX |
Al 686 71|;uzm\oza<|{
| 8% 254 ] 2647 0100} 0104
1 el 10061080 0400 0425
D, 040 0480016 0019]
£, 399i 444, 0155 0175
61 2548sc | 0100BSC
K 1270 | Loso0l
M1 450BSC | 4508SC
N 622] 6731 0.245 0265

CASE 338B-01

Patent applied for
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MFOD405F

ELECTRICAL CHARACTERISTICS (Ve = 5.0V, Ta = 25°C)

1 w
Ou I l Optical Power
]

Launched into
Optical Input Port

Characteristics Symbol | Conditions Min Typ Max Units
Power Supply Current Icc Circuit A 3.0 45 6.0 mA
Quiescent dc Output Voltage (Non-Inverting Qutput) Vq Circuit A 06 0.7 08 Volts
Quiescent dc Qutput Voitage (Inverting Output) Vq Circuit A 27 30 3.3 Voits
Qutput Impedance Z5 -— 200 — Ohms
RMS Noise Output VNO Circuit A — 05 10 mvV
OPTICAL CHARACTERISTICS (Tp = 25°C) .
Responsivity (Vcc = 5.0V, A =820 nm, P= 10 nW*} R Circuit B 30 4.5 7.0 mV/uW
Pulse Response .t Circuit 8 —_ 10 15 ns
Numerical Aperture of Input Core NA — 0.70 — —
{200 um [8 mil] diameter core)
Signal-to-Noise Ratio @ Pj = 2.0 uW peak* S/N — 24 — d8
Maximum Input Power for Negligible Distortion in Circuit 8 — — 120 uW
Output Pulse”
RECOMMENDED OPERATING CONDITIONS
Supply Voltage Vee 40 5.0 6.0 Volts
Capacitive Load (Either Output) Cp — — 100 pF
Input Wavelength A - 820 — nm
*Power launched into Optical Input Port The designer must account for interface coupling losses as discussed in AN-804
FIGURE 2 — TYPICAL PERFORMANCE OVER
OPERATING TEMPERATURE RANGE TEST CIRCUIT A
R
1.6
Sw s  t 0+50V
EE] el
Iz M 3 No I).m ,,E[Lo,m
To 13 > Optical L L
=8 prd Input - N
o 12— " “ Vo P o Non-inverting
e P 3 R [
w5 ] F ] — —
FE 10 _—.—-%/ —t —t Inverting 0.1 uF
;a‘g 0= —T 2 S - lgcd
=E 08 . [=%=
T A ¢ Vot =
07 Boonton
0.6 f== DC Volts 928D
= RF
_20 0 20 40 60 80 = Millivoltmeter
TEMPERATURE, °C
TEST CIRCUIT B
| |
20%
LED 150V 80%
tf ' i
1.0 ufF
Pulse Optical Fiber :_[
~ Non-Invertin
Generator }M{ 3 Oscilloscope
Inverting Tektronix ac Coupled)
= ue — P6106 Probe
PW = 50 ns - (13 pF, 10 M)
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MFOD405F

FIGURE 3

Output waveform in response to a 50 nanosecond, 6.0 microwatt
optical input pulse

FIGURE 4

Eye-pattern generated by pseudo-random bit stream at 40 Mb/s

APPLICATIONS INFORMATION

The basic function of the MFOD405F integrated detec-
tor “preamplifieris toconvert an optical inputinto a
voltage level proportional to the received optical power
Within the package 1s a monolithic chip having the detec-
tor diode and a transimpedance amplifier with emitter
follower isolation amplifiers on both the inverted and
non-inverted outputs The device in the connector
assembly is virtually )mmune to RFIZEML The IDP circuit
itself provides a high level of RFIVEMI immunity. EMI
pickup atthe input of a fiber optic receiver can be a poten-
nal problem, but as the MFOD405F is a single monolithic
chip this function between the optical port and the receiver

is quite small and essentially eliminates this source of
EM!. Finally, the whole device is mounted inside the AMP
metal connector with a special RFI/EMI shielding option

The MFOD405F is in the Motorola terrule fiber optic
semiconductor package with a 200 um fiber core input
With the AMP connector, #227240-1, these ferrule
devices are eastly and precisely assembled into systems,
can be connected to plastic or glass cable of almost any
diameter and are easily interchanged for system modi-
fication or upgrade. Mechanics of the use of the ferrule
devices and basic fiber optic system losses are presented
in the Motorola Application Note AN-804

AMP Bushing
227240

Motorola Ferrule

Semiconductor \ i

Press-On

/
Retention . e
E 2
Plate T & % )

FIGURE 5 s

\ AMP Ferrule

Connector

Lockwasher

Motorola ferrule semiconductors
fit directly into AMP terminating
bushing #227240-1

Setf-Tapping
Screws
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MFODA405F

APPLICATIONS INFORMATION (continued)

40 Mb/s FIBER OPTIC LINK USING MFOD405F DETECTOR

The attached figure shows a receiver capable of
operation at data rates in excess of 40 Mbps when driven
by a suitably fast LED. The quasi-differential output of the
MFODA4OS5F is amplified by a two-stage differential
amplifier consisting of two stages of an MC10116 MECL
line receiver. It is important to utilize MECL layout
practices in this receiver because of the very high data
rates of which it is capable. The receiver requires about
5.0 microwatts of optical input power to drive the output
to full MECL logic levels. The attached photograph of the
eye-pattern at 40 Mb/s shows the capability of very clean
data transmission at this speed. The transmitter shown
can drive fast LED’s to suitable speeds for use with
this receiver.

Further suggestions for circuits using the MFOD405F
canbe foundin an article by R. Kirk Moulton in Electronic
Design of March 1, 1980.

FIGURE 6

Eye-pattern output of receiver operating at 40 Mb/s

FIGURE 7
+50V
TRANSMITTER
MECL
Input
Vbb Opticai
Fiber
220%’
= 0-5.2V
Vbb (Pin 11)
RECEIVER
10 2 130N\_14
¢ ' 5
u1 v 5|U2A 12|u2s MECL
MFODAOSF 2 0% 3 15 2 Output
4 8 < >
3 2208 220%16 1 2203220
T l 0-5.2V
:DO,I
= = U1 — MFODA05F
U2A, U2B, U3 — 1/3 MC10116
Q1. 02 — 2N2369
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@ MOTOROLA

MFOE100

INFRARED EMITTING DIODE FOR
FIBER OPTICS SYSTEMS

...designed as an infrared source in ms;dium frequency, short
fength Fiber Optics Systems. Typical applications include: medical

electronics, industrial controls,

security systems, etc.

® Spectral Response Matched to MFOD100, 200, 300

Hermetic Metal Package for Stability and Reliability

°
® Fast Response — 50 ns typ
.

Compatible With AMP Mounting Bushing =227015

M6800 Microprocessor systems,

IR-EMITTING DIODE
FOR )
FIBER OPTICS SYSTEMS

MAXIMUM RATINGS

CONVEX LENS

Rating Symbol Value Unit
Reverse Voltage VR 3.0 Volts
Forward Current—-Continuous Ig 100 mA
Total Device Dissipation @ Tp = 256°C Ppil) 250 mwW
Derate above 25°C 25 mW/°C
Operating and Storage Junction T4 Tstg 5510 +125 °c
Temperature Range
THERMAL CHARACTERISTICS
Charactersitics Symbel Max Unit
Thermal Resistance, Junction to Ambient ZRYN 400 ocw

{1} Printed Circuit Board Mounting

FIGURE 1 — LAUNCHED POWER TEST CONFIGURATION

1
.
O—— 1 Meter Galite 1000 Optical Fiber
[—
=== s P
o1 X
DUT. Connector

- A -
-~ s,
L= =y
Iy i
c
1
SEATING i
PLANE | K
1
O
H !
i N
M N Ry i
\ N Ve J
7 STYLET
PIN 1. ANODE
PIN 2. CATHODE
NOTES
1. PIN 2 INTERNALLY CONNECTED
T0 CASE

2. LEADS WITHIN 0.13 mm (0.005)
RAOIUS OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION

MILLIMETERS]  TNCHES
DM [ MIN | MAX | MIN | MAX
5311 584 | 0209 | 0230 ]
4527495 701787 0185
5221 698 | 02451 07275 ]
0411048 1001670019
F i8] 160 ] 0047 ] 0063

o|o|xie

254 BSC 0.100 BSC
093] 1.17_1 0039 | 0.046
084 1.22 [ 0.033 ] 0.048 |
2707 - 1
335 401 13210
! 450 BSC 450 BSC
CASE 209-02

Zlix|—xio
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MFOE100

ELECTRICAL CHARACTERISTICS (T = 25°C)

Characteristic Fig. No. Symbol Min Typ Max Unit

Reverse Leakage Current - I - 50 - nA
(VR =3.0V, R = 1.0 Megohm)

Reverse Breakdown Voltage - V{(BR)R 3.0 - - Volts
(Ig = 100 uA)

Forward Voltage VE - 15 1.7 Volts
(IF =100/mA)

Total Capacitance - Cr - 100 - pF
(VR =0V, f=10MHz)

OPTICAL CHARACTERISTICS (Ta = 25°C)

Total Power Output (Note 1) 1,2 Po 700 1000 - W
(g =100 mA, A = 900 nm)

Power Launched (Note 2) 3 PL 14 20 - nW
{IF =100 mA)

Optical Turn-On and Turn-Off Time - ton. toff - 50 — ns

1. Total Power Qutput, Py, is defined as the total power radiated by the device into a solid angle of 2 steradians.
2, Power Launched, PL. is the optical power exiting one meter of 0.045"" diameter optical fiber bundle having NA = 0.67,
Attenuation = 0.6 dB/m @ 900 nm, terminated with AMP connectors. (See Figure 1.)

TYPICAL CHARACTERISTICS

FIGURE 2 — INSTANTANEOUS POWER OUTPUT

versus FORWARD CURRENT

FIGURE 3 — POWER OUT OF FIBER versus FIBER LENGTH

20 TTTIIE A -
H 117, =25%C
I L a
= 20
g 5.0 s Galite 1000
3 3
o
= 20 & Ta = 259C
H 2 ™~ If =100 mA
g e w 10
ET 2
z 1 S0
£ 02 I
Z . Z D
= 01 < 50 DuPont PiFax PIR140
4
=008
g \\

0.02! 30

20 58 W 20 50 100 200 500 1000 2000 D 10 20 30 40 50 60 70 80 90 10

if. INSTANTANEOUS FORWARD CURRENT (mA)
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@ MOTOROLA MFOE102F

L Advance Information T

INFRARED EMITTING DIODE FOR FIBER OPTICS
FIBER OPTIC SYSTEMS IR-EMITTING DIODE

.. . designed as an infrared source for Fiber Optic Systems. It is
packaged in Motorola‘s Fiber Optic Active Component (FOAC) case,
and fits directly into AMP Incorporated fiber optics connectors for
easy interconnect and use. Typical applications include medical

electronics, industrial controls, M6800 microprocessor systems,

security systems, computer and peripheral equipment, etc.
Fast Response — 25 ns typ

May Be Used with MFODxxx Detectors

FOAC Package — Small and Rugged

Fiber Output Port Greatly Enhances Coupling Efficiency
Optical Port is Prepolished

Compatible with AMP Connector #227240-1

200 um [8 mil] Diameter Core Optical Port

MAXIMUM RATINGS — A—
Rating Symbol Value Unit — B
Reverse Voltage \'Z:] 3.0 Voits _sr
Forward Current—Continuous g 100 mA
Total Device Dissipation @ Tp = 25°C Pp 250 mw
Derate above 259C 25 mW/oC [=ay .
Operating Temperature Range Ta -30 to +85 ocC F
Storage Temperature Range T -30 to +100 oc STYLE1:
519 PIN 1. ANODE | K
THERMAL CHARACTERISTICS 2. CATHODE/CASE U
Characteristics Symbol Max Unit o
Thermal Resistance, Junction to Ambient 6.A 400 oCc/wW
—
N A 6
X" 1
NOTES.
FIGURE 1 — CONE OF RADIATION 1. [T IS SEATING PLANE.
2. POSITIONAL TOLERANCE FOR
LEADS:

(036000 B]T]

3. DIMENSIONING AND

\ TOLERANCING PER Y14.5,1973.
\
! MILLIMETERS | _INCHES
— ! DIM[ MIN | MAX | MIN | MAX
! A | 686 | 7.1 | 0270] 0.280
- ! B | 254 | 264 | 0.100] 0.104
! D | 040 | 048 | 0.016] 0019
\ I’ E | 394 | 444 | 0155 0.175
Numerical Aperture (NA) = Sin § / F | 617 ] 638 | 0.243] 0.251
Full Cone of Emittance = 2.0 Sin~1{NA} 7 G 254 BSC 0.100 BSC
~ K | 1270] - | 0500] -
M | 450 | NOM | 450 | NOM
N | 622 | 673 | 0.245] 0265

CASE 338-02

This is advance information and specifications are subject to change without notice,
Patent applied for.
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MFOE102F

ELECTRICAL CHARACTERISTICS (T4 = 250C)

Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current Ir - 50 - nA
(VR =3.0V, Ry = 1.0 Megohm)
Reverse Breakdown Voltage V(BR)R 3.0 - - Volts
(ig = 100 pA)
Forward Voltage VE - 1.2 15 Volts
{IF = 50 mA)
Total Capacitance Ct - 45 - pF
(VR =0V, f=1.0MHz)
OPTICAL CHARACTERISTICS (Ta = 25°C)
Total Power Output From Optical Port Po 40 70 - uW
{Ig =50 mA, A ~ 900 nm)
Numerical Aperture of Output Port (Figure 1) NA — 0.48 - -
(200 um [8 mil] diameter core)
Wavelength of Peak Emission - - 900 - nm
Spectral Line Half Width - - 50 - nm
Optical Turn-On or Turn-Off Time ton, toff - 25 - ns
L )

PQ, INSTANTANEQUS POWER DUTPUT (mW)

TYPICAL CHARACTERISTICS

FIGURE 2 — INSTANTANEOUS POWER OUTPUT
versus FORWARD CURRENT

FIGURE 3 — POWER OUT OF FIBER* versus FIBER LENGTH

~
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S 2
0.050 S 1 2
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FIGURE 4 — OPTICAL POWER OUTPUT
versus JUNCTION TEMPERATURE
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*Fiber Type
1. Quartz Products QSF 200
2. Gatileo Galite 3000 LC
3. Valtec PC10
4. DuPont PFXS 120R



@ MOTOROLA

MFOE103F

Advance Information

INFRARED EMITTING DIODE FOR
FIBER OPTIC SYSTEMS

. . . designed as an infrared source for Fiber Optic Systems. It is
packaged in Motorola’s Fiber Optic Active Component (FOAC) case,
and fits directly into AMP Incorporated fiber optics connectors for
easy interconnect and use. Typical applicaticns include medical

Fast Response — 15 ns typ

Optical Port is Prepolished

May Be Used with MFODxxx Detectors
FOAC Package — Small and Rugged
Fiber Output Port Greatly Enhances Coupling Efficiency

Compatible with AMP Connector #227240-1
200 um [8 mil] Diameter Core Optical Port

electronics, industrial controls, M6800 microprocessor systems,
security systems, computer and peripheral equipment, etc.

FIBER OPTICS
IR-EMITTING DIODE

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 3.0 Volts
Forward Current—Continuous i3 100 mA
Total Device Dissipation @ Tp = 25°C Pp 250 mwW
Derate above 250C 25 mwW/oC
Operating Temperature Range Ta ~30 to +85 oc
Storage Temperature Range Tstg =30 to +100 oc
THERMAL CHARACTERISTICS
Characteristics Symbol Max Unit
Thermal Resistance, Junction to Ambient 84A 400 oc/w

FIGURE 1 — CONE OF RADIATION

Numerical Aperture (NA) = Sin 8
Full Cone of Emittance = 2.0 Sin~1{NA}

po—— A —=f

-8

T
-]

STYLET:
PIN 1. ANODE

2. CATHODE/CASE i

Ao
—

N

1 M

B

|
G

S

NOTES:

1. [CI-] 1S SEATING PLANE.

2. POSITIONAL TOLERANCE FOR
LEADS:
EILETUICIER

3. DIMENSIONING AND
TOLERANCING PER Y14.5,1973.

MILLIMETERS| _INCHES

MIN_| MAX_| WIN | MAX
686 | 7.1 | 0270] 0.280
254 | 264 | 0.100] 0.104
040 | 048 | 0.016] 0019
394 | 444 [ 0.185] 0475
6.17 | 538 | 0.243] 0.251
254B5C__| 0.10085C

1270] - [ose0] -

459 | NOM | 45° | NOM
627 | 673 | 0.245] 0.265

CASE 338-02

z2lz|x|o|n|imO|ws>

This is advance information and specifications sre subject to change without notice,

Patent applied for.
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MFOE103F

ELECTRICAL CHARACTERISTICS (T4 = 250C)

Characteristic Symbol Min Typ Max Unit

Reverse Leakage Current IR - 50 - nA
(VR =3.0V, R = 1.0 Megohm)

Reverse Breakdown Voltage V(BRIR 3.0 - - Volts
(IR = 100 uA)

Forward Voltage VE - 1.2 15 Volts
(Ig = 50 mA)

Total Capacitance cr - 45 = pF

(VR =0V, f=1.0MHz)
OPTICAL CHARACTERISTICS  (TA = 250C)

Total Power Output From Optical Port Po 40 70 - HW
(Ig =50 mA, A =~ 900 nm)

Numerical Aperture of Output Port (Figure 1)10.0 dB NA - 0.70 - -
{200 um |8 mil] diameter core) .

Wavelength of Peak Emission - - 900 — nm

Spectral Line Half Width - - 50 - nm

Optical Turn-On or Turn-Off Time (Ig = 100 mA) ton. toff - 15 22 ns

TYPICAL CHARACTERISTICS
FIGURE 2 — INSTANTANEOUS POWER OUTPUT

. versus FORWARD CURRENT FIGURE 3 — POWER OUT OF FIBER® versus FIBER LENGTH
T w0 [T 100 ;

!
5 1 :g 1
5 osw0 - xn IF =50 mA

g Ta = 250¢
= 7 3 A
£ 0200 = 1
< > 8 2 ”
@ 0100 z 4
2 o050 5w
20 5 80 z
= < 60 3
Z oo g & Z] P4
2 2 a0
Z 0.010 2 70
< .00 20 >\\
> 4 ]
10 |
0002 200 40 60 80 100 120 140 160 180 200 220
200 50 10 20 50 100 200 500 1000 2000 FIBER LENGTH (m)
iF, INSTANTANEOUS FORWARD CURRENT (mA} “Fiber Type
1. Maxlight KSC2008
FIGURE 4 — OPTICAL POWER OUTPUT 2 Golte 3000 L
. Yersus JUNCTION TEMPERATURE 3. Siecor 155

4. DuPont PFXS 120R
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@ MOTOROLA MFOE106F

[ Advance Information —J

NEW GENERATION AlGaAs LED FIBER OPTICS

IR-EMITTING DIODE
Specifically designed for Fiber Optics. This high-power, 820 nm

LED is packaged in Motorola’s Fiber Optic Ferrule case, and fits
directly into AMP, Incorporated fiber optics connector #227240-1
for easy interconnect use. Typical applications include medical

electronics, industrial controls, M6800 microprocessor systems,

security systems, computer and peripheral systems, etc.
Fast Response — 12 ns typ

May Be Used with MFODxxx Detectors

Ferrule Package — Small and Rugged

Fiber Output Port Greatly Enhances Coupling Efficiency
Optical Port is Prepolished

Compatible with AMP Connector #227240-1

200 um [8 mil] Diameter Core Optical Port

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 3.0 Volts
Forward Current—Continuous Ig 150 mA
Total Device Dissipation @ T = 2509C Pp 250 mw
Derate above 250C 25 mw/oC CASE 338D-01
Operating Temperature Range TAa -30 to +85 oC
| Storage Temperature Range T,q -30 to +100 ocC
THERMAL CHARACTERISTICS
Characteristics Symbol Max Unit
Thermal Resistance, Junction to Ambient 0)A 175 ocw

FIGURE 1 — CONE OF RADIATION

il

)

J— -

Numerical Aperture (NA) = Sin 8
Full Cone of Emittance = 2.0 Sin"1(NA)

This is advance information and specifications are subject to change without notice.
Patent spplied for.
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MFOE106F

ELECTRICAL CHARACTERISTICS  (Ta = 250C)

Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current I - 50 - nA
(VR =3.0V, R = 1.0 Megohm)
Reverse Breakdown Voltage V(BRIR 3.0 - - Voits
{Ig = 100 A}
Forward Voltage VF - 1.2 1.5 Volts
(Ig = 50 mA)
Total Capacitance Cy - 450 - pF
(VR =0V, f=1.0MHz)
OPTICAL CHARACTERISTICS  (Tp = 259C)
Total Power Output From Optical Port Po i 700 - HW
(Ig =100 mA, A ~ 820 nm)
Numerical Aperture of Output Port (Figure 1)10.0 dB NA - 0.50 - -
(200 um [8 mii] diameter core)
Wavelength of Peak Emission - — 820 - nm
Spectral Line Half Width - - 35 - nm
Optical Turn-On or Turn-Off Time ton. toff - 12 20 ns

TYPICAL CHARACTERISTICS

FIGURE 2 — POWER OUT OF FIBER* versus FIBER LENGTH

600
'
_ \\\
1 X
2 o
[ L 4
) B\ 5
= |
>
R NGy -
; — N /1
2 N 7 NG A -
2 6
10—+ ) -
1
.
N =
0 1.0 20

FIBER LENGTH {(km}

*Fiber Type
1. Beldon 220001
2. DuPont 5120
3. Siecor 1558
4. Maxlight KSC2008
5. Galite 3000LC
6. Siecor 142
1.T.7. 71302
7. Galite 5020
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@ MOTOROLA

MFOE200

INFRARED EMITTING DIODE FOR

FIBER OPTICS SYSTEMS

.. .designed as an infrared source in low frequency, short length
include: medical

Fiber Optics Systems. Typical
electronics, industrial controls,

security systems, etc.

applications
M6800 Microprocessor systems,

High Power Output Liquid Phase Epitaxial Structure
Spectral Response Matched to MFOD100, 200, 300
Hermetic Metal Package for Stability and Reliability
Compatible With AMP Mounting Bushing #227015

HIGH-POWER
IR-EMITTING DIODE
FOR
FIBER OPTICS SYSTEMS

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 3.0 Voits
Farward Current—Continuous Ie 100 mA
Total Device Dissipation @ T p = 25°C Ppl1) 250 mw
Derate above 25°C 25 mW/°C
Operating and Storage Junction Ty Totg -55 to +125 oc
Temperature Range
THERMAL CHARACTERISTICS
Charactersitics Symbol Max Unit
Thermal Resistance, Junction to Ambient XY 400 ocw

(1) Printed Circuit Board Mounting

FIGURE 1 — LAUNCHED POWER TEST CONFIGURATION

1 Meter Galite 1000 Optical Fiber

e
—
AN
D.UT. Connector

— P

T -

=31

PLANE

f
[
{
SEATING f
t

STYLE1:
PIN 1. ANODE
2. CATHODE

NOTES:

1. PIN 2 INTERNALLY CONNECTED
TO CASE.

2. LEADS WiTHIN 0.13 mm (0.005)
RADIUS OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

MILLIMETERS
D MIN | MAX

x|o|no|ojs|n
P
-
&3

.84 | 1.22
1270 [ —
.36 | 4.01 A
M 450 8SC 450
CASE 209-02
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MFOE200

ELECTRICAL CHARACTERISTICS (T4 = 26°C)

Characteristic Fig. No. Symbol Min Typ Max Unit

Reverse Leakage Current - IR - 50 - nA
(VR =3.0V,RL = 1.0 Megohm)

Reverse Breakdown Voltage - V(BRIR 3.0 - - Volts
(IR = 100 uA)

Forward Voltage Ve - 15 1.7 Volts
(Ig = 100 mA)

Total Capacitance - (2 4 - 160 - pF

(VR =0V, f=10MH2)
OPTICAL CHARACTERISTICS (T4 = 25°C)

Total Power Output (Note 1) 1,2 Pg 20 3.0 - mwW
{Ig = 100 mA, A ~ 940 nm)

Power Launched {Note 2) 3 PL 35 45 - uW
{IF =100 mA)

Optical Turn-Gn and Turn-Off Time - ton. toff - 250 - ns

1. Total Power Output, Py, is defined as the total power radiated by the device into a solid angle of 2m steradians.
2, Power Launched, P, is the optical power exiting one meter of 0.045" diameter optical fiber bundle having NA = 0.67,
Attenuation = 0.6 dB/m @ 940 nm, terminated with AMP connectors. (See Figure 1.)

TYPICAL CHARACTERISTICS

FIGURE 2 — INSTANTANEOUS POWER QUTPUT FIGURE 3 — POWER OUT OF FIBER
versus FORWARD CURRENT versus FIBER LENGTH
50 100

£ L
E o
- 20 50
g z Tp = 259C
3 = = L Galite 1000 If = 100 mA
« 5.0 P = 20 \\
= A v ~J
2 20 S 0
2 & s =
o 10 o >\
E = S > PIR140
< w50 DuPont PiFax PIR 14l ~
5 - H = ~
=3 a
5 02 Pt |_DuPont PiFax §120
2 20 N

04 F T H H 10

20 5.0 1 20 50 100 200 500 1000 2000 0 20 40 6.0 8.0 10 12 I 16 18 20
if. INSTANTANEOUS FORWARD CURRENT (mA) FIBER LENGTH (m)
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@ MOTOROLA MFOLO1

THE LINK

A complete Fiber Optic one way transmission path component
assembly.

The Link includes an infrared emitter, one meter of cable with FlBER OPTICS

connectors, an integrated detector preamplifier and the compatible
ferrule semiconductor connectors. KlT

Also included are basic design formulas, system design examples,
descriptive material on fiber optics, circuit ideas, several application
suggestions, and device data sheets.

® 17 MHz Linear Capability

@ NRZ Data to 20 Mb/s

® Expandable System Lengths (cable loss dependant)
® Rugged, Prepolished, Ferrule Semiconductors

® No Optical Expertise Needed

® RFI Shielded Detector

THE LINK ASSEMBLY

MFOAO3
1 Meter
DuPont S-120
Cable with
AMP
Connectors

Connector, MFOAQ2
(AMP227240-1)

Infrared
Emitter
MFOE103FB

Detector ~
MFOD402FB -

7-39



MFOLO1

MFOE103FB IR EMITTER
MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 3.0 Volts
Forward Current—Continuous IF 100  mA
Operating Temperature Range Ta -30to +85 °C
ELECTRICAL CHARACTERISTICS (Tp = 25°C)
Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current Ig — 50 ) — B nA
(VR =3.0V, Ry =1.0Megohm)
Reverse Breakdown Voitage V(BRIR 30 — — Volts
(IR = 100 uA)
Forward Voltage VE — 1.2 15 Volts
(If = 50 mA)
Total Capacitance Cr — 45 — pF

(VR=0V,{=1.0MHz)

OPTICAL CHARACTERISTICS (Tp = 25°C)

Total Power Output From Optical Port |g = 50 mA Po 40 70 — W
(A = 900 nm) Ig =100 mA 140
Numerical Aperture of Output Port 3.0 dB NA — 0.48 — —

{200 um [8 mil] diameter core)

Optical Turn-On or Turn-Off Time ton- toff — 15 22 ns

MFOD402FB INTEGRATED DETECTOR PREAMPLIFIER
MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

Rating Symbol Value Unit
Operating Voltage Vee 20 Volts
Operating Temperature Range Ta -30to +85 °C
ELECTRICAL CHARACTERISTICS (Ve =15V, T = 25°C)

Value

Characteristic Symbol Min Typ Max Unit
Power Supply Current Icc 1.4 1.7 20 mA
Quiescent dc Output Voltage Vaq 0.6 0.7 0.9 Volts ]
Resistive Load RpMax 300 — — Ohms
Capacitive Load CpMax — — 20 pF
Output Impedance E — 200 — Ohms
RMS Noise Output VNO — 03 — mV
Noise Equivalent Power NEP — 57 — pW/\/ﬁz—-
Operating Voltage Range Vee 5.0 — 15 Volts
Bandwidth (3.0 dB) BW — 175 — MHz
OPTICAL CHARACTERISTICS (Tp = 25°C)
Responsivity (Vec = 15V, A =900 nm, P = 10 AW} R 0.6 1.5 — mV/uW
Pulse Response tr. b — 20 — ns
Numerical Aperture of Input Core NA — 0.48 — —

(200 um [8 mil] diameter core)

*Power launched into Optical Input Port. The designer must account for interface coupling losses

MFOAO3 FIBER OPTIC CABLE ASSEMBLY

Type: DuPont S-120

Number of Fibers: 1

Fiber Core Diameter, nominal: 200 um (8 mil)

Numerical Aperture, nominal. 0.4

Attenuation: 100 dB/Km @ 900 nm

Cable Connectors. AMP Optimate metal connectors compatible with AMP 227240-1 Connectors.
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@ MOTOROLA  MFOLO2

LINK I

A Complete Fiber Optic Simplex TTL communication data link.
Link Il features a transmitter and receiver module, 10 meters
of fiber cable, preterminated with appropriate matching AMP

connectors.

Link Il includes complete component specifications, extensive TTL
application literature discussing The Theory of Operation of FIBER OPTIC
LINK I, and the "basic concepts’’ of fiber optics and fiber optic
communications. DATA

LINK

® Simplex TTL 200 kHz BW Data Link

® TTL Transmitter and Receiver Modules

® Preterminated 10 meters of Fiber Optic Cable (Expandable to 2 km)
® Link Il Theory of Operation

® System Design Considerations, Data Sheets, Application Notes

The Motorola Fiber Optic Communi-
cation Link, LINK II, with complete TTL
compatibility.

The pulse bipolar encoded transmitter
(MFOLO2T), at top, and the receiver/
decoder (MFOLO2R), with lid off, oper-
ate from single 5.0 V power supplies

The LINKH(MFOLO2} has a 200 kbaud
bandwidth and may be extended to
system lengths of over 1 km. The fiber
optic cable shown here is 10 meters in
length, as provided in the evaluation kit
for systems engineers.

Module dimensions are 2 inches
wide by 2 inches deep by 0.45 inches
in height.
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MFOLO2

ELECTRICAL CHARACTERISTICS (T4 =25°C)

MFOLO2T TRANSMITTER

Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Vee — 50 — Volts
Power Supply Current (dle Mode) Icc — 80 — mA
Total Power Output From Output Port * Po 40 70 - uW
(A =900 nm, Idle Mode Ig = 50 mA)
Numercial Aperture of Output Port NA - 0.70 — -
Bandwidth BW D.C. — 200 Kbit
*Transmitter features MFOE102F
MFOLO2R RECEIVER
ELECTRICAL CHARACTERISTICS (T, =25°C)
Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Vee — 50 — Volts
Power Supply Current {idle Mode) ce — 80 — mA
Receiver Sensitivity” S — 0.01 — uW
Numerical Aperture of Input Port NA —_ 0.70 — —
Bandwidth BW D.C. — 200 Kbit
Dynamic Range (NR2) — — 25 - dB

*Receiver features MFOD102F

MFOA10 CABLE ASSEMBLY

10 meters of single fiber core preterminated cable.

LINK 1l can be expanded to several km by

utilization of other Motorola FOAC Devices
ie: MFOE106F/MFODAOSF (820/nm system)
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AN-794

Application Note

A 20-MBAUD FULL DUPLEX FIBER OPTIC DATA LINK
USING FIBER OPTIC ACTIVE COMPONENTS

Prepared By:
Vincent L. Mirtich

INTRODUCTION

This application note describes an optical trans-
ceiver which is designed to be used in a full duplex
data communications link. Its electrical interface
with the outside world is TTL. The optical interface
between modules consists of separate transmit and
receive ports, which use the Motorola Fiber Optic
Active Component (FOAC) for the optical to
electrical transducers. Two modules can optically
communicate via either two separate fibers or via an
optical duplexer such as a three-port directional
coupler and a single fiber. The data rate can be
anything from 20 Mbaud on down as long as the
transmitter input rise times are compatible with TTL
specifications. For NRZ data where one baud per bit
is required, data can be transferred at rates up to 20
Mbits. For RZ data where 2 bauds per bit are
required, data can be transferred at rates up to 10
Mbits. The small-signal 3.0 dB bandwidth of the
system is 10 MHz minimum. The unit can also be
configured as an optical repeater by connecting the
receiver electrical output to the transmitter electrical
input.

The receiver is edge coupled and therefore places
no constraints on data format. Since the edge
coupling removes the data base line variation, there
isnobaseline tracking required. Consequently, there
is no limit on the length of a string of ones or zeroes.
The receiver latches and remembers the polarity of
the last received data edge. The use of the Motorola
FOAC for the transmitter and receiver transducers
greatly simplifies the optical interface. It eliminates
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the handling of delicate fiber pigtails, the need for

terminating and polishing such pigtails, and is
compatible with the AMP connector system.
This application note will follow the following
format:
I. Transmitter Description
A. Block diagram and functional description
B. Schematic diagram and design
considerations
C. Transmitter performance
I1. Receiver Description
A. Functional block diagram and design
. considerations
B. Amplitude detector coupling
and required S/N
C. Schematic diagram and circuit
implementation
D. Receiver performance
1I1. Building the Boards
A. Parts list and unique parts
B. Working with FOACs and AMP connectors
C. Shielding requirements
1V. Testing the Boards
A. Test equipment required
B. Looping transmitter to receiver. Caution
with LED
C. Waveform analysis
D. Setting hysteresis
V. System Performance
A. Interpreting fiber, emitter, and detector
specifications
B. Calculating system performance. Loss
budget, dispersion limit.



TRANSMITTER DESCRIPTION

Transmitter Block Diagram and Functional
Description

Figure 1 shows the functional block diagram ofthe
optical transmitter. The first block is the logic
interface. Since the transmitter is intended for use
in data communications applications, it has to inter-
face a common logic family and provide some stan-
dard load and input signal requirements. Also, since
it is intended for use at data rates of up to 20 Mbaud,
TTL is a good choice for the logic family. The logic
interface function then could be implemented by one
of the standard TTL gates, inverters, etc., to provide
an electrical port which can be driven from any TTL
output.

LED
Driver and
Current
Gain

Data > togic
Input Interface

LED and Opticat Connector

FIGURE 1 — Optical Tr itter F | Block Diag

The second block in Figure 1,the LED Driver and
Current Gain, has several functions. First, it must
provide the forward current required by the LED for
the particular optical output power desired. Secondly,
it must switch that current on and off in response to
theinput data with rise and fall times consistent with
the maximum baud rate expected. Third, it must
provide enough current gain to amplify the limited
source aad sink current of the logic interface block up
to the needed LED current.

Thethird block, the LED and Optical Connector
could be broken into two separate functions, as is
usually the case. However, through the use of a well
thoughtoutand economically advantageous
approach to the electrical to optical fiber translation,
the electrical to optical transducer and the fiber
coupling functions have been addressed in concert.
The electro/optical transducer is an LED which
emits pulses of optical energy in response to the data
input. In this case, the optical energy is near infrared
which is invisible to the unaided eye. The LED pack-
age, a FOAC, efficiently couples as much emitted
energy as possible into a short internal pre-polished

pigtail fiber. The coupler or connector then mounts,

the FOAC so that its optical port is aligned with the
core of the system fiber. In this way, the percentage of
emitted optical power thatis launched into the system
fiber is maximized without any special preparation
of the transducer by the user. Refer to Figure 2.
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FOAC
Fiber Optic Active Component

Fiber Light Guide

TO-18 Header

Backfill

{ndex Matching
Medium

Semiconductor Emitter
or Detector

FIGURE 2 — FOAC Construction

In addition to these functions, it would be niceifthe
transmitter had the following features. It would be
convenientifthe LED current were easily set to what-
ever value was desired. It would be desirable if the
LED current were not influenced greatly by power
supply fluctuations or temperature variations. Since
this transmitter is to be operating beside a receiver
operating on the same power supply, it would greatly
simplify transmitter/receiver isolation if the trans-
mitter didn’t cause large supply current variations
which modulated the power supply lines. Finally, it
would be useful if the transmitter could easily be
gated off by another logic signal so that the LED did
not respond to the data input.

Transmitter Schematic and Design
Considerations

Figure 3 shows the transmitter circuit schematic
and indicates which portion of the circuit performs
each of the previously mentioned functions.

The logic interface has been implemented using
the two sections of the SN74LS40 dual four input
NAND gate in cascade. The LS40 was chosen as the
particular part because of its buffered output. Since it
can sink 24 mA instead of the normal 8.0 mA (typical
LS output) and still provide 0.5 V for a low output, it
puts less of a current gain requirement on the follow-
ing circuitry. The reason two sections were used in
cascaderather than oneis that every TTL gateintro-
duces some differential prop delay. This is a difference
in propagation times through the gate for positive
and negative transitions. It is primarily a function of
the gates’ output transistor configuration and how
hard they are driven by internal circuitry. In some
instances, it can be very near zero, and in other parts
it can be as high as 10 ns. However, on a particular
chip, all sections will tend to have differential prop
delays of the same polarity and very nearly equal. If
two inverting functions on the same chip are then
cascaded, the differential prop delay through the
pair will tend to null to zero since both polarities of
incoming data edges are processed as positive
transitions by one gate and as negative transitions
by the other gate.
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FIGURE 3 — Transmitter Schematic

The effect of a 10 ns longer propagation delay for
high to low transitions on a 20 Mbaud squarewave
is shown in Figure 4. It will be noted that processing
the distorted signal through a second gate having
prop delays equal to those of the first gate corrects the
duty cycle distortion at the expense of a little higher
absolute prop delay. The distorted waveform is
delayed by tpH[, only whereas the undistorted
waveform is delayed by tpH[, + tp[,H. This slight
increase in absolute prop delay is usually
insignificant compared to the absolute prop delay
through the transmission medium. It will also be
noted that if the distortion is not corrected, then the
waveform applied to the LED driver is of a higher
baud rate, thus requiring wider system bandwidth.

The cascading of two identical inverting gates also
provides a way of balancing their power supply
currents and avoids putting transients on the +5.0 V
power line. The schematic shows different loads on

the two NAND gate sections so that the currents are
not equal for the two logic input levels. However, if
additional power supply decoupling were needed to
further reduce transmitter and receiver crosstalk,
putting a 430 Q pull-up resistor from Pin 6 of U1A to
+5.0 V would improve the balance of transmitter
power supply current between the two logic states at
the expense of another 10 mA or so in transmitter
current drain.

The gating function mentioned earlier is also not
shown in the schematic but can be easily implemented
by tying one of Pins 2, 4, or 50f U1A to +5.0 V through
asuitable pull-up resistor and then providing this pin
to the outside world for a logic low to gate off the data.
This data off condition would also produce an LED
off condition.

The 75 O termination across the data input is to
terminate an expected 75 1 coaxial cable. If datarates
significantly lower than 20 Mbaud are transmitted

L
.
[

Output of the
Second Gate

20 Mbaud 50 ns—— 50 ns—wf
Square Wave ___J
Input |
|
LE‘ te = 20 ns
1
Distorted | |
25 Mbaud |
Outputof the | l: 40 nsote 60 ns =
First Gate | | J
: : ! teuL = 10 ns
t = 10ns
| } | L
Undistorted | !
20 Mbaud l : 50 ns——ete——— 50 ns—t
Square Wave | ;
|
|
t

to

FIGURE 4 — Correction of Duty Cycle Distortion Caused by Gate Differential Prop Delay
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then a coaxial cable may not be necessary and a
different termination can be used. The reader is
cautioned. however, that an unshielded datalineinto
the transmitter could cause crosstalk to the receiver
and thereby destroy the system error rate perfor-
mance. Therefore, if an unshielded lead-in is desired,
it should be implemented while monitoring bit errors
in the receive channel.

The LED driver and current gain function is
implemented with a discrete current limited dif-
ferential amplifier with the LED as one of the collec-
tor loads. The amplifier’s emitter coupled configura-
tion is well known for providing fast switching
speeds. Its non-saturating characteristic prevents
any stored charge accumulation in the transistor
base region and the corresponding degradation in
turn off time. Therefore, rise and fall times of this
driver are fast and very nearly the same. Since these
driver transistors don't saturate, they also preserve
their high small-signal current gain and consequently
minimize base drive requirements.

The current source. Q4. is biased so that its collector
current is equal to the peak LED current desired. The
emitter resistor of Q4 sets the current and the com-
ponent values shown in Figure 3 bias Q4 at 100 mA.
Diode D2 matches the thermal drift in the emitter
voltage of Q4 which holds its collector current
constant over temperature.

Once this current is fixed. the logic state at Pin 8 of
U1B determines if it flows through Q2 and the LED
or through Q3 and the 12 () resistor. A logic high at
Pin 8 reverse biases D4 and allows the Q2 base
current to be supplied by the resistor divider network
and consequently turns on the LED. A logic low at
Pin 8 biases Q2 and the LED off.

The required logic condition at the TTLinput to turn
on the LED can easily be switched 180° by driving
the LLED with the opposite side of the differential
amplifier. [t should be pointed out that this is the
preferred way of switching the transmitter phase
rather than adding another stage of logic inversion
which would introduce differential prop delay and
hence duty cvcle distortion.

The use of a differential driver does cause the trans-
mitter current drain to be relatively constant even
when the LLED is off. However, the disadvantage of
higher standby drain is far outweighed by the reduc-
tion in power line transients on the +5.0 V line due to
no significant power supply current switching. This
greatly enhances the isolation between the trans-
mitter and receiver.

The LED and connector used is the MFOE103F
in the ferruled package and the AMP 227240-1
connector. This LED has a maximum rise time of
22 ns and a typical power out of 70 4W at 50 mA
drive current.

Transmitter Performance

Figure 5 shows the calculated exit power expected
for six different fibers when driven from the trans-
mitter. This chart can be used to determine which
fiber delivers the most exit power for a given path
length.

Figure 6 shows the variation in LED current and
transmitter output power over temperature. This was
measured at the end of a 20 foot length of the Seicor
cable, with the LED biased for continuous operation,

Figure 7 displays the duty cycle distortion intro-
duced by the transmitter logic interface and LED
driver. Figure 7(a) shows a 50", duty cycle square-
wave at the transmitter TTIL input and Figure 7(b)
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FIGURE 5 — Calculated Peak Exit Power versus Fiber Path
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FIGURE 6 -- Opticat Output Power and LED Current
versus Temperature

shows the corresponding LED current waveform
measured with a high frequency current probe. It will
be noted that the current waveform exhibits an
indiscernible amount of duty cycle distortion.

The biasing of the base of Q2 in both logic states
relative to the bias at the base of Q1 can be another
source of duty cycle distortion. If thisis critical to the
application and must be held to less than a couple of
nanoseconds, these resistors may be selected to
tighter tolerances. Also, replacing the 1S40 NAND
gate with an S40 (standard Schottky) NAND gate
will reduce distortion contributed by that source.

Figure 8 shows the absolute prop delay through the
transmitter. It will be noted that both positive and
negative transitions are delayed about 43 ns.

Figure 9 shows the 107-90" rise and fall times of
the LED current waveform to be about 17 ns and
13 ns respectively.
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FIGURE 7 — Transmitter Duty Cycle Distortion

RECEIVER DESCRIPTION
Functional Block Diagram and Design
Considerations

Figure 10 shows the receiver functional block
diagram.

The first element is the optical detector which
receives pulses of optical energy emanating from the
end of a fiber. It typically looks like a current
source (see Figure 11) whose magnitude is dependent
on the incident optical energy and a parallel
capacitor whose value is dependent on device design

Current
to Voltage
Corwverter

Linear

Optical
Amplitier

Q) Detector

LED
Current

T
Data Input

FIGURE 8 — Transmitter Absolute Prop Delay

FIGURE 9 — LED Current Rise and Fall Time

and the magnitude of reverse bias across it. This
capacity adds in parallel with any external load
capacity to form a net load capacity which must be
charged and discharged by the minute photo current
from the detector. Because this detector output is a
highimpedance source and its signal is very small, it
is a difficult point to interface without introducing
noise, RFI, and reactive loads which degrade the

signal quality.

Odferentiator

Data
Qutput

Logic
interface

Amphtude
Detector

FIGURE 10 - Optical Receiver Functional Block Diagram
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For this reason, the second element shown in the
block diagram, the current to vcltage converter,
is usually coupled as closely as possible to the
optical detector and very often this interface is then
shielded from outside interference. This converter is
typically a transimpedance amplifier circuit built
from an op amp or other high gain amplifier with
negative current feedback. This circuit does three
things. First, it provides signal gain by producing an
output voltage proportionaltotheinput current.
Second, by virtue of its high open loop gain and
negative feedback, it provides a low output
impedance. Third, it provides a virtual ground at its
signal input. That is to say, it has a very low input
impedance. Because of this, there is little or no
voltage swing at its input. Since the capacitive load
on theoptical detector has to be charged by the photo
current, the relationship of

AV

I - C—— (1)
At

st - o2 (2)
I

holds true. This says that for a capacitor C. being
charged by a constant currentI, the changein voltage
across it, AV, will occur in time interval At. Thus, for
the model in Figure 11,

ifl — 50nA

C - 10pF
AV. - 1.0mV
then At - 200 ns

Naturally, if the virtual ground input of the
current to voltage converter reduces AV to very
nearly zero, the transition time, At, also approaches
zero and much faster rise times can be recovered.
Also, by reducing the capacitance, C, one can
improve the rise time.

This capacitance is the parallel equivalent of the
optical detector capacitance,the amplifierinput
capacitance, and parasitic capacitance of the printed
circuit board. An integrated detector’/preamp (IDP)
reduces the component capacitances to a minimum
and completely eliminatesthe PCB capacitance,
thereby minimizing rise time and providing a low
impedance voltage source to which interfacing is
easily accomplished.

Now that the optical signal has been converted
into a voltage pulse coming from a low source imped-
ance and having fast rising and falling edges, it can
be processed by more conventional means. For this

finl $o010° Lsowe &
50 nA < mhos T Typ v

Typ
Typ

FIGURE 11 — Practical Photo Detector Model

reason, the third element in the block diagram is a
linearvoltage amplifier. This amplifier should
have sufficient gain to amplify the expected noise
from the current to voltage converter up to the
minimum level detectable by the amplitude detector.
The reason for this will be seen later.

With this consideration in mind, the minimum gain
of the voltage amplifier can then be defined as

_ Amplitude Detector Threshold (Vi
niin ['to V Converter Noise Output (V)

[B))]

Having more gain than this merely amplifies
signal and noise together beyond the minimum
amplitude detector threshold and accomplishes
nothing but a higher required detector threshold.
Thus, it would behoove the designer to have a voltage
gain block whose gain tracked detector threshold
from unit to unit or else a voltage gain and detector
threshold which did not vary significantly from unit
to unit. The latter is much easier to accomplish.

The next characteristic of the linear amplifier that
must be consideredisits bandwidth orrise time. Rise
time will be considered here because data links are
usually characterized by a rise time budget rather
than a bandwidth budget. The svstem rise time is
defined as therise time of the signal appearing at the
amplitude detector input which in this case is the
voltage amplifier's output. For reasons explained
later, a well designed system has its bandwidth
determined in the optical detector and preamp so the
voltage gain block's rise time should not degrade
svstem rise time by more than 10%. Rise time
contributions through the system add as the square
root of the sum of the squares. System rise time is
exhibited by the output waveform of the voltage
amplifier. It is usually determined by contributions
from the current to voltage converter and the voltage
amplifier such that:

brays o (e’ + gy (4)
A,

where tRgyg is the system rise time desired at the
voltage amplifier's output
tRI])P is the rise time of the integrated
detector preamp
tRa, is therequired rise time of the voltage
amplifier
This is only true if all other rise times in the system,
such as the LED driver, the LED, and the fiber dis-
persion, are fast enough so as not to contribute
significantly to the svstem rise time.
Now, if the voltage amplifier rise time should not
degrade the well designed system by more than 104,
then using equation (4)

i

tksvs 1D tRn)P

T o . =11t
2 4 2 ke
' (tRH)P) (tRA\,) I

j+5)
=]
=9
-
=
Z
"

- (0.458)ty,, 5)



There is also a lower limit on this voltage amplifier’s
risetime which precludes it from having as fast arise
time as is available. That is, as the noise from each
noise source in the receiver is added, its relative
contribution is a function of its bandwidth. For
example, if the IDPis characterized as having a noise
bandwidth By, an input noise of en; V/\/Hz,and a
gain of Ay, andifthe voltage amplifier similarly has
equivalent parameters of B, eng, and Av2, then the
noise presented to the amplitude detector in volts is

= le, VB, A, + e, /—]g] A (6)

€npET vz
From equation (6) it can be seen that if the voltage
amplifier’s noise bandwidth, Bg, is too large in
relation to the IDP’s bandwidth, By, its noise
contribution can be significant or even dominant in
which case a much wider noise spectrum and higher
noise levels are available at the amplitude detector to
degrade S/N. The upper limit on the voltage ampli-
fier's bandwidth then is the point at which the noise
contribution of the voltage amplifier is about 50%.of
the IDP noise. This will enable the IDP noise to still
determine amplitude detector threshold.

e, VB, AvA,, = 2,7 B, A,

ny

(A, )(e,) P
2e,,

To sum up the characteristics of the voltage gain

block, it should have sufficient gain to amplify the
IDP noise up to minimum amplitude detector

B, = B[

threshold as well as gain which doesn’t vary more
than amplitude detector threshold from unit to unit.
It should have a rise time fast enough so as not to
degrade system rise time by more than 10% but not so
fast a rise time that its noise bandwidth contributes
significantly to system noise.

The next component in the block diagram of Figure
10 is the differentiator. As was mentioned in the
Introduction, this edge coupled receiver strips off
the base line variations with duty cycle from the data
stream. This is the function of the differentiator and
there are a few considerations to be made in picking
the values of R and C. Figure 12 compares the wave-
forms through an ac coupling network with those
through a differentiator. Figures 12(a) and 12(b) each
show a 20% duty cycle pulse train and an 80% duty
cycle pulse train as two possible extremes in data
format for a particular system. When passed through
the ac coupling network shown in Figure 12(c), the
resulting waveforms will have the levels shown in
12(e). Note the 3.0 V variation in “logic 1” levels and
the same variation in “logic 0" levels as the duty
cycle varies from 20% to 80%. In practice, an even
wider range in duty cycle is often encountered,
thereby making the lowest “logic 1”” and the highest
“Jogic 0" even less distinguishable from one another.
Asaresult, if alevel detector such as a comparator is
used to decide whether a “logic 1” or a “0” is present,
it must compare the data stream to a floating refer-
ence which tracks the reference level of the data
stream so that it is always centered between the
peaks. For best noise immunity, this reference would
have to be at the midpoint of the peak to peak
amplitude of the data. Under this condition, the noise
immunity would be equal to the amplitude of the data
pulses. If the data should lapse for a period of time,

20% Duty Cycle 80% Duty Cycle

T
50V
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3000 pF

Data )| Vo
c

I
|
100 N [
) {c) |
ideal AC Coupling Network
+4.0V Reference |
I
I

+15V 0 Vdc
-1.ovfi L:]__ l"—_‘

Ideal
Reference
-18v

(e)
Capacitively-Coupled Data

I 20% Duty Cycle

80% Duty Cycle

(b)
Input Waveform
62 pF
Vi
G "
lo—s Re
100 ()

(d)
Edge Coupling Network
0 Vdc
=~0.5V

Base Line
Constant with
Duty Cycle

f)
Edge-Coupled Data

FIGURE 12 — Comp:

of Data S

8-8

‘Waveforms Through AC-Coupled and Edge-Coupled Systems



this floating reference would decay to its appropriate
limit for minimum or maximum duty cycle. Once
transmission resumed, depending on the initial duty
cycle, the first few bits of data could be missed until
the reference returned to its proper level.

A much more versatile system which is tolerant of
any duty cycle from continuous “logic 1’s” to con-
tinuous “logic 0’s”’ is the edge coupled system. As can
be seen from Figures 12(b), (d), and (), only the edges
of the data pulses are passed by the coupling
network. These pass at reduced amplitude and then
the recovery or discharge of the network occurs
before the next data edge comes along. Since the Vg
out of the network in Figure 12(d) is the drive signal
for the amplitude detector, it should be maximized.
Since Vg is the product of the load resistor and the
capacitor current, Igpshould be maximized.
Therefore,

since Vo = R,
dve
and I,=C & (7)
av,
V(i = R'L +Co dt

where V is the voltage across the differentiator
capacitors. Hence, the R[,C time constant should be
maximized to provide maximum amplitude detector
drive. If the input waveform to the edge coupling
network appears as Figure 13(a), Vo will appear as
that shown in 13(b).

However, in maximizing the R[,C time constant, it
cannot be increased without limit. As can be seen
from Figure 13(b), within the minimum bit time, the
differentiator must be allowed to recover fully.
Allowing 4 time constants (4 R[,C) after the system
rise time tRgys has occured will permit sufficient

recovery. Hence the minimum bit time, T, is given by
T = tryo* 4 R C max

T -ty

and R\C max = -1 (8)

4RLC~—‘

{b)

FIGURE 13 — Differentiator Waveforms
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There is an implication here that may not be
obvious. That is, to provide the required input to the
amplitude detector, two requirements must be
satisfied. The differentiator input signal must have
adequate amplitude and it must have an adequately
fast rise time. Looking back at equation 7, it will be
noted that it is V¢ which determines Vg and

dt

therefore there is a myriad of combinations of
amplitude and rise time which will provide adequate
results. However, if the transition height of the input
waveform is so small that its peak value is below
detector threshold, or if the rise time is so slow that
the R[.C time constant decays significantly before
the transition is complete, then the pulse will go
undetected. An example of this occurs if the fiber link
is disrupted during the transmission of an LED
““ON’ condition (‘‘logic1”’). Thatdisruption
generates so slow a transition that it will not couple
through the differentiator and the receiver will
indicate that the LED is still on until the link is
restored and a fast LED “OFF” transition is
received.

There is another subtlety implied here and that is
that all coupling capacitor time constants ahead of
the differentiator must be long enough so as not to
decay, during a long string of ones or zeroes, so fast
as to generate an edge that is differentiable. A cou-
pling time constant of one or two orders of magnitude
longer than the differentiator time constant is
suitable.

From a practical point of view the output impedance
level of the differentiator should be kept low so that
measurements with scope probes can be made without
destroying the waveshape of the differentiator output
signal. It was found that an R value of 500 () or less
was needed to keep a conventional 10X, 7.0 pF probe
from severely loading differentiators having time
constants in the 5 to 20 ns range.

With the data stream now differentiated, the next
block in Figure 10, the amplitude detector can be
considered. Refer to Figure 14. Since each differenti-
ated edge returns to the reference voltage level from

JuUu uyULrLr L
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Veer dc

R2
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(d)
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FIGURE 14 — Edge Detector Operation
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either polarity of pulse, what is required is an

amplitude detector with two thresholds, one above
the reference voltage and one below; in essence a
Schmitt Trigger function which has hysteresis and
whose threshold is dependent on the output state.
Looking at the next block of Figure 10 and noting
that it must generate a logic interface, in this case a
TTL interface, it can be seen that both blocks can be
accomplished by using a comparator or line receiver
with positive feedback as the amplitude detector.
Figure 14 describes the operation and implementa-
tion of this amplitude detector with hysteresis. As
can be seen, when a positive edge crosses threshold 1,
the output switches low and the feedback to the
non-inverting input causes threshold 2to now apply.
Since the positive edge decays back to VREF,
threshold 2 is not crossed and the output is latched
low. The next edge to come along must be negative
and when it occurs it crosses threshold 2 causing the
output to switch high. Similarly, it latches in this
state and reinstates threshold 1.

In order for the hysteresis to be symmetrical about
VREF., it must be centered between the limits of the
TTL output swing. That is,

v _ Vou + Vg 9
REF T T 2

Referring to Figure 14(d), the hysteresis is deter-
mined by:

R2 "
H=(Vgy - Vo) (m) (10)
R1 is made equal to R2 so as not to introduce voltage
offsets due to the input current of the amplitude
detector. In practice, R1 and R2 should be made fairly
low values so that the actual input voltages do not
have a step between the two states due to the voltage
drop of these resistors and the amplitude detector
input current. Because they are low values, 100-500
is typical, R1 also becomes the load of the
differentiator.

As can be seen from Figure 14(b), the hysteresis
must be made greater than the peak-to-peak noise
riding on the data stream. The amplitude detector
used in this 20-Mbaud system is similar to this but is
driven differentially. To afford a better under-
standing of why this type of amplitude detector was
chosen, a discussion of different amplitude detector
implementations and their relative merits follow.

Amplitude Detector Coupling and
Required S/N

Just how much larger than the noise the hysteresis
must be depends on the probability of error one is
willing to accept. That probability, or Bit Error Rate
performance, directly relates to the required signal-
to-noiseratio. These two parameters of BER and S/N
have been related by Curve A shown in Figure 15.
This curveis derived by evaluating the error function
for a normal distribution which defines the prob-
ability of a noise pulse being some factor, N, times the
rms noise level for various values of N. However, this
curve is only applicable to amplitude detector
performance if certain assumptions are made. The
first is that the amplitude detector threshold or
decision level is always midway between the two
extremes of the data stream level. The second

1%10-2
1x10-4

1x10-6 \

1x10-8

BER

®y
_g

offsets and transmitter crosstalk.

FIGURE 15 — BER versus S/N Performance
assumption is either that during the absence of data
it is acceptable for noise crossing threshold to cause
output transitions or else that data is never absent.
The third is that there is no hysteresis around the
threshold. The expected waveforms are shown in
Figure 16(a).

This S/N versus BER curve and the waveforms of
Figure 16(a) apply to both ac-coupled as well as
dc-coupled systems as long as the above assump-
tions prevail. However, because of the difficulty of
controlling the amplified thermal driftsina
dec-coupled system, ac coupling is usually used in an
opticaldatatransmissionsystem. Therefore
dc-coupled systems will not be considered here.

Referring to Figure 16(a), as long as the waveform
is above threshold the data bit is labeled a “logic 1”
and ifthe waveform is below threshold, the data bitis
labeled a “logic0.” Aslong as datais always present,
thatisidle channel condition is marked with a flag, a
squarewave or some other recognizable pattern, the
only time an error will occur is when a noise pulse is
large enough to reach threshold. Looking at Figure
16(a) it can be seen that when the noise peak equals
or exceeds the threshold voltage, a bit error is made.
The amplitude to which noise peaks will rise only
once in 1 x 10-9 attempts is 6.15 times the rms noise
amplitude. Therefore, the required peak signal
amplitude for a 1 x 10-9 BER is 6.15 times the rms
noise. If the signal is any smaller than that, a noise
pulse riding on the data which is large enough to
cross threshold and cause a bit error will occur more
often and the BER will be less than 1 x 10-9.
Expressing this in more conventional terms then, the
required S/N ratio for a 1 x 10-9 BER is:

Se, .

e 6.1
SN = 20log (—** )= 20log (— ™)

€, €,
Nrms Mrms

S/N = 15.8dB

This can be seen to lie on Curve A in Figure 15. This
S/N is not a true power ratio but merely 20 times the
log of a ratio of a peak voltage to an rms voltage.
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However, by convention these units are called dBs of
signal-to-noise.

Ifthedatain Figure 16(a) drives the detector differ-
entially, then the waveforms of Figure 16(b) apply.
Here, rather than comparing data to a fixed noise free
threshold centered between the voltage extremes of
the data stream, the data is compared to a threshold
voltage which is different for a logic one bit than it is
for a logic zero bit. This threshold is the data stream
inverted. That is, it is data plus noise which is equal
in amplitude to the data stream data plus noise, but
oppositein phase. Since both the data stream and the
threshold are capacitively coupled, their base lines
float to maintain an average value of zero. Thus,
referring to Figure 16(b), the data stream and thres-
holdlevels are separated from each other by a voltage
difference which is a function of the incoming duty
cycle (D.C.). The amplitude of noise this system can
tolerate without making bit errors is, therefore, a
function of duty cycle. This means the peak signal to
rms noise required by this system to insurea 1 x 10-9
BER is also a function of duty cycle.

Looking at Figure 16(b) it can be seen that the
data stream is in a logic one state for a small per-
centage of the time and in a logic zero state the rest
of the time. This represents a low duty cycle pulse
train. As the duty cycle is increased so that the data
stream remains in a logic one state for a longer
percentage of the time, the entire data stream wave-
form will float downward, so that the logic zero volt-
age level will move farther from and the logic one
voltage level will move closer to the quiescent bias
level VQ. As this happens the threshold waveform
on the other hand will remain in the logic zero state
for the same increased percentage of time and the
waveform will move upward a corresponding
amount. Thus, the two waveforms will be close to
one another and noise immunity will be relatively
low for large duty cycles as well as for low duty cycles
and their separation from each other and the noise
immunity will be maximized when the duty cycle
is 50%.

Thus, the promimity of the threshold and data
stream waveforms depends on the limit of incoming
duty cycle furthest from 50%. If this limit is less than
50%, the value of D.C. to be used in equation (11) is
equal to the decimal equivalent of the duty cycle
itself. If the limit of duty cycle is greater than 50%,
then the value of D.C. is the decimal equivalent of
100% minus the duty cycle.

That is
(e,,,)* (DC) = 6.15(c, )
6.15(enms)
2ewe) = o an
6.15(enms)
Coe) =30,

for a square wave or 50% duty cycle,

= 8615 (e, )

Cspeak
or S/N = 158 dB

For a 20% to 70% variation in duty cycle, the limit is
20% and the value of D.C. is 0.2.

6.15 (e, )
eak T T 3(2)
espeak
or SN =20log [ —— 1
enrms

S/N = 23.7 dB

For a 30% to 80% variation in duty cycle, the limit is
80% and the value of D.C. is 1.00 -0.8 = 0.2.
Hence,

Trms

2(.2)

6.15 (e, )

e’peak -

e

and SIN = 201og [ —™* )
e“rms

S/N = 23.7dB

for the general case and a 1 x 10-9 BER requirement,

6.15 (6.15)(.5)
/N = —_—] = LA
S 20 log | 2D.C) ] =201log [ DC) ]
5
- 15. ——) (12)
SIN = 15.8dB + 20 log ( T

where D.C. is always < 0.5.

The added benefit of differential drive is the common
mode rejection of extraneous signals being radiated
or conducted into the amplitude detector inputs.

The idle channel pattern is not always a continua-
tion of constant amplitude transitions. In some cases
it is a continuous logic state and in such cases idle
channel noise can be rejected by hystersis in the
amplitude detector. Such is the case in Figure 16(c).
In this case the data stream is compared to a thres-
hold which is different for a logic one output than it
is for a logic zero output. This threshold is not gener-
ated by inverting the data stream. It is generated by
feeding back a portion of the output data signal to the
non-inverting input of the amplitude detector. Since
the threshold is not a linear function of the input data
stream, there is no noise riding on it. The difference
in threshold voltage for the two states is called the
hysteresis. The hysteresis must be wide enough to
reject all noise spikes of amplitudes which occur more
often than once in 109 when no data is present. That
is to maintain a BER of 1 x 10-9,

H=2 Cnpeak T 2(6.15e, )

Drms’

Once this condition is satisfied a detection will
occur every time the peak signal plus noise exceeds
one-half the hysteresis. However, if this is all that is
required, there will be much greater edge ambiguity
or jitter in this system than in the previous ones be-
cause of the increased proximity between the noise
and the amplitude detector threshold. Therefore, in
order for this edge jitter to be no worse than before,
the peak signal must exceed the threshold by the
same amount as it did before or,



= 1/,
e5peak o H + Cnpeak
ok = 6.15e, + 6.15 e,
€k 12.3enrms

In other words, imposing the condition of idle
channel noise rejection has caused a degradation in
system sensitivity for the same BER performance.
The signal-to-noise ratio required for this idle channel
noise rejection is,

3 e

Nrms
)

speak

S/IN =201log ¢ ) = 20 log (

e
Arms Nrms

S/N =21.8dB

This system is 6.0 dB less sensitive than those pre-
viously discussed. Its benefit is freedom from data
format constraints such as the maximum length of a
string of ones or zeroes or having to present an
appropriate idle channel pattern for noise rejection.

The effect of edge coupling or differentiation
rather than ac coupling can be examined by refer-
ring to Figure 16(d). The first thing to be noticed is
that the data is compared to the same type of thres-
hold as in the previous case; that is a two state
threshold generated by feedback from the amplitude
detector output to non-inverting input. The
difference between these two thresholds is the
hysteresis H. Referring to Figure 16(d), it will be
noticed that after the edge or transition is coupled
through to the detector, the differentiation network
immediately begins to discharge according to its
time constant. This forces the amplitude detector
input to return to its base line level midway between
the two threshold levels during every bit cell. Because
of this, the hysteresis H must once again be greater
than the peak to peak noise level for the required
probability of error regardless of the idle channel
condition. Otherwise noise would toggle the detector
during almost every bit interval after the network
discharge was complete. Since this system should
have no morejitter than the others, the signal should
exceed threshold by the same amount as before or
enpeak- Thus the required signal level at the
amplitude detector input is

+ e

npeak = 6.15e

Nrms

+ 6.15¢

Nrms

Nrms

Sincethisis after the differentiation, the effect of the
differentiator on the signal to noise ratio must be
taken into account in order to compare sensitivities
at the same point in the circuit. It has been experi-
mentally determined that the loss of the differentiator
is 8.2 dB for the rms noise. When measuring the dif-
ferentiators loss to the signal, it must be remembered
that the differentiators peak output transition is the
response to the peak to peak input transition. The
amplitudes of those two transitions have been com-
pared and it has been determined that the input was
10.4 dB larger than the output. Therefore, the S/N
has been degraded by 10.4 dB less 8.2 dB or 2.2 dB.
Therefore, the required S/N ratio into the differenti-
ator fora BER of 1 x 109 is
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SIN=22dB + 20 log!

ei .
peak ) — 2.2 dB+20 log (12.3)

e"vms

S/N = 24.0dB

This relatively high signal to noise requirement is
8.2 dB higher than the originally proposed approach
of Figure 16(a) but this loss of sensitivity buys the
freedom from idle channel noise and simplicity of no
base line variation with duty cycle.

Finally,the edge coupled system differentially
driven will be examined. Refer to Figure 16(e). Once
again as in the case described in Figure 16(b), the
threshold for this differentially driven edge coupled
case is generated by inverting the incoming data
stream plus noise. However, unique to this case, is
the fact that there is hysteresis in the threshold as
well. This hysteresis limits the levels to which the
threshold can decay after the inverted data edges
couple through the differentiator network. This
hysteresis, H, is the difference between the two
threshold levels, V1 and V9. These levels can be
seen clearly in Figure 16(e) only if the data edges are
separated in time long enough to allow the RC dif-
ferentiators to discharge completely. The noise on
these threshold levels can also be noticed. Assuming
the data base line is centered between V1 and V9,
the hysteresis must be

H=2( +e, )=

npeak Npeak

4e

Npeak

to insure that noise doesn’t toggle the output. As can
be seen from the inset below, a noise pulse riding on
the data stream will cause the same ambiguity in
zero crossing (i.e. At) whether the threshold is fixed
or is inverted data plus noise.

Inverted Data
Threshold and— — —
Noise Puise

Fixed Threshold - — —

-

Inorder to keep edgejitter the samein this system as
it was in previous systems then, the peak signal must
exceed threshold by the same amount or enpeak-

Data Stream and
Noise Pulse

Therefore referring to Figure 16(e) the peak signal
required is

e =V te

Speak Npeak

where VT§ is the threshold at the time of switching.

However, the threshold doesn’t remain at VT but
starts moving in opposite phase with the data edge
with the same rise time as the data edge. Because
of this, the data edge and threshold edge will cross
each other and thereby cause an output transition
when they have traversed equal voltage increments.
Since the data stream baseline is assumed to be
centered between VT1 and Vg, this crossover will
occur halfway between V1 and the baseline and so
the actual threshold voltage level will be VT1 or
1/2 H less 1/4 (H). That is



Vis = (Y.H — vH) = viH

= 1
therefore €opeak VaH + Cnpeak
espeak = e"peak + e"peak
e, =
peak e"pmk

and for a BER = 1 x 10-?

6.15 ¢, )
rms

e
Nrms

€,
SN = 20log (%)= 201log 2(

e
Nrms

S/N = 21.8dB

Once again this is out of the differentiator and to
translate it to the differentiator input an additional
degradation in S/N of 2.2 dB must be taken into
account. Therefore for the differentially driven edge
coupled detector the S/N ratio required for a 1 x 10-9
BER is

S/N = 21.8dB + 2.2dB
S/N = 24.0dB

Table I below summarizes the pros and cons of these
amplitude detector approaches.

It can be seen looking at Table I that the differenti-
ally driven edge coupled detector accommodates the
most variation in data format and idle channel sig-
nalling. In addition it provides common mode rejec-
tion of extraneous signals thereby providing better
performance under full duplex conditions. For these
reasons it was chosen as the detector for this receiver
which needed such flexibility. The price for this
versatility is about 8.2 dB in S/N sensitivity. Cer-
tainly this is not insignificant and if the data format
and idle channel signalling in a particular applica-
tion permitted, the system designer would do well to
consider the ac coupled approaches.

One practical factor not considered hereis that the
amplitude detector deviceitself will have input offset

specifications which vary from unit to unit. This
means thatin all of the amplitude detectors
described, a certain amount of additional signal will
berequired toinsurethat threshold is always crossed
regardless of the offset for a particular unit. For the
device used here, the MC75107, a potential difference
of 25 mV or greater between inputs must exist to
guarantee states. This directly affects the required
hysteresis. The two amplitude detector inputs which
are separated by H/2 volts must now be separated by
2 enpeak * 25 mV rather than by 2 ep . in the
previous comparison. Similarly, the peak signal
must now exceed the reference level, VT, by 2 e, k
pea
+25 mV.

That is: L = Vi + (2 Cnpea T 28 mV)
and Vo = YH — €5 ek
Therefore L = Zenpeak + 25 mV
for a BER of 1 x 10-9
€ peak = 123e, ~+ 25 mV

The value of eny ¢ Was experimentally determined
to be 2.4 mV rms. Since 25 mV is 10.4 times the
2.4 mV rms measured at the detector input,

e = 123e, ~+ 104e,

s

€5peak = 22.7 -

€
20 log (—F%* ) =271 dB

€
Nrms

Taking into account the 2.2 dB degradation in S/N
due to the differentiator, the required S/N is

S/N = 27.1dB + 2.2dB
S/N = 29.3dB
to accommodate all MC75107 detector chips. This

point is also plotted on Figure 15.
The remaining function in the block diagram of

TABLE |
S/N
SENSITIVITY
DETECTOR FOR
APPROACH 1X10° BER ADVANTAGES DISADVANTAGES

Single Ended ac 15.8 dB Maximum sensitivity. Requires continuous idle channel pattern and duty

Coupled. No hysteresis cycle limits to reject noise as well as a reference
voltage that tracks data base line. No common
mode rejection.

Differential ac Coupled * t58d8 No base line tracking required. Common mode Requires continuous idle channel pattern and duty

( 0.5 ) rejection. cycle limits to reject noise. Sacrifice in sensitivity
+ 2010g (5= dependent on duty cycle limits.

Single Ended ac 2t1.8dB Doesn't require continuous idle pattern and duty |Sacrifices 6 dB in sensitivity. Requires threshold

Coupled with hysteresis cycle limits for noise rejection. which tracks data stream base line. No common
mode rejection.

Single Ended Edge 24.0dB Doesn't require idle channel pattern or duty cycle 3acrifices 8.2 dB in sensitivity. No common mode

Coupled with hysteresis limits to reject noise. Doesn't require tracking rejection.

reference voltage.
Differential Edge Coupled 24.0dB Doesn't require idle channel pattern or duty cycle |Sacrifices 8.2 dB in sensitivity.
with hysteresis limits. Doesn't require tracking reference voitage.
Offers common mode rejection.

*See text for definition of D.C.
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Figure 10 is the logic interface. Its purpose is to
generate a standard logic level and provide sufficient
drive capability for simpleinterfacing. The TTL logic
level in this receiver is actually generated by the
amplitude detector. However, in order to buffer the
amplitude detector’soutput, anotherlinereceiver
section is used for isolation and the interface to the
TTL world. In addition, an emitter follower provides
theneeded drive for a 75 () coaxial line to the external
test equipment.

Receiver Schematic Diagram and Circuit
Implementation

Figure 17 shows the receiver schematic and indi-
cates which portions perform each of the functions
outlined in the functional block diagram description.

The first active component in the receiver sche-
matic is the MFOD402F integrated detector preamp
(IDP). It performs both the optical detector and
current to voltage converter functions described
earlier. It also affords all the isolation advantages
of the integrated structure that were outlined in a
previous section. Its transfer function is typically
1.0 mV of output amplitude per uW of optical input
power. Output impedance is specified as 200 () typical
and although its maximum real and reactive loads
are also specified, it was found that these loads
caused excessive ringing of the IDP output. There-

fore, in this circuit, the real load was kept above
500 (1 and the capacitive load was minimized by
careful printed circuit layout. The output rise time
of the MFOD402F is specified as typically 20 ns and
that is about what appears at the output of the linear
amplifier where the signal is sufficiently large in
amplitude to measure. The supply voltage of +15 V
was chosen so that operation on the flat portion of
the IDP's Atg curve was guaranteed. Below 10V,
Ve

the IDP’s rise time begins to degrade rapidly.

The shield over the optical connector and IDP is
required for isolation from the receivers own TTL
output and the crosstalk of the transmitter. Its
contribution to performance may only be measurable
in terms of improved bit error rate.

The noise out of the IDP is specified as 300 4V rms
typical, and is a good number to usein calculating the
amplitude detector hystersis required.

Linear Amplifier

The MC1733 was chosen as the linear amplifier
primarily because of its wide gain bandwidth and its
reasonably low noise. It was used at a gain of 100
because that provides sufficient gain to amplify the
IDP noise up to minimum amplitude detector thres-
hold, as will be seen later, and it also allows the
simple strapping of Pins 3 and 12 together using a

+15V
09/38B
51 0.1
3
ZSI
N e |
322k
2 <01 1
9
17, 01 }/06
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foil runner beneath the chip itself. This proved
simpler than bringing Pins 4 and 11 out around the
chip and tying them together with an external gain
setting resistor. Pins 4 and 11 are the emitters of the
input differential amplifier and proved very suscep-
tible to the injection of noise and positive feedback
from the TTL output.

Output Pins 7 and 8 provide the data stream
waveforms which are the vital signs of the system.
They provide information about the system signal to
noise ratio, the system rise and fall time, and an
indication of received signal level. See Figure 18.
With the MC1733 strapped for a differential gain of
100, each output will deliver a single ended signal 50
times larger than the IDP output.

With this gain strapping on the MC1733, the rise
time out of this amplifier is typically 10 ns when
driven from a fast pulse generator. The input bias
resistors were chosen to be as low as the IDP could
drive so as to enhance gain stability of the MC1733.

(a)
System Rise and Fall Time at Pin 8 of MC1733

(c)
Typical Waveforms at Amplitude Detector Inputs
Pins 1 and 2 of MC75107

The differentiators consist of the 62 pF capaci-
tors and the 100 ( resistors for the amplitude
detector’s input bias. Since the output of the MC1733
is taken differentially, there are two such networks
required. The impedance of these networks was made
low so0 as to minimize the voltage step at the detector
input pins caused by the drop across the 100 (1
resistors. This step results from the change in base
current of the amplitude detector between the ON
and OFF states. Specified as a total worst case base
current change of 80 A, the 100 () differentiator will
cause an 8.0 mV step at Pin 2 of the amplitude detec-
tor and a subtracting of 8.0 mV from the hysteresis at
Pin 1 of the amplitude detector. Another reason to
keep the differentiator impedance low is to prevent
instrument loading. A 10X scope probe, for example,
willload a 1000 (2 differentiator enough so as to make
time constant measurements meaningless and wave-
form analysis unreliable.

As mentioned earlier, in equation (8), the differenti-

D)

Amplitude Detector Output

FIGURE 18 — Receiver Waveforms

8-16



ator time constant is controlled by the minimum bit
time and the system rise time. From equation (8)

4R, Cppe = T - trgyg

where T is the minimum bit time and tRgyg is the
system rise time. Assuming for now that the system
rise time, that which is measured at the MC1733 out-
put is 30 ns worst case, the maximum RC time con-
stant consistent with a 20 Mbaud bit cell is

RC _ T-tays _ 50ns-30nms
1LCmax - 1
RC,.x = 50ns

The values used are 62 pF and 100  giving a time
constant of 6.2 ns. This hedging by 1.2 ns means that
the required transition height from the MC1733 will
have to be slightly higher to be detected for transi-
tions spaced 50 ns apart than they will be if spaced
by 55 ns or greater.

The MC75107 line receiver is the amplitude
detector and Q1 and Q5 perform the voltage
reference and initialize functions, respectively. The
amplitude detector is basically a high speed
comparator with positive feedback to perform a
Schmitt Trigger function. Its output swing is 0.1 to
3.6 Vdc, limited by the active pullup. With that output
swing the hystersis is 130 mV. With this output
swing, the optimum reference voltage is using
equation (9)

v _ Vo}{ + Vo]_ 36V+01V
REF - 2 2
Vegg = + 185V

As was mentioned previously, the 100 0} input bias
resistors were that low to minimize the voltage step
at the amplitude detector inputs when the output
changed state. Similarly, to reduce the step in
reference voltage when the output switches, the
currentinthereference transistor, Q1, has been set to
4.0 mA and its base to ground impedance (rp) has
been lowered to about 360 (1. This makes the voltage
reference output impedance approximately

Ty 26 ) - mA 360 Q)
Ry =r, +—— or +
Hpg 4.0 mA 150
R, = 890

To evaluate the step change in reference voltage
when the data output changes states, the amount of
current that the voltage reference, Q1, must source
and sink must first be found.

Veer - V. 1.85-0.1
I _ vrer~ Vou _ 1 1
SOURCE Ry, 25k 0.7 mA

where RY is the sum of the feedback resistor and bias
resistor for the amplitude detector. From Figure 21,
RH=R11 +R10=2.4k+100 Q= 2.5 k. Similiarly,

Vou-Veer  36-185

=0.
R, 25 k 7 mA

Lok =

Thus, the total change in reference current between
logicstatesis 1.4 mA. With R(=8.90, thestepin VREF
=12.5 mV. This step is almost completely a common
mode signal which is about 0.6% of VREF and thus
insignificant. The voltage divider formed by the 2.4 k
hystersis resistor and the 100 ) bias resistor does
introduce a differential signal of 1/25 of this step in
reference voltage. Therefore, the differential signal at
the amplitude detector input resulting from this
12.5 mV step in VREF is only 0.5 mV. Refer to Figure
18 for typical waveforms at the amplitude detector
input and output.

The sensitivity specification on the MC75107 is
+25mV over temperature and unit to unit variations.
It will be noted from Figure 18(c) that the hysteresis
must be large enough so as to keep the voltage
difference between the data base line and the
threshold always greater than 25 mV, including the
noise peaks, except during transitions. When the
absolute difference between these two inputs to the
MC75107 falls below 25 mV, the output state is not
defined and thus errors can be made. Consequently,
the hystersis was empirically set to 130 mV to insure
this 25 mV separation between inputs at all points on
the waveform. Only when this is accomplished does
the BER approach 1x10-9or less as was discussed in
the section on amplitude detectors.

The initializing circuit, Q5, which does not
appear on the simplified block diagram of Figure 10,
merely injects a pulse of approximately 250 us in
duration into the amplitude detector during power up
to insure that the output always turns on to the low
statein the absense of optical transitions. By pulling
down on the positive input of the amplitude detector a
logic high at Pin 4 of the MC75107 is inhibited. After
the discharge of C16, the leakage current and depletion
capacity of the Q5 collector base junction areinconse-
quential to the performance of the circuit.

The logic interface, buffer, and line driver
have been implemented using the other section of the
MC75107 and Q6. The MC75107 section regenerates
the TTLlevel already at Pin 4 butisolates the positive
feedback from the external loading conditions. Q6
provides the additional drive required to the 75 ()
cable used in the test set up. At 20 Mbaud, the shield-
ing of this lead is essential. Since the error detector
used provided a 75  coaxial interface, RG-59 cable
was selected.

Receiver Performance

Figure 18, once again, shows the typical waveforms
one should expect at key points in the receiver, as
well as system rise time and the S/N ratio required
for good BER performance.

Figure 15, Curve B, shows the typical BER versus
S/N at the differentiator input. Curve B represents
performance that can be expected when amplitude
detector input offsets and transmitter crosstalk are
accounted for. Figure 19 relates S/N to optical input
power for this 20 Mbaud receiver. This curve was
generated by measuring S/N and then calculating
backwards from the measured signal level out of the
MC1733 amplifier through the receiver gain of
50 mV/uW.

The dynamic range of the receiver is precisely
defined as theratio of the amplitude of the maximum
usable signal detected to the amplitude of the



minimum usable signal detected. There the precision
ends, however, because what is usablein one applica-
tion is not in another. The minimum usable signal
can be picked off of the curve in Figure 19 for what-
ever S/N is required to achieve the desired BER. The
maximum usable signal is where distortion gets to
be prohibitive. Duty cycle distortion versus output
level of the MC1733 is plotted in Figure 20.

I S/N (dB)
50
40 ﬁ{
Y
1
30 j
. % %
v
1
10 d
Pin (W)
1.0 10 100
FIGURE 19 — Signal-to-Noise versus Optical Input Power
PULSE STRETCHING
OF POSITIVE BIT (ns)
' |
w LI ,
Input = 20 Mbaud NRZ I
*+6.01~1/0 Pattern
+4.0 ]
2.0
+ ~' /
0
-20
-4.0
-6.0
-8.0
€0 (Vpg)
0.1 1.0 10

MC1733 OUTPUT VOLTAGE (PIN 8)
FIGURE 20 — Recsiver Overload Characteristic

This curve was measured by simulating high level
optical inputs with a pulse generator in place of the
IDP and having equivalent output impedance and
transition times. The distortion occursin the MC1733
output before the IDP overloads and thus this is a
valid test. The dynamicrange can be deduced then by
dividing the optical input power needed to cause an
intolerable level of distortion, say 5.0 ns, by the
optical input power needed to provide the required
BER, say 1 x 10~9, and taking 10 log of the ratio. To
find the optical input power that causes overload,
refer to Figure 20 and divide the output voltageinmV
by 50 mV/uW. To find the optical input power
required for a 1 x 10-9 BER, refer to Figure 15, Curve
B, and then use that S/N ratio to find optical power
required from Figure 19. For this example then, the
dynamic range would be
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Dynamic  _ _T0uW
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Temperature testing indicated that over the 0°C to
70°C temperaturerange, no significant degradations
in performance occurred. Nominal drifts in detector
offsets did not cause any significant changesin
sensitivity.

BUILDING THE BOARDS

In building the boards, the last components to be
inserted should be the optical transducers and mount-
ing bushings. This will reduce their handling and
thus the probability of scratching or contaminating
the optical ports with particles commonly found in
a work bench environment.

To begin building the boards, refer to the parts list
and complete schematic (Figure 21), the component
overlay (Figure 22) and the photograph of the com-
pleted board (Figure 27). It is recommended that the
IC sockets mentioned in the part list be used at least
on the first pair of boards to allow looking at system
performance versus tolerances in device parameters
and to allow for the misfortune of damaging an IC
during construction. The decoupling chokes should
be available from Ferroxcube. When installing them,
care should be taken so as to position them so that the
turns protruding from the ends of the ferrite are not
shortedtogether. When orderingelectrolytic
capacitors to fit the board layout, the approximate
dimensions on the parts list should be used as a
guide. Where there is ground foil on the component
side of the board, care must be used when inserting
all components so that no leads are shorted to
ground.

It will be noted in the schematic of Figure 21 and in
the parts list, that a shield can is specified for shield-
ing the receiver optical transducer. This is to pre-
vent the sensitive receiver input from picking up
energy radiating from the receivers TTL output as
well as from the transmitter circuitry. The can part
number listed must be notched out to fit over the AMP
mounting bushing and then sweat soldered down to
the ground foil pattern on the component side of the
board. Refer to Figure 24 for details of shield prepara-
tion. Without the shield, there will probably be more
ringing in the waveform at the detector input and the
bit error rate will be significantly degraded. To accom-
modate this shield, capacitor C4 may have to be
installed on the solder side of the board depending on
the vintage of the actual board used. Before any
components are installed, it is recommended that the
holes for the BNC connectors first be enlarged to a
0.375 inch diameter and the holes for the +5.0 V,
-5.0V, and ground wires be enlarged to about a 0.070
inch diameter in order to accommodate #18 AWG
stranded wire.

After all other components are mounted to the
PCB, and before the receiver shield is put on, the
FOAC’s and their bushings must be assembled.

It will be noted that the FOAC, shown in Figure
23(a), has a flat spot on the circumference of the
ferrule and this flat spot affords it a stable position
on the PC board. Therefore, when assembling the
FOAC and bushing, refer to Figure 23(b), the FOAC
is first inserted into the connector so that the flat
spot is facing down toward the PC board. Large
coupling losses will be encountered if the FOAC is



not seated properly in the bushing. To eliminate the
uncertainty of whether or not these parts are seated
properly, the distance between the back of the FOAC
and plane “A” of the bushing, shown in Figure 23(b),
can be measured. It should be no greater than 0.130

inches. The plastic retention plate puts sufficient
tension on the FOAC’s so as to maintain proper
seating.

Once the FOAC is properly seated, its leads can be
formed to fit the foot print on the PC board. The
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FIGURE 21 — Complete Transceiver Schematic
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PARTS LIST

Reference Description
Symbol
Capacitors
C1,C2,C3.C6,C7,C8, C9, 0.1 uF — =50 V Ceramic Capacitors, 0.250” lead spacing,
C12,C13,C14,C15,C18, C21, Mallory C25C104M101CA
C22, C27.C28, €29, C30, C31,
C32
cs 0.01 uF — 50 V Disk Ceramic Capacitors, 0.250" lead spacing,
290" OD, Sprague UK50-103
Cc10,C11 62 pF 5% Dipped Mica Capacitor
C16, C23 2.0 uF, 25 W Vdc — 0.250” OD x 9/16" long, Sprague TE-1201
C4,C17,C19, C20. 25 uF. 25 W Vdc, 0.25” OD x 0.625”, Mallory TT25X258B
C24,C25
C26 100 pF 5% Dipped Mica Capacitor
Diodes
D1 MFOE103F, infrared LED
D2, D3, D4 1N914, High-Speed Switching Diode
Chokes
L1,L2, 13, L4, L5, Ferroxcube VK200-09/38B
L6, L7
Transistors
Q1,Q2, Q3. 05, Q6 MPS6515 General-Purpose High-Gain NPN Transistor
Q4 2N4400, Low V(CE (sat) Switching Transistor
Resistors (1/4 W, 5%, Carbon composition)
R1,R3 510 1
R2 510
R4, R5, R8, R12, R16 1k
R6 680 N
R7 750 0
R9, R10 1000
R11 2.4 kQ
R13 47 k()
R17 2.2k0
R15 1000
R18, R19 750
R20, R25 180 (1
R21 3300
R22 820
R23 390
R24 270 2
R26 2400
R27 120
Integrated Circuits
U1 SN74L5408, Dual 4-Input Buffered NAND Gate
u2 . MFODA402F, Integrated Photodetector Preamp
u3 MC1733, Wide Band Linear Video Amp
U4 MC75107. Dual TTL Line Receiver

Non-Referenced items
3 Low Profile IC Sockets, AMP #530177-1
1 Shield Can, Hudson Tool & Die Co., #HU5655, 0.734" iong, steel
2 BNC Bulkhead Connectors, UG1094/U Female
2 Active Device Mounting Kits, AMP Part #227240-1
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FIGURE 22 — PCB Component Overlay

AMP Active Device Mounting Kit #227240-1

For Bulkhead Mounting
Jam Nut
Lockwasher

Flat Spot

i Active Device Bushing
« Part No. 227217-2

Slots to

Receive Shielding

(Contact AMP Incorporated}
Press-On
Retention Plate
Part No. 227218-1

Motorola
"~ FOAC No. 2 Self-Tapping
Screws, 0.188 (4.78) Long - e

Flat Spot
Facing P.C. boards

(b) (c) é

FIGURE 23 — Assembly of the FOAC and Connector
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bushing is then fastened down to the PC board using
the two self-tapping screws included with it, and the
leads appropriately soldered. See Figure 23(c).

The bushing, retention plate, self-tapping screws,
lockwasher, and jam nut are available as kit #227240
-1 from AMP, Inc. Additional FOAC’s i.e., the
MFOE103F and MFOD402F, are available through
Motorola distributors.

Once the MFOD402F is mounted in its bushing
and the assembly is mounted on the PC board, the
shield can be mounted over the receiver front end.
The cover specified in the parts list must be notched
as shown in Figure 24 in order to fit over the AMP
bushing. Once it is notched it can be sweat soldered
at the corners to the component side ground foil pro-
vided for this purpose.

If more printed circuit boards are required, it should
be keptin mind that the PC layout with its bus ground
structure and component side shielding is an integral
part of the circuit. Any deviation from this layout
can be expected to cause changes in isolation
between the receiver TTL output and the receiver
input as well as between the transmitter and receiver.
Figure 30 shows the full size artwork which can be
used to make a photomaster in order to duplicate the
boards.

The artwork shown is positive with the emulsion side
down so that a photo negative of this should provide
the proper photomaster. Alignment of the two photo-
masters can be achieved by drilling through the
photomasters and the board at the hole locations
for the optical connector mounting screws and the
+5.0 V and the -5.0 V power connection pads.

Hudson Tool and Die
#HU5655

>\I¢-o.734_.l‘
0 3oo’<‘
‘4—0_150

‘9‘_1_, q
L._ [
le-0.105
0.350 —

0.500

le———1391— g

FIGURE 24 — Shield Preparation

TESTING THE BOARDS
To test the completed boards to their full capability,
the following equipment is required:
1. One known-good 1 meter fiber of 200 um core
(See Figure 28 for suggested types).
2. Tektronix 475 oscilloscope or equivalent with
two 10X, 7.0 pF probes.

3. Two compliments of power supplies each con-

sisting of:

1-HP 6205 dual power supply, or equivalent,
for+5.0V

1-HP 6218A power supply, or equivalent,
for +15 V

4. One Tektronix 6042 DC to 50 MHz current
probe, or equivalent

5. One HP 3780A Pattern Generator/Error
Detector, or equivalent

6. One E.H. Research Labs Model 139 Pulse
Generator, or equivalent

7. One Wavetek Model 142 Function Generator,
or equivalent

8. Assorted RG-59 coaxial cables, 1-4 ft. long,
and two 75 () BNC terminations

9. DC Multimeter General Purpose type 100 kf)/
volt or greater

10. Two system fibers (see section on System

Performance)

11. One Photodyne Model 22 XL Optical Power

meter, or equivalent

If the two boards in the kit are built correctly,
and connected as shown in Figure 25, with appropri-
ate lengths of the system fiber chosen, then a1 x 10-9
BER or better should be measurable in both direc-
tions.

It must be kept in mind that this receiver is
sensitive to electrical signal variations at the inter-
face to the electro/optic transducer, regardless of
their source. Because of this, the unshielded
receiver is sensitive to EMI.

Before any attempt at measuring system per-
formance is made, each module should be given
a cursory check by comparing dc voltage levels to
those typical dc voltages shown on the schematicin
Figure 21.

CAUTION

An inadvertent short from the LED
cathode or Q2 collector to ground will
place a momentary 5.0 V of forward
bias across the LED and DESTROY IT.
Care should be taken in probing this
portion of the circuit. Probing the collector
of Q3 rather than Q2 will provide an
indication of proper switching without
the danger of shorting the LED.

If meaningful BER measurements are to be made,
either a shielded enclosure for the receiver or a
shielded environment such as a screen room will be
required. The latter enables lower bit error rates to be
measured because it allows the pattern generator/
error detector which is also sensitive to EMI and line
transients to be shielded as well.

Ifthe above BER performanceis not achieved, then
some troubleshooting must be done. Each module
should be first checked out individually by looping a
transmitter back to its own receiver with the
known-good 1 meter fiber. The testing sequence listed
below can be used.

TROUBLE SHOOTING TEST
SEQUENCE

1. Test Module A in loop mode with 1 meter fiber. If
data output is good proceed to Step 2. If bad,
follow moduletroubleshootingtreetolocate
problem and retest.

2. Test Module Bin loop mode with 1 meter fiber. If
data output is good, proceed to Step 3. If bad,
follow moduletroubleshooting treetolocate
problem and then retest.



Pattern Generator/
Error Detector
5 HP3780
© TEK475
0‘5 g . £ Channel 1
o ?; 3 3 X c < Pulse 75 Trigger
8;: .2531 8 Generator Input
£ 330do a Q RG59/U “Channel_AW
2999 92 = 75
|_t_.'
RG59/U
RG59/U
RG59/U
Module A Module B
RG59/U Data Data
Hinput - Fiber A m s OQutput
's Data - ¢ = Data
RG59/U 10utput [~ Fiber B o ' Input =
FIGURE 25 — BER Test Setup
RECEIVER OUTPUT Data OK 3. Test Module A inloop mode with system ﬁbpr A.
Check for data Link Operating Examine recovered signal at MC1733 Pin 8.
Amplitude should be = 500 mVpp. If not, enter
No data module troubleshooting tree at Box #3.
. Test Module A in loop mode with system ﬁber B.
Check MC1733 outputs Exam_me recovered signal at MC1733 Pin 8.
for =500 mVpp. See oK Check MC75107 circuitry Amplitude should be > 500 mVpp. If not, system
Figure 18. (Hyst. = 0.130 mv) fiber B exhibits too much loss. )
- . Test Module B with system fiber B. Examine
500 mVpp recovered signal at MC1733 Pin 8. Amplitude
O should be > 500 mVpp. If not, enter module
3 i troubleshooting tree at Box #3.
Check MC1733 input « oK g )
Pin #14 for =10 n[:Vpp. & Check MC1733 circuitry . With both modules working and both system
fibers functioning, retest duplex link in con-
<10 mVpp figuration shown in Figure 25.
Check MFOD402F ouput #0.7 Vd Check orientation and pin outs
for 0.7 Vdc. of ferrule. Replace if required
oK EXIT POWER TABLE
FIBER CORE EXIT POWER
Check insertion depth of | ..0.130 Unsolder leads, loosen connector DIAMETER REQUIRED (Pe)
MFOD402F. from PC board. Push MFOD402F 150
See Figure 23(b), " all the way in um 10w
200 um 16 uW
<0.130in 250 um 25 W
400 um 63 uW
Measure fiber exit power. >Pe Check optical port of the MFOD402F
See exit power table for visible damage or contamination
<Pe
Check insertion depth <0.130 Check optical ports
Check LED current OK Check orientation of OK of the MFOE103F e for damage or
waveform. MFOE103F and leads See Figure 23(b). in contamination
If bad NG >0.130in oK

nput

Trace signal back to TTL

Re-orient MFOE103F.

Unsolder leads. loosen
connector and reinsert

System fiber
exhibits too

much less.

FIGURE 26 — Module Troubleshooting Tree
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FIGURE 27 — The Completed Transceiver

SYSTEM PERFORMANCE

Before system performance is calculated, the ele- L¢cM is clad mode loss which reflects the portion of
ments of system loss will be reviewed. (Refer to the LED’s measured output that exits from the clad
Figure 28.) of the FOAC and is essentially unusable.

System Fiber

Emitter Detector

(Po) (Pinun)

A\
-~ A 4
~_ - — 1
? ~ ~ Attenuation Loss > —

. L)
Alignment Loss (Lag} ™~ ~ ' - Alignment Loss (Lag)
Reflective Loss (Lg) ~ - Reflective Loss (L,
Clad Mode Loss (L¢m) ~ . (Lp)

Diameter Loss {Lp)
Numerical Aperture Loss (Lya)

FIGURE 28 — Components of Loss Budget
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Lp is the diameter loss which is the portion of light
lost when the system fiber has a different core diame-
ter than the 200 4M core of the FOAC.

LAE and LAD are the alignment losses at the emit-
ter and detector respectively due to mechanical
tolerances of the connector and ferrule.

LR is the reflective loss at the interface between two
fiber ends.

LNA is the NA loss incurred when the system fiber
NA, which is a function of fiber length, is different
from the NA of the FOAC.

Lea is the signal attenuation loss due to the attenua-
tion of the fiber per unit length.

These loss components will be evaluated in a sample
calculation using Maxlight MSC200B fiber.

First, the clad mode loss has been measured experi-
mentally. For very short systems using 200 uM core
fibers or systems having fiber core diameters of
250 uM or more, the clad mode loss would be ignored
since light exiting the clad of the FOAC would be
usable. In most systems, however, this is not the case.
Therefore, the power out of the LED must be reduced
by 5% which is the amount of the FOAC output that
exits from the clad. Therefore, the clad mode loss
is given by:

095 P, )

P :
% ) = 10 log ( Ctaeal” )

Ototal

Loy = 10 log (

ototal
Loy = 0.2dB

Lp, or diameter loss, is proportional to the relative
cross sectional areas of the system fiber core and the
FOAC core. If the system fiber is of a smaller core
diameter than the FOAC, the diameter loss will be
incurred at the emitter/fiber interface. If the system
fiber is of a larger core diameter than the FOAC, the
diameter loss will be incurred at the fiber/detector
interface. The loss across this type of diameter step is
given by:

larger diameter

_ 2
Lp = 10 log (emaller diameter
for MSC200B fiber,
B 200 pm
Ly = 10 log (200 um )
L, = 0.0 dB

LA, or alignment loss, is incurred at each inter-
connect whether that is between two fibers, a fiber
and a FOAC, or two FOAC’s. It is due to finite toler-
ances in the mechanical dimensions of the mounting
bushing, the ferrule, and the FOAC. These tolerances
allow some axial and angular misalignment as well
as some longitudinal tip to tip separation between
the fiber and the FOAC. Measurements indicate that
this loss component is typically 2 dB at the emitter/
fiber interface and 1 dB at the detector/fiber inter-
face. Thereasonitis less at the receive endis that the
coneof light exiting the fiber subtends a smaller solid
angle than the cone of light exiting the LED FOAC.
Therefore, the fiber/detector interface is more
tolerant of longitudinal tip to tip separation. Thus,
the values of alignment loss are:

Ly = 2dB
Ly = 1dB
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LR, thereflective loss, is due to the loss of light incur-
red by the reflection off of the surface of the fiber
core at both the emitter and detector interfaces. These
losses amount to about 0.5 dB for each interface.
However, where the IDP is used as the photo detector
component, its transfer function in mV per u W
already includes the reflective loss at its optical port,
so that a receiver sensitivity calculation includes
this loss. Therefore, with that type of detector the
reflective loss need only be accounted for at the
emitter interface. With other detectors, namely the
PIN photo diode, photo transistor, or photo darling-
ton, reflective loss has to be accounted for at both
ends of the system. For this system using the IDP
then,

Ly = 0.5dB

LNA is the loss incurred when light emitted from
an LED or fiber subtends a larger solid angle then the
acceptance cone of the mating fiber or detector. If the
LED source has a numerical aperture (NA) larger
than the NA of the system fiber, then the loss will
occur at the LED end of the system. If on the other
hand the system fiber has an NA larger than the
LED and photo detector, then all of the light emitted
by the LED will be accepted by the system fiber
but the NA loss will occur at the fiber/detector
interface.

A complicating facet of NA loss is that fiber NA
decreases as fiber length increases and each fiber
has a different characteristic. Some fiber manufac-
turers plot it as a function of length and others
specify it only at a kilometer. Some fibers have a slow
variation of NA over path length and others appar-
ently vary exponentially. The path length must be
known so that the fiber NA can be defined by the
fiber manufacturer. Once the NA is defined, the NA
loss can be calculated from:

larger NA

Lna = 10 log ( smaller NA
The NA’s used here are the 10% intensity NA’s for the
FOAC and fiber. The 10% NA'’s provide much closer
correlation to measured results than dothe 50% NA'’s.
This formula is based on certain assumptions and
provides a good first order approximation to the
actual NA loss. In this example, the component of
NA loss will be left undefined until later.

Next, L,,the signal attenuation loss, is merely the
product of the cable attenuation factor in dB per unit
length and the path length needed. It is expressed by:

dB )« (2 in meters)
m

L, = (@in

For MSC200B fiber, the attenuation factor is typi-
cally 18 dB/KM.

Finally, the last component of theloss budget is the
system gain margin. This is the amount of excess
signal desired at the receiver input. Some amount of
signal above sensitivity level should be supplied to
the receiver to insure that the system still performs
well through out the LED aging and expected varia-
tions in ambient conditions. For this example a gain
margin of 3 dB will be assumed. That is:

GM = 3dB



The sum of all of these loss components is the
system loss budget. That is:

Loss Budget = L.B. = L.
Lgg + Lgp + Lya + L, +

For MSC200B fiber then:

LB.=02dB +0dB +2dB + 1dB + 05dB + 0
dB + Ly, + L, + 3dB

LB. = 67dB + Ly, + L,

This loss budget must now be compared to the differ-
ence in power levels between the transmitter output
power and the receiver minimum input power. This
differencein power levels is called system gain. If the
loss budget exceeds this system gain then there is no
excess system gain and the desired performance can-
not be obtained. Either a shorter path length must be
used or less Gain Margin must be specified or the
transmitter output power or receiver input sensitivity
must be increased. If, on the other hand, the loss
budget doesn’t exceed the system gain, then there
will be excess system gain and the desired perfor-
mance will be obtained.

The output power of the transmitter described here
can be taken from the MFOE103F data sheet. At
100 mA, the typical output power is 125 uW. Refer-
enced to 1 mW, this is -9.0 dBm. The receiver input
sensitivity is defined by the measure of BER per-
formance required. From Figure 15, curve B, a S/N
ratio of about 30 dB is required for a BER of 1 x 10-9.
From Figure 19, a S/N ratio of 30 dB requires an
optical input power of 4 uW. Referenced to 1 mW, this
is -24.0 dBm. Therefore, the system gain is:

G,.=P -P = 9 dBm- (-24 dBm)

sys o inmin

G,, = 15dB

If a specific path length is known, the NA loss and
signal attenuation loss can be evaluated. For
example, assume 100 feet or 31 meters is the desired
pathlength. From the Maxlight MSC200B data sheet,

at 31 meters, the NA = 0.40.

therefore, from eq. (13) Lya = 10log )2

0.63
0.40
Lyy = 39dB

It will be noted that 0.63 was used for the NA of the
FOAC. This is the 10% NA which, as explained
earlier, must be used in this formula. What appears
on the present MFOE103F data sheet is the 50% NA
0f0.48. Use of this 50% N A will give erroneous results
for the NA loss. Now that LN A has been evaluated,
Ly can be determined.

L

o

(18 dB/kM) + (0.031 kM)

H

L =

o

0.6 dB

Now the loss budget for this fiber is found using
equation (14).

LB. =67dB + 39dB + 0.6 dB

|

LB. = 11.2dB
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Now the excess system gain can be found. It is
given by:

AG,, = G,, - LB.

sys
For this 31 meter system,

AG,, = 15dB - 11.2dB

AG,, = 38dB

Since A Ggys is a positive number, the system will
perform better than expected. If A Ggyg were zero,
the system would perform as expected with typical
connectors and components. If A Ggys were negative,
the system would not have performed as expected or
may not have performed at all if A Ggys were a large
negative number.

Since a A Ggys was positive, that 3.8 dB of excess
system gain can be spent in a variety of ways. One
way is that the fiber path length can be increased
by an amount which will cause LNA plus L, to
increase the loss budget by 3.8 dB. Another way is
that a splice can be inserted in the system fiber path
which will use up about 2.5 dB of the 3.8 dB. A third
way of spending the 3.8 dB of excess system gain is to
reduce LED current until the Py drops 3.8 dB and
thereby increase LED reliability. Or the 3.8 dB can be
left unspent and allowed to provide extra gain
margin for less susceptibility to disruption of com-
munications.

In this example the path length was known and
the loss budget was easily calculated in order to
determine excess system gain. Very often the path
length is the unknown and the maximum path
length is what needs to be determined. In this case a
re-iterative calculation is necessary. This is done by
assuming a path length such as the length that has
been calculated already and then calculating the
A Ggys. If A Ggys turns out to be positive, as in this
example, the fiber length can be increased until the
LNA and L, increase by an amount equal to A Ggyg
according to the fiber manufacturers plots of NA and

Ly vs. length. If on the other hand this guess at path
length yields a negative A Ggys, then the length
should be reduced until the sum of LNA and L, is
reduced by an amount equal to A Ggys. Once this
second guess at fiber length has been made, a recal-
culation of A Ggyg is made and should be much
closer to zero. When A Ggys is essentially zero, then
that path length is LMAX.

For example, since a 31m length of MSC200B fiber
yielded a A Ggys of 3.8 dB, a second guess of path
length of 200 m will be made in order to find LMAX.
When the length is increased from 33 m to 200 m, the
NA drops from 0.40 to 0.36 according to the fiber data
sheets. That means the new value of LN A is:

0.63
2 =49dB
0.36 )

Lya = 10 log (

The signal attenuation loss is also increased to:

L, = (18 dB/kMo) * (0.2 kM) = 3.6 dB

Therefore, the new loss budget using equation 14 is:

LB. =6.7dB + 49dB + 36dB = 15.2dB



Using equation 15, the excess system gain for 200
meters is:

A G,

sys

A Gy

15dB - 15.2dB
- 02dB

That is 200 meters is slightly longer than the
maximum path length that will provide the desired
performance. Reducing this new path length suf-
ficiently to reduce the loss budget by 0.2 dB will
cause an insignificant decrease in LN A. Therefore,
this 0.2 dB can be spent by shortening the system
by approximately:

0.2dB

sdBAkM M

A=

In other words, with Maxlight MSC200B fiber and
typical characteristics for connectors, transmitter
and receiver, the maximum path length that will
allow 1 x 10-9 BER performance with a 3 dB gain
margin is:

Lyax = 189 meters

Figure 29 summarizes similar calculations for a
variety of other fibers.

All of these calculations assume that the system
under consideration is attentuation limited. But
there is another limitation relating to the maximum
data rate that can be transmitted over a given dis-
tance. The source of this limitation is a transit time
phenomenon of fiber propagation called modal
dispersion.

Because of the relatively short system path
lengths summarized in Figure 28, modal dispersion
is not a factor in these systems. At what path length
modal dispersion in a particular fiber begins to
degrade system rise time can be calculated if the pulse
spreading specification or dispersion for the fiber is
known. For example, Valtec PC-10 has a pulse
broadening specification of 40 ns/km. This represents
the pulse width at the 50% points of a pulse exiting the

fiber in response to a sub-nanosecond wide pulse
being launched into the fiber. Since the pulse exiting
the fiber is Gaussian in shape, the 10%-90% rise time
is about 72% of this 50% pulse width. Therefore, if the
short system rise time of this 20-Mbaud system is
30 ns, the rise time of the fiber for less than 10%
degradation due to modal dispersion is:

=
ERaysdomn = 11 tRSVS(shurl)

/B0ns? + (try)? < 11(30ns)

<

1089 ns?

[

900 ns?  + (tgg,,)?

(trgpe)®

tReper = 13.7 s

<

189 ns?

The length of PC-10 which will cause this much deg-
radation is given by:

tReped S = (0.72) (Dispersion%) x (length)

tnmm 13.7 ns
length = m2misp ™ 072 (40 ne/km)
length = 476 meters

In other words, if a 10% degradation in system per-
formanceis all that is tolerable and improvements in
this 20-Mbaud system extend the use of PC-10 to
beyond 476 meters, then 476 meters will remain as
the maximum allowable path length. The system will
no longer be attenuation limited but will now be dis-
persion limited.

Maxlight Seicor Valtec? " Valtec! DuPont! DuPont!
Fiber/System Parameters MSC2008 155 PC-08 PC-10 PIR 140  |S-120 Type 30
Fiber Core Diameter 200 pm 200 um 200 um 250 um 368 pm 200 pm
Clad Mode Loss {Lcm) 0.2dB 0.2dB 0.2d8 0.0dB 0.0 dB 0.2dB
Diameter Loss (Lp) 0.0dB 00d8 0.0d8 19d8 5.3dB 0.0 dB
Alignment Loss (Lag + Lap) 3.0dB 3.0d8 3.0dB 0.5dB 0.5dB 3.0dB
Reflective Loss (L) 0.5 dB 0.5d8 05d8 0.5dB 0.5dB 0.5 dB
{Using IDP)
Loss Budget (L.B.") without Lna 6.7 dB 6.7 dB 6.7 dB 5.9 dB 9.3dB 6.7 dB
or L, including 3 dB G.M.
Fiber NA ( £ max 0.36 0.40 0.38 0.38 0.44 0.38
NA Loss (Lna) 4.9d8 39dB 4.4 dB 44 dB 3.1dB 44dB
Allowable Attenuation Loss (L ) 34dB 4.4 dB 3.9d8B 4.7 dB 2.6dB 39dB
(15 dB — L.B." — Lna)
Fiber Attenuation Factor {«) 18 dB'kM 35 dB’kM 70 dB kM 70 dB/kM 950 dB/kM 95 dB/kM
Maximum Path Length (2 max) 189 m 126 m 55 m 67 m 27 m 41 m

1 Calculations for this fiber are based on measured NA versus length data which is available from the fiber manufacturer but is as

yet unpublished.

FIGURE 29 — Maximum Path Length Calculations with 15 dB of System Gain
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SUMMARY

The fiber optic data link described herein is quite
versatile. With a TTL interface, no data format con-
straints, 0-20 Mbaud capability, and full duplex
operation, it can be inserted into almost any system
as atransparent link for the purpose of evaluating the
contribution of fiber optics to improved system per-
formance. In addition, it can be configured as a sim-
plex optical repeater by strapping the receiver data
output to the transmitter data input.

This application note has also introduced the
reader to the Motorola Fiber Optic Active Component,
or FOAC, and some of the mechanical and optical
considerations involved in its proper use. The
necessary functional blocks as well as some of the de-
sirable characteristics of an optical data transmitter
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and receiver have also been discussed. The text and
waveform diagrams dealing with signal detection
schemes should offer insight into whether or not edge
coupling is appropriate for a particular application.

The data shown here on transmitter, receiver, and
system performance was generated from measure-
ments on two units in a system. It should be con-
sidered typical performance and normal variations
around these values should be expected.
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APPLICATIONS OF FERRULED COMPONENTS
TO FIBER OPTIC SYSTEM

Prepared By:
Horst Gempe

THE MOTOROLA FERRULED LED
Construction and Optical Characteristics
This device is constructed by assembling an infrared

light emitting diode (LED) in a package suitably confi-
gured to mate with and become an integral part of a fiber

optic connector. This active connector concept is illus-
trated in Figure 1(a). The ferruled semiconductor and its
exploded view are illustrated in Figures 1(b) and 1(c).

Threaded Cable
Connector Assembly

AMP Connector
2272401

Slots for
RFI'EMI

Motorola

Ferrule Semiconductor Clad Fiber Light Guide

«— Highly Polished
Fiber Tip

%\ Index Matching
Epoxy

Semiconductor Emitter
(3] or Detector

TO-18 Header

Press On
Retention Plate

FIGURE 1 — Motorola Fiber Optic Active Component {FOAC)
(a) Package/Connector Concept
{b) External View of FOAC
{c) Exploded View of FOAC
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A depiction of the light emission pattern of the LED
is shown in Figure 2. The fiber cladding carries less than
five percent of the total output power since most clad
modes are absorbed by the high index of refraction epoxy

High Order Mode
Ray

Fib e
ber Core Fiber Cladding
s ~ AN
L [~
/
/ Clad Mode Ray
Epoxy ) Absorbed by
N Epoxy
// /A/
"
Ferrule Chip
Header

1 U

o ™
b p

i 0

FIGURE 2 — Light Ray Patterns in FOAC LED

The core carries high- and low-order modes with the
distribution of total energy as shown in Figure 3. The
presence of high-order modes makes the effective nu-
merical aperture (NA) greater than would be found for
a fiber length longer than about one meter.

Measurement of Qutput Power

There are several methods currently in use for meas-
uring the output of F O sources.

The integrating sphere method shown in Figure 4 col-
lects the power radiated from the source in all directions
and directs it to the silicon detector cell of a radiometer.
It is the most repeatable technique of measurement since
it is effectively independent of geometry. However. since
it is not sensitive to the NA of the source. it does not
enable the user to predict the amount of the measured
power that can be coupled from the source into a fiber.

Diffuse White Surface

Integrating
Sphere

FOAC LED

. Radiometer —I
Silicon Celi

FIGURE 4 — Integrating Sphere/Radiometer Measurement
Method

The barrel method, Figure 5, simulates the condition
of coupling into a fiber. Only the power that passes
through the aperture is measured. Repeatability re-
quires exact duplication of the aperture size, the distance
between the source and the silicon cell, and the accurate
positioning of the source orthogonal to the direction be-
tween source and cell.

—

Silicon Cell

Aperture

FIGURE 5 — Barrel/Radiometer Measurement System

10 T T
Z 09 A N O snTNA |
7 N .
=g As an example of measurement difference between the
S /] \\ integrating sphere and barrel methods, a device was
é o7 / measured under like-drive conditions in the integrating
208 sphere of a PhotoResearch PR 1000 Radiometer and a
£ 05 / \ barrel type Photodyne Radiometer. The results are given
2 ) \ in Table I.
& 04 /
503 7 X TABLE |
=02 f Measurement Method MFOE102F Measured Power
o / \\ integrating Sphere (PR 1000) 73 microwatts
, /[14 e [\ Barre! (Photodyne) 67 microwatts
o @ oo 0 00w a8 For the MFOE102F (NA = 0.7) the correction factor

w, Angle From Peak Axis

FIGURE 3 — Light Emission Pattern for FOAC LED
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between the barrel and the integrating sphere is 0.91.
Devices with smaller NAs will have a correction factor
approaching 1.0.



THE MOTOROLA FERRULED DETECTOR
Construction and Optical Characteristics

The detector members of the FOAC family utilize the
same construction as the LED. Again, because of the
short length of the fiber in the ferrule, the effective NA
is larger than found for longer sections of the same type
of fiber. The angular respense for the detector is similar
to the emission pattern for the LED, Figure 6.

10 T T
09 // \ % = sin-TNA _|
08

% \

N

o o
[N

\
\
\

MFOD102F

L

Normalized Detector Response

/ \

o o o
o w

4 \\

P=)

/
- (10 38) N

<

50°  40° ° 20 1000 10° 20° 3° 40°  50°

w. Angle From Peak Axis

FIGURE 6 — Light Response Pattern for FOAC Detector

Measurement of Responsivity

The response of the detectors is given in output volt-
age or current per unit of optical power coupled into the
detector’s input port. It does not include losses (see Fres-
nel and connector losses later in this bulletin) between
the power source and the input port since these are a
function of each individual system’s variables.

The FOAC detector responsivity is measured by con-
necting a FOAC LED to a one meter length of fiber that
is connected to a simulated detector ferrule, see Figure
7. The power launched from the simulated ferrule is
measured in an integrating sphere, and is a true measure
of the actual power coupled into a ferrule detector. The
power measured by the sphere/radiometer is recorded.

Integrating
Sphere

Fiber Cable

Simulated
Detector
Ferrule

|

FIGURE 7 — Calibration of Light Source for Detector
Responsivity Measurement

The detector to be measured is then connected to the
fiber in place of the simulated ferrule, Figure 8, and the
output voltage or current is noted. The responsivity for
the detector is taken as the ratio of the output voltage
or current to the power as measured by the integrating
sphere.

Fiber Cable
|
7 [o]
Foac =% f
LED Vo
FOAC
Detector

FIGURE 8 — Detector Responsivity Measurement

OPTICAL FIBERS
To calculate the total losses for a system, it is impor-
tant to know and understand the parameters of the
system fiber. The two most critical parameters are:
1. Output NA of the fiber
2. Fiber attenuation

Output NA of a Fiber

The output NA of a fiber is a function of its length, as
shown in Figure 9. Most fiber manufacturers specify NA.
If it is not available for a particular fiber, it can be meas-
ured as shown later in this bulletin.

0.7
L TTTTI
06 Source NA = 0.7
\\n A = 900 nM
Sos i -
£ 04 T
E \\~""‘" —
503 T
s
0.2
0.1
0
0.01 0.1 10 10 100

Fiber Length (Meters)
FIGURE 9 — NA versus Length for a Sample Fiber

Fiber Attenuation

The attenuation characteristic of a fiber is usually
specified in dB per meter or dB per kilometer. If it is
given as a single value, the manufacturer will specify
the wavelength of measurement. Usually the attenua-
tion is given graphically as a function of wavelength.
Figure 10 shows several examples. The specified atten-
uation does not contain losses due to NA changes, since

10,000
1,000
_ st A
€
=
2
2 10 -
2 ~
E
2 A ——
< V4
10 %
1.0
400 500 600 700 800 900 1,000 1,100
Wavelength (nM)
FIGURE 10 — At versus Wavelength for Several
Fibers
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itis usually measured with a very narrow angle (small
NA) source. In many applications, the NA of the
system source i1s greater than the NA of the system
fiber. This means additionalloss is incurred which will
have to be added to the total attenuation loss when
calculating a system flux budget.

THE MEASUREMENT OF NA
Source NA
The measurement of NA for an LED source can be
made as shown in Figure 11l(a). The power from the
source is measured by a silicon cell’radiometer through
a very small aperture. The peak power level is measured
and recorded. The source is rotated and the angle be-
tween the two points at which the power level drops to
one tenth the peak power level ( — 10 dB) is noted. Sig-
nifying this angle as ©), the source NA is calculated:
NA (source) = sin (€32} (n
Detector NA
The NA for a detector is measured in a similar ar-
rangement, see Figure 11(b). The silicon cell'radiometer
is replaced by a stable light source. The peak detector
response is measured and recorded, and the angle be-
tween the two points at which the response is one tenth
the peak 1 — 10 dB) is noted. Again signifying this angle
as O
NA (detector) =

sin (6).2) (2)

30

Axis of Rotation

: —{ o |

15 cm
(a)
90
FOAC LED
90° Detector
Under
| Test
F
—— Vo
=7 :
f (b) le}
FOAC LED
90

= e

(c}

FIGURE 11 — NA Measurement
fal For FOAC LED
b} For FOAC Detector
{c) For Fiber
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Fiber NA

If the NA of a fiber is not known, it can be measured.
The fiber to be tested is terminated in standard cable
connectors (AMP Part #530954). One end of the fiber to
be measured is connected to a FOAC LED. The other end
of the fiber is directed at a silicon cell/radiometer, Figure
11(c). The peak power level from the fiber is recorded.
The end of the fiber is then rotated and the angle between
the points at which the power level is one tenth the peak
(—10 dB) is noted. Again, using this angle, €):

NA (fiber) = sin (6)/2)
CONNECTOR LOSSES

There are a variety of losses that can occur in the
interconnections in a system. These are:
NA loss
Diameter loss
Gap loss
Axial misalignment loss
Fresnel loss
Angular loss

3)

Diam 1 Diam 2
C——
NA 1 RA 2
Lost Power

re— NA 2
- NA1

_JJ

FIGURE 12 — NA Loss

NA Loss

It was shown earlier that presence of high order modes
in the FOAC LED give it an effective NA higher than
a long length of the same type of fiber, Figure 9. As
shown in Figure 12, the difference in the two areas of
the spatial patterns represents lost power due to different
NAs. The magnitude of this loss is given by:

NA Loss = 20 log (NA1I'NA2) 4)

Note that in the case of coupling from a small NA fiber
to a larger NA fiber, no energy is lost due to NA differ-
ence so that the loss in equation 4 becomes zero. (Ex-
ample: coupling from a system fiber into a FOAC
detector)

Diameter Loss
If two fibers of different diameters are coupled, an ad-
ditional loss may be incurred. It is given by:
Diameter Loss = 20 log (Dial:Dia2) (5)
Again, if the receiving fiber has a diameter greater
than the source fiber, Figure 12, the diameter loss re-
duces to zero.



Gap Loss

Ideally, two fibers would be joined such that no gap
exists between them. In practice a small gap is inten-
tionally introduced to prevent mechanical damage to the
fiber surfaces. The Motorola FOAC devices and AMP
connector bushings are designed to hold this gap to about
0.1 mm. The result of variations in the gap for several
sample NAs is given in Figure 13.

50
m 078 7 070 e
050
g 30 /]
g / A
& 2 //
Y 7 NA = 032
10 '
0
0 o1 02 03 04 05

d, Gap {mm)
FIGURE 13 — Gap Loss

Axial Misalignment Loss

If two connected fibers are not concentric there will be
an obvious loss of power. The effect of this misalignment
for several NAs is shown in Figures 14(a), 14(b), and
14(c). The effect of gap separation is also included in

these graphs.
grap FIGURE 14(a)

50 -
| 0.25 — ]
L
02 —
_ a0 ]
% ,4./ / +o d
H 015 | __1— // ! ‘U:_
20 /
o =] o !
- P NA {Source) = 0.7

d=0mm

0 001 002 003 004 005 006 007 008 003 010

|, Misalignment (mm)
FIGURE 14(b)
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0 [ [ 1
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FIGURE 14(c)
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A [ 1]
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1, Misalignment (mm)

FIGURE 14 — Misalignment Loss

Fresnel Loss

As light passes through any interface, some energy is
transmitted and some reflected. The amount of energy
lost is a function of the indices of refraction of the ma-
terials forming the interface. For the FOAC family of
devices and glass core fibers this loss is a fairly consistent
0.2 dB per interface.

Angular Loss

If the surfaces of the two connected fiber ends are not
parallel, an additional loss is incurred. The magnitude
of this is shown in Figure 15.

FLUX BUDGET

Once the various losses in a system have been iden-
tified and quantified, it is a relatively simple exercise to
calculate the total system loss and thus predict system
performance. To illustrate this, and to highlight a major
loss element in systems, two examples will be considered.
In each case an MFOE102F LED is used for the source
and an MFOD102F PIN diode as the detector. System
A uses a 50 meter length of cable, while system B uses
two 50 meter lengths joined by a fiber/fiber splice.

25
20
A
= 15
] v
.
g 05 //
10 >
P
0s - NA = 015 41—
A | "1
_—1—-'"
0 L=
0 1 2 * 4 (3
«, Angular Displacement

=

FIGURE 15 — Angular Loss
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System A Flux Budget
System A is shown in Figure 16. A proper flux budget

should consider all significant losses. These include:
1. Connector losses: gap. misalignment and Fresnel
(angular losses are usually quite small so the very
low loss that results will be ignored:.

. Numerical aperture loss

. Fiber attenuation

. Diameter loss — the two svstems being analyzed
will use the same diameter fiber throughout =0 that
diameter loss can be considered to be zero

Lo N

The following specifications apply:
MFOE102F: P, - 125 pW rr 100 mA
NA (10 dB effective: - 0.7
Core diameter - 200 pM
Wavelength - 900 nM

MFOD102F: R - 0.4 pA pW «r 900 nM
NA (10 dB effectiver - 0.7
Core diameter — 200 pM
lidark) 2.0 nA « 25 C
Fiber: Length ~ 50 M

Attenuation ~ 25 dB Km '« 900 nM.
Figure 10
NA @« 50 M .- 0.32
Core diameter — 200 pM
Connectors: Gap - 0.15 mm typical

Misalignment 0.05 mm tyvpical
Connector Connector
i Bushing Bushing 0
- —-
1 50 Meter Cable [l
FOAC FOAC
LED Detector
MFOE102F MFOD102F

FIGURE 16 — 50 Meter F/O System
The total system loss can now be caleulated

LED to Fiber Connector Loss. Figure 1400027 dB
LED to Fiber Fresnel Loss 02 dB
LED to Fiber NA Loss

120 log INACLED NAFIBER)|| 6.7¢
Fiber Attenuation 150 Meters 1
Fiber to Detector Connector Loss.

Figure 14(c) 1.5dRB
Fiber Exit Fresnel Loss 02dB
Detector Entry Fresnel Loss 0.2dB3
Total System A Loss 12.84 dB

(Note that no NA loss was included at the detector end
since the detector NA is greater than the fiber NA. Also,
no LED exit Fresnel loss was considered since it is al-
ready accounted for in the P, specification for the LED).

To determine total system performance we can con-
struct a table. For this analysis we will use power units
in dBm similar to the volume units (vu! used in audio
work. We will define a power unit of zero dBm for an
optical power of one milliwatt. For any power level we
then have:

dBm =
dBm =

10 log (P/11 mW)
10 log P(mW)

6)
(gl

The table for system analysis now becomes:
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TABLE 1l

Point in the System  Power Units (dBm) P (W)
P1: LED « 100 mA 9.03 125
P2: Power in Fiber 11.93

{P1 — Connector loss — Fresnel foss)
P3: Power from Fiber -2017

(P2 — NA loss — Attenuation — exit Fresnel)
P4: Power into Detector -2187 6.5

(P3 — Connector loss — entry Fresnel)

Of course. this could have just as easilv been calculated
from the total svstem loss of 12.6 dB:

Svstem Loss = 10 log [Piint Prout ] 8
12.84 10 log (125 uW Prouty] (9
Prout) - 6.50 pW 110

However, partitioning the power level at any point in
the svstem. as in Table 11, enables us to plot the power
level over the svstem as shown in Figure 17

i T I [ l

T T
(= LEDF ber & Fresnel Loss

b— —

T NA Attenuation

& ¢ & Fresnel Loss
°
§ | 4 Fiber Detector t———1
3 " T & Fresnel 1
2 \ Loss
rer 303 X
2 % e —
T J[ P3w—2017w—*)‘P4A-2187l
3 ! L l

L | a—
= ==

FIGURE 17 — Power Level Along System A

Using the detector responsivity, the output signal cur-
rent can now be determined

I, - Pdnidetector) x R (an
I,  65uWx0.4uA uW 112)
I, 2.60uA 13

Since the detector dark current, [, of the MFOD102F
is 2.0 nA at 25 C, the signal-to-noise ratio is:

SNR — 10 log (2.60.70.002)
SNR - 31.1dB

(14)
(151

System B Flux Budget

Svstem B is shown in Figure 18. It is identical to Sys-
tem A except for the addition of a second 50 meter length
of fiber and a fiber fiber splice.

Connector Connector Connector
I Bushing Bushing Bushing 0
— =
— 50 Meter 50 Meter ——
Cabl Cable
FOAC avie FOAC
LED Detector
MFOE102F MFOD102F

FIGURE 18 — 100 Meter, 2 Cable System



In calculating system losses it is important to note that
the NA of 100 meters of fiber is 0.31, per Figure 9. It is
independent of the presence of the splice at the midpoint,
since the second 50 meters continues to strip high order
modes. Another way of looking at it is to consider a replot
of Figure 9. This is shown in Figure 19. The difference
is that the NA at zero is the NA of the source, in this
case the 0.32 exit NA of the first 50 meter length. At
long distances the cable will still approach the same
asymptotic value as in Figure 9. In Figure 19 it can be
seen that the curve passes through 0.31 at 50 meters. So
a 50 meter cable with a beginning NA of 0.32, and a 100
meter cable starting with an NA of 0.7 will both have
an exit NA of 0.31. (This is true of course only for this
particular cable)

0.7

0.6

Source NA = 0.32

05

04

NA

03

02

01

0
0.01 01 10 10 100
Fiber Length (meters)

FIGURE 19 — NA versus Length for a Sample Fiber

Calculating system loss:

LED to Fiber Connector Loss, Figure 14(a) 2.7 dB
Fiber 1 Entry Fresnel Loss 0.2dB

LED to Fiber 1 NA Loss 6.79dB
Fiber 1 Attenuation 1.25 dB
Fiber 1 Exit Fresnel Loss 0.2dB
Fiber/Fiber Connector Loss 1.50 dB
Fiber 2 Entry Fresnel Loss 0.2dB
Fiber 1/Fiber 2 NA Loss 0.28 dB
Fiber 2 Attenuation 1.25 dB
Fiber 2 Exit Fresnel Loss 0.2dB
Fiber to Detector Connector Loss 1.5dB
Detector Entry Fresnel Loss 0.2dB
Total System B Loss 16.27 dB
The power level system analysis is:
TABLE Il
Point in the System  Power Units (dBm) P (nW)
P1: LED v 100 mA -9.03 125
P2: Power in Fiber 1 -11.93
(P1 — Connector Loss — Fresnel Loss)
P3: Power from Fiber 1 -20.17
(P2 — NA loss — Attenuation — Fresnel Loss)
P4: Power in Fiber 2 -21.87
(P3 — Connector Loss — Fresnel Loss)
P5: Power from Fiber 2 -23.60
(P4 — NA Loss — Attenuation — Fresnel Loss)
P6: Power into Detector -25.30 295
(P5 — Connector Loss — Fresnel Loss)

The power level along System B is plotted in Figure
20. ‘
The output signal is now calculated:

2.95 W x 0.4 pA/pW (16)
1.18 pA an

Lo
Iy

The SNR for System B is:

SNR
SNR

10 log (1.18/0.002) (18)
28 dB (19)

i

It is now of interest to compare the losses in System
A with those in System B. At first thought, it might seem
that doubling the system length should approximately
double the system loss. If the dominant loss mechanism
were fiber attenuation, this might be true.

However, as Figures 17 and 20 show, the greatest loss
occurs in the first 50 meters of fiber. Since the Fiber
attenuation and Fresnel loss for any 50 meter length of
this cable is essentially constant at fixed wavelength,
the major loss has to be a result of the NA loss from the
FOAC LED to the fiber. As shown in the analysis of the
two systems this loss is 6.79 dB. As a percentage of the
total loss in the two systems, it represents 53% in System
A and 42% in System B.

Therefore, in designing a system, the greatest loss will
usually be incurred at the front end of the system where
the LED couples to the system fiber. One way to combat
this is to select fibers with large NAs. However, this will
reduce the high frequency capability of the system by
increasing pulse dispersion distortion, so the designer is
faced with making a tradeoff between system length, or
SNR and high-frequency performance.

+20 Y T T
LED/Fiber & frmel Loss
1 Nl\,l Anenua'tion &
+ Fresnef Loss
Fiber/Fiber
é 0 & Fresnel Loss
=g NA, Attenuation
3 & Fresnel Loss —
5 Fiber/
£-10 §
& \pr ] Detector
(=903 .J & Fresnel
1 P2 I Loss
— 20 = -
(- 1193) )
F——— 2007 P S
-20. i T
L 1] i (2087 {93611 P
| [ | |
| I | — | E—
=  — —_— —
FIGURE 20 — Power Level Along System B
SUMMARY

The packaging concept used in the Motorola FOAC
line of products enables the user to quickly design and
assemble an F/O system. A full understanding of the
device characteristics and the characteristics of cables
and connectors used with FOACs, gives the designer the
capability to perform a flux budget analysis of his system
and thus predict performance.



Specific conclusions drawn from this study are:

LED

Fiber

Connectors

Detector

in most cases not all power as
specified on typical data sheets is
usable due to NA differences.
NA is not constant in short lengths
of fiber when used with high NA
sources.

Connector losses are dependent
upon the NA conditions combined
with the mechanical tolerances.
Detector responsivity is specified
as a function of the actual power
launched into the optical input
port.
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MFOL02 THEORY OF OPERATION

Prepared By:
David Stevenson

The design of Link II™ is such that it appears trans-
parent to the user. In other words, the designer that
wishes to take advantage of some of the benefits of fiber
optics digital data transmission need not know any more
about these modules other than they take TTL in and
give TTL out. This means that Motorola’s Link II®™ mod-
ules are suited for immediate applications requiring
bandwidths from D.C. to 200k bits and point-to-point
system lengths of up to 1000 meters.

For the more curious user, or those who wish to use
the modules as an educational tool to learn more about
fiber optics circuit design, the modules have been de-
signed to allow easy access to the circuit boards within.

Before beginning with the circuit analysis, the gen-
eral specifications of the modules should be highlighted.
First of all, both the transmitter and the receiver circuits
are designed for single 5 volt power supply operation. As
previously stated, the bandwidth capability is D.C. to

200k bits and depending on the particular optical fiber
that is used, the transmission path can be extended up
to 1000 meters.

Physically, both module housings are identical, being
approximately 2 inches by 2 inches by .45 inches. The
module base is configured similar to a large dual inline
package having 8 pins fixed in two rows of 4 each. Spac-
ing between the pins is .400 inches and spacing between
the two rows is 1.670 inches. Optical input and output
ports are provided using AMP Optimate fiber connectors.
The modules are designed with removable covers so that
the printed circuit boards and associated components can
be accessed even when the circuits are in operation.

TRANSMITTER

Circuit analysis will begin with the transmitter. The
basic requirement of this circuit is to convert TTL voltage
levels to corresponding current pulses through the light

MC140938

1N914B's

MC145288
1 2 |
4 6l 1 V,— 16
5 | —8
s ¢
3 I
8.2K
—0 V.

VOC
TL
BINARY I[_ $ 7561 “
DATA O | T ~a
INPUT | MFOE102F
e MC75451P |
Vo, — 14 |
v 7 |
L R, § 7561

TRANSMITTER CIRCUIT

FIGURE 1.



emitting diode MFOE102F. Furthermore, the transmit-
ter provides for ternary or pulse bipolar encoding format.
Basically, with the pulse bipolar encoding format, the
LED operates in three distinct states. During idle modes
in data transmission the LED drive assumes a median
level which is midway between logic 1 and logic 0. Dur-
ing positive going transitions on the input (logic 0 to
logic 1) the LED is momentarily turned off. During neg-
ative going transitions (logic 1 to logic 0) the LED is
momentarily driven at approximately twice the median
or quiescent level. The advantage of the pulse bipolar
format over the standard binary return to zero format
is that the transmitter always transmits data at a fixed
pulse width so it places no restrictions on the input signal
other than maximum frequency. Another advantage of
this type of transmission is that during idle modes of
data transmission the light source is not turned off so if
the receiver incorporates automatic gain control it al-
ways maintains a reference level.

Beginning at the transmitter input (Figure 1), the
binary TTL signal drives the input of a two input NAND
Schmitt trigger (Y« MC14093). This gate forms an in-
verter by virtue of its second input being tied to V . This
inverted signal is then split and part of it is inputted to

pin 5 of the second NAND Schmitt trigger. The result
is that the signal at pin 4 is essentially the input wave-
form and the signal at pin 3 is its complement. These
two complementary signals are differentiated by .001uF
capacitors and rectified by a full wave bridge formed by
the four IN914B diodes. The result is that for every tran-
sition of the input, either 0 to 1 or 1 to 0, a positive pulse
is applied to the ‘set’ input of the MC14528B monostable
multivibrator. The MC14528B multivibrator is pro-
grammable so that the output pulse width can be deter-
mined by an external R-C time constant at pin 14. The
values chosen give a pulse width of approximately 2uSec
which is adequate for 200k-bit transmission. This then,
will be the pulse width of the current pulses applied to
the LED to represent logic 0 and logic 1 transmission.
Notice that the MC14528B is actually a dual monostable,
only one half of which is used.

The remaining two Nand Schmitt triggers are used
to gate the proper timing pulses to the MC75451P dual
NAND input peripheral driver. The operation of this
device is such that when the transmitter is in its idle
mode, that is, the current through the LED is at the
median level, the current path in this state is shown in
Figure 3.

TRANSMITTER

I

MFOE102F

IDLE MODE
CURRENT FLOW

COMPONENT LAYOUT
FIGURE 2.

FIGURE 3.
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The value of idle current flowing through the LED is
a function of Vce and R1 and can be calculated by:

Lae = Vcc - Vf — Vsat
R1

where: V., is the forward voltage drop of the LED

V.. is the 'on’ state voltage of the MC75451

V. = 5 volts, R1 = 75 and V; = 1.2 volts yield an
idle current of approximately 50mA.

In order to understand the other two states of the
pulse bipolar transmitter it is necessary to evaluate the
signals present at the inputs to both NAND drivers at
each transition point of the input data stream. The wave-
form at pin 1 of NAND driver #1 is that of the input
data. The waveform at pin 2 is the 2uSec pulse produced
by the monostable multivibrator. Before the waveform
at pin 6 can be derived it is necessary to evaluate the
action of the other two Nand Schmitt trigger gates. The
input waveform is buffered and inverted by NAND #4
(input pin 13 output pin 11). This inverted waveform is
NAND’ed with the 2uSec pulse output of the monostable
and the result is a 2pSec negative pulse at each negative
transition of the input (1 to 0). This signal at NAND
#3 pin 10 is connected to pin 6 of NAND driver #2. Since
pin 7 is held at Vcc this results in the output of the
NAND gate going high (logic 1) for 2uSec at every neg-
ative transition of the input waveform. The resulting
outputs of both NAND drivers are shown with respect
to the input waveform in Figure 4. It can be seen that
for every positive transition of the input both NAND
gate outputs are low, meaning the LED is turned off for
a period of 2uSec. For each negative transition of the
input both NAND outputs are high and since R2 is equal
to R1, the LED is driven at twice the median current
level for 2uSec. At all other times the LED is driven at
the median level.

RECEIVER

The entire receiver is constructed using two CMOS
integrated circuits. The MC14573C is a quad operational
amplifier and the MC14574C is a quad comparator.

The detector used for this receiver is the MFOD102F
PIN photodiode. This detector can be thought of as a
current source whose output current is proportional to
the input optical flux or light level. The receiver output
device is a voltage comparator so between the two some
kind of current to voltage conversion and amplification
must take place. The current to voltage conversion takes
place at UL. (Figure 5.) The theoretical gain of this am-
plifier which is fixed by the 1 Meg(} feedback resistor,
is 1 volt/uAmp. This in turn is followed by amplifier U2
whose gain is fixed at 20 by the 5.1k{ input resistor and
the 100k feedback resistor. The integrating amplifier
formed by U3 clamps the output reference level of U2
to a voltage fixed by the values of R1 and R2. In this case
these are both 5.1kQ so the reference voltage is one half
of Vee or 2.5v. U3 also tends to cancel voltage offsets
produced by U2 by feeding this back to U2’s input. This
allows the receiver to be D.C. coupled which reduces
component count and cost.

The output of U2 is then fed to comparator U5 which
provides additional amplification and boosts the signal
to TTL levels. Comparator U6 is used to improve hys-
teresis and invert the signal so that the output waveform
is in phase with the original data stream applied to the
transmitter. Finally, the 2.5 volt reference voltage is
buffered by U4 to prevent transients produced by the
comparators from interfering with the front end ampli-
fiers and reducing the need for additional filtering.

MFOLO2 was designed as a 1kM Link. Motorola’s
MFOE106F will greatly improve the performance ca-
pabilities of the MFOLO2 Link. Use of this high power
AlGaAs 820nM source extends the system length capa-
bility to several kilometers with no loss of bandwidth.

Vee OTO 4(73)
A
| 1.8pF

MC14573C

100K

MFOD102F

4 O—AMNN—O Ve

10K
8 9
973 4.7K
= 74
°

MC14574C

-

RECEIVER CIRCUIT
FIGURE 5.
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MFOD102F
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FIGURE 6.
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FIBER OPTIC CIRCUIT IDEAS

20 MBaud Data Link
Emitter — MFOE103F
Detector — MFOE402F

240 ¢
<

0.1 22270

2N4400

TRANSMITTER

+15V

+6.0V

VREF

RECEIVER

Data
Output




FIBER OPTIC CIRCUIT IDEAS

10 MBaud Data Link
Emitter — MFOE103F
Detector — MFOD404F

L
Input MC75452
= TRANSMITTER
0 +5.0V Ius;ov +5.0V +5.0V ?+5 ov
$27k 1.8k
i 4\ / 24k ~l Mc75140
1.0 uF I\ﬂ —AAA- - M
MPSH32
S + Output
315k L1
—2e- [ MFOD
—2 - 404F !
<4 SNk ‘T> 24k
MPSH32
IL |/'
LAY
1.0uF
3 L
1.8k 227k 327k
< >
0.1 uF
1L
+5.0V +5.0V Ay
MPSH81 5.6k 1
RECEIVER
+50V
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FIBER OPTIC CIRCUIT IDEAS

2.0 MBaud Data Link
Emitter — MFOE102F
Detector — MFOD404F

Transmitter Enable

Data O—

172 MC75452 TRANSMITTER

— ., MFOD

—— 404F TTL Output

RECEIVER
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FIBER OPTIC CIRCUIT IDEAS

1.0 MEGABIT SYSTEM

Microcomputer and microprocessor data links may be constructed using fiber optics. These
data links offer all the advantages of fiber optics (transient/surge current immunity, high
voltage isolation, no ground loops, RFI/EMI isolation, etc.) The links have been demonstrated
in point of sale terminals, microprocessor controlled industrial controls, petro chemical
applications, RS232 and many other areas. Full duplex links with system lengths greater than
1 Km have been constructed.

The transmitter and receiver circuits are depicted below with recommended parts list:

TRANSMITTER

0.2V

10k
5.0 v
Data

Input

Parts List:

Ut SN74LS04
Q1 MPS3638A
D1 MFOE103F
AMP Mounting Bushing #227240-1

*D.C. voltages shown are for TTL interface
with the top voltage for the LED on @ 50 mA
and the bottom voltage for the LED off.

TRANSMITTER:

This fiber optic transmitter handles NRZ data rates to 10 Mbits or square wave frequenciesto 5
MHz, and is TTL compatible.

Powered from +5V supply for TTL operation, the transmitter requires only 150 mA total
current.

The LED drive current may be adjusted by resistor R1, and should be set for the proper LED
power output level needed for system operation. (see LED data sheets.)

Resistor (R1) value may be calculated as follows:

R1 +V ¢cc -3.0V
—————— ohms
'r
Where: \' cc = Power Supply Voltage
| F = Desired LED forward current
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FIBER OPTIC CIRCUIT IDEAS

1.0 MEGABIT SYSTEM — Cont.

The LED is turned off when transistor Q1 is driven on. Diodes D2 and D3 are used to assure the
turn-off.

Diode D4 prevents reverse bias breakdown (base-emitter) of transistor Q1 when the integrated
circuit U1 output is high. The transmitter requires a power supply voltage of +5 +0.25V.

RECEIVERS

The receiver uses an MFOD104F PIN photodiode as an optical detector. The detector diode
responds linearly to the optical input over several decades of dynamic range.
The PIN detector output current is converted to voltage by integrated circuit U1(Operational
amplifier LF357). The minimum photocurrent required to drive U1l is 250 nA.
Receiver dynamic range is extended with diode D2 to prevent U1 from saturating at large
optical power inputs.

Integrated circuit U2 acts as a voltage comparator. Its worst case sensitivity of 50 mV
determines the size of the pulse required out of U1. U2 detects, inverts, and provides standard
TTL logic level to the output.

Offset adjustment R1 should be set to accurately reproduce a 1 MHz 50% duty cycle square
wave at the receiver output.

Voltage measure made without

+ . X
15V incoming optical signal.

Il
)
x
_AAA
\-

1N4001

0.1 ufF

vrq W
N3
x = +

o

@

»

10 uF

1-He 1
1

-0.64

3

1N4001

10 uF
N

N

=

9 Data

N\ Out

AN

"

=

Parts List
D1 MFODIO4F
1N914
U1 LF357 b2 0.1 uF
U2 MC75107 or
MC75108

AMP Mounting Bushing 227240-1

Power

Supply

Ground

+5V
—a—< 1L—<+5 n
—~ :Jﬁ 250 uf 50 uF ;J;
| Power Power
= Supply ' Supply
—j SO uF 7R
—n——-15 V In T—( -5V In
~ F
Ly T 250# 5V
i

Power Supply: (156 V) HP6116A or equivalent
(5 V) HP6218A or equivalent




FIBER OPTIC CIRCUIT IDEAS

100 KILOBIT RECEIVER

This is a two-IC four-channel receiver. An operational amplifier, U1 (MC3403) translates the
PIN detector Photo current into a voltage level. The U1 output voltage is used by open collector
comparator U2 (MC3302) to generate TTL or CMOS compatible signal levels at the receiver
output. One channel is shown below.

i VCC =5 -15 Vdc
—&@

Data

p Output
Parts List
U1 MC3403 (1/4)
U2 MC3302 (1/4)
D1 MFOD102F
D2 1N914
AMP Mounting Bushing 227240-1 Power Supply: HP6218A or equivalent
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FIBER OPTIC CIRCUIT IDEAS

1/10/100 KILOBIT RECEIVER

This is a single IC two-channel receiver, using an MC3405, which contains two op-amps and
two comparators. The receiver is TTL of CMOS compatible and operates up to 100Kilo-bitdata

rate.

i\/cc=5—15 Volts

4
Light R
Input 1Ng14
\ H 250 uF
x 270 k =
MFOD102F v
100Kilo-Bit
Or
(MSFODZ(B)ZF 1/ Py
10 Kilo-Bit
or 108 Ta 3pFR c D
(MFOD302F
1 Kilo-Bit) i b ity -
! I
! |
I |
' N |
540 k i [Op-Amp’ U1t
O—A\V =T . :
Vee | |
| e [
|
! |
| R R el hidpdbc
540 k

Data
Output

b0

'3

Parts List:

U1 MC3405
AMP Mounting Bushing 227240-1

Power Supply: Hp6218A or equivalent
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FIBER OPTIC CIRCUIT IDEAS

DARLINGTON RECEIVER
Discrete Low Speed Circuits

A simple photodarlington receiver may be used in a dc control or low frequency system.
The output of the MFOD302F drives a signal (MPS6515) transistor common emitter amplifier.
This circuit operates from a +5 to +15 volt power supply, and its output is TTL and CMOS
compatible.

By the addition of a second transistor, the circuit described below may be extended in
frequency from one Kilo-bit to two Kilo-bit.

Vce 5-15VDC

\:\ T

OVee65-15V
L 1k

Data
Output
1.5k 220 k
NC o Data MFOD302F
Output
MPS6516
MPS6516
MPS6515

50 r:AS M
1

i
i
LY

PHOTOTRANSISTOR RECEIVER

The phototransistor receiver circuit shown below may be used for data rates up to 20 kilo-bit.
The receiver sensitivity at 10 kilo-bits is 4.7 uW.

OVce 5VDC

°
\'\ 1N914
Q1 N

Data
2 O
MFOD202F Output
MPS6516
B8
Q2
MPS6515

C
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A MICROCOMPUTER DATA LINK
USING FIBER OPTICS

Prepared by:
Scott Evans and
Jim Herman
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The performance capability of fiber optics now offers the
designer a practical, advantageous alternative to wire for data
communications. The advantages of optical fibers over twisted
pair or coax wire are easily enumerated:

1. Bandwidth. Standard optical fiber cable on the market
today has bandwith up to several hundred MHz, and a few
available cables are good up to several GHz.

2. EMI! immunity. Optical fibers neither radiate nor pick up
electromagnetic interference. Thus, crosstalk and RFI-
induced errors are eliminated. Optical fibers can be
installed alongside high-voltage or high-current-carrying
cables or in close proximity to EMI or RFl-intensive
systems with no fear of interference. Recently proposed
FCC regulations restricting the magnitude of EMI
generation in data communication systems create no
concem for users of fiber optics.

3. Security. Optical fibers are difficuitto tap. Either the fibers
must be broken to insert a tap or the cladding stripped to
allow another fiber to contact the core and draw off some
of the signal. Both methods are difficult to implement and
easily detectable, so that optical-fiber-transmitted data is
relatively secure.

4. Size and Weight. A one-kilometer reel of opticat fiber
cable of equal, and often greater data handiing ability,
weighs about one-tenth that of comparable coax cable.
The optical fiber is considerably smaller, also, allowing
significantly more signal-handling capability in the same
cross-sectional area of a conduit or cable trough.

5. Cost. The price of optical fiber cable continues to drop
while that of wire is seen to be facing a future of increasing
cost. Even with optical fiber costing more than wire, the
overall system cost with fiber optics is often lower.

This article describes a data communication system de-
signed to demonstrate the ability to interconnect a series of
microcomputer terminals with a fiber optic link.

Primary Station

Loop Controller

\ .

FIGURE 2 — Loop Configuration
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System Hardware Requirements

The basic system in this example is illustrated in Figure 1. It
uses a cost-effective transmitter and receiver design in a full-
duplex, two-terminal arrangement using a pair of fibers for
interconnect purposes. The basic system is easily expandable
to multiple terminals, however, in a looping configuration
shown in Figure 2. Here, the centrai control, or primary
terminal, initiates data flow. The data then passes serially
through the secondary terminals and returns back to the
primary. Note that this loop arrangement resuilts in any one
terminal operating in a hatf-duplex, one-direction mode. Each
secondary serves as a repeater network; that is, the received
optical data is fed to the terminal and alsc retransmitted to the
next terminal in the loop. As the data passes around the loop,
any secondary recognizing its address in the address fieid of
the Information Frame reads that frame and acts on it. The
data continues to pass down the loop whether a terminal has
acted on it or not. Secondary stations are given an opportunity
to transmit local data when the central terminal transmits a
“POLL" command. If a secondary desires loop control, it is
granted by the primary by a “GO AHEAD" flag following a
“POLL"” command. Error detection and recovery are also
governed by a full set of rules.

The Motorola EXORterm 220 M6800 development system
serves as the basis for the system hardware. The EXORterm
220 is an intelligent CRT display terminal featuring an integral
development facility that provides a motherboard and card
cage capabie of holding up to eight microprocessor modules.
Each station is composed of standard M6800 microprocessor
modules including an M6800 MPU Module, an MEX6816-22
16K Static RAM Module, an MEX68RR 8K ROM Module, and
an MEX6850 ACIA Module interfaced to the CRT terminal. An
MEX6854 Advanced Data Link Controller (ADLC) Module with
fiber optic transmitter and receiver on-board provides the
interface to the fiber optic link. This is shown in Figure 3.

The MC6854 ADL C performs the complex interface function
between the MPU data bus and a synchronous communica-
tions channel employing a Bit-Oriented-Protocol. Itis an
NMOS LSl intelligent peripheral device that automatically
performs many of the functions required by the communica-
tions protocol, thus reducing the amount of software required
and increasing the data throughput rate.

=1 =
=) !

FIGURE 3 — Micromodule comptement of an EXORterm
\ 220, used as an intelligent CRT display terminal /
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Fiber Optic
Transmitter and
Receiver

The transmitter and receiver modules are built around the
Motorola Fiber Optic Active Component (FOAC) products .'
The transmitter uses an MFOE 103F light emitting diode
(LED). The receiver component is an MFOD104F PIN diode.
The FOAC family and a compatible connector are joint
developments of Motorola and AMP Inc. The concept (Figure
1) allows the user to efficiently interface to any of the many
types and sizes of optical fibers on the market.

As shown in Figure 4, the transmitter and receiver are
mounted directly to the ADLC Module. The driver circuit for the
transmitter uses an MC74LS04 inverter and one discrete
driver transistor. This circuit is capable of driving the LED at
a 1-Mbit/second data rate.

Although the optical fiber is impervious to EM!, the actual
receiver circuit is not. It is shielded, therefore, to prevent noise
pickup. At 100 kHz, the receiver is capable of reception with a
bit-error-rate of 10~.

The receiver sensitivity, transmitter power, and system
losses (e.g., fiber attenuation) determine the maximum usable
distance between terminals. This system was operated with a
pair of 70-meter Siecor 155 cables, but was designed to
operate up to 120 meters. System length and data rate might
be increased with higher receiver sensitivity or increased
transmitter power.

Transmitter and receiver are interfaced to the ADLC as
shown in the clock recovery and loop-through circuit of Figure
5. The clock recovery circuit synchronizes a 1-MHz oscillator
(divided down to the 62.5-kHz data rate) to the incoming data
from the receiver. Both the data and the separated clock
information are presented to the ADLC. The data rate clock is
then also used to route data back to the transmitter so it can be
sent to the next downstream station. In the event that power is
lost to any terminal on the loop (power failure or maintenance
operation), there is a provision for a separate power supply or
battery pack to operate the receiver and transmitter circuits.
The loop-through control then routes the receiver output
directly to the transmitter input line so that repeater per-
formance is maintained during terminal power-down.

System Software

Connecting a series of terminals together requires a well-
defined and efficient communications protocol to manage the
data link. For this system, a Bit-Oriented-Protocol — known as
Synchronous Data Link Control (SDLC)* — was used. This
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protocol provides an efficient method for establishing and
terminating the conversation between terminals, identifying
senders and receivers, acknowledging received information,
and error recovery.

Atransmit sequence from the primary station to a secondary
station starts with the transmission of the Information Frame
(I-Frame) containing the address of the intended secondary
station in the address field. When a secondary receives an
|-Frame with its address, it reads that frame and stores itin a
receive buffer. In SDLC, all frames contain a 16-bit error
checking code which precedes the closing flag. The receiving
station checks this error code to validate transmission accu-
racy and responds with the appropriate acknowledge or not-
acknowledge frame when it sees a “GO AHEAD" flag. A
secondary is permitted to suspend the repeater function and
go “on loop” and transmit a frame only when it receives the
“GO AHEAD" flag from the primary station.

In the two-terminal demonstration system, the M6800 MPU
data throughput capability at 1-MHz operation limited the
maximum data rate to about 75-kbit/second. By using an
MC6844 Direct Memory Access Controller to reduce the
amount of processor overhead in data handling, and by
incorporating a receiver designed for higher bandwidth, data
rates up to 1 Mbaud have been demonstrated. Since the
optical fiber posseses such high bandwidth capability, the
existing cable easily handles increased data rates or system
upgrading. This demonstrates one of the big cost advantages
of fiber optic communications.

Conclusion

A practical, cost-effective alternative solution to a specific
applications problem has been discussed. As higher power
LED's and more sensitive detectors and directional fiber
couplers or splitters are introduced, even more flexibility will be
in the hands of the system designer.

1. The FOAC line of components is described in Application Note
AN-804, “Applications of Ferruled Components to Fiber Optic
Systems.” The Note is available from your Motorola sales repre-
sentative or distributor.

. AMP Bulletin HB5444, “Fundamentals of Fiber Optics.”

. IBM SDLC Document No. GA27-3093-1

. Motorola Application Note AN-794, “A 20-Mbaud Full Duplex
Fiber Optic Data Link Using Fiber Optic Active Components.”
Available late August from your Motorola sales representative or
distributor.
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Fus den Trais-Glonause:

42270 5t Priest-en-Jares 15| -Etierne)
Tel (T T4 67 33
Ets. F. Feutrier 5.4,
Avanuo Laplace — Zone industrielie
13470 Camoux
Tei. (42) 82 16 41
Foutriar lla de France
29, rue Ledru-Rollin — 92150 Suresnes
Tel. {0t} 772 46 46
Eis. Gros 5A. (Main 8]
13, rue Victar-Hugo — B.P. 63
SE350 Saint-André-lez-Lille
Tel. (20451 21 33
Ets. Gros S.A.

14, avanus du Gandral-Laciae — 54000 Nancy

Tol. 83} 35 17 35
a; Groa 5.4,

rue — B4800 Villejui!
TM |D‘!G?B na
SCALB SA
B0, rue d'Arcuall — Sitic 137
‘94523 Rungls Cedex
Ted. (07) 68T 23 13

Sté Commarciale Toutélectric (Main Office)
1517, Boubevard Bonrepos — 31008 Toulouse

Tal, (B1) 62 1133
Sté Commarciale Toutsleciric

qual des Ouayries — 33100 Bordeaus

B0a3,
Tel. {56) 86 50 31

GERMANY
Altred Neys — Enstechnik GmbH
14 — D-2085 O

Tel. (089) 611 051

Chasilaou — P.O. Box 240 — Thessalonixi

EBY Elektrontk Vertrisbs-GmbH Tel. 30 68 00
in der 8 — 03006 L.
Tel. [05138) 5038 Licyd George 10 — Athans

EBY Elektronik Vertriebs-GmbH
Oststrasse 129 — D-4000 Dusseldor!
Tel. (0211} B 48 46
EBY Elekironik Vertrists-GmbH
Myliusstrasse 54 — D-8000 Frankfun 1
Tal D611} 72 04 16
EBV Elsktronik Varrisbs-GmbH
Alexanderstrasse 42 — D-7000 Stuttgart 1
Ted. @717) 24 T4 81
Jasmyn GmbH
Pastiach 1180 — D-6277 Cambarg
Tel. {06434 23-1
dnemym GmbH
32 — D-7403 1
Tel. (07073) 60416042
Jarmyn GmoH
Fatheibechsiranse 282 — 04000 Dusseldor! 12
Tel {0211) 20 30 9420 30 95
MUTRON, Midler & Co. KG
Barnstrasse 22 — 0-2800 Bremen 1
Tel [0421) 3104 65
MUTRON, Miller & Co. KO
Theodor-Heuss-Ring 28 — D.5000 Kain 1
Tl [0221) 12 24 24
MUTAON, Maller & Co. KG
Astechstrasse 16 — D-2100 H
Tel. [040) 765 30 28
ATG, E. Springorem GmbH + Co. (Main Office}
Fostlach €26 — D4600 Dostmund 1
Tel {02311 5 49 81
ATG, E. Springorum GmbH « Co.
Frigdrich-Egart.Damm 112 — 0-2000 Hamburg 70 ¢
Tel (040 893 70 6162
RTG, E. Springorum GmbH + Co.
Ungerersitasse 43 — [-8000 Munchen 40
Ted. (089 36 65 00
BTG, E. Springorum GmbH + Co.
Reuttinges Strasse 87 — D-7000 Stuttgart-Degerioch
Tel [O711) 76 64 28
ATG, E. Springorum GmbH + Co.
B s Y

Tel. (D8121) 52 73 09

SASCO Vertriab von slekironischen

Bauslamenten GmbH (Main Office|
Hermann-Oberth-Strasse 16 — D-6011 Putztinuan b. Mincnen
Tel. (080) 46 11 211

SASCO Vertrisb von elektronischen

Bavelemanten GmbH

Poattach 3065 — 04008 DasssidodMesrbuscn 3

Tel. (02150 14 33

SASCO Vertrieb »on slektronischen

urg 0

— D200

Bauslementen GmbH
Postiach 270 314 — D-3000 Hanngver
Tal. [0511) B6 28 B&
BASCO Varirieb von elektronischen
@mbH

Tel. (04108 6121

Altred Neye — Enatechnit GmbH
Bruncwsitasss 7 — D-1000 Barlin 27
Tal. 030} 433 30 52

Allsed Nays — Enstachnit GmbH

Hildeshaimarstrasse 31 — D-3000 Hannover

Tl. 0511) B8 60 88
Mitred Neye — Enatechaik GmbH
Bifwanstrasse 107 — D-4000 Dassesdar!
Tal. {3211} 86 81 48
Alired Nays — Enstechnik GmbH
Ansinsirasse 24 — D100 Darmstad!
Tel [06151) 2 64 46

— Enatechnik GmbH

Alfrec
Braltwiesenstrasse 25 — D-7000 Swutigart 50

Tol. Q71 TIBI ST
Altred Neys — Enatechinik GmaH

Maria-Tharesia-Strasse & — 08000 Manchen 80
T, (08F) 47 30 23

Distron GmbH &

Behaimstrasse 3 — 01000 Berin 10

an
Tol, {030) 342 10 41145

Lorenzse Strasse 15 — D-8500 Nornberg
Ted, (0A11) 20 41 57

SASCO Vartrish von slekironischen

B ten

Stathenbergsirasse 24 — 07000 Stutigan 1
Ted @711 24 4521
SPOERLE Electronic
Ofip-Hann-Slrasss 13 — 08072 Dreiesch b. Frankturt
Tel. [O6103) 3 041
SPOEALE Electronic
(Grosse Witschgasse .11 — 05000 Kein 1
Ted, (0227) 23
SPOERLE Electronic
Zweitrickensirasse 1 — D-8000 Manchen 2
1« 080 22 74 17
GmbH (Main Otficel
Holnnch Ebnes Sirasse 13 — 07000 Stuttgart Bad Canastatt
Tel. [O711) 86 17 12
Technoprojekt GmbH
Wartriahsbiro Dortmund
Schildstrasse & — D-4800 Dortrmund 30
Tal. [0231) 43 38 &2

Tel. (27) 360 95 71
MOLLAND

B.V. Diode

Hollantiaan 22 — Utrecht

Tel. (030 88 42 14

Manudax Nederland BV,

Mowsstrant 7

8473 2G Meeswipk (NB) — P.O. Box 25

Tal (47) 39 12 52
HUNGARY

Interag Co., Lid,

Xl Rajk Laszio u 11 — P.O. Box 184

1330 Budapest

Tel. 2 93 40
IRAN

Milzom LTD, Motorcia Bullding

Nilog Street, Vanss Square — Teheran

Tel. 66 12 1415
ITALY

Caldis Halisns S.p.A. (Main Office)

Wia, F.Ii Gracchi 36 — 20092 Giniselio Balsamo (M)

Tel (02) 612 00 41

Celdis ltaliana Sp.A

Wia Lorenza il Magnifica 108 — 00182 Roma

Tal (D6} 42 38 8542 71 550

Cotdis Hallsns S.p.A.

Wia Turati 33 — 40085 Castenaso (Bologna)

Tel (051} 78 80 7878 70 34

Cabdis italtsns Sp.A.

Vin Mombarcars 96 — 10136 Tonina

Tl (1] 35 93 12138 93 69

Coldis ltalans Sp.A.

Wia Ancanitanc 64 — Padova

Tel. (048} 68 77 09

Cramer Halia S.p.A. (Main Office)

Vin Cristoloro Colambo 134 — 00147 Aoma

Tel. [06) 51 T# E\

Cramer Malis 5.5

via 5. 5Impllr_|)ﬂo 2 — 20100 Mitano

Tl (02) 50 92 26

Cramer Halis S.p.A.

Terzn Traversa Domenico Font

Tel 255300

Cramet Nalia 5.5 A,
Via Farrasese 1002 — Bologna
&) 37 27 77
Cramer Halla S.pA.
Corso Traiano 108 — 10135 Torino
Tel. (011) 619 20 620619 20 67
Sllverstar Lid. S.p.A
Vin Gui Gracchi 20 — 20148 Milana
Tal. (02) 48 86
Silverstar Lid. S.p.A
Via Paisislio 30 — 001868 Roma
Te. ({06} 844 B3 41
Silverstar Ltd. S.p.A
Piaczn Adriana § — 10138 Torino
Tei. (011) 44 32 758
Sitvarstar Lid. S.p.A.
Wia 8. Sofia 15 — 35100 Pacova
Tel. 222338

NIGERIA

Backron Intemational
14, Alhaji Bashorun Strest
SW oyl — P.O. Box 1896 — Lagos

2ZAE — Napol

HORWAY
OMa Tandberg Elektro A/S
Sxedsmogaten 25 — Oslo 24
Ted. 02) 19 70 30

8.4 griraco Buscing)
u. Stawn 2 — 00850 War
. 1004822} 38 50 79

Aua Pedro Nunes 47 — Lisbon 1
Tel. 97 02 §1

SOUTH AFRICA
L'Electron
704 Masn Pratonia Aoad, Wynberg Tul,
P.O. Box 10644, Johannesburg 2000
Tet. al) 62 86

SPAIN
Hispana Electronica S.A ﬂllln Ofics)
F'mlwno Industrial “Urti
tai i Cotrcs 48 — Alsorcdn (SSK
"UI 01619 41 08
Hispena Electronica SA.
Figols, 2729
Barcelona 14 — Tel 250 05 2223

SWEDEN
Interwiko AB.
Box 32 12227 Enskede
Tal. (08) 13 21 60 .
AB Gsta Bickstrom
Asstromengatan 23 — Bax 108
10227 Stockhaobm
Tel. (08) 54 10 80

SWITZERLAND
Elbalex AG
Al Zwysaig Strasse 28 — $430 Wettingen
Tel. {056) 26 56 4
Omni Ray AG
Dutpursirasse 56 BOO# 2
Tol. {01) 34 07 68

TURKEY
ERA Elestronik Sanay! Ve Ticarst AS.
Eski Buyukdere Cad. 437A 4 Levent
Istansul
Tel. 54 65 b0
ERA Elektronik Sanayl Ve Ticarst AS.
Gazi Mustala Kemal Bul
Onur 18 Hani Katé D78 — Yenisshutankars
Tol. 2549 33

UNITED KINGDOM
AM. Lock & Co. Lid.
Neville Stroat, Middietcn Aosd
Otdham, Lancs OLSELF
Tal. D61} 652 04 31
Caldis Lia
3738 Lovercck Aoad
Feading, Berks, AG3, 16D
Tel. (0734) 585 171
Hawke Electronics Lid
Hawhe House Graen Strwet
Sungury on Thames, Middies,
Tol ([§327)8 88 17
Crellon Electronics Lid.
380, Bath Road
Slough, Berks &Ll SJE
Tel. (DEZB6} 44 34
ITT Elsctronic Services
Edinburgh Way
Harlaw, Esses GM20 (20|
Tel. Harlow (0279) 28 177
Jermyn Industriss
Vestry Estate — Sevenoaks, Kent
Tel (TS5 11 T4
Macro-Marketing Lid
3196, Bath RAoad
Siough, Barks SL1 8JD
Tol [DE2BE) 4422

. England

YUGOSLAVIA
Elebtratehna Ljubljana

51000 Ljubljana

Tel. 1) 32 02 41
Elsktrotehna Ljubijana
Filiala Boograd
Marsata Tita 811

Beograd
Tal [11) 69 69 24

EUROPEAN SEMICONDUCTOR FACTORIES

Printed in Switzerand

FRANCE GERMANY
Metorpls Semiconducteurs 54,
Canto Laouzetto — Le Mirai
31023 Toulouse CEDEX

Manchner Stras

Tel (B1) 40 11 88 Ted. (080} 62 481

Matorols GmbH
8043 Untertnring

UNITED KINGDOM

Motorola Lid.
sa 18 Colvities Road, Kefvin Estate
East Kilbride/Glasgow (Scotland)
Ted. (3552 39 101

OPTOELECTRONIC  81-82
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