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Intensive solid state research, the
development of advanced manu-
facturing techniques and con-
tinued expansion has enabled Hewlett-
Packard to become a high volume supplier of
quality, competitively priced LED displays,
LED lamps, optocouplers, fiber optics, and
emitters/detectors.

In addition to our broad product line,
Hewlett-Packard also offers the following

1980

services: immediate delivery from
any of our authorized stocking dis-
tributors, applications support,
special QA testing, and a one year guarantee
on all of our optoelectronic products.

This package of products and services has
enabled Hewlett-Packard to become a
recognized leader in the optoelectronic
industry.
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Hewlett-Packard is one of
the world’s leading de-
signers and manufactur-
ers of electronic, medical,
analytical and computing
instruments and systems,
diodes, transistors, and optoelectronic pro-
ducts. Since its founding in Palo Alto,
California, in 1939, HP has done its best to
offer only products that represent signifi-
cant technological advancements.

To maintain its leadership in instrument and
component technology, Hewlett-Packard
invests heavily in new product development.
Research and development expenditures
traditionally average about 10 percent of sales
revenue, and over 1,500 engineers and

A Brief
Sketch

scientists are assigned the

responsibilities of carrying
out the company’s various
R and D projects.

HP produces more than
4,000 products at 32 domestic divisions in
California, Colorado, Oregon, ldaho, Mas-
sachusetts, New Jersey and Pennsylvania and
at overseas plants located in the German
Federal Republic, Scotland, France, Japan,
Singapore, Malaysia and Brazil.

However, for the customer, Hewlett-Packard
is no further away than the nearest telephone.
Hewlett-Packard currently has sales and
service offices located around the world.



These field offices are staffed by trained
engineers, each of whom has the primary
responsibility of providing technical assis-
tance and data to customers. A vast
communications network has been estab-
lished to link each field office with the
factories and with corporate offices. No
matter what the product or the request, a
customer can be accommodated by a single
contact with the company.

Hewlett-Packard is guided by a set of written
objectives. One of these is “to provide
products and services of the greatest possible
value to our customers”. Through application
of advanced technology, efficient manufac-
turing, and imaginative marketing, it is the
customer that the more than 43,000
Hewlett-Packard people strive to serve. Every
effort is made to anticipate the customer’s
needs, to provide the customer with products
that will enable more efficient operation, to
offer the kind of service and reliability that will
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merit the customer’s highest confidence, and
to provide all of this at a reasonable price.

To better serve its many customers’ broad
spectrum of technological needs, Hewlett-
Packard publishes several catalogs. Among
these are:

® Electronic Instruments and Systems for
Measurement/Computation
(General Catalog)

® DC Power Supply Catalog
® Medical Instrumentation Catalog

® Analytical Instruments for Chemistry
Catalog

® Coax, and W/G Measurement Accessories
Catalog

® Diode and Transistor Catalog

All catalogs are available at no charge from
your local HP sales office.

Where Reputation and Quality Count

When quality represents a competitive edge,
or when the reputation and dependability of
your products is on the line, you can counton
Hewlett-Packard Optoelectronic compon-
ents for excellent product consistency.

The optoelectronic products available include
a complete line of GaAsP and GaP discrete
light emitting diodes (LED’s), numeric, hexa-

decimal, and alphanumeric displays, opto-
couplers, fiber optics, and emitters/detectors.
For a general overview of the products
available, the next seven pages will include
highlights of the discrete product family
groups. There is complete technical data
included in this designer’s catalog for each of
the Hewlett-Packard Optoelectronic pro-
ducts.
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As the growing trend ° This unique compo-
continues for micro- Emltters nent can detect an
processor systems object as fine as a
capable of high reso- human hair as well as
lution-mechanical to the precise edge of
electronic-interfaces, e ec OrS large objects such as
Hewlett-Packard ad- . paper or printed lines
dresses a genuine and marks. It there-
unfulfilled need with their new optical sensor.  fore becomes ideally suited in such applica-
This small, self-contained optical reflective tions as pattern recognition, optical limit

sensor combines a light source and detector  switching, tachometry, defect detection, and
with focused optics in a single package. bar code scanning.
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This optical sensor also coupled with a clean
circuit design is packaged attractively in a
stylized digital bar code reading wand. The
wand is designed to read black and white bar
codes (it will also read most colors) on a fairly
flat surface. It consists of an electro-optical
emitter-detector module which produces an
analog signal, followed by a current to volt-
age converter and then an A to D converter.
The result is a computer-understandable dig-
ital electrical signal.

In addition to the complete emitter/detector
system described in both the optical scanner
and digital wand, Hewlett-Packard also offers
the designer the choice of discrete emitter
and detector components. High radiant in-
tensity emitters near infrared in both flood-

light and spotlight configurations are ideally
suited for use in optical transducers and
encoders, smoke detectors, and fiber optic
drivers.

Hewlett-Packard PIN photodiodes are ex-
cellent light detectors with an exceptionally
fast response of 1 ns, wide spectral response
from near infrared to ultra-violet, and wide
range linearity (constant efficiency over 6
decades of amplitude). With dark current as
low as 250pA at 10V, these detectors are
especially well-suited for operation at low
light levels. The device construction allows
high speed operation at reverse voltages of
5 volts. Some applications include fiber optic
receivers, laser scanners, range finders, and
medical diagnostic equipment. High reliabil-
ity test programs are also available.




In 1978, Hewlett-Packard ¢ fiber optic system is capable
introduced its first complete Fl b er of Il?ecei %n si nalspfrom
fiber optic system. Fiber distances u togIOgO metres.
optics is one of the most P :

i . ®

exciting and fastest growing O t'l ( : S The design of cost effective
teghpologles In data trans: fiber optic systems requires
mission. With fiber optics, the understanding and
pu.lses. of light travel dgwn ‘ . analysis of several complex
hair-thin fibers replacing electrical signals technologies — optical fibers, precision
tI:anernltted Over copper V""e'l The Il'ght connectors, LED/laser emitters, photodetec-
signals are impervious to electrical or (o5 circuit design, packaging, and optics.
magnetic mte{ference and thgreforg 8ener-  ewiett-Packard’s approach to the design
ate no electrical or magnetic noise. This ¢ Gher optic hardware is systems oriented,
makes them ideal for linking computers or  yra\ing on the broad base of technologies
control devices and their peripherals in .y 4ijaple within our computer, instrumenta-
different environments such as thosefoundin semiconductor components, and cor-
factories, aircraft, hospitals and large power  ,rate research and development activities.
plants. State-of-the-art LED, photodetector, and
A fiber optic system consists of a transmitter, integrated circuit capability are at the heart of
areceiver, and a length of cable encasing the  HP’s fiber optic systems. Beginning on page
hair-thin glass or plastic fiber that carries 26 of this catalog, you will find further details
optical signals. Currently, Hewlett-Packard’'s  on Hewlett-Packard'’s fiber optic systems.
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Hewilett-Packard’s family which are specified
of optocouplers at 400% CTR at in-
provide economical, tOCOu erS put currents as low
high performance sol- as 0.5mA. In addi-
utions to problems tion, highly linear
caused by ground loops and induced com- optocouplers are useful in analog applica-
mon mode noise for both analog and digital tions and a Hewlett-Packard integrated in-
applications in commercial, industrial, and put optically coupled line receiver can be
military products. Hewlett-Packard’s original connected directly to twisted pair wires
approach toward integrated output detectors without additional circuitry. Most of these
provides performance not found in conven- devices are available in dual versions, as
tional phototransistor output optocouplers. well as in hermetic DIP packages. For mili-
With 3000 VDC isolation, the types of opto- tary users, Hewlett-Packard’s established hi-
couplers available include high speed devices rel capability facilitates economical, hi-rel
capable of 10M bits and high gain devices purchases.
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Light Bar Modules are
Hewlett-Packard’s answer to
the problem of how to effectively backlight
legends. The Light Bar's large, uniformly
illuminated surface provides a bright light
source available in either high efficiency red,
yellow, or green. The universal pinout
arrangement allows connecting in parallel,
series, or series/parallel configurations. Hew-
lett-Packard's LED Light Bar Modules are
available in four sizes in a variety of
arrangements including single, twin, and
quad. They are X-Y stackable, and flush
mounting is easy and convenient.

Besides the new Light Bar Modules, Hewlett-
Packard LED lamps are available in a wide

Lamps
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variety of plastic and hermetic

packages to satisfy almost
any application. Many styles can be mounted
on a front panel using clips and all are suitable
for P.C. board mounting. Hewlett-Packard
military screened hermetic lamps are very
popular in applications demanding high-
reliability.

Products with wide or narrow viewing angles,
and a range of brightnesses, are available in
red, high efficiency red, yellow and green.
Package styles include the traditional T-1-3/4,
T-1, and TO-18 packages, as well as our own
subminiature (stackable on 2.54mm (0.100
in.) centers), rectangular, and panel mount-
able hermetic packages.



Hewlett-Packard has ex-
panded its selection of
both alphanumeric and
seven-segment numeric
displays to satisfy an even broader base of
applications.

Hewlett-Packard’'s completely supported
alphanumeric display systems allow freedom
from costly display maintenance, require very
low operating power, and minimize the
interaction normally required for alpha-
numeric displays. The display systems are TTL
compatible, require a single 5V supply, and
easily interface to a keyboard or micropro-
cessor. They are ideally suited for word

_processing equipment, instrumentation, desk-

;op calculators, and automatic banking

- terminal applications.

Hewlett-Packard’s yellow alphanumeric dis-
play is the answer to applications that require
small size and prohibit the use of red displays.
Both red and yellow alphanumeric displays
feature four 5 x 7 dot matrix characters and
on-board shift registers for data storage. They
are contained in 16-pin DIPs which are end-
stackable for unlimited possibilities in alpha-
numeric display formatting.

Available in four- and eight-character end-
stackable modules are Hewlett-Packard’s 18-
segment solid state LED alphanumeric
displays. Magpnification of the LED by an

Displays

integral lens results in

a character size of

3.8mm (0.15 in.) making

these displays ideal for use

in computer peripheral products, automotive

instrument panels, calculators, and electronic

instruments and systems requiring low power
consumption.

Low cost numeric displays, packaged single
or clustered, are available in character heights
from .11” to .8”. Low power small character
displays have been designed for portable
instrumentation and calculator applications.
Other seven-segment display units are
available in red, yellow, and green colors
for use in instrumentation, point of sale
terminals, and TV indicator applications.
High power, sun-light viewable, large char-
acter displays are readily adapted to outdoor
terminals, gas pumps and agricultural instru-
mentation. For these displays, Hewlett-
Packard has successfully integrated a gray
package design with untinted segments. This
results in excellent bright ambient contrast
enhancement.

Integrated numeric and hexadecimal displays
(with on-board IC’s), available in plastic and
hermetic packages, solve the designer’s
decoding/driving problem. These displays
have been designed for low cost and ease of
application in a wide range of environments.




Hewlett-Packard has
supplied specially
tested high reliability
optoelectronic pro-
ducts since 1968 for
use in state-of-the-art
commercial, military,
and aerospace appli-
cations. To meet the
requirements of high reliability, products
must be designed with rugged capabilities to
withstand severe levels of environmental
stress and exposure without failure. We have
accomplished this objective by designing a
unique family of hermetic products including
lamps, displays and optocouplers which have
proven their merits in numerous advanced
space and defense programs to the inter-
national market place. These products receive
reliability screening and qualification tests in
accordance with appropriate reliability pro-
grams similar to those of MIL-S-19500 and
MIL-M-38510 and are supplied as either
standard JAN or JANTX devices or as HP
standard light reliability units which meet our
in-house TXV or TXVB programs. Reliability
programs are also performed to individual

High
Reliability

customer control
drawings and specifi-
cations when needed.
Some of these special
testing programs are
very complex and
may include Class S
requirements for
microcircuits.
HP’s optoelectronic epoxy encapsulated
products are designed for long life appli-
cations where non man rated or ground
support requirements allow their use. As with
hermetic products, the capabilities of epoxy
parts can be enhanced by 100% screening and
conditioning tests. Lot capabilities can be
confirmed by acceptance qualification test
programs.

All testing is done by experienced Hewlett-
Packard employees using facilities which are
either approved, or pending approval, by
DESC for JAN products and by customer
inspection for special programs. Environ-
mental equipment capabilities and operating
methods of the test laboratory meet MIL-
STD-750 or MIL-STD-883 procedures.



This Optoelectronics De- ot How to Order
signer’s Catalog contains Out IS All Hewlett-Packard
detailed, up-to-date speci- components may be or-

fications on our complete dered through any of the
optoelectronic product line. Sales and Service Offices
Itis divided into five major a a O listed on pages 475-478.
product sections: Emitters/ In addition, for imme-
Detectors, Fiber Optics, ) diate delivery of Hewlett-
Optocouplers, LED Lamps, and LED Displays. A Packard optoelectronic components, contact
special section which includes all of the latest  any of the world-wide stocking distributors
.. application notes in full-length version follows and representatives listed on pages 472-474.

* the Displays product section. Hewlett-Packard
Sales and Service Offices are listed on pages  Warranty

475-478 and the Hewlett-Packard Compo- HP’s Components are warranted against de-
nents Franchised Distributors and Representa- fects in material and workmanship for a per-
tives Directory can be found on pages 472-474. iod of one year from the date of shipment.

HP will repair or, at its option, replace Com-
How to Use This Catalog ponents that prove to be defective in mater-
Three methods are incorporated for locating ial or workmanship under proper use during
components: the warranty period. This warranty extends

¢ a Table of Contents with tabs that allow you only to HP customers.
to locate components by their general

description No other warranties are expressed or im-
¢ a Numeric Index that lists all components by plied, including but not limited to, the implied
part number and, warranties or merchantability and fitness for

e a Selection Guide for each product group a particular purpose. HP is not liable for
giving a brief overview of the product line.  consequential damages.
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Emitter/Detector Systems

e Features

e Advantages

e Benefits

HEDS-1000 HIGH RESOLUTION OPTICAL REFLECTIVE SENSOR

Focused optics

Visible light source

Photo IC detector

Standard TO-5 package
Sealed package

Detector IC operates from
single ended 3.5V to 20V
power supply

Fully integrated, assembled
and tested

Performance fully specified
and guaranteed

Gives higher resolution

Can detect most colors

A. Faster response time

B. Speed, linearity, and
gain options available

Mounting hardware
readily available

Moisture resistant

Compatible with all IC
technologies

No precision alignment
required

System design simplified

HEDS-3000 DIGITAL BAR CODE WAND

Digital output

Low digitizing error

Push-to-read switch

Guaranteed performance
Single supply operation

Lightweight stylized
plastic case

Custom options
available

No analog signal
conditioning circuitry
needed

High percentage

Good reads

Conserves power

No strobing circuitry
required

System design simplified
Compatible with standard
digital systems

Minimizes operator fatigue

Styling to match
customer’s products

Less error

No precision alignment of
discrete components

Not limited to black & white
patterns and objects

A. Can detect more transitions
in less time

B. Simplified interface
electronics

Easy to mount and use
Reliable operation in indoor/

outdoor environments
Easy to use

Easy to use
Faster design-in

Assured performance

Microprocessor compatible

Increased throughput

Longer battery life
in portable systems

Easy to use
Easy to use

Increased throughput

OEM product image
enhanced

Pk
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® Features
Near IR emission

Functions with most
silicon phototransistors
and photodiodes

Plastic Package

HEMT 3300 uses isotropic
LED chip

HEMT 6000 uses surface
emitter LED chip

HEMT 6000 has offset
wirebond

® Features
Offset wirebond

All HP PIN photodiodes
have anti-reflective coating

Wide spectral response
(ultraviolet through IR)

Low junction capacitance
ULTRA Linear

Emitters

e Advantages
Visible
Easy to use

Low cost

Provides floodlight type
beam

Provides bright spot
of light

Active area of the chip
is not masked or
shadowed

Detectors
(PIN Photodiodes)

¢ Advantages
Can be used with fiber
optics

Converts more incident
radiation (light) into
photocurrent

A single device can cover
the light spectrum plus
UV and IR

Wide bandwidth

Permits operation over
10 decades

¢ Benefits
Facilitates alignment
Cost effective implementation

Cost effective implementation

Well suited for applications
that require a large area to
be irradiated

Facilitates focusing light on
active area of photodetector

Facilitates use with fiber
optics

e Benefits

Fiber can be placed directly
over active area

High Responsivity

Works with a variety of
sources

Can detect high speed pulses

Eliminates the need for
equalization
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HIGH RESOLUTION
OPTICAL REFLECTIVE

HEBS 000

SENSOR

TECHNICAL DATA MARCH 1980

Features

e FOCUSED EMITTER AND DETECTOR
IN A SINGLE PACKAGE

HIGH RESOLUTION — .190mm SPOT SIZE
700nm VISIBLE EMITTER

LENS FILTERED TO REJECT AMBIENT LIGHT
TO-5 MINIATURE SEALED PACKAGE
PHOTODIODE AND TRANSISTOR OUTPUT

e SOLID STATE RELIABILITY

Description

The HEDS-1000 is a fully integrated module designed for
optical reflective sensing. The module contains a .178mm
(.007 in.) diameter 700nm visible LED emitter and a
matched |.C. photodetector. A bifurcated aspheric lens is
used to image the active areas of the emitter and the
detector to a single spot 4.27mm (0.168 in.) in front of the
package. The reflected signal can be sensed directly from
the photodiode or through an internal transistor that can
be configured as a high gain amplifier.

Applications

Applications include pattern recognition and verification,
object sizing, optical limit switching, tachometry, textile
thread counting and defect detection, dimensional
monitoring, line locating, mark, and bar code scanning,
and paper edge detection.

Package Dimensions

MAXIMUM SIGNAL POINT ——,

A 411
5.08 REFERENCE PLANE .l {0.162)
. [B300) I

42 * 0‘25
+{0.010}

0.168}

NOTES:

6. 8.P, SEATING PLANE

0.86 (0.034)

073 {0.0281 ]
r
ot

,~ gl.

1, ALL DIMENSIONS IN MILLIMETERS AND {INCHES),

2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY.
3, THE REFERENCE PLANE IS THE TOP SURFACE OF THE PACKAGE.
4, NICKEL CAN AND GOLD PLATED LEADS,

6. THE LEAD DIAMETER 1S 0.45mm (0.018in,) TYP.

Mechanical Considerations

The HEDS-1000 is packaged in a high profile 8 pin TO-5
metal can with a glass window. The emitter and
photodetector chips are mounted on the header at the
base of the package. Positioned above these active
elements is a bifurcated aspheric acrylic lens that focuses
them to the' same point.

The sensor can be rigidly secured by commercially
available two piece TO-5 style heat sinks, such as
Thermalloy 2205, or Aavid Engineering 3215. These
fixtures provide a stable reference platform and their
tapped mounting holes allow for ease of affixing this
assembly to the circuit board.

940 (0.370) __
§51 (0.335)

©3%) SP.

P S
(.
11.37 10.

1.14 (0.04!
5.08
{0.200}




Electrical Operation

The detector section of the sensor can be connected as a
single photodiode, or as a photodiode transistor amplifier.
When photodiode operation is desired, it is recommended
that the substrate diodes be defeated by connecting the
collector of the transistor to the positive potential of the
power supply and shorting the base-emitter junction of
the transistor. Figure 15 shows photocurrent being
supplied from the anode of the photodiode to an inverting
input of the operational amplifier. The circuit is
recommended to improve the reflected photocurrent to
stray photocurrent ratio by keeping the substrate diodes
from acting as photodiodes.

SCHEMATIC DIAGRAM

REFLECTOR 3 1

REFERENCE
PLANE
}_M_.I
<"
ANODE — — — ‘|
ve 8 I g LN |
" =
AN °

Dsl

CATHODE
—_——— 4_____1._.._1
SUBSTRATE,CASE
Ds-SUBSTRATE DIODES 2 s
Lok
Va Ve

The cathode of the 700nm emitter is physically and
electrically connected to the case-substrate of the device.
Applications that require modulation or switching of the
LED should be designed to have the cathode connected to
the electrical ground of the system. This insures minimum
capacitive coupling of the switching transients through
the substrate diodes to the detector amplifier section.

The HEDS-1000 detector also includes an NPN transistor
which can be used to increase the output current of the
sensor. A current feedback amplifier as shown in Figure 6
provides moderate current gain and bias point stability.

CONNECTION DIAGRAM

TOP VIEW
PN | FUNCTION . o T
1| TRANSISTOR COLLECTOR -
2 .| THANSISTOR BASE, PHOTODIODE ANODE |
3| “PHOTODIODE CATHODE: s
4 ° | LEDCATHODE, SUBSTRATE, CASE
6 .
Ean
8

Absolute Maximum Ratings at T,=25°C

Parameter Symbol - Max..
Storage Temperature Ts 475
Operating Temperature Ta . 170
Lead Soldering Temperature 4 260
1.6mm from Seating Plane ~for 10-sac.

Average LED Forward Current Ie ' 50
Peak LED Forward Current IePK 75
Reverse LED Input Voltage VR 5 o
Package Power Dissipation Pp 120
Collector Output Current o ) -
Suppty and Output Voltage Vo.Ve,Ve -0.5 ‘20

- Transistor Base Current ) -
“Transistor Emitter Base Voltage VEB
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xo
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o
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System Electrical/Optical Characteristics at T,=25°C

Parameter Symbo! Min. | Typ. | Max. | Units Conditions Fig. | Note
375 Ta=-20°C
Total Photocurrent (Ipr+ips) Ip 100 140 250 nA | Ta=25°C | [F=35mA, Vp=Vc=5V 2,3 4
50 Ta=70°C 15
Reflected Photocurrent (lpg) to leR
Internal Stray Photocurrent (lps) | Ips 4 6.5 1F=35mA, Vc=Vp=5V 3
- - 000
Slew Rate .08 V/us |RL=100K IPKk=50mA 6
Re= 10M ton=100us, Rate = 1kHz
Image Diameter d A7 mm |lF=35mA,£=4.27mm (0.168in.) 8,10| 89
Maximum Signal Point 402 | 427 | 452 | mm |Measured from Reference Plane 9
50% Modulation Transfer
Function MTF 2.5 Inpr/mm{IF=35mA, £ =4.27mm 10,11 57
Depth of Focus AR
FWHM 1.2 mm | 50% of lp at£=4.27mm 9 5
Effective Numerica! Aperature N.A. 3
Image Location D 51 mm |Diameter Reference to Centerline 6
=4.27mm
Thermal Resistance QJc 88 °C/W
Detector Electrical/Optical Characteristics at To=25°C
~ Parameter Symbol Min. | Typ. | Max. | Units Conditions Fig. | Note
Dark Current IPD 5 120 | pA |Ta=25°C| 1r=0, Vp=5V;
‘ 10 nA |Ta=70°C| Reflection=0%
Capacitance Cp 45 pF  [Vp=0V, Ip=0, f=1MHz
Flux Responsivity Re - .22 __%_ A=700nm, Vp=5V 12
Detector Area Ap - 160 mm?2 |Square, with Length=.4mm/Side
Emitter Electrical/Optical Characteristics at T,=25°C
) Parameter Symbol Min. | Typ. | Max. | Units Conditions Fig. | Note
Forward Voltage VE 116 | 18 | Vv [ie=35mA 13 ‘
Reverse Breakdown Voltage ' BVR 5 vV |lg=100pA
Radiant Flux o 5 | 90 4W |IF=35mA, A=700nm 14
Peak Wavelength Ap 680 | 700 | 720 | nm |lF=35mA 14
Thermal Resistance 04c . ' 150 °C/W
Temperature Coefficient of V¢ AVE/AT -1.2° mV/° CilF=35mA




Transistor Electrical Characteristics at T,=25°C

Parameter Symbol Min. | Typ, | Max. | Units| ~ Conditions Fig. | Note 1<
Collector-Emitter- Leakage Iceo 1 B pA |Vce=5V E E
Base-Emitter Voltage Vee 6 . Vv llc=104A, 1g=70nA %E
Collector-Emitter Saturation o T } ’ e
Voltage VGE(SAT) 4 V. ig=1uA, IE=10pA
Collector-Base Capacitance Ces 3 “pF  [f=1MHz, Vog=5V
Base-Emitter Capacitance Cae A pF/ =1MHz, VBe=0V
‘Thermal Resistance Ay 200 °C/W|
NOTES:

1. 300us pulse width, 1 kHz pulse rate.

2. Derate Maximum Average Current linearly from 65°C by 6mA/°C.

. Without heat sinking from Ta = 65°C, derate Maximum Average Power linearly by 12mW/°C.

. Measured from a reflector coated with a 99% reflective white paint (Kodak 6080) positioned 4.27mm (0.168 in.) from the reference plane.

. Peak-to-Peak response to black and white bar patterns.

. Center of maximum signal point image lies within a circle of diameter D relative to the center line of the package. A second emitter

image (through the detector lens) is also visible. This image does not affect normal operation.

7. This measurement is made with the lens cusp parallel to the black-white transition.

8. Image size is defined as the distance for the 10%-90% response as the sensor moves over an abrupt black-white edge.

9. (+) indicates an increase in the distance from the reflector to the reference plane.

10. All voltages referenced to Pin 4.

11. CAUTION: The thermal constraints of the acrylic lens will not permit the use of conventional wave soldering procedures. The typical
preheat and post cleaning temperatures and dwell times can subject the lens to thermal stresses beyond the absolute maximum
ratings and can cause it to defocus.
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MAXIMUM DC CURRENT
N
Lt
PHOTOCURRENT, Ipg OR Ips
(NORMALIZED AT Ig = 35mA, Ta

I
oAy
o2
S\
1“0“6
S

0.4

RATIO OF MAXIMUM OPERATING PEAK
CURRENT TO TEMPERATURE DERATED

0.2

A 0
] 10 100 1000 10,000 0 10 20 30 40 50 60 70 80

IePKIMAX)
IFMAX)
o,
et
e
o
2

tp — PULSE DURATION (us) Ig — DC FORWARD CURRENT (mA)

Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration Figure 2. Relative Total Photocurrent vs. LED DC
Forward Current

+5V
REFLECTOR
REFERENCE Q
PLANE
p— —_—
If = 35mA ANODE -= 1
|
HP6177 I
| Ds
CATHODE |
PR S PR S —— Jd
_l_ SUBSTRATE, CASE
= Ip=lpg+ips
NOTE:
1. Ip MEASUREMENT CONDITIONS ARE; ¢ = 4.27mm,
KODAK 6080 PAINT REFLECTOR.

A CAVITY WHOSE DEPTH IS MUCH GREATER THAN

2. Ips MEASUREMENT CONDITIONS ARE; ¢ J_
THE HEDS-1000 DEPTH OF FIELD. =

Figure 3. Ip Test Circuit




=25°C)

hge — DC FORWARD CURRENT GAIN

{NORMALIZED AT ig = 100nA, Ta

3.0

20F

010 100 1000
Ig — BASE CURRENT (nA)

10,000

Figure 4. Normalized Transistor DC Forward Current Gain vs.

Irpk = 50mA

tp = 1004s, RATE = 1KHz
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Figure 6. Slew Rate Measurement Circuit
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Figure 10, Step Edge Res

ponse

03 0

SPATIAL FREQUENCY (LINE PAIR/mm)

Figure 11. Modulation Transfer Function
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Figure 12, Detector Spectral Response
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Figure 13. LED Forward Current vs. Forward Voltage
Characteristics
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BAR CODE WAND

TECHNICAL DATA MARCH 1980

Features

e 0.3 mm RESOLUTION
Enhances the Readability of dot matrix printed
bar codes

e DIGITAL OUTPUT
Open Collector Output Compatible
with TTL and CMOS
e PUSH-TO-READ SWITCH
Wand Consumes Power Only When Switch is
Depressed

¢ SINGLE SUPPLY OPERATION
e STYLIZED CASE
e DURABLE LOW FRICTION TIP

e SOLID STATE RELIABILITY
Uses LED and IC Technology

Description

The HEDS-3000 Digital Bar Code Wand is a hand held
scanner with integral push-to-read switch. It is designed
to read all common bar code formats that have the
narrowest bars printed with a nominal width of 0.3 mm
(0.012in.). The wand contains an optical sensor with a 700
nm visible light source, photo IC detector, and precision
aspheric optics. Internal signal conditioning circuitry
converts the optical information into a logic level pulse
width representation of the bars and spaces.

The HEDS-3000 comes equipped with a push-to-read
switch which is used to activate the electronics, and strain
relieved 104 cm (41 in.) cord with nine-pin subminiature
D-style connector.

Wand Dimensions

USH-TO-READ SWITCH

. %ies ——1

Applications

The Digital Bar Code Wand is an effective alternative to
the keyboard when used to collect information in self-
contained blocks. Bar code scanning is faster than key
entry and also more accurate since most codes have
check-sums built-in to prevent incorrect reads from being
entered.

Applications include remote data collection, ticket
identification systems, security checkpoint verification,
file folder tracking, inventory control, identifying assem-
blies in service, repair, and manufacturing environments,
and programming appliances, intelligent instruments and
personal computers.

T~ [(4)]HECS 2000 wano
ﬁ HEWLETT * PACKARD
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Recommended Operating
Conditions

Electrical Operation

The HEDS-3000 consists of a precision optical sensor, an
analog’ amplifier, a digitizing circuit, and an output
transistor. These elements provide a TTL compatible
output from a single voltage supply range of 3.6V t05.75V.
A non-reflecting black bar results in a logic high (1) level,
while a reflecting white space will cause a logic low (0) at
the Vo connection (pin 2). The output of the HEDS-3000is
an open collector transistor.

A push-to-read switch is used to energize the 700 nm LED
emitter and electronic circuitry. When the switch is
initially depressed, its contact bounce may cause a series
of random pulses to appear at the output, Vo. This pulse
train will typically settle to a final value within 0.5 ms.

Conmﬂons A ﬁgp Nows
) \l,-:m\l= 2.4\1, Bar Coqic\lition‘ (Black) .| 3
Vol =0.4V, Space Condition {Whitej] &
10%-90% Transition™. -3
| 90%-10% Transition -

Vs =5V, Bar Condition (Black)

Block Diagram

DIGITIZER

OPTICAL [
SENSOR

Vsi9)

Val2h

11

S~
[72]
(-4
wl
—
=
=
[VE]
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GUARANTEED WIDTH ERROR PERFORMANCE

(Vs =5V, Ta = 0°C to 55°C, RL = 2.2k},unless otherwise noted)

Parameter

Conditions

Margin 2 Smm
Height = 0.25mm
Tift = 0°

Vsean. = 50 cm/s:

"] Standard Test Tag
Preferred Orientation

b=s=0.3mm (0.012 in:

2b=2s5=0.86mm
{0.024 in)

Tag Scan Velocily:

Emitter Peak _
Wavelength

ERFORMANCE (vs =5V, Ta = 25°C, RL = 2.2k}, unless otherwise noted)

TYPICAL WIDTH ERROR P

‘Typical WE . | - Typical WE
e 4 Tm=0 | Tie=30° - ‘
‘Parameter Symbol | Height = 0.25mm Height = 0.0mm Units Conditions Fig. | Notes .
- | From | To. I s mm
vargn | 1st] 2°' | oosz2 011142 Jinx109! 12578
B B ER N IR TR S TR o416 |, M 12678
Width | 25 | 1b | Abawr | . 0.06 25 007 (29) (1031 12678
Error : e - Margin = 5mm
s 2b | Abi-z £ 0.020.9) ¢ © 002 (0.7 X ’“";_3) 1b=15=0.3mm 12678
B , - (in.x1 ‘2b=25=0.6mm
: e : { o a0
mm J
'23 ) '2b 3b‘2t‘/2 005 (2'1’), ('m}‘x‘o.ar) - Vg=5Y 121678
- - - - " " vscan=50cm/s )
b 1s As1-1 L 0,04 (-14) “hm*:%,s, Preferred Orientation | 1.2 | 8,7,8
- N———— - et : Standard Test Tag B B
space | 20 | 1s | Asze 0.03 {-1.0}- 0,03 (-1.1) (’:n':%-ﬁ 121678
Width - > : — R ' -
Error | | asi-z 007 (273 10,08 (-3.3) (mggg, J12]67.8
26 | 2s | aspeo -0.06 (-2.4) 008 1241 |, W) 12678
Notes:

1.

2.
3.
4.

Storage Temperature is dictated by Wand case.

Power supply ripple and noise should be less than 100 mV.
Switch bounce causes a series of sub-millisecond pulses to
appear at the output, Vo.

Push-to-Read switch is depressed, and the Wand is placed on
a non-reflecting (black) surface.

. The margin refers to the reflecting (white) space that preceeds

the first bar of the bar code.

. The interior bars and spaces are those which follow the first

bar of bar code tag.

7. The standard test tag consists of black bars, white spaces (0.3
mm, 0.012 in. min.) photographed on Kodagraph Transtar
TC5® paper with a print contrast signal greater than 0.9.

8. The print contrast signal (PCS) is defined as: PCS = (Rw - Rb)
/Rw, where Ry is the reflectance at 700 nm from the white
spaces, and Rp is the reflectance at 700 nm for the bars.

9. 1.0in. =254 mm, 1 mm = 0.0394 in.

10. The Wand is in the preferred orientation when the surface of
the switch button is parallel to the height dimension of the bar
code.

12




OPERATION CONSIDERATIONS

The HEDS-3000 resolution is specified in terms of a bar
and space Width Error, WE. The width error is defined as
the difference between the calculated bar (space) width,
B, (S), and the optically measured bar (space) widths, b
(s). When a constant scan velocity is used, the width error
can be calculated from the following:

B =1tb* vscan
S =ts* vscan

Ab=B-b

As=S-s

Where

Ab, As= bar, space Width Error (mm)

b, s = optical bar, space width (mm)

B, S = calculated bar, space width (mm)

Vscan = scan velocity (mm/s)
tb, ts = wand pulse width output(s)

The magnitude of the width error is dependent upon the
width of the bar (space) preceeding the space (bar) being
measured. The Guaranteed Width Errors are specified asa
maximum for the margin to first bar transition, as well as,
maximums and minimums for the bar and space width
errors resulting from transitions internal to the body of the
bar code character. The Typical Width Error Performance
specifies all possible transitions in a two level code (e.g. 2
of 5). For example, the Ab,_; Width Error specifies the
width error of a single bar module (0.3 mm) when
preceeded by a double space module (0.6 mm).

The Bar Width Error Ab, typically has a positive polarity
which causes the calculated bar, B, to appear wider than
its printed counterpart. The typical negative polarity of the
Space Width Error As, causes the measured spaces to
appear narrower. The consistency of the polarity of the
bar and space Width Errors suggest decoding schemes
which average the measured bars and measured spaces

within a character. These techniques will produce a higher

. percentage of good reads.

The Wand will respond to a bar code with a nominal
module width of 0.3 mm when it is scanned at tilt angles
between 0° and 30°. The optimum performance will be
obtained when the Wand is held in the preferred
orientation (Figure 1), tilted at an angle of 10° to 20°, and
the Wand tip is in contact with the tag. The Wand height,
when held normal to the tag, is measured from the tip’s
aperture, and when it is tilted it is measured from the tip’s
surface closest to the tag. The Width Error is specified for
the preferred orientation, and using a Standard Test Tag
consisting of black bars and white spaces. Figure 2
illustrates the random two level bar code tag. The
Standard Test Tag is photographed on Kodagraph
Transtar TC5® paper with a nominal module width of
0.3 mm (0.012 in.) and a Print Contrast Signal (PCS) of

greater than 90%.

BARWIDTH 0.3 mm (0.012in.) BLACK & WHITE

RwHiTe > 75%, PCS > 0.9 KODAGRAPH TRANSTAR TC5® PAPER

Figure 2. Standard Test Tag Format.

PUSH-TO-READ

74L814

HEDS-3000 GND (7)

Figure 1. Preferred Wand Orientation.

Figure 3. Recommended Logic Interface.
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Typical Performance Curves (r, = 2.2kq)

WE — WIDTH ERROR — mm

Figure 4.

WE — WIDTH ERROR — mm

0.15 I ! ] ,
T T T T
PREFERRED
0.10 ORIENTATION -
\ 1ST BAR HEIGHT = 0.1 mm
et Vscan = 50 cm/s
0.05 F-3b, INTERNAL BAR-L: STA(l;I;ARD)TAG N
TH ERROR - | .3 mm|
wID' RO Ve ~ v
Ta = 25°C
0
051 INTERNAL SPAC]
005" WIDTH ERROR -
.
-0.10
-0.15

5° 10° 15° 20° 25° 30° 35°
0 - TILT — DEGREES

Width Error vs. Tilt (Preferred Orientation).

II P e

0.15 — L
1ST BAR \
0.10 ! \‘
”/
0.05 - .
b, INTERNAL BAR WIDTH ERROR.
0
s, INTERNAL | -
-0.05 | SPACE WIDTH ERROR ——
e e e
PREFERRED ORIENTATION
-0.10 TILT=0 Vscan = 50 cm/s
STANDARD TAG (0.3 mm)
Vs =8V  Ta=25C
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MECHANICAL CONSIDERATIONS

The HEDS-3000 includes a standard nine pin D-style
connector with integral squeeze-to-release retention
mechanism. Two types of receptacles compatible with the
retention mechanism are available from AMP Corp.
(Printed circuit header: 745001-2 Panel mount: 745018,
body; 66570-3, pins). Panel mount connectors that are
compatible with the HEDS-3000 connector, but do not
include the retention mechanism, are the Molex A7224,
and AMP 2074-56-2.

MAINTENANCE CONSIDERATIONS

While there are no user serviceable parts inside the Wand,
the tip should be checked periodically for wear and dirt, or
obstructions in the aperture. The tip aperture is designed
to reject particles and dirt but a gradual degradation in
performance will occur as the tip wears down, or becomes
obstructed by foreign materiais.

Before unscrewing the tip, disconnect the Wand from the
system power source. The aperture can be cleaned with a
cotton swab or similar device and a liquid detergent.

The glass window on the sensor should be inspected and
cleaned if dust, dirt, or fingerprints are visible. To clean the
sensor window dampen a lint free cloth with a liquid
cleaner, then clean the window with the cloth taking care

not to disturb the orientation of the sensor. DO NOT

SPRAY CLEANER DIRECTLY ON THE SENSOR OR

Figure 11. Width Error vs. Temperature.

HEDS-3001

Figure 12. Wand Tip.

After cleaning the tip aperture and sensor window, the tip
should be gently and securely screwed back into the
Wand assembly. The tip should be replaced if there are
visible indications of wear such as a disfigured, or
distorted aperture. The part number for the Wand tip is
HEDS-3001. It can be ordered from any Hewlett-Packard
parts center or franchised Hewlett-Packard distributor.

OPTIONAL FEATURES

The wand may also be ordered with the following special
features:
193 color options
Customer specified label
No label
Heavy duty retractable coiled cord
No connector
e No switch button
For more information, call your local Hewlett-Packard
sales office or franchised distributor.

o o o 0

WAND.
A=
c]

} 55.6 (2.19)

w— N

NOTES:
1. ALL DIMENSIONS IN MILLIMETRES AND (INCHES).

S

PIN FUNCTION
1 C
2 Vg OUTPUT
26.8 3 NC
(1.08) 3 NG
5 | NC
-6 1 NC
7 | GROUND
8 | NC
9 | Vg SUPPLY VOLTAGE

Figure 13. Connector Specifications.
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HEWLETT
PACKARD

HIGH RADIANT
" INTENSITY

_ 670nm

HEMT-3300

- EMITTER |

TECHNICAL DATA MARCH 1980

Features
* HIGH EFFICIENCY
e NONSATURATING OUTPUT
e NARROW BEAM ANGLE
e VISIBLE FLUX AIDS ALIGNMENT
e BANDWIDTH: DC TO 3 MHz

® |C COMPATIBLE/LOW CURRENT
REQUIREMENT

Description

The HEMT-3300 is a visible, near-IR, source using a
GaAsP on GaP LED chip optimized for maximum
quantum efficiency at 670 nm. The emitter's beam is
sufficiently narrow to minimize stray flux problems, yet

~Package Dimensions

- UNDIFFUSED, UNTINTED 508 200)
) (CLGAR) PLASTIC 432{770
]
947 1.373)
7.8 (3731
]
i JE— 4 |
- 0.8 (.038)
, 64 025 -
*25.40
2667 20 || e 064 1026)
(o - oo 036 (0141
M. NOTES:
1, ALL DIMENSIONS ARE N
MILLIMETRES (INCHES}.
2.SILVER-PLATED LEADS
SEE APPLICATION
BULLETIN 3.
3, CHIP CENTERING WITHIN
THE PACKAGE IS

CONSISTENT WITH

FOOTNOTE 3. ’
‘broad enough to simplify optical alignment. This product v
is suitable for use in consumer and industrial applications T ,
such as optical transducers and encoders, smoke : 0“‘""“’7 - %
detectors, assembly line monitors, small parts counters, CATHODE
paper tape readers and fiber optic drivers.
. . . . o
Electrical/Optical Characteristics at T,=25°C
Symbol Des«iption’ ' Min, Typ. Max. Umts Test Conditions Figure
le Axial Radiant Intensity 200 | 500 uWIs) 1k =10mA 3,4
- Temperature Coefficient » Ry o
Ke of Intensity 0.909 C‘ . I = 10 mA, Note 1
Ty . Luminous Efficacy 22 {7 tm | Note2
20y, Half Intensity Total Angle 22 deg. Note 3, g = 10 mA 6
RpEAkK CL Peak Wavelength 670 nm ‘Measured at Peak - 1
N Spectral Shift Temperature n ‘ : Measured at Peak,
«AAEEAK/AT Coefticient v 0.089 . nmf,'C‘ Note 4
RS OutpufRise“Time - Can
o (10% — 90%) 120 ns tpeak =10 mA
~ Output Fall Time ‘ o 10mAP
. = ulse
i {90% — 10%) 50 ns lpEAK
Co - Capacitance 15 - pF Vg =0;f=1MHz
BV . Reverse Breakdown Voltage 8.0 h \Y Ir = 100 A
Ve Forward Voltage 19 |25 |V F=10mA 2
AVe/AT Temperature Coefflc;am . 22 | mVPC | IE = 100 uA
: - of Ve . . . .
Oc Thermal Resistance 160 ogpw | dJunetion to cathode
: lead at seating plane.

Notes: 1. g (T) = I (25 Clexp [Ke(T - 25°C)1 2. Iy

=nyle where |y is in candela, lg in watts/steradian and ny in lumen/watt.
3. @y, is the off-axis angle at which the radiant intensity is half the axial intensity. The deviation between the mechanical and optical axis is

typically within a conical half-angle of five degrees. 4.Apgak (T) = ApgaK (25°C) + (AApEAK/AT) (T - 25°C).
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Maximum Ratings at T,=25°C

Power Dissipation ..................oal 120mw
(derate linearly from 50°C at 1.6 mW/°C)
Average ForwardCurrent ..................... 30mA
(derate linearly from 50°C at 0.4 mA/°C)
Peak ForwardCurrent ................... See Figure 5
Operating and Storage
TemperatureRange ............... -55°Cto +100°C
Lead Soldering Temperature .......... 260°C for 5sec.
(1.6 mm [0.063 inch] from body)
1.2
1.0
T, = BC
I
2 X
g 0.6 B ) T \
5 0.4 p— i ‘ :
F AN
/7, = 1007\
0.2 -
W ANEERAY
NEREN

0 e
600 620 640 660 680 700 720 740 760
A —WAVELENGTH — nm

Figure 1. Relative | versus W. h
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Figure 2. Forward Current versus Forward Voltage.

(NORMALIZED AT 10 mA)

RELATIVE RADIANT INTENSITY
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Figure 3. Relative Radi |

ity versus Forward Current.
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Figure 4. Relative Efficiency (Radiant | ity per Unit
Current) versus Peak Current.
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| HEWLETT
PACKARD.

0

HIGH INTENSITY
'SUBMINIATURE

700nm
“HEMT-6000
EMITTER

TECHNICAL DATA MARCH 1980

Features

e HIGH RADIANT INTENSITY
e NARROW BEAM ANGLE

NONSATURATING OUTPUT
BANDWIDTH: DC TO 5 MHz

IC COMPATIBLE/LOW CURRENT
REQUIREMENT

VISIBLE FLUX AIDS ALIGNMENT

Description

The HEMT-6000 uses a GaAsP chip designed for optimum
tradeoff between speed and quantum efficiency. This
optimization allows a flat modulation bandwidth of 5§ MHz
without peaking, yet provides a radiant flux level
comparable to that of 900nm IREDs. The subminiature
package allows operation of muitiple closely-spaced
channels, while the narrow beam angle minimizes
crosstalk. The nominal 700nm wavelength can offer
spectral performance advantages over 900nm IREDs, and
is sufficiently visible to aid optical alignment. Applications
include paper-tape readers, punch-card readers, bar code
scanners, optical encoders or transducers, interrupt
modules, safety interlocks, tape loop stabilizers and fiber
optic drivers.

Maximum Ratings at T,=25°C

Power Dissipation ........... ..., 50 mw
(derate linearly from 70°C @ 1.0mW/°C)
Average ForwardCurrent .............covvennn 20mA

(derate linearly from 70°C @ 0.4mA/°C)

Peak ForwardCurrent ................... See Figure 5
Operating and Storage

TemperatureRange ................. -55° to +100°C
Lead Soldering

Temperature ..........cc.eeiiniinnn 260°C for 5sec.

[1.:6 mm (0.063 in.) from body]

v Soes ] ~l '*ﬁi%%
46 (.018)
.58 1,022} T~
4 2\ o
L (e B

A
T Argooe/

CATHODE -
188065 5, ] 1820
791 (o7 } D"‘"‘/ / b A

MECHANICAL
AXIS .

S

UNDIFFUSED, UNTINTED,
(CLEAR) EPOXY \ - . }‘*
281,
NI L A
| .27 (060)
1100045) 191 (,076) MAX. 140 (.056) o
B o | S mms»
— | .'I.;J"'_":: =
o | i
1y "
75 1930) MAX. ) é o l v' 3
i i ! 1981077
G 3R
256 (,100)
AAR) SEE NOTE 3

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).
2. SILVERPLATED LEADS, SEE AP?I.IOAY'OM BULLETIN 3.
3. USER MAY BEND LEADS AS SHOWN.
4, EPOXY ENCAPSULANT HAS A HE?RACTIVE INDEX OF 153,
5 CHIP CENTERING WI'I’NIN THE PACKAGE IS CONSISTENT
WITH FOOTNOTE 3.

12
10
T,=25°C
i
2 /A
E oo / 1\
H
2 A\ NI, = 100°C |
g ™ JARVAAY
02 (LA LN
i v
A N
i N

0
640 660 680 700 720 740
A —~WAVELENGTH — nm

Figure 1. Relative Intensity versus Wavelength,
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Electrical /Optical Characteristics at T,=25°C

Symbot . Description Min, | Typ. |Max. k.Un'i,ts‘ . Test Conditions i Fig. >2L
e . Radiant Intensity along Mechanical 100 | 250 S| uWis | g =10mA B T ;E
Axis R R L ]
Ke | Temperature Coefficient of Intensity _ | -0.005 - Note 1 b=
n .| Luminous Efficacy 25 | ‘Note 2
20y, | Optical Axis Half Intensity Total Angle 16 1. deg. | Note3, lg=10mA - 6
MpEak | Peak Wavelength (Range) , 690-715| | .nm . | Measured @ Peak™ | 1.
A?\Péﬁl Spectral Shift Temperature Coefficient S 193 | ‘nm/f°C Mea’sﬁred @ Peak, Note 4
1, Output Rise Time (10%-90%) ) 70 | [ ns [lpeak = 10mAT
t Qutput Fall Time (90%-10%) 40 o ns | lpeak =10 mA
Co Capacitance. - , 1 85| | pF. | Vg =0;f=1MHz. .-
" BVR Reverse Breakdown Voltage 5 121 v | ig=100pA
Vg | Forward. Voltage L 15 |18 V o |lgp=10mA 2
AVE/AT | Temperature Coefficient of Vg -21 7| | mV/AC | 1g =100 uA ; -
B¢ Thermal Resistance k | 140 ; °CMA | Junction to cathode lead
~at 0.79 mm (031 in)
from body

NOTES: 1. 1o(T) = lg (25°C) exp [Kg (T - 25°C)].
2. I, =nyle where |, is in candela, | in watts/steradian, and 7y, in lumen/watt.
3. Oy isthe off-axis angle at which the radiant intensity is half the intensity along the optical axis. The deviation between the
mechanical and the optical axis is typically within a conical half-angle of three degrees.
4. A_(T) = A (25°C) + (AN _/AT) (T - 25°C)
PEAK  PEAK PEAK

100

—T—F TTIT ™ 15 T
= o “ ]
e N mani ] i !
<« " T, =25°C 7 [ T4 =25°C i - | Ta=25°C
€ y 4 % 4 -
! wE & 5% E : i
S =9 i1 3¢ M- H 2
Z w0 22 > ge T m
w = F - = "
< £ [~ Sk i 3
« ¥ 2 z &< H
3 L0 Tk == L2 .0
anN Y = N
2 / iz £3 ll
ws i 7 = i i
e s %4 A
2 v gz 01 - 22
] 7 o = = - H
" « i A |
I :
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Figure 2. Forward Current versus Figure 3. Relative Radiant Intensity Figure 4. Relative Efficiency (Radiant Intensity
Forward Voltage. versus Forward Current. per Unit Current) versus Peak Current.
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TECHNICAL DATA MARCH 1980

Features

® HIGH SENSITIVITY (NEP <-108 dBm)

WIDE DYNAMIC RANGE (1% LINEARITY
OVER 100 dB)

BROAD SPECTRAL RESPONSE

HIGH SPEED (Tr, Tf,<1ns)

STABILITY SUITABLE FOR PHOTOMETRY/
RADIOMETRY

HIGH RELIABILITY

FLOATING, SHIELDED CONSTRUCTION

LOW CAPACITANCE

LOW NOISE

Description

The HP silicon planar PIN photodiodes are ultra-fast light
detectors for visible and near infrared radiation. Their
response to blue and violet is unusually good for low dark
current silicon photodiodes.

These devices are suitable for applications such as high
speed tachometry, optical distance measurement, star
tracking, densitometry, radiometry, and fiber-optic
termination.

The speed of response of these detectors is less than one
nanosecond. Laser pulses shorter than 0.1 nanosecond
may be observed. The frequency response extends from
dc to 1 GHz.

The low dark current of these planar diodes enables
detection of very low light levels. The quantum detection
efficiency is constant over ten decades of light intensity,
providing a wide dynamic range.

Package Dimensions

Active area: 1mm Diam 5082-420
5082.42 TALL SIZE

0.5mm Diam {5082-4204] (T0-18)
5082-4220 — Short (T0-46)
0.25mm Magnified 2.5x 5082-4205 — Subminiature

The 5082-4203, -4204, and -4207 are packaged on a
standard TO-18 header with a flat glass window cap. For
versatility of circuit connection, they are electrically
insulated from the header. The light sensitve area of the
5082-4203 and -4204 is 0.508mm (0.020 inch) in diameter
and is located 1.905mm (0.075 inch) behind the window.
The light sensitive area of the 5082-4207 is 1.016mm (0.040
inch) in diameter and is also located 1.905mm (0.075inch)
behind the window.

The 5082-4205 is in a low capacitance Kovar and ceramic
package of very small dimensions, with a hemispherical
glass lens.

The 5082-4220 is packaged on a TO-46 header with the
0.508mm(0.020 inch) diameter sensitive area located
2.540mm (0.100 inch) behind a flat glass window.

DIMENSIONS IN MILLIMETRES (INCHES)

4.800
(189"
GLASS
3937 GLASS 991
WIND!
(-155) INDOW LENS (039) o
(155) aoas
1 127 :
(183)
ANODE i "015’ _>I r-
5.003 ‘ ) e - 1 ¥
(197) ’ 3.683
1.25, (.145)
] (.065)
406
(016) -
38.10 10
5oV L 1511 '\cnnone .50
il i
- . 5.334
i (21071
5334
(:210) ]
TO-18 . ANODE CATHODE
HEADER —, | | | AND CASE
CATHODE ‘ TO 46 HEADER
2.235
ANODE CONNECTED (.088)
TO CASE
-4203, -4204, -4207 -4205 -4220
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erature -55° to 125°C

Absolute Maxim

LLm RatingS Operating and Storage Temp

Parameter A208 - | - 4208 - 208 4207 . 4220 Units -
Puax Power Dissipation1~. | 100 [0 1000 0 - 100 100 - - oW -
Steady Reverss Voitage3 20 .80 50 volts
. . . 4 o
Electrical /Optical Characteristics at T,=25°C
Symbol | Usscription | Min. | T T | Winc T Typ | e [ Wi T Ty ] Max ] units
23' .u;; . :xn‘u}w?:nﬂ : ' ‘ 'k.G.:t: s ‘rEAW?:mm
) IBpmidl - . .
A Active Areed 2% em(d
B N 103
Flux Respon %
hd J&;‘;’:ﬁﬁs - u%
- {(Fig. 1,31 . ] )
Dark Cureents - 225 b o) 50| nA
- : (ﬁ‘.‘) DA ) ’
NEP | Npise Equivatent | . - .7 x aix |
’ Power 7 {Fig.8) | - 1gts B 1018 {7&'{
D* | Datectivity8 - - 56x | N R
S 101 L
. . |Junction Copacic] "~ -] . 20 oF
C 7} tance® (Fig. 8} )
o [Pt "
t 1~ | ZeroBias s»«ﬁ . ns
o |(Rise Fall Time) L
Yt Rev.-Bias Speed ns
{Riss, Fall Time} ~1 .
12 -
Bs Series Resistance 50 01]Q

*see Note 4.
NOTES:
1. Peak Pulse Power

When exposing the diode to high level incidance the
following photocurrent limits must be observed:

1000 A Ip (avg MAX.)
1 < <500mA or <2-2¥8 VAR
PPEAK) < (sea) ©" mA or fxt

whichever of the above three conditions is least.

Ip (avg MAX.) < PN'A—X-Pd’; and in addition:
EC

Ip - photocurrent (A) f-pulse repetion rate (MHz)

E¢ - supply voltage (V) Py - power input via photon flux
t - pulse duration (zs) Ppa X - max dissipation (W)

Power dissipation limits apply to the sum of both the optical power input to the device and the electrical power input from flow
of photocurrent when reverse voltage is applied.

Exceeding the Peak Reverse Voltage will cause permanent damage to the diode. Forward current is harmless to the diode, within
the power dissipation limit. For optimum performance, the diode should be reversed biased with E; between 5 and 20 volts.

Exceeding the Steady Reverse Voltage may impair the low-noise properties of the photodiodes, an effect which is noticeable only
if operation is diode-noise limited (see Figure 8).

. The 5082-4205 has a lens with approximately 2.5x magnification; the actual junction area is 0.5 x 103 em2, corresponding to a
diameter of 0.25mm (.010"). Specification includes lens effect.

5. At any particular wavelength and for the flux in a small spot falling entirely within the active area, responsivity is the ratio of incremental
photodiode current to the incremental flux producing it. It is related to quantum efficiency, nq in electrons per photon by:

A

1240
where A is the wavelength in nanometers.. Thus, at 770nm, a responsivity of 0.5 A/W corresponds to a quantum efficiency of 0.81 (or 81%)
electrons per photon.

. At-10V for the 5082-4204, -4205, and -4207; at -25V for the 5082-4203 and -4220.

. For (A, f, Af) = (770nm, 100Hz, 6Hz) where f is the frequency for a spot noise measurement and Af is the noise bandwidth, NEP is the
optical flux required for unity signal/noise ratio normalized for bandwidth. Thus:

'N/__‘Af where IN/\/Af is the bandwidth — normalized noise current computed from the shot noise formula:

Ro IN/V/AT = VZaTD = 17.9 x 10-15 /ip (AA/H2) where I is in nA. VR om i
D*=—~—— (c—mw—)

N

»> oW

R¢=ﬂq(

No

NEP =

8. Detectivity, D*is the active-area-normalized signal to noise ratio. It is computed: for A in cm2,

for (X, f, Af) = (770nm, 100Hz, 6Hz). NEP
9. At-10V for 5082-4204, -4205, -4207, -4220; at -25V for 5082-4203.
10. Between diode cathode lead and case — does not apply to 5082-4205, -4220.
11. With 50 load.
12. With 5082 load and -20V bias.
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RESPONSE

DARK CURRENT RELATIVE TO 25°C VALUE

CUT OFF FREQUENCY — Hz
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Figure 1. Spectral Response.
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1200

Figure 2. Relative Directional Sensitivity
of the PIN Photodiodes.
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Figure 3. Typical Output Characteristics
at A = 900nm.
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Figure 9. Photodiode Equivalent Circuit.

Figure 8. Noise Equivalent Power vs. Load Resistance.

Ip=Signal current ~ 0.5yA/uW x flux input at 770 nm
In= Shot noise current
<1.2 x 10~-14 amps/Hz1/2(5082-4204)
<4 x 10-14 amps/Hz1/2(5082-4207)
Ip= Dark current
<600 x 10-12 amps at -10 V dc (5082-4204)
<2500 x 10-12 amps at -10 V dc (5082-4207)
Rp=1011Q
Rg = <508
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Application Information
NOISE FREE PROPERTIES

The noise current of the PIN diodes is negligible. This is a
direct result of the exceptionally low leakage current, in
accordance with the shot noise formula In = (2qlr Af) 12
Since the leakage current does not exceed 600 picoamps
for the 5082-4204 at a reverse bias of 10 volts, shot noise
current is less than 1.4 x 107* amp Hz ' at this voltage.

Excess noise is also very low, appearing only at
frequencies below 10 Hz, and varying approximately as
1/f. When the output of the diode is observed in a load,
thermal noise of the load resistance (Rr) is 1.28 x 107"
(RL)™"* x (af)"/? at 25°C, and far exceeds the diode shot
noise for load resistance less than 100 megohms (see
Figure 6). Thus in high frequency operation where low
values of load resistance are required for high cut-off
frequency, all PIN photodiodes contribute virtually no
noise to the system (see Figures 6 and 7).

HIGH SPEED PROPERTIES

Ultra-fast gperation is possible because the HP PIN
photodiodes are capable of a response time less than one
nanosecond. A significant advantage of this device is that
the speed of response is exhibited at relatively low reverse
bias (=10 to —20 volts).

OFF-AXIS INCID;AINCE RESPONSE

Response of the photodiodes to a uniform field of radiant
incidgnce Ee, parallel to the polar axis is given by | =(RA) x
E. for 770nm. The response from a field not parallel to the
axis can be found by multiplying (RA) by a normalizing
factor obtained from the radiation pattern at the angle of
operation. For example, the multiplying factor for the
5082-4207 with incidance Ee at an angle of 40° from the
polar axis is 0.8. If Ec = 1mW/cm2, then I, =k x (RA) x E;
lp=0.8x4.0x 1=3.2 pgamps.

SPECTRAL RESPONSE

To obtain the response at a wavelength otherthan 770nm,
the relative spectral response must be considered.
Referring to the spectral response curve, Figure 1, obtain
response, X, at the wavelength desired. Then the ratio of
the response at the desired wavelength to response at

770nm is given by:

=X

RATIO = 05
Multiplying this ratio by the incidance response at 770nm
gives the incidance response at the desired wavelength.

ULTRAVIOLET RESPONSE

Under reverse bias, a region around the outside edge of
the nominal active area becomes responsive. The width of
this annular ring is approximately 25um (0.001 inch) at
—20V, and expands with higher reverse voltage. Respons-
ivity in this edge region is higher than in the interior,
particularly at shorter wavelengths; at 400nm the interior,
responsivity is 0.1 A/W while edge responsivity is 0.35
A/W. At wavelengths shorter than 400nm, attenuation by
the glass window affects response adversely. Speed of
response for edge incidance is tr, tf =~ 300ns.

5082-4205 MOUNTING RECOMMENDATIONS

a. The 5082-4205 is intended to be soldered to a printed
circuit board having a thickness of from 0.51to 1.52mm
(0.02 to 0.06 inch).

b. Soldering temperature should be controlled so that at
no time does the case temperature approach 280°C.
The lowest solder melting point in the device is 280°C
(gold-tin eutectic). If this temperature is approached,
the solder will soften, and the lens may fall off. Lead-tin
solder is recommended for mounting the package, and
should be applied with a small soldering iron, for the
shortest possible time, to avoid the temperature
approaching 280°C.

c. Contact to the lens end should be made by soldering
to one or both of the tabs provided. Care should be
exercised to prevent solder from coming in contact
with the lens.

d. If printed circuit board mounting is not convenient,
wire leads may be soldering or welded to the devices
using the precautions noted above.

LINEAR OPERATION

Having an equivalent circuit as shown in Figure 9,
operation of the photodiode is most linear when operated
with a current amplifier as shown in Figure 10.

//

Ry =Rz

Vourt =R (Ip +Ip)
BIAS =
(IF USED) ¢ =

o
T :|>Vour
l. O

Figure 10. Linear Operation.

Lowest noise is obtained with E. =0, but higher speed and
wider dynamic range are obtained if 5 < E; < 20 volts. The
amplifier should have as high an input resistance as
possible to permit high loop gain. If the photodiode is
reversed, bias should also be reversed.

LOGARITHMIC OPERATION

If the photodiode is operated at zero bias with a very high
impedance amplifier, the output voltage will be:

= (1+B82 KT, e
Vour = (1 +R1) q on (1+ Is)
where Is = I (e% 1) at 0<Ip<0.1mA

using a circuit as shown in Figure 11.

Vout

Figure 11. Logarithmic Operation.

Output voltage, Vour, is positive as the photocurrent, Ip,
flows back through the photodiode making the anode
positive.
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Fiber Optics!

Fiber optics is emerging as a practical, cost-effective technology for data communications.

Pulses of light traveling down hair-thin fibers are replacing electrical signals transmitted over _
copper wires. The transmission of information over optical cables offers many features, C
advantages, and benefits, some not available with any other technology:

e Features e Advantages * Benefits
Optical transmission - Complete input-output Freedom from ground loops.
path electrical isolation Lightning safe.
Light pulse “carrier” No EMI susceptibility or Freedom from induced noise.
signals radiation Freedom from crosstalk.
Secure communications.
Very high distance/bandwidth Greater data rates at longer
products achievable distances than wire/coax.
Bandwidth independent Light weight, small diameter Lower cost installation and
of cable size cables possible maintenance. More bandwidth
(channels) per unit area or unit
weight.

Versatile

HP’s new fiber optic systems are point-to-
point links intended for short to intermediate
distance processor-to-processor or pro-
cessor-to-peripheral interconnection in
commercial, industrial, or military appli-
cations. Some of these are:

e Large computer installations

Distributed processing (minicomputer)
systems

Hospital computer systems

Power plant communications/control
Industrial/process control

Industrial or military secure
communications

e Aircraft/shipboard data links

¢ High voltage or electromagnetic field
research

¢ Remote instrumentation systems
e Factory data collection

In many of these applications induced noise,
ground potential differences, high voltage, or
extended distance, make twisted wire or
coaxial data links difficult or impossible to
use. Fiber optics can offer an alternative to
expensive shielding, conduit, isolation
transformers, or data error checking and
retransmission circuitry.
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Easy-To-Use 4

The HP Fiber Optic Link is a versatile, easy-
to-use system. It does not require optical
design expertise, calibration or adjustment.

To make it easy to get started, HP offers the
HFBR-0010, a complete 10 metre simplex
link consisting of a transmitter, a receiver, a
10 metre cable/connector assembly, and
technical literature. Also available are
separate components: the HFBR-1001 100
metre digital transmitter the HFBR-1002,
1000 metre digital transmitter, the HFBR-
2001 digital receiver, and the HFBR-3000
cable/connector assemblies.

System Specifications*

DATA RATE: DC to 10Mb/s NRZ HP systems feature:
DATA FORMAT: No restrictions e Compatible plug-together transmitters,
LINK DISTANCE: 0 to 1000 metres receivers, and cable assemblies
. -9
BIT ERROR RATE: 1N0Rzmax. at 10Mb/s ¢ Miniature PC board mountable packages
DATA INPUT: TTL compatible e TTL electrical interfaces
(1 LSTTL load) e Single 5 volt | ., t
DATA OUTPUT: TTL compatible (up ingle 5 voll power supply requiremen
to 20 LSTTL loads) e Accepts any data format from DC to
CABLE 10 Mbits NRZ
CONSTRUCTION: Reinforced, polyure-
thane jacketed, e Accommodates cable lengths up to
single fiber, glass 1000 metres
core and cladding. °

Integral fiber optic connectors
POWER SUPPLY

REQUIREMENTS

Built-in “link monitor”

TRANSMITTER: 5V+5% at 125mA
) RECEIVER: 5V+5% at 100mA
' "OPERATING TEMPER-
i ~ATURE RANGE: 0°C to 70°C

* Detailed electrical and mechanical specifications are
contained in the following data sheets: HFBR-1001,
HFBR-1002, HFBR-2001, HFBR-3000.

Systems and Components

HP Part No. Description Page No.

HFBR-0010 Complete 10 Metre Simplex System (Contains (Contact HP
one each HFBR-1001, -2001, -3001) Sales Office)

HFBR-1001 100 Metre Digital Transmitter 28

HFBR-1002 1000 Metre Digital Transmitter 32

HFBR-2001 Digital Receiver 36

HFBR-3000 Cable/Connector Assemblies: In User Specified 40
Cable Lengths
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| O Bribas

~ FIBEROPTIC
100 METRE DIGITAL
TRANSMITTER

TECHNICAL DATA MARCH 1980

Features

HIGH SPEED: dc to 10Me/s NRZ*

LONG DISTANCE: 100 metres*

* LOW PROFILE: Fits 12.7mm (0.5") spaced card rack
NO HEAT SINK REQUIRED

* ARBITRARY DATA FORMAT*

® TTL INPUT LEVELS

e SCHMITT DATA INPUT

® OPTICAL PORT CONNECTOR

* SINGLE 5V SUPPLY

*When used with HFBR-2001 Receiver Module and HFBR-3000
Cable/Connector Assemblies.

Description

The HFBR-1001 fiber optic transmitter is an integrated electrical to optical transducer designed for digital data transmission over
single fiber channels. A bipolar integrated circuit and a GaAsP LED convert TTL. level inputs to optical pulses at data rates from
dc to 10Mb/s NRZ. An integral optical connector on the module allows easy interfacing without problems of source/fiber
alignment. The low profile package is designed for direct printed circuit board mounting without additional heat sinking.

The HFBR-1001 is intended for use with HFBR-3000 fiber optic cable/connector assemblies, and the HFBR-2001 fiber optic
receiver for transmission distances up to 100 metres. The HFBR-1001 generates optical signals in either of two externally
selectable modes. The internally-coded mode produces a 3-level coded optical signal for reception and decoding by the HFBR-
2001 receiver. This feature provides data format independence over the data rate range of dc to 10Mb/s NRZ while allowing for
wide dynamic range and high sensitivity at the receiver. The externally-coded mode produces a 2-level optical signal which is a
digital replica of the data input waveform. Used in this mode with the HFBR-2001 receiver, the user must provide proper data
formatting (explained in the HFBR-2001 data sheet) to insure proper receiver operation. In either mode, the radiant output is
radiologically safe (per ANSI Z136.1-1976).

Package Dimensions

PN '\ — L WMITEROT 2 L BARREL - CAUTION:
| R & LOCK NUT 1. LOCK NUT AND BARREL SHOULD
3 i . NOT BE DISTURBED. N
pasns [l OPTICAL TRA R = =N 7092 UNF THD. . 2. SCREWS ENTERING THE 2-56
—] BR-100 P ] THREADED MOUNTING HOLES
— " f ' MUST NOT TOUCH BOTTOM, -
i ‘ 3. THE HFBR-3000 CONNECTOR -
264 TYP ‘ : . . 96 MAX SHOULD NOT BE TIGHTENED
(100y 940127 "I T - 1.038) BEYOND THE LIMITS SPECIFIED
- - sr00s0) TN (Ba) 792 IN THE HFBR-3000 DATA SHEET,.
m_sg) . R S P L ‘ t 312) R N B
521425 PIN | FUNCTION
LB - ) (208 --f"‘” 1| MODE SELECT
G e B T onoun
- . -1— R .
8.26 REF. “(126) T Ve .
5 DATA INPUT
1&51 e ——
{.650) — NOTES: . L
‘ = . (14%36 zgg) ' 1. DIMENSIONS IN mm (iMCHGS)
5 2. UNLESS OTHERWISE SPECIFIED
3815 SQ. TYP. - 2-s8unc mo X861 22) DEEP i i THE TOLERANCE ON ALL -
{.015 2 006} . MOUNTING HOLES 2 PLES. . } DIMENSIONS 15 =.38mm (- 015"} -
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Absolute
Maximum Ratings

Parameter ﬁymhoi,

Recommended
Operatmg Cond|t|ons

Storage Temperature

Operating Temperature =
_Temperature |-
Lead Soldering mp’ "
. ' Time

Supply Voltage
Mode Select or
Data Input Voltage -

Panmator ) "  | 8y
High Level | Made Select
tnput Current Data: Mmm' <
Low Level ' | Mode Select
tnput Current Data 1nput
Supply Extemallyﬁoded
Current Mode

Internally-Coded - *

Mode - . -
High Level
Optical Low Level
Flux Mid Level {average)
(peak-to-paak‘ S
Excursson ————
L2

Ampl |tud0 Svmmetrv,Flux Excuraion Ratr, ]
Exit Numerical Aperture. . |
Optical Port {fiber optic core) Diam, "
Coupling | from area mismatch .~ -
Loss from numerical aperwre

“mismatch -
Peak Emission Wavelength

Internally-Coded Mode | Repetition Rate

Parameter
) High-to-Low Data Input "
Propagation Voltage Step. = -
Detay Low-to-High Data Input
Voltage Step
Refresh Pulse _Duration - ]




Ry

Vee
Y o2 - - s
MODE SELECT . Hgg%ggtt ) e y
DATA INPUT TRANSMITTER - s
L N P
DATA INPUT

OPTICAL OUTPUT
WITH

MODE SELECT LOW

— 4 t
— ety tp fe— o _.‘
OPTICAL OUTPUT 75%— - ff — == —
WITH
MODE SELECT HIGH R

Figure 1. Flux Coding and Timing Diagram.
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Figure 3. Radiation Pattern.” Figure 4. Emission Spectrum.

*The optical fiber is recessed within the barrel at a distance of approximately 7mm. Solid line represents radiation pattern from fiber
stub without obscuration by connector barrel. Dashed line represents radiation pattern as seen from outside of connector.

Notes (cont'd):

3. Measured at a point 2mm (.079 in.) from where lead enters 8. The refresh pulse is interrupted (abbreviated) if Data Input
package. changes state during the refresh pulse. MAX propagation delay

4. A supply decoupling network of 2.2uH with 60uF is is for Data Input changing state during the maximum excursion
recommended. of the refresh pulse.

5. Average currents for steady-state conditions at Data Input. 9. Flux excursion

6. For typical values, Vgc = 5.00V and Ta = 25°C. Ad = 0.5 (4 — ¢1), or Ad = 0.5 (M — dL) « (1+k).

7. Flux excursion ratio, k, is the ratio of flux excursion above mid . - ”
level to flux excursion below mid level. . bH — dm- Notice that under the conditions specified for A¢, the

$M_—¢L average flux is (A¢ + oL).




Electrical Description

The HFBR-1001 has two modes of operation: Internally-Coded
mode and Externally-Coded mode. These are selected by
making the Mode Select input “low” for Internally-Coded mode
and “high” for Externally-Coded mode. With Mode Select
“low,” the optical signal generator in the HFBR-1001 produces
a “mid-level” flux which has positive or negative excursions,
depending on whether Data Input is “high” or “low.” In this
Internally-Coded mode, a train of positive excursions is initi-
ated when Data Input goes “high;” when Data Input goes
“low,” a train of negative excursions is initiated. These ex-
cursions are pulses of approximately 60ns duration with a
300kHz repetition rate. Each initiation of a pulse train starts
with a full-duration pulse, but when Data Input changes state,
the train is terminated—even at mid-pulse—as a new train of
opposite-polarity pulses is initiated. With this coding scheme
and the low duty factor, the average flux is always near the
mid-level, regardless of the data rate or duration in either
state. This coding scheme is designed to operate the HFBR-
2001 Fiber Optic Receiver most effectively; the mid-level flux
operates the Receiver’s dc-restorer and the “refresh” pulses
of either polarity keep the Receiver's ALC voltage at the
proper level, allowing low propagation delay for any change
of state at Data Input. The Internally-Coded mode permits
transmission of analog information, e.g., by means of Pulse
Width Modulation. Another advantage of the 3-level
Internally-Coded mode is that supply current is nearly the
same for either logic state, thus reducing transients on the
power supply line.

With Mode Select “high,” the optical signal is at full maximum
(~2 X mid level) when Data Input is “high,” and nearly zero
when Data Input is “low.” This mode provides for these three
applications:

1. Steady state turn-on of the photo-emitter at maximum flux
level (e.g., for system diagnosis).

2. Stand-by mode (e.g., when the system is not in use).

3. Transmission of 2-level optical signals from externally
generated code (e.g., Manchester) for receivers not con-
figured for the 3-level code. With Mode Select “high,” the
output is either ¢, or ¢ . Direct analog operation is not
possible due to hysteresis in the response of the optical
signal to the Data Input signal.

Mechanical and
Thermal Considerations

Typical power consumption is less than 500mW so the trans-
mitter can be mounted without consideration for external heat
sinking. The optical port is an optical fiber stub centered in a
metallic ferrule. This ferrule supports a split-wall cylindrical
spring sleeve which aligns the ferrule in the Transmitter with
the ferrule in the HFBR-3000 Fiber Optic Cable/Connector.
The connection procedure is to FIRST start the Connector
ferrule into the sleeve; THEN screw the coupling ring on the
barrel. The barrel performs no alignment function; its
purpose is to hold the ferrule faces together when the
coupling ring is tightened as specified in the HFBR-3000
Fiber Optic Cable/Connector data sheet.

The HFBR-1001 should be mounted so that the lock nut at the
optical port is not disturbed. Moving the lock nut can cause
misalignment of the optical fiber stub inside the module resuit-
ing in a reduction of power output. Mounting at the edge of a
printed circuit board with the lock nut overhanging the edge is
recommended.
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,rFIBER OPTIC
1000 A ETRE‘JDlGlTAL
NSMITTER |

HFBR-IUBZ ;

TECHNICAL DATA MARCH 1980

Features

* LONG DISTANCE TRANSMISSION:
1000 METRES*

* PIN COMPATIBLE WITH HFBR-1001

TRANSMITTER

HIGH SPEED: DC TO 10 Mbaud*

NO DATA ENCODING REQUIRED*

FUNCTIONAL LINK MONITORING*

TTL INPUT LEVELS

BUILT-IN OPTICAL CONNECTOR

LOW PROFILE: PCB MOUNTABLE

SINGLE +5V SUPPLY

*When used with HFBR-2001 Receiver Module and any Hewlett-
Packard HFBR-3000 Series Cable/Connector Assembly.

Description

The HFBR-1002 fiber optic transmitter is an integrated electrical to optical transducer designed for digital data
transmission over single optical fiber channels. A bipolar integrated circuit and a high efficiency GaAlAs LED convert
TTL level inputs to optical pulses at data rates from dc to 10 Mbaud (see note 5). An integral optical connector on the
module allows easy interfacing without problems of fiber alignment. The low profile rugged industrial package is
designed for direct circuit board mounting without additional heat sinking on printed circuit boards with 12.7 mm (0.5")
card rack spacing.

The HFBR-1002 is intended for use with Hewlett-Packard fiber optic cable/connector assemblies, and the HFBR-2001
fiber optic receiver for transmission distances to 1000 metres. Itis adirect replacement for extending links currently using
the HFBR-1001 (100 metre) transmitter to give 1000 metre capability. The HFBR-1002 generates optical signals in either
of two externally selectable modes. True dc response (data high or low for arbitrary time interval) is available when using
the Internaily-Coded mode.

WARNING: OBSERVING THE TRANSMITTER OUTPUT FLUX UNDER MAGNIFICATION MAY CAUSE INJURY TO
THE EYE. When viewed with the unaided eye, the near IR output flux is radiologically safe; however, when viewed under
magnification, precaution should be taken to avoid exceeding the limits recommended in ANSI Z136.1-1976.

Package Dimensions

N CAUTION:
LOCKNUT 1. LOCK NUT AND SSARREL SHOULD .

NOT BE DISTURBED.
2. SCREWS ENTERING THE 2.56 -
" THREADED MOUNTING HOLES
g MUST NOT TOUCH BOTTOM. -
s . 3. THE CONNECTOR SHOULD NOT-BE
. SEMAX TIGHTENED BEYOND THE Li LIwITS
{0381 N sPEC%FlED IN THE HEWLETT. R
02 : ARD CABLE/ CONI acma
. ‘7’512)’ 3 ATA SHEET (FINGER TIGHT).

FUNCTION
MODE SELECT
N.C.

GROUND
Vee
DATA INPUT

2
2

Cals|win]a

NOTES:

. 1. DIMENSIONS IN mm (INCHES)

© 2 UNLESS OTHERWISE SPECIFIED
THE TOLERANCE ON ALL N
DIMENSIONS i$ «.38mm {2.015"} ~

( 2~ 56 UNG THD, xasxzzmssv T
MOUNTING PIOLES 2 FLCS
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Absolute
Maximum Ratings

Recommended
Operating Conditions

Parameter Symbol | Min {Max |Units |Note . - Pavameter.” Nots'
Storage Temperature Tg |-55]+85] °C - ,Ambiéy\i Temporature ;
Operating Temperature TA 0j+70}1 C |
‘ Temperature 260 | °C L
Lead Soldering et J
Time 101 s 1.
Supply Voitage Vee |-05 6 v
M el j
ode Select or v, |-os|s5| v
Data tnput Voltage
Transmission Distance

Parameter Symbol | Min Typm Max Unm
Transmitter ( peak-to-peak ) - -13 | -10 dsm‘
Optical Output 2 50 | 100 H
Flux High Level . 205
Low Level [N i R
W
Mid Level V) 105 T
Amplitude Symmetry, Flux Excursion Ratio k 0.8 12 | — |
Exit Numerical Aperture N.A, 0.3 -
Optical Port {fiber optic core} Diam. Do 100 uni s -
Coupling Transmitter Optical Port TR o With' Hewlatté‘ackerd Cable/
Loss 1o Cabie/Connector Assy. %r.c 30 dB; K Connector Assembly
Peak Emission Wavelength Apk 820
High Level Mode Setect . 100
input Current Data input IH 20
Low Level Mode Select e .16 |- -
Input Current Data Input 06 |
Externally-Coded 170
Supply Made : -
Current lec B 40 ' \
Internally-Coded 68 | 95 125 |
Mode .

DvnamIC CharacterIStICS 0°C to 70°C Unless Otherwise Specified

Parameter Symbol | Min Typ‘oﬂ Max Uvuts 5 Condmons
High-to- ta | R
) igh-to-Low Data Input tPHL 3a| 42 s
Propagation Voltage Step *:
Delay Low-to-High Data Input : JRRN
) t 327 38 ns
) Voitage Step PLH s
Refresh Pul. Duration 40 ns L e
o e ko Ve = 5.00 V, Mode Select Low
Internally-Coded Mode Repetition Rate R 300 KHz | 7T T .
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Figure 4. Emission Spectrum.

*The optical fiber is recessed within the barrel at a distance of approximately 7mm. Solid line represents radiation pattern from fiber stub
without obscuration by connector barrel. Dashed line represents radiation pattern as seen from outside of connector.

Notes (cont'd):

3. Measured at a point 2mm (.079 in.) from where lead enters

package.
4,
recommended.
5.

A supply decoupling network of 2.2uH with 60uF ‘is

With NRZ data, 10 Mbaud corresponds to a data rate of 10

Mbits/second. With other codes, the data rateis the baudrate

divided by the number of code intervals per bit interval. Self-
clocking code (e.g., Manchester) usually has two code
intervals per bit interval giving 5 Mbits/second at 10 Mbaud.
With Hewlett-Packard HFBR-2001 and HFBR-3000 Series
Cable/Connector Assembly. :

7. For typical values, Vcc = 5.00V and Ta = 25°C.

6.

8.

10.
11.

The transmitter output, ¢t1, equals the flux excursion,
A¢ =(pH — oL)/2. Notice that under the conditions specified
for A¢, the average flux is (¢H + ¢L)/2.

. Flux excursion ratio, k, is the ratio of flux excursion above mid

level to flux excursion below mid level.
— ¢H ~ M

oM -~ éL
Average currents for steady-state conditions at Data Input.
The refresh pulse is interrupted (abbreviated) if Data Input
changes state during the refresh pulse. MAX propagation
delay is for Data Input changing state during the maximum
excursion of the refresh pulse.
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Electrical Description

The HFBR-1002 has two modes of operation: Internally-
Coded mode and Externally-Coded mode. These are
selected by making the Mode Select input “low” for
Internally-Coded mode and “high” for Externally-Coded
mode. With Mode Select “low,” the optical signal
generator in the HFBR-1002 produces a “mid-level” flux
which has positive or negative excursions, depending on
whether Data Input is “high” or “low”. In this Internally-
Coded mode, a train of positive excursions is initiated when
Data Input goes “high;” when Data Input goes “low,” a
train of negative excursions is initiated. These excursions
are pulses of approximately 40ns duration with a 300kHz
repetition rate. Each initiation of a pulse train starts with a
full-duration pulse, but when Data Input changes state,
the train is terminated — even at mid-pulse — as a new
train of opposite-polarity pulses is initiated. With this
coding scheme and the low duty factor, the average fluxis
always near the mid-level, regardless of the data rate or
duration in either state. This coding scheme, which is
transparent to the user, is designed to operate the HFBR-
2001 Fiber Optic Receiver most effectively; the mid-level
flux operates the Receiver's dc-restorer and the “refresh”
pulses of either polarity keep the Receiver's ALC voltage
at the proper level, providing data format independence
(no data encoding required) over the data rate range of dc
to 10Mbaud. The Internally-Coded mode permits trans-
mission of analog information, e.g., by means of Pulse
Width Modulation. Another advantage of the 3-level
Internally-Coded mode is that supply current is nearly the
same for either logic state, thus reducing transients on the
power supply line.

With Mode Select “high,” the optical signal is at full maxi-
mum (~2 X mid-level) when Data Input is “high,” and
nearly zero when Data Input is “low.” Used in this mode
with the HFBR-2001 Receiver, the user must provide
proper data formatting (e.g., Manchester or Bi-Phase
coding, explained in HFBR-2001 data sheet) to ensure
proper receiver operation. This mode provides for these
three applications:

1. Steady state turn-on of the photo-emitter at maximum
flux level (e.g., for system diagnosis).

2. Stand-by mode (e.g., when the system is not in use).

3. Transmission of 2-level optical signals from externally
generated code (e.g., Manchester) for receivers not
configured for the 3-level code. With Mode Select
“high,” the output is either ¢H, or ¢L. Direct analog
operation is not possible due to hysteresis in the
response of the optical signal to the Data Input signal.

Mechanical and
Thermal Considerations

Typical power consumption is less than 500mW so the
transmitter can be mounted without consideration for
external heat sinking. The optical port is an optical fiber
stub centered in a metallic ferrule. This ferrule supports a
split-wall cylindrical spring sleeve which aligns the ferrule
in the Transmitter with the ferrule in the Hewlett-Packard
Fiber Optic Cable/Connector Assembly. The threaded
barrel performs no alignment function; its purpose is to
hold the ferrule faces together when the coupling ring is
tightened finger-tight as specified in the Hewlett-Packard
Fiber Optic Cable/Connector data sheet.

The HFBR-1002 should be mounted so that the lock nut at
the optical port is not disturbed. Moving the lock nut can
cause misalignment of the optical fiber stub inside the
module resulting in a reduction of power output.
Mounting at the edge of a printed circuit board with the
lock nut overhanging the edge is recommended.

Good system performance requires clean ferrule faces to
avoid obstructing the optical path. Clean compressed air
often is sufficient to remove particles of dirt; methanol or
Freon™ on a cotton swab also works well. Ifitisabsolutely
necessary to remove the threaded barrel and lock nut to
clean the transmitter ferrule face, refer to the section
“Installation Measurement and Maintenance” in Hewlett-
Packard Application Note 1000.

ot (T) — NORMALIZED TRANSMITTER OUTPUT FLUX

1.0 =
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Ta — AMBIENT TEMPERATURE — °C

Figure 5. Normalized Transmitter Output Flux vs. Temperature.
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Features - S
¢ HIGH SPEED: dc to 10Mb/s NRZ*

e LOW NOISE: 10~° BER with 0.8 W Input*

o LOW PROFILE: Fits 12.7mm (0.5") spaced card rack
o SINGLE SUPPLY VOLTAGE

* WIDE OPTICAL DYNAMIC RANGE: 23dB

o OPTICAL PORT CONNECTOR

o ARBITRARY DATA FORMAT *

e TTL OUTPUT LEVELS

® LINK MONITOR: Shows Satisfactory Input Signal*

*When used with HFBR-1001/1002 Transmitters and HFBR-3000
Cable/Connector Assemblies.

Description

HFBR-2001 fiber optic receiver is an integrated optical to electrical transducer designed for reception of digital data over single
fiber channels. A silicon PIN photodetector and a bipolar integrated circuit convert optical pulses to TTL level outputs with an
optical sensitivity of .8uW, a dynamic range of 23 dB, and data rates to 10 Mb/s NRZ. An integral optical connector on the
module allows easy interfacing without problems of fiber/detector alignment. The low profile package is designed for direct
printed circuit board mounting without additional heat sinking.

The HFBR-2001 is intended for use with HFBR-3000 fiber optic cable/connector assemblies and the HFBR-1001/1002 fiber
optic transmitters. In order to provide wide dynamic range, dc response, and high sensitivity, the receiver must periodically
extract information from the optical waveform. When operating with a transmitter in the internally-coded mode, this information
is automatically provided by the transmitter. When operating in the externally-coded mode, or with another transmission
source, the user must provide proper data formatting to insure proper receiver operation.

An additional TTL output called Link Monitor (LM), provides a digital indication of link continuity independent of the presence of
data. Link continuity is indicated by a logical high output state.

Package Dimensions

' "‘"‘;} :

o~ BARREL o - CAUTION:. .

DR LOCKNUT * ILOCKNUTANDBARRELSHOULD

P - t. ., NoteepwTuReeD.

OPTICAL RECEIVER B N e S ] a . "2 SCREWS ENTERING THE »56 ’

HFBR-2001 coop (GRZUNETHD. JEOE . THREADED MOUNTING HOLES .

oo I ] T o MUST NOT TOUCH BOTTOM.
- x e ot : 3. THE HFBR-3000 CONNECTOR
: S 26 MAX " SHOULD NOT BE TIGHTENED' ..

254 TYP. CCesenzm | Ct S (o3 BEYOND THE LIMITS SPECIFIED . -

7.92
(312

L00 - ag0e060 T IN THE HFBR-3000 DATA SHEET.

FUNCTION
TEST POINT
LINK MONITOR
GROUND
Vee
DATA OUTPUT

>
2

alalwin|=

R R NOTES: :
. N . 10. 1so.25 et -+ 1. DIMENSIONS mmm(mcuess
: («m 0 - 2, UNLESS OTHERWISE SPECIFIED |
. aBeiBsQ, wv e seuucmo xss(zz)oeev . o . . THETJOLEBANCEON ALL .
4ms~ooq); ST T DUNTING HOLES 2PLCS. - S e R DIMENSIONS 1S +.38mm { 015"
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Absolute Maximum Ratings

Parameter Symbol Min
Storage Temperature Ts -55
anrating Temperature Ta 0
- Temperature I :
SRS E Time o b
Supply Voltage - \ Vee . |- 0B
Output Voltage (ngh Stats) VoH
Recommended Operating COﬂdltIOﬂS
] : Paramater Symbol Min
‘Amblont Tsmpemture ‘ Ta 0
Supply Voltage . - L Vee _ 478
“Supply mppze (Péakéto?Peak) _&Vee o
High' LW -Link Monitor o R
“Outhut Current ‘| Data Output 10H.
Low Level Ouitput Current lop
Average Input Flux. oM 038
Peak-to-Peak Input Flux .. e - oHeL 16
!me’ailnput/’ 2Level - | High Level L5 160
| Pulse. Duration | Code | Low Level - t0 .
“and Timing~  |-Flux Excursion Ratio K 1075
e B-Level - | "High Level tH CEg
Code L.ow Level ), .
Mid Level M 0.05 -
Refresh Repetition Rate iR 150
Refresh Duty 'Factor R fRL ’

Electrical/ Optical CharacteristiCS o°c to 70°C Unless Otherwise Specified

Parameter Symbot | Min| Typ® ﬂla'x
. High Data OQutput
o : : Vou | 24| 286
Output - |- State | Link Monitor ’
Voitage |- Low | DataOutput ‘v 035] 05|
.| State [ Link Monitor oL 0.2 041§
Test Point Voltage e e
Sirmiy Current” . 1 77 100}
upply Current - -
Optical Port {fiber aptic core) Diameter D¢ 200
Numericat Aperture NLA, 05
Peak Responsivity Wavelength Ap 770
DvnamIC CharacterIStICS 0°C to 70°C Unless Otherwise Specified
Parameter Symbol Min Typ5 Mai Units |
NN High - 3-level Code | 200 37|
. S - - tPHL . ns
Psqpagation to Low . 2-Level Code 377 48}
Delay. | Lowto | 3-LevelCode |’ 37] s2]
htrids NN PLH : s
s High 24.evel Code 45| 60
Link Monitar | Low-to-High tMH 20 .
ms
Response Time. | - High-to-Low ML 100 |,
| Bit Error Rate at 10 M baud BER 109
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DATA INPUT TO TRANSMITTER (HFBR-1001, INTERNALLY CODED) OMITTING TRANSMISSION DELAY

[ S EE Dy SRS D SRSE— v 1

3-LEVEL CODED FLUX AT RECEIVER INPUT k = (oy-0m )/ (om-oL)

DATA INPUT TO TRANSMITTER, E.G. MANCHESTER (HFBR-1001 EXTERNALLY CODED) OMITTING TRANSMISSION DELAY

I rirrir_rrrrrr_r 1 I

2-LEVEL CODED FLUX AT RECEIVER INPUT k = (St )/(Zty)

Figure 1. Optical Input Timing Requirements.

Notes (cont'd):
3. Measured at a point 2mm (.079") from where the lead enters
the package. r—-——————=—=—=—==9s
4. If ripple exceeds the specified limit, the regulator shown in | o
Figure 5 should be used. The LC filter shown in Figure 5 is
recommended whether the reguiator is used or not. !
5. For typical values, VoG = 5.00V and Tp = 25°C. | AVPLIFIER 2
6. Flux is averaged over an interval of at least 50us. Flux values i AND DECODER 12 e
specified are for the equivalent of a monochromatic source OPTICAL —y CIRCUITS MONITOR
between 700nm and 820nm. PORT = v
7. For either 2-level or 3-level code, k= ($H—dM)/(SM—SL)- RN K
8. For the HFBR-2001, a 3-Level Code is defined as having a |
mid-level, with equal-amplitude and pulse width excursions to |
high-level or to low-level.
9. Link Monitor provides a check of link continuity. A low Link ! 1 rest
Monitor output indicates that the optical signal path has been : L AA ] | POINT
|

>
>,
20K l

DATA
OUTPUT

|
|
|s
|
|

AAA
W

interrupted. For example, it might indicate a broken cable or 26K
a loose, dirty, or damaged connector. The link may still be 3
operational with Link Monitor low, but it should be checked L L= grouno
to determine the cause of the low indication. Whenthe =~ -~ — - —-———=—— — — — — = -

source of flux is an Internally-Coded HFBR-1001/1002 Fiber
Optic Transmitter, Link Monitor high will be a valid indication

Al
Ui

of link continuity whether or not data is being transmitted. An
optical input with excursions (A¢) greater than or equal to
0.8uW is sufficient to hold Link Monitor high.

10. When observing VT, use a voltmeter with at least 10MQ input

Figure 2. Schematic Diagram.

resistance. With zero input flux, VT is at its maximum value, i i ical i i i
VT.MAX. Then when flux is being received, whether modulated 13. mﬁsdﬁg m,}ﬂ%%":g!gﬁ%%pucal input fluctuation begins
or not:
(VT,MAX ~ VT) = (25kQ)(Ip) = (25kN)(Rpdm) 14. Measured from the time at which optical input fluctuation ceases
where lp = average photodiode photocurrent until LINK MONITOR falls to 1.5V. prcal e
. ¢ ~ 0.4A/W = photodiode responsivity
&M = average flux being received 15. With NRZ data, 10Mbaud corresponds to a data rate of
11. Measured from the time at which optical input crosses the 25% 10Mb/s. With other codes, the data rate is the baud rate divided
level until DATA OUTPUT = 1.5V in HL transition. by the number of code intervals per bit interval—self-clocking
12. Measured from the time at which optical input crosses the 75% code (e.g., Manchester) usually has two code intervals per
level until DATA QUTPUT = 1.5V in LH transition. bit interval giving 5Mb/s at 10Mbaud.
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Electrical Description

Flux enters the HFBR-2001 via an optical fiber stub where a
PIN photodiode converts it to a photocurrent. This photocur-
rent goes to an |-V (current-to-voltage) amplifier which utilizes
both dc feedback and ALC (automatic level control).

The function of dc feedback is to keep the average value of
the signal centered in the linear range of the amplifier. The dc
feedback amplifier has a high impedance output to establish
a long time constant on a capacitor at its output. (The voltage
on the capacitor is observable at the test point). As seen in
the schematic diagram, the voltage on this capacitor extracts
the average component of photocurrent from the input of the
|-V amplifier so its average output is at a fixed level. Optical
flux excursions above and below the average cause voltage
excursion above and below the fixed level at the output of the
|-V amplifier.

The voltage excursions operate a flip-flop whose output drives
the Data Output amplifier; an excursion above the average

level sets the data output high, where it remains until an
excursion below the average level resets the flip-flop.

To prevent overdrive, an ALC circuit, responding to excursions
either above or below the average level, controls the gain of
the |-V amplifier. Gain is then determined by whichever polar-

ity of excursion is the greater. If these excursions are too far
from being balanced, the gain limitation imposed by the larger
excursion may cause the smaller (opposite polarity) excursion
to be too small to operate the flip-flop.

The Link Monitor output is driven by an amplifier which re-
sponds to the ALC voltage. The Link Monitor is high when the
flux excursions are greater than or equal to 0.8uW.

Mechanical and Thermal
Considerations

Typical power consumption is less than 500mW so the Receiver
can be mounted without consideration for additional heat
sinking. The optical port is an optical fiber stub centered in a
metallic ferrule. This ferrule supports a split-wall cylindrical
spring sleeve which aligns the ferrule in the Receiver with the
ferrule in the HFBR-3000 Fiber Optic Cable/Connector. The
connection procedure is to FIRST start the Connector ferrule
into the sleeve, THEN screw the coupling ring on the barrel.
The barrel performs no alignment function; its purpose is to
hold the ferrule faces together when the coupling ring is
tightened as specified in the HFBR-3000 Fiber Optic
Cable/Connector data sheet.

\
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Figure 3. Reception Pattern.*

*The optical fiber is recessed within the barrel at a distance of approximately 7mm. Solid line represents reception pattern at fiber stub
without obscuration by connector barrel. Dashed line represents reception pattern as seen from outside of connector.

R '
T
1.0 i
" TN
g, N
&
-3
N/ ‘\
g
¥ 4
1
&
2

1
400 500 600 700 800 900 1000

A —WAVELENGTH — nm

Figure 4. Spectral Response.
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SINGLE CHANNEL
CABLE/CONNECTOR

FIBER OPTIC
HFBR-3000

ASSEMBLIES

TECHNICAL DATA MARCH 1980

Features

USER SPECIFIED CABLE LENGTHS

e CONNECTORS FACTORY INSTALLED
AND TESTED

e PERFORMANCE GUARANTEED OVER

TEMPERATURE AND HUMIDITY

HIGH STRENGTH

LIGHT WEIGHT

SMALL BEND RADIUS

Description

The HFBR-3000 Simplex Fiber Optic Cable/Connector
Assemblies are intended for use with the HFBR-1001/-1002
Transmitters and HFBR-2001 Receiver for digital data
transmission. The Connectors mate directly with the
optical ports on the Transmitters and Receiver. The cable
uses a single fused silica, partially graded index, glass-
clad fiber surrounded by silicone coating, buffer jacket,
and tensile strength members. This combination is then
covered by a scuff-resistant outer jacket. The cable
resistance to mechanical abuse, safety in flammable
environments, and inherent absence of electromagnetic
interference effects may make the use of conduit
unnecessary. However, the light weight and high strength
of these assemblies allows them to be drawn through most
electrical conduits. The HFBR-3099 Adapter, for inter-
connecting cables, consists of two parts: a sleeve to align
the ferrules and barrel to join the connector couplings.

HFBR-3000 CABLE LENGTH TOLERANCE

Cable Length (Metres) Tolerance Units
1—10 e %

11—100 — Metre
> 100 = %

Mechanlcal Dimensions
’ conuec'ron FERRULE

6013 __ 2.499 +.005
42 +.05) 1432 UNF 1.0984 +.0002)
] INT. THD. \ |,

345

. . 10-32 UNF THD.
(.iasn"'l, i B ‘ 1
. SN/ 44
S — i _

- ) b REF. PLANE
FIBER END IS LOGKED FOR CABLE
ELUSHWITHFERRULE . LENGTH

POLYURETHANE OUTER JACKET:

STRENGTH MEMBERS
BUFFER JACKET
SILICONE COATING
CLADDING (SILICA)
CORE (SILICA)

Cable/Connector Orderlng Guide

HFBR-3000 defines an optical cable of user specified
length supplied with factory installed and tested
connectors. Length must be specified in metres and‘can
be any one metre increment from 1 to 1000 metres. Length
information is shown as option 001 to the base product
number with quantity equal to the number of cable
assemblies ordered.

Examples:

For a single length of 245 metres specify:
HFBR-3000 Optic Cable Assy Quantity 1
Option 001 245 metres long Quantity 1

For seven lengths of 1000 metres specify:
HFBR-3000 Optic Cable Assy Quantity 7
Option 001 1000 metres long Quantity 7

Systems intended to operate at distances greater than
1000 metres may require special component selection,
depending upon operating conditions. For cable lengths
greater than 1000 metres contact your local Hewlett-
Packard sales office.

OPTICAL FIBER {

HFBR-3099 ADAPTER

15.2 CAUTION:
(.60} 318 A. COUPLING SHOULD NQT

‘ l (125) BE OVERTIGHTENED, SEE
-

MECHANICAL/OPTICAL
m\m\mmu
~ B. GOOD SYSTEM PERFOR.

CHARACTERISTICS AND
NOTE 14.
AU

3.00 MANCE REQUIRES CLEAN
(1183 FERRULE FACES TO
AVOID OBSTRUCTING

THE OPTICAL PATH.
CLEAN COMPRESSED AIR
OFTEN IS SUFFICIENT TO
REMOVE FARTICLES. A

] 4 COTTON SWAB SOAKED
244 IN METHANOL OR
(2801 (096} - FREON ™ MAY ALSO

- BE USED.
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Absolute MaX|mum Ratlngs

Fiber 368 Bandmdth

QOptical Fmsr Core Dxamater

Ciadding Outside Diameter

ptical Fiber Profile Index -

Elos*\gauon Under Tensile Force

“Mass per “Unit. Length

able Outside Dnamet,er\ L

Notes (cont'd::

4. 180° bending at minimum bend radius, with 10N tensile load.

. Force applied on 2.5 mm diameter mandrel laid across the cable on a
flat surface, for 100 hours, followed by flexure test.

. For mass m dropped from height h on 25 mm diameter mandrel laid
across the cable on a flat surface.

. Exit N.A. is defined as the sine of the angle at which the off-axis radiant
intensity is 10% of the axial radiant intensity.

. Fiber 3dB Bandwidth » Length, (MHz « km) is defined as 350/fiber
dispersion (ns/km.

o

. Coupling Ring

. Typical values are at Ta = 25°C.
. This applies for short term testing, less than one hour.
. Fiber loss exclusive of connector loss.

. This applies to cable only.

. When using HFBR-1002 transmitter

with HFBR-3000 Cable/
Connector Assembly, Total Insertion Loss, at = af + ag (£- 300) for
£> 300 m; for lengths £< 300 m, a1 = af. 71000
“Finger Tight”, torque 0.05 < L < 0.1 Nem.
Overtightening may cause excessive fiber misalignment or permanent
damage.
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80° x
pe ]
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. 1 N o
o0 | o . . e . 5N ;
\ \ i . a 8 12 16 20 (g 600 700 800 900 1000
e " 7
i XL 0 — OFF-AXIS ANGLE — DEGREES WAVELENGTH (nm)
Figure 1. Optical Fiber Output Radiation Pattern. Figure 2. Spectral Transmission.
The actual fiber dispersion is determined from the RMS Pulse Spreading and can be approximated by:
DIN
—{ tpq | [ |
100% |— —|— | |
— — /
50% A — />¢
(g ouT

IMPULSE: tp1 < 3.5ns

2 2
t DISPERSION ~ V_‘L%_‘"‘_

Figure 3. Fiber Dispersion
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High Speed Optocouplers

Typical | Current |[Specified | Withstand Page
Device Description Application!] Data Rate | Transfer | Input Test No
(NRZ) Ratio |Current Voltage :
6N135 Transistor Output Line Receiver, Analog 1M bit/s | 7% Min. 46
Circuits, TTL/CMOS, -
TTL/LSTTL Ground (/
Isolation
6N136 19% Min. | 16mA | 3000Vdc(3]
HCPL-2502 15-22%[2]
HCPL-2530 | Dual Channel Line Receiver, Analog 1Mbit/s | 7% Min. | 16mA | 3000Vdcl3l| 50
Ao, E@; i Ve Transistor Output Circuits, TTL/CMOS,
CATHODE, [2 7]V - TTL/LSTTL Ground -
oot 5], £ 151 vg HCPL-2531 isolation 19% Min.
mnzz[{} 5] ono
7 Ve [T 6N137 Optically Coupled Line Receiver, High 10M Bit/s [ 700% Typ. 5.0mA | 3000Vdc[3l| 54
ANODE 2 v Logic Gate Speed Logic Ground
CATHODE [7 ED—LE Vour Isolation
GND [5]
; m HCPL-2601 | High Common Mode | Line Receiver, High 10M bit/s | 700% Typ{ 5.0mA | 3000Vdcl3]| 58
e[ 8 L. . .
. Rejection, Optically Speed Logic Ground
ANODE(Z }‘\[D-L T]ve Coupled Logic Gate Isolation In High
cathooE[3H = UE]vour Ground or Induced
7 anols Noise Environments
o HCPL-2602 | Optically Coupled Replace Conventional 10M bit/s [ 700% Typ.| 5.0mA | 3000Vdc(3]| 62
s Line Receiver Line Receivers In High
= Ground or Induced
! Noise Environments
avooe, TS Vola HCPL-2630 | Dual Channel Line Receiver, High 10M bit/s |700% Typ.| 5.0mA | 3000Vdc[3 | 68
caTHOD }e & N Optically Coupled Speed Logic Ground
HE DTV Gate Isolation
CATWDEz 3 ,_D"‘ 6] Vo2
ANODE, [§ } GND (B
High Gain Optocouplers .
Typical | Current |Specified | Withstand Page (’
Device Description Application[1] | Data Rate | Transfer | Input Test proag )
(NRZ) Ratio Current Voltage .
6N138 Low Saturation Line Receiver, Low 300k bit/s | 300% Min.| 1.6mA | 3000Vdc[3]l| 72
Voltage, High Gain Current Ground
Output, Vcc=7VMax.| lIsolation, TTL/TTL,
LSTTL/TTL, CMOS/
ANODE [2] N TTL
CATHODE 3] 6N139 / Low Saturation Line Receiver, Ultra 400% Min.| 0.5mA
;,_// Voltage, High Gain Low Current Ground
Output, Voc=18V Isolation, CMOS/LSTTL
Max. CMOS/TTL, CMOS/
Ccmos
anooe, [T, 8Jvec | HCPL-2730 | Dual Channel, High Line Receiver, Polarity [300k bit/s | 300% Min.| 1.6mA | 3000Vdc(3l | 76
7 } Tvor . ] Gain, Vgc=7V Max. Sensing, Low Current
E},, [E1ve: | HCPL-2731 | Dual Channel, High | Cround lsolation 400%Min. | 0.5mA
ANODE, 4] 3 7] — Gain, Vgc=18V Max.
4N45 Darlington Output AC Isolation, Relay- 3k bit/s |250% Min.| 1.0mA | 3000Vdc(3] | 80
ANODE '} 21V Vee=7V Max. Logic Isolation
CATHODE[2 - 5 —
- " [anas> Darlington Output 350% Min. | 0.5mA
Sl V=20V Max.
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AC/DC to Logic Interface Optocoupler

. Input Withstand
Device Description Application (i TVP'“'A Threshold 3 utput Test P'::'
Data Rates | o, o0, urrent Voltage .
TN
[ ﬁCPL-3700‘_ AC/DC to Logic Limit Switch 4KHz |25mATH*| 4.2mA [3000Vvdc!3]| 84
“|_ .| Threshold Sensing Sensing, Low Voltage 1.3mATH™
l: 7, ’__-] Interface Optocoupler | Detector, Relay
E ET"' D Vpe =20V Contact Monitor
o7+ |
O
Hermetic Optocouplers
Typical | Current | Specified | Withstand
Device Description Application[1] Data Rate | Transfer | Input Test Page
(NR2) Ratio Current Voltage | No-
Dual Channel Line Receiver, 10M bit/s |400% Typ.| 10mA 1500vdc | 90
6N134 Hermetically Sealed Ground Isolation for
Optically Coupled High Reliability
u::::. ! - u Logic Gate. Systems
': R o | GN134 TXV — Screened
ormooeys Lo bl v T?(VB — Screened
0E; 6 " with Group B
7 GND T+ 10
] 0 Data
6N134TXVB
J PN Hermetically Sealed Line Receiver, Low 300k bit/s {300% Min.| 0.5mA 1500vde | 94
. "|6N140 / Package Containing Power Ground
3 186 7 . .
2 N 15 44Low Ipput Current, Isol.atl.op for High
: §§E :; High Gamv Optocouplers | Reliability Systems
5 ?4>' 12 6N140TXV |TXV — Hi-Rel
8= Dot Screened
=1 TXVB — Hi-Rel
6N140TXVB| Screened with er 1R
Group B Data 0~ "
A7 Dual Channel Line Receiver, 700k bit/s | 7% Min. 16mA 1500Vdc | 98
1 16 4N55 ) Hermetically Sealed Analog Signal
; ’Zgi :: _— Analog Optical Ground Isolation,
JF 1 Coupler Switching Power
5 2 4N55TXV | TXV — Hi-Rel 2y Supply Feedback
6 zgfé " Screened o =~V Element
RN TXVB — Hi-Rel
4N55TXVB | Screened with

Group B Data

Notes: 1. AN 948, AN 951-1, and AN 951-2 are located in Application Notes Section, beginning on page 311. For further

information ask for AN 939 and AN 947.
2. The HCPL-2502 Current Transfer Ratio Specification is guaranteed to be 16% minimum and 22% maximum.
3. Recognized under the Component Recognition Program of Underwriters Laboratories Inc. (File No. E55361),

220 VAC working voltage. This is guaranteed by a 3000 Vdc withstand voltage test for 5 seconds.
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Features

e HIGH SPEED: 1 Mbit/s
* TTL COMPATIBLE

¢ RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES, INC. (FILE NO. E55361)

e HIGH COMMON MODE TRANSIENT IMMUNITY:
1000V/us

® 3000 Vdc WITHSTAND TEST VOLTAGE
® 2 MHz BANDWIDTH
* OPEN COLLECTOR OUTPUT

Description

These diode-transistor optocouplers use a light emitting
diode and an integrated photon detector to provide 3000V dc
electrical insulation between input and output. Separate
connection for the photodiode bias and output transistor
collector improve the speed up to a hundred times that of a
conventional photo-transistor coupler by reducing the base-
collector capacitance.

The 6N135 is suitable for use in TTL/CMOS, TTL/LSTTL or
wide bandwidth analog applications. Current transfer ratio
(CTR) for the 6N135 is 7% minimum at I = 16 mA.

The 6N136 is suitabie for high speed TTL/TTL applications. A
standard 16 mA TTL sink current through the input LED will
provide enough output current for 1 TTL load and a 5.6 kQ
pull-up resistor. CTR of the 6N136 is 19% minimum at If =
16 mA.

The HCPL-2502 is suitable for use in applications where
matched or known CTR is desired. CTR is 15 to 22% at I =
16 mA.

*JEDEC Registered Data. (The HCPL-2502 is not registered.)

Appllcatlons

Line Receivers — High common mode transient immunity
(>1000V /us) and low input-output capacitance (0.6pF).

® High Speed Logic Ground Isolation — TTL/TTL, TTL/
LTTL, TTL/CMOS, TTL/LSTTL.

® Replace Slow Phototransistor Isolators — Pins 2-7 of the
B6N135/6 series conform to pins 1-6 of 6 pin phototransistor
couplers. Pin 8 can be tied to any available bias voltage of
1.5V to 15V for high speed operation.

® Replace Pulse Transformers — Save board space and weight.

® Analog Signal Ground Isolation — Integrated photon de-
tector provides improved linearity over phototransistor type. :

Absolute Maximum Ratings®

Storage Temperature . .............. -55°C to +125°C
Operating Temperature . . .. .. ......... -55°C to 100°C
Lead Solder Temperature ............ 260°C for 10s

(1.6mm below seating plane)

Average InputCurrent — g .. ... .. ... ouut 25mAl1]
Peak InputCurrent — Ig . .. ... ... ..ot 50mAl2]
(560% duty cycle, 1 ms pulse width)
Peak Transient InputCurrent — g . ............. 1.0A
(<1us pulse width, 300pps)
Reverse Input Voltage — VR (Pin3-2) ............. 5V
Input Power Dissipation . ................. 45mW!I3]
Average Output Current — lg (Pin6) ............ 8mA
Peak Output Current .. ... .........cuvuenunnn 16mA
Emitter-Base Reverse Voltage (Pin5-7). ............ 5V
Supply and Output Voltage — V¢ (Pin 8-5), Vg (Pin 6-5)
................................ -0.5V to 15V
Base Current — g (Pin7) . ............ ... .. 5mA
Output Power Dissipation . ... ............. 100mw!I4]

See notes, following page.



Electrical Specifications

Over recommended temperature (Ta = 0°C to 70°C) unless otherwise specmed

Panmgmr;v" Sym. | Device Min. Typ.*" | Max. Unm ..} Fig.] Note
[ [enNws_|7 | 18 T

. |etRt[ N6 |19 | 24
Current Transfer Ratio- | . [HCPL-2602 |15 - 22 121 .8

S S TR N D >

R N B L
Logic Low - | eNw3s | | o1 0.4
Output Voltage V OL:: Hg;‘:_?so2 . 01 04 A
' IR ' Tg = OmA, Vo vcc-ssv
- .8 ,590 ,A=25°C

Logic High o on 100 e =oma, vo=vcc-1sv
Output Current b i TA =26°C

‘ 164 "1 280 g omaA, co=tev . |’
Logic Low AR A ERGRMRIY RO BN T T S B
s“"gpw Curent - |lecu| - po | a0 | 1F = 16mA; Vo ~ Open, Ve = 15V

. - FA oA | JF=0mA Y =Open, VG = 16V
- A * . 0.

Logic High CcH ' | 002 ! BA  ITp=26°C :
Supply Current . s #A | 1g=0mA, Vo =Open, Voo = 168V
input Forward Voltage | Vg* . C 1.8 1.7 V. lg = 16mA, Ta=25°C 3
Temperature Coefficient | AVp " - . '
of Forperd Voltae T 16 mVrC | I = 16mA
Input Reverse . o - o
Breakdown Voltage BVR® : 5 v IR= 104A, Ta = - 26°C.
Input Capacitance [T . 60 ) pF f= tMHz, VE =0 )
Input-Output Insulation i .| -45% Relative Humidity, t = 5s
Leakage Current 'l-Of 0 BA Vi3 = 3000Vde, TA = 26°C 6
Resistance N 12 . o
{input-Output) | R0 |~ 10 Q2 V1.0 SGOVgic ‘ ) 6
Capacitance e R . L k
{Input-Output) - C|.Q S 06 pF = 1MHz o ’ ) ’ [}
Transistor DC ‘ . . ’ — -
Curtrent Gain hEE 1 ) 175 . Vo 5V o= 3mA

**All typicals at Tp = 25°C.

SWltChlng SDeCIflcathnS at TA 25 C Ve =5V, Ig = 16mA, unless otherwise specified.

Pnrnmetcr .| Sym. | Device Min, | Typ. Max. Unks . ‘futcondltlons . Fig. | Note
;Propagat;-anth“ o eniss . 408 | 18 | ws IR A
) TumoToLogrc;quk tpuL" [BN136 0z | o8 - "’,5.9 . 89
atOuput - | """ |HCPL-2502] ; Cbs N :
PropagationDeley | | 6N135 | | o4 | 15 | s 1
. Time To Logic High | tppy*6N136 | = |- . Y TR
st Output R L N 'O‘s.f 85
: ;CbmrﬁonModeTran- . ] eN13s | . 1 o1000 - o
" sient Immunity st Logic CMy [8N136 . | . T o0 o |- R
. High Level Output. . | - |HCPL-2502 . - 1000 R stf?
~ CommonMode Tran- | . ~~ [-6N135 | .| ~1000 1 VoM =10Vpp, Ry =4.1K0 St
~ sient Immunity at Logic. | CMy__ [6N136 N : T Y 10 | 789
Low Level Output . | - |HCPL-2502 - ~1000- Vius | VoM =10Vpp, RL =19k N R
Bandwidth - < BW | o ] . 2 MHy; ' .8 | 10 -
NOTES:

Derate linearly above 70°C free-air temperature at a rate of 0.8rnA/°C.
Derate linearly above 70°C free-air temperature at a rate of 1.6mA/°C.
Derate linearly above 70°C free-air temperature at a rate of 0.9mW/°C.
Derate linearly above 70° C free-air temperature at a rate of 2.0mW/°C.
CURRENT TRANSFER RATIO is defined as the ratio of output collector
current, 1Q, to the forward LED input current, I, times 100%.

Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted
together and Pins 5, 6 7, and 8 shorted together.

7. Ci mode i ity in Logic High level is the maximum
tolerable (positive) dVpm/dt on the leading edge of the common mode

L S

pulse Vcm, to assure that the output will remain in a Logic High state
(i.e., Vo > 2.0V). Common mode transient immunity in Logic Low
level is the maximum tolerable (negative) dVcp/dt on the trailing
edge of the common mode pulse signal, Vcm, to assure that the output
will remain in a Logic Low state (i.e., Vg < 0.8V).

8. The 1.9k load represents 1 TTL unit load of 1.6mA and the 5.6k pull-up resistor.

9. The 4.1k load represents 1 LSTTL unit load of 0.36mA and 6.1kS2 pull-up resistor.

10. The frequency at which the ac output voltage is 3dB below the low frequency asymptote.

*JEDEC Registered Data.
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lo — OUTPUT CURRENT — mA

tp — PROPAGATION DELAY —ns

10

CTae2C

Ig = INPUT CURRENT — mA

Vo — OUTPUT VOLTAGE -V

Figure 1. DC and Pulsed Transfer Characteristics.
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i/
I

.01
11 12 13 14 15

16 1.7 18
Ve - FORWARD VOLTAGE - V

Figure 3. Input Current vs. Forward Voltage.
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Figure 5. Propagation Delay vs. Temperature.
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Figure 2. Current Transfer Ratio vs. Input Current.
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Figure 4. Current Transfer Ratio vs. Temperature.
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Figure 6. Logic High Output Current vs. Temperature.
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Figure 8. Frequency Response.
I '
g ——.|_ 007
| OULSE
! | GEN.n I
1 Zg= 50! — +B5V
vo i sV 4= 5ns 1 8 d
|
i iR ] 3m
18V i dad 10% DUTY CYCLE }/
‘1 1‘ Vou 1/ < 100us 3 & Vo
t thLH
PHL v |+ MONITOR
P 5
I:L- 15pF
1009 = L
Figure 9. Switching Test Circuit. *
Ig
Vem  10V-———— t,t=8ns l 1 8 +5V
2t . 7 Ru
}/
3 6 Vo
A
Vo ~ = 5V 4 s
SWITCH AT A: Ig=0mA
Vem
Vo ) 1
SWITCH AT B: I = 16mA HP8007 =
PULSE GEN.

*JEDEC Registered Data

Figure 10. Test Circuit for Transient Immunity and Typical Waveforms.
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Features Applications

* HIGH SPEED: 1 Mbit/s
TTL COMPATIBLE

HIGH COMMON MODE TRANSIENT IMMUNITY:
>1000V/us

HIGH DENSITY PACKAGING

3000 Vdc WITHSTAND TEST VOLTAGE
3 MHz BANDWIDTH

OPEN COLLECTOR OUTPUTS

RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES, INC. (FILE NO. E55361)

Description

The HCPL-2530/31 dual couplers contain a pair of light emit-
ting diodes and integrated photon detectors with 3000V de¢
electrical insulation between input and output. Separate con-
nection for the photodiode bias and output transistor collec-
tors improve the speed up to a hundred times that of a conven-
tional phototransistor coupler by reducing the base-collector
capacitance.

The HCPL-2530 is suitable for use in TTL/CMOS, TTL/LSTTL
or wide bandwidth analog applications. Current transfer ratio
(CTR) for the -2530 is 7% minimum at I = 16 mA.

The HCPL-2531 is suitable for high speed TTL/TTL applica-
tions. A standard 16 mA TTL sink current through the input
LED will provide enough output current for 1 TTL load and a
5.6k pull-up resistor. CTR of the -2531 is 19% minimum at
Ig =16 mA.

50

® Line Receivers — High common mode transient immunity
(>1000V/us) and low input-output capacitance (0.6pF).

® High Speed Logic Ground lIsolation — TTL/TTL, TTL/
LTTL, TTL/CMOS, TTL/LSTTL.

® Replace Pulse Transformers — Save board space and weight,

® Analog Signal Ground Isolation — Integrated photon de-
tector provides improved linearity over phototransistor type.

® Polarity Sensing.

® Isolated Analog Amplifier — Dual channel packaging en-.~
hances thermal tracking. .

Absolute Maximum Ratings

Storage Temperature . .............. -55°C to +125°C
Operating Temperature . . . . .......... -55°C to +100°C
Lead Solder Temperature .. ............ 260°C for 10s

(1.6mm below seating plane)
Average Input Current — I (each channel) . . . ... 25mAl1l
Peak Input Current — I (each channel) ... ...... 50mAIl2]

(50% duty cycle, 1 ms pulse width)
Peak Transient Input Current — I (each channel) .... 1.0A
(<1us pulse width, 300pps)

Reverse Input Voltage — VR (each channel) . ......... 5V
Input Power Dissipation (each channel) . ....... 45mW13]
Average Output Current — lg (each channel) ....... 8mA
Peak Output Current — |Ig (each channel). ......... 16mA
Supply and Output Voltage — V¢ (Pin 8-5), Vg (Pin 7,6-5)

................................ -0.5V to 15V

35mwI4]

See notes, following page.



Electrical Specifications

Over recommended temperature (TA 0°C to 70°C) unless otherwnse specified.

**All typicals at 25°C.

SW'tChlng SDeCIflcatlonS at TA 25 C Vcc =5V, Ig = 16mA, unless otherwise specified

| sym. 22";:' ‘Win. | Typ. ‘mx. 1 e | Tost Conditions Fig. | Note
R R 03 | 18 | ws 'RL‘*A;?R’Q I
tPHL - -  m—— 59 | 1011
, 2631 - 0.2 0.8 us. | Rp=19kS ~ ‘ ~ ~
. .| 2530 e 04 1.5 T Ry=41k02 )
tpLy —— e ~ 59 | 1011
Co | =ar ] 163 | 08 ] ws' | Rp=1, ok ~
T w3 | . | woo | Vius | Ig =0mA, nL=41m ch-wv,,,p '
CMH - ——t— - : 10 | 9,10,11
cl 283t | 0| 1000 1 WVius IﬁéOmA,RL=1»9kﬂ.ch=10Vp—p E
| 2530 1000 | | Vies | Vem=10Vpp Ry =40k o
' sient Immuiaity at Laglc oM ——+ - - - - - - - 10 | 9,10,11
7 Low Lavel Uuiput N <2531 o ~1008 | - Vius | Vem=10Vpp, R = 1.9kQ i ‘
. {em«w | BW 1 3 MHz | R =1000 . 8 12
NOTES:
1. Derate linearly above 70°C free-air temperature at a rate of 0.8mA/°C.’ 8. Measured between pins 1 and 2 shorted together, and pins 3 and 4 11. The 4.1k load represents 1 LSTTL unit
2. Derate linearly above 70°C free-air temperature at a rate of 1.6mA/°C. shorted together. load of 0.36mA and 6.1kS2 pull-up resistor.
3. Derate linearly above 70°C free-air temperature at a rate of 0.9mW/°C. 9. Common mode transient immunity in Logic High level is the maximum 12, The frequency at which the ac output
4. Derate linearly above 70°C free-air temperature at a rate of 1.0mW/°C. tolerable (positive) dVcM/dt on the leading edge of the common mode voltage is 3dB below the low
5. Each channel. pulse VM, to assure that the output will remain in a Logic High state frequency asymptote.
6. CURRENT TRANSFER RATIO is defined as the ratio of output collector (i.e., Vo > 2.0V). Common mode transient immunity in Logic Low
current, 10, to the forward LED input current, |, times 100%. level is the maximum tolerable (negative) dVcp/dt on the trailing
7. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted edge of the common mode pulse signal, VoM, to assure that the output
together and Pins 5, 6, 7, and 8 shorted together. will remain in a Logic Low state (i.e., Vg < 0.8V).
10. The 1.9k load represents 1 TTL unit load of 1.6mA and the 5.6k

pull-up resistor.
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° L 1 i I S i

o

10
Vo ~ OUTPUT VOLTAGE -V

Figure 1. DC and Pulsed Transfer Characteristics.
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Figure 3. Input Current vs. Forward Voltage.

T 1 T
fe = 16mA, Vo = 5.0V
<2530 (Ry = 4.1k}

e 2531 (Ry, = 1.9k
400 ! - Z

Y
| Pt E

300 - -

tPLH
200

/
— il

-60 -40 -20 0 20 40 60 80
Tp — TEMPERATURE - C°

Figure 5. Propagation Delay vs. Temperature.
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1p = 16mA
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T, =25

0.5
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Figure 2, Current Transfer Ratio vs. Input Current.
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Figure 4. Current Transfer Ratio vs. Temperature.
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Figure 6. Logic High Output Current vs. Temperature.
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0 e—— mm————
e
! sV -~ 8 +5V
[V — |
1
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1.5V | 1.6V
v 10% DUTY CYCLE
L
o 1/f < 100us N Vo
TPHL —>| TPLH -
1 Ir MONITOR
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1000
Figure 9. Switching Test Circuit.
Vew  10V-————1 1y, t5 = 10ns F — 8 +5V
? Ru
Vo
A 6
Vo N— sV
SWITCH AT A: Ig=0mA 3
Vem
Vo —l ! @
SWITCH AT B: Ig= 16mA : HPBOO7 -l—
PULSE GEN. -
Figure 10. Test Circuit for Transient Immunity and Typical Waveforms.
53




HEWLETT |
PACKARD

“

LSTTL/TTL
COMPATIBLE

6N137
OPTOCOUPLER |

TECHNICAL DATA MARCH 1980

TRUTH TABLE ; ? GND

(Positive Logic) t €
Input Enable Output 7
H H L Ve
L H H
H | L H NOTE:
Fi — m A .01 to 0.1uF BYPASS CAPACITOR MUST BE
CONNECTED BETWEEN PINS 8 AND 5.
Figure 1.

LSTTL/TTL COMPATIBLE: 5V SUPPLY

ULTRA HIGH SPEED

LOW INPUT CURRENT REQUIRED

HIGH COMMON MODE REJECTION

GUARANTEED PERFORMANCE OVER

TEMPERATURE

e RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES, INC. (FILE NO. E55361)

e 3000 Vdc WITHSTAND TEST VOLTAGE

Description Applications

The 6N137 consists of a GaAsP photon emitting diode
and a unique integrated detector. The photons are collected
in the detector by a photodiode and then amplified by a high
gain linear amplifier that drives a Schottky clamped open
collector output transistor. The circuit is temperature,
current and voltage compensated.

This unique isolator design provides maximum DC and AC
circuit isolation between input and -output while achieving
LSTTL/TTL circuit compatibility. The isolator operational
parameters are guaranteed from 0°C to 70°C, such that a
minimum input current of 5mA will sink an eight gate fan-out
(13mA) at the output with 5 volt V¢ applied to the detector.
This isolation and coupling is achieved with a typical
propagation delay of 45ns. The enable input provides
gating of jthe detector with input sinking and sourcing
requirements compatible with LSTTL/TTL interfacing and a
propagation delay of 25ns typical.

The 6N137 can be used in high speed digital interfacing
applications where common mode signals must be rejected,
such as foraline receiver and digital programming of floating
power supplies, motors, and other machine control systems.
The elimination of ground loops can be accomplished
in system interfaces such as between a computer and a
peripheral memory, printer, controller, etc.

The open collector output provides capability for bussing,
OR’ing and strobing.

OUTLINE DRAWING*
-~ SR — : N
8 7 6 5 - Q
TYPE f X , 0.18 {.007)
| nuMBER : X 0331013
6N137~ Loare 2381200 Y
xxx RJ CODE 7.88 (.310)

UL RECOGNITION
1.60 {.063) MAX.

0.89 {.035) MIN. —-—>(

Veel 8
‘ 4.70 {,185) MAX.

__._._._i ANODE | 2 7 Iv‘
|3 0.51 {.020) }\}\‘;L
N,
. W cATHODEE 6 | vour

292 (115} MIN,

PIN
ONE

0.6:(.025) [:
4 GND | 5
o sm
Recommended Operating
Condltlons Sym. | Min. | Max. |Units
Input Current, Low Level It 0 250 uA
Each Channel
Input Current, High Level lyn 6.3 15 | mA
Each Channel
High Level Enable Voltage Venl| 2.0 Veco| V
Low Level Enable Voitage Vel 0 0.8 \
(Output High)
Supply Voitage, Output Voot 451 58 v
Fan Qut N 8
- (TTL Load) . . .
Operating Temperature Ta 0 70§ °C

Absolute Maximum Ratings*

(No derating required up to 70°C)
Storage Temperature
Operating Temperature
Lead Solder Temperature

. —55°Cto+125°C

0°Cto+70°C
260°C for 10s
(1.6mm below seating plane)

Peak Forward Input
Current
Average Forward Input Current
Reverse Input Voltage
Enable Input Voltage 5.5V
(Not to exceed Vcc by more than 500mV)

Supply Voltage-Vcc ... . 7V (1 Minute Maximum)
Output Current-lo 50mA
Output Collector Power Dissipation
Output Voltage-Vo

**6.3mA condition permits at least 20% CTR degradation
guardband. Initial switching threshold is 5mA or less.

40mA (1< 1msec Duration)
20mA

*JEDEC Registered Data.
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Electrical Characteristics
OVER RECOMMENDED TEMPERATURE (T = 0°C TO 70°C) UNLESS OTHERWISE NOTED

Parameter Symbol | Min. | Typ.**| Max. | Umts :
High Level Output Current lon™ 50 1 ‘
Low ‘LeveIOutput Voltage R/ The - : 0.5,%; 06
High Level Enable Current en | . | -1.0 oo
Low Level Enable Current I ™ o ] s
" High Level Suppfy Current |- lgey™
Low Level Supply I leel”
Input-Output Insulation - h.o* <
Leakage Current o ' o
o =S
~ Resistance {Input-Output) | Rt.o et
» Capacitance {Input-Output) Co
Input Forward Voltage .| . Vg* | | 1.5 | 175 |V Ip=10mé
input Reverse Breakdown | BVg* 5
Voltage . ; . o
Input Capacitance ' Cin | 60 | PR ‘;"‘w,f\/‘pt—%o,‘f?-1 MHz y
Current Transfer Ratio | CTR 700 | | % | Ip=5.0mA, R =100 - 2.1 7

**All typical values are at Vee=5V,Ta = 25°C

Switching Characteristics at T,=25°C, Vgc=5V

Parameter Symbol Min. | Typ. | Max. Umts R Tésfébnditions k .Figore Note

Propagation Delay Time to tpLH” 45 7% ‘ns. N RL%3SOQ, CL=15pF, 7.9 1
. High Output Level . IR T R ’¢F~7'5mA ‘
Propagation Delay Time to tpL | a5 | 75 | ns | RL=350Q, C._—-15pF 1 70 V3
Low Output Level ' o - e . !p=7 5mA R O '
Output Rise-Fall Time tr, tf R 25 ' ns n/;RL«BSOQ CL-15pF o
(10:90% : o eememA
Propagation Delay Time of teLu 25 | | ns | RL=350Q, Q_ =15pF, 8 | 3
Enable from Vgy to Vg ) o [ 0L 1p=7.5maA, VEH’3 OV,",\v A
, R Ve =08V "0 ; -
Propagation Delay Time of |  tenL 15 s .’R,,ssea c._ 15pF BT S
Enable from Vg to Vey ' : . B B A SmA. VEH=3 ov : ‘
| L veosy , |

Common Mode Transient CMy 50 o vius | Vem=10v n,_=3509 11 6
Immunity at Logic High . o . o ‘Vo(mm )-ZV tF=OmA .
Qutput Level : R ] ,
Common Mode Transient CML -150 | vies vcm-mv RL=3SOQ 1 6
Immunity at Logic Low . : : . Vo(max) =0.8V, '
Output Level v o 1 1g=5mA

*JEDEC Registered Data. 55




Operating Procedures and Definitions

Logic Convention. The 6N 137 is defined in terms of positive
logic.

Bypassing. A ceramic capacitor (.01 to 0.1uF) should be con-
nected from pin 8 to pin 5 (Figure 12). Its purpose is to stab-
ilize the operation of the high gain linear amplifier. Failure to
provide the bypassing may impair the switching properties. The
total lead length between capacitor and coupler should not ex-
ceed 20mm. .

Polarities. All voltages are referenced to network ground (pin
5). Current flowing toward a terminal is considered positive.
Enable Input. No external pull-up required for a logic (1), i.e.,
can be open circuit.

80 —
. . ‘,n"'
70 R e =
‘ /"f’l\ ,-"’—’
f AT IR el Ta = 25°C
1 M rad P St ’ :
= L7 e et
2 so - et e
o« o 4™ 1A STEPS
s A
o 40 -
SN -
2] N AmAL e
g 30 — i
por) L1 \\
8 S
;2 <
-] l 3mA > -
10 . =~ MAX. DC
r ] RATING
. l

[} 1 2 3 4 5 6 7 8 9 10
Vo — COLLECTOR VOLTAGE — V
Note: Dashed characteristics — denote pulsed operation only.

lo
—
©
1 Vee
CURVE e + I
TRACER B e == ~°|}
TERMINALS % # 5V POWER
E) S ANY G SUPPLY
E GND Vo —l

Figure 2. Optocoupler Collector Characteristics.
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OTES:

. The tpLH propagation delay is measured from the 3.75mA point on the trailing

edge of the input pulse to the 1.5V point on the trailing edge of the output pulse.
The teuL propagation delay is measured from the 3.75mA point on the leading
edge of the input pulse to 1.5V point on the leading edge of the output pulse.
The teLH enable propagation delay is measured from the 1.5V point of the trailing
edge of the input pulse to the 1.5V point on the trailing edge of the output pulse. .
The tgyL enable propagation delay is measured from the 1.5V point on the
leading edge of the input pulse to the 1.5V point on the leading edge of the
output pulse.

. Device considered a two terminal device: pins 2 and 3 shorted together, and

pins 5, 6, 7, and 8 shorted together.

. Common mode transientimmunity in Logic High level is the maximum tolerable

(positive) dVcm/dt on the leading edge of the common mode pulse, Ve, to
assure that the output will remain in a Logic High state (i.e., Vo>2.0V). Common
mode transient immunity in Logic Low level is the maximum tolerable
(negative) dVcm/dt on the trailing edge of the common mode pulse signal, Vcu,
to assure that the output will remain in a Logic Low state (i.e., V0<0.8V).

. DC Current Transfer Ratio is defined as the ratio of the output collector current

to the forward bias input current times 100%.

. At 10mA VF decreases with increasing temperature at the rate of 1.6mV/°C.
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1F - INPUT FORWARD CURRENT - mA
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L
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1.0 12 14 16 18 20

VE - INPUT FORWARD VOLTAGE - V

Figure 4. Input Diode Forward Characteristic.
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Figure 3. Input-Output Characteristics.
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Figure 5. Output Voltage, Vg vs. Temperature and Fan-Out.
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Figure 10. Response Delay Between TTL Gates.
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Figure 11. Test Circuit for Transient Immunity and Typical Waveforms.
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Figure 12. Recommended Printed Circuit Board Layout.

** JEDEC Registered Data.
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Ve //'V | 6 °
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3
sHieLo |
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5
], TRUTH TABLE
Ve (Positive Logic)
A0.01 TO 0.1 uF BYPASS CAPACITOR input | Ensble | Output
MUST BE CONNECTED BETWEEN "H H U
PINS 8 AND 5 (See Note 1). T H My
H L H
Figure 1. Schematic. v LW

Features

e INTERNAL SHIELD FOR HIGH COMMON
MODE REJECTION (CMR)
HIGH SPEED
GUARANTEED MINIMUM COMMON MODE
TRANSIENT IMMUNITY: 1000V/us

® LSTTL/TTL COMPATIBLE
LOW INPUT CURRENT REQUIRED: 5mA
GUARANTEED PERFORMANCE OVER TEM-
PERATURE: 0°C to 70°C

e STROBABLE OUTPUT

e RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS LABORA-
TORIES, INC. (FILE NO. E55361)

® 3000 Vdc WITHSTAND TEST VOLTAGE

Description

The HCPL-2601 optically coupled gate combines a GaAsP
light emitting diode and an integrated high gain photon
detector. An enable input allows the detector to be
strobed. The output of the detector I.C. is an open
collector Schottky clamped transistor. The internal shield
provides a guaranteed common mode transient immunity
specification of 1000 volts/usec., equivalent to rejecting a
300 volt P-P sinusoid at 1 MHz.

This unique design provides maximum D.C. and A.C.
circuit isolation while achieving TTL compatibility. The
isolator D.C. operational parameters are guaranteed from
0°C to 70°C allowing troublefree system performance.
This isolation is achieved with a typical propagation delay
of 35 nsec.

The HCPL-2601's are suitable for high speed logic
interfacing, input/output buffering, as line receivers'in
environments that conventional line receivers cannot
tolerate and are recommended for use in extremely high
ground or induced noise environments.

2601
\P XXX A | ¢o0e
B

s 2 B K e RS
ONE RECOGNITION™ . °

; : 160 0B MAR
089 (039) MIN. —m| |otm S

L] e
i 1 A

Applications

Isolated Line Receiver
Simplex/Multiplex Data Transmission
Computer-Peripheral Interface
Microprocessor System Interface

Digital Isolation-for A/D, D/A Conversion
Switching Power Supply

Instrument Input/Output Isolation
Ground Loop Elimination

Pulse Transformer Replacement

Recommended Operating
COhdItiOhS Sym. | Min, | Max. | Units

Input Current, Low Level | Ir | 0. | 260 | - uA
Input Current, High Level | e | 6.3*].15 | mA

" Supply Voltage, Output Vec | 45].85 | v’
High Level Enable Voltage| Ven | 20 |Vee |-
Low Level Enable Voltage | Vgr.| 0 [ 08 | "V
Fan Out (TTL Load) N 8 e
Operating Temperature Ta | O 70 | .°C ;|

Absolute Maximum Ratings

(No Derating Required up to 70°C)

<

Storage Temperature .............. ~55°Cto+125°C
Operating Temperature ................ 0°Cto+70°C
Lead Solder Temperature ........... 260°Cfor10s
(1.6mm below seating plane)

Forward Input Current — I (see Note 2) ....... 20mA
ReverselnputVoltage ........................... 5V
Supply Voltage—Vce ......... 7V (1 Minute Maximum)
EnableInputVoltage—VE ............cooviinna.. 55V
(Not to exceed Vcc by more than 500 mV)

Output Collector Current—lo ................. 25mA
Output Collector Power Dissipation ........... 40mwW
Output Collector Voltage—Vo .................... 7v
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*6.3mA condition permits at least 20% CTR degradation guardband. Initial switching threshold is 5mA or less.




Electrical Characteristics
(Over Recommended Temperature, Tp = 0°C to +70°C, Unless Otherwise Noted)
S amete : Typ.* | Max. | Units Test Conditions - 'Flg'ure Note
oo 250 L Vee =55V, Vo = 55Y, {2 .
o E Ip=250uA,Vg:=2 v
04|06 v ! 5'm/
o 1 e (Sinking) ==13mA
1007 ] 15 1 mAL Vcc 55V Ie=0,
RN B B R
-16.| ~2.0
e . M e
15 | 175 V. [lr=10mA, Ta=25°C | 4. 2o
~ ' CPR=10pA, TA=26°C | S3
| e0 | eF . fve=o, t’=1MHz o
| 18 ‘ mw°c |p-—1o A
Insulauon li-o 1. A Ralatove Humldny 45% oo 8
~ : ~ |Ta=25°Ct=5s, | |
: . : ) Vi-o = 3000 Vde o
" Resistance (Input-Output) | R0 .| ~ .| 10V 0 |Vig=800v - [ 1 3.
“Capacitance (Input-Output) | Ci-o | . | 06 | pF  |f=1MHz R
*All typical values are at Vcc = 5V, Ta = 25°C.
Swntchlng CharacteristiCs , - 25°c, vee = 5v)
_-Parameter Symbol | Min. | Typ, | Max. | Units . Test Conditions Figure | Note
,Propagatlon Delay Timeto. | . teLu 35 75 ns ' - 8 4
ngn Qutput level 1 1 o )
atio ‘\Delay Timeto | tent ) 35 75 ns AL =350 O | 6 5
; . CL= 15 pF B
t ' 25 ns | - lF=75mA
tr 15 . ns ‘ g )
] elay T;me of tELH 25 | ns | Ry =350 Q CL=15 pF 9 6
'VEHtO VEL . ] . lg =7.5 mA,Vgu = -f 3V, o
VEL=0V .
Pro ) tenL , 15 ~ns |RL=8500,CL.=15pF| 9 | 7
Enabie from fEL to VEH . : I =75 mA, VEH =3V,
: . “{ VEL=0V :
Common Mode ) I CMy 1000 | 10,000 Vius | Vem =50 V (peak),’ 12 8,10
TFransient lmmumty ) s ) Vo {min.) =2V, )
~.at High Output’ Levef o Sy : “FRL=350 0, lp =0 mA .
jComen Mode:. ~ = . | CML |=1000 |—10,000 V/ps | Vem=50V (peak), | 12 | 9,110
:Transient Immonity ~ |- y o .| Vo(max.) =08V, s :
‘at Low Output Level I ) 1 AL =350 0, lr=7.5 MA|
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NOTES:

1. Bypassing of the power supply line is required, with a 0.01 uF ceramic 6.
disc capacitor adjacent to each isolator as illustrated in Figure 15. The
power supply bus for the isolator(s) should be separate from the bus for
any active loads, otherwise a larger value of bypass capacitor (up to 0.1 7.
uF) may be needed to suppress regenerative feedback via the power
supply.

2. Peaking circuits may produce transient input currents up to 50 mA, 50
ns maximum pulse width, provided average current does not exceed 20
mA.

3. Device considered a two terminal device: pins 1, 2, 3 and 4 shorted
together, and pins 5, 6, 7 and 8 shorted together.

4. The tpLy propagation delay is measured from the 3.75 mA point on the
trailing edge of the input pulse to the 1.5 V point on the trailing edge of 1
the output pulse.

5. The tpuL propagation delay is measured from the 3.75 mA point on the
leading edge of the input pulse to the 1.5V point on the leading edge of
the output pulse. 11.

o«

©

o

. For sinusoidal voltages, |dch|

The teLn enable propagation delay is measured from the 1.5V point on
the trailing edge of the enable input pulse to the 1.5 V point on the
trailing edge of the output pulse.
The teyL enable propagation delay is measured from the 1.5V point on
the leading edge of the enable input pulse to the 1.5 V point on the
leading edge of the output pulse.

. CMy is the maximum tolerable rate of rise of the common mode voltage

to assure that the output will remain in a high logic state (i.e., Vour
>2.0V).

CM_ is the maximum tolerable rate of fall of the common mode voltage
to assure that the output will remain in a low logic state (i.e., Vour <0.8
V).

= mfcmVem (p-p)
dt max

No external pull up is required for a high logic state on the enable input.
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Figure 15. Recommended Printed Circuit
Board Layout.
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(/5/' s LINE RECEIVER | HcoL2602

HIGH CMR
~ OPTOCOUPLER

TECHNICAL DATA MARCH 1880

_provides orders of magnitude improvement in common mode rejection with little or no sacrifice in speed.

lec ’ 240 1370 OUTLINE DRAWING
2 %y ; 40 ¢ ; '
T - | o 8 cc N 9.90 {380} . KA
! F ! 8] [7]1 (61 [5 : [}
I 5o et | 1 038 toon
Vi / 33 To13
! / DATE 2.36 1.290) 6.0 {.240)
\ \P 2602 __—| CODE 7.88 {310} 6.60 (.260)
o . oo ‘ l 5 ™.
3 : —O GND wOT T GT T u
SHIELD Ie T 5 “ONE RECOGNITION ¥
7 ] 1.60 (.063) MAX.
. Ve ww| | 089 (035) My, DIMENSIONS IN MILLIMETRES AND (INCHES)
o— .
TRUT,H TAQLE 470 (.l‘ssl MAX, 0O
A0.01 T0 0.1 uF BYPASS CAPACITOR (Positive Logic) 3 i
MUST BE CONNECTED BETWEEN Topat | Enabie | Outet o —*‘ “iNo—{Z]
PINS 8 AND 5 (See Note 1). ONE 5
H H L 0.51 £.020) MIN, -INO—E
: " = ‘29 [} l“ N,
N .92 (. 116) MiN, iry
Figure 1. Schematic. H L H 085 L0251 {3}
L L H 226 1.080)
280 (110}

Features Applications

® LINE TERMINATION INCLUDED — NO EXTRA CIRCUITRY o |solated Line Receiver
REQUIRED

ACCEPTS A BROAD RANGE OF DRIVE CONDITIONS
GUARDBANDED FOR LED DEGRADATION

LED PROTECTION MINIMIZES LED EFFICIENCY
DEGRADATION

HIGH SPEED — 10Mbs (LIMITED BY TRANSMISSION LINE
IN MANY APPLICATIONS)

INTERNAL SHIELD PROVIDES EXCELLENT COMMON
MODE REJECTION

EXTERNAL BASE LEAD ALLOWS “LED PEAKING” AND
LED CURRENT ADJUSTMENT

3000 Vdc WITHSTAND TEST VOLTAGE

RECOGNIZED UNDER THE COMPONENT PROGRAM OF « Pulse Transf Rel .
UNDERWRITERS LABORATORIES, INC. (FILE NO. ES5361) ulse Transformer Replacemen

Simplex/Multiplex Data Transmission

Computer-Peripheral Interface

Microprocessor System Interface

Digital Isolation for A/D, D/A Conversion

Current Sensing

Instrument Input/Output Isolation

Ground Loop Elimination

Description

The HCPL-2602 optically coupled line receiver combines a GaAsP light emitting diode, an input current regulator and an
integrated high gain photon detector. The input regulator serves as a line termination for line receiver applications. It
clamps the line voltage and regulates the LED current so line reflections do not interfere with circuit performance.

The regulator allows a typical LED current of 8.5 mA before it starts to shunt excess current. The output of the detector IC
is an open collector Schottky clamped transistor. An enable input gates the detector. The internal detector shield
provides a guaranteed common mode transient immunity specification of 1000V/usec, equivalent to rejecting a 300V P-P
sinusoid at 1 MHz.

DC specifications are defined similar to TTL logic and are guaranteed from 0° C to 70° C allowing trouble free interfacing
with digital logic circuits. An input current of 5 mA will sink an eight gate fan-out (TTL) at the output with a typical
propagation delay from input to output of only 45 nsec.

The HCPL-2602's are useful as line receivers in high noise environments that conventional line receivers cannot tolerate.
The higher LED threshold voltage provides improved immunity to differential noise and the internally shielded detector
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Electrical Characteristics

(Over Recommended Temperature, Ta = 0°C to +70°C, Unless Otherwise Noted)

Parameter Symbol | Min.
High Level Output Current - lon

Low Level Output Voltage ~ | \((')Li S

Input Voltage v

Input Reverse Voltage Vo

Low Level Enable Current leL - -

High Level Enable Current gy

High Level Enable Voltage Vg o200

Low Level Enable Voltage | - Ve~ é%

High Level Supply Current ;J;‘CCH g §§
(&)

Low Level Supply Current lceL ‘k |

Input Capacitance ) Cin

Input-Output Insulation l;.o ‘

Leakage Current

Resistance (Input-Output) | " Rpg | | 1012 |
Capacitance {Input-Output) Co | o6 |

*All typical valuesare at Voc =5V, Ta = 25°C.

Switching Characteristics

(Ta = 25°C, Ve = 5V)

Parameter Symbol | Min. | Typ.
Propagation Delay Time to toLH | SN IO - R
High Output Level - TS BRI

Propagation Delay Time to tPHL. . . 4B
Low Output Level N R O
Output Rise Time (10-90%) | t, - b %l
Output Fall Time (90-10%) - 15
Propagation Delay Time of teen | - 257

Enable from Vgy to Vg

Propagation Delay Timeof .| tewy .| 15
Enable from Vg to Vgy ' ) ) )
Common Mode CMy . | 1000 | 10,000 |

Transient Immunity
at High Output Level

Common Mode cM_  |-1000 |-10,000 | Vem=50V {peak), |
Transient Immunity ‘ 1 S F Vordmax)=0.8V, .
at Low Output Level : B - | RL=350%, {=7.5 mA
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Using the HCPL-2602
Line Receiver Optocoupler

The primary objectives to fulfill when connecting an
optocoupler to a transmission. line are to provide a
minimum, but not excessive, LED current and to properly
terminate the line. The internal regulator in the HCPL-
2602 simplifies this task. Excess current from variable
drive conditions such as line length variations, line driver
differences and power supply fluctuations are shunted by
the regulator. In fact, with the LED current regulated, the
line current can be increased to improve the immunity of
the system to differential-mode-noise and to enhance the
data rate capability. The designer must keep in mind the
60 mA input current maximum rating of the HCPL-2602,
in such cases, and may need to use series limiting or
shunting to prevent overstress.

Design of the termination circuit is also simplified; in most
cases the transmission line can simply be connected
directly to the input terminals of the HCPL-2602 without
the need for additional series or shunt resistors. If
reversing line drive is used it may be desirable to use two
HCPL-2602’s, or an external Schottky diode to optimize
data rate.

Polarity Non-Reversing Drive

High data rates can be obtained with the HCPL-2602 with
polarity non-reversing drive. Figure (a) illustrates how a
74S140 line driver can be used with the HCPL-2602 and
shielded, twisted pair or coax cable without any additional
components. There are some reflections due to the “active
termination” but they do not interfere with circuit
performance because the regulator clamps the line
voltage. At longer line lengths tp|  increases faster than
tpyL since the switching threshold is not exactly halfway
between asymptotic line conditions. If optimum data rate
is desired, a series resistor and peaking capacitor can be
used to equalize tpLH and tpHL. In general, the peaking
capacitance should be as large as possible; however, ifitis
too large it may keep the regulator from achieving turn-off
during the negative (or zero) excursions of the input
signal. A safe rule:

make C< 16t
where C = peaking capacitance in picofarads
t = data bit interval in nanoseconds

Polarity Reversing Drive

A single HCPL-2602 can also be used with polarity
reversing drive (Figure b). Current reversal is obtained by
way of the substrate isolation diode (substrate to
collector). Some reduction of data rate occurs, however,
because the substrate diode stores charge, which must be
removed when the current changes to the forward

direction. The effect of thisis alonger tpy . Thiseffectcan
be eliminated and data rate improved considerably by use
of a Schottky diode on the input of the HCPL-2602.

For optimum noise rejection as well as balanced delays a
split-phase termination should be used along with a flip-
flop at the output (Figure c). The result of current reversal
in split-phase operation is seen in Figure (c) with switches
A and B both OPEN. The coupler inputs are then con-
nected in ANTI-SERIES; however, because of the higher
steady-state termination voltage, in comparison to the
single HCPL-2602 termination, the forward current in
the substrate diode is lower and consequently there
is less junction charge to deal with when switching.

Closing switch B with A open is done mainly to enhance
common mode rejection, but also reduces propagation
delay slightly because line-to-line capacitance offers a
slight peaking effect. With switches A and B both
CLOSED, the shield acts as a current return path which
prevents either input substrate diode from becoming
reversed biased. Thus the data rate is optimized as shown
in Figure (c).

Improved Noise Rejection

Use of additional logic at the output of two HCPL-2602’s
operated in the split phase termination, will greatly
improve system noise rejection in addition to balancing
propagation delays as discussed earlier.

A NAND flip-flop offers infinite common mode rejection
(CMR) for NEGATIVELY sloped common mode transients
but requires tpy >tpLH for proper operation. A NOR flip-
flop has infinite CMR for POSITIVELY sloped transients
but requires tpy < tp H for proper operation. An
exclusive-OR flip-flop has infinite CMR for common mode
transients of EITHER polarity and operates with either
tpHL > tpLH OF tPHL <tPLH-

With the line driver and transmission line shown in Figure
(c), tpHL> tpLH. SO NAND gates are preferred in the R-S
flip-flop. A higher drive amplitude or different circuit
configuration could make tpy <tpLnH, in which case NOR
gates would be preferred. If itis not known whether tppy >
tpLH Or tpy <tpLn., Or if the drive conditions may vary over
the boundary for these conditions, the exclusive-OR flip-
flop of Figure (d) should be used.

RS-422 and RS-423

Line drivers designed for RS-422 and RS-423 generally
provide adequate voltage and current for operating the
HCPL-2602. Most drivers also have characteristics
allowing the HCPL-2602 to be connected directly to the
driver terminals. Worst case drive conditions, however,
would require current shunting to prevent overstress of
the HCPL-2602.
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Figure c. Polarity Reversing, Split Phase.

NAND flip flop tolerates
Lt __ o L= __ simultaneously HIGH

P inputs; NOR flip flop
NAND FLIP FLOP NOR FLIP FLOP tolerates simultaneously
LOW inputs; EXCLUSIVE-
OR flip flop tolerates
simultaneously HIGH OR
LOW inputs without
causing either of the
outputs to change.

EXCLUSIVE-OR FLIP FLOP

Figure d. Flip Flop Configurations.
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Recommended Operating
Conditions

Absolute Maximum Ratings

Storage Temperature .............. —55°Cto+125°C
Operating Temperature 0°Cto+70°C
Lead Solder Temperature 260°C for 10 s

(1.6mm below seating plane)

ForwardInputCurrent —Iy ..........ooooo... 60mA
Reverse InputCurrent .................. vee... B60MA
Supply Voltage—Vee ......... 7V (1 Minute Maximum)
EnableInputVoltage—VE ....................... 55V

(Not to exceed Vcc by more than 500 mV)
Output Collector Current—Ilo  ................. 25mA
Output Collector Power Dissipation ........... 40mW
Output Collector Voltage—=Vo .................... 7V

InputCurrent,Pind ................cevvvve.. T10MA

NOTES:

1. Bypassing of the power supply line is required, with a 0.01 uF ceramic
disc capacitor adjacent to each isolator as illustrated in Figure 15. The
power supply bus for the isolator(s) should be separate from the bus for
any active loads, otherwise a larger value of bypass capacitor (up to 0.1
uF) may be needed to suppress regenerative feedback via the power
supply.

6. The ti:1.4 enable propagation delay is measured from the 1.5V point on
the trailing edge of the enable input pulse to the 1.5 V point on the
trailing edge of the output pulse.

7. The tgu1. enable propagation delay is measured from the 1.5 V point on
the leading edge of the enable input pulse to the 1.5 V point on the
leading edge of the output pulse.

2. The HCPL-2602 is tested such that operation at I} minimum of 5 mA will 8. CMy is the maximum tolerable rate of rise of the common mode voltage
provide the user a minimum of 20% guardband for LED light output to assure that the output will remain in a high logic state (i.e., Vour
degradation. >2.0V).

3. Device considered a two terminal device: pins 1, 2, 3 and 4 shorted 9. CM. is the maximum tolerable rate of fall of the common mode voltage
together, and pins 5, 6, 7 and 8 shorted together. to assure that the output will remain in a low logic state (i.e., Vo1 <0.8

4. The tp.u propagation delay is measured from the 3.75 mA point on the V).
trailing edge of the input pulse to the 1.5 V point on the trailing edge of 10. For sinusoidal voltages, IGVCMI
the output pulse. —— = nfcmVem (p-p)

5. The tpu1 propagation delay is measured from the 3.75 mA point on the dt max
leading edge of the input pulse to the 1.5V point on the leading edge of
the output pulse. 11. No external pull up is required for a high logic state on the enable input.
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Figure 2. Output Voltage vs. Forward
Input Current.
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Figure 3. Input Characteristics.
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Figure 5. Low Level Output Voltage
vs. Temperature.
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Figure 12. Test Circuit for Common Mode
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Typical Waveforms.
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Figure 10. Test Circuit for tgy, and tg .
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Figure 13. Common Mode Transient
Immunity vs. Common
Mode Transient Amplitude.

/ GND BUS (BACK)

ENABLE
{IF USED)

OUTPUT 1

ENABLE
(IF USED)

OUTPUT 2

Figure 15. Recommended Printed Circuit
Board Layout.
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A ciciaro

DUAL TTL
COMPATIBLE
OPTOCOUPLER

 HCPL-2630

TECHNICAL DATA MARCH 1980

] lec 8
+ ¢ O Ve
o1 5
v,
V1 = o
2
IFZ IOZ
4 6
+ ’ O Vo,

\

Ve2
3
NOTE: —
A .01 TO 0.1uF BYPASS CAPACITOR MUST BE
CONNECTED BETWEEN PINS 8 AND 5.

Figure 1.
Features

HIGH DENSITY PACKAGING
DTL/TTL COMPATIBLE: 5V SUPPLY
ULTRA HIGH SPEED

LOW INPUT CURRENT REQUIRED
HIGH COMMON MODE REJECTION

GUARANTEED PERFORMANCE OVER
TEMPERATURE

e RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES, INC. (FILE NO. E55361)

e 3000Vdc WITHSTAND TEST VOLTAGE
Description/ Applications

The HCPL-2630 consists of a pair of inverting optically coupled
gates each with a GaAsP photon emitting diode and a unique
integrated detector. The photons are collected in the detector
by a photodiode and then amplified by a high gain linear amp-
lifier that drives a Schottky clamped open collector output
transistor. Each circuit is temperature, current and voltage com-
pensated.

This unique dual coupler design provides maximum DC and AC
circuit isolation between each input and output while achieving
DTL/TTL circuit compatibility. The coupler operational para-
meters are guaranteed from 0°C to 70°C, such that a minimum
input current of 5 mA in each channel will sink an eight gate
fan-out (13 mA) at the output with 5 volt Vcc applied to the
detector. This isolation and coupling is achieved with a typical
propagation delay of 50 nsec.

The HCPL-2630 can be used in high speed digital interface ap-
plications where common mode signals must be rejected such
as for a line receiver and digital programming of floating power
supplies, motors, and other machine control systems. The eli-
mination of ground loops can be accomplished between system
interfaces such as between a computer and a peripheral mem-
ory, printer, controller, etc.

The open collector output provides capability for bussing,
strobing and “WIRED-OR’’ connection. In all applications, the
dual channel configuration allows for high density packaging,
increased convenience and more usable board space.

OUTLINE DRAWING

TYPE
| NUMBER
ATE 2.36 (.290)
2630 /’EQDE 788 (310 °
XXXAU
.

PINY 1 2 3
oNE
-——' 1.80 (,063) MAX. j
DIMENSIONS IN MILLIMETRES AND (INCHES)
| |t 0.89 (.035) MIN,

UL
4 JRECOGNITION

ANODE,

1 Vee |8
‘ 4,70 {.186) MAX.
N T CATHODE, | 2 Do- 7 |vor
ONE 0.51(.020) MIN.

2.92 (.15} MiN.

?‘—’“— z:;g §1n

Recommended Operating
Conditions

0.65 {.025)
MAX.

}\\
CATHODE, | 3 Do— 6 [ Vo2
%&

ANODE, | 4 GND| 5

g

!

2

Sym. | Min. Max. | Units

Input Current, Low Level

Each Channel IeL 0 250 MA
Input Current, High Level

Each Channel IFH 6.3* 15 mA
Supply Voltage, Output Vee | 45 5.5 v
Fan Qut {TTL Load)

Each Channel N 8
Operating Temperature TA 0 70 °c

Absolute Maximum Ratings

(No derating required up to 70°C)

Storage Temperature ................. -55°C to +125°C
Operating Temperature ..........ooeeevn.. 0°C to +70°C
Lead Solder Temperature ................. 260°C for 10s

(1.6mm below seating plane)
Peak Forward Input

Current (each channel) ..... 30mA (<1 msec Duration)
Average Forward Input Current (each channel) ..... 15mA
Reverse Input Voltage (each channel) ................ 5V
Supply Voltage - Veg v vvvvvnnn 7V (1 Minute Maximum)
Output Current - Ig (each channel) .............. 16 mA
Output Voltage - Vg (each channel) ................ v

Output Collector Power Dissipation

*6.3mA condition permits at least 20% CTR degradation guardband.
Initial switching threshold is 5mA or less.
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Electrical Characteristics

OVER RECOMMENDED TEMPERATURE (TA 0°C TO 70°C) UNLESS OTHERWISE NOTED

'} Typ.* [Max. | Units Test Condlttons ; Figure | Note
L High | 50 [280 | pA | Vec=55V,Vo=5. 5V, e
2 A : Clp=280pA )
05 |06 | V Ve =55V, Ip‘SmA R
1 | o (Sinking) = 13mA o
14 |30 | mA Vec =65V, Ig=0
b ) _{Both Channels) -~ ,
26 {36 | mA | Vee=B5V,lg=10mA
o B | . (Both.Channels) ~
(1.0 | wA Relative Humidity = 45% |
| Ta=28°Ct=5s
Sl ~ Vio = 3000Vdc
Resistance {Input-Output) 1012 Q Vi.0 =500V, Tp = 25°C
Capacitance (Input-Output) | - 0.6. | pF f=1MHz, Tp = 25°C
Input Forward Voltage 15 [176 |V le = 10mA, Ta = 25°C 4
tput Raverse Breakdown | BV 5 v g = 10pA, T = 25°C
'.Iynput Capacntam':e Cin 60 pF Veg=0,f= 1MHz
ltipuf-lnput Insulation 14 0.005 uA Relative Humidity = 45%,
Leakage Current B t=Bs, V=500V
Resistance (Input-nput) Ry 1011 Q Vi = 500V
Capacitance (Input-input} . ","CM 0.25 pF f= IMHz
Current Transfer Ratio " CTR 700 % 1g =5.0mA, R = 10082 2
*All typical values are at Vcc = 5V, TA = 25°C
. . s e o _
Switching Characteristics at T,=25°C,Vcc=5V
ACH CHANNEL
Parameter. B Symbot Min. Typ. | Max. | Units Test Conditions Figure
Propagation Delay Time to - toLm 55 | 75 | ns R =350, C_ = 15pF, | 6,7 1
High Qutput Level = Ig = 7.5mA ,
‘Propagation Delay Time to tpuL 40 |75 | ns RL =350 £, C, = 15pF, 67 | 2
Low Qutput Level ) o Ig = 7.56mA
Outp'ut'Rise-Fall Time (10-80%) | t, t§ 25 ns Ry =350 2, C_ = 15pF,
‘ . - ' g = 7.5mA
Common Mode Transient CMy 50 Vius | Vem = 10V, 9 5
Immunity at High Output Level Ry =350 82,
. o - ‘ Vg (min) =2V, Ig = 0mA ’
Common Mode Transient CM -150 V/us Vem = 10Vp_p, 9 5

fmmunity at Low Qutput Level |

Ry =350 82,
Vo {max.) = 0.8V
Ig = 7.5mA

NOTE:

It is essential that a bypass capacitor (.01uF to 0.1uF, ceramic) be connected from pin 8 to pin 5. Total lead length between both

ends of the capacitor and the isolator pins should not exceed 20mm. Failure to provide the bypass may impair the switching prop-

erties {Figure 5).
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NOTES:

1.

The tp 4 propagation delay is measured from the 3.76 mA point
on the trailing edge of the input pulse to the 1.5V point on the trail-
ing edge of the output pulse.

. The tpy propagation delay is measured from the 3.76 mA point

on the leading edge of the input pulse to the 1.5V point on the
leading edge of the output pulse.

Each channel.

Measured between pins 1, 2, 3, and 4 shorted together, and pins 5, 6,
7, and 8 shorted together.

. Common mode transient immunity in Logic High level is the maxi-

mum tolerable (positive) dVcp/dt on the leading edge of the com-
mon mode pulse, Vg, to assure that the output will remain in a
Logic High state (i.e., V9 >2.0V). Common mode transient immunity
in Logic Low level is the maximum tolerable (negative) dVcm/dt on
the trailing edge of the common mode pulse signal, Vg, to assure
that the output will remain in a Logic Low state (i.e., V0<0.8V).
DC Current Transfer Ratio is defined as the ratio of the output col-
lector current to the forward bias input current times 100%.

At 10mA VF decreases with increasing temperature at the rate of
1.9mV/°C.

. Measured between pins 1 and 2 shorted together, and pins 3 and 4

shorted together.

TERMINALS

40

30

\-‘.‘.‘.;;'.- 4

i
V

20

lp — COLLECTOR CURRENT — mA

0 1 2 3 4 5 6 7
Vo — COLLECTOR VOLTAGE - V

NOTE: Dashed characteristics indicate pulsed operation.
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c
O .01 uF
B PR

+

CURVE .
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5V POWER

SUPPLY .

O3]

Figure 2. Optocoupler Transfer Characteristics.
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Figure 4. Input Diode Forward Characteristic
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OUTPUT 1
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Figure 5. Recommended Printed Circuit Board Layout.
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* Cy is approximately 15 pF, which includes L
probe and stray wiring capacitance.
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Figure 7. Propagation Delay, tpy|_ and tpy 4

Figure 6. Test Circuit for tpy)_ and tp_H- vs. Pulse Input Current, I py.
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+5V
INPUT.
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7404 -Q +5V
Chan A
l I 3909
n 4700
w<——| tpL = 50 ns (delay in response to
L ! logic low level input) L .owF
Chan B __.L___,— =R ovbAss
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logic high level input)
Ta=25°C
Figure 8. Response Delay Between TTL Gates.
3
10V-—-——1 t; = 160ns
Vem t¢ = 55ns —_— v
O1uF L
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< 3500
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Vo
Vo —~— 5V o-
SWITCH AT A: Ig= 0mA
Vem
Vo ——d VoL @
SWITCH AT B: Ig =7.5mA HP 1900A
PULSE GEN. =
20 =500

Figure 9. Test Circuit for Transient Immunity and Typical Waveforms.
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e — g:—ﬁ‘? : 7°, —»| OUTLINE DRAWING* l SCHEMATIC
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] 0,18 {.007
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ONE f Ve ad lo 6
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HIGH CURRENT TRANSFER RATIO — 800% TYPICAL

LOW INPUT CURRENT REQUIREMENT — 0.5mA

TTL COMPATIBLE OUTPUT — 0.1V Vo

3000 Vdc WITHSTAND TEST VOLTAGE

HIGH COMMON MODE REJECTION — 500V/us

segfongaéncs GUARANTEED OVER TEMPERATURE
o ° 7 0

BASE ACCESS ALLOWS GAIN BANDWIDTH

ADJUSTMENT

HIGH OUTPUT CURRENT — 60mA

DC TO 1M bit/s OPERATION

RECOGNIZED UNDER THE COMPONENT PROGRAM

OF UNDERWRITERS LABORATORIES, INC.

(FILE NO. E55361)

Description

These high gain series couplers use a Light Emitting Diode and

an integrated high gain photon detector to provide 3000V dc
electrical insulation, 500V/us common mode transient immu-
nity and extremely high current transfer ratio between input
and output. Separate pins for the photodiode and output
stage result in TTL compatible saturation voltages and high
speed operation. Where desired the Vgc and Vg terminals
may be tied together to achieve conventional photodarlington
operation. A base access terminal allows a gain bandwidth
adjustment to be made.

The 6N139 is suitable for use in CMOS, LTTL or other
low power applications. A 400% minimum current transfer
ratio is guaranteed over a 0-70°C operating range for only
0.5mA of LED current.

The 6N138 is suitable for use mainly in TTL applications.
Current Transfer Ratio is 300% minimum over 0-70°C for an
LED current of 1.6mA [1 TTL unit load (U.L.)]. A 300%
minimum CTR enables operation with 1 U.L. in, 1 U.L. out
with a 2.2 k§2 pull-up resistor.

*JEDEC Registered Data.

Ground Isolate Most Logic Families — TTL/TTL, CMOS/
TTL, CMOS/CMOS, LTTL/TTL, CMOS/LTTL

Low Input Current Line Receiver — Long Line or Partyline
EIA RS-232C Line Receiver
Telephone Ring Detector

117 V ac Line Voltage Status Indicator — Low Input Power
Dissipation

Low Power Systems — Ground Isolation

Absolute Maximum Ratings*

Storage Temperature
Operating Temperature
Lead Solder Temperature

—55°C to +125°C
0°C to +70°C
............ 260°C for 10s

(1.6mm below seating plane)

Average Input Current — Ig . . ... ovvennnn... 20mA [1]
Peak InputCurrent — lg . . ......... ..., 40mA
(50% duty cycle, 1ms pulse width)
Peak Transient InputCurrent —Ig .............. 1.0A
(< 1us pulse width, 300 pps)
Reverse Input Voltage— Vg . .................. 5v
Input Power Dissipation .. ............... 35mw [2]
Output Current —Ig (Pin6) .............. 60mA [3]
Emitter-Base Reverse Voltage (Pin5-7) ........... 0.5V
Supply and Output Voltage — Vgc (Pin 8-5), Vo (Pin 6-5)
BN138 . ... i e e —05t0 7V
BN139 ... i e —0.5 to 18V
Output Power Dissipation . . .............. 100mw 4

See notes, following page.
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Electrical Specifications
OVER RECOMMENDED TEMPERATURE (Ta = 0°C to 70°C), UNLESS OTHERWISE SPECIFIED

Parameter Sym, | Device Min. Typ."‘ Max. Units Test Conditions Fig. | Note ‘
’ 6N139 400 800 % Ig=05mA, V=04V, Voo =45V
Current Transfer Ratio | CTR* 500 | 900 : tg=1.6mA, Vo = 0.4V, Vee =4.5V 3158
C © 6N138 300 600 ; % Ig = 1.6mA, Vg = 0.4V, Vo =4.5V
S D 0 0.4 o tg = 1.6mA, In =6.4mA, Vog=4.5V
Lagic Low Y L B6N132 | 0.1 0.4 v Ig=58mA, g = 15mA, Vog = 4.5V 121 6
Output Voltage o ;OL'; ) 0.2 - 0.4 | tE=12mA, Ig = 24mA, Voo = 4.5V -
. R : eN138 | ] 01 | 04 V. T Ig=1.6mA, 1o =4.8mA, Voo = 4.5V |
“Logic High for LON13O | | 005 100 gA | Ig=0mA, Vg = Vo =18V 6
Output Current oo BN138 0.1 250 _A Ig = 0mA, Vo= Vee =7V
" Logic Low 1 ) 1 _ L
Supply Current . lecL 02 mA Ig = 1.6mA, Vg = Open, Vog = 5V 3
| Logic High . | : y -
" Supply Current fceH ‘ 10 nA {g = 0mA, Vo = Open, Vo = BV I | 6
Input Forward Voitage | Vg* . 1.4 1.7 \% I =16mA, Ta = 25°C 4
“Input Reverse | o
Breakdown Voltage BVR* 5 v Ip = 104A, Tp=25"C
Temperature Coefficient | AVE _
of Forward Voltage ATh -1.8 mVPC | Ip=1.6mA
input Capacitance CIN 60 pfF f=1MHz, Vg =0
:"""f;o“t"“f( - 1o A | 5% Relative Humidity, Tp = 25°C
nsulation Leakage -0 . Fie t=5s3, Vg = 3000Vde . 7
- Cutrent :
‘Resistance 2 . _
* {input-Output) Ri.0 10 o Vi.o SOOVdc 7
| Capacitance _
" {input-Output) Cro 06 pF f=1MHz 7
**All typicals at Tp = 25°C and Vg = 5V, unless otherwise noted.
AT Ta= 25°C
! Parameter Sym. | Device Min, Typ. Max. Units Test Conditions Fig. | Note
Propagation Delay Time 6N139 5 25 us e =0.5mA, B =4.7kQ
To Logic Low at Output| tpyy* 0.2 1 Ig = 12mA, Ry = 2700 9 6,8
. 6N138 1 10 us Tg =1.6mA, R =22k
K ) 5 60 Ig = 0.5mA, Ry =4.7kQ2
Propagation Delay Time | o, o| 6N139 1 7 He IE = 12mA, Ry = 2700 9 | 68
To Logic High at Output BN138 3 35 s F=1.6mA, R = 2.2k
Common Mode Transient :
Ig =0mA, R = 2.2k, Recg =0
Immunity at Logic High | CMy 500 Vigs | BTk cc 10 | 9,10
Level Output cm p-p
Common Mode Transient
: . Ig =1.6mA, R = 2.2k, Rpe =
Immunity at Logic Low | CMp ~500 Vius l\’; |f%v L= 228, Rec=0 10 | 2,10
Level Output cm pp
NOTES:
1. Derate linearly above 50°C free-air temperature at a rate of 0.4mA/°C.
2. Derate linearly above 50°C free-air temperature at a rate of 0.7mW/°C.
3. Derate linearly above 25°C free-air temperature at a rate of 0.7mA/°C.
4. Derate linearly above 25°C free-air temperature at a rate of 2.0mW/°C. )
5. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, 1o, to the forward LED input current, I, times 100%.
6. Pin 7 Open.
7. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together.
8. Use of a resistor between pin 5 and 7 will decrease gain and delay time. See Application Note 951-1 for more details.
9. Common mode transient immunity in Logic High level is the maximum tolerable (positive) dV¢m/dt on the leading edge of the common mode

pulse, Vem, to assure that the output will remain in a Logic High state (i.e., Vo > 2.0V). Common mode transient immunity in Logic Low level
is the maximum tolerable (negative) dV¢m/dt on the trailing edge of the common mode pulse signal, Vem, to assure that the output will remain
in a Logic Low state (i.e., Vo < 0.8V).
10. In applications where dV/dt may exceed 50,000V/us (such as static discharge) a series resistor, Rcg, should be included to protect
the detector IC from destructively high surge currents. The recommended value is ~ 1v k2
0.15 Ig (mA)

*JEDEC Registered Data. 73
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lo — OUTPUT CURRENT — mA

lo — OUTPUT CURRENT — mA
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CTR — CURRENT TRANSFER RATIO — %
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Vo — OUTPUT VOLTAGE — V

Figure 1. 6N139 DC Transfer Characteristics.
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Figure 3. Current Transfer Ratio vs. Forward Current.

100.
/" .
10. -
1.0
Ve =8V
Vo= 0.4V
0.10
0.010 //
0.001
0.010 0.10 1.0 10.

Ig — INPUT DIODE FORWARD CURRENT — mA

Figure 5. 6N139 Output Current vs. Input Diode

Forward Current.
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Figure 2. 6N138 DC Transfer Characteristics.
100 - e :
C Tam2C S I R S
10 : - -
< R R B
£ N E
1 . b
-
[5 .
g o
£ AN ™ .
> — .
3 )
a 1.0 S S oy
4 *
<
g v .
o s
o - 1
1 ) w
&
A
01
11 12 13 14 15 16 17 1.8
V& — FORWARD VOLTAGE — V
Figure 4. Input Diode Forward Current vs.
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Figure 7. Propagation Delay vs. Temperature.

TIME — s

RL — LOAD RESISTANCE — k2

Figure 8. Non Saturated Rise and Fall Times vs. Load
Resistance.

(NON-SATURATED

RESPONSE)

L tg

Figure 9. Switching Test Circuit.*

Ie
[ |
|
sv
VO emmm— ‘
(SATURATED H
RESPONSE) |
.5V 1.5v
18 ! 10% DUTY CYCLE
Vou
1/ < 100us
tPHL —> tPLH —>
Ir MONITOR O
5V
Vo | s

100Q

O +5V

:E:._- 16pF

.t = 16ns

Vo ~
SWITCH AT A: Ig=0mA

A
W

Vo —t VoL

SWITCH AT B: If = 1.6 mA

Figure 10. Test Circuit for Transient Immunity and Typical Waveforms.

*JEDEC Registered Data.

Ree**
+5V

|

=

Vo

D

|||—

HP 1900A
PULSE GEN.

**See Note 10
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o | DUAL LOW INPUT HCPL.2730
/) iciarnt || CURRENT, HIGH GAIN| oo oo
OPTOCOUPLERS

N

TECHNICAL DATA MARCH 1980

. 240050, OUTLINE DRAWING SCHEMATIC
%90 (0 " \ o -
X s
81771 J61LJISH rvee . P —= S
NUMBER T , 038 oot —0
833 (0131
l@ 273X°_t Sooe 7.36 (290} 6,10 (:240)
\ XXX U 7.88 (.310) 660 . W
pind > v [ & A — Vm
L
one (I 120 L33 U4 acgoanimon
—,»i IAJ[l.ao (063} MAX. )
**! h 0,89 (.035) MIN. DIMENSIONS IN MILLIMETRES AND (INCHES)
! d 8 'Fz loz2
470 (.185) MAX. ANODE 1[I}, 8 vee - Lz g
* J — "0 Vp,
CATHODE 1[2] Vo1
L IPpp— cATHODE 203 ] -~
-1
i‘n L 202 (118 M. ANODE 2@ oo
o} 228 (0900 L e
=280 (110)

HIGH CURRENT TRANSFER RATIO — 1000% TYPICAL
LOW INPUT CURRENT REQUIREMENT — 0.5 mA

LOW OUTPUT SATURATION VOLTAGE — 1.0V TYPICAL
HIGH DENSITY PACKAGING

3000 Vdc WITHSTAND TEST VOLTAGE

PERFORMANCE GUARANTEED OVER 0°C TO 70°C
TEMPERATURE RANGE

Digital Logic Ground Isolation

Telephone Ring Detector
EIA RS-232C Line Receiver
Low Input Current Line Receiver — Long Line or Partyline

Microprocessor Bus Isolation

Current Loop Receiver

¢ HIGH COMMON MODE REJECTION
e DATA RATES UP TO 200K BIT/s ® Polarity Sensing
e HIGH FANOUT e Level Shifting
e RECOGNIZED UNDER THE COMPONENT PROGRAM OF |
UNDERWRITERS LABORATORIES, INC. (FILE NO. E55361). e Line Voltage Status indicator — Low input Power Dissipation
Description

The HCPL-2730/31 dua! channel couplers contain a separated pair of GaAsP light emitting diodes optically coupled to a
pair of integrated high gain photon detectors. They provide extremely high current transfer ratio, 3000V dc electrical
insulation and excellent input-output common mode transient immunity. A separate pin for the photodiodes and first gain
stages (Vcc) permits lower output saturation voltage and higher speed operation than possible with conventional
photodarlington type isolators. The separate Vcc pin can be strobed low as an output disable. In addition Vcc may be as
low as 1.6V without adversely affecting the parametric performance.

Guaranteed operation at low input currents and the high current transfer ratio (CTR) reduce the magnitude and effects of
CTR degradation.

The outstanding high temperature performance of this split Darlington type output amplifier results from the inclusion of
an integrated emitter-base bypass resistor which shunts photodiode and first stage leakage currents to ground.

The HCPL-2731 has a 400% minimum CTR at an input current of only 0.5 mA making it ideal for use in low input current
applications such as MOS, CMOS and iow power logic interfacing or RS232C data transmission systems. in addition, the
high CTR and high output current capability make this device extremely useful in applications where a high fanout is
required. Compatibility with high voltage CMOS logic systems is guaranteed by the 18V V¢ and Vg specifications and by
testing output high leakage (Ion) at 18V.

The HCPL-2730 is specified at an input current of 1.6 mA and has a 7V V¢gg and Vg rating. The 300% minimum CTR allows
TTL to TTL interfacing with an input current of only 1.6 mA.

Important specifications such as CTR, leakage current and output saturation voltage are guaranteed overthe 0°Cto 70°C
temperature range to allow trouble-free system operation.
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Electrical Specifications

(Over Recommended Temperature Tp = 0°C to 70°C, Unless Otherwise Specified)

Parameter Sym. H:::(l:.‘: - Min, | Typ.* Max. | Units Test Canditions - .| Fig.} Note = ..
vt 400 | 1000 " iz ~D8mA, Vo =0.4V, Voo =486V | - P
Current Transfer Ratio . | CTR 5001100 : 1= 1.6mA, Vg =04V, Vpe =4.5V. 67
2730 300 | 1000 % lp=1.6mA, Vg =04V,Vee=45V | 2.1
. N 0.1 0.4 - Ig=16mA, Iy = 8mA, Voo =45V ~ | - o
Logic Low 2731 a.1 04 |V te =5mA, Ig = 15mA, Voo = 4.5V 1] e
Qutput Voltage Vou ’ 0.2 0.4 g =12mA, Ig = 24mA, Vo = 4.5V Co
2730 0.1 04 | v I = 1L6MA, Ig = 4.8mA, Voo = 4.6V ,
Logic High . 2731 0:005 | 100 |uA le=0mA, Vo= Vog =18V . 6
Output Current oH 2730 001 | 250 |sA | 1p=0mA Vo =Veo=7V :
Logic Low 2731 1.2 lgy =lgz =1.6mA Voo =18V
lece mA
“Supply Current 2730 0.9 Vgi =Vpy =Open | Ve =7V
Logic High 2731 B ] Tep=lep=0mA Vee=18v

. feen nA g -

Supply Current 2730 4 Vot = Vg =Open Vee=7V - I
Input Forward Volitage Ve N S B ¥ 1.7 v le=16mA, T, =26C. .~ . | .4 e

" input Reverse Breakdown ‘ - sy e ) ‘
Voltage B8vp 5 A =10 uA, Ty =25 C
Temperature Coefficient AVe ‘ ¢ .

i R =1, . ,
of Forward Voltage | AT, 8 mV/7C e =1.6mA ‘ 8
Input Capacitance Cin : 60 pF f=1MHz, Vg =0 o 6 -
Input-Output Insulation 45% Relative Humidity, Ty = 25°C )

Yo 1.0 juA . 8
Leakage Current : t = Bs, V1o = 3000 Vde .
Resistance ) . ) .

. R 12 = . .
(Input-Output) 10 10 Q| Vo =500vde ; ‘ 8
Capacitance -

< F f=1 :
{Input-Output) 0 0.6 ° Mz 8
fnput-Input 45% Relative Humidity, t=5s,
Insulation Leakage Current| M 0.005 HA V1, = 500Vdc 8
Resistance . ) .
- 1 = . . .
{input-nput) Ru 10 e Vi 500ch . 9
Capacitance §
C F f= H
{input-Input) ) 11 0.25 p 1 MHz 2
*All typicals at TA = 25°C
- . o e . _ o
Switching Specifications at T,=25°C
\ Device . ) - .
Parameter Sym, HCPL Min, | Typ. Max. | Units Test Conditions I Fig. Note
Propagation Delay Time 2731 25 100 | ws Ig =0.5mA, R =4.7kQ ‘
To Logic Low PHL 5 | 20 ) Ip = 1.6mA, R = 2.2kQ 9
at Output 27300 Jos | 2 | * le=12mA,R_=2708
Propagation Delay Time 2731 20 60 us 1g = 0.5mA, R = 4.7kQ
To Logic High LU . f 1o | 35 Ie = 1.6mA, Ry = 2.2kQ 9
at Output 301 1 10 Ir = 12mA, Ry = 2700
Common Mode .
Ip =0mA, Ry = 2.2k
Transient fmmunity at CMy 500 Vi i/ _ TOC , 10 | 1011
Logic High Level Output I CMI P ’
Common Mode
Ig=1.6mA, R, = 2.2k
Transient mmunity at oM, -500 Vs £ = 1.6mA Ry = 22k 10 | 10,11
. [Vem| = 104
Logic Low Level Output Ly
NOTES: Derate linearly above 50°C free-air temperature at a rate of 0.5mA/°C. 10. Common mode transient immunity in Logic High level is the maximum

1.
2. Derate linearly above 50° C free-air temperature at a rate of 0.9mW/°C.
3. Derate linearly above 35°C free-air temperature at a rate of 0.6mA/°C.
4. Pin 5 should be the most negative voltage at the detector side.
5. Derate linearly above 35°C free-air temperature at a rate of 1.7mW/°C.
Output power is collector output power plus supply power.
. Each channel.
. CURRENT TRANSFER RATIO is defined as the ratio of output
collector current, IQ, to the forward LED input current, If, times 100%.
8. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted
together and Pins 5, 6, 7, and 8 shorted together.
9. Measured between pins 1 and 2 shorted together, and pins 3and 4
shorted together.

N o

tolerable (positive) dV p/dt on the leading edge of the common mode
pulse VM, to assure that the output will remain in Logic High state
(i.e., Vo > 2.0V). Common mode transient immunity in Logic Low
level is the maximum tolerable (negative) dVcp dt on the trailing edge
of the common mode pulse signal, VM, to assure that the output will
remain in a Logic Low state (i.e., Vo < 0.8V).

. In applications where dV/dt may exceed 50,000 V/us (such as a static

discharge) a series resistor, Rgg, should be included to protect the
detector IC from destructively high surge currents. The recommended
value is \
Rec~ 53 o A
0.3 1 (mA)
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Absolute Maximum Ratings

Storage Temperature .......... -55°Cto +125°C Input Power Dissipation
Operating Temperature ......... -40°Ct0 +85°C (eachchannel) .................... 3smw 2
Lead Solder Temperature ....... 260°Cfor10sec  Output Current — I
(1.6mm below seating plane) (eachchannel) .................... somA 3!
Average Input Current — Ig Supply and Output Voltage — V¢ (Pin 8-5), Vo (Pin
(eachchannel) ............cccveenn. 20mAl"l 7,6-5) (41
Peak Input Current — If HCPL-2730 .....covviiiieennnnnnnnn -0.5to 7V
(eachchannel) ...........ccvvvennnn. 40mA HCPL-2731 ... iiiiiiiiiiiiennnn, -0.5t0 18V
(50% duty cycle, 1 ms pulse width) Output Power Dissipation
Reverse Input Voltage — Vg (eachchannel) ................... 100mw 8
(eachchannel) ..........cccvviiiiinnnn, 5V
5 T N £ 3730" 100 E - "
’/T_,ﬁ%’;i%___a * :::: :vgﬁt-zzt A }: :;z»g B § s 35,% :IXI —
3 e R R g § [ ou-ee
1 / & 1200 ~ g e B " ;
5 s s YA A : “E
] T A & 1000 - i - o E
5 | [ S ™ 5 -
E o ;Lbn‘aA é 600 . - E 1.0 for
?o . . § 400 J 4 ? ;
= I =05mA’ . B [
Jez0Sma E 0 . - ’
° . o ) : 0.1 TRE TN DN S A W R U1 {1 RN ]
0 1 2 0.1 0.3 1.0 30 10 30 0.1 1.0 10 100

Vo — OUTPUT VOLTAGE -V

Figure 1. DC Transfer Characteristics.

100 T
HCPL-2730

Tas2s'e] FARE e
¥ FAR R Al
! . )

3
...

I — FORWARD CURRENT — mA
5

11 12 13 14 15 16 17 18

V¢ — FORWARD VOLTAGE -V

Figure 4. Input Diode Forward Current
vs. Forward Voltage.

lg — FORWARD CURRENT — mA

Figure 2. Current Transfer Ratio vs.
Forward Current.

HEPL2731 /

T

lcc (PER CHANNEL) — SUPPLY CURRENT — mA

cn b LY
10 100

4
o

Ig — INPUT DIODE FORWARD CURRENT — mA

Figure 5. Supply Current Per Channel
vs. Input Diode Forward Current.

Iz — INPUT DIODE FORWARD CURRENT — mA

Figure 3. Output Current vs. Input
Diode Forward Current.

vng,y_JV_T_L/.
Yo o

HCPL-2731 e

I 205 mA
B =47k
| s

. HCPL-273¢
HCPL-2731
le #1868 mA

/ Ry =22kq ™

T, =24°C

tpy — PROPAGATION DELAY TO LOGIC LOW —ps

.01 A 10 10
T~ INPUT PULSE PERIOD — ms

Figure 6. Propagation Delay To Logic
Low vs. Pulse Period.
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3 [ HCPLZFa1ly = 05 mA, Ay = 47KE Ve sy | AR 2730
e HOPLZ7300 = 18 mA, R = 2.2k§2) el =2c HCPL-2731
2 ¢ H-
H Vee =6V b p g !
] C . '
> > 5o
< 2 tout, :
z 2 Ry = 22k OB 4.7k8)
2 2z 40
] S
> =
& & oy Ry = 47kQ
3 I3 20
£ 5 | ]
= - m’\ Win R w22k0
, ; AN
[} 0 I
0 10 20 30 40 50 60 70 0 2 4 6 8 10
TA — TEMPERATURE - °C Iz — INPUT DIODE FORWARD CURRENT — mA
Figure 7. Propagation Delay vs. Figure 8. Propagation Delay vs. Input
Temperature. Diode Forward Current.
Ig —— —
HCPL-2730
- e — i;;BOW HCPL-2731
LSE
Vo= = ] EN, '
2o =500 1 O +5V
1, =5ns
15V Ry
—— - VOL
oL —> L Vo
p——— Iz MONITOR CL = 15pF
I E I
0 ——— L
5V 1002
——o— V°
4
15v
R — Vou
toLn —> =
Figure 9: Switching Test Circuit.
HCPL-2730
HCPL-2731
- Ree®
V= — — — | t, t = 16ns Ie—> cc
Vow 10V W% 10% i . [ ’ 8 o
oV 10% 90% ‘\: . S
SR
t, fe— — t 2 7 L.o Vo
3 Me
VYo e 5V A 17
SWITCH AT A: | = 0mA B
4 5
Vee —
— Vem
o R )
SWITCHATB: Ig = 1.6mA \/ _J__
HP 1900A =
PULSE GEN.

*See Note 11.

Figure 10. Test Circuit for Transient Immunity and Typical Waveforms.
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1 lg—>
ANODE 5
* Vo
Ve jpose-4
CATHODE ;

Schematic

Features

¢ HIGH CURRENT TRANSFER RATIO —
1000% TYPICAL

¢ LOW INPUT CURRENT REQUIREMENT —
0.5 mA

® 3000 Vdc WITHSTAND TEST VOLTAGE

* PERFORMANCE GUARANTEED OVER 0°C TO
70°C TEMPERATURE RANGE

¢ RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES INC. (FILE NO. E55361)

® INTERNAL BASE-EMITTER RESISTOR
MINIMIZES OUTPUT LEAKAGE

¢ GAIN-BANDWIDTH ADJUSTMENT PIN
¢ HIGH COMMON MODE REJECTION

Description

The 4N45/46 optocouplers contain a GaAsP light emitting
diode optically coupled to a high gain photodetector IC.

The excellent performance over temperature results from
the inclusion of an integrated emitter-base bypass resistor
which shunts photodiode and first stage leakage currents
to ground. External access to the second stage base
provides better noise rejection than a conventional
photodarlington detector. An external resistor or capaci-
tor at the base can be added to make a gain-bandwidth or
input current threshold adjustment. The base lead can
also be used for feedback.

The high current transfer ratio at very low input currents
permits circuit designs in which adequate margin can be
allowed for the effects of CTR degradation over time.

The 4N46 has a 350% minimum CTR at an input current of
only 0.5mA making it ideal for use in low input current
applications such as MOS, CMOS and low power logic
interfacing. Compatibility with high voitage CMOS logic
systems is assured by the 20V minimum breakdown
voltage of the output transistor and by the guaranteed
maximum output leakage (Igy) at 18V.

The 4N45 has a 250% minimum CTR at 1.0mA input
current and a 7V minimum breakdown voltage rating.
*JEDEC Registered Data.

. omsnsmus INMILLIMETERS AND (INCHES).
Ouﬂlm Drawing®

Appllcatlons

e Telephone Ring Detector
¢ Digital Logic Ground Isolation
¢ Low Input Current Line Receiver

® Line Voltage Status Indicator — Low Input Power
Dissipation

® Logic to Reed Relay Interface
o Level Shifting
¢ Interface Between Logic Families

Absolute Maximum Ratings’

Storage Temperature ............... -65°Cto+125°C
Operating Temperature ............. -40°C to +70°C
Lead Solder Temperature .............. 260°C for 10s.
(1.6mm below seating plane)
Average InputCurrent—Ig ................. 20mAll]
Peak InputCurrent—Ig ..........coviiiiinn, 40mA
(50% duty cycle 1ms pulse width)
Peak Transient InputCurrent—Ig ............... 1.0A
(<1 ps pulse width, 300pps)
ReverselnputVoltage —VR .........ccoviviinnnne. 5V
Input Power Dissipation 35mw(2]
Output Current—Ig (Pin5) ................. 60mAl3]
Emitter-Base Reverse Voltage (Pins4-6) ......... 0.5V
Output Voltage — V (Pin 5-4)
ANAS e -0.5to 7V
AN46 ... . -0.5to 20V
Output Power Dissipation ................. 100mwI4]

See notes, following page
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Electrical Specifications

OVER RECOMMENDED TEMPERATURE (T =0°C TO 70°C), UNLESS OTHERWISE SPECIFIED

rimeter. - | Sym. | Device | Min. | Typ,**| Max.: < Tast'Conditions : . | Fig.] Note °

Switching Specifications

AT Tp =25°C

*JEDEC Registered Data.
**All typicals at Ta = 25°C, unless otherwise noted.

NOTES:

1. Derate linearly above 50° C free-air temperature at a rate of 0.4mA/°C.

Derate linearly above 50° C free-air temperature at a rate of 0.7mW/°C.

. Derate linearly above 25° C free-air temperature at a rate of 0.8mA/°C.

. Derate linearly above 25° C free-air temperature at a rate of 1.5mW/°C.

. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, 1o, to the forward LED input current, I, times

100%.

Pin 6 Open.

. Device considered a two-terminal device: Pins 1, 2, 3 shorted together and Pins 4, 5, and 6 shorted together.

. Use of a resistor between pin 4 and 6 will decrease gain and delay time. (See Figures 10and 12).

. Common mode transient immunity in Logic High level is the maximum tolerable (positive) dV¢m/dt on the leading edge of the common
mode pulse, V¢, to assure that the output will remain in a Logic High state (i.e., Vo > 2.5V). Common mode transient immunity in
Logic Low level is the maximum tolerable (negative) dV ¢m/dt on the trailing edge of the common mode pulse signal, V¢m, to assure
that the output will remain in a Logic Low state (i.e., Vg < 2.5V).

oA WwN =

© 0N
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Ir — FORWARD CURRENT — mA

Ta=25C
Tax2

01
11 12 13 14 15 16 17

V¢ — FORWARD VOLTAGE -V

Figure 1. Input Diode Forward Current vs.
Forward Voltage.

16 T

Vo 3 1.0V .
: NORMALIZED TO;
14} i GTR @ by = 10 mA

: f\ . . Ta=26°C
12 / \ -
1.0 o / . \
0.8 f—r - L1y = 700
1/ TN\ 7
0.6 /y b Tp, = 0°C —
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Figure 9. Test Circuit for Transient Immunity and Typical Waveforms.
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\ Applications
ans6 Vee
v
tPoomA 75kQ . oo
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< TELEPHONE o
3Rx TONE nota =
—o +sv o) 2 Vo =]
0.1 uF

SN 7413
OR EQUIVALENT*

NOTE: AN INTEGRATOR MAY BE REQUIRED AT THE OUTPUT TO
ELIMINATE DIALING PULSES AND LINE TRANSIENTS.

*SCHMIDT TRIGGER RECOMMENDED

TTL Interface BECAUSE OF LONG t,, t. Telephone Ring Detector
v
> 0.5 mA - 4N46
1 5V TO 20V - 4N46
1F=05mA  4N4a6 Vee F (> 1.0mA - 4N45) Vee (5v g
Rs e .
RL RL
ADD FOR Vo
AC INPUT
ANY CMOS
DIGITAL IC

Line Voltage Monitor CMOS Interface

+Vee, ©
e, i
Q3
CHARACTERISTICS
Rin ~ 30MR, Rout ~ 502
Vinimax) = Vee, -1V, LINEARITY BETTER THAN 5%
Vour DESIGN COMMENTS Ve -V

Rs Ry - NOT CRITICAL (<< Vin ax, - Veey) - Vo 5€)hee 05

3.3 IF (MAX)
Rz - NOT CRITICAL (OMIT IF 0.2 TO 0.3V OFFSET IS TOLERABLE)

ViN (max ) + VBE
vin EETTY
o 0 v
Rs > IN (MAX.)
57 "25mA
3
22k p:E: VIN (MAX)
NOTE: ADJUST R3 SO Vour = Vin AT Vin = —
Rq
1
-Veey
Qy, Qz - 2N3904

Q3 - 2N3906 v

Analog Signal Isolation
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' OPTOCOUPLER

TECHNICAL DATA MARCH 1980

SCHEMATIC
DCt INPUT Vee
o O
I lec
H lo Vo
/ 6

3 5
[
DC- INPUT GND

Features

AC OR DC INPUT
PROGRAMMABLE SENSE VOLTAGE
HYSTERESIS
LOGIC COMPATIBLE OUTPUT
SMALL SIZE: STANDARD 8 PIN DIP
THRESHOLDS GUARANTEED OVER
TEMPERATURE
¢ THRESHOLDS INDEPENDENT OF

LED DEGRADATION
® 3000V WITHSTAND TEST VOLTAGE
¢ RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES, INC. (FILE NO. E55361)

Description

The HCPL-3700 is a voltage/current threshold detection

optocoupler. This optocoupler uses an internal Light
Emitting Diode (LED), a threshold sensing input buffer IC,
and a high gain photon detector to provide an optocoupler
which permits adjustable external threshold levels. The
input buffer circuit has a nominal turn on threshold of
2.5 mA (ITH+) and 3.8 volts (VTH+). The addition of one or
more external attenuation resistors permits the use of this
device over a wide range of input voltages and currents.
Threshold sensing prior to the LED and detectorelements
minimizes effects of different optical gain and LED
variations over operating life (CTR degradation). Hystere-
sis is also provided in the buffer for extra noise immunity
and switching stability.

- O80LT0
.56 (.390) . . .&.
8 7 6 5 N 1
TYPE 018
/;,uumasa o’ﬁ%
- g0
3700 " Lopare  238L28) 550 ‘
XXXR CODE 7893 . 5 TYp.
. . \ N N =
PN 2 3 4 o - -
ONE UL RECOGNITION
——»’ 1.60 (063) MAX, ) f
: 089 1,036} MIN. . -
R - - . 1]Aac Vec| 8
| Aotimsimax. . [2]oer 7]
PIN -1 C
. 3 |DC- Vo| 6
onell - 051 1,020} MIN, °
-t - ‘ 4| ac GND[ 6
use o L— 292 L1151 MIN,
fe—t— R 10 DIMENSIONS IN MILLIMETERS AND (INCHES).

Applications

LIMIT SWITCH SENSING

LOW VOLTAGE DETECTOR
5V—240V AC/DC VOLTAGE SENSING
RELAY CONTACT MONITOR

RELAY COIL VOLTAGE MONITOR
CURRENT SENSING
MICROPROCESSOR INTERFACING

HCPL-3700

N Rx
AAN— :
. .
AC/DC LoBIc

BN o Sl )
v o N

The buffer circuit is designed with internal clamping
diodes to protect the circuitry and LED from a wide range
of over-voltage and over-current transients while the
diode bridge enables easy use with ac voltage input.

The high gain output stage features an open collector
output providing both TTL compatible saturation voltages
and CMOS compatible breakdown voitages.

The HCPL-3700, by combining several unique functions
in a single package, provides the user with an ideal
component for industrial control computer input boards
and other applications where a predetermined input
threshold optocoupler level is desirabie.
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Parameter

Storage Temperature

Operating Temperature

Lead Temperature
Soldering -
Cycle Time
Average
Input Surc ?
Current urge
Translent

lnput vOltage {Pins 2-3)

Input Power Dissipation

Total Package Power Dissipatio‘n

* Output Power Dlssipatnon
‘Qutput i

Current Average

Supply Volitage (Pins 8-5)

Output Voltage (Pins 6-5)

Recommended Operatmg COﬂdIthﬂS

Parameter

‘Symbol

Supply Voltage

Operating Temperature

O TA

Operating Frequency

Parameter

. Symbol

Propagation Delay Time to
Logic Low Output Level

tPHL

Propagation Delay Time to
Logic High Output Level

tPLM

Common Mode Transient
Immunity at Logic Low
Output Levetl

oM |

Common Mode Transient
Immunity at Logic High
Output Level

CMH

Output Rise Time (10-90%)

tr -

Cutput Falt Time (80-10%)

-
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Electrical Characteristics

Over Recommended Temperature (0°C < Ta < 70°C) Unless Otherwise Specified

Parameter Symbol | Min. | Typ.? | Max. | Units Conditions Fig. | Note
) VIN=VTHy; Voo = 4.5V,
o irhe 1196 25 |31 mA | o 000 0 o mA
tnput Threshold Current v v v v
: IN = VTH- ; Vee = 4.5V,
ITH- 100 13 | 162 | mA VO = 2.4V; o < 100 gA
) ViN = V2 — V3; Pins1&4 Open 14
.. VTH+ 335 3.8 | 4.05 Vv Voc = 4.5V; Vo = 0.4V:
| DC 0242 mA
(Pins 2, 3) VIN = V2 -~ V3;Pins 1& 4 Open
VTH~ 201 | 26 | 286 v Vce = 4.5V; Vo = 2.4V, 2,3
Input Threshold lo < 100 A
_ -Voltage S - Vin =| V1 — V4] Pins 2 & 30pen
VTH+ 4231 5.1 | 550 v Vce = 4.5V; Vo = 0.4V,
AC 0= 4.2 mA
i R 14,15
(Pins 1, 4) Vin =[V1 — V4], Pins 2 &3 Open
VTH- 287 | 3.8 | 424 Vv Vee = 4.5V, Vo = 2.4V,
lo <100 pA
o IHys 1.2 mA | IHYS = ITH+ — ITH-
Hysteresis .~ 2
VHYS 1.2 Vv VHYs = VTH+ = VTH-
ViHet = V2 — V3; V3 = GND;
ViHct 5.4 6.0 6.6 \ IN=10mA; Pin1 &4
Connected to Pin 3
. S ViHcz = V1 — V4|, [IN] =
S ! ViHc2 6.1 6.7 7.3 \ 10 mA; Pins 2 & 3 Cpen
Input Ctamp Voltage 1
P . pYorag - ViHes 120 | 184 | V | ViHca=Vz — V3= GND;
lin = 15 mA; Pins1& 4 Open
ViLe -0.76 \ ViLc = V2 — V3; V3 = GND;
] Iin = -10 mA
Input Current IiN 30 | 37 | 44 | mA | VIN=V2—V3=50V; 5
: Pins 1 & 4 Open
’ . f Vp1.2 0.59
Bndge Dtode Forward Voltage Iin = 3 mA (see schematic)
VD34 0.74
Logic Low Output Voltage VoL 0.1 0.4 V | Voc =45V, loL=4.2 mA 5 1
Logic ngh Output Current loH 100 | pA | Vou = Vcc =18V
' ' V2 — Va3 = 5.0V; Vo = Open
Logic Low" Supply Current lccL 1.0 4 ’mA Ve = 5.0V
- Logic Hugh Supply Current lccH 2 nA | Voc = 18V; Vo = Open 4 | 14
lnput-Output i sumuon Relative Humidity = 45%,
-0 1 uA | Ta=25°C, Vi-0 = 3000 Vdc;
., : O t=15 sec.
Input-Output Resistance - Ri-0 1012 Q | Vi-o =500 Vde 16
Input-Output Capacitance - Ci-o0 0.6 pF | f=1MHz Vi_o =0 Vdc
=1 MHz; ViN=0V, Pins 2 & 3,
input Capacitance CiN 50 PF | pins 1 & 4 Open

Notes:

1. Measured at a point 1.6 mm below seating plane.

2. Current into/out of any single lead.

3. Surge input current duration is 3 ms at 120 Hz pulse repetition rate.

5. Derate linearly above 70° C free-air temperature at a rate of 5.4 mW/°C.
6. Derate linearly above 70°C free-air temperature atarate of 3.9 mW/°C.
*  Maximum output power dissipation of 210 mW allows an output IC

Transient input current duration is 10 us at 120 Hz pulse repetition rate.

Note that maximum input power, PIN, must be observed.

4. Derate linearly above 70° C free-air temperature atarate of 4.1 mW/°C.
Maximum input power dissipation of 230 mW allows an input IC
junctiontemperature of 125° C at an ambient temperature of TA=70°C
with a typical thermal resistance from junction to ambient of 8ua; =

240° C/W. Excessive PN and Ty may resuit in IC chip degradation.

o ~

junction temperature of 125°C at an ambient temperature of TA=70°C
with a typical thermal resistance from junction to ambient of 644, =
265°C/W.

. Derate linearly above 70° C free-air temperature at a rate of 0.6 mA/°C.
. Maximum operating frequency is defined when output waveform (Pin

6) obtains only 90% of Vcc with RL = 4.7 kQ, CL = 30 pF using a 5V
square wave input signal.

86




et

o o

-
pury

. All typical values are at Ta= 25°C, Vcc = 5.0V unless otherwise stated.
. The tpHL propagation delay is measured from the 2.5V level of the

leading edge of a5.0V input pulse (1 us rise time) to the 1.5V level on the
leading edge of the output pulse (see Figure 9).

. The tpLH propagation delay is measured from the 2.5V level of the

trailing edge of a 5.0V input pulse (1 us fall time) to the 1.5V level on the
trailing edge of the output pulse (see Figure 9).

. Common mode transient immunity in Logic High level is the maximum

tolerable (positive) dVcmydt on the leading edge of the common mode
pulse, Vcm, to insure that the output will remain in a Logic High state
(i.e., Vo >2.0V). Common mode transient immunity in Logic Low level
is the maximum tolerable (negative) dVcmydt on the trailing edge of the
common mode pulse signal, Vcm, to insure that the output will remain
in a Logic Low state (i.e., Vo < 0.8V). See Figure 10.

60 I I {

55 : ! Ta =25°C |

50 }
< ; T T
E 45 T }
1 |
£ @ 1 !
w35 . t
€ ; AcPiNSta |||
3 30 [ews12. B pins23
£ 5| |CONNECTED | oPEN) !
E e | TOGETHER: | 1
2 20}  |PINS3.4 -
N [ |connectep | |, PCEINS 2.2 ~J_
=z 151 [TOGETHER .= OPEN) j

10 |—1 t = -

HRED N e
== 1
° T
12 3 4 56 7 8 9 10 1112 13

Vin — INPUT VOLTAGE - V

Figure 1. Typical Input Characteristics, Iy vs. V|N.
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I
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18 ‘ L T | 08
20 0 20 40 60 80

Ta — TEMPERATURE - °C

Figure 3. Typical DC Threshold Levels vs. Temperature.

13.

14,

15.
16.

In applications where dVcm/dt may exceed 50,000 V/us (such as static
discharge), a series resistor, Rcc, should be included to protect the
detector IC from destructively high surge currents. The recommended
value for Rcc is 2400 per volt of allowable drop in Vcc (between Pin 8
and Vcc) with a minimum value of 240Q.

Logic low output level at Pin 6 occurs under the conditions of ViN =
V1H+ as well as the range of VIN > VTH— once VIN has exceeded VTHs+.
Logic high output level at Pin 6 occurs under the conditions of Vin <
VT1H- as well as the range of VIN < VTH+ once ViN has decreased below
VTH-.

AC voltage is instantaneous voltage.

Device considered a two terminal device: pins 1, 2, 3, 4 connected
together, and Pins 5, 6, 7, 8 connected together.

8 ——T 1T
| Vee =45V
loL = 42mA
5 |— Vou « 04V
> Vou = 2.8V
| - lon < 100 uA
g af— IHy  TH. -
2 viy (DC) 38V 26V PINS2,3
s F—Vry (AC) 53V 38V  PINS1,4
2 Itw (AC/DC) 25mA 13mA PINS2,3
: 3 ] ; orR"
5 | Vou PINS1,4 |
5
3 2
}
L
1
I Vou
Py % i

Figure 2. Typical Transfer Characteristics.
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Figure 4. Typical High Level Supply Current, | ooy vs. Temperature.
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42 T r— 240
4.0 I - I 220 &
38 — 200 w
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E 36 N T 180 <
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3 34 Vin =50V + 160 g
g 3, {PINS 2,3} | 140 =
g - Vee = E.PV | ] 2
g %0 b E
P — 2
5 28 -
& Vou . o
2 26 T z
| ) Ve = 5.0V w
z 24 foL =4.2 m, =
£ | T 8
22 T -I'
|
2,0 p ! 20 =
Ll d
18 0
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Figure 5. Typical Input Current, ||, and Low Level Output
Voltage, Vg , vs. Temperature.
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Figure 7. Typical Rise, Fall Times vs. Temperature.
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Zipc - 7
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L 0.01uf
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PULSE AMPLITUDE = 5.0V

PULSE WIDTH = 1ms
=100 Hz
t, =t = 1.0us (10-90%)

* C 1S 30 pF, WHICH INCLUDES PROBE
AND STRAY WIRING CAPACITANCE.

5v
INPUT
Vin 25V
ov

OUTPUT
Vo

Figure 9. Switching Test Circuit.
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Figure 6. Typical Propagation Delay vs. Temperature.
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5000 l 1 l
1 Vec = 5.0V
N =311 mA !
4000 p4 Vo = 0,8V
Ry =4.7kQ
4 Ta =25°C
3000 +
CMy, CMn !
Voo =50V
2000 iy =0mA
Nog = 2,0V
BL =47k
Ta =25°C
000 t -
;
. A
500 F— .
!
LN AN
0 400 800 1200 1600

2000

Vcm — COMMON MODE TRANSIENT AMPLITUDE —V

Figure 8. Common Mode Transient Immunity vs. Common
Mode Transient Amplitude.

I

HCPL-3700
1{AC Vee | 8
2 |DC+ 7
3 [DC- Vo|6 -0 Vo
4 1AC GND| 8 =
Vem

Vem

=
Y

* SEE NOTE 13

PULSE GENERATOR =

** CL IS 30 pF, WHICH INCLUDES PROBE
AND STRAY WIRING CAPACITANCE.

P — 5V CMy
Vo SWITCH AT A:
IIn=0mA ———— Vomin
o
4 VoL CMp
SWITCH AT B:
Iin=311mA

Figure 10. Test Circuit for Common Mode Transient
Immunity and Typical Waveforms.

88




Electrical Considerations

The HCPL-3700 optocoupler has internal temperature
compensated, predictable voltage and current threshold
points which allow selection of an external resistor, Rx, to
determine larger external threshold voltage levels. For a
desired external threshold voltage, Vz, a corresponding
typical value of Rx can be obtained from Figure 11.
Specific calculation of Rx can be obtained from Equation
(1) of Figure 12. Specification of both V+ and V- voltage
threshold levels simultaneously can be obtained by the
use of Rx and Rp as shown in Figure 12 and determined by
Equations (2) and (3).

Rx can provide over-current transient protection by
limiting input current during a transient condition. For
monitoring contacts of a relay or switch, the HCPL-3700 in
combination with Rxand Rp can be used to allow a specific
current to be conducted through the contacts for cleaning
purposes (wetting current).

The choice of which input voltage clamp level to choose
depends upon the application of this device (see Figure 1).
It is recommended that the low clamp condition be used
when possible to lower the input power dissipation as well
as the LED current, which minimizes LED degradation
over time.

In applications where dVcm/dt may be extremely large
(such as static discharge), a series resistor, Rcc, should
be connected in series with Vcc and Pin 8 to protect the
detector IC from destructively high surge currents. See
note 13 for determination of Rcc. In addition, it is
recommended that a ceramic disc bypass capacitor of
0.01 uf be placed between Pins 8 and 5 to reduce the effect
of power supply noise.

For interfacing AC signals to TTL systems, output low
pass filtering can be performed with a pullup resistor of
1.5 kQ and 20 uf capacitor. This application requires a
Schmitt trigger gate to avoid slow rise time chatter
problems. For AC input applications, a filter capacitor can
be placed across the DC input terminals for either signal
or transient filtering.

4

300
] { T
V. (AC)C/

Vi (ACH
250

v, 90 | 4

74t )

200

/

V.

4

150

)4
Vi, =38V pe.
100 Von, = 2.6V | 9?’ PINS2,3
Vrne =5V L.
vin® =3y AC:PINS T4
50 ITH, =25 mA
Ith, =13 mA
A =25°C
(AC VOLTAGE IS INSTANTANEQUS VALUE)
) 40 80 120 160 200 240

V; — EXTERNAL THRESHOLD VOLTAGE — V

Rx — EXTERNAL SERIES RESISTOR — kQ

Figure 11. Typical External Threshold Characteristic, V. vs. Ry.

ITH(+I HCPL-3700

TIAC. Vel 8 Vee
RL

Vo

Figure 12. External Threshold Voltage Level Selection.

Either AC (Pins 1,4) or DC (Pins 2, 3) input can be used to
determine external threshold levels.

For one specifically selected external threshold voltage
level V+ or V-, Rx can be determined without use of Rp via

Vi~ Ve
Rx = —I_TH(—;)— 1M

For two specifically selected external threshold voltage
levels, V+ and V-, the use of Rx and Rp will permit this
selection via equations (2), (3) provided the following
conditions are met. If the denominator of equation (2) is
positive, then

V., > VTH+

Vi — VTH: ITH+
= and —W————T < T
V. VTH. Vo = VTHo ITH-

Conversely, if the denominator of equation (2) is negative,
then

V. < VTH+

V, = VTH. > ITH+
Vo T VTH.

and Vo — VTH- ITH-

VTH- (V+) = V71Hs (Vo)
ITHe (VTH- ) — ITH- (VTH4)

x =

VTH- (V4)s= VTHs (Vo)
ITHy (Vo = VTH- ) +ITHC (VTHe — Vy)

sz

OPTO-
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[= ]
(¥ =]
P
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TECHNICAL DATA MARCH 1980

2 B lec 15
+ 0 O Ve
<01 1
Vo1
VF1 = 0
1
F2 lo2
6 2, 22 12
+ 0 O Voz
NOTE:
A .01 TO 0.1uF BYPASS CAPACITOR MUST BE g’ GND
CONNECTED BETWEEN PINS 15 AND 10.

Features

e HERMETICALLY SEALED

HIGH SPEED

PERFORMANCE GUARANTEED OVER -55°C TO
+125°C AMBIENT TEMPERATURE RANGE
STANDARD HIGH RELIABILITY SCREENED
PARTS AVAILABLE

TTL COMPATIBLE INPUT AND OUTPUT
HIGH COMMON MODE REJECTION
DUAL-IN-LINE PACKAGE

1500 VDC WITHSTAND TEST VOLTAGE
EIA REGISTRATION

HIGH RADIATION IMMUNITY

Applications

Logic Ground Isolation

Line Receiver

Computer - Peripheral Interface
Vehicle Command/Control Isolation
High Reliability Systems

System Test Equipment Isolation

Description

The 6N134 consists of a pair of inverting optically coupled
gates, each with a light emitting diode and a unique high gain
integrated photon detector in a hermetically sealed ceramic
package. The output of the detector is an open collector
Schottky clamped transistor.

L]
L]
[
L]
[
®

This unique dual coupler design provides maximum DC and
AC circuit isolation between each input and output while
achieving TTL circuit compatibility. The isolator operational
parameters are guaranteed from -55°C to +125°C, such that a
minimum input current of 10 mA in each channel will sink a
six gate fanout (10 mA) at the output with 4.5 t0 5.5V V¢
applied to the detector. This isolation and coupling is achieved
with a typical propagation delay of 55 nsec.

> s
hp XXXXYY

6N134

DIME' IOHSiNMI IHETRESANO WCHEG

Recommended Operatlng
Conditions
TABLE 1

Umts

: r.7~lnput‘Cu«eht, L}oW;Lev
. Bach Channel

input Current, High Level S R
- Each.Channel - )

N ‘Suppw Voltage

. ‘,:5Fan Qm (TTL Loacl)

 _Each ‘Channel-
o Operating Temperature S

126

Absolute MaX|mum Ratmgs

(No derating required up to 125°C)
Storage Temperature
Operating Temperature
Lead Solder Temperature

-65°C to +150°C
-55°C to +125°C
260°C for 10s
(1.6mm below seating plane)

40 mA (< 1 ms Duration)

Peak Forward Input
Current (each channel)

Average Input Forward Current (each channel) ..... 20 mA
Input Power Dissipation (each channel) ........... 35 mW
Reverse Input Voltage (each channel) ................ 5V
Supply Voltage- Vg v v vvvnenn 7V (1 minute maximum)
Output Current - Ig (each channel) .............. 25mA
Output Power Dissipation (each channel) .......... 40 mW
Output Voltage - Vo (eachchannel)................. v
Total Power Dissipation (both channels) ......... 350 mW

**12.5mA condition permits at least 20% CTR degradation guardband.
Initial switching threshold is 10mA or less.

*JEDEC Registered Data.
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TABLE II

Electrical Characteristics
OVER RECOMMENDED TEMPERATURE (TA = —55°C TO +125°C) UNLESS OTHERWISE NOTED

Propagation Delay Time to |

- Low Output Level

**All typical values are at Vog =5V, Tp =25°C

TABLE 1l
Typical CharacteristiCS At Ta = 25°c, vec = 5v EACH CHANNEL
: Par@metér: : sjmbdl\ © Min, | Ty Max. | Units. ost ¢ ommons | Figure | Note
Input Capacitance ‘Cin o e0 | MH 1
" input Diode Temberatdre' AVE ] --1.9.
- Coefficient: ... | AT, | e
Resistance gl.npqtﬁ()’utput)\ Rio - 1012 3
Capacitance (Input-Output)) Cro 1.7 3
Input-Input Insulation | Iy 05 4
" Leakage Curent ™ - R
Resistance (Input-Input) _ | Riy 10z 4
Capacitance (Input-Input} | Ciy - 1.0.85. 4
‘Output Rise-Fall Time Tt '35 SRR
{10-90%) , L ,
Common Mode ‘CMy 100 - 8 7
Transient immunity o . - ;
at High Output Level . o A= . o
‘Common Mode CMp -400 Vs om =10V (peak),” 6 8
Translent Immunity k ' oo NG tmax.) =0.8Y
- at Low Qutput Level “ Ry =510Q, 1 = 10mA

NOTES:
. Each channel.

through 16 shorted together.

o b W N=

shorted together.

edge of the output pulse.

Measured between pins 1 through 8 shorted together and pins 9

. Measured between pins 1 and 2 or 5 and 6 shorted together, and
pins 9 through 16 shorted together.
. Measured between pins 1 and 2 shorted together, and pins 5 and 6

. The tp propagation delay is measured from the 6.5mA point on
the trailing edge of the input pulse to the 1.5V point on the trailing

. The tPHL propagation delay is measured from the 6.5mA point on

the leading edge of the input pulse to the 1.5V point on the leading
edge of the output pulse.

. CMp is the max. tolerable common mode transient to assure that

the output will remain in a high logic state (i.e., Vo > 2.0V

8. CM_ is the max. tolerable common mode transient to assure that

the output will remain in a low logic state (i.e., Vo <0.8V).

9. It is essential that a bypass capacitor (.01 to 0.1uF, ceramic) be con-

nected from pin 10 to pin 15. Total lead length between both ends of
the capacitor and the isolator pins should not exceed 20mm (Fig. 7).

*JEDEC Registered Data.
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TABLE IV TXV Preconditioning and Screening —100%

High Reliability Test Program

Hewlett Packard provides standard high reliability test pro-

grams, patterned after MIL-M-38510.

® The TXV suffix identifies a part which has been precondi-

tioned and screened per Table IV.

® The TXVB suffix identifies a part which has been precondi-
tioned and screened per Table IV, and comes from a lot
which has been subjected to the Group B tests detailed in

Table V.
Part Number System

" Examination or Test .

@wﬂ@éy@&é

" Helium Leak
Gross Leak Test -
Electrical Test! VOL .
Bura-In~

Electrical Test: Samie as St
Evaluate Drift = -
Sample Electrical Test: Vo H.
Sample Electrical Test: IoW,. VoL, 1C
Sample E!ectrncal T est: -t .
Externat Visual

168!11'5.@150"(1

Per Table 11, TA = 25°C -

Per Table 11, LTPD = 7, TA=+125“Q
r Table I, TAG25°C LTPD =7

TABLE V, GROUP B

Examination or‘l"ost O

‘Subgroup 4

- Subsroup 5

. :",‘Subgvoup [

Temperature Cycling
Thermal Shoek
Hermetic Seal, Fine

Hermetu: Sesl Gross

End Points: 1oH, VoL ’CGH; 1CCL! VF
BVR, li.o,

Shock, non-operat mg

Constant Acceterat-on .
End Polnts’ Same as Subgroup 3~

“Terminal suengt

End Pfoints: Sami

Subgroup 7 k o
Steady sme  Operating Life SN
_ End Points: Same as Subgroup.3

LTPD.
Suburoup 1 16
) Physm! Dimensnons
i Subgroup 2 . 20
) SQwaabntny .
‘;Subgmnp 3 - 15

ch orientation -

. Ta = 12500

et

o a=7

15

15
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| O Pt

HERMETICALLY SEALED,
~ FOUR CHANNEL,
LOW INPUT CURRENT

w0
6N140 TXV
OPTOCOUPLER | " ™"

TECHNICAL DATA MARCH 1980
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Schematic

Features
* HERMETICALLY SEALED
* HIGH DENSITY PACKAGING

* HIGH CURRENT TRANSFER RATIO: 500%
TYPICAL

¢ CTR AND lon GUARANTEED OVER -55°C
TO 100°C AMBIENT TEMPERATURE RANGE

e STANDARD HIGH RELIABILITY SCREENED
PARTS AVAILABLE

® 1500 Vdc WITHSTAND TEST VOLTAGE

* LOW OUTPUT SATURATION VOLTAGE: 0.1V
TYPICAL

* LOW POWER CONSUMPTION
® HIGH RADIATION IMMUNITY

Applications

® |solated Input Line Receiver

e System Test Equipment Isolation
Digital Logic Ground Isolation

Vehicle Command/Control Isolation
EIA RS-232C Line Receiver
Microprocessor System Interface
Current Loop Receiver

Level Shifting

Process Control Input/Output Isolation

®* LOW INPUT CURRENT REQUIREMENT: 0.5 mA

- DATE CODE ! r—‘TVPE {= V, VB)

e SOGRY? P !
8.13{.320) ] 7_ l 90} |
max. | 787 (:310)
6N140 l . 4
b - .===-T‘_—'——.
PIN 1 IDENTIFIER 0.8 L007)
033 (073 -
) 20,06 (790) | 1
20 (L—SZO) 4.32(370) ? vee
is

0.51(.020) -

i

N4

_,l 081 (020 ,H (i
6ND
DIMENSIONS IN MILLIMETERS 381 L1501 3 +
AND (INCHES}, i 9
Outline Drawing*
Description

The 6N140 contains four GaAsP light emitting diodes,
each of which is optically coupled to a corresponding
integrated high gain photon detector. A common pin for
the photodiodes and first stage of each detector IC (Vcc)
permits lower output saturation voltage and higher speed
operation than possible with conventional photo-
darlington type optocouplers. Also, the separate Vcc pin
can be strobed low as an output disable or operated with '
supply voltages as low as 2.0V without adversely affecting
the parametric performance.

The outstanding high temperature performance of this
split Darlington type output amplifier results from the
inclusion of an integrated emitter-base bypass resistor
which shunts photodiode and first stage leakage currents
to ground.

The high current transfer ratio at very low input currents
permits circuit designs in which adequate margin can be
allowed for the effects of CTR degradation over time.

The 6N140 has a 300% minimum CTR at an input current
of only 0.5mA making it ideal for use in low input current
applications such as MOS, CMOS and low power logic
interfacing or RS-232C data transmission systems.
Compatibility with high voltage CMOS logic systems is
assured by the 18V Vcc and by the guaranteed maximum
output leakage (lon) at 18V.

Important specifications such as CTR, leakage current,
supply current and output saturation voltage are
guaranteed over the -55°C to 100° C temperature range to
allow trouble free system operation.

* JEDEC Registered Data.
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TABLE | i i
. Absolute Maximum Ratings*
Recommended ODel’atlng Storage Temperature ............... -65°Cto +150°C
Cond|t|0ns Operating Temperature ............. -55°Cto +100°C
Lead Solder Temperature .............. 260°C for 10s.
) Symbol | Min. | Max. | Units (1.6mm below seating plane)
laput Current, Low Level 1FL 2 WA Output Current, lo (eachchannel) ............. 40mA
(Each Channel) - Output Voltage, Vo (eachchannel) ...... -0.5t0 ZOVEH
" Supply Voltage,VeC v vvvveveeinnnnnnn. -0.5to20V
:?5:::; g::::;b”'gh Lovsl IFH 9‘5 S | m Output Power Dissipation (each channel) ... 50mwI2]
Peak Input Current (each channel,
Supply Voltage Vee | 20 | 18 v <IMSAUration) ............cciiiiiiiiiiinn. 20mA
Average Input Current, I (eachchannel) ..... 10mAl3]
TABLE II. Reverse Input Voltage, VR (eachchannel) ......... 5V
Electrical CharacteristiCs T, - -s5°cto 100°C, Unless Otherwise Specified
Parameter Symbol | Min. | Typ. | Max.{ Units Test Conditions Flg. | Note
300 | 1000 % Ir=0.5mA, Vo=0.4V, Vcc=4.5V
Current Transfer Ratio CTR* 300 | 750 % | Ir=1.6mA, V0=0.4V, Vcc=45V 3 45
200 | 400 % | IF=8mA, Vo=0.4V, Voc=4.5V o
R 4 V | lF=5mA, loL=1.5mA, Vcc=4.5V L =
Logic Low Output Voltage | VoL 2 | 4| v |Ir=5mA, Iol=10mA, Vcc=4.5V Sl = 5
= >
Logic High Output Current | low* 005 | 250 | pA :,‘Of\‘;éc=1av 46 35
Logic Low Supply Current fcer” 2 4 mA mz:f;\'fszlnztemA
Logic High Supply Current | looh* 010] 40 | ua {;’;:':12;\‘,”:“ 4=0
input Forward Voltage VF* 14 | 1.7 V | Ip=1.6mA, Ta=25°C 1 4
Input Reverse Breakdown . ' - e
Voltage BVr 5 V| Ir=10uA, Ta=25°C 4
Input-Output Insulation o 1.0 A 45% Relative Humidity, Ta=25°C, 7
Leakage Current 1-0 O #A =55, Vi_0=1500 Vdc
Propaggtioq Delay Time _ 25 | 60 | us |!r=0.5mA, RL=4.7kQ, Voc=5.0V, Ta=25°C 8
To Logic High At Output H 10 | 20 | us | Ir=5mA, RL=6800, Vcc=5.0V, TA=25°C 8
Propag;tion Delay Time _— 35 | 100 | us | F=0.5mA, RL=4.7k(}, Vcc=5.0V, Ta=25°C 8
To Logic Low At Qutput L 2 | 5 | us | IF=5mA, RL=6801), VCO=5.0V, TA=25°C 8
Common Mode Transient IFr=0, RL=1.5k}
Immunity At Logic High CMH 500 | 1000 V/us | IVem|=50Vp-p, Vce=5.0V, Ta=25°C 9 (10,12
Level Output
Common Mode Transient lF=1.8mA, RL=1.5kQ
immunity At Logic Low CML -500 |~1000 V/us | [Vem|=50Vp-p, Vce=5.0V, Ta=25°C 9 [11,12
Level QOutput |
TABLE IIl. :
Typical CharacteristiCs r, - 25°c, vee = 5v Each Channel .
Parameter Symbol | Min. | Typ. | Max.| Units Test Conditions Fig. | Note ?
Resistance (Input-Output) Ri-0 1012 0 | Vi-0=500 Vdc, Ta=25°C 4,8
Capacitance (input-Output) Ci-0 15 pF =1MHz, Ta=25°C 4,8
Input-Input Insulation | 05 A 45% Relative Humidity, Vi-=500 Vdc, °
Leakage Current - - NA | T5=25°C, t=5s.
Resistance {Input-Input) Ri-i 1012 Q |} Vi.=500Vdc, Ta=25°C 9
Capacitance (Input-input) Cit i 1 pF | f=1MHz, Ta=25°C 9
Temperature Coefficient . | AVE mV/ _
of Forward Voltage ATa -18 oc |IF=16mA 4
Input Capacitance CiN 60 pF | f=1MHz, V§=0, TaA=25°C 4
NOTES: 1. Pin 10 should be the most negative voitage at the detector side. 8. Measured between each input pair shorted together and all output
Keeping Vcc as low as possible, but greater than 2.0 volts, will provide pins.
lowest total loH over temperature. 9. Measured between adjacent input pairs shorted together, i.e. between
2. Output power is collector output power plus one fourth of total supply pins 1 and 2 shorted together and pins 3 and 4 shorted together, etc.
power. Derate at 1.25 mW/°C above 80°C. 10. CMH is the maximum tolerable common mode transient to assure that
3. Derate IF at 0.25 mA/°C above 80°C. the output will remain in a high logic state (i.e. Vo > 2.0V).
4. Each channel. 11. CML is the maximum tolerable common mode transient to assure that
5. CURRENT TRANSFER RATIO is defined as the ratio of output the output will remain in a low logic state (i.e. Vo < 0.8V).
collector current, lo, to the forward LED input current, I, times 100%. 12. In applications where dV/dt may exceed 50,000 V/us (such as a static
6. IrF=2uA for channel under test. For all other channels, IF=10mA. discharge) a series resistor, Rcc, should be included to protect the
7. Device considered a two-terminal device: Pins 1 through 8 are shorted detector IC’s from destructively high surge currents. The recom-
together and pins 9 through 16 are shorted together. mended value is Rcc ~ __ kQ.
0.6 IF (mA)
*JEDEC Registered Data.
95




01

0.01

Ig — INPUT DIODE FORWARD CURRENT — mA

0,001 : —
10 12 14 16 1.8

Vi — FORWARD VOLTAGE - V

Figure 1. Input Diode Forward Current vs.
Forward Voltage.
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Figure 4, Normalized Supply Current vs.
Input Diode Forward Current.
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Figure 7. Propagation Delay vs. Input Diode
Forward Current.
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lo — NORMALIZED OUTPUT CURRENT

Vo —OUTPUT VOLTAGE —V

Figure 2, Normalized DC Transfer
Characteristics.
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Figure 9. Test Circuit for Transient Immunity and Typical Waveforms.
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Figure 10. Recommended drive circuitry
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*JEDEC Registered Data.

96




o s,

High Reliability Test Program
Hewlett Packard provides standard high reliability test
programs, patterned after MIL-M-38510 in order to
facilitate the use of HP products in military programs.

HP offers two levels of high reliability testing:
e The TXV suffix identifies a part which has been
preconditioned and screened per Table IV.
e The TXVB suffix identifies a part which has been
preconditioned and screened per Table |V, and comes
from a lot which has been subjected to the Group B
tests detailed in Table V.

TABLE IV TXV Preconditioning and Screening — 100%

Part Number System

| Saesang PlusGroup B

“GNTA0TXV "

TBN140TXVB

Examination or Test

MIL S‘l‘ DMS

<

NO OSSO N

«

13.

14,

-Pre-Cap Visual.Inspection N

High Temperature Storage
Temperature Cycling
Acceleration

" Helium Leak Test

Gross Leak Test
Electrical Test CTR, IoH, IccL,

IcCH, VF, BVR:
Burn-in

Electrical Test: Same as step 7 and 11.0
Evaluate Drift

Sample Electrical Test: CTR, 1oH, IcCL. 'CCH'«‘~ -
Sample Electrical Test: CTR, loH. JccL. lccH - |
Sample Efectrical Test: tpHy, tpLH, CMH, CM),

External Visual

1018 ¢

: _TA = 25°c per Table ll

. vcc~18v, ’“-,SmA; o =10mA -
“t=168 hrs. @Tp =100°C
Ta =25°C, per Tabte :
Max. ACTR = £26% @ I = 1.6mA

: PerTabIeTl LTPD¢7 TA= =-B5°C
Per Tsble i, LTPD‘7 Ta=+100°C
PerTabIe ll LTPD 7 TA=25°

200

TABLE V, Group B

MIL-STD-883

Examination or Tast

 Method

Condition

LTPD

- Subgroup 1
Subgroup 2

Subgroup 3

* Hermetic Seal, Fine Leak
‘Hermetic Seal, Gross Leak

Subgroup 4

.. End Points:
S;zbg‘roup 5

Subgroup 6

- Same as Subgroup 3
_Subgroup 7

Physical Dimensions
Solderability

Temperature Cycling
Thermal Shock

End Points: )

CTR, lon. fcCL IccH, V. BVR
Shock, non-operating

Constant Acceleration

Same as Subgroup 3

Terminal Strength, tension

High Temperature Life
End Points:

Steady State Operating Life
End Points:
Same as Subgroup 3

2016

1010 .
1011 .
1014

. 1014:

2001

2004

1008

1005

o Per Table 1, TA = 25°c

See Product Outline Drawing

lmmersaon wsthm 2. 5mm of body,‘ o

16 termqnatnons

Test Con_dut-on c

Test Condition A, 6 cycles

‘|- Test Condition A
- Test Condmon c

,1500 G, t=05ms, 5 blows I n each orlemaﬂon [ ‘

X1. Y1, Y2

- 5KG, Yq

Tést Condition A, 4.5N {1 1b.), 15s.

TA= 150°C, non-operating

Vee =18V, IF =5mA, Ig = 10mA, Ta = 100°C

15

15

5.

15

A=10
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Features

e HERMETICALLY SEALED
e HIGH SPEED: TYPICALLY 400k bit/s

e PERFORMANCE GUARANTEED OVER -55°C
TO +125°C AMBIENT TEMPERATURE RANGE

e STANDARD HIGH RELIABILITY SCREENED
PARTS AVAILABLE

e 2 MHz BANDWIDTH

o OPEN COLLECTOR OUTPUTS

* 18 VOLT V¢

* DUAL-IN-LINE PACKAGE

e 1500 Vdc WITHSTAND TEST VOLTAGE
e HIGH RADIATION IMMUNITY

Description

The 4N55 consists of two completely isolated opto-
couplers in a hermetically sealed ceramic package. Each
channel has a light emitting diode and an integrated
photon detector providing 1500 Vdc electrical isolation
between input and output. Separate connections for the
photodiodes and output transistor collectors improve the
speed up to a hundred times that of a conventional.photo-
transistor optocoupler by reducing the base-collector
capacitance.

Schematic

Applications

¢ HIGH RELIABILITY SYSTEMS
e LINE RECEIVERS
¢ DIGITAL LOGIC GROUND ISOLATION
e ANALOG SIGNAL GROUND ISOLATION

e SWITCHING POWER SUPPLY FEEDBACK
ELEMENT

e VEHICLE COMMAND/CONTROL
e SYSTEM TEST EQUIPMENT
e LEVEL SHIFTING

The 4N55 is suitable for wide bandwidth analog
applications, as well as for interfacing TTL to LSTTL or
CMOS. Current Transfer Ratio (CTR) is 9% minimum at IF
= 16mA over the full military operating temperature range,
-55°C to +125° C. The 18V Vcc capability will enable the
designer to interface any TTL family to CMOS. The
availability of the base lead allows optimized gain/
bandwidth adjustment in analog applications. The
shallow depth of the IC photodiode provides better
radiation immunity than conventional phototransistor
couplers.
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Abso'ute Maximum Ratings Emitter Base Reverse Voltage, VEBO ............ 3.0v

Base Current, Ig (each channel) ................ 5mA
Storage Temperature .............. -65°C to +150°C Output Power Dissipation (each channel) ..... 50mW
Operating Temperature ............ -55°C to +125°C Derate linearly above 100° C free air
Lead Solder Temperature ............ 260°C for 10 s temperature at a rate of 1.4mW/°C.
(1.6mm below seating plane)
Average Input Current, Ir (each channel) ...... 20mA TABLE I.
Peak Input Current, Ir (each .
channel, < 1ms duration) .................. 40mA Recommended Operat|ng
Reverse Input Voltage, VR (each channel) ......... 5V iti
Input Power Dissipation (each channel) ...... 36mwW Condltlons (EACH CHANNEL)
Average Output Current, lo (each channel) ..... 8mA o e ] N ot \
Peak Output Current, lo (each channel) ....... 16mA T ', T——
Supply Voltage, Ve (each channel) ..... 05Vtoooy  |iputOurtent Lo
Output Voltage, Vo (each channel) ..... -0.5V to 20V) - Bupply Voltage
TABLE II.
EleCtrlcal Chal‘acterIStICS TA = -55°C to +125°C, unless otherwise specified
ax, | Units | - ... Test Conditions - | Fig.| Note- ?
% IF=16mA Vo=0.4V, Vec=4. W S obes) 12 e
B A | IF=0, IF {other channei)~20mA 41 1 s3
MR vo=vee=18Y - =
o | ua | 1F=2504A, IF (other channel=20mA PR
5 Sy 7 o} YL S EA T vesvec=18Y
Logac Low Supply Current lcoL 35 | 200 | pA | Ir1=lF2=20mA, Voe=18V 5| 1
Logic H:gh Supply Current 1 tcen 02 ].10 | uA IF=0mA, IF (other channe|)=20mA EREs
Vec=18V . 1
lnput Forward Voltage VE 1 15 17181 VvV |1=20mA S T A I A |
 input Reverse Breakdown : ) . ‘ g
Voltage Bva 3 | V| Ig=10uA , ; 1
{nput-Output lnsulahcn | ' 1.0 Al 45% Relative Humidity, 3
Leakage Current -0 T BA | Ta=25°C, t=5s, Vi-o=1500Vdc
Propagation Delay Time : R1=8.2K(}, CL=50pF
to Logic High at Output tPLH 20 | 60 | ws | 216mA, Voo=5V 69 1
Propagation Delay Time ' | Ri=8.2KQ), CL=50pF B
to Logic Low at Output tPHL 04 1 20 | us || 16mA, Voo=5V 89 1

Notes: *All typicals at Ta=25°C.

1. Each channel.

2. Current Transfer Ratio is defined as the ratio of output collector current, lo, to the forward LED input current, I, times 100%. CTR is
known to degrade slightly over the unit's lifetime as a function of input current, temperature, signal duty cycle and system on time.
Refer to Application Note 1002 for more detail. In short it is recommended that designers allow at least 20-25% guardband
for CTR degradation.

3. Measured between pins 1 through 8 shorted together and pins 9 through 16 shorted together.

100 - 20 ™ T7
' ) | Vee =8V
< T, =25 ] quaetpAt
10 Vi - < 18
- £
3 '
-
& g
3 10 E 12 owh
g g 7 s
€ 3 10 s e 735 e
S 5 PO St S
T 01 R o o B oA
] E - o i o 2 DO
o . 2 ",——v oy ok """-ZE‘MA
5 ! CI’ 6 A= P, A e
2 o " - : : N UL Sile W
s / fg = 10 mA
0 2 I¢ = 5 mA §
0.001 0 Pl
1.0 1.2 14 1.6 1.8 2.0 0 2 4 6 8 10 12 14 16 18 20
Vg — INPUT FORWARD VOLTAGE — V Vo — OUTPUT VOLTAGE — V
Figure 1. Input Diode Forward Characteristic. Figure 2. DC and Pulsed Transfer Characteristic
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TABLE Ill.

Typical Characteristics at T,=25°C

) Parameter Symbol | Typ. | Units Test Conditions Fig. | Note
Temperature Coefficient AVF

of Forward Voltage ATa 1.9 | mV/PC] IF=18mA 1
{nput Capacitance Cin 120 pF =1 MHz, V=0 1
Resistance (input-Output) Ri-0 1012 0 Vi-0=500 Vdc 1
Capacitance (Input-Output) Ci-0 1.0 pF =1 MHz 14
Input-Input Insulation | 1 A 45% Relative Humidity, 5
Leakage Current - P Vi-=500Vdc, t=5s

L Capacitance (Input-Input) Ci-t .55 pF f=1 MHz 5
Transistor DC Current Gain hrE 250 — Vo=5V, 10=3mA 1
Small Signal Current Alo _ _

Transfer Ratio AlF 21 % | Voe=5V, Vo=2v 7
Common Mode Transient 1F=0, RL=8.2k(}

Immunity at Logic High CMy 1000 | V/ps | Vem=10Vp-p 10 | 1,6
Level Output

Common Mode Transient IF=16mA, RL=8.2k}

Immunity at Logic Low CML -1000 | V/us | Vem=10Vp-p 10 | 1,7
Level Output .
Bandwidth BW 2 MHz | Ri=100Q 8 8

Notes (cont.):

logic high state.

logic low state.

© ~ [ NS

=]

E 15 T T TTTIT T T T T VTIT

« Vee =5V

= Vo =04V

'y

%

<zl T 25°C
=

E 10 -

E Ty = -65°C

w Ta = +125°C

=

2

3]

8

N 05

a’ / NORMALIZED TO:

s CTR AT I = 16 mA,

- Ta =26°C

z

I

«

= 0

o %3 1 10 100

I — INPUT DIODE FORWARD CURRENT —mA

Figure 3. Normalized Current Transfer Ratio vs. Input Diode

Forward Current.

. Measured between each input pair shorted together and the output pins for that channel shorted together.
. Measured between pins 3 and 4 shorted together and pins 7 and 8 shorted together.
. CMH is the steepest slope (dV/dt) on the leading edge of the common mode pulse, Vcm, for which the output will remain in the

. Bandwidth is the frequency at which the ac output voltage is 3dB below the low frequency asymptote.

100 &= : : I I MM i — —
E Ie =250 gA, I {OTHER CHANNEL) = 20 mA
N SN SR NN NN SN AU M

T y pr— "
10 II; =0 uA, Ip (OTHER CHANNEL) = 20 mA

e

1
If = I (OTHER CHANNEL) = o/’

0.1 /
pd

e
/ Vee = Vp = 18V
0.001 -

-60 -40 -20 0 20 40 60 80 100 120 140

0.01

lon — LOGIC HIGH OUTPUT CURRENT — pA

Ta — TEMPERATURE - °C

. CML is the steepest slope (dV/dt) on the trailing edge of the common mode pulse, Vcm, for which the output will remain in the

Figure 4. Logic High Output Current vs. Temperature.
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< Tp = -B5°C Ta=26°C
T /r [ IF =16 mA R ‘
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i 1 °
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5 3 ] u = 22002205
3 / 2 -10 e \
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Figure 5. Logic Low Supply Current vs. Input Diode
Forward Current.
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Figure 6. Propagation Delay vs. Temperature.
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Figure 7. Normalized Small Signal Current Transfer Ratio vs.
Quiescent Input Current. Figure 9. Switching Test Circuit.
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Vem  10V————-- t, tf = 8ns

Vee

Vo — 5v
SWITCH AT A: Ig=0mA

Vo et —— VoL

SWITCH AT B: Ig=16mA

16 LOGIC GATE

14
’,%‘ +5v LOGIC FAMILY | LSTTL CMOS
13 RL DEVICE NO. 541514 £D40106BM
v, Vee 5V 5V |15V
L 12 ° R 6% o NP
N
50% DUTY CYCLE L " TOLERANCE 18k B.2k$2 | 22k$2
1/f = 100us
10 *THE EQUIVALENT OUTPUT LOAD RESISTANCE IS AFFECTED
e - BY THE LSTTL INPUT CURRENT AND IS APPROXIMATELY 8.2kQ2.
8 = "K 0
VEF — )
FF Vewm
{()— This is a worst case design which takes into account 25%
N J_ degradation of CTR. See App. Note 1002 to assess actual
HP1900A i ifeti
PULSE BEN. = degradation and lifetime.
Figure 10. Test Circuit for Transient Immunity and Figure 11. Recommended Logic interface.

Typical Waveforms.

High Reliability Test Program

Hewlett-Packard provides standard high reliability test +Z§5/ *Vcc
programs, patterned after MIL-M-38510. ; 35V

e The TXV suffix identifies a part which has been K e
preconditioned and screened per Table IV. — 2 5
o The TVXB suffix identifies a part which has been 1, “ NV
preconditioned and screened per Table IV, and 2002
comes from a lot which has been subjected to the W 4 B
Group B tests detailed in Table V. —3s5 12
—i 6 1
—1 7 10—
20092 2709
Part Number System I 8 i VWA
With TXV e L £
Commercial With TXV Screening = = =
Product Screening Plus Group B
4N55 4ANS5TXV 4NB5TXVB P
Burn-in-Circuit
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2

TABLE IV. TXV PRECONDITIONING AND SCREENING — 100%

O

MIL-STD-883
Examination or Test Methods Conditions
1. Pre-Cap Visual Inspection 2010 Condition B
2. High Temperature 1008 24 Hrs. @ 150°C
3. Temperature Cycling 1010 65°C to +150°C
4. Acceleration 2001 5KG, Y1
5. Helium Leak Test 1014 Test Condition A ;
6. Gross Leak Test 1014 ' Test Condition G
7. Electrical Test: CTR - Per Table II, Tp = 25°C
8. Burn-in- 1015 168 Hrs, Ta=126°C .
: : | Veo =55V, I = 20mA; Voo = 3.5V
- RL=2700 S e
9. Electrical Test: ‘
CTR, loH, lcoL, lcen, VE, BVR, -0 Per Table i, TA = 25°C
- 10. Evaluate Drift ’ Max. ACTR = +20%
11. Sample Electrical Test: o
low, lceH, leoL, CTR, VF, BVR Per Table Jl, LTPD =5, Ta = -55°C
12. Sample Electrical Test: :
lon, lcch, lcel, CTR, VE, BVr Per Table Il, LTPD =5, Ta=+125°C
13. Sample Electrical Test:
tPHL, tPLH Per Table 1, Ta =25°C, LTPD =5
14. External Visual 2009
TABLE V. GROUPB
MIL-STD-883
Examination or Test Method Condition LTPD
Subgroup 1 15
Physical Dimensions 2016 See Product Outline Drawing
Subgroup 2 20
Sotderability 2003 Immersion within 2.5mm of body, 16
terminations
Subgroup 3 ) 15
Temperature Cycling 1010 | Test Condition C-
Thermal Shock 1011 Test Condition A
Hermetic Seal, Fine Leak 1014 | Test Condition A
Hermetic Seal, Gross Leak 1014 | Test Condition C
End Points: loH, CTR, Icch, Icot, VF, " | Per Table If, Ta=25°C
: BVR, I-0 .
Subgroup 4 . : o 1 15
Shock, non-operating 2002 | 1500 G, t= 0.5 ms, § blows in each orientation .
X1, Y1, Y2
Constant Acceleration 2001 5KG, Y1
End Points: Same as Subgroup 3
Subgroup 5 18
Terminal Strength, tension 2004 | Test Condition A, 45N (1 1b.), 15s
Subgroup 6 )
High Temperature Life 1008 Ta=150°C A=7
End Points: Same as Subgroup 3
Subgroup 7
Steady State Operating Life 1006 Vee = 5V, I = 20mA, Ta = 125°C A=T

End Points: Same as Subgroup 3

Vce = 3.5V, RL = 2700
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: . Selectlon Gu:de
o Red, High Efficiency Red, Yellow
- and Green Lamps

e Integrated Lamps
e Hermetically Sealed Lamps
¢ Panel Mounting Kit
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High Efficiency Red, Yellow, Green LED Lamps

Device Description
Typical . Typical Page
Luminous 20% Forward
. . 2]
Package Outline Drawing Part No. Color Package Lens Intensity Voltage No.
'
5082-4550 Yellow T-1%8 Yellow 1.8 med @ 10mA . | 22Volts [ 113 .\v )
(538 nm) Diffused 90" | @10mA -
5082-4555 3.0med @ 10mA
5082-4557 Yellow 9.0mcd @ 10mA o
Non-Diffused 35
5082-4558 16.0mcd @ 10mA
5082-4650 High Red 2.0 med @ 10mA o
Efficiency Diffused 80
. Red
5082-4655 (635 nm) 4.0 med @ 10mA
5082-4657 Red 12.0 med @ 10mA °
Non-Diffused 35
L 5082-4658 24.0 mcd @ 10mA
5082-4950 " Green Green 1.8 med @ 20mA o 2.4 Volts
(565 nm) Diffused 90 @20mA
5082-4955 3.0 mcd @20mA
5082-4957 Green 9.0 mcd @20mA o
Non-Diffused 30
5082-4958 16.0 med @ 20mA
5082-4590 Yellow T-1% Yellow 3.5mcd @ 10mA o 2.2 Volts 117
(538nm) | Low Profile Diffused 50° | @10ma
5082-4592 6.0 mcd @ 10mA
5082-4595 Yellow 6.5 mcd @ 1T0mA o
Non-Diffused 45
5082-4597 11.0 med @ 10mA ,‘r h
'S
5082-4690 High Red 3.5mcd @10mA o
Efficiency Diffused 50
~ Red
N e
i 5082-4693 (635 nm) 7.0mcd @ 10mA
5082-4694 Red 8.0 mecd @ 10mA °
| Non-Diffused 45
L
5082-4695 11.0med @ 10mA
5082-4990 Green Green 4.5 mcd @ 20mA o 2.4 Volts
(565 nm) Diffused 50° | @20mA
5082-4992 7.5mcd @20mA
5082-4995 Green 6.5 med @ 20mA o
Non-Diffused 40
5082-4997 11.0mcd @ 20mA

See Page 111 for Notes.

106




High Efficiency Red, Yellow, Green LED Lamps (continued)
Device Description
Typical Typical Page
Luminous 20%" | Forward Ng
Package Outline Drawing Part No. Color?! Package Lens Intensity Voltage .
HLMP-1300 High T4 Red 1.5med @ 10mA 2.2Volts | 123
! Efficiency Diffused @ 10mA
Red o
HLMP-1301 (635 nm) 20mcd @10mA | 70
HLMP-1302 2.5med @ 10mA
HLMP-1400 Yellow Yellow 1.5mcd @ 10mA
(583 nm) Diffused
HLMP-1401 2.5med @ 10mA | 60°
HLMP-1402 4.0 mcd @ 10mA
HLMP-1500 Green Green 1.2mcd @ 10mA 2.4 Volts
(565 nm) Diffused @ 20mA
HLMP-1501 2.0 mcd @ 10mA
HLMP-1502 3.0 med @ 10mA
(58]
o
<
—al
I:] HLMP-0300 High Rectangular Red 1.0 med @ 25mA 2.5 Volts 127 L
Efficiency Diffused @ 25mA g <
Red o
HLMP-0301 (635 nm) 2.5mcd @ 25mA P
HLMP-0400 Yellow Yellow 1.2mcd @ 25mA
(583 nm) Diffused 100°
HLMP-0401 2.5mcd @ 25mA f
HLMP-0500 Green Green 1.2mcd @ 25mA [
(565 nm) Diffused
HLMP-0501 2.5med @25mA f
5082-4150 Yellow Subminiature with | Yellow 2.0mcd @ 10mA | 90° 2.2 Volts 131
(583 nm) Radial Leads Diffused @ 10mA
5082-4160 High Red 3.0mcd @10mA | 80°
Efficiency Diffused
Red
LI (635 nm)
D 5082-4190 Green Green 1.5med @20mA | 70° 2.4 Volts
(565 nm) Diffused @ 20mA

See Page 111 for Notes.
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High Efficiency Red, Yellow, Green Light Bar Modules

Device Description
Typical Typical Page
Luminous 20%"" | Forward No
Package Outline Drawing Part No. Color? Package Lens Intensity Voltage '
HLMP-2300 | High 4 Pin In-Line;.100" | Red 7mcd@20mA | (Not | 1.9Volts | 135
Efficiency | centers; .400”L x | Diffused Appli- | @ 20mA
Red .195"W x .240"H cable)
(635 nm)
HLMP-2400 Yellow Yellow 5 mcd @ 20mA 2.0 Volts
(538 nm) Diffused @ 20mA
HLMP-2500 Green Green 3.5 med @20mA 2.1 Volts
(565 nm) Diffused @ 20mA
HLMP-2350 High 8 Pin In-Line;.100” | Red 15 med @20mA 1.9 Volts
Efficiency | Centers; .800”L x | Diffused @ 20mA
Red .195"W x .240"'H
(635 nm)
HLMP-2450 Yellow Yellow 11 med @ 20mA 2.0 Volts
(538 nm) Diffused @ 20mA
1 HLMP-2550 Green Green 7.5 med @ 20mA 2.1 Volts
. (565 nm) Diffused @ 20mA
HLMP-2600 High 8 Pin DIP; .100"" Red 7 med @ 20mA 139
| Efficiency | Centers;.400L x Diffused
| Red .400""W x .240"H;
| (635 nm) Dual Arrangement
HLMP-2700 Yellow Yellow 5 mcd @ 20mA 2.2 Volts
(538 nm) Diffused @ 20mA
HLMP-2800 Green Green 3.5 mcd @20mA
(565 nm) Diffused
HLMP-2620 High 16 Pin DIP;.100” | Red 7 med @ 20mA 2.1 Volts
Efficiency | Centers;.800"'L x Diffused @ 20mA
Red .400"'W x .240"'H;
(635 nm) Quad Arrangement
HLMP-2720 Yellow Yellow 5 mcd @ 20mA 2.2 Volts
(538 nm) Diffused @ 20mA
HLMP-2820 Green Green 3.5med @ 20mA
(565 nm) Diffused

See Page 111 for Notes.
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High Efficiency Red, Yellow, Green Light Bar Modules (continued)
Device Description
Typical Typical Page
P . R P 2 Luminous 20%" | Forward No
ackage Outline Drawing art No. Color Package Lens Intensity Voltage .
HLMP-2635 High 16 Pin DIP; .100" Red 14 med @20mA | (Not 2.1 Volts 139
L I Efficiency | Centers;.800"L x Diffused Appli- @ 20mA
Red .400"W x .240"H; cable)
I 'l (635 nm) | Dual Bar Arrange-
ment
HLMP-2735 Yellow Yellow 10 med @ 20mA 2.2 Volts
(538 nm) Diffused @ 20mA
HLMP-2835 Green Green 7 med @ 20mA
(565 nm) Diffused
HLMP-2655 High 8 Pin DIP; .100" Red 14 mcd @ 20mA 2.1 Volts
Efficiency Centers; .400"'L x Diffused @ 20mA
Red .400"'W x .240"'H;
(635 nm) Square Arrange-
ment
HLMP-2755 Yellow Yellow 10 med @ 20mA 2.2 Volts
(538 nm) Diffused @ 20mA
HLMP-2855 Green Green 7 mcd @ 20mA
(565 nm) Diffused w
=
=
L=
HLMP-2670 High 16 Pin DIP; .100" Red 14 mcd @ 20mA 2.1 Volts 25
Efficiency | Centers; .800"L x Diffused @ 20mA 'QJ
Red .400"W x .240"H; -
(635 nm) Dual Square
Arrangement
HLMP-2770 Yellow Yellow 10 med @ 20mA 2.2 Volts
(538 nm) Diffused @ 20mA
” ” ” ﬂ H ” HLMP-2870 Green Green 7 mcd @ 20mA
(565 nm) Diffused
HLMP-2685 High 16 Pin DIP; .100" Red 28 mcd @20mA 2.1 Volts
Efficiency | Centers;.800"L x Diffused @ 20mA
Red .400"'W x .240"'H;
(635 nm) Single Bar Arrange-
ment
HLMP-2785 Yellow Yellow 20 med @ 20mA 2.2 Volts
(538 nm) Diffused @ 20mA
" “ ” H ﬂ |] HLMP-2885 Green Green 14 mcd @ 20mA
(565 nm) Diffused

See Page 111 for Notes.
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Red LED Lamps

Non-Diffused

Devi s
evice Description Typical Typical Page
Luminous 205" | Forward Ng
Package Outline Drawing Part No. Color'? Package Lens Intensity Voltage °-
5082-4850 Red T-1%8 Red 0.8 mcd @ 20mA 1.6 Volts | 145
= /B (655 nm) Diffused @ 20mA
C ==
5082-4855 1.4 med @ 20mA
. . 5082-4403 1.2 med @ 20mA 147
| T 5082-4440 0.7 med @ 20mA
1 75°
5082-4415 (4] 1.2 med @ 20mA
5082-4444 14) 0.7 mcd @20mA
5082-4880 0.8 mcd @20mA | 58°
] 5082-4883 Clear 50°
Non-Diffused
5082-4886 Clear 65°
Diffused
5082-4881 Red 1.3mcd @20mA | 58°
Diffused
5082-4884 Clear 50°
Non-Diffused
5082-4887 Clear 65°
Diffused
5082-4882 Red 1.8mcd @20mA | 58°
Diffused
5082-4885 Clear 50°
Non-Diffused
5082-4888 Clear 65°
Diffused
5082-4790 T1% Red 1.2 med @ 20mA 17
F—c—— Low Profile Diffused o
——r— \ 60
5082-4791 2.5 med @ 20mA
5082-4484 T-114 Red 1.4mcd @20mA | 120° 145
(G| — s
5082-4494
5082-4480 0.8 mcd @ 20mA 149
( : 5082-4483 Clear
Diffused
5082-4486 Clear 80°

See Page 111 for Notes.
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Red LED Lamps (continued)

e

Device Description ) .
Typical Typical Page
. . @ Luminous 20%" | Forward Ng
Package Outline Drawing Part No. Color Package Lens Intensity Voltage .
5082-4487 Red T-1 Clear 0.8 mcd @ 20mA 1.6 Volts 149
@E @ (655nm) | | ow Profile!¥! Non-Diffused 120° | @20mA
5082-4488 Guaranteed Min.
0.3 mecd @ 20mA
5082-4100 Subminiature Red 0.5mcd @ 10mA 1.6 Volts 131
% S % Radial Leads Diffused 45° @ 10mA
= 5082-4101 10 mcd @ 10mA
- - q HLMP-6203 Subminiature Array 153
Radial Leads
o o ‘ HLMP-6204
o u] ‘I
HLMP-6205
Integrated LED Lamps
Device Description
Typical Typical Page
) . @ Luminous 20%" | Forward No.
Package Outline Drawing Part No. Color Package Lens Intensity Voltage
HLMP-3600 :‘gd“ Bff. | 1.1y Red 2.4med @5V 15mA 156
Ny Diffused @sv
(635 nm)
HLMP-3650 Yellow Yellow
(538nm) Diffused
HLMP-3680 Green Green 1.8 mecd @5V R
u I] (565 nm) Diffused 90
D HLMP-3105 Red Red 1.5med @5V 20mA 157
o, (655 nm) Diffused @5V
14mA
HLMP-3112 @12V
5082-4860 0.8 med @5V 58° 16mA 159
@5V
5082-4468 T- 104 Clear 70°
Diffused
5082-4732 Red 0.7mcd @2.75V | 95° 13mA 161
Diffused @2.75V
— __._ HLMP-6600 Subminiature; 2.4med @5V 90° | 9.6mA 163
— Radial Leads @5V
HLMP-6620 0.6 med @5V 3.5mA
= @5V

NOTES:
. Peak Wavelength

(S0P SR A TS R

. Panel Mountable. For Panel Mounting Kit, see page 171.
. PC Board Mountable
. Military Approved and qualified for High Reliability Applications.

111

. ©% is the off-axis angle at which the luminous intensity is half the axial luminous intensity.
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Hermetically Sealed and High Reliability LED Lamps

M 19500/521-01 5!

M 19500/521-02 5]

Device Description S )
i1l Typical Page
i 2 F d
. . [21 Luminous orwar
Package Outline Drawing Part No. Color Package Lens Intensity Voltage No.
1N 5765 Red Hermetic/T0-4614] | Red 0.5med @20mA | 70° 1.6 Volts | 165
(655 nm) Diffused @ 20mA
JAN 1N5766 (8]
| I ” JANTX 1N5765 (5]
[I [I 1N6092 High 1.0 mcd @ 20mA 2.0 Volts
Efficiency @ 20mA
Red
(635 nm)
JAN 1N60925)
JANTX 1N6092(5!
[ ]
1N6093 Yellow Yellow
(583 nm) Diffused
JAN 1N609315]
JANTX 1N6093 (8]
1N6094 Green Green 0.8 med @ 25mA 2.1 Volts
(565 nm) Diffused @ 20mA
JAN 1N6094 (6]
JANTX 1N6094 5]
5082-4787 Red Panel Mount Red 0.5 mcd @ 20mA 1.6 Volts
(655 nm) Version Diffused @ 20mA
HLMP-0930 (5]
HLMP-0931 [5]
5082-4687 High 1.0 med @ 20mA 2.0 Volts
Efficiency @ 20mA
Red
(635 nm)
M 19500/519-0116!
M 19500/519-02 18]
5082-4587 Yellow Yellow
O (583 nm) Diffused
M 19500/520-0115!
M 19500/520-02 18!
5082-4987 Green Green 0.8 med @ 25mA 2.1 Volts
(565 nm) Diffused @ 20mA

See Page 111 for Notes.
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HEWLETT
RPAC KARD

SOLID STATE LAMPS

HIGH EFFICIENCY RED 5082 4650 Series
YELLOW - 5082-4550 Series
GREEN - 5082-4950 Series

TECHNICAL DATA MARCH 1980

Features
o HIGH INTENSITY

e CHOICE OF 3 BRIGHT COLORS

High Efficiency Red
Yellow
Green

REQUIREMENTS

POPULAR T-1% DIAMETER PACKAGE
LIGHT OUTPUT CATEGORIES

WIDE VIEWING ANGLE AND NARROW
VIEWING ANGLE TYPES

GENERAL PURPOSE LEADS
IC COMPATIBLE/LOW CURRENT

e RELIABLE AND RUGGED

Description

The 5082-4650 and the 5082-4550 Series lamps are
Gallium Arsenide Phosphide on Gallium Phosphide
diodes emitting red and yellow light respectively. The

5082-4950 Series lamps are green light emitting Gallium

Phosphide diodes.

General purpose and selected brightness versions of both
the diffused and non-diffused lens type are available in

each family.

Package Dimensions

5.08 (.200)
4,32 {170

PLASTIC
\ 9.47 (.373)
. . 7.95 (37
Y
0.89 (.035)
0.84 {025)
25.40
®8 o . 084 1025)
aos  hoo 0.36 (013)
MIN.

oL
2

CATHODE

NOTE
A AU. DIMENSIONS ARE IN MILLIMETRES “NCHES)

+ 2. SILVERPLATED LEADS. SEE APPLICATION B-ULLSTIN 3.
3. AN EPOXY MENISCUS MAY EXTEND ABOUT

{.040) DOWN 1HE LEADS.

Part
Number | = = :
5082- “Application Lens Color
4650 | Indicator — Diffused
General Purpose
4655 | Indicator — Wide Angle .
High Ambient High
4657 | llluminator/Point | Non Diffused Egz’mency
Source
© 4858 | Hluminator/High | Narrow Angle
) | Brightness
"4550 | Indicator Diffused
“ ' | General Purpose
4555 | Indicator — Wide Angle
High Ambient vell
4557 | lliuminator/Point |Non-Diffused | = 0"
Source :
4558 | illuminator/High |Narrow Angle
Brightness
4950 | Indicator — Diffused
General Purpose
4955 | iIndicator — Wide Angle
' High Ambient
k " - - Green
4857 | lltuminator/Point | Non-Diffused
-{ Source
4958 |illuminator/High |[Narrow Angle
’ Brightness

LAMPS

w
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[
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2
-
o
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Electrical Characteristics at T,=25°C

. Device . ) IS B
Symbol Description - 5082- Min. | Typ. | Max.
-~ 4650 1.0 20 |
ly Luminous Intensity 4655 - | 3.0 | 40 -
: o .. |-4657 | .9.0 | 120 .
4658 18.0 |'24.0
4550 1.0 | 1.8
" 4555 2.2 3.0
- 4557 | ‘60 | 9.0
4558 - | 120 | 16.0 |
4950 | 10 | 1.8 |
4955 C 22 3.0
4967 | 6.0 | 9.0
- 4958 | 120 | 16.0 .
20y, " Included Angle | 4650 |- - 90
Between Half 4655 o 90
Luminous Intensity 4657 | 35 |
Points 4658 35
4550 90
4555 90
4557 35
4558 35
4950 90
4955 90
4957 30
4958 30 o o
APEAK Peak Wavelength 4650s 635 nm - " Measurement at
4550s 583 S (Figet)
4950s 565 o R
Ad Dominant Wavelength | 4650s 626 | - . am° | See Note 2 (Fig.1)
4550s 585 : PREReY R
4950s 572 . y
Ts Speed of Response 4650s 90 ns
4550s 90 | . .
4950s 200 . e e
C Capacitance 4650s 16 ‘ ©opF T VE=0,f=1MHz
45505 18 : e L T
4950s ) 18
Oc Thermal Resistance | 4650s 135 ‘cwW
4550s 1356 o :
4950s 145
Ve Forward Voitage 4650s : 2.2 3.0 A
4550s 2.2 3.0
. | 4950s 2.4 30
BVr Reverse Breakdown Volt.| All 5.0 Vv )
v Luminous Efficacy 4650s 147 {umens/watt
4550s 570 : .
4950s 665

NOTES:

1. ®y, is the off-axis angle at which the luminous intensity is half the axial luminous intensity.

2. The dominant wavelength, A, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of the device.

3. Radiant intensity, lg, in watts/steradian, may be found from the equation lg=ly/ny, where |y is the luminous intensity in candelas and nyis the luminous
efficacy in lumens/watt.
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[o]
Absolute Maximum Ratings at T,=25°C
High Efficiency Red Yellow Green )
Parameter | 4850 Series 4550 Series | 4950 Serles Units
Power Dtssipat:on 120 120 120 mw
DG Forward: Current 20013 2001) 30(21 mA
Pes Owatlng Forward Current RO - . 60 80 ‘mA
: " (Fig. 8) - {Fig. 10) - (Fig. 18)
) --55°C to +100°C
Lead Solder Temperature (1. 6mm[0 063 '
inch] below package base) 260°C for 5 seconds
1. Derate from 50°C at 0.2mA/°C
2. Derate from 50°C at 0.4mA/°C
10
© GREEN YELLOW Ta =25°C
% HIGH EFFICIENCY
z RED
=
: 0 \
> .
=
3
w
o«
° N — h— w
500 600 650 700 750 o
WAVELENGTH % 2
-nm (7] =
Dex
Figure 1. Relative Intensity vs. Wavelength. i |
2
T 16
T, = 0 b1, = 15 =
? A!zsc / EA 30 [T, = 26°C o o
g -
- / ! / 3
& 2% 20 or 12
E 10 éé 4 &; 11 /
©< ==— w H
] 3g 23 10
E S § 10 é § 9
E - I,
- g / 7
00 L 1.0 15 20 25 30 oﬂ 5 10 15 20 '60 10 20 30 40 50 60
Ve — FORWARD VOLTAGE -V 1z — FORWARD CURRENT — mA loeak — PEAK CURRENT —mA
Figure 2. Forward Current vs. Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency
Forward Voltage vs. Forward Current. (Luminous Intensity per Unit
Current) vs. Peak Current.
b= 6 T T T T .0 A 10
g § 5 30° a N\ F
EH 5 4l w N = - 8
é%ég 50 \\ \\ N \
£3s= > !
228 M v RNLNA o t T s
258 60° Y 4es77a858 et
%2 \ NEAVRRENY
28 27 70 ; \/Y | . ]
: R W —
—%|, 80 N\ 2
=% N \\\ -
P 1o { \ J !
- 1000 |o 000 % i ‘xl T2 10 207 304050 60 70° 60° 90° 100°
tp — PULSE DURATION —us
Figure 5. Maximum Tolerable Peak Cur- Figure 6. Relative Luminous Intensity vs. Angular Displacement.
rent vs. Pulse Duration. (Ipc MAX
as per MAX Ratings.)
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Yellow 5082-4550 Series

T - 25 -
T ) . . E 0 ) ~
Lo g2 VA .
z ES . z3
] ) bt - uf
- gq 15 - ar
3 28 s i<
a 10 3] ui
£ EE! B
< < 10 =35
H s £3
H Le bt
g s 52 . EH
" / o s —7 €
: / )
00 5 10 15 20 25 30 00 10 15 20 7 0 = 20 30 40 50 60
VF — FORWARD VOLTAGE -V 'F — FORWARD CURRENT — mA lpgak — PEAK CURRENT — mA
Figure 7. Forward Current vs. Figure 8. Relative Luminous Intensity Figure 9. Relative Efficiency
Forward Voltage. vs. Forward Current. (Luminous Intensity per Unit
Current) vs. Peak Current.
§ 20° L2 T 10
F g T F ;
g 2 : 3 \ : !
2ed H | . i . 8
@ i . - . N 7
3229 X T ] K : -
5% % A \ 465774868 1 —Ng Nt e 4
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i .U l ) 90° a5 5 607 5 G0 o0
- F- I Y 10 moo 10,000 ll i - i/ o=/ I 50° 60° 70° 80° 90° 100°
tp - PULSE DURATION — s
Figure 10. Maximum Tolerable Peak Cur- Figure 11. Relative Luminous Intensity vs. Angular Displacement.
rent vs. Pulse Duration. (ipc MAX
as per MAX Ratings)
Green 5082-4950 Series
20 T T - 15 ——
Ty =25°C ’ ’ T, =26°C : ‘ p
s A . E 20 e _ 141 )1
E‘ 15 . 23 : 3 8 13 S
= 2 A .
S £ é 15 / g g 12 ’
3 3 / ) 7
3 28 E3 aa A
g " : N uo
H 3 10 >N
H of g /-
b
g . 2 Y BE
. 3 ° e = :
b & / . 8
00 E 1.0 15 20 25 30 0 5 10 15 20 25 30 ‘70 10 20 30 40 50 60
Vg — FORWARD VOLTAGE -V 1z — FORWARD CURRENT — mA Ipeak — PEAK CURRENT — mA
Figure 12. Forward Current vs. Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency
Forward Voltage. vs. Forward Current. (Luminous Intensity per Unit
Current) vs. Peak Current.
w .
3 " 2005 T 1.0
g . 2 300 Y T
ezt . . L - S N SN
sigf “Yie B= CIo
Ss& " i 1
H 7 XM DRt e
f§§8 60 . \ ‘ ' .
S = \ \ |1
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g 70 | RS
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tp — PULSE DURATION — us
Figure 15. Maximum Tolerable Peak Cur- Figure 16. Relative Luminous Intensity vs. Angular Displacement.

rent vs. Pulse Duration. (Ipc MAX
as per MAX Ratings)
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TECHNICAL DATA MARCH 1980

o

Features
o HIGH INTENSITY

e LOW PROFILE: 5.8mm (0.23 in) NOMINAL

T-1% DIAMETER PACKAGE

GENERAL PURPOSE LEADS

REQUIREMENTS
RELIABLE AND RUGGED

LIGHT OUTPUT CATEGORIES
DIFFUSED AND NON-DIFFUSED TYPES

IC COMPATIBLE/LOW CURRENT

e CHOICE OF 4 BRIGHT COLORS

Red High Efficiency Red
Yellow Green
Description

The 5082-4790/4791 are Gallium Arsenide Phosphide Red
Light Emitting Diodes packaged in a Low Profile T-1%

outline with a red diffused lens.

The 5082-4690 Series are Gallium Arsenide Phosphide on
Gallium Phosphide High Efficiency Red Light Emitting

Diodes packaged in a Low Profile T-1% outline.

The 5082-4590 Series are Gallium Arsenide Phosphide on
Gallium Phosphide Yellow Light Emitting Diodes pack-

aged in a Low Profile T-1% outline.

Package DimGHSiOHS

}

*T

PLASTIC — | E | izwx
1880088
1 | NotEs;
gg“m,m qog - W L) Au.vmms

- SILVER {SEE AP, NOTE 3}
3 ANEFQXY Emscusmv

041 (0%
0361018} -
. v )
) R

0o Y 553%%%
et/ ’
=

CATHODE |
et 148 o,

IONS ARE" ", -
N MILLIMETRES (INCHES)
2, LAW LEADS ARE FlATED .

" EXTEND ABOUT fmm (040"}
DOWN THE LEADS.

The 5082-4990 Series are Gallium Phosphide Green Light
Emitting Diodes packaged in a Low Profile T-1% outline.

The Low Profile T-1% package provides space savings and

is excellent for backlighting applications.

Lens Color
General Purpose | Diffused
ndicator — Wide Angle High
mh Brightness | Efficiency
. General Purpose | Red
|_Point Soufce Non-diffused
| High, Bnghtness Narrow Angle
“Annghciator 1
_Indicator — i
-7 1 ‘General Purgase Diffused .
" 4592 | Indicator — Wide Angte
_© .o, | High Brightness .
" 4895 | General Purpose i —| Yellow
w0 | Point Source Non-diffused
. 4507 | High Brightness Narrow Angle
-« | Annunciator
4080~ | Indicator —
© - | General Purpose | Diffused
4902 . lndigator - Wide Angle
- | High Brightness
4895 -~ | General %”urpose . Green )
. | Point Source _ Non-diffused
4997° | High Brightness | Narrow Angle
1 Annunicator -
4780 indicator —
o General Purpose | Diffused Red
4791 - | Indicator — Wide Angle
' High Brightness
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Absolute Maximum Ratings at T,=25°C

L , 3 © . Red  Hi-Eff, Red Yellow Green C
- Parameter- - . 4790 Series 4690 Series 4590 Series | 4990 Series | Units = .
 Power Dissipation 100 120 120 120 PR
ol ,'DCYFbrwa!rd»Cufreht" S 5ol "20'['1] ' - 20[” 30[2] mA
. Peak Forward Current . | - 1000 0 | 60 60 | mA
Sl oo L0 | seeFig.B See Fig. 10 See Fig. 15 See Fig. 20
" Operatingand Storage - | | . .
" Temperature Range . -55°Cto +100°C
- Lead Solder Térﬁ;ﬁréﬁ.ire ‘
7 {1.6mm [0.63 inch]. 260°C For 5 Seconds
© . frombody) -
1. Derate from 50°C at 0.2mA/°C
2. Derate from 50°C at 0.4mA/°C
1
HIGH
EFFICIENCY Ta = 25°C
RED
RED
z
\/
15
S osp—
ER
2
3
4
YELLOW
f\._ M
500 600 650 700 750

WAVELENGTH - nm

Figure 1. Relative Intensity versus Wavelength.
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RED 5082-4790 SERIES
Electrical Specifications at T,=25°C

-~ Device | ... | i R B
Symbol Description 5;:: Min.| Typ. | Max. | Units | Test Conditions :
| Axial Luminous intensity | —ao | 08 EEI R od | Ig = 20mA (Fig. 3)
. ‘ xial Luminous Intensit — .m g = S )
v , Y “ar91 | 18| 25| | | At
: “Included Angle Between A D T
2, Half Luminous Intensity o o 1'e0
Points ' . SN
ApEak | Peak Wavelength - ' - | ess k(Fig. 1)
R Dominant Wavelength - 648 | T O
g | Speed of Response 15 s o f T e
- C Capacitance 100 pF | vgeq;:f =1 MHz ; Ce i
85c Thermal Resistance i 125 S ccm jJuﬁcﬁén;thathqde Le{ayd; 1.6mm
- ] © 1 (0.063in.) fromBody. =~
Vg Forward Voltage . 16 20 v Ig =20mA,(~Fig. 2 o
BVr Reverse Breakdown Voltage ‘ 3|10 SVl =100uA
v Luminous Efficacy 55 ImMW_| Note 3 ) ,
Notes: 1.8+ is the off-axis angle at which the luminous intensity is half the axial luminous i ity. 2. Domi length, Ag, is derived from the CIE )
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity lg, in watts/steradian may be found —
from the equation lg = Iy/ny, where- 1y is the luminous intensity in candelas and 7y is the luminous efficacy in lumens/watt. .f g_.\
L=
O
=
=]
50 25 1.30 2
o 2%°¢c 1, —lzs"c
30— Ta= > a = :
£ 2ok ) g 20 ] . -
.l é;é v’ >g 120 /’
g / g ,/’/ £ T I
g 0 8e 15 S —if
3 - °8 to . V.
a - 2N wg o10p -
2 o i
s 48 28
o 3 =2 =2 100
v 2 3 5
[ ¢ ! o o{ {

1.40 1.50 1.60 1.70 o 10 20 30 40 50 0 20 40 60 80 100

Ve — FORWARD VOLTAGE -V I — FORWARD CURRENT — mA lpeak — PEAK CURRENT — mA
Figure 2. Forward Current versus Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency
Forward Voltage. versus Forward Current. (Luminous Intensity
per Unit Current)

100 S, versus Peak Current.

w
2 ;
< 4 } !
a2 ,
w P-4 o
3E&,. Hﬁ; 1
°g g s ] TN O
5 TEg 2 | IAY
235 1 “Joe
3xs8 N \ ‘
2 \
SE%8 w0 LR A\
o = - NG
2 e \ ! e
g N KHz \\
. AY N
gl o HINIIN NGl | N
% \ TP TR
ESO 100 KHz \ i \ \ \B . ~
=l 1 10 100 1,000 10,000 200 40° 60° 80° 100°
tp — PULSE DURATION — yis
Figure 5. Maximum Tolerable Peak Current versus Pulse Figure 6. Relative Luminous Intensity versus
Duration. (Ipc MAX as per MAX Ratings) Angular Displacement.




HIGH EFFICIENCY RED 5082-4690 SERIES
Electrical Specifications at T,=25°C

Symbol smpuon ‘;;vai: . Mm. Typ Max ”Urpitg |- Test Conditions
| 4880 ;1.«5};{3.5\ ' 17
ly ’ Axial Lumir}oué Intensity :ggz i‘g ;g e ;l,= = 10mA (Fig.8}
4805 .| 80 | 11.0}. ©

Included Ahg]e Between gg : B
20+, Half Luminous Intensity . 4694 deg. | Note 1 (Fig. 11)

Points 4695 . ’ e .
Apeak | Peak Wavelength e ] a3 * Measurement @ Peak (Fig. 1)
g - Dominant Wavelength |62 1 Note 2 ‘

T Speed of Response 190 s
(o} Capacitance 16| - pF | Vp=0;f= TMHz
e Thermal Resistance 130 °CMW | Junction to Cathode Lead 1 6mm -
C S S -{0.063 in.) from Body

VE Forward Voltage 220380 ]| V = 10mA (Fig. 7) B
BVR Reverse Breakdown Voltage 50, " Ir = 100¢A '
N Luminous Efficacy 147 Im/MW | Note3

Notes: 1.0y, is the off-axis angle at which the luminous intensity is half the axial |

h, Ad, is derived from the CIE

chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radlam Intensity lg, in watts/steradian may be found
from the equation lg = Iy/ny, where |, is the luminous intensity in candelas and 7y is the luminous efficacy in lumens/watt.

RELATIVE EFFICIENCY
(NORMALIZED AT 10mA DC)

16
15

-

14 -
13

1.2

11

0 10 20 30 40 50

lbeak — PEAK CURRENT — mA
Figure 9. Relative Efficiency
(Luminous Intensity

per Unit Current)
versus Peak Current.

.
Ty =25°C > 3.0 | T, = 25°C
< =
E @
1 23
15 w
=
I3 g% 20 4
3 2o
a 10 24
-
H 52
22
H It
] >2g 10
- 5 =2
1 <<
w o
- «
0 0
0 5 10 15 20 25 30 0 5 10 15 20
Vg — FORWARD VOLTAGE ~ V 1z — FORWARD CURRENT — mA
Figure 7. Forward Current versus Figure 8. Relative Lumi
Forward Voltage. versus Forward Current.
3 6
2w |
€ @ 5
Y o<
oE&,. 10 KHz 300 Hz
Tuzz ¢ 30 KHz 1 KHz -
3zFE 100 KHz 3KHe 100 Hz
%° g 3 3 s .
§§§o
SyX0o
wadg
S =
Qe o 2
e o -
s \
o«
B3
<
=% \
%=
I 1
=le 1.0 10 100 1000 10,000

Figure 10. Maximum Tolerable Peak Current versus Pulse
Duration. (Ipc MAX as per MAX Ratings)

to — PULSE DURATION — us

Na St
40 100°

Figure 11. Relative Luminous Intensity versus
Angular Displacement.
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YELLOW 5082-4590 SERIES
Electrlcal SpeC|f|cat|ons at Ta=25°C

Measuremem @ Peak (F;g. 1)

‘,Dommant Wavelength A ‘Note 2
.| "Speed of Response - - , ) T
.Capacitance 1 vg =0;f= > MHz

| Thermal Resistance - | "CAN. | Junction to Cathode Lead 1 Bmm

. ;, . - | 10.063 in.) from Body
‘Forward Voltage ~ | - S22 j I = 10mA {Fig. 12)
*| Reverse Breakdown Voltage : 160 o b b= 100uA
" Luminous Efficacy N 1570 . Noted

wl
—
<
Notes: 1. 871, is the off-axis angle at which the luminous intensity is half the axial lumi il ity. 2. Domi I h, Ag, is derived from the CIE U’E
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity lg. in watts/steradian may be found (=14
from the equation lg = I,/ny, where |, is the luminous intensity in candelas and 7y is the luminous efficacy in lumens/watt. 5‘ -
172
20 T - 25 - T - —— 16
© Ty =26°C ] | S T, =25°C S 151 . et
< B RN o R Y4 - -
H - B G 20 - - 3 4l i N
. B I . o ) =1 o »
- 15 T WE N / 32 L
z - X Es R . Z2E et
& SN . 2< / o &5 13 v
« R A N = . o= 15 s or ”
o« . R : . 2< . 7 =
> ol SN T <1~ ta 12
o N ™
a M0 - - - B Wa /
€ s - 23 w1
< . 22 10 23
= oo . - wE 32 10
] : : ' 28 2z
o 5 f— e . - 22 4] 9 -
1 D R 3 5 2 / ; f
" p L o 74 ) i
o« g ' 8 i
0 5 1.0 15 20 25 30 [ 5 10 15 20 0 10 20 30 0 50 i
i
Vg — FORWARD VOLTAGE — V I — FORWARD CURRENT — mA Ipeak — PEAK CURRENT — mA i
Figure 12. Forward Current versus Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency
Forward Voltage. versus Forward Current. (Luminous Intensity
w per Unit Current)
2 6
2w versus Peak Current.
$ a 5
deg
gzue
sScow
Dzhg
23353
X220 3
<%0
Suxao
wa g
G =
°p
b3
4590/4592 —
% 1]
= 32(‘ : |
¥
5 8 1 - o o o
=le 1.0 10 100 1000 10,000 60°  80° 100
tp — PULSE DURATION — s
Figure 15. Maximum Tolerable Peak Current versus Puise Figure 16. Relative Lumi I y versus
Duration. (Ipc MAX as per MAX Ratings). Angular Displacement
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GREEN 5082-4990 SERIES
Electrical Specifications at T,=25°C

Symbol Description Device | wtin. | Typ. [Max. | Units | Test Conditions
4 5082-
4990 | 20| 45
ly Axial Luminous Intensity :ggg gg ;: med | I = 20mA (Fig.18)
4997 | 80 {110
Included Angle Between :ggg 553 : :
2y, Half Luminous Intensity 4995 40 deg. | Note 1 (Fig.21)
Points 4997 40 o
Apeak | Peak Wavelength 565 nm Measurement @ Peak (Fig. 1)
Ad Dominant Wavelength 570 nm Note 2 /
Ts Speed of Response 200 ns
C Capacitance 12 pF Ve =0;f=1MHz
03¢ Thermal Resistance 90 °C/W | Junction to Cathode Lead 1,6mm
: (0.063 in.) from Body
Vg Forward Voltage 24 | 30 Y Ig = 20mA (Fig. 17)
BVR Reverse Breakdown Voltage 5.0 \Y Ir = 100uA
Ny Luminous Efficacy 665 ImMW | Note3

Notes: 1.6y, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Ay, is derived from the CIE
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity |, in watts/steradian may be found
from the equation lg = I,/ny, where |y is the luminous intensity in candelas and ny, is the luminous efficacy in lumens/watt.

20 T 15
T, = 25°C Tp=25°C ﬂ Ve
g * £ 20—+ " -
E. @ . F S . /ﬂ'
! z< >0 13 —
15 w Q : 7
5 = / 2¢ A
w Zx E o va
« oE 15 t SR 12
« 8« il 7/
3 ¥ ™3 /
g 25 o 1
< 53 10 -4 SN J
S =g 3 10
« wg < §
o 20 oz
‘T 5 S / ! g 9
u i 5 / 2
- w
« / 8
0 [ 7 -
0 5 10 15 20 25 30 0 5 0 15 20 25 30 0 10 20 30 40 50 60
Vg — FORWARD VOLTAGE — V I — FORWARD CURRENT — mA tpeak — PEAK CURRENT — mA
Figure 17. Forward Current versus Figure 18. Relative Luminous Intensity Figure 19. Relative Efficiency
Forward Voltage. versus Forward Current. (Luminous Intensity
w A per Unit Current)
3 . versus Peak Current.
]
< -
3t 10°
ezls 3 2 1.0
sies »
E3sC 30 Klﬁ 3 KHT | 300 nzl 40° 8 ‘\
Xg20 i Il
<%= "
£238 100 KHz /| 10 KH2 1KHz 4100 Hz 50 i W 4995/4997
wog 2 64X
o 5 o ¢ +
E / . 1, N
= 70° 1L \ 4990/499
: A}
% AL
<ix 80° Y 1,2
2)g W AWA N ]
¥
g g 1 \ 90"/ | | = A N
== 10 10 100 1000 10,000 { i X ] 20°  40° 60° 80° 100°

Figure 20. Maximum Talerable Peak Current versus Pulse
Duration. (Ipc MAX as per MAX ratings).

tp — PULSE DURATION —

us

Figure 21. Relative Luminous Intensity versus
Angular Displacement.
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SOLID STATE LAMPS
HlGH kEFFlCIENCY RED . HI.MP 1300,-1301,-1302

* YELLOW - HLWP-1400,-1401,-1402
~ GREEN ~ HLMP-1500.-1601,-1602

TECHNICAL DATA MARCH 1980

Features

HIGH INTENSITY
WIDE VIEWING ANGLE

SMALL SIZE T-1 DIAMETER
3.18mm (0.125 inch)

IC COMPATIBLE
RELIABLE AND RUGGED

CHOICE OF 3 BRIGHT COLORS
HIGH EFFICIENCY RED
YELLOW
GREEN

Description

The HLMP-1300, -1301, and -1302 have a Gallium

Arsenide Phosphide on Gallium Phosphide High Effi-

ciency Red Light Emitting Diode packaged ina T-1 outline
package D|mens|0ns with a red diffused lens, which provides excellent on-off

contrast ratio, high axial luminous intensity and a wide
*__3‘3( viewing angle.

28671105} .
4',“&43"(5155) The HLMP-1400, -1401, and -1402 have a Gallium
I 282 (1B Arsenide Phosphide on Gallium Phosphide Yellow Light
S . Emitting Diode packaged in a T-1 outline with a yellow
%;Lg:;'%; diffused lens, which provides good on-off contrast ratio,
I high axial luminous intensity and a wide viewing angle.

[ - - wzf(oaos : The HLMP-1500, -1501, and -1502 have a Gallium

' N 1~ o : Phosphide Green Light Emitting Diode packaged in a T-1
outline with a green diffused lens, which provides good
on-off contrast ratio, high axial luminous intensity, and a
wide viewing angle.

LAMPS

w
—
<
—
2}
=]
-
o
(7]

ly — Axial Luminous Intensity at 25°C
(Figures 3,8,15)

o Iy (mcd)
- [ Min. | Typ.|[Test Conditions
emw - High Efficiency Red
3,28 {,030) - : HLMP-1300 0.5 1.5
N : HLMP-1301 (-4684) 1.0 | 2.0 {IF=10 mA
HLMP-1302 20 | 25
Yellow :
HLMP-1400 0.5 1.5
051 (020) HLMP-1401 (-4584) 1.0 | 25 [Ir=10 mA
7 oa1018) : HLMP-1402 2.5 4.0
AUL DIMENSIONS ARE IN MILLIMETRES {INCHES). Green
sawﬁnfurso LEADS. SEE APPLICATIONS HLMP-1500 05 13 ;
AN EPOXY: memscus MAY EXTENDABOUT Toom. HLMP-1501 (-4984) 0.8 | 2.0 |IF=20 mA
iW'JBGWNTHE LEADS. HLMP-1502 20 | 3.0
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Absolute Maximum Ratings at T,=25°C

High Efficiency Red Yellow _ Green .
Parameter HLMP-1300,1301,1302 | HLMP-1400,1401,1402 | HLMP-1500,1501,1502 |Units
" Power Dissipation C 120 » 120 1200 |[mwW
DC Forward Current 20111 200" 30121 . 'mA
Peak Forward Current 60 - 60 80 mA
See Figure 5 See Figure 10 See Figure 1

Operating and Storage
Temperature Range

-55°C to 100°C

l.ead Soldering Temperature
[1.6mm (0.063 in.) from Body]

230°C for 7 Seconds

Electrical /Optical Characteristics at T,=25°C

1. Derate from 50°C at 0.2mA/°C

2. Derate from 50°C at 0.4mA/°C

HLMP-1300,-1301, | HLMP-1400,-1401, | HLMP-1500,-1501,

: -1302 i -1402 ~1502 .
Symbol Description Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. | Units | Test Conditions
20172 Included Angle ’ "

Between Halif 70 60 60 Deg. | Note 1 (Figs. 6, .
Luminous Intensity 111,18 .
Points i
Apeak Peak Wavelength 635 583 565 nm | Measurement
at Peak .
Ad Dominant «
Waveiength 628 585 572 ' nm | Note 2
T Speed of Response 90 90 200 ns
C Capacitance 20 15 8 pF | Ve=0, f=1 MHz .
Qyc Thermal Resistance 95 95 95 °C/W | Junctionto .
Cathode Lead .
at 0.79mm
10.031 in)
From Body
VE Forward Volitage 22 | 30 - 2.2 3.0 2.4 3.0 v Jg=10mA
at [r = 20mA (Figs, 2,7,12)
BVR Reverse Breakdown -
Voltage 5.0 5.0 5.0 V. | IR=100uA
iy Luminous Efficacy 147 570 665 tm/W | Note3 - .

-

. ©1/2 is the off-axis angle at which the luminous intensity is half the axial Iuminohs intensity.

2. The dominant wavelength, A4, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the
color of the device.

is the luminous efficacy in lumens/watt.

RELATIVE INTENSITY

1.0

. Radiant intensity, le, in watts/steradian, may be found from the equation le=Iv/7,, where lvisthe luminous intensity in candelasand n,

Figure 1. Relative Intensity vs. Wavelength.

T
HIGH EFFICIENCY Ta=25C
RED \ 4 =28
GREEN
™ YELLOW
05 / N \
e —————
550 600 650 700
WAVELENGTH - nm

750
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Aoy,

w
°

20

(NORMALIZED AT 10mA)

1g — FORWARD CURRENT — mA
3
RELATIVE LUMINOUS INTENSITY
RELATIVE EFFICIENCY
(NORMALIZED AT 10mA DC)

10 18 20 26 30 5 10 15 20 o 10 20 30 40 50 60

Vy - FORWARD VOLTAGE - V Iz — FORWARD CURRENT - mA loeak — PEAK CURRENT — mA
Figure 2. Forward Current vs, Figure 3. Relative Luminous Intensity Figure 4. Relative Etficiency
Forward Voltage. vs. Forward Current. (Luminous Intensity per Unit

Current) vs. Peak Current.

= 1.0

TO MAXIMUM TOLERABLE
DC CURRENT

RATIO OF MAXIMUM TOLERABLE
PEAK CURRENT

IpEAK MAX.
foc MAX.

10° 20° 30° 40° 50° 60° 70° 80° 90° 100°
tp - PULSE DURATION -us

Figure 5. Maximum Tolerable Peak Cur- F.jure 6. Relative Luminous Intensity vs. Angular Displacement.
rent vs. Pulse Duration. (IpcMAX
as per MAX Ratings).

LAMPS

i
-
<
—
(7}
=2
-
(=]
(-]

Yellow HLMP-1400,-1401,-1402
20 T - 25 T . - 16
Tam25C ‘ > AL L R 15 o
] PP NS SRS D N4 3 e
' s g 27 z8 -
E : EE | g< ik
b1 . Z< £ GE 13 Vast
z alt s o= L/’
5 . . 3o w12
3 &
a8 10 zZ8 wg
< . o 25 w1
K . 33 10 g3 |
z w z <% 10 i
2 £2 BE |
N 3= s g ®
& g 8
00 5 10 15 20 25 30 00 5 10 15 20 7 10 20 30 40 50 60 :
Vg — FORWARD VOLTAGE -V I — FORWARD CURRENT — mA lpgak — PEAK CURRENT — mA
Figure 7. Forward Current vs. Figure 8. Relative Luminous Intensity Figure 9. Relative Efficiency
Forward Voltage. vs. Forward Current. (Luminous Intensity per Unit
Current) vs. Peak Current.
w 100
5 w 20° .\ ; 1.0
] 200~ - -
s \ 8
egtis N AT ’
35 E g 50 X 4]
052 d
3223 . \ \ 6
=23x0 60%
woa g
6" =
e o - \ 4
g 70 VARV \ N
z N .
% . SO h 2
<l 80° .
=% .
i W{ \ Ty 10° 20° 30° 40° 50° 60° 70° 80° 90° 100°
H - Z/
tp - PULSE DURATION -ps
Figure 10. Maximum Tolerable Peak Current Figure 11. Relative Luminous Intensity vs. Angular Displacement.
vs. Pulse Duration. (Ipc MAX
as per MAX Ratings.)
i
125




Green HLMP-1500-1501,-1502
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K

HEWLETT
PACKARD

RECTANGULAR SOLID STATE LAMPS
* HIGH EFFICIENCY RED HLMP-0300/0301

YELLOW HLMP-D400/0401
GREEN HLMP-0S00/0501

TECHNICAL DATA MARCH 1980

Features

RECTANGULAR LIGHT EMITTING SURFACE
FLAT HIGH STERANCE EMITTING SURFACE

STACKABLE ON 2.54 MM (0.100 INCH)
CENTERS

IDEAL AS FLUSH MOUNTED PANEL
INDICATORS

IDEAL FOR BACKLIGHTING LEGENDS
LONG LIFE: SOLID STATE RELIABILITY

CHOICE OF 3 BRIGHT COLORS
HIGH EFFICIENCY RED
YELLOW
GREEN

IC COMPATIBLE/LOW CURRENT
REQUIREMENTS

Description

The HLMP-03XX, -04XX, -05XX are solid state lamps encapsulated in an axial lead rectangular epoxy package. They utilize
a tinted, diffused epoxy to provide high on-off contrast and a flat high intensity emitting surface. Borderless package
design allows creation of uninterrupted light emitting areas.

The HLMP-0300 and -0301 have a high-efficiency red GaAsP on GaP LED chip in a light red epoxy package. This lamp’s
efficiency is comparable to that of the Gap red, but extends to higher current levels.

The HLMP-0400 and -0401 provide a yellow GaAsP on GaP LED chip in a yellow epoxy package.

The HLMP-0500 and -0501 provide a green GaP LED chip in a green epoxy package.

Package Dimen

sions

1.315
37 {,290)

o %92 (819) i, 26,67 (1.06) MiN, ——]

7.49 (.295)
6.99 (275)
7
' // CATHODE
LIGHT EMITTING SURFACE PLASTIC 26.40 {1.00) MIN.

TOP VIEW

NOTES:
1. ALL DIMENSIONS ARE IN
MILLIMETRES (INCHES).

SIDE VIEW

2

3.

SILVER-PLATED LEADS.
SEE APPLICATION
BULLETIN 3.

ABOUT Tmm {040} DOWN THE
LEADS.

[
{.025}
[

43 (L017)
33 (.013}

BOTTOM VIEW

0
2.54 {100} NOMINAL
[u

.36
AN EPOXY MENISCUS MAY EXTEND
| |—

HER

YELLOW

GREEN

AXIAL LUMINOUS INTENSITY

MIN.

TYP.

TEST CONDITIONS

HLMP-0300

-8

1.0 med

I = 25mA

HLMP-0301

1.5
.8

2.5 med
1.5 med

Ip = 25mA
Ie = 15mA

HLMP-0400

1.0

1.2 med

I = 25mA

HLMP-0401

20
1.0

2.5 med
1.5 med

Ig = 25mA
lg = 15mA

HLMP-0500

1.0

1.2 med

1e = 25mA

HLMP-0501

15
1.0

2.6 med
1.5 med

Ig = 256mA
lg = 20mA

NOTE: Luminous sterance, Ly, m foat lamberts, may be found from the equation
Ly = 16.7 Iy, where Jy is the tuminous intensity in milficandelas.
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Absolute Maximum Ratings at T,=25°C

) High-Efficiency Red Yellow Green .
Parameter HLMP-0300/0301 | HLMP-0400/0401 | HLMP-0500/0501 | UMits
Power Dissipation 120 120 120 mw
DC Forward Current 30 i 30“‘ 30“] © mA

60 60 60
Peak Forward Current See Figure 5 See Figure 10 See Figure 15 mA

Operating and Storage
Temperature Range

-55°C to 100°C

Lead Soldering Temperature
[1.6mm (0.063 in.) from body]

260°C for 5 seconds

1. Derate from 50°C at 0.4mA/°C.

Electrical /Optical Characteristics at T,=25°C

i HLMP-0300/0301| HLMP-0400/0401| HLMP-0500/0501
Symbol | Description Units | Test Conditions
y i Min.| Typ.|Max. |Min.| Typ.|Max.| Min. | Typ. |Max. '
2042 Included Angle 100 100 100 deg. | Note 1. Figures
Between Half 6,11,16
Luminous Intensity
Points, Both Axes
APEAK Peak Wavelength 635 583 565 nm | Measurement at
Peak
Ad Dominant Wavelength 626 585 571 nm | Note 2
TS Speed of Response 90 90 200 ns
C Capacitance 17 17 17 pF Vg=0; f=1 MHz
O1c Thermal Resistance 130 130 130 °C/W | Junction to Cathode
Lead at 1.6 mm
(0.063 in.) from
Body
Vg Forward Voitage 2.5 | 3.0 25|30 25130 \Y lp= 25mA
Figures 2,7,12
BVg Reverse Breakdown 5.0 5.0 5.0 \ Ir = 100 pA
Voltage
v Luminous Efficacy 147 570 665 Im/W | Note 3
NOTES:

1. @2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity.
The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the

2. color of the device.

3. Radiantintensity, I, in watts/steradian, may be found from the equation le=ly/nv, where ly is the luminous intensity in candelas and
nv is the luminous efficacy in lumens/watt.
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RELATIVE INTENSITY
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WAVELENGTH - nm

Figure 1. Relative Intensity vs. Wavelength.

HIGH EFFICIENCY RED HLMP-0300/0301

30,[

ENSNEERREN

Iz — FORWARD CURRENT — mA

Vg — FORWARD VOLTAGE -V

Figure 2. Forward Current vs, Forward

okl 3khz | 300 He
P ARLHIE »

00KkHz /110 kHa 1/ khe
] e

Voltage.
g 30
2w 7
g 3
u 2
S
o5&, :
s |
EL
$033 20—
Xg20
<%so
Suxo
o
c =
o o
e F 15
<
-4
%

X
32
<«

o
£le 1

10 100 1000

Ip — PULSE DURATION — s

i

B

5 BE I]
100 Hz.
i

J

10,000

Figure 5. Maximum Tolerable Peak Current vs.
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Forward Current. Intensity per Unit Current) vs. Peak Current.
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YELLOW HLMP-0400/0401
30— -

E 30 i

£ 2 i L T 1]
w

g < |

oLE ]; 0 kHz ||| 3kHz ||| 300 H
;égg I ||f| le IIZI
szol 00kHz /)10 ite “}1"‘ a0
235 20

X 20

g%20

ze3° \

S = l

o o :

E F 15 - i \ t \
< Y

& [N |

3, AN

=% {

M

<

o \

T
NN
]

25

T

I

W

A
.

—

I — FORWARD CURRENT —mA

o 0.5 25 30

Vg — FORWARD VOLTAGE -V

Figure 7. Forward Current vs. Forward
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Figure 10. Maximum Tolerable Peak Current vs.
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GREEN HLMP-0500/0501

RATIO OF MAXIMUM TOLERABLE
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Figure 12. Forward Current vs. Forward
Voltage.
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SUBMINIATURE SOLID STATE LAMPS
| , | RED - 5082-4100/4101
HEWLETT | |
HE | HIGH EFFICIENCY RED - 5082-4160
‘PACKARD YELLOW - 5082-4150
RS | GREEN - 50824190
Features

° SUBMINIATURE PACKAGE STYLE

¢ END STACKABLE ON 2.21mm
(0.087 in. ) CENTERS

LOW PACKAGE PROFILE
RADIAL LEADS
WIDE VIEWING ANGLE

LONG LIFE — SOLID STATE
RELIABILITY

CHOICE OF 4 BRIGHT COLORS
Red
High Efficiency Red
Yellow
Green

[¥¥]
—
T
—
w
=
—
o
(7]

Description

The 5082-4100/4101, 4150, 4160 and 4190 are solid state lamps encapsulated in a radial lead subminiature package of
molded epoxy. They utilize a tinted, diffused lens providing high on-off contrast and wide-angle viewing.

The -4100/4101 utilizes a GaAsP LED chip in a deep red molded package.

The -4160 has a high-efficiency red GaAsP on GaP LED chip in a light red molded package. This lamp’s efficiency is
comparable to that of the GaP red but does not saturate at low current levels.

The -4150 provides a yellow GaAsP on GaP LED chip in a yellow molded package.
The -4190 provides a green GaP LED chip in a green molded package.

Tape-and-reel mounting is available on request.

Package Dimensions

11.4 La5) . 46 (.018) —* "—% et
56 (.022) 76 (.030) _ |
46 (.018) ¥ 89 %'033; R
56 (.022) T 1.27 (.050)
4 3 _'—'-l : 18 (007) 491 (075) MAX. 140 (.055)
E:{ { /n Fole8 35 (o) R 282 (1)
ANODE . CATHODE TI:: a 0 f o
" H
L n
1.65 (.065) . 152 (.060) ] i
191 (075) DIA- 178 (070) 76 (.030) MAX.! E i
i I 18 0m)
TOP VIEW 191 (075 zal
END VIEW
NOTES: 2554 (.100)
1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). NOM. SEE NOTE 3
2. SILVER-PLATED LEADS. SEE APPLICATION BULLETIN 3.
3. USER MAY BEND LEADS AS SHOWN. SIDE VIEW
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Absolute Maximum Ratings at T,=25°C

Red High Eff. Red Yellow Green
Parameter 4100/4101 4160 4150 4190 | Units
Power Dissipation 100 120 120 120 mw
DC Forward Current 5011] 20011 2001} 3012} “mA
7000 60 0 80
Peak Forward Current See Fig.5 | SeeFig. 10 | See Fig. 15 | See Fig. 20 mA

Operating and Storage
Temperature Range

-55°C to 100°C

Lead Soldering Temperature
[1.6mm (0.083 in.) from body]

245° C for 3 seconds

1. Derate from 50°C at 0.2mA/°C
2. Derate from 50°C at 0.4mA/°C

Electrical /Optical Characteristics at T,=25°C

5082-4100/4101 5082-4160 5082-4150 5082-4190
Symbol | D P Units | Test Conditions
Min. | Typ. [Max. | Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. ’
[F=10mA,
Iy Axial Luminous -/06 |.7/1.0 1.0 | 30 10 | 20 08 | 15 mcd | Figs. 3,6,13,18
Intensity At 1g = 20mA
20, Included Angle 45 80 S0 70 deg. | Note 1. Figures
Between Half 8, 11,16,21
Luminous Intensity
Points
ApEAK | Peak Wavelength 655 635 583 565 nm Measurement
at Peak
Ad Dominant Wavelength 640 628 585 572 nm Note 2
s Speed of Response 15 90 90 200 ns
[e] Capacitance 100 11 15 13 pF V=0, t=1 MMz
O5c Thermal Resistance 125 120 100 100 °C/W | Junction to
Cathode Lead at
0,79mm {.031 in)
from Body
VF Forward Voltage 16 | 20 22 | 30 22 | 30 24 | 30 v 1e=10mA,
Figures 2, 7,
At g = 20mA 12, 17
BVR Reverse Breakdown 3.0 10 5.0 50 5.0 Vv Ir = 100pA
Voltage
7 Luminous Efficacy 55 147 570 665 Im/W | Note 3
NOTES:

1. @y, is the off-axis angle at which the luminous intensity is half the axial luminous intensity.

2. The dominant wavelength, A4, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of the device.

3. Radiant intensity, le, in watts/steradian, may be found from the equation le=Iv/7v, Where Iy is the luminous intensity in candelas and »y is the luminous
efficacy in lumens/watt.

10
HIGH EFFICIENCY
| RED Ty = 25°C

: GREEN YELLOW GaAsP RED
]
2
w
= .
5 / \
w 05
2
h &
<
)
w
«

0

500 550 600 650 700 750

WAVELENGTH — nm

Figure 1. Relative Intensity vs. Wavelength.
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Red 5082-4100/4101
H s

Vg~ FORWARD VOLTAGE — VOLTS

Figure 2. Forward Current vs.
Forward Voltage.

RATIO OF MAXIMUM TOLERABLE
PEAK CURRENT
TO MAXIMUM TOLERABLE
DC CURRENT
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Figure 5. Maximum Tolerable Peak Cur-
rent vs. Pulse Duration. (Ipc MAX
as per MAX Ratings)
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Figure 3. Relative Luminous Intensity
vs. Forward Current.
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Figure 4. Relative Efficiency

(Luminous Intensity per Unit
Current) vs. Peak Current.
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Figure 6. Relative Luminous Intensity vs. Angular Displacement.
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Figure 10. Maximum Tolerable Peak Cur-
rent vs. Pulse Duration. (Ipc MAX
as per MAX Ratings)
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Figure 11. Relative Luminous Intensity vs. Angular Displacement.
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Yellow 5082-4150
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Figure 12. Forward Current vs.
Forward Voltage.
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Figure 15. Maximum Tolerable Peak Cur-
rent vs. Pulse Duration. (Ipc MAX
as per MAX Ratings)
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Figure 13. Relative Luminous intensity
vs. Forward Current.
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Figure 16. Relative Luminous Intensity vs. AngularDisplacement.
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Figure 17. Forward Current vs.
Forward Voltage.
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Figure 20. Maximum Tolerable Peak Cur-
rent vs. Pulse Duration. (Ipc MAX
as per MAX Ratings)
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Figure 18. Relative Luminous Intensity
vs. Forward Current.
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Figure 19. Relative Efficiency
(Luminous Intensity per Unit
Current) vs. Peak Current.
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- 9mMm(0:35INCH) AND 19mm (0.75INCH) -

LIGHT BAR MODULES

[ E

HIGH EFFICIENCY RED HLWP- mﬁszmssl;_

Features

e LARGE, BRIGHT, UNIFORM LIGHT
EMITTING SURFACE
Typical Luminous Stearance 260 cd/m? at
100mA Peak, 20mA Average
Approximately Lambertian Radiation Pattern

o SUITABLE FOR MULTIPLEX OPERATION
LED’s in Either Parallel, Series or Parallel/
Series Connection

e CHOICE OF THREE COLORS
High Efficiency Red
Yellow
Green

o CATEGORIZED FOR LIGHT OUTPUT
Use of Like Chip Categories Yields a
Uniform Display

e EASILY MOUNTED ON P.C. BOARDS
OR SOCKETS
Single In-Line Package, Leads on Industry
Standard 2.54mm (0.1 in.) Centers

Mechanically Rugged Applications
¢ X-Y STACKABLE e ILLUMINATED LEGENDS
¢ FLUSH MOUNTABLE ¢ INDICATORS
e EASY ALIGNMENT e BAR GRAPHS
e EXCELLENT ON-OFF CONTRAST e LIGHTED SWITCHES
Description

The HLMP-2300/-2400/-2500 series light bar modules are 9mm (.35 inch) and 19mm (.75 inch) rectangular light sources
designed for a variety of applications where a large, bright source of light is required. The -2300 and -2400 series devices utilize
LED chips which are made from GaAsP on a transparent GaP substrate. The-2500 series devices utilize chipsmade from GaP
on a transparent GaP substrate.

Devices
"Part No. ' R . ; : ‘ Package
HLMP- _Color g | - . Size of Emitting Area ‘Drawing
B0 eticiency Red . 889mm xfs.ermm (350 in. x .150 in.) A
2350 ¥ ~ 19.05mm x 3.81mm (.750 in. X .150 in.) B
2400 Vellow - 8.89mm x 3.81mm (.350 in. x .150 in.) A
2450 ; . 19.05mm x 3.81mm (.750 in. x .150 in.) B
2500 Green © 8.89mm x 3.81mm (.350 in, x .150 in.) A
2560 . ) 19.05mm x 3.81mm (.750 in. x .150 in.) B

SOLID STATE
LAMPS




Absolute Maximum Ratings

Average Power Dissipation Per LED Chip (TA=50°C) ................ 90mw
Operating Temperature Range ...................cooveen. —40°C to +85°C
Storage Temperature Range .................cooviieinnn.. —40°C to +85°C
Peak Forward Current Per LED Chip (TA=50°C)®® ... ............... 120mA
(Maximum Pulse Width = 1.25ms)
DC Forward Current Per LED Chip (TA=50°C)™"® . ... ............. ... 30mA
Reverse Voltage Per LEDChip ...t nn, 6.0V
Lead Soldering Temperature [1.6mm (1/16 inch) below
seatingplane] ..........ocoiriiiiiiiiiii 260°C for 3 Seconds

NOTES: 1.

n

w

Derate maximum DC
current above TA=50°C
at 0.51 mA/°C per LED
chip, see Figure 2.

See Figure 1 to establish
pulsed operating
conditions.

. For operation above

Ta=50°C, see the al-
lowed deratings for
higher temperatures
shown in Figure 2.

Soldering Procedures, See Application Note 1005, Page 464.

For a Detailed Explanation on the Use of Data Sheet Information and Recommended

Package Dimensions

N2 BT

. j‘v;il‘°'m‘ -1
- . o
|+ + o+ o+ o+ o+ o+ ¢J| ) 9 - I
e T 23 46 6 78 . age Lo
wesr ) (.80
= o MAX ‘ ’ ’
END vcEwA s ToPB
W SN
Max R
A NUMBER .-
gggg ™ HLMP-XXXX ot INTENSITY
XYY z o /CATEGORY
' Lumnous 1‘fk
' cmmav —J L “”-—
s mmo;  : :
SR o , ' smss ’
Internal Circuit Diagram
’ FUNCTION U
1, | . PIN - ~-2sow-2m ~ -2350/-2450 :
{ ; 1. 2500 1 . -e880
T, |, 1 7Camode——a}. g Cathode-—a
’hﬁi—s "i{_a 2 | ‘Anode—a | . Anode—a.
vl B |, -3 ] “Camodgfb'ﬁ,,f g Qa!hoda—-’-b/%
- —5 4 . | Anode ~—b
S -
6 -
—t—7 6 . " . Anode —¢ .
"J{ : 7 “Cathode —d
[~ ® 8 . Anode — d
B NOTES: 1. Dimensions in millimetres and (inches).

2. Tolerances *.25 mm unless otherwise indicated.
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Electrical/Optical Characteristics at Ta=25°C
HIGH EFFICIENCY RED HLMP-2300/-2350
Parameter Symbol Test Conditions Min. Typ. Max. Units
. ‘ 100mA Pk: 1 of 5 :
Lumihous intensity® -2300 \ Duty Factor v e
with All LED' 20mA DC 3 7 med -
wil s
- 100mA Pk:10of 5 ‘
flluminated 2350 v Duty Factor 21 med
20mA DC 7 15 med
“ Peak Wavelength Apeak 635 nm
Dominant Wavelength® Ad 626 nm
; : IF=100mA 25 35
_Forward Voltage Per LED - VF TF= 20mA 79 5% \
‘Reverse Current Per LED IR VR=6V 10 1 wuA
Temperature Coefficient of VF Per LED AVE/*C IF=100mA -1.1 mv/°C
Thermal Resistance LED Junction-to-Pin Réy-pPIN 150 °C/W/
. LED
YELLOW HLMP-2400/-2450
Parameter Symbol Test Conditions Min. Typ. Max. Units
‘ 100mA Pk: 1 of 5
: : 8 med
. . -2400 v Duty Factor
Luminous Int 14} s
’ ensity 20mADC 2 5 med =
with All LED's 100mA PK: 10f 5 Bl
. . .10 =
Buminated 2450 i Duty Factor 18 med ==
20mA DC 5 11 med - 7
Peak Wavelength Apeak 583 nm
Dominant Wavelength!® Ad ; 585 nm
IF=100mA 2.6 35
Forward Voltage Per LED VF F= 20mA 50 56 v
Reverse Current Per LED R VR=6V 10 nA
Temperature Coefficient of VE Per LED AVE/IC IF=100mA -1.1 mv/°C
Thermal Resistance LED Junction-to-Pin Réy-PIN 150 °C/W/ I
LED |
GREEN HLMP-2500/-2550
Parameter Symbol Test Conditions Min. Typ. Max. Units
100mA Pk: 1 of 5
Luminous Intensity® -2500 v Duty Factor 6 med
. 20mA DC 1.5 35 mcd
with All LED's T00mA PR 1015
. :10f
lllummated 2550 Iy Duty Factor 13 mced
20mA DC 35 7.5 med
Peak Wavelength Apeak 565 nm
Dominant Wavelength®® Ad 572 nm
‘ IF=100mA 27 | 36
Forward Voltage Per LED VE F= 20mA o1 56 \
Reverse Current Per LED IR VR=6V 10 : uhA
Temperature Coefficient of VF Per LED AVF/C IF=100mA -11 mv/°C
Thermal Resistance LED Junction-to-Pin R8J-PIN 150 °C/W/
LED
NOTES: 4. Each device is categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of the package.
5. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and is that single wavelength which defines the color of the device.

137



Electrical

The HLMP-2300/-2400/-2500 series of light bar devices are
composed of two or four light emitting diodes, with the light
from each LED optically scattered to form an evenly illumi-
nated light emitting surface. The LED’s have a large area P-N

Optical

The radiation pattern for these light bar devices is approx-
imately Lambertian. The luminous sterance may be calculated
using one of the two following formulas:

junction diffused into the epitaxial layer on a GaP transparent Lv(cd/m?) = hvicd)
substrate. A(m?)
The anode and cathode of each LED is brought out by sepa-
rate pins. This universal pinout arrangement allows for the rlvicd)
wiring of the LED’s within a device in any of three possible Lv(footlamberts) = A
configurations: parallel, series, or series/parallel.
These light bar devices are designed for strobed operation at
high peak currents. The typical forward voltage values, oF i AREA
scaled from Figure 4, should be used for calculating the cur- EMITT?P}ZGESURFACE SO. METRES 5Q.FEET
rent limiting resistor values and typical power dissipation. Ex- 8.89mm x 3.81mm 33.87 x 10-¢ 364.58 x 105
pected maximum VF values for the purpose of driver circuit " 19.05mm x 3.81mm 7258 %105 | 781.25 % 10-¢
design and maximum power dissipation may be calculated
using the following VF models:
VF = 2.2V + lpeak (13Q) VE =19V + Ipc (23.3Q)
For Ipeak = 30mA For 10mA < Ipc < 30mA
28
Q: 20 !-[] 40
g ™ )
Eu | z
g2, = £ 3
alre
o i et g S
SEE 6 \ \ » TEMPERATURE DERATING 8 = MY
253 s \\ \ S OF Ipg MAX z Rya = 336 CWVILED b\
259 4 N o) Il I s Bt e /)\‘
itz I V! L T EA el i AN
G NE NN Do e [ TR
i N N § v
3 Ix s ) \ ' = s
E¥§ 1‘“ A A T DC OPERATION o
Q_g 1 10 100 1000 10000 0 10 20 30 40 S0 60 70 80 90

tp — PULSE DURATION —uS

Figure 1. Maximum Allowed Peak Current vs. Pulse Duration

Tp —AMBIENT TEMPERATURE —°C

Figure 2. Maximum Allowable DC
Current per LED vs. Ambient
Temperature. Deratings
Based on Maximum Allow-
able Thermal Resistance
Values, LED Junction-to-
Ambient on a per LED Basis.
TyMAX=100°C.

1.9 120 22
18 ] < 110 ] L] I 20 [T ]
- € [ HLMP-2300 SERIES /4 ’ ! 400
> 17 ] 1100 b - > 18 HLMP-2400 AND _|
S HLMP-2500 SERIES L~ = ! | £ : -2500 SERIES
S 16 - 2 90 ; P
g P S HLMP-2400 SEI R
S 15 =
& ~ A3 HLMP-2400 SERIES 5 00 Ji 23 14
14 S 2 ar
FRE] v/ g / 3< 12
2 LT 1~ HLMP-2300 SERIES < 60 2w HLMP-2300
Ea2 £ /1 H SERIES ]
@ 11 ] 2 / 3T g8
I x 4 wE ~ y
K £o
P g 2 zg *°
LS [ / HLMP-2500 SERIES 3% o
£ 8 X H o« y
< t l
2 £10 0.2 1
C obelely clefabgdefsfai °
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Ipgak — PEAK CURRENT PER LED — mA

Figure 3. Relative Efficiency
Luminous Intensity per Unit
Current) vs. Peak LED

Voltage.
Current.

Vg —PEAK FORWARD VOLTAGE -V

Figure 4. Peak Forward Current per
LED vs. Peak Forward

- DC CURRENT PER LED — mA

Figure 5. Relative Luminous Intensity
vs. DC Forward Current.
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SINGLE TWIN, & QUAD ARRANGEMENTS

'LED LIGHT BAR MODULES

HIGH EFFICIENCY RED -HLMP-2600 SERIES
- YELLOW -HLMP-2700 SERIES
- GREEN -HLMP-2800 SERIES

TECHNICAL DATA MARCH 1980

Features

e LARGE, BRIGHT, UNIFORM LIGHT EMITTING
SURFACE
Typical Luminous Sterance 160 cd/m2 at
60 mA Peak, 20 mA Average
Approximately Lambertian Radiation Pattern
e SUITABLE FOR MULTIPLEX OPERATION
LED’s in Either Parallel, Series or Parallel/
Series Connection
CHOICE OF THREE COLORS
High Efficiency Red
Yellow
Green
CATEGORIZED FOR LIGHT OUTPUT
Use of Like Chip Categories Yields a
Uniform Display
EASILY MOUNTED ON P.C. BOARDS OR
SOCKETS
Industry Standard 7.62 mm (0.3 in.) DIP
Leads on 2.54 mm (0.100 in.) Centers
I1.C. Compatible
Mechanically Rugged
e X — Y Stackable
FLUSH MOUNTABLE
EASY ALIGNMENT

EXCELLENT ON-OFF CONTRAST
Description

The HLMP-2600/-2700/-2800 series light bar modules are rectangular light sources designed for a variety of applications where
a large, bright source of light is required. These modules are configured in packages that contain either a single, twin or quad
light emitting surface arrangement. The -2600 and -2700 series devices utilize LED chips which are made from GaAsP on a
transparent GaP substrate. The -2800 series devices utilize chips made from GaP on a transparent GaP substrate.

Applications

e ANNUNCIATORS WITH ILLUMINATED
LEGENDS

BACKLIGHTED FRONT PANELS
FRONT PANEL INDICATORS
BAR GRAPHS

LIGHTED SWITCHES

EDGE LIGHT PANELS

Devuces
Part Numbef HLMP- A Nu:;;ber ,
' - 8ize of Light Emitting Areas Light | Package Outline
o Emitting
. : Areas

“/‘a.sgmmxsaemmfssoinxssom 1 A ]
8.89 mm x 3:81 fom (350 in. x 1501in) | 2 B m

889 mm x 19.05 mm (350 in. x .750 in.) 1 c

'|/8.89.ram x 8.89 mm {.360 in. x ,350 in.) 2 D

|:8.89:mm x 3.81 mm (;350%n, x .150in.) | 4 E

| 3.81 mm'x 18.06 ' mm (,150 in. x .750 in.) 2 F
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Absolute Maximum Ratings

Average Power Dissipation Per LED Chip (Ta =50°C)
Operating Temperature Range
Storage Temperature Range ....
Peak Forward Current Per LED Chip (Ta = 50°C)[35]

......... 9BmwW
-40°C to +85°C
-40°C to +85°C

60 mA

NOTES
. Derate maximum DC current above

Ta = 50°C at 0.57 mA/°C per LED
chip, see Figure 2.

---------- 2. Derate maximum DC current above
(Maximum Pulse Width = 2.0 ms) 58°C at 0.56 mA/°C per LED chip,
Time Average Forward Current Per LED Chip see Figure 2. )
Pulsed Conditionsil ..........cc.ueeeeeinieeeeiinneeeaeannns. 20 mA 3. sgzrai‘iﬁ;rgo:w d}zoﬁ:tab"s“ pulsed
DC Forwardlz?urrent Per LED Chip (HLMP-2700 Series) 4. Derate maximum lave current
(TA =500 C) 2 ittt ittt teeeennansneeeernsennnnas 25 mA above TA = 50°C at 0.40 mA
DC Forward Current Per LED Chip (HLMP-2600/-2800 average/°C per LED chip, see
Series) (TA=50°C) N L . itiiiiiieiieneiirenneneennereoeness 30 mA 5 ’ilgure 2. ion above Ta—50°C. see
. . For operation above Ta = , sel
Reverse Voll‘age Per LED Chip ........... T RTITTTRPPPRPLPRTS 6.0V the allowed deratings for higher
Lead Soldering Temperature [1.6 mm (1/16 inch) below temperatures shown in Figures 2
seating plane] ..........iiiiiiiiiiiiiiiiiieen 260°C for 3 seconds and 3.
7.620
0.254 = 0.05 (0:300)
“(0.010) (—
| 4.064
3.810
U - I N R
5 (0.050) ) ez
(3%8) (0.245)
— END VIEW A,B,C,D.EF
1.270
— [==(0.050)
8.890 3.810 3.810
| (0.350) (0.150)I (|0.150)
— 3.810 1
i T
8.890 4PLCS
(0350) —T
[::] o050
1 | = i o
8890 1.270 L___.]
0350 0.050) [:]
“45(%80‘23)-05 LUMINOUS 10.160 10060 10060 | 10160 |
TYP INTENSITY '—’] (0.400) ]‘7 —" (0.400) ‘F —' (0 400) "* (0.400) ~
N CATEGORY MAX. MAX. MAX.
SIDE VIEW C,D,E,F c D E F
NOTES: OUTSIDE WALL THICKNESS 0.508 (0.020) TYPICAL ALL PACKAGES.
DIMENSIONS IN INCHES AND (MILLIMETRES).
FUNCTION :
1— |—s — s | 16 PIN. - -
2 N 2—}- Tt 1 CATHODEa | CATHODEa
s i B A 2 ANODE a ANODEa
E. , g 3 o 2 Iy 3 ANODE b ANODE b - |
o] . b‘g? : $ o 4 | CATHODEbL | CATHODEH"
o . - 13 5 | CATHODEc | CATHODEe
, o 6. ANODE ¢ ANODE ¢
5—| 0 N 7 ~ ANODE d ANODE d
AB . ‘ A 8 CATHODE d CATHODE d
cZN. 9. CATHODE e
o—— . 10 . ANODE e
I " ANODE f
7—— 12 CATHODE f .
_gz 13 | CATHODE
8 14 . ANODEg " -
16 - ANODEh_ -
16 CATHODE h

C,DEF
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Electrical/Optical Characteristics at T,=25°C
HIGH EFFICIENCY RED HLMP-2600 SERIES

Parametet Symbol | Min. | Typ. | Max. | Units Test Conditions
‘ 16 mcd | 60 mA Pk: 1 of 3 Duty aotor
~2655 lv ” —
~ : : 6 14 med |20mADC o
‘ 8 med * | 60 mA Pk: 1 0f 3 Doty
~2600 iy - -
3 7 med | 20mADC
: C 5585 | 32 med. | 60 mA Pk: 1 0f 3 Duty F
,Lummous In'terssdtylal e v 12 28 med | 20 m A DG . "
Perhght&muUng - : -
. \2670 . 16 med’ | 60 mA Pk: 1 of.3. Duty
kel v 6 14 med |20MADC
; 8 med | 60 mA Pk: 1 of SDuty Facto
-2620 ly g -
" : 3 7 med | 20 mA DC
2635 . , 16 med |60 mA Pk ofza‘
R N Y 6 14 med | 20mADC.
‘Peak Wavelength Apeak 635 nm
Dominant Wavelength!”! Ad 626 nm :
Forward Voltage Per LED Vg 2.1 26 v IF =20 mA
- Reverse Current Per LED In 10 uA | Vr=6V
. : I ) °C/W/
Thermal Resistance LED :
Junction-to-Pin Rés-PIN 150 LED
: Chip
YELLOW HLMP-2700 SERIES
~ Parameter Symbol | Min. | Typ. | Max. | Units Test Conditions ~ *
12 med MnmPk1MSDmy&mm
-27565 ly - T "
5.4 10 mcd | 20 mA DC .
8 mecd | 60 mA Pk:10f3 Duty Faotor‘
-2700 Iv
2.7 5 mcd | 20 mA DC .
185 | 24 med wnmPRIMSDmyﬁmW
n fexg B -
Luminous Intensity 2 v 108 20 med 120 mA DG
Per Light Emitting :
Surface Area 2770 | 12 mcd. | 60 mA Pk: 1 of 3 Duty Factor
v 5.4 10 med | 20 mA DC
2720 | 6 mecd | 60 mA Pk: 1 0f3 Duty Factor
) Y 27 5 med | 20 mA DC
12 mcd | 60 mA Pk: 1 of 3 Duty Factor |
-2735 Iv
54 10 med | 20 mA DC
Peak Wavelength Apeak 583 nm
Dominant Wavelength!”! Ad 585 nm
Forward Voltage Per LED VE 2.2 2.6 Vo | Ir=20mA
Reverse Current Per LED IR 10 uA VR = 6V
- . i °C/W/
Thermal Resistance LED
Junction-to-Pin Réy-pIN 150 éﬁg
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Electrical/Optical Characteristics at T,=25°C

GREEN HLMP-2800 SERIES

Parameter Symbol Min. Typ. | Max. | Units ) Test Conditions
2685 W - 10° | med | 60 mA Pk: 1 of 3 Duty Factor
. o ' 5 : ‘med. | 20mADC | i
: 1 -8 mcd | 60 mA Pk; 1 of 3 Duty Factor
-2800 . Iy ” -
25 35 med | 20mA DC
e ‘ 720 ‘mcd- | 60 mA Pk: 1 of 3 Duty Factor
" Luminous intensity® ~2885 b 10 | 14 “med |20 mA DC
--Per Light Emitting — - -
'S,u',f'a t;e’ "Ar.ea' 2870 N 10 | med | 80 mA Pk: 1 of 3 Duty Factor
L : 5 7 . med | 200mA DC
¢ ~ | mcd | 60 mA Pk: 1 of 3 Duty Factor
2620 N 25 | 35 med | 20 mA DC
2835 W 10 mcd | 60 mA Pk: 1 of 3 Duty Factor
e . 5 7 mcd | 20 mA DC
Peak Wavelength - Apeak 565 nm
Dominant Wavelength!7] Ad 572 nm
~Forward Voltage Per LED VF 22 | 26 v |Ir=20mA
Reverse Current Per LED IR 10 uA | VR=BV -
' The’n"nal Resiétaﬁce LED | sciws
Junction-to-Pin Réu-PIN 150 . éﬁﬁ)

Notes:

6. These devices are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of

the package.

7. The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and is that single wavelength which defines the color of the

device.

Electrical

The HLMP-2600/-2700/-2800 series of light bar devices
are composed of four or eight light emitting diodes, with
the light from each LED optically scattered to form an
evenly illuminated light emitting surface. The LED’s have a
P-N junction diffused into the epitaxial layer on a GaP
transparent substrate.

The anode and cathode of each LED is brought out by
separate pins. This universal pinout arrangement allows
for the wiring of the LED’s within a device in any of three
possible configurations: parallel, series, or series/parallel.

The typical forward voltage values, scaled from Figure 4,
should be used for calculating the current limiting resistor
values and typical power dissipation. Expected maximum
VF values for the purpose of driver circuit design and
maximum power dissipation may be calculated using the
following VF models:

VE = 1.8V + Ipeak (40Q)
For IPEAK = 20mA

VE= 1.6V + Ipc (50Q)
For 5mA < Ipc < 20mA

Optical

The radiation pattern for these light bar devices, is
approximately Lambertian. The luminous sterance may
be calculated using one of the two following formulas:

Iv (cd)
2) = v t8)
Lv (cd/m2) m2)
_ iy (cd)
Lv (footlamberts) = A (f2)
Size of Light Area
Emitting Surface
Area Sq. Metres $q. Feet
8.89 mm x 8.89 mm | 67.74 x 10 | 729.16 x 10®
8.89 mm x 3.81 mm | 33.87 x 10® | 364.58 x 106
8.89 mm x 19.05 mm|135.48 x 10| 1458.32 x 106
3.81 mm x 19.05 mm| 72.58 x 10 | 781.25 x 10

t
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Refresh rates of 1 kHz or faster provide the most efficient
operation resulting in the maximum possible time average
luminous intensity.

The time average luminous intensity may be calculated
using the relative efficiency characteristic of Figure 3,
mpeak. and adjusted for operating ambient temperature.
The time average luminous intensity at Ta = 25°C is
calculated as follows:

_ [lava
lv TIME AVG = [20mA] ("‘pEAK) (Iv Data Sheet)

Example: For HLMP-2735 series

n'PEAK =1.18 at Ipeak = 48 mA
12mA
Iv TIME AVG = [5(2):7] (1.18) (10 med) = 7 med

The time average luminous intensity may be adjusted for
operating ambient temperature by the following exponen-
tial equation:

Iv (TA) = lv (25°C) e [K(Ta-25°C))

Device K
-2600 Series -0.0131/°C
-2700 Series -0.0112/°C
-2800 Series -0.0104/°C

Example: lv (80°C) = (7 mcd) e [-0.0112(80-25)|= 3 8mcd

Mechanical

These devices are constructed utilizing a lead frame in a
DIP package. The LED dice are attached directly to the
lead frame. Therefore, the cathode leads are the direct
thermal and mechanical stress paths to the LED dice. The
absolute maximum allowed junction temperature, Ty MAX,
is 100°C. The maximum power ratings have been
established so that the worst case VF device does not
exceed this limit. For most reliable operation, it is
recommended that the device pin-to-ambient thermal
resistance through the PC board be less than 250° C/W/
LED. This will then establish a maximum thermal
resistance LED junction-to-ambient of 400° C/W/LED.

These light bar devices may be operated in ambient
temperatures above +60°C without derating when
installed in a PC board configuration that provides a
thermal resistance to ambient value less than 250° C/W/
LED. See Figure 6 to determine the maximum allowed
thermal resistance for the PC board, Rgpc-a, which will
permit nonderated operation in a given ambient
temperature.

To optimize device optical performance, specially
developed plastics are used which restrict the solvents
that may be used for cleaning. Itis recommended that only
mixtures of Freon (F113) and alcohol be used for vapor
cleaning processes, with an immersion time in the vapors
of less than two (2) minutes maximum. Some suggested
vapor cleaning solvents are Freon TE, Genesolv DI-15 or
DE-15, Arklone A or K. A 60°C (140°F) water cleaning
process may also be used, which includes a neutralizer
rinse (3% ammonia solution or equivalent), a surfactant
rinse (1% detergent solution or equivalent), a hot water
rinse and a thorough air dry. Room temperature cleaning
may be accomplished with Freon T-E35 or T-P35,
Ethanol, Isopropanol or water with a mild detergent.
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Figure 1. Maximum Allowed Peak Current vs. Pulse Duration. Figure 2. Maximum Allowable Average Current per LED
vs. Ambient Temperature. Deratings Based on
Maximum Allowable Thermal Resistance Values,
LED Junction-to-Ambient on a Per LED Basis.
Ty MAX = 100°C.
40 T Y. 16
< HLMP-2700 HLMP-2600 I I !
E 35| SERIES HLMP-2800 RLMP-2800 SERIES
I SERIES > 14
5 /] g L
w30 w v
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o ALY o L1 /
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5 2 N Z 1o HLMP-2700 SERIES
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Figure 3. Maximum Allowable DC Current per LED vs.
Ambient Temperature. Deratings Based on
Maximum Allowable Thermal Resistance Values,
LED Junction-to-Ambient on a Per LED Basis.
Ty MAX = 100°C.

Ipeak — PEAK CURRENT PER LED — mA

Figure 4. Relative Efficiency (Luminous Intensity per
Unit Current) vs. Peak LED Current.

60 18
[ T] y
-——L HLWP - 2600 /1 / /
< 50 SERIES Y N 16
z
% _L L / g_\ 1.4
- HLMP - 2800 [ LA/ & ‘é
Z 40 SERIES /, / EE 12
£ 2tz
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o 3¢ SERIES 20
g / £ os[—Humezs00:2700—
= a
s !/ N Z o6 INGAZ
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! <2 HLMP-2800
u / a4 o4 SERIES
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y/4Al! 02
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Vg - FORWARD VOLTAGE —V

Figure 5. Forward Current vs, Forward Voltage Characteristics.

Ipc — DC CURRENT PER LED —mA

Figure 6. Relative Luminous Intensity vs. DC Forward Current.

For a Detailed Explanation on the Use of Data Sheet Information and Recommended
Soldering Procedures, See Application Note 1005, Page 464.
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HEWLETT
PACKARD

()

5082- 4850
5082- 4855
5082-4484
5082- 4494

COMMERCIAL
LIGHT EMITTING
DIODES

TECHNICAL DATA MARCH 1980

5082-4850/4855
| 5.1 (200)
_ ‘ 43 (170)

110 (450

9.9 (390)

.88 (.035)
.68 {.027)

%

“E5 023 SQUARE TYP