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Hewlett-Packard

A Leader in Components

A Brief Sketch

Founded in 1961, and
headquartered in San Jose,
California, the Hewlett-Packard
Company’s Components Group is
the world’s largest independent
supplier of communications
components. Today the group has
approximately 11,600 employees,
and had fiscal 1997 revenues of
$1.5 billion (overall HP
components revenues).

The Components Group includes
four major divisions: Communica-
tion Semiconductor Solutions
(CSSD), Wircless Infrastructurc
(WID), Optoelectronics (OED),
and Integrated Circuit Business
(ICBD), and serves five major
markets: communications, net-
working, industrial, automotive,
electronical signs and signalling.

Included in the Components
Group’s extensive line of more
than 9,000 components are visible
and infrared LED lamps; visible
LED displays; light bars and
arrays; Infrared Data Association
(IrDA)-compliant infrared
transceiver modules; fiber-optic
transceivers, transmitters and
receivers meeting most of today’s
industry standards; motion control
devices; optocouplers and related
optically-isolated control compo-
nents; bar-code components; RF
and microwave semiconductors;
and communications amplifiers
and assemblies. HP offers the
world’s brightest LEDs and is a
technical leader for visible III-V
products.

The Components Group markets
products through a sales force of
375 technically-educated sales
professionals located in about 45
countries. HP components are also
sold through a worldwide
distributor network with more
than 200 locations. Altogether, 70
percent of sales revenues are from
customers external to HP.

The Components Group maintains
five marketing centers worldwide
in San Jose, California;
Boeblingen, Germany; Tokyo,
Japan; Pinewood, UK; and Hong
Kong. Each is fully staffed with
product application and support
engineers and each is responsible
for regional decision making. A
design center in Tokyo is
specifically chartered to develop
products for the Japanese market.

Local decision-making is central of
HP’s transnational business
strategy which focuses on
customer satisfaction. In addition
to providing the right product with
superior quality and reliability, the
Components Group strives to
ensure worldwide product
availability, accurate ontime
delivery and up-to-date technical
information for its customers.

Quality and Reliability
Quality and reliability are very
important concepts to Hewlett-
Packard in maintaining the
commitment to product
performance.

At Hewlett-Packard, quality is
integral to product development,
manufacturing, and final
introduction. HP’s commitment to
quality means that there is a
continuous process of improve-
ment and tightening of quality
standards. Manufacturing quality
circles and quality testing
programs are important
ingredients in HP products.

Reliability testing is also required
for the introduction of new HP
components. Lifespan calculations
in “mean-time-between-failure”
(MTBF) terms are published and
available as reliability data sheets.
HP’s stringent reliability testing
assures long component lifetimes
and consistent product
performance.

Information about the
Components Group and its
products can be found on the
World Wide Web at:
www.hp.com/go/components






About This Guide

To help you choose and design

with Hewlett-Packard fiber optic

components, this guide contains
product selection guide, funda-
mental informations on digital
fiber optic links, recommended
reference designs, detailed
product specifications and
application notes.

How to order

To order any component in this
guide, call your nearest HP
authorized distributor.

A complete listing of HP
authorized distributors in Europe
is located at the end of this guide.
These distributors can offer off-
the-shelf delivery for most HP
components..

Service and Support

For technical assistance call your

nearest HP authorized distributor.

For additional Information

Information regarding Hewlett-
Packard fiber optic components is
available on the World Wide Web
at: www.hp.com/go/fiber

Literature is available regarding

other HP components Group

products not listed in this catalog:

e LED Lamps and Displays

e Infrared Products

* RF and Microwave products

* Optoisolators

* Motion Sensing and Control
Products

* Bar Code Components

 High Speed Fiber Optic and
Integrated Circuit Components

www.hp.com/go/components
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Introduction

Optical fiber as a transmission
medium is gaining acceptance in
many areas of technology because
of its inherent benefits over
copper media, and continuing
efforts to reduce the cost of fiber
optic links are making them cost
competitive with wire assemblies.

In the market for factory
automation and industrial control,
fiberoptic link assemblies have
been found to be cost-comparative
with typical grades of twisted pair
and coax cable.

Furthermore, fiber provides other
advantages to wire such as voltage
isolation and electromagnetic
immunity, which are common
problems in industrial
environments.

Benefits of Optical Fiber over
Copper Wire

For industrial applications, many
problems arise when using copper
wire assemblies which can be
eliminated with fiber-optic cable.
The following is a list of benefits a
fiber optic link assembly will
provide:

Electromagnetic Immunity/
Transmission

Copper transmission media are
susceptible to electromagnetic
fields and emit EM noise (which
may interfere with other instru-
mentation.) Fiber optic links
neither emit nor receive these
signals. Because there is no
crosstalk between lines, the signal
is clearer and bit error rate (BER)
is reduced.

Voltage Isolation

While optocouplers will often
isolate high voltage interfaces
from delicate CMOS circuitry up
to 600 Volts, fiber is needed for
higher voltages. Fiber also is used
for isolation in longer distance
links between equipment where
ground loop problems may occur
due to differences in potential.
Furthermore, fiber provides
voltage isolation to the operator
and eliminates the risk of I/0 board
destruction due to a lightning
strike or power surge.

Data Rate/Distance

While copper links perform well at
low data rates for industrial
applications, some control
applications may require higher
data rates and longer distances.

HCSis a registered trademark of SpecTran Corporation

For instance, a factory PLC might
run on an Ethernet LAN (20 MBd).
At this data rate, category 5 UTP
limits the distance obtainable to
185 meters, but with SpecTran’s
HCS® (hard clad silica) fiber and
650 nm LED technology, the link
can run up to 1 kilometer. If you
need even longer distance, 62.5 pm
core, graded-index glass fiber and
low-cost 820 nm LED technology
will run the link up to 2.7 kilo-
meters.

Ease of Handling

Many people have the misconcep-
tion that fiber is a lot harder to use
than wire. In reality, fiber is
actually easier to handle. First of
all, fiber is a lot lighter than wire,
that’s a big deal to the workers
doing the installation. Also, the
bend radius of fiber is tighter than
that of wire, giving more flexiblity.
These benefits, along with the
distance you can achieve with
fiber, give the installer a lot of
choices. Different rooms, different
floors, even different buildings can
easily be linked with fiber-optic
cable.



Details of Industrial Fiber

A fiber-optic link assembly
consists of an LED transmitter, a
PIN photodiode receiver, fiber
optic cable and connectors, and
related circuitry, integrated or
discrete. The LED transmitter has
a lens designed to efficiently
couple light into the specific fiber
you are using. The wavelength of
the LED also is optimized for the
fiber. Different fibers may give you
different data rates and distances,
s0 it is important to choose care-
fully which fiber to use in order to
achieve required performance,
while minimizing cost.

Fortunately, for the industrial
market, data rates and distances
tend to be low compared to the
LAN market. Therefore, industrial
customers are able to use the
lowest cost fiber link available to
meet their specifications. The
fiber-optic links typically used in
these applications fall in the 650 to
665 nm wavelength spectrum, and
operate over plastic, 1 mm
diameter fiber.

The technology, design, and
manufacturing techniques
implemented by Hewlett-Packard
make their fiber-optic products
efficient, durable and low cost.
HP has been in the forefront of
fiber-optic communications from
the very beginning as the largest
independent supplier of com-
munication products in the world.
We are commiitted to using our
unique combination of in-house.
high-technology development
along with our high-volume
manufacturing processes to meet
all of your fiber-optic datacom
and telecom needs for data rates
from DC to gigabit speeds and
distances from 0 to Long-haul
telecommunications.*

New Product Offerings!

Crimpless Connectors for
Plastic Optical Fiber

The HFBR-453X family of
connectors are an enhanced
version of the HFBR-450X and
HFBR-451X low-cost connectors
for plastic optical fiber, which

are compatible with HP's Versatile
Link family of transmitters and
receivers.

The innovative design uses a
simple, snap-together concept
which eliminates the need for
crimping. This connector not
only saves the user labor and
tool cost, but reduces the yield
loss due to installation error.
The HFBR-453X family of
connectors are available in two
styles; latching and non-latching.

10 MBd Versatile Link
Fiber-Optic Transmitter and
Receiver

The 650 nm HFBR-0508 family
consists of a fiber-optic
transmitter and receiver. The
HFBR-1528 transmitter is an
LED in a low-cost housing
designed to efficiently couple
power into 200 pm diameter
hard clad silica (HCS®) fiber
and 1 mm diameter plastic optical
fiber (POF). The HFBR-2528
receiver incorporates a PIN
detector and digital output IC
compatible with CMOS and TTL
logic families.

The HFBR-0508 links operate
from dc to 10 MBd at distances
up to 50 meters with 1 mm POF
and up to 500 meters with 200 pm
HCS®. No minimum link
distances are required when
using recommended circuits,
thus simplifying design.

* Please contact your local sales office for further information on HP's high-performance
fiber-optic data communications and telecommunications products to meet any standard.
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SMA and ST® Fiber Optic
Transmitter and Receiver for
Fieldbus Applications

The 650 nm HFBR-0505 Series
transmitters and receivers have
similar optical and electrical
performance with the 10 MBd
Versatile Link. Designed for use in
optical fieldbus applications as
PROFIBUS, INTERBUS-S or
SERCOS the transmitters and
receivers are housed in a low cost,
small footprint 1x4 simplex SMA
or ST port package. These can be
used with low-cost plastic optical
fiber (POF) or hard clad silica
(HCS®) fiber.

125 MBd Versatile Link
Fiber-Optic Transmitter and
Receiver

The 650 nm HFBR-0507 family

is the most cost-effective fiber-
optic solution for transmission

of 125 MBd data over 100 meters.
The data link consists of a 650 nm
LED transmitter, HFBR-15X7, and
a PIN/preamp receiver, HFBR-
25X6. These can be used with low-
cost plastic optical fiber (POF) or
hard clad silica (HCS") fiber.

These components can be used
for high speed data links without
the problems common with
copper solutions, at a competitive
cost.

125 MBd JIS F07 (PN)
Connection Fiber-Optic
Transceiver

The 650 nm HFBR-5527 fiber-optic
transceiver has compatible optical
and electrical performance with
the 125 MBd Versatile Link. The
transceiver connector is com-
patible with duplex JIS F07,
simplex JIS F05 and PN connect-
ors. PN is an abbreviation for
“Premise Networks”. The housing
design of the PN connector is
almost the same as that of the FO7
connector.



Product Family Summaries

Versatile Link (650 nm)

The HFBR-0501 Versatile Link is a
complete family of fiber-optic link
components for applications
requiring a low-cost solution. The
HFBR-0501 family includes trans-
mitters, receivers, connectors, and
cables specified for easy design.
This family of components is
ideal for solving problems with
high-voltage isolation/insulation,
EMU/RFI immunity or data
security. The optical link design is
simplified by the logic compatible
receivers and complete specifica-
tions for each component. The
key optical and electrical
parameters of links configured
with the HFBR-0501 family are
fully guaranteed from 0° to 70°C.

Typical applications for the
Versatile Link family include
industrial control links, PC-to-
peripheral links, local area
networks, secure data
transmission, and medical
equipment.

Fieldbus (650 nm)

This family of 650 nm fiber optic
link components is designed for
industrial fieldbus applications.
The transmitters and receivers
comply with the optical
specifications of well-known
fieldbus standards; SERCOS,
PROFIBUS, INTERBUS-S, with the
respective ST® or SMA connector
style. Plastic optical fiber and
HCS® fiber is used with this
components.

SERCOS, an acronym for SErial
Realtime COmmunication System,
is a standard digital interface for
communication in industrial CNC
applications. The standard was
formed to allow data transfer
between numerical controls and
drives via fiber-optic rings. HFBR-
1505A and HFBR-0600 series
comply with SERCOS specificat-
ions for optical characteristics and
SMA connector style.

PROFIBUS, an acronym of
PROcess Fleld BUS, is an open
fieldbus standard defined for data
rates ranging from 9.6 kBd to

12 MBd in selectable steps for wire
and optical fiber. The ST
connector is the standard optical
port of the PROFIBUS optical
fiber version. The HFBR-1515B
and HFBR-2515B complies fully to
the technical guideline using
Plastic Optical Fiber.

INTERBUS-S, a special open
Sensor/Actuator Bus, is finding a
broad acceptance in the factory
automation industry. The HFBR-
1505C was specially designed for
this application and is recommen-
ded as a powerful transmitter for
use with 1 mm POF and 200 um
HCS® fiber.

Miniature Link (820 nm)

The HFBR-0400 Miniature Link
family of components are designed
to provide cost-effective, high-
performance fiber-optic communi-
cation links. They are widely used
in Local Area Network (LAN)
systems, Token Ring LAN systems,
computers to peripheral links,

HCS" is a registered trademark of SpecTran Corporation.

ST is a registered trademark of AT&T.

computer monitor links, digital
cross connect links, central office
switch/PBX links, video links,
modems & multiplexers, and
industrial control links with link
distances of up to 4 km and data
rates up to 175 MBd.

The transmitters and receivers
are directly compatible with
popular “industry-standard”
connectors; ST®, SMA, SC, and
FC. To provide you with manu-
facturing and design flexibility,
the transmitters and receivers are
auto-insertable and wave-
solderable. Also, they are
completely specified with multiple
fiber sizes;

S50/125 pmy, 62.5/125 pm,

100/140 um, and 200 pum.

Miniature Link (1300 nm)

The HFBR-0300 multimode family
of components and HFBR-0305
singlemode family of components
are designed to provide the most
cost-effective 1300 nm fiber optic
links for a wide variety of data
communication applications. The
components are pin-compatible
with HFBR-0400 family of
components, thus allowing the
designers to use a single circuit
and board layout for 820 nm
multimode fiber links, 1300 nm
multimode fiber links, and
singlemode fiber links. Upgrading
a multimode solution to single-
mode solution is as simple as
switching components on a board.
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Link Selection from dc to 10 MBd
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LED : Lo i
Driver _EZ = *\/\, = ZE]>‘ I— Quantizer H—
i '

1 1 I N 1
HFBR-0508 Series (1 mm POF)

HFBR-0505 Series (1 mm POF)

L1

HFBR-0508 Series (200 um HCS®)

HFBR-0505 Series (200 um HCS®)
[T T ITIITI

I
HFBR-0501 Series (1 mm POF)

I L]

HFBR-0400 Series (200 um HCS®)

HFBR-0400 Series (62.5/125 um glass) ]
[ T 11T

[
HFBR-0600 Series (1 mm POF)

|| HNE1

HFBR-0600 Series (200 um HCS®)

Data Rate [MBd]

HFBR-0502 Series (1 mm POF)

[ 111
|

[ 1]

0.04

HFBR-0503 Series (1 mm

POF)

1
111

HE—1

1 2 5 1

0 20

l
50 1

500 1000 2000 3000

Distance [m]




Link Selection from 1 MBd to 175 MBd
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A HFBR-0507 Series with 1 mm POF

B HFBR-0507 Series with 200 um HCS®

C HFBR-0400 Series with 62.5/125 um glass
D HFBR-0300 Series with 62.5/125 um glass
E HFBR-0305 Series with 9/125 um glass
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Versatile Link Family (650 nm)

Features:

o Dual-in-line package, horizontal and vertical PCB mounting, plastic
snap-in connectors, specified for 1 mm diameter plastic optical fiber
(POF) and 200 um hard clad silica (HCS®) fiber cables. Auto
insertable and wave solderable.

Product/Part Numbers Product Description Page No.

Evaluation Kits
HFBR-0501 (1 MBd) HFBR-1524 transmitter, HFBR-2524 receiver, polishing 4
tool, 3 styles of plastic connectors, bulkhead feedthrough,
5 meter 1000 um plastic optical fiber cable, lapping film,
grid paper, and literature

HFBR-0527H (HCS®, 125 MBd) HFBR-1527 transmitter, HFBR-2526 receiver, 1x9 + ECL 59
interface demo board, 1 meter of HCS® optical fiber cable
with connectors, all interface ICs and literature

HFBR-0527P (POF, 125 MBd) HFBR-1527 transmitter, HFBR-2526 receiver, 1x9 + ECL 59
interface demo board, 1 meter of plastic optical fiber cable
with connectors, all interface ICs and literature

HFBR-0528 (10 MBd) Fully assembled Tx board with HFBR-1528 transmitter, n
fully assembled Rx board with HFBR-2528 receiver,
2 meter connectored plastic optical cable and literature

Transmitter/Receiver Pairs

Horizontal Vertical Link Description Data Rate Distance*

HFBR-1528/2528 | N.A. 10-MBd POF Data Link 10 MBd 50m n
HFBR-1528/2528 | N.A. 10-MBd HCS® Data Link 10 MBd 500 m

HFBR-1527/2526 | HFBR-1537/2536 | 125-MBd High-Speed POF Link 125 MBd 25m 59
HFBR-1527/2526 | HFBR-1537/2536 | 125-MBd High-Speed HCS® Link 125 MBd 100 m

HFBR-1521/2521 | HFBR-1531/2531 | 5-MBd High Performance Link 5 MBd 50m I3
HFBR-1522/2522 | HFBR-1532/2532 | 1-MBd High Performance Link 1 MBd 73m

HFBR-1524/2524 | HFBR-1534/2534 | 1-MBd Standard Performance Link 1 MBd 43m

HFBR-1523/2523 | HFBR-1533/2533 | 40-kBd Extended Distance Link 40 kBd 145m

HFBR-1523/2523 | HFBR-1533/2533 | Low-Current Link 40 kBd 45m

HFBR-1523/2523 | HFBR-1533/2533 | Photo Interrupter Link 20 kHz N.A.

HFBR-1522/2522 | HFBR-1532/2532 500 kHz N.A.

*Link performance at 25°C, improved attenuation cable

HCS* is a registered trademark of SpecTran Corporation.
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Versatile Link Family (650 nm), continued

Product/Part Numbers Product Description Page No.
Plastic Optical Fiber Cables, C tors, and A ies

Available in various lengths (yyy meters)

Attenuation Simplex Duplex 105
Standard HFBR-RUSyyy ~ HFBR-RUDyyy | Unconnectored cable

Standard HFBR-RNSyyy  HFBR-RNDyyy | Cable with simplex connectors

Standard HFBR-RLSyyy ~ HFBR-RLDyyy | Cable with latching simplex connectors

Standard N/A HFBR-RMDyyy | Duplex connectored cable

Standard N/A HFBR-RTDyyy | Latching duplex connectored cable

Extra Low Loss HFBR-EUSyyy ~ HFBR-EUDyyy | Unconnectored cable
Extra Low Loss HFBR-ENSyyy ~ HFBR-ENDyyy | Cable with simplex connectors
Extra Low Loss  HFBR-ELSyyy HFBR-ELDyyy | Cable with latching simplex connectors

Extra Low Loss  N/A HFBR-EMDyyy | Duplex connectored cable
Extra Low Loss  N/A HFBR-ETDyyy | Latching duplex connectored cable
Crimpless Connectors
Non latching HFBR-4531 Black crimpless connector / simplex or duplex 19
arrangement using 1 or 2 x HFBR-4531 Best Buy
Latching HFBR-4532 Black crimpless latching connector
Connectors
Simplex Standard HFBR-4501 Gray simplex connector/crimp ring 105
HFBR-4501B Black simplex connector/crimp ring
HFBR-4511 Blue simplex connector/crimp ring
HFBR-4531 Crimpless black simplex connector
Simplex Latching HFBR-4503 Gray simplex latching connector/crimp ring
HFBR-4503B Black simplex latching connector/crimp ring
HFBR-4513 Blue simplex latching connector/crimp ring
HFBR-4532 Crimpless black simplex latching connector
Duplex Standard HFBR-4506 Parchment duplex connector/crimp ring
HFBR-4506B Black duplex connector/crimp ring
HFBR-4531 Crimpless black duplex connector
Duplex Latching HFBR-4516 Gray duplex latching connector/crimp ring
HFBR-4516B Black duplex latching connector/crimp ring
Bulkhead Feedthrough HFBR-4505 Gray bulkhead feedthrough adapter, simplex
In-Line Splice HFBR-4505B Black bulkhead feedthrough adapter, simplex
HFBR-4515 Blue bulkhead feedthrough adapter, simplex
Accessories HFBR-4525 1000 simplex crimp rings
HFBR-4526 500 duplex crimp rings
HFBR-4593 Plastic polishing kits (used for all connectors)
HFBR-4597 Plastic fiber crimping tool
Hard Clad Silica Optical Fiber Cables, C s, and A ies
Available in various lengths (yyy meters)
Rating Simplex Duplex
Riser Rated HFBR-HUSyyy | HFBR-HUDyyy | Unconnectored cable 105
Riser Rated HFBR-HNSyyy | HFBR-HNDyyy | Cable with simplex connectors
Plenum Rated | HFBR-VUSyyy | HFBR-VUDyyy | Unconnectored cable
Plenum Rated | HFBR-VNSyyy | HFBR-VNDyyy | Cable with simplex connectors

Connectors

HFBR-4521 Black simplex connector/crimp ring
Accessories

HFBR-4527 100 simplex crimp rings

HFBR-4584 Crimp and cleave termination kit
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Fieldbus Family (650 nm)

Evaluation Cable HFBR-RWS002

Two-meter SMA 1000-mm plastic fiber optic cable

Features:
Meets 2/4 MBd industrial SERCOS, 1.5 MBd PROFIBUS and
INTERBUS-S standard, SMA and ST® ports, specified for use BBS‘ BUV
with 1 mm Plastic Optical Fiber and 200 um Hard Clad Silica,
DC to 10 MBd data rate capability, auto-insertable and wave
solderable.
Product/ Part Numbers Product Description Page No.
Transmitter / Receiver Fiber Size Data Rate Distance (typ.)
SERCOS HFBR-1505A/2505A 200 um HCS® 2/4/10MBd  400m 79
1 mm POF 55m
PROFIBUS HFBR-1515B/2515B 200 pm HCS® 1.5/10MBd 400 m
1 mm POF 55m
INTERBUS-S HFBR-1505C/2505A 200 pm HCS® 05/10MBd 500 m
1. mm POF 60 m
Features:
Dual-in-line package, fully compliant to SERCOS optical specifications,
optimized for 1000 mm plastic optical fiber, compatible with SMA
connectors, auto-insertable and wave-solderable.
Product/Part Numbers Product Description Page No.
Transmitter/Receiver Pairs Data Rate Distance (typ.)
Standard Link HFBR-1602/2602 2 MBd 40m 87
Extended Distance Link HFBR-1604/2602 2 MBd 55m

JIS FO7 Connection High Speed Transceiver (650 nm)

Features:

1x8 footprint package style and compatible with duplex JIS FO7
simplex JIS FO5, and PN connectors. Specified for 1 mm diameter
plastic optical fiber (POF) and 200 um hard clad silica (HCS® ) fiber.
Auto insertable and wave solderable.

Product/Part Numbers

Product Description

Page No.

Evaluation Kits

HFBR-0530 HFBR-5527 transceiver, fully assembled PC board, and
literature

Transceiver Fiber Type Data Rate Distance*

HFBR-5527 POF 125 MBd 25m
HCS® 125 MBd 100 m

93

*Link performance at 0° to 70°C, improved attenuation cable

HCS® is a registered trademark of SpecTran Corporation.
ST®is a registered trademark of AT&T.
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Miniature Link Family (820 nm)

| Jm

Features:

Dual-in-line package, operates at 820 nm, interfaces directly with ST*,
SMA, FC, or SC connectors, specified for used with 50/125-um,
62.5/125-pum, 100/140-um and 200-um hard clad silica (HCS ®) fiber.
Auto-insertable, wave solderable, and no mounting hardware required.

Product/Part Numbers Product Description Page No.
Evaluation Kits
HFBR-0410 (ST®, 5 MBd) HFBR-1412 transmitter, HFBR-2412 receiver, 3-meter connectored 125
62.5/125-um fiber cable, and literature
HFBR-0414 (ST®, 70 MBd) HFBR-1414T transmitter, HFBR-2416T receiver, 3-meter 62.5/125-um fiber
cable, PC board, all interface ICs, and literature
HFBR-0416 (ST®, 155 MBd) HFBR-1414 transmitter, HFBR-2416 receiver, fully assembled PC board, and
literature
Transmitters/Receivers
HFBR-14X2 Standard Transmitter Optimized for large size fiber such as 100/140-um fiber and 200-pm HCS"
fiber
HFBR-14X4 High Power Transmitter Optimized for small size fiber such as 50/125-um or 62.5/125-um fiber
HFBR-24X2 5 MBd Receiver TTL/CMOS compatible receiver with -25.4 dBm sensitivity
HFBR-24X6 125 MHz Receiver PIN-preamp receiver for signal rates up to 175 MBd
Transmitters/Receivers Pairs Fiber Size Data Rate Distance
HFBR-14X2/24X2 200 um 5 MBd 1500 m
62.5/125 um 5 MBd 2000 m
HFBR-14X4/24X6 62.5/125 um 20 MBd 2700 m
62.5/125 pm 32 MBd 2200 m
62.5/125 um 55 MBd 1400 m
62.5/125 um 125 MBd 700 m
62.5/125 um 155 MBd 600 m
62.5/125 um 175 MBd 500 m
Miniature Link Family (1300 nm)
Features:
5 Dual-in-line package, operates at 1300 nm wavelength,
§ Eﬁ E interfaces directly with ST® connectors, specified for use
g [ with 50/125 pm, 62.5/125 um, and singlemode
8/125 um fibers.
Product/Part Numbers Product Description Page No.
Evaluation Kits
HFBR-0310 (ST®, 155 MBd) HFBR-1312T transmitter, HFBR-2316T receiver, fully 157
assembled PC board, and literature
Transmitters/Receivers Pairs Fiher Size Data Rate Distance
HFBR-1312TM/2316T 62.5/125 um 55 MBd 4000 m 157
62.5/125 um 155 MBd 2700 m
HFBR-1315TM/2315T 8/125 um 32 MBd 14000 m 165

HCS® is a registered trademark of SpecTran Corporation.

ST"is a registered trademark of AT&T.
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Using HP’s recommended
designs

The logic-compatible circuits
shown look deceptively simple,
but have been carefully developed
to deliver the best performance
possible with HP’s LED optical
transmitter components.

They are based upon proven
circuits and techniques that have
been demonstrated to work in
numerous applications.

To avoid problems, minimize
development costs and minimize
time-to-market designers are
encouraged to imbed the shown
circuits.
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Fundamentals of Digital Fiber Optic Links

The following reference designs
concentrate on links built with the
Versatile Link and Miniature
Link family products.

All the optical transmitters from
these families include an LED
without driver circuitry, as shown
below in figure 1. But low cost
driver ICs are available from many
suppliers. The following designs
will show easy integration of these
ICs into a transmitter circuit.

The optical receivers from dc up
to 10 MBd include a photodiode,
preamp, and quantize circuit, as
shown below in figure 1, and have
TTL outputs (dc¢ coupled). These
receivers can be used with
arbitrary timing (no duty factor
restriction). Typical applications
are RS232, RS485, SERCOS,
INTERBUS-S and PROFIBUS
protocols.

The receivers for data rates from
1 MBd to 175 MBd include a
photodiode and preamp with
analog outputs. They have to be ac
coupled to a comparator or
quantizer circuitry to provide the
digital logic levels (i.e. ECL, TTL).
The ac coupling requires encoding
of the serial data (i.e. Manchester,
4B/5B, scrambled coding), but
provides better sensitivity than dc
coupled receivers.

20

Typical Link Block Diagram from dc to 10 MBd

Transmitter Receiver
—Paraliel o | : ! Narallel
] | | LE i -> < er bt
. Driver ; > U Quantizer ;
— Serial | ' | ' |Serial
Figure 1

For dc to 40 kBd designs see page 22 and application note AN1035 (page 205)
For dc to 1 MBd designs see page 24 and application note AN1035 (page 205)
For dc to 5 MBd designs see page 26 and application note AN1035 (page 205)
For dc to 10 MBd designs see page 28 and application note AN1080 (page 273)

Typical Link Block Diagram from 1 MBd to 175 MBd

Transmitter Receiver

fmmmmmm e

Paralle! H Parallel

<4 AVAV < ZEI>— +— Quantizer —

Serial

LED
Driver

TTTTT

Serial

Ll
[

Figure 2

For dc to 32 MBd designs see page 30 and application note AN1121 (page 295)
For 2to 70 MBd designs see page 34 and application note AN1122 (page 307)
For 20 to 160 MBd designs see page 36 and application note AN1123 (page 319)



Fiber Optic Link Power Budget

When designing fiber optic links it
is important to provide to the
optical receiver enough optical
power for proper operation.
Therefore total link loss and

Fiber Optic Link Power Budget

MO_EO’V’

Link Distance

Patch Panel

Splice Patch Panel

ONSIOANIONIDEva |7

Il

optical safety margin should be I !
P . y 8 Input Transmitter | ! Receiver Output
taken into account when cal- ! !
culating the required transmitter ;f:vfczf:'mef i :
power. !
I
The following worksheet can be i
used to calculate total link loss, Link Loss |
optical link power budget and  Receiver
. . A Sensitivity

required optical transmitter | |
power.
Calculations
Fiber Optic Cable
Cable Loss = Link Distance __km * Fiber Attenuation _ dB/km = dB

or = Link Distance m * Fiber A ion dB/m = ~dB
Splice Requirements
Cable Splice Qty. of Splices ~ *Loss per Splice ~dB = dB
Patch Panel Qty. of Patch Panels * Loss per Patch Panel ~dB = dB
Link Loss = Cable Loss + Splice Loss + Patch Panel Loss = dB
Optical Power Budget
Link Power Budget = Link Loss __dB + Safety Margin' 4B = 4B
Required Transmitter Power

Link Power Budget = Transmitter Power — Receiver Sensitivity

or Transmitter Power = Link Power Budget dﬂB + Receiver Sensitivity ) qu = dBm

The Transmitter Power can be adjusted via the transmitter forward current limiting resistor to a value equal or greater than the requirement!

' A typical Safety Margin is 3 dB and may be required for future splice and aging of the fiber optic transmitter and cable.
For further details consult the application notes in this guide.




Reference Design for dc to 40 KBd TTL data
0

1 1 ™ s -
ana 1.9 Kiuometers.

-]
-
S
[~
[7/]
-
&
=
o
[¢]
4]
(¢’]
(>
s
[}
e

TTL Compatible Transmitter

TTL Compatible Receiver
+5VVee
cl = g
10pF R1 u2 u3 4 +5V Vce
1 Transmitter Receiver 5
1€ . 8 s LR
c2 01pF 5 g 33K
0.1 pF 2 13
It 3 Zy ! Zy 2 40V
L\Y 4 7 é
J= 5 8
>
........................ ' TIL Output
ut : :
DS3631 i3
= v

TTL Input

f—

Components values

Distance 0to 53 meters 0to 1.5 kilometers
@ 40 kBd

Transmitter HFBR-15X3 HFBR-15X8
Receiver HFBR-25X3 HFBR-25X3

Fiber Type 1 mm Plastic 200 um HCS®

R1 340 Q 150 Q




Attributes

1) No adjustments needed.

2) No receiver overdrive with
short fiber-optic cables.

3) DS3631 is available from
National Semiconductor.

4) Uses 1 mm dia. plastic optical
fiber and HFBR-4531 (HFBR-
4532) crimpless connector
which can be field terminated
in less than 1 minute.

5) Uses 200 um hard clad silica
(HCS®) optical fiber and HFBR-
4521 crimp and cleave
connector.

References

1) HFBR-0501 Series data sheet,
HP pub. # 5965-1657E

2) HFBR-4531/4532 Crimpless
Connector data sheet,
HP pub. # 5965-1659E

3) Application Note 1035
HP pub. # 5964-4027E

4) HFBR-0508 Series data sheet,
HP pub. # 5963-3591E

5) Plastic Optical Fiber and HCS
fiber cables and connectors,
HP pub. # 5963-3711E
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at digtan

AU WIS VALLL

()
o
]

+5VVee b

TTL Compatible Transmitter

-

c1 [%] . = £
10pF 1500 pF ] Ri u2 u3
Iy 51Q 8 Transmitter Receiver
LAY
) . ;
0.1
T =00
11y 4
= 5
DS75451
TTL Input i ;
ov +
Components values
Distance 0to 10 meters 0 to 45 meters
@1 MBd
Transmitter HFBR-15X4 HFBR-15X2
Recei HFBR-25X4 HFBR-25X2
Fiber Type 1 mm Plastic 1 mm Plastic
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5

TTL Compatible Receiver

— +5V Ve
A ca
T~ 01pF

T

TTL Output




Attributes

1) No adjustments needed.

2) No receiver overdrive with
short fiber-optic cables.

3) DS75451 is available from
National Semiconductor.

4) Uses 1 mm dia. plastic optical
fiber.

5) Uses HP's HFBR-4531 or HFBR-
4532 crimpless connector
which can be field terminated
in less than 1 minute.

References

1) HFBR-0501 Series data sheet
HP pub. # 5965-1657E

2) HFBR-4531/4532 Crimpless
Connector data sheet,
HP pub. # 5965-1659E

3) Application Note 1035
HP pub. # 5964-4027E
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Reference Design for dc to 5 MBd TTL data
at distances between 0 and 1.7 kilometers.

+5VVee

TTL Compatible Transmitter

u
H DS75451

1

2
g HFBR-15X1

PN %) [N B

L

TTL Input I
................................ u28
4 ! I—B HFBR-14X2
oV F

—

I

U3A
HFBR-25X1 5

7-»@7»

O

u3B
HFBR-24X2

=Hom=

TTL Compatible Receiver

C3A

T 0rpF

4
3
2 40V
H

1

L

TTL Output

R2 TTL Output
560

L c38
[~ o1uF

N E

0

i ov
v

Components values
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Distance 0to 16 meters 0to 700 meters 0to 1.7 kilometers
@5MBd

Transmitter HFBR-15X1 HFBR-14X2 __HFBR-14X4
Receiver HFBR-25X1 HFBR-24X2 HFBR-24X2 -
Fiber Type 1 mm Plastic 200 pm HCS® 62.5/125 um

R1 78.7Q 174 Q 69.8 Q

+5VVee

+§5VVee




Attributes

1) No adjustments needed.

2) No receiver overdrive with
short fiber-optic cables.

3) DS75451 is available from
National Semiconductor.

4) Uses 1 mm dia. plastic optical
fiber and HFBR-4531 or HFBR-
4532 crimpless connector
which can be field terminated
in less than 1 minute.

5) Uses 200 um dia. hard clad
silica (HCS®) optical fiber and
no-epoxy no-polish crimp and
cleave ST® or SMA optical
connectors available from
SpecTran.

R) Ulses commonly available
62.5/125 um dia. glass fiber and
ST* or SMA optical connectors.

References

1) HFBR-0501 Series data sheet
HP pub. # 5965-1657E

2) HFBR-4531/4532 Crimpless
Connector data sheet,
HP pub. # 5965-1659E

3) Application Note 1035
HP pub. # 5964-4027E

4) HFBR-0400 Series data sheet
HP pub. # 5965-1655E
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.
at distances between 0 and 300 meters.
TTL Compatible Transmitter TTL Compatible Receiver
+5VVee
R3
o 27 5%
10 uF R1 R2 u2 u3 r—W—l +5Vvee
.,,u QK 5% S 41 1% g HFBR-15X8 HFBR-25X8 o
N -
¢ : 4 T 01pF
0.1 uF 2 3
¢ 3 Zy zy 2 1 ov
LAY 4 1 é
- 5 8
8 TTL OQutput
u1
DS75451
= v

TTL Input

Components values

Distance 0to 40 meters 0 to 300 meters

@ 10 MBd

Transmitter HFBR-1528 HFBR-1528

Receiver HFBR-2528 HFBR-2528

Fiber Type 1 mm Plastic 200 um HCS® ]




Attributes

1) No adjustments needed.

2) No receiver overdrive with
short fiber-optic cables.

3) DS75451 is available from
National Semiconductor.

4) Uses 1 mm dia. plastic optical
fiber and HFBR-4531 or HFBR-
4532 crimpless connector
which can be field terminated
in less than 1 minute.

5) Uses 200 um hard clad silica
(HCS™) optical fiber and
HFBR-4521 crimp and cleave
connector.

References

1) HFBR-0508 Series data sheet
HP pub. # 5963-3591E

2) HFBR-4531/4532 Crimpless
Connector data sheet,
HP pub. # 5965-1659E

3) Application Note 1080
HP pub. # 5963-6756E

4) Plastic Optical Fiber and HCS®
Fiber Cables and Connectors,
HP pub. # 5963-3711E
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U2A
HFBR-15X7

Reference Design for dc to 32 MBd TTL data
. .
at distances between 0 and 1.3 kilometers.
Transceiver circuit
L
- .
TDK # HF30ACB453215 o J_ _L ©
0.1 pF I 10 uF . 8
uic
o | 7#ACTO00 T R §
u1D —i -2
, HACTO00 L, ) 4
uiB 5
74ACTQ00 —_!

J1
Transceiver |/0

4

U1A
74ACTQ00

3

u2B

HFBR-14X4

-

Coilcraft 1008LS-122XKBC

RS
47

R4
47

@|m|<[, =

_11 ¢z L Ctn

A
L2

_LCIO _L c9

Lo

U3A
HFBR-25X6

U3B
HFBR-24X6

]

I 10 uF 7T~ 0.1 F 10pF T 01pF 01 uF
= ¥ R8
R10 ¢ R | r;s
L
240 8 0 L}
] (]
7
R11 R7 —
240 210
4] 5
L o3 r2 L c8
T o1pfF L3 22K 0.1uF I 4
= PESEN

Coilcraft 1008LS-122XKBC

Transceiver component values

Distance 0to 27 meters 0 to 690 meters 0 to 800 meters 0to 1.3K meters
@ 32 MBd

Transmitter HFBR-15X7 HFBR-15X7 HFBR-14X4 HFBR-13X2T

650 nm LED 650 nm LED 820 nm LED 1300 nm LED

Receiver HFBR-25X6 HFBR-25X6 HFBR-24X6 HFBR-23X6
Fiber Type 1 mm Plastic 200 um HCS® 62.5/125 pm 62.5/125 pm
R1 120Q 33Q 3BQ 2Q

R2 120Q 33Q 3O 21Q

R3 390 Q 210Q 210Q oo

C3 82 pF 470 pF 75 pF 150 pF
C6=C7= 2
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(3) (R6+R7) [Data Rate (Bd)]




Attributes

1) Can be used with unencoded
data.

2) No analog circuit design
needed.

3) No printed circuit design
needed.

4) Printed circuit design can be
electronically imported from
web address
http//www.hp.comvHP-COMP/
fiber/fiber_index.html#gerber
by downloading transl.exe
Electronic files contain:

a) Transceiver schematic
b) Printed circuit artwork
c) Material list

5) No adjustments needed.

6) No receiver overdrive with
short fiber-optic cables.

7) Uses low-cost off-the-shelf
integrated circuits from
Fairchild and Linear
Technology.

8) One transceiver design can be
used to address a wide range
of applications.

9) Can be used with 1 mm dia.
POF for lowest cost, 200 um
HCS®, 62.5/125 pm miltimode
glass or 9/125 single-mode
glass optical fibers for greater
distances.

10) POF or HCS® fiber connectors
can be field terminated in less

than 1 minute. For POF use the

HFBR-4531 connector, for
HCS?® fiber use HFBR-4521

connector.

References

1) HFBR-0507 Series data sheet,
HP pub. # 5963-3591E

2) HFBR-0400 Series data sheet,
HP pub. # 5965-16565E

3) HFBR-0300 Series data sheet,
HP pub. # 5091-7380E

4) HFBR-4531/4532 Crimpless
Connector data sheet,
HP pub. # 5965-1659E

5) Plastic Optical Fiber and HCS®
Fiber Cables and Connectors,
HP pub. # 5963-3711E

6) Application Note 1121
HP pub. # 5966-1353E
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Transceiver circuit

u

A~ . .
TOK # HF30ACB453215 o 1 Lo
0.1 uF I I 10 uF , ﬂ U2A
e Ll 4 HFBR-15X7
o LroacTaon T w2 :
v T P :
, 4ACTa0 1 J

c3 I
U1B
74ACTQ00 1

4
{ 6
5 1 u28
——D_ R 2 HFBR- 144
J UIA —
Transceiver /0 1 74ACTO00 7
L »— : -
i 2
2
- 7
4 RS R4
& ) Coiloraft 1008L5-122XKBC ) 47 47
S_' os L Lew 2 Les Lo 112 k 4 = O St AN
L m..FI 01 uF lmmim WF g u $ |
X R ¢RE
9 T T R17 15 MMPuggm}? 51 951
68K
16 14 r
R19 R15
W w5 ms e g
o © s W't mnpazsos o WegR.20x6
R20 ’ ris [ 12 i ¢ ]
20 27u| 7 "
It 7]
17,
0.1 uF 4 5
R4 QRI3 R12 R10 R7
_I I‘zg‘liﬁ PR gwlluF a0 (40 15K 110 15K
Coilcraft 1008LS-122XKBC
Transceiver component values
Distance 0to 42 meters 0to 1K meters 0to 1.6K meters 0to 3.3K meters 0to 4.0K meters
@ 32 MBd
Transmitter HFBR-15X7 HFBR-15X7 HFBR-14X4 HFBR-13X2T HFBR-1315
650 nm LED 650 nm LED 820 nm LED 1300 nm LED 1300 nm ELED
Receiver HFBR-25X6 HFBR-25X6 HFBR-24X6 HFBR-23X6 HFBR-2315
Fiber Type 1 mm Plastic 200 pm HCS* 62.5/125 um 62.5/125 um 9/125 um
R1 1202 3BQ 33Q 2Q 18Q
R2 120 Q 33Q 3BQ 21Q 18Q
R3 390 270 Q 270 Q2 oo 390 Q
c3 82 pF 470 pF 75 pF 150 pF 47 pF
2
C9=Cl0= =

(3) (R154R16) [Data Rate (Bd)]
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Attributes

1) Can be used with unencoded
data.

2) No analog circuit design
needed.

3) No printed circuit design
needed.

4) Printed circuit design can be
electronically imported from
web address
http://www.hp.corvHP-COMP/
fiber/fiber_index.html#gerber
by downloading trans2.exe
Electronic files contain:

a) Transceiver schematic
b) Printed circuit artwork
¢) Material list

5) No adjustments needed.

6) No receiver overdrive with
short fiber-optic cables.

7) Uses low-cost off-the-shelf
integrated circuits from

Fairchild, Motorola, and Linear

Technology.

8) One transceiver design can be
used to address a wide range
of applications.

9) Can be used with 1 mm dia.
POF for lowest cost, 200 pm
HCS®, 62.5/125 pm multimode
glass or 9/125 single-mode
glass optical fibers for greater
distances.

10) POF or HCS® fiber connectors
can be field terminated in less

than 1 minute. For POF use the

HFBR-4531 connector, for
HCS® fiber use HFBR-4521

connector.

References

1) HFBR-0507 Series data sheet,
HP pub. # 5963-3591E

2) HFBR-0400 Series data sheet,
HP pub. # 5965-1655E

3) HFBR-0300 Series data sheet,
HP pub. # 5091-7380E

4) HFBR-4531/4532 Crimpless
Connector data sheet,
HP pub. # 5965-1659E

5) Plastic Optical Fiber and HCS”
Fiber Cables and Connectors,
HP pub. # 5963-3711E

6) Application Note 1121
HP pub. # 5966-1353E
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Reference Design for 2 to 70 MBd TTL data at
distances between 0 and 14.0 kilometers.
Transceiver circuit
u
- . .
TOK # HF30ACB453215 a L J: @
0.1 uF 10F 3 u2A
vic I I L HFBR-15X7
o _L78ACTO00 T T a w2 2
uio ] )2— v 3
, JiACT0 | J &
uie ¢ 5
1 4 THACTaD0 +—
1 6
3 f ! u28
_D_ fa 2 HFBR-14X4
a UiA 1
Transceiver |/0 1 JAACTQ00 7 |
1 2 3 3
2
aE 7
4 RS R4
5 Coilcraft 1008LS- 122XKBC 47 47
(6] Lo Lcs Tecos P U3A
1 Tt “To 10 == CIl  ==C5 HFBR-25X6
(8 uF | wF uF D1 12K 0.1uF 0.1 uf
9 T ) L oy HUMP-a700
Coilcraft 1008LS-122XKBC T o047 26)27128] 1] 2f3] 4] c6
wh| & IN e 2882z 2wyt
1K Rl 2| I P ERRY o
6 ":*_3 P % P I 0.1 pF s
Vref ZE N ¢
s ] o I Izz o ES el L 6] HFBR-24X6
R19 In HePL001 [~ o1 wF e ] Y © ::]
?ulr)nhp"\‘al = 20 oo MLde2s o 10 o (nli F
TLOUTE ch !
R12 19 a4 1 7
0 obim jumper \ ez @gggg g
R13 ciz T 18[17]1s[ishalvalial
0ohm jumper 01 uF, |_I
) RS ¢ R7 =
cu 510 ¢ 510 -
0.1 4F
Transceiver component values
Distance 0to 80 meters 0 to 300 meters 0to 1.5K meters 0to 3.8K meters “0to 14.0K meters
@ 50 MBd B
Transmitter HFBR-15X7 HFBR-15X7 HFBR-14X4 HFBR-13X2T HFBR-1315
650 nm LED 650 nm LED 820 nm LED 1300 nm LED 1300 nm ELED
Receiver HFBR-25X6 HFBR-25X6 HFBR-24X6 HFBR-23X6  HFBR-2315
Fiber Type 1 mm Plastic 200 um HCS* 62.5/125 um 625125um 9/125 um
R1 120Q 33Q BQ 2Q 18Q
R2 1200 3BQ BQ 27Q 18Q |
R3 390 Q 210Q R _210Q e 390 Q
C3 82 pF 470 pF 75 pF 150pF 47 pF

. - | .
When data rate is <20 MBd then C9 = — [4(pF
¢ nxoo(Bd)] [4om]

When data rate > 20 MBd delete C9
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Attributes

1) Intended for applications that
use encoded data.

2) No analog circuit design
needed.

3) No printed circuit design
needed.

4) Printed circuit design can be
electronically imported from
web address
http://www.hp.convHP-COMP/
fiber/fiber_index.html#gerber
by downloading rl170.exe
Electronic files contain:

a) Transceiver schematic
b) Printed circuit artwork
¢) Material list

5) No adjustments needed.

6) No receiver overdrive with
short fiber-optic cables.

7) Uses low-cost off-the-shelf
integrated circuits from
Fairchild and Micro Linear.

8) One transceiver design can be
used to address a wide range
of applications.

9) Can be used with 1 mm dia.
POF for lowest cost, 200 pm
HCS", 62.5/125 um multimode
glass or 9/125 single-mode
glass optical fibers for greater
distances.

10) POF or HCS" fiber connectors
can be field terminated in less
than 1 minute. For POF use the
HFBR-4531 connector, for
HCS" fiber use HFBR-4521

connector.

References

1) HFBR-0507 Series data sheet,
HP pub. # 5963-3591E

2) HFBR-0400 Series data sheet,
HP pub. # 5965-1655E

3) HFBR-0300 Series data sheet,
HP pub. # 5091-7380E

4) HFBR-4531/4532 Crimpless
Connector data sheet,
HP pub. # 5965-1659E

5) Plastic Optical Fiber and HCS*
Fiber Cables and Connectors,
HP pub. # 5963-3711E

6) Application Note 1122
HP pub. # 5966-1270E
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Reference Design for 20 to 160 M

-2 18 "Tal e ) "Tal Th U PP
+0V LUL (FLUL) data a

0 and 6 kilometers.

4 _We __ 4 _
U aistanc

o
=%

Transceiver circuit
calca -Lcchs-Lm -L
e 01 uF:_[ 0.001 uFI 1ouFI 01 pi 0001 MEI 1 8 AR
4ACTO00 © =7 7 N ;
8 3 "
MMBT3904LT1 A8
al 5
BFTS2
74ACTQ00 Q&
1 [ fe 18 u2B
2 HFBR-14X4
uiB 8
74ACTQ00 7
5 b R10 3 ::]
Ji n
Transceiver /0 R o 5
TX GND |
e P2
T0- ; &
TXVee p— "
xvee o—oT ], vab W3V 3} Lo L
Neo M 20 ¥ o2 Y T g 0.1uF RS T o e
RD- 3 $ 10 uF :‘é‘l K CIuF O1pF Vbb 447 HFBR-25X6
RD: cig SR8 RI7
RX GND -t uaC orpF $51 Usa 5 QB H R14
MC10H116FN AL MC10H116FN MCIOHHBFNZO 2 1K 3L
18 15 o 4 5 [ % WK e
0.1 uF
19 17 ) 3 7 9 12 1 )
s g 10 - 14 s hen usB
01uF &gy ¢ 51 W o HFBR-24X6
a ]
Vbb 3V T gl17uF Vbb T o
47 I— al 5
v
Transceiver component values
Distance 0to 50 meters 0 to 50 meters 0to 500 meters Oto2Kmeters  0to 6K meters
@ 160 MBd o
Transmitter HFBR-15X7 HFBR-15X7 HFBR-14X4 HFBR-13X2T HFBR-1315
650 nm LED 650 nm LED 820 nm LED 1300 nm LED 1300 nm ELED
Receiver HFBR-25X6 HFBR-25X6 HFBR-24X6 HFBR-23X6 HFBR-2315 )
Fiber Type 1 mm Plastic 200 um HCS® 62.5/125 um 62.5/125 pm 9/125 pm j
R8 310Q 825Q 845Q 18.71Q 53.6 Q
R9 3100 825Q M5 81Q
R1 15Q 15Q 56 Q . e o
Rt K 4750 22K Q2 oo ]
c8 43 pF 120 pF 33 pF 56 pF ]

Note the transceiver only requires a +5V power supply. The receiver circuit's +3V bus is created using the
TL431CD shunt regulator, and Vbb, which equals +3.7V, is a bias source located within the MC10H116FN.
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Attributes

1) Intended for applications that
use encoded data.

2) Can be used with off-the-shelf
physical layer chips such as
the AMD TAXIchip* or Cypress
HOTLink' to build low-cost
byte-to-light protocol-indepen-
dent data communication links

3) No analog circuit design
needed.

4) No printed circuit design
needed.

5) Printed circuit design can be
electronically imported from
web address
http://www.hp.com/HP-COMP/
fiber fiber_index.html#gerber
by downloading raftv3.exe
Electronic files contain:

a) Transceiver schematic
b) Printed circuit artwork
¢) Material list

6) No adjustments needed.

7) No receiver overdrive with
short fiber-optic cables.

8) Uses low-cost off-the-shelf
integrated circuits from
Fairchild, Motorola, and Texas
Instruments.

9) One transceiver design can be
used to address a wide range
of applications.

10) Can be used with 1 mm dia.
POF for lowest cost, 200 um
HCS®, 62.5/125 pm miltimode
glass or 9/125 single-mode
glass optical fibers for greater
distances.

11) POF or HCS® fiber connectors
can be field terminated in less
than 1 minute. For POF use
the HFBR-4531 connector, for
HCS® fiber use HFBR-4521
connector.

References

1) HFBR-0507 Series data sheet,
HP pub. # 5963-3591E

2) HFBR-0400 Series data sheet,
HP pub. # 5965-1655E

3) HFBR-0300 Series data sheet,
HP pub. # 5091-7380E

4) HFBR-4531/4532 Crimpless
Connector data sheet,
HP pub. # 5965-1659E

5) Plastic Optical Fiber and HCS*
Fiber Cables and Connectors,
HP pub. # 5963-3711E

6) Application Note 1123
HP pub. # 5966-1269E



Byte-to-light interface between PECL-
compatible fiber-optic transceivers and
off-the-shelf PHY chips, such as Advanced
Micro Device’s TAXIchip™ or Cypress
Semiconductor’s HOTLink™.

120 ¢ 120
Serializer
v
H—) 70 = 50 ohms. —
Serial +5 V ECL Data : """""""""""""""""""""
H—) 20 - 50 ohms O — : § )
'——@ 9 TxGND Fiber Optic  :
0.1 uF, 82 B Transceiver
LakY! :
n H shown on
‘L 8 e @35 1D+ previous Page |
+5V < A E H
Noisy Host :
System Power 12uH —t—ae 1 1D
| I ;
L ; v
= 0.1 uF = WpF A< ZR01pF H 6 Tx Vee
A\l H
L7 1
= weF 3z S0 L 5 RxVee
= ¥ 3
2 sm 12pH @4 NC
<+ <) 20 = 50 ohms }————@ 3 RD-
Serial +5V ECL Data
<+ €) Z0 = 50 ohms }———@ 2 RD+

W_J

Conventional
TTL Data Bus

12H

r’m_,_‘ 1 RxGD

Recommended Power Supply Filter and
+5V ECL (PECL) Signal Terminations
for the AMD TAXIchip and Cypress HOTLink
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Technical Data Sheets

== Fiber Optic Data Sheet Index

e Versatile Link - The Versatile Fiber Optic Connection ..................
¢ 125 Megabaud Versatile Link
I * 10 Megabaud Versatile Link Transmitter and Receiver for 1 mm POF and 200 pm HCS®...
¢ Fiber Optic Transmitters and Receivers for Fieldbus AppliCAtions ..........ccooiiiiiiiiiiie
¢ SERCOS Fiber Optic Transmitters and Receiver...........................
125 Megabaud Fiber Optic Transceiver JIS FO7 Connection......
« Plastic Optical Fiber and HCS Fiber Cable and Connectors for Versatile Link
@  Crimpless Connectors for Plastic Optical Fiber and Versatile Link ...
¢ Low Cost, Miniature Fiber Optic Components with ST®, SMA, SC and FC Ports ..
¢ 1300 nm Fiber Optic Transmitter and Receiver ...
¢ 1300 nm E-LED Transmitter and PIN/Preamp Receiver for Single Mode Fiber ...

HCS® is a registered trademark of SpecTran Corporation.
ST®is a registered trademark of AT&T.
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Versatile Link

The Versatile Fiber Optic

Connection

Technical Data

Features
* Low Cost Fiber Optic
Components

* Enhanced Digital Links
dc-5 MBd

* Extended Distance Links up
to 120 m at 40 kBd

* Low Current Link: 6 mA
Peak Supply Current

* Horizontal and Vertical
Mounting

¢ Interlocking Feature

* High Noise Immunity

* Easy Connectoring
Simplex, Duplex, and
Latching Connectors

* Flame Retardant

* Transmitters Incorporate a
660 nm Red LED for Easy
Visibility

* Compatible with Standard
TTL Circuitry

Applications

* Reduction of Lightning/Volt-
age Transient Susceptibility

* Motor Controller Triggering

¢ Data Communications and
Local Area Networks

* Electromagnetic
Compatibility (EMC) for
Regulated Systems: FCC,
VDE, CSA, etc.

* Tempest-Secure Data
Processing Equipment

5965-1657E (1/97)

* Isolation in Test and
Measurement Instruments

* Error Free Signalling for
Industrial and Manufactur-
ing Equipment

* Automotive Communications
and Control Networks

* Noise Immune Communica-
tion in Audio and Video
Equipment

Description

The Versatile Link series is a
complete family of fiber optic link
components for applications
requiring a low cost solution. The
HFBR-0501 series includes trans-
mitters, receivers, connectors and
cable specified for easy design.
This series of components is ideal
for solving problems with voltage
isolation/insulation, EMI/RFI
immunity or data security. The
optical link design is simplified
by the logic compatible receivers
and complete specifications for
each component. The key optical
and electrical parameters of links
configured with the HFBR-0501
family are fully guaranteed from
0° to 70°C.

A wide variety of package config-
urations and connectors provide
the designer with numerous
mechanical solutions to meet
application requirements. The

HFBR-0501 Series

transmitter and receiver compo-
nents have been designed for use
in high volume/low cost assembly
processes such as auto insertion
and wave soldering.

Transmitters incorporate a 660
nm LED. Receivers include a
monolithic d¢ coupled, digital IC
receiver with open collector
Schottky output transistor. An
internal pullup resistor is avail-
able for use in the HFBR-25X1/2/
4 receivers. A shield has been
integrated into the receiver IC to
provide additional, localized noise
immunity.

Internal optics have been optim-
ized for use with I mm diameter
plastic optical fiber. Versatile
Link specifications incorporate
all connector interface losses.
Therefore, optical calculations for
common link applications are
simplified.
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HFBR-0501 Series Part Number Guide

1 = Transmitter
2 = Receiver

5 = 600 nm Transmitter and

Receiver Products

2 = Horizontal Package
3 = Vertical Package

Link Selection Guide

o

nnn vevw
nromn AsAA

oo —
|

= 5 MBd High Performance Link

= 1 MBd High Performance Link

L—— 3 = 40 kBd Low Current/Extended Distance Link
4 = 1 MBd Standard Link

6 = 155 MBd Receiver
7 = 155 MBd Transmitter
8 = 10 MBd High Performance Link

(Links specified from 0 to 70°C, for plastic optical fiber unless specified.)

Signal Rate Distance (m) 25°C Distance (m) Transmitter Receiver
40 kBd 120 110 HFBR-1523 HFBR-2523
1 MBd 20 10 HFBR-1524 HFBR-2524
1 MBd 55 45 HFBR-1522 HFBR-2522
5 Mbd 30 20 HFBR-1521 HFBR-2521
Evaluation Kit

HFBR-0501 1 MBd Versatile Link:

This kit contains: HFBR-1524 Tx, HFBR-2524 Rx, polishing kit, 3 styles of plastic connectors, Bulkhead
feedthrough, 5 meters of 1 mm diameter plastic cable, lapping film and grit paper, and HFBR-0501 data

sheet.

Application Literature

Application Note 1035 (Versatile Link)

Package and Handling
Information

The compact Versatilie Link
package is made of a flame
retardant VALOX® UL V-0
material (UL file # E121562)
material and uses the same pad
layout as a standard, eight pin
dual-in-line package. Vertical and
horizontal mountable parts are
available. These low profile
Versatile Link packages are

stackable and are enclosed to
provide a dust resistant seal.
Snap action simplex, simplex
latching, duplex, and duplex
latching connectors are offered
with simplex or duplex cables.

Package Orientation
Performance and pinouts for the
vertical and horizontal packages
are identical. To provide addi-
tional attachment support for the

VALOXY is a registered trademark of the General Electric Corporation.
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vertical Versatile Link housing,
the designer has the option of
using a self-tapping screw
through a printed circuit board
into a mounting hole at the
bottom of the package. For most
applications this is not necessary.

Package Housing Color
Versatile Link components and
simplex connectors are color
coded to eliminate confusion



when making connections.
Receivers are blue and transmit-
ters are gray, except for the
HFBR-15X3 transmitter, which is
black.

All of the above transmitters and
receivers are also available in
black versions for applications
where improved housing opacity
is required due to very bright
ambient light or bright flashes of
light.

Handling

Versatile Link components are
auto-insertable. When wave
soldering is performed with

Mechanical Dimensions
Horizontal Modules

[ o .
2.0 6.8
(0.080) (0.270)
\}
- 18.8 -
(0.740)
[}
0.64
(0.025) 76
(0.30)
U v
4
3.81 (0.150) MAX.
7.62 3.56 (0.140) MIN.
(0.300) ~ =

28
(0.109)

Versatile Link components, the
optical port plug should be left in
to prevent contamination of the
port. Water soluble fluxes, not
rosin based fluxes, are recom-
mended for use with Versatile

Link components.

Versatile Link components are
moisture sensitive devices and
are shipped in a moisture sealed
bag. If the components are
exposed to air for an extended
period of time, they may require
a baking step before the solder-
ing process. Refer to the special
labeling on the shipping tube for

details.
- 102
(0.400)
5.1
* (0.200)
4.2
(0.165)
A
. v
'
1.27

051 . . ~ = (0.050)

- -

2.5
(0.100)

20
(0.080)

Recommended Chemicals for
Cleaning/Degreasing
Alcohols: methyl, isopropyl,
isobutyl. Aliphatics: hexane,
heptane, Other: soap solution,
naphtha.

Do not use partially halogenated
hydrocarbons such as 1,1.1
trichloroethane, ketones such as
MEK, acetone, chloroform, ethyl
acetate, methylene dichloride,
phenol, methylene chloride, or N-
methylpyrolldone. Also, HP does
not recommend the use of
cleaners that use halogenated
hydrocarbons because of their
potential environmental harm.

Vertical Modules

le 356
AT

—

1.02
(0.040)

51 {
102 (0200 I
(0.400) +
X
! 183
68 (0.720) -
0200 |, 76
(0.30)
173
— (0.068)
18.8
0.740

Iy

oy |

275(0110) MiN
051
(0.020)

.Y
-
127 762
(0.050) : 064
(0300) (0.025 24
T

3 y - 181
(0.150)

H

(. 100)
OPTIONAL MOUNTING HOLE 1, !
FOR #2 SELF- TAPPING SCREW 38 -
(METRIC EQUIVALENT M2.2 x 0.46) (0.150)
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Versatile Link Printed Board Layout Dimensions

Horizontal Module

Vertical Module

762
(0.300)
254
— | e
(0.100)
62
101
0.300
258 B (0300 (0.040101A: 2.25 (0.050) CLEARANCE
(0.100) HOLE FOR OPTIONAL
1.01(0.040) DIA. N VERTICAL MOUNT
D-D-& SELF- TAPPING SCREW %2
A 32 3
v 782
TOP VIEW 7.62 (0.300)
(0.300) 3.81
(0.150) 5 8
v v T V.Y
A ~ — PCB EDGE i ~— PCB EDGE — — —
185 Jn. 173
(0.073) —  woa™™

DIMENSIONS IN MILLIMETERS (INCHES).

Interlocked (Stacked)
Assemblies (refer to
Figure 1)

Horizontal packages may be
stacked by placing units with pins
facing upward. Initially engage
the interlocking mechanism by
sliding the L bracket body from
above into the L slot body of the
lower package. Use a straight

Stacking Horizontal Modules

THIN, RECTANGULAR EDGE
ASSEMBLY TOOL

3.81
10.150)

edge, such as a ruler, to bring all
stacked units into uniform
alignment. This technique
prevents potential harm that
could occur to fingers and hands
of assemblers from the package
pins. Stacked horizontal packages
can be disengaged if necessary.
Repeated stacking and unstack-
ing causes no damage to
individual units.

DIMENSIONS IN MILLIMETRES AND (INCHES)

To stack vertical packages, hold
one unit in each hand, with the
pins facing away and the optical
ports on the bottom. Slide the L
bracket unit into the L slot unit.
The straight edge used for
horizontal package alignment is
not needed.

Stacking Vertical Modules

Figure 1. Interlocked (Stacked) Horizontal or Vertical Packages.
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5 MBd Link (HFBR-15X1/25X1)

System Performance 0 to 70°C unless otherwise specified.

Parameter Symbol Min. Typ.|Max.| Units Conditions Ref.
High Data Rate | | de 5 | MBd | BER < 10, PRBS:27-1
Performance [ Link Distance | ¢ 19 m | Iy = 60 mA Fig. 3
5 MBd (Standard Cable) 27 | 48 m Iy = 60 mA, 25°C Note 3
Link Distance | £ | 22 m | Igg = 60 mA Fig. 4
(Improved Cable) 27 53 m | Igg. = 60 mA, 25°C Note 3
Propagation tn | | 80 | 140 | ns |R, =560, C, = 30 pF | Fig. 5, 8
Delay tpHL 50 | 140 | ns | fiber length = 0.5 m Notes 1, 2
-21.6 <Py <-9.5 dBm
Pulse Width T 30 ns | Py = -15 dBm Fig. 5, 7
L Distortion tpLu-teyL RL = 560 Q, CL =30 pF

Notes:

1. The propagation delay for one metre of cable is typically 5 ns.

2. Typical propagation delay is measured at P; = -15 dBm.

3. Estimated typical link life expectancy at 40°C exceeds 10 years at 60 mA.

+ 1,47 4F
Vee HW

DATA

Figure 2. Typical 5 MBd Interface Circuit.

SN TS S 8 SH—
M I A
b |
2 M
I 7| |
H 77 |
£ N
z f \OVERDRIVE |
& i |
5 UNDERDRIVE
g RS a S
2 | I
H I |
S ‘ i
w 10 - - - - —
: e e s
w + I 1
- i 0°C-70°C
s st
0 10 20 30 0 50

@~ CABLE LENGTH - METRES

Figure 3. Guaranteed System Performance with Standard
Cable (HFBR-15X1/25X1).

45V
- 01,
| — i

t———————————O0 DATA

| -~ FORWARD CURRENT (mA)

[ 10 20 30 40 50 60
@ — CABLE LENGTH - METRES

Figure 4. Guaranteed System Performance with Improved
Cable (HFBR-15X1/25X1).
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510 [P 8
5V
VE 2 L4
3
4
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Trsast ) )
PULSE L0 |2

GENERATOR

Figure 5. 5 MBd Propagation Delay Test Circuit.

Figure 6. Propagation Delay Test Waveforms.

500

HFBR-15X2/25X2

400 HFBR-15X4/25X4

300

200

70°C
0°C

HFBR-15X1/25X1

tp - PULSE WIDTH DISTORTION - ns

|

25 20 ETINNST -5

©

Pgr - INPUT OPTICAL POWER - dBm

Figure 7. Typical Link Pulse Width Distortion vs.

Optical Power.
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Figure 8. Typical Link Propagation Delay vs. Optical Power.



HFBR-15X1 Transmitter

8 DO NOT CONNECT

ANODE —

CATHODE —2-
Ne. -3
Ne. -4

5 DO NOT CONNECT

Absolute Maximum Ratings

Pin # Function
T Anode
2 Cathode
3 Open
4 Open
5 Do not connect
8 Do not connect

Note: Pins 5 and 8 are for mounting and
retaining purposes only. Do not
electrically connect these pins.

Parameter Symbol Min. Max. Units Reference

Storage Temperature Ts -40 +75 °C

Operating Temperature Ta 0 +70 °C

Lead Soldering Cycle Temp. 260 °C Note 1
Time 10 sec

Forward Input Current Irpx 1000 mA Note 2, 3

| Trae i 80
Reverse Input Voitage VR | 5 v

Notes:
1. 1.6 mm below seating plane.

2. Recommended operating range between 10 and 750 mA.

3. 1 ps pulse, 20 ps period.

All HFBR-15XX LED transmitters are classified as IEC 825-

1 Accessible

Emission Limit (AEL) Class 1 based upon the current proposed draft scheduled
to go into effect on January 1, 1997. AEL Class 1 LED devices are considered
eye safe. Contact your local Hewlett-Packard sales representative for more

information.
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Transmitter Electrical/Optical Characteristics 0°C to 70°C unless otherwise specified.

Parameter Symbol | Min. | Typ.[5! | Max. | Units Conditions Ref.
Transmitter Output P; 165 76 | dBm | Ipge = 60 mA | Notes 1,2 |
Optical Power -14.3 8.0 | dBm | Igg = 60 mA, 25°C
Output Optical Power AP/AT | | -085 9%/°C o
Temperature Coefficient
Peak Emission Apk - 660 nm T
Wavelength
Forward Voltage A 1.45 | 1.67 | 2.02 | V| Ipge = 60 mA T
Forward Voltage AVg/AT 1.37 mv/°C Fig.9 |
Temperature Coefficient
Effective Diameter D 1 mm
Numerical Aperture NA 0.5 T
Reverse Input Breakdown Vier 50 | 11.0 V| Ipge = 10 pA, ]
Voltage Ty, = 256°C
Diode Capacitance Co 86 pF | Vg =0,f = MHz
Rise Time t, 80 ns 10% to 90%, Note 3
Fall Time t 40 ns | Ir=60mA

Notes:

Vg - FORWARD VOLTAGE -V

. Measured at the end of 0.5 m standard fiber optic cable with large area detector.
. Optical power, P (dBm) = 10 Log [P(uW)/1000 uW].
. Rise and fall times are measured with a voltage pulse driving the transmitter and a series connected 50 € load. A wide bandwidth

optical to electrical waveform analyzer, terminated to a 50 € input of a wide bandwidth oscilloscope, is used for this response time

measurement.
18
.
17 o
-
0°C -
16 -
25°C
15 70°C
14
10 100

Iggc - TRANSMITTER DRIVE CURRENT (mA)

Figure 9. Typical Forward Voltage vs. Drive Current.
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Py~ NORMALIZED OUTPUT POWER - dB

-20
2

10 100

Iggc - TRANSMITTER DRIVE CURRENT (mA)

Figure 10. Normalized Typical Output Power vs. Drive
Current.



DO NOT CONNECT 5

DO NOT CONNECT 8

GROUND
Vo

Absolute Maximum Ratings

Pin # Function
1 Vo
2 Ground
3 Vee
4 Ry,
H Do not connect
8 Do not connect

Note: Pins 5 and 8 are for mounting and
retaining purposes only. Do not
electrically connect these pins.

Parameter Symbol Min. Max. Units Reference

Storage Temperature Ty -40 +75 °C

Operating Temperature Ta 0 +70 °C

Lead Soldering Cycle Temp. 260 °C Note 1
Time 10 sec

Supply Voltage Vee -0.5 7 \Y% Note 2

Output Collector Current Ioav 25 mA

Output Collector Power Dissipation Pop 40 mW

Output Voltage Vo -0.5 18 \%

Pull-up Voltage Vp -H Vee \%

Fan Out (TTL) N 5

Notes:

1. 1.6 mun below scating plance.

2. It is essential that a bypass capacitor 0.01 puF be connected from pin 2 to pin 3 of the receiver. Total lead length between both ends
of the capacitor and the pins should not exceed 20 mm.

Receiver Electrical/Optical Characteristics
0°C to 70°C, 4.75 V < Ve £ 5.25 V unless otherwise specified

Parameter Symbol | Min. Typ. Max. | Units Conditions Ref.
Input Optical Power Pra,y -21.6 -9.5 dBm | Vo, =05V Notes 1,
Level for Logic “0” Iop, = 8 mA 2,4
21.6 -8.7 VoL, =056V

Io, = 8 mA, 25°C

Input Optical Power Pray -43 dBm | V5, =5.256V Note 1

Level for Logic “1” Ioy <250 pA

High Level Output Current Ion 15) 250 HA Vo=18V,Pr =0 | Note 3

Low Level Output Current Vou 0.4 0.5 Vv Io, = 8 mA, Note 3
P = Praymin

High Level Supply Iecn 3.5 6.3 mA Vee = 5.25'V, Note 3

Current Pp=0

Low Level Supply Current IeeL 6.2 10 mA Vee = 5.256V Note 3
Pr = -12.5 dBm

Effective Diameter D 1 ) | mm

Numerical Aperture NA 0.5

Internal Pull-up Resistor R, 680 1000 1700 Q

Notes:

1. Optical flux, P (dBm) = 10 Log [P (pW)/1000 pW].

2. Measured at the end of the fiber optic cable with large area detector.

3. Ry, is open.

4. Pulsed LED operation at Ir > 80 mA will cause increased link tpry propagation delay time. This extended tppj time contributes to
increased pulse width distortion of the receiver output signal.
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1 MBd Link

(High Performance HFBR-15X2/25X2, Standard HFBR-15X4/25X4)
System Performance Under recommended operating conditions unless otherwise specified.

Parameter Symbol | Min. | Typ.|Max.| Units Conditions Ref.
High Data Rate dc 1 | MBd | BER < 109, PRBS:27-1
Performance | Link Distance £ 39 m | Ipg = 60 mA Fig. 14
1 MBd (Standard Cable) 47 | 70 m | Ipg = 60 mA, 25°C Notes 1,
3,4
Link Distance £ 45 m | Igge = 60 mA Fig. 156
(Improved Cable) 56 78 m | Ipge = 60 mA, 25°C Notes 1,
3,4
Propagation tpLu 180 250 | ns |Ry =560Q,C, =30 pF| Fig. 16, 18
Delay tpHL 100 | 140 | ns |I= 0.5 metre Notes 2, 4
Py = -24 dBm
Pulse Width tp 80 ns |Pgr=-24 dBm Fig. 16, 17
Distortion tpyy-tpyy, R, =560 Q, C;, =30 pF| Note 4
Parameter Symbol | Min. | Typ. [Max.| Units Conditions Ref.
Standard Data Rate de 1 | MBd |BER < 10, PRBS:27-1
1 MBd Link Distance £ 8 m | Ipg = 60 mA Fig. 12
(Standard Cable) 17 43 m |Ipg = 60 mA, 25°C Notes 1,
3,4
Link Distance £ 10 m | Ipge = 60 mA Fig. 13
(Improved Cable) 19 48 m | Ipg = 60 mA, 25°C Notes 1,
3,4
Propagation tpLH 180 | 250 | ns |R, =560, C,=30pF|Fig. 16, 18
Delay tpHL 100 { 140 | ns |I = 0.5 metre Notes 2, 4
P = -20 dBm
Pulse Width tp 80 ns |Pg =-20dBm Fig. 16, 17
Distortion tpyy-tpyy, R, =560 Q, C, =30pF| Note 4
Notes:

1. For Igpk > 80 mA, the duty factor must be such as to keep Irge < 80 mA. In addition, for Irpk > 80 mA, the following rules for
pulse width apply:
Irpk < 160 mA: Pulse width < 1 ms

Irpx > 160 mA: Pulse width < 1 uS, period > 20 pS.
. The propagation delay for one meter of cable is typically 5 ns.
. Estimated typical link life expectancy at 40°C exceeds 10 years at 60 mA.
. Pulsed LED operation at Irpk > 80 mA will cause increased link tpry propagation delay time. This extended tppy time contributes

=W

to increased pulse width distortion of the receiver output signal.
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Figure 11. Required 1 MBd Interface Circuit.

H H
=
& H
3 3
Q Q
@ @
2 ARiN HFBR-15X4/25X4 é
e = P o
“ ; “
= i —0°C-70°C -
| - - -25°C
20 ’
0 s 10 15 20 25
§ - CABLE LENGTH — METRES 2 - CABLE LENGTH ~ METRES
Figure 12. Guaranteed System Performance for the Figure 13. Guaranteed System Performance for the
HFBR-15X4/25X4 Link with Standard Cable. HFBR-15X4/25X4 Link with Improved Cable.
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Figure 14. Guaranteed System Performance for the Figure 15. Guaranteed System Performance for the
HFBR-15X2/25X2 Link with Standard Cable. HFBR-15X2/25X2 Link with Improved Cable.
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Figure 16. 1 MBd Propagation Delay Test Circuit.
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Figure 17. Pulse Width Distortion vs. Figure 18. Typical Link Propagation
Optical Power. Delay vs. Optical Power.
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HFBR-15X2/15X4 Transmitters

8 DO NOT CONNECT

ANODE
CATHODE
N.C.

N.C.

o v =

4

5 DO NOT CONNECT

Absolute Maximum Ratings

 Pin # Function
1 Anode |
2 Cathode
3 ' Opéh
4 | Open
T ") o 7EF{)I connect
8 Do not connect

Note: Pins H and 8 are for mounting and

retaining purposes only. Do not
electrically connect these pins.

Notes:
1. 1.6 mm below seating plane.

2. Recommended operating range between 10 and 750 mA.

3.1 ps pulse, 20 ps period.

Parameter S&hbblnw Min. Max ~ Units Reference

St(}'f;ngv Tompcramre Ty -40 O+ T5 °C
Operating T(I{\p(‘rdl ure - ) Ta 0 70 | °C
Lead Soldering Cycle Temp. o 260 o0 Note 1

Time - 10 sec

" TForward Input Current i}p;\ - 1000 mA Note 2, 3
| ke 80 ' -

Reverse Input Voltage B Vn-n o 5 \%

information.

All HFBR-15XX LED transmitters are classified as IEC 825-1 Accessible
Emission Limit (AEL) Class 1 based upon the current proposed draft scheduled
to go into effect on January 1, 1997. AEL Class 1 LED devices are considered
eye safe. Contact your Hewlett-Packard sales representative for more

Transmitter Electrical/Optical Characteristics 0°C to 70°C unless otherwise specified.
For forward voltage and output power vs. drive current graphs.

"Parameter ”Symbol Min. | Typ. | Max. | Units ] Conditions Ref.
| Transmitter | HFBR-15X2 Pr 13.6 -4.5 | dBm | Igg = 60 mA
Output 112 5.1 Trge = 60 mA, 25°C
Optical HFBR-15X4 Py -17.8 4.5 | dBm | Iy = 60 mA
Power -15.5 5.1 Ipge = 60 mA, 25°C
Output Optical Power APy/AT -0.85 | %/°C
ngperature Coefficient ]
Peak Emission Wavelength Apk 660 nm
Forward Voltage ' Vi 1.45 | 1.67 | 2.02 | V  |lpe = 60mA
Forward Voltage AVE/AT | -1.37 mv/°C Fig. 11
Temperature Coefficient
| Effective Diameter D 1 mm
Numerical Aperture NA 0.5 ,«? j—” ) »
Reverse Input Breakdown ViR 5.0 11.0 \% Tpge = 10 pA,
Voltage Ty = 25°C
Diode Capacitance o Co T ss pF | Ve =0,f=1MHz
Rise Time t, 80 ns 10% to 90%, Note 1
Fall Time te 40 ns Ir = 60 mA
Note:

1. Rise and fall times are measured with a voltage pulse driving the transmitter and a series connected 50 Q load. A wide bandwidth
optical to electrical waveform analyzer, terminated to a 50 € input of a wide bandwidth oscilloscope, is used for this response time

measurement.
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HFBR-25X2/25X4 Receivers

Pin # Function
DO NOT CONNECT  § 1 Yo
2 Ground
3 Vee
4 RL
DO NOT CONNECT 8 5 Do not connect |
8 Do not connect |

Note: Pins 5 and 8 are for mounting and
retaining purposes only. Do not
electrically connect these pins.

Absolute Maximum Ratings

Parameter - Symbol Min. Max. Units Reference

Storage Temperature B Ts -40 +75 °C

Operating Temperature e Ta 0 +70 °C

Lead Soldering Cycle Temp. 260 °C Note 1
Time ) 10 sec

Supply Voltage o Vee | 05 7 \% Note 2

Output Collector Current loav 25 mA

Output Collector Power Dissipation Pop 40 mW

Output Voltage Vo 0.5 18 v ]

Pull-up Voltage Vp -5 Vee \%

FanOut (TTL) o N 5 ) )

Notes:

1. 1.6 mm below seating plane.

2. It is essential that a bypass capacitor 0.01 pF be connected from pin 2 to pin 3 of the receiver. Total lead length between both ends
of the capacitor and the pins should not exceed 20 mm.

Receiver Electrical/Optical Characteristics 0°C to 70°C, 4.75 V < V¢ < 5.25 V unless otherwise
specified.

Parameter Symbol | Min. | Typ. | Max. Unit/sTﬁ Conditions Ref.
Receiver HFBR-2522 Pra) -24 dBm | Vo, =0V Notes 1, 2,3
Optical Input Io. = 83 mA
Power Level | 'HFBR-2524 -20 Note 4
Logic 0
Optical Input Power Pran -43 dBm | Vo =526V
Level Logic 1 Ion = £ 250 pA
High Level Output Current Ton 5 250 HA | Vo =18V, Py =0
Low Level Output Voltage VoL 0.4 0.5 \% Io, = 8 mA

1 o Pp = Pramy ]
High Level Supply Current Leen 3.5 6.3 mA | Voo =525V, Note b
PR =0
Low Level Supply Current IeeL 6.2 10 mA | Voe =5.20V, Note 5
Py =-12.5 dBm
Effective Diameter D 1 mm |
S I S . S
Numerical Aperture NA 0.5
Internal Pull-up Resistor R, 680 | 1000 1700 Q
Notes:
1. Measured at the end of the fiber optic cable with large area detector.
2. Pulsed LED operation at I;: > 80 mA will cause increased link tpyj; propagation delay time. This extended tppp time contributes to
increased pulse width distortion of the receiver output signal.
3. The LED drive circuit of Figure 11 is required for 1 MBd operation of the HFBR-25X2/25X 1.
4. Optical flux, P (dBm) = 10 Log [P(uW)/1000 pW].
5. Ry, is open.
H4



40 kBd Link
System Performance Under recommended operating conditions unless otherwise specified.

Parameter Symbol | Min. | Typ. | Max. | Units Conditions Ref.

Data Rate de 40 | kBd | BER < 109, PRBS: 27- 1

Link Distance g 13 41 m | Ipge = 2 mA Fig. 21
(Standard Cable) 94 138 m Irge = 60 mA Note 1
Link Distance 2 15 | 45 m | Ipge = 2mA Fig. 22
(Improved Cable) 111 154 m Ipge = 60 mA Note 1
Propagation tpL 4 | us | R, = 3.3kQ, C;, = 30 pF | Fig. 22, 25
Delay tpHL 2.5 us Pg = -25 dBm, 1 m fiber Note 2
Pulse Width th ) 7 us | -39 <Pg< - 14 dBm Fig. 23, 24
Distortion tpp-tpyy, R, = 3.3 kQ, C, = 30 pF

Notes:

1. Estimated typical link life expectancy at 40°C exceeds 10 years at 60 mA.
2. The propagation delay for one metre of cable is typically 5 ns.

15V
O DATA

Figure 20. Typical 40 kBd Interface Circuit.
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Figure 23. 40 kBd Propagation Delay Test Circuit.
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Figure 26. Propagation Delay Test Waveforms.
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HFBR-15X3 Transmitter ““’

Pin # Function
1 Anode
8 DO NOT CONNECT ]
ANODE —*- 2 Cathode
CATHODE -2 3 | Open
Ne. -3 4 Open
NC. A . H Do not connect
5 DO NOT CONNECT 8 Do not connect

Note: Pins 5 and 8 are for mounting and
retaining purposes only. Do not
electrically connect these pins.

Absolute Maximum Ratings

Parameter Sifinbol Min. | Max. Units Reference

Storage Temperature o Ts o -40 +75 oc

Operating Temperature ' Ta 0 +70 °C

Lead Soldering Cycle Temp. 260 C Note 1
Time 10 sec

Forward Input Current a ) Irpk R 1000 mA Note 2, 3

Irde 80
Reverse Input Voltage T VBR o 5 \Y%

Notes:

1. 1.6 mm below seating plane.

2. Recommended operating range between 10 and 750 mA.
3. 1 us pulse, 20 ps period.

All HFBR-15XX LED transmitters are classified as IEC 825-1 Accessible

Emission Limit (AEL) Class 1 based upon the current proposed draft scheduled

to go into effect on January 1, 1997. AEL Class 1 LED devices are considered

eye safe. Contact your Hewlett-Packard sales representative for more

information. _l

Transmitter Electrical/Optical Characteristics 0°C to 70°C unless otherwise specitied.
For forward voltage and output power vs. drive current graphs.

" Parameter Symbol | Min. | Typ. | Max. | Units Conditions Ref.
Transmitter Output P»,T TR -5.1 dBm | Igg. = 60 mA, 25°C | Notes 3, 4
Optical Power -13.6 -4.5 Ipge = 60 mA

-35.5 [ = 2 mA, 0-70°C | Fig. 9, 10
Output Optical Power | APy/AT -0.85 %/°C ’
Temperature Coefficient
Peak Emission Apk 660 nm
Wavelength
“Forward Voltage A 145 | 1.67 | 202 | V| Iy = 60 mA
| Forward Voltage | AVW/AT -1.37 mv/°C Fig. 18
Temperature Coefficient
Effective Diameter D 1 mm
Numerical Aperture NA 0.5
Reverse Input Breakdown Vir 5.0 11.0 \ Ipge = 10 A,
Voltage T, = 25°C
Diode Capacitance Co ] 86 pF | Vp=0,f= 1 MHz
Rise Time o ty 80 ns 10% to 90%, Note 1
Fall Time t 40 Ir = 60 mA

Note:

1. Rise and fall times are measured with a voltage pulse driving the transmitter and a series connected 50 € load. A wide bandwidth
optical to electrical waveform analyzer, terminated to a 50 Q input of a wide bandwidth oscilloscope, is used for this response time
measurement.
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HFBR-25X3 Receiver

Pin # Function

DO NOT CONNECT 5 1 o

2 Ground

: Open

4 Vee

=4 A, o
DO NOT CONNECT 8 b} Do not connect

8 Do not connect

Note: Pins 5 and 8 are for mounting and
retaining purposes only. Do not
electrically connect these pins.

Absolute Maximum Ratings

Parameter Symbol ‘Min. Max. Units Reference

Storage Temperature Tg -40 +75 °C

Operating Temperature Ta 0 +70 °C

Lead Soldering Cycle Temp. 260 °C Note 1
Time 10 sec

Supply Voltage Vee -0.5 7 v Note 2

Average Output Collector Current Io T 5 mA

Output Collector Power Dissipation Pop 25 mW T

Output Voltage Vo -0.5 7 \%

Notes:
1. 1.6 mm below seating plane.
2. It is essential that a bypass capacitor 0.01 pF be connected from pin 2 to pin 3 of the receiver.

Receiver Electrical/Optical Characteristics 0°C to 70°C, 4.5 V < V. < 5.5 V unless otherwise
specified.

Parameter Symbol | Min. | Typ. | Max. | Units ‘Conditions Ref.
Input Optical Power Pra, -39 -13.7 | dBm | Vo = Vg, Ior, = 3.2 mA | Notes ~1,
Level Logic 0 -39 -13.3 Vo = Vo, 2,3

Ipy = 8 mA, 25°C

Input Optical Power Prny -53 dBm | Vo =655V Note 3 |
Level Logic 1 Ioy = <40 pA
High Level Output Voltage |  Vou 2.4 ) V| Iy=-40 pA, Py = O pW T
Low Level Output Voltage Vou 0.4 \ IoL = 3.2 mA Note 4 |

Pr = Praymin

High Level Supply Current | Iocyy | | 1.2 ] 1.9 | mA | Vo =55V, Py =0pW
Low Level Supply Current Ieen 7 2.9 3.7 mA | Voe = 5.5V, Note 4
Py = Py, (MIN)
Effective Diameter D 1 mm o o T
Numerical Aperture NA B 0.5 T ]
Notes:

1. Measured at the end of the fiber optic cable with large area detector.

2. Optical flux, P (dBm) = 10 Log P(uW)/1000 uW.

3. Because of the very high sensitivity of the HFBR-25X3, the digital output may switch in response to ambient light levels when a
cable is not occupying the receiver optical port. The designer should take care to filter out signals from this source if they pose a
hazard to the system.

4. Including current in 3.3 k pull-up resistor.

58




HEWLETT"
PACKARD

D

125 Megabaud Versatile Link
The Versatile Fiber Optic

Connection

Technical Data

Features

* Data Transmission at Signal
Rates of 1 to 125 MBd over
Distances of 100 Meters

* Compatible with Inexpen-
sive, Easily Terminated
Plastic Optical Fiber, and
with Large Core Silica Fiber

* High Voltage Isolation

* Transmitter and Receiver
Application Circuit Sche-
matics and Recommended
Board Layouts Available

* Interlocking Feature for
Single Channel or Duplex
Links, in a Vertical or
Horizontal Mount
Configuration

Applications

¢ Intra-System Links: Board-
to-Board, Rack-to-Rack

* Telecommunications
Switching Systems

* Computer-to-Peripheral
Data Links, PC Bus
Extension

¢ Industrial Control

¢ Proprietary LANs

* Digitized Video

* Medical Instruments

* Reduction of Lightning and
Voltage Transient
Susceptibility

Description

The 125 MBd Versatile Link
(HFBR-0507 Series) is the most
cost-effective fiber-optic solution
for transmission of 125 MBd data
over 100 meters. The data link
consists of a 650 nm LED
transmitter, HFBR-15X7, and a
PIN/preamp receiver, HFBR-
25X6. These can be used with
low-cost plastic or silica fiber.
One mm diameter plastic fiber
provides the lowest cost solution
for distances under 25 meters.
The lower attenuation of silica
fiber allows data transmission
over longer distance, for a small
difference in cost. These compo-
nents can be used for high speed
data links without the problems
common with copper wire
solutions, at a competitive cost.

The HFBR-15X7 transmitter is a
high power 650 nm LED in a low
cost plastic housing designed to
efficiently couple power into 1
mm diameter plastic optical fiber

HCSY is a registered trademark of Spectran Corporation.

5965-6114E (1/97)

HFBR-0507 Series
HFBR-15X7 Transmitters
HFBR-25X6 Receivers

and 200 pm Hard Clad Silica
(HCS™) fiber. With the recom-
mended drive circuit, the LED
operates at speeds from 1-125
MBd. The HFBR-25X6 is a high
bandwidth analog receiver con-
taining a PIN photodiode and
internal transimpedance amplifier.
With the recommended applica-
tion circuit for 125 MBd
operation, the performance of the
complete data link is specified for
of 0-25 meters with plastic fiber
and 0-100 meters with 200 um
HCS® fiber. A wide variety of
other digitizing circuits can be
combined with the HFBR-0507
Series to optimize performance
and cost at higher and lower data
rates.



HFBR-0507 Series

125 MBd Data Link

Data link operating conditions
and performance are specified for
the HFBR-15X7 transmitter and
HFBR-25X6 receiver in the

recommended applications
circuits shown in Figure 1. This
circuit has been optimized for 125
MBd operation. The Applications
Engineering Department in the
Hewlett-Packard Optical

Communication Division is
available to assist in optimizing
link performance for higher or
lower speed operation.

Recommended Operating Conditions for the Circuits in Figures 1 and 2.

Parameter Symbbl Min. Max. 'TJEL R;férené;
Ambient Temperature Ty 0 7 70~' °C -
Supply Voltage Vee +4.75 +5.25 \Y

Data Input Voltage — Low Vi, Vee-1.89 Vee 172 {7”‘77

Data Input Voltage - High Vi " Vee-1.06 Ve -0.70 v ]
Data Output Load R, 45 55 a Note I |
Signaling Rate g 1 125 MBd

Duty Cycle D.C. 40 60 | % Note 2

Link Performance: 1-125 MBd, BER < 10", under recommended operating conditions with
recommended transmit and receive application circuits.

Parameter ) Symbol | Min.[3] | Typ.!4] | Max. | Unit | Condition | Reference
Optical Power Budget, 1 m POF OPBpor 11 16 dB Note 5,6,7
Optical Power Margin, OPMpor 20 3 6 dB Note 5,6,7
20 m Standard POF
Link Distance with 1 20 27 I'm
Standard 1 mm POF
Optical Power Margin, OPMpop,25 3 6 dB Note 5,6,7
25 m Low Loss POF
Link Distance with Extra 1 25 32 m
Low Loss I mm POF
Optical Power Budget, 1 m HCS OPB;CS 7 12 aB | | Note "),23,7
Optical Power Margin, OPMycs.100 3 6 dB Note 5,6
100 m HCS
Link Distance with HCS Cable 1 100 125 m i

Notes:

W =

. If the output of U4C in Figure 1, page 4 is transmitted via coaxial cable, terminate with a 50 Q resistor to Ve - 2 V.
Run length limited code with maximum run length of 10 ps.
Minimum link performance is projected based on the worst case specifications of the HFBR-15X7 transmitter, HFBR-25X6 receiver,

and POF cable, and the typical performance of other components (e.g. logic gates, transistors, resistors, capacitors, quantizer,

HCS cable).
Typical performance is at 25°C

o

125 MBd, and is measured with typical values of all circuit components.
. Standard cable is HFBR-RXXYYY plastic optical fiber , with a maximum attenuation of 0.24 dB/m at 650 nm and NA = 0.5.

Extra low loss cable is HFBR-EXXYYY plastic optical fiber, with a maximum attenuation of 0.19 dB/m at 650 nm and NA = 0.5.
HCS cable is HFBR-H/VXXYYY glass optical fiber, with a maximum attenuation of 10 dB/km at 650 nm and NA = 0.37.

5. Optical Power Budget is the difference between the transmitter output power and the receiver sensitivity, measured after

1 meter of fiber. The minimum OPB is based on the limits of optical component performance over temperature, process, and

recommended power supply variation.

-1

. The Optical Power Margin is the available OPB after including the effects of attenuation and modal dispersion for the minimum

link distance: OPM = OPB - (attenuation power loss + modal dispersion power penalty). The minimum OPM is the margin
available for longterm LED LOP degradation and additional fixed passive losses (such as in-line connectors) in addition to the

minimum specified distance.
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Plastic Optical Fiber (1 mm POF) Transmitter Application Circuit:
Performance of the HFBR-15X7 transmitter in the recommended application circuit (Figure 1) for POF; I-
125 MBd, 25°C.

Parameter Symbol Typical Unit | Condition Note

Average Optical Power I mm POF Py -9.7 dBm 50% Duty Note 1, Fig 3
Cycle

Average Modulated Power 1 mm POF Prod -11.3 dBm Note 2, Fig 3

Optical Rise Time (10% to 90%) tr 2.1 ns 5 MHz

Optical Fall Time (90% to 10%) 4 2.8 ns 5 MHz

High Level LED Current (On) I n 19 mA Note 3

Low Level LED Current (Off) Iry, 3 mA Note 3

Optical Overshoot - 1 mm POF 45 %

Transmitter Application Circuit Iee 110 mA Figure 1

Current Consumption - I mm POF

Hard Clad Silica Fiber (200 um HCS) Transmitter Application Circuit: Performance of
the HFBR-15X7 transmitter in the recommended application circuit (Figure 1) for HCS; 1-125 MBd, 25°C.

P19}

Parameter Symbol Typical | Unit | Condition Note

Average Optical Power 200 um HCS Py -14.6 dBm 50% Duty Note 1, Fig 3
Cycle

‘Average Modulated Power 200 um HCS Pood 162 | dBm Note 2, Fig 3
Optical Rise Time (10% to 90%) tr 3.1 ns 5 MHz
Optical Fall Time (90% to 10%) ty 3.4 ns 5 MHz
High Level LED (‘Aurignt‘(i()rnr)E o Ipy 60 mA Note 3
Low Level LED Current (Off) I 6 mA Note 3
Optical Overshoot - 200 um HCS ' 30 %
Transmitter Application Circuit Iee 130 mA Figure 1
Current Consumption - 200 pm HCS

Notes:

. Average optical power is measured with an average power meter at 50% duty cycle, after 1 meter of fiber.

. To allow the LED to switch at high speeds, the recommended drive circuit modulates LED light output between two non-zero power
levels. The modulated (useful) power is the difference between the high and low level of light output power (transmitted) or input
power (received), which can be measured with an average power meter as a function of duty cycle (see Figure 3). Average Modulated
Power is defined as one half the slope of the average power versus duty cycle:

oo

[P,yq @ 80% duty cycle - P, (@ 20% duty cycle
Average Modulated Power = ALl d 8 yelel
(2)[0.80 - 0.20]
High and low level LED currents refer to the current through the HFBR-15X7 LED. The low level LED “off” current, sometimes
referred to as “hold-on” current, is prebias supplied to the LED during the off state to facilitate fast switching speeds.
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Plastic and Hard Clad Silica Optical Fiber Receiver Application Circuit:
Performance!4! of the HFBR-25X6 receiver in the recommended application circuit (Figure 1); 1-125 MBd,
25°C unless otherwise stated.

Parameter Symbol Typical Unit Condition Note
Data Output Voltage - Low VoL Voc-1.7 \'% R, =50Q Note 5
Data Output Voltage - High Vou Vee-0.9 A% R, =50Q Note 5
Receiver Sensitivity to Average Prin -27.5 dBm | 50% eye opening | Note 2
Modulated Optical Power 1 mm POF
Receiver Sensitivity to Average Poin -28.5 dBm | 50% eye opening | Note 2
Modulated Optical Power 200 pm HCS
Receiver Overdrive Level of Average Priax -7.5 dBm | 50% eye opening | Note 2
Modulated Optical Power 1 mm POF
Receiver Overdrive Level of Average Prax -10.5 dBm | 50% eye opening | Note 2
Modulated Optical Power 200 pum HCS
Receiver Application Circuit Current Iec 85 mA Ry = o Figure 1
Consumption

Notes:

4. Performance in response to a signal from the HFBR-15X7 transmitter driven with the recommended circuit at 1-125 MBd over 1 meter
of HFBR-R/EXXYYY plastic optical fiber or 1 meter of HFBR-H/VXXYYY hard clad silica optical fiber.

5. Terminated through a 50 Q resistor to Vo - 2 V.

6. If there is no input optical power to the receiver, electrical noise can result in false triggering of the receiver. In typical applications,
data encoding and error detection prevent random triggering from being interpreted as valid data. Refer to Applications Note 1066 for
design guidelines.
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0.001 RS g T 0 T 000
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2
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i 3An
c20 _|+ ‘
To = == %‘,9 ’ W ALL CAPACITOR VALUES
- L _L co B2 s J_ ARE IN MICRO FARADS,
Vee 47 & WITH 10% TOLERANCE
VB ‘ (UNLESS OTHERWISE NOTED).
jav
& L1z ALL RESISTANCES ARE IN
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R24 K< R13 1 (UNLESS OTHERWISE NOTED).
1K $R18 4R16 73
WA 251 3 51 R14
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Figure 1. Transmitter and Receiver Application Circuit with +5 V ECL Inputs and Outputs.
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Figure 2. Recommended Power Supply Filter and +5 V ECL Signal Terminations for
the Transmitter and Receiver Application Circuit of Figure 1.
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125 Megabaud Versatile Link

Transmitter

HFBR-15X7 Series

Description

The HFBR-15X7 transmitters
incorporate a 650 nanometer LED
in a horizontal (HFBR-1527) or
vertical (HFBR-1537) gray
housing. The HFBR-16X7

with HFBR-25X6 receivers in data
links operating at signal rates
from 1 to 125 megabaud over 1
mm diameter plastic optical fiber
or 200 pm diameter hard clad
silica glass optical fiber. Refer to

GROUND

aNODE —*
cATHODE —2
GROUND —2

GROUND —4

transmitters are suitable for use Application Note 1066 for details GROUND

with current peaking to decrease for recommended interface SEEROTES

response time and can be used circuits.

Absolute Maximum Ratings

Parameter Symbol | Min. | Max. | Unit Reference

Storage Temperature Ty -40 85 °C
Operating Temperature To -40 70 °C ]
Lead Soldering Temperdtur; 260 °C Note 1
Cycle Time 10 s o
Transmitter High Level Forward Ien 120 mA 50% Duty Cycle
Input Current > 1 MHz
Transmitter Average Forward I}Futvburrrzit‘ A Ik Av 60 mA
Reverse Input Voltage o ) Vk N 3 \Y ‘ o

ESD.

CAUTION: The small junction sizes inherent to the design of this component increase the component's suscepti-
bility to damage from electrostatic dischayge (ESD). It is advised that normal static precautions be taken in
handling and assembly of this component to prevent damage and/or degradation which may be induced by
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WARNING: WHEN VIEWED UNDER SOME CONDITIONS, THE OPTICAL PORT MAY
EXPOSE THE EYE BEYOND THE MAXIMUM PERMISSIBLE EXPOSURE RECOMMENDED
IN ANSI Z136.2, 1993. UNDER MOST VIEWING CONDITIONS THERE IS NO EYE HAZARD.




Electrical/Optical Characteristics 0 to 70°C, unless otherwise stated.

'Parameter Symbol | Min. | Typ.12! | Max. | Unit Condition Note
Transmitter Output Py -9.5 -7.0 -4.8 dBm | Ip4. =20 mA, 25°C | Note 3
Optical Power, 1 mm POF -104 -4.3 0-70°C
Transmitter Output Pr -6.0 -3.0 -0.5 dBm | Ipg. = 60mA,25°C | Note 3
Optical Power, 1 mm POF -6.9 -0.0 0-70°C
Transmitter Output Pr -146 | -13.0 |-10.5 | dBm | Ip4. =60mA,25°C | Note 3
Optical Power, -15.6 -10.0 0-70°C
200 pm HCS®
Output Optical Power APr -0.02 dB/°C
Temperature Coefficient AT
Peak Emission Wavelength Apk 640 650 660 nm
Peak Wavelength AL 0.12 nm/°C
Temperature Coefficient AT
Spectral Width FWHM 21 nm Full Width,

o Half Maximum
Forward Voltage Vr 1.8 2.1 2.4 v Ir = 60 mA
Forward Voltage AV -1.8 mV/°C
Tempe@ture Coefficient AT
Transmitter Numerical NA 0.5
Aperturg
Thermal Resistance, 0jc 140 “C/W Note 4
Junction to Case
Reverse Input Breakdown Var 3.0 13 \% Ipge =-10 pA
Voltage
Diode Capacitance Co 60 pF Ve=0YV,

f=1MHz

Unpeaked Optical Rise t, 12 ns Ir = 60 mA Figure 1
Time, 10% - 90% f = 100 kHz Note 5
Unpeaked Optical Fall te 9 ns Ir = 60 mA Figure 1
Time, 90% - 10% f = 100 kHz Note 5

Notes:

1. 1.6 mm below seating plane.

2. Typical data is at 25°C.

3. Optical Power measured at the end of 0.5 meter of 1 mm diameter plastic or 200 pm diameter hard clad silica optical fiber with a large
area detector.

4. Typical value measured from junction to PC board solder joint for horizontal mount package, HFBR-1527. ;. is approximately 30°C/W

higher for vertical mount package, HFBR-1537.

Optical rise and fall times can be reduced with the appropriate driver circuit; refer to Application Note 1066.

Pins 5 and 8 are primarily for mounting and retaining purposes, but are electrically connected; pins 3 and 4 are electrically

unconnected. It is recommended that pins 3, 4, 5, and 8 all be connected to ground to reduce coupling of electrical noise.

. Refer to the Versatile Link Family Fiber Optic Cable and Connectors Technical Data Sheet for cable connector options for 1 mm

plastic optical fiber and 200 um HCS fiber.

The LED current peaking necessary for high frequency circuit design contributes to electromagnetic interference (EMI). Care must be

taken in circuit board layout to minimize emissions for compliance with governmental EMI emissions regulations. Refer to Application

Note 1066 for design guidelines.

oo

<

®
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HPB0B2A
PULSE BCP MODEL 300
GENERATOR 500 MHz
BANDWIDTH
SILICON
AVALANCHE
7 | PHOTODIODE
50 OHM HP54002A
HP54100A
LOAD S0OHMBNC | osciLoscope
RESISTOR INPUT POD
Figure 1. Test Circuit for Measuring
Unpeaked Rise and Fall Times.
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125 Megabaud Versatile Link

Receiver

HFBR-25X6 Series

Description voltage. Follow-on circuitry can
The HFBR-25X6 receivers contain ~ OPtimize link performance for a GROUND
a PIN photodiode and variety of distance and data rate vee
transimpedance pre-amplifier requir (?mems. Electrical ; GROUND
circuit in a horizontal (HFBR- bandwidth greater than 65 MHz
2526) or vertical (HFBR-2536) allows t;lesign of high speed data z g:;;‘:':"
blue housing, and are designed to  1inks with plastic or hard clad GROUND !
interface to 1mm diameter plastic Sll“’? Op_“"al fiber. Rfef‘er to ) SEE NOTES 2,4, 9
optical fiber or 200 pm hard clad Application Note 1066 for details
silica glass optical fiber. The for recommended interface
receivers convert a received circuits.
optical signal to an analog output
Absolute Maximum Ratings
Parameter Symbol Min. Max. Unit Reference
Storage Temperature Ts -40 +75 °C
Operating Temperature Ty 0 +70 °C
Lead Soldering Temperature 260 °C Note 1
Cycle Time ) 10 s
Signal Pin Voltage Vo | 05 Vee v
Supply Voltage Vee -0.5 6.0 \Y
Output Current Io 25 mA

CAUTION: The small junction sizes inherent to the design of this component increase the component's suscepti-
bility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken in
handling and assembly of this component to prevent damage and/or degradation which may be induced by

ESD.




Electrical/Optical Characteristics 0 to 70°C; 5.25 V2 Vcc 2 4.75 V; power supply must be filtered
(see Figure 1, Note 2).

Parameter Symbol | Min. | Typ. | Max. | Unit Test Condition Note
AC Responsivity 1 mm POF Rp apr 1.7 3.9 6.5 | mV/uW 650 nm Note 4
AC Responsivity 200 pm HCS Rphes 4.5 7.9 | 11.5 | mV/uW
RMS Output Noise Vno 0.46 | 0.69 | mVyys Note 5
Equivalent Optical Noise Input P rms -39 | -36 dBm Note 5
Power, RMS - 1 mm POF
Equivalent Optical Noise Input Py gms -42 -40 dBm Note 5
Power, RMS - 200 um HCS
Peak Input Optical Power - Pg -5.8 dBm 5 ns PWD Note 6
1 mm POF
-6.4 dBm 2 ns PWD
Peak Input Optical Power - Pr -8.8 dBm 5 ns PWD Note 6
200 um HCS
9.4 dBm 2 ns PWD
Output Impedance Zo 30 Q 50 MHz Note 4
DC Output Voltage Vo 0.8 1.8 2.6 \Y Pr =0 uW
Supply Current Icc 9 15 mA
Electrical Bandwidth BWg 65 125 MHz -3 dB electrical
Bandwidth * Rise Time 0.41 Hz*s
Electrical Rise Time, 10-90% tr 3.3 6.3 ns Pg = -10 dBm
peak
Electrical Fall Time, 90-10% te 3.3 6.3 ns Pg = -10 dBm
peak
Pulse Width Distortion PWD 0.4 1.0 ns Pr = -10 dBm Note 7
peak
Overshoot 4 % Pr = -10 dBm Note 8
peak

Notes:
1. 1.6 mm below seating plane.
2. The signal output is an emitter follower, which does not reject noise in the power supply. The power supply must be filtered as in
Figure 1.
Typical data are at 25°C and V¢ = +5 Vde.
Pin 1 should be ac coupled to aload > 510 Q with load capacitance less than 5 pF.
Measured with a 3 pole Bessel filter with a 75 MHz, -3dB bandwidth.
The maximum Peak Input Optical Power is the level at which the Pulse Width Distortion is guaranteed to be less than the PWD listed
under Test Condition. Py v,y is given for PWD = 5 ns for designing links at < 50 MBd operation, and also for PWD = 2 ns for
designing links up to 125 MBd (for both POF and HCS input conditions).
10 ns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform.
. Percent overshoot is defined at:

S o w

® N

Vg - V
o= Vioow) | 500,

Vioow
. Pins 5 and 8 are primarily for mounting and retaining purposes, but are electrically connected. It is recommended that these pins be
connected to ground to reduce coupling of electrical noise.
10. If there is no input optical power to the receiver (no transmitted signal) electrical noise can result in false triggering of the receiver.
In typical applications, data encoding and error detection prevent random triggering from being interpreted as valid data. Refer to
Application Note 1066 for design guidelines.

©
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Versatile Link Mechanical Dimensions

HORIZONTAL MODULES

HORIZONTAL MODULES

HFBR-1527 HFBR-1537 —
HFBR-2526 HFBR-2526 102 356
(0.040) (0.140)
|
PINNO 1INDICATOR
68 = ]
(0.270) 1
- 102 (0.200)
» 20 (0.400)
20 {0.080)
(0.080) i 183
— 102 -
(0.400) | 68 (0.720)
51 (0.270) i 861
196 et
—~ — (0.340)
(0.770) (0.200)
| 42
064 T ¥ (0.165)
(0.025) PAD "N I '
.305 T e
(0.305) we 0.068)
f T 0.770)
4.06 (0.160) MAX. )  oss
7.62 356 (0.140) MIN. 127 | . (0.025)
(0.300) (0.050) { -
051 25 | 3
(0.020) (0.100) 127 162
T (0.050) 2
k) DA ‘ "l 10.3M1+_’ 084 5ia
(0.025) 330 (0.130) MAX ! 10.025)
279(0110) MIN. || ! ~ o]
b -
051 25 ; L £ 381
o 18 0.020) 0-100) /lz 10150
(0.199) (0.073) : s
ALL DIMENSIONS IN MM (INCHES) OPTIONAL MOUNTING MOLE ol

ALL DIMENSIONS $0.25 mm UNLESS
OTHERWISE SPECIFIED

'
381 |

FOR #2 SELF-TAPPING SCREW ™ —
(0.150)

(METRIC EQUIVALENT M2.2 x 0 45)

"7

Versatile Link Printed Circuit Board Layout Dimensions

TOP VIEWS
HORIZONTAL MODULE VERTICAL MODULE
7.62
(0.300)
762 254
~ o300 | (0.100)
254
(0.100) - 101 , o
01 (0.040) DIA. (0.040)0'A- 2.25 (0.040) CLEARANCE
- HOLE FOR OPTIONAL
- g VERTICAL MOUNT
o-0-9 > d-& SELF- TAPPING SCREW #2.
4 3 21 T ¢ 3 2 1 L
TOP VIEWS 7.62 762
(0.300)
5 (0.300) 38 AN~
l 0.150) 5 8 l
2 @
________ 4 4 TI T — PCB EDGE — — —
185 173
0.073) MV ,_‘ (0.069 "™
381
I
ELECTRICAL PIN FUNCTIONS 0.150} DIMENSIONS IN MILLIMETRES AND (INCHES)
| TRANSMITTERS | RECEIVERS
PINNO. |  HFBR5X7  HFBR-25X6
1| ANODE SIGNAL
2 | CATHODE GROUND
3 GROUND* GROUND
N GROUND® Voo (+5V)
5 GROUND** | GROUND*
o . | '"NO INTERNAL CONNECTION
8 GROUND GROUND"™ | --pins 5 AND 8 CONNECTED INTERNALLY TO EACH OTHER ONLY.
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HEWLETT"
PACKARD

10 Megabaud Versatile Link
Fiber Optic Transmitter
and Receiver for 1 mm POF and

200 um HCS®

Technical Data

Features
* Data Transmission at Signal
Rates of dc to 10 MBd
* Up to 50 Meters Distances
with 1 mm Plastic Optical
Fiber (POF)
Up to 500 Meters Distances
with 200 yum Hard Clad
Silica (HCS®)
Wide Dynamic Range
Receiver Allows Operation
from Zero to Maximum Link
Distance with a Single
Transmitter Drive Current
Link Distances Specified for
Variations in Temperature,
Power Supply, and Fiber
Attenuation
DC Coupled Receiver with
CMOS/TTL Output for Easy
Designs: No Data Encoding
or Digitizing Circuitry
Required
Pulse Width Distortion
Controlled to Limit
Distortion from Low Duty
Cycle or Burst Mode Data
High Noise Immunity
Compatible with HP’s
Versatile Link Family of
Connectors, for Easy
Termination of Fiber

Applications

¢ Industrial Control and
Factory Automation

¢ Serial Field Buses

¢ Intra-System Links; Board-
to-Board, Rack-to-Rack

* Extension of RS-232, RS-485

* Elimination of Ground Loops

* High Voltage Isolation

¢ Reduces Voltage Transient
Susceptibility

Description

The HFBR-0508 Series consists of
a fiber-optic transmitter and
receiver operating at a 650 nm
wavelength (red). The HFBR-
1528 transmitter is an LED in a
low cost plastic housing designed
to efficiently couple power into
200 pm diameter HCS and 1 mm
diameter POF. The HFBR-2528
receiver incorporates a PIN detec-
tor and digital output IC compat-
ible with CMOS and TTL logic
families.

HFBR-0508 links operate from
DC to 10 MBd at distances up to
50 meters with 1 mm POF and up
to 500 meters with 200 pum HCS®.

HCS® is a registered trademark of SpecTran Corporation.

HFBR-0508 Series
HFBR-1528 Transmitter
HFBR-2528 Receiver

No minimum link distances are
required when using recom-
mended circuits, simplifying
design.

Versatile Link components can be
interlocked (N-plexed together) to
minimize space and to provide
dual connections with the duplex
connectors. Up to eight packages
can be interlocked and inserted
into a printed circuit board.

POF and HCS are available in pre-
connectored lengths or can be
easily field-terminated. A single
transmitter drive current for POF
and HCS allows both fibers to be
used with a single design.

CAUTION.. It is advised that normal static precautions be taken in handling and assembly of these components
to prevent damage and/or degradation which may be induced by ESD.

5963-3591E (1/97)
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HFBR-0508 Series 10 MBd Data Link
Typical Link Performance, T, = +25°C

Parameter Symbol | Typ.[!] Unit Condition Note |
Signaling Rate fs 15 Mb/s NRZ 2
Link Distance with Extra Low Loss POF Cable Y 100 m 10 MBd 2,3,5
Link Distance with 200 um HCS Cable £ 900 m 10 MBd 2,4,5
Specified Link Performance, T, = -20° to +85°C, DC to 10 MBd, unless otherwise noted.

Parameter Symbol Min. Max. | Unit Condition | Note |
Signaling Rate fy DC 10 Mb/s | NRZ B 2
Link Distance with Extra Low £ 0.1 50 m +25°C 2,3,5
Loss POF Cable 0.1 40 0to +70°C

L | 01 30 -20 to +85°C
Link Distance with 200 pm | £ 0.1 500 m | +25%C 2,4,5
HCS Cable 0.1 300 0to +70°C
0.1 100 -20 to +85°C
Pulse Width Distortion PWD -30 +30 ns 25 — 75% Duty Cycle 2
-50 +50 ns Arbitrary Duty Cycle
Absolute Maximum Ratings
Parameter Symbol Min. Max. Unit Note
Storage and Operating Temperature, Transmitter Tso -40 +85 °C
Storage and Operating Temperature, Receiver Tso -20 +85 °C
Receiver Supply Voltage Vee -0.5 +5.5 \/
Receiver Average Output Current Ip.ave -16 +16 mA
Receiver Output Power Dissipation Pop 80 mwW |
Transmitter Peak Forward Input Current Ir pk 90 mA 6
Transmitter Average Forward Input Current Iravg 60 mA
Transmitter Reverse Input Voltage \ 3 v e
Lead Soldering Cycle - Temp TsoL +260 °C 7
Time 10 sec 7
Recommended Operating Conditions
Parameter ) Symbol | Min. | Max. | Unit Condition Note
Ambient Temperature Ta -20 +85 °C
Power Supply Voltage Vee 4.75 5.25 \ <100 mV,,, Noise
Transmitter Peak Forward Current Iy pk 20 90 mA 6
Transmitter Average Forward Current Ipav 60 mA ]
Fanout (7400 Series TTL) N | 1

Notes:
1. Typical data at +25°C, Vo = 5 V.

2. With recommended transmitter and receiver application circuits (60 mA nominal drive current).
3. POF is HFBR-R/EXXYYY plastic (1 mm) optical fiber. Worst case attenuation used (0.23 dB/m from -40°C to +85°C at 660 nm).
4. HCS is HFBR-H/VXXYYY hard clad silica (200/230 um) fiber. Worst case attenuation is used (10 dB/km from 0°C to +70°C and

12 dB/km from -40°C to +85°C at 650 nm).
5.BER < 10, 223 . | PRBS NRZ 10 MBd.

6. For Igpg > 60 mA, the duty factor must maintain I,y € 60 mA and pulse with < 1 ps.

. 1.6 mm below seating plane.

7
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8 GROUND
HFBR-1528 Transmitter plastic optical fiber (POF) and ANODE 1
The HFBR-1528 transmitter Hard Clad Silica (HCS) fiber. This CATHODE —2 l .

incorporates a 650 nm LED in a transmitter can be operated up to GROUND —3 .
light gray, nonconductive plastic 10 MBd using a simple driver GROUND —4

housing. The high light output cir(?uit. T'he HFBR-15?8 is. com- s GROUND
power enables the use of both patible with all Versatile Link SEE NOTE 5
connectors.

HFBR-1528 Transmitter, Top View

Electrical and Optical Characteristics: T, = -40°to +85°C unless otherwise noted.

Parameter Symbol | Min. | Typ.[!]| Max. | Units | T, (°C) Conditions Note
Peak Output Power Pr -6.0 -3.5 0.0 dBm +25 I, ge = 60 mA 2,3
1 mm POF, 60 mA 6.9 +0.5 0to +70 Fig. 2

7.2 +1.3 -40 to +85
Peak Output Power Pr -15.6 -9.0 -2.0 dBm +25 Ipgc = 20 mA 2,3
1 mm POF, 20 mA 165 15 0to +70 Fig. 2
-16.8 -0.7 -40 to +85
Peak Output Power Pr -16.1 -12.5 -8.5 dBm +25 Ip g = 60 mA 2,3
200 pm HCS, 60 mA -17.0 8.0 0to +70 Fig. 2
-17.3 -7.2 -40 to +85
Optical Power Tem- APT/AT -0.40 %/°C
perature Coefficient 20.02 dB/°C
Peak Emission Ap 640 650 660 nm 0to +70 Fig. 3
Wavelength 635 662 -40 to +85
Peak Wavelength ANAT 0.12 n/°C
Temperature
Coefficient
Spectral Width FWHM 21 nm Fig. 3
Forward Voltage Vr 1.8 2.1 2.65 \Y Ip 4o = 60 mA Fig. 1
Forward Voltage Tem- AVg/AT -1.8 mV/°C Fig. 1
perature Coefficient
Reverse Input Break- ViR 3.0 13 \% Ipge = -10 pA
down Voltage
Diode Capacitance Co 60 pF Ve=0V,
f=1MHz
Transmitter NA 0.5
Numerical Aperture
Thermal Resistance, ;¢ 140 °C/W 4
Junction to Case
50 Q Optical Rise Time ty 13 ns 10% to 90%,
Ir = 60 mA
50 Q Optical Fall Time te 10 ns

Notes:

. Typical data are at +25°C.

. Optical power measured at the end of 0.5 meters of 1 mm diameter plastic or 200 pm diameter hard clad silica fiber with a large area
detector.

. Minimum and maximum values for Pt over temperature are based on a fixed drive current. The recommended drive circuit has
temperature compensation which reduces the variation in Py over temperature; refer to Figures 4 and 6.

. Typical value measured from junction to PC board solder joint for horizontal mount package, HFBR-1528.

. Pins 5 and 8 are for mounting and retaining purposes, but are electrically connected; pins 3 and 4 are electrically isolated. It is
recommended that pins 3, 4, 5 and 8 all be connected to ground to reduce coupling of electrical noise.

5. Refer to the “Plastic Optical Fiber and HCS Fiber Cable and Connectors for Versatile Link” Technical Data Sheet for cable connector
options for 1 mm plastic and 200 pm HCS optical fiber.
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Ig,pc - TRANSMITTER DRIVE CURRENT - mA

Figure 1. Typical Forward Voltage vs. Drive Current.

NORMALIZED SPECTRAL OUTPUT POWER

Figure 3. Typical Normalized Optical Spectra.

WAVELENGTH (nm)
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PWD -ns

Vee =525V

Figure 5. Typical Optical Pulse Width Distortion vs.
Temperature and Power Supply Voltage (in Recommended

[} 20 40 60 80
TEMPERATURE - °C

Drive Circuit).
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If,pc - TRANSMITTER DRIVE CURRENT - mA

Pt - NORMALIZED OUTPUT POWER - dB

Figure 2. Typical Normalized Optical Power vs. Drive
Current.
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Figure 4. Typical Normalized Optical Power vs. Temperature
(in Recommended Drive Circuit).

Veco

cil e

HFBR-1528

1/2 SN75451

. VALUE | TOLERANCE
< R1| 2KQ 5%
R2| 470 1%
C1| 0.1 yF 20%
C2| 1.0pF 20%
Figure 6. R ded Tr itter Drive Circuit

(If,on = 60 mA Nominal at T, = 25°C).

WARNING: WHEN VIEWED UNDER SOME CONDITIONS, THE OPTICAL PORT MAY EXPOSE
THE EYE BEYOND THE MAXIMUM PERMISSIBLE EXPOSURE RECOMMENDED IN ANSI
Z136.2, 1993. UNDER MOST VIEWING CONDITIONS THERE IS NO EYE HAZARD.
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HFBR-2528 Receiver from DC to 10 MBd with low GROUND 5

The HFBR-2528 receiver consists ~ PWD for arbitrary data patterns.
of a silicon PIN photodiode and

digitizing IC to produce a logic The receiver output is a “push-

compatible output. The IC pull” stage compatible with TTL

includes a unique circuit to and CMOS logic. The receiver GROUND 8

correct the pulse width distortion ~ housing is a dark, conductive SEE NOTES 5.7

of the first bit after a long idle plastic, compatible with all

period. This enables operation Versatile Link connectors. HFBR-2528 Receiver, Top View

Electrical and Optical Characteristics: T, = -20°to +85°C, 4.75 V < V¢ < 5.25 V, unless
otherwise noted.

~ Parameter Symbol | Min. | Typ!!l| Max. | Unit Ta (°C) Condition Note | Fig.
Peak POF Sensitivity: | Py, uin -23.0 |-21.0| dBm +25 1 mm POF, 2,6 2,4
Minimum Input for -20.0 0to+70 | |PWD| < 30 ns
Logic “0" ] -19.5 ~ |-20to +85
Peak POF Overdrive | Py pax | +1.0| +5.0 dBm +25 1 mm POF, 2,3, 1,2,
Limit:Maximum +0.0 0to+70 | |PWD| <30ns| 6 3
Input for Logic “0” -1.0 o -20to +85
Peak POF Off State | Py nax -42 dBm 1 mm POF 2,6,
Limit: Maximum 8

| Input for Logic 1" -
Peak HCS PRrimin -25.0 [-23.0| dBm +25 200 pm HCS, 2,6
Sensitivity: Minimum -22.0 0to +70 | |[PWD| < 30 ns
Input for Logic “0” ) -21.5 -20 to +85
Peak HCS Overdrive | P ax | -1.0 | +3.0 dBm +25 200 um HCS, 2,3,
Limit: Maximum -2.0 0to+70 | |PWD| <30ns| 6
Input for Logic “0” -3.0 -20 to +85
Peak HCS Off State | Pry max -44 dBm 200 um HCS 2,6,
Limit: Maximum 8
Input for Logic “1” -
Supply Current L Iee 27 45 mA Vo = Open
High Level Output Vou 4.2 4.7 \% Ip = -40 pA
Voltage ) ]
Low Level Output VoL 022 | 0.4 A I[p=+1.6 mA
Voltage ] e
Output Rise Time | t; 12 30 ns oL = 10 pF 6
Output Fall Time t 10 30 ns C, =10 pF 6
Thermal Resistance, 8¢ 200 °C/W 4
Junction to Case
Electric Field Emax 8 kV/m Near Field, 5
Immunity Electrical
o | ) Field Source
Power Supply PSNI 0.1 0.4 Vm_ Sine Wave 6
Noise Immunity DC - 10 MHz
Notes:

1. Typical data are at +25°C, Voo = 5.0 V.

2. Input power levels are for peak (not average) optical input levels. For 50% duty cycle data, peak optical power is twice the average

optical power.

Receiver overdrive (Pyj, ,.,) is specified as the limit where [PWD]| will not exceed 30 ns. The receiver will be in the correct state

(logic “0") for optical powers above Py ... However, it may not meet a 30% symbol period PWD if the overdrive limit is exceeded.

Refer to Figure 2 for PWD performance at high received optical powers.

. Typical value measured from junction to PC board solder joint for horizontal mount package, HFBR-2528.

. Pins 5 and 8 are electrically connected to the conductive housing and are also used for mounting and retaining purposes. It is required
that pins 5 and 8 be connected to ground to maintain conductive housing shield effectiveness.

5. In recommended receiver circuit, with an optical signal from the recommended transmitter circuit.

Pin 4 is electrically isolated internally. Pin 4 may be externally connected to pin 1 for board layout compatibility with HFBR-25X1,

HFBR-25X2 and HFBR-25X4. Otherwise it is recommended pin 4 be grounded as in Figure 5.

BER < 10E-9, includes a 10.8 dB margin below the receiver switching threshold level (signal to noise ratio = 12).
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Figure 1. Typical POF Receiver Overdrive, Py ,ax, at
10 MBd, vs. Temperature and Power Supply Voltage.
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Figure 3. Typical POF Receiver Pulse Width Distortion
vs. Power Supply Voltage at High Optical Power
(0 dBm,pk, 10 MBd).

HFBR-2528 R1

VALUE | TOLERANCE J7
R1| 27Q 5%
C1| 0.1pF 20 %

Figure 5. Recommended Receiver Application Circuit.
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Figure 2. Typical POF Receiver Pulse Width Distortion vs.
Optical Power at 10 MBd.

PWD - ns
>

-17

18
47 48 49 50 51 52 53 54 55
Vcc - VOLTS

Figure 4. Typical POF Receiver Pulse Width Distortion vs,
Power Supply Voltage at Low Optical Power, (-21 dBm,pk,
10 MBd).
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+0 3 Vgg

1 Vg, DATA

FIRST BIT
: AMPLIFIE BURST PWD
! CORRECTION
1 PIN
| PHOTODIODE THRESHOLD
' REFERENCE || GENERATOR
| VOLTAGE
1
1
'
)
1

Figure 6. HFBR-2528 Receiver Block Diagram.

Versatile Link Mechanical Dimensions

' PIN NO.1 INDICATOR

4 o \
20 6.8
(0.080) (0.270)
! . 102
(0.400)
- 19.6 o 5.1
(0.770) = " (0.200)
) 4.2
hpad 7.1 T (0.165)
(0.025) (0.305) ‘
i ' v
4.06 (0.160) MAX. !
7.62 3.56 (0.140) MIN. .- l27
(0.300) ~ = 0.51 - (0.050)
(0.020) . < 25
(0.100)

0.64 (0.025) DIA.
)

28 - < 185 ALL DIMENSIONS = 0.25 mm UNLESS
(0.109) (0.073)  OTHERWISE SPECIFIED.
ELECTRICAL PIN FUNCTIONS
TRANSMITTER | RECEIVER
PIN NO.| HFBR-1528 HFBR-2528
1 ANODE SIGNAL, Vo
2 CATHODE | GROUND
3 GROUND* Ve (+5V)
4 GROUND* | GROUND*
5 GROUND** | GROUND**
8 GROUND** | GROUND**

* NO INTERNAL CONNECTION,
GROUND CONNECTION RECOMMENDED.
** PINS 5 AND 8 CONNECTED INTERNALLY
TO EACH OTHER.

NOTE: ALL DIMENSIONS IN MM (INCHES).

0 2 GROUND
+©0 5 GROUND

Versatile Link Printed Circuit Board
Layout Dimensions

254
(0.100)

TOP VIEW
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HEWLETT"
PACKARD

(D

Fiber Optic Transmitters and
Receivers for Fieldbus

Applications

Technical Data

Features

¢ Meets 2/4 MBd Industrial
SERCOS, 1.5 MBd
PROFIBUS and INTERBUS-S
Standard

* SMA and ST® Ports

* 650 nm Wavelength
Technology

* Specified for Use with 1 mm
Plastic Optical Fiber and
200 um Hard Clad Silica

¢ Auto-Insertable and Wave
Solderable

* DC-10 MBd

Applications
* Industrial Control Data
Links

* Factory Automation Data
Links

¢ Voltage Isolation
Applications

* PLCs

¢ Motor Drives

* Automotive

* Sensor, Meter and Actuator
Interfaces

ST® is a registered trademark of AT&T.
HCS® is a registered trademark of
SpecTran Corporation.

5966-3153E (5/98)

Description

SERCOS

SERCOS, an acronym for SErial
Realtime COmmunications
System, is a standard digital
interface for communication in
industrial CNC applications. The
standard defines two data rates:
2 MBd and 4 MBd and was
formed to allow data transfer
between numerical controls and
drives via fiber-optic rings, with
voltage isolation and noise
immunity. The HFBR-1505A/2505A
products comply with SERCOS
specifications for optical
characteristics and connector
style, and can also be used for
data rates up to 10 MBd. The
international standard is

IEC 1491.

PROFIBUS

PROFIBUS, an acronym of
PROcess Fleld BUS, is an open
fieldbus standard defined for data
rates ranging from 9.6 kBd to

12 MBd in selectable steps for
wire and optical fiber. PROFIBUS
is a German national DIN 19245
standard and a European
CENELEC standard EN 50170.
The ST® connector is the
standard optical port of the
PROFIBUS optical fiber version.
The HFBR-1515B/2515B
complies fully to the technical
guideline using Plastic Optical
Fiber up to 1.5 MBd, and can also

HFBR-1505A/2505A

(SMA Tx/Rx for SERCOS)
HFBR-1515B/2515B

(ST® Tx/Rx for PROFIBUS)
HFBR-1505C/2505A

(SMA Tx/Rx for INTERBUS-S)

be used for data rates up to 10
MBd. Please contact Hewlett-
Packard regarding any future
plans for a 12 MBd device.

INTERBUS-S

INTERBUS-S, a special open
Sensor/Actuator Bus, is finding a
broad acceptance in the factory
automation industry. The
HFBR-1505C was specially
designed for this application and
is recommended as a powerful
transmitter for use with 1 mm
POF and 200 um HCS® fiber. The
optical transmission guideline is a
supplement of the German
National DIN E 19258 standard
draft. On the European level,
prEN 50254 is the draft of the
INTERBUS-S fieldbus. The
HFBR-1505C transmitter can be
used in conjunction with the
HFBR-2505A receiver.

Package Information

All HFBR-X5X5X series
transmitters and receivers are
housed in a low-cost, dual-in-line
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package that is made of high
strength, heat resistant,
chemically resistant and UL V-O
flame retardant plastic. The
transmitters are easily identified
by the light grey colored
connector port. The receivers are
easily identified by the dark grey
colored connector port. The
package is designed for auto-
insertion and wave soldering so it
is ideal for high volume
production applications.

Handling and Design
Information
When soldering, it is advisable to

leave the protective cap on the
unit to keep the optics clean.
Good system performance
requires clean port optics and
cable ferrules to avoid
obstructing the optical path.
Clean compressed air often is
sufficient to remove particles of
dirt; methanol on a cotton swab
also works well.

Recommended Chemicals for
Cleaning/Degreasing X5X5X
Products

Alcohols: methyl, isopropyl, isobutyl.
Aliphatics: hexane, heptane.
Qther: soap solution, naphtha.

Do not use partially halogenated
hydrocarbons such as

1,1,1 trichloroethane, ketones
such as MEK, acetone,
chloroform, ethyl acetate,
methylene dichloride, phenol,
methylene chloride or
N-methylpyrolldone. Also, HP
does not recommend the use of
cleaners that use halogenated
hydrocarbons because of their
potential environmental harm.

CAUTION: The small junction size inherent in the design of these components increases the
components’ susceptibility to damage from electrostatic discharge (ESD). It is advised that
normal static precautions be taken in handling and assembly of these components to prevent
damage and/or degradation which may be induced by ESD.

Specified Link Performance

0°Cto +70°C, DC to 10 MBd, unless otherwise noted.

Parameter Symbol Min. Max. Unit Condition Reference

Link Distance with 0.1 40 m POF Notes 1,2,3,4
HFBR-1505A/2505A or 0.1 200 m HCS® Notes 1,2,3,5
HFBR-1515B/2515B

Link Distance with 0.1 45 m POF Notes 1,2,3,4
HFBR-1505C/2505A 0.1 300 m HCS® Notes 1,2,3,5
Pulse Width Distortion PWD -30 +30 ns 25% to 75% Note 1

duty cycle

Notes:

1. With recommended Tx and Rx circuits (60 mA nominal drive current).
. POF HFBR-Exxyyy 0.23 dB/m worst case attentuation.

. Including a 3 dB optical safety margin accounting for link service lifetime.

2
3. HCS® HFBR-H/Vxxyyy 10 dB/Rm worst case attenuation.
4
5

. Including a 2 dB optical safety margin accounting for link service lifetime.
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HFBR-15X5X
Transmitters

The HFBR-15X5X transmitter
incorporates a 650 nm LED in a
light gray nonconductive plastic

plastic optical fiber (POF) and
Hard Clad Silica (HCS®). This
transmitter can be operated up to
10 MBd using a simple driver
circuit. The HFBR-1505X is

BOTTOM VIEW,

housing. The high light output compatible with SMA connectors, HFBR-1505X
power enables the use of both while the HFBR-1515X mates SEE NOTE 10
with ST® connectors. PIN FUNCTION
1 |CONNECTED TO PIN 4
4 |[CONNECTEDTOPIN 1
5 |GND
6 |GND
7 |cATHODE
8 | ANODE
Absolute Maximum Ratings
Parameter Symbol Min. Max. Unit Reference
Storage and Operating Temperature Ts,0 -40 85 °C
Peak Forward Input Current Ir.PK 90 mA Note 6
Average Forward Input Current Ir AvG 60 mA
Reverse Input Voltage Vr 3 7V
Lead Soldering Cycle Temp TsoL 260 °C Note 7
Time 10 s
Electrical/Optical Characteristics
0°C to +70°C unless ovthreir:yv}sc noted. ]
Parameter Symbol | Min. | Typ.[ll| Max. | Unit Condition Ref.
Optical Power APT/AT -0.02 dB/°C
Temperature
Coefficient )
Forward Voltage Vi 1.8 2.1 2.65 v Ir, dc = 60 mA Fig. 1
Forward Voltage AVE/AT -1.8 mV/°C Fig. 1
Temperature
Coefficient
Breakdown Voltage Vng 3.0 13 \% ] Ir, dc = =10 pA
Peak Emission APK 640 650 660 nm Fig. 3
| Wavelength
Full Width Half Max FWHM 21 30 nm Fig. 3
Diode Capacitance Co 60 pF [VF=0V,f=1MHz
Thermal Resistance 0,c ] 149 °C/W Notes 4,5
| Rise Time (10% to 90%) tr 13 ns 10% to 90%,
Fall Time (90% to 10%) tf 10 ns Ir = 60 mA
WARNING: When viewed under some conditions, the optical port may expose the eye beyond
the maximum permissible exposure recommended in ANSI Z136.2, 1993. Under most viewing
conditions, there is no eye hazard.
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Peak Output Power
0°C to +70°C unless otherwise noted.

Model Number Symbol Min, Max. | Unit Condition Reference
HFBR-1505A Pr -10.5 -5.5 dBm | POF, If 4c = 35 mA Notes 2,3,11
SERCOS -7.5 -3.5 POF, I, gc = 60 mA Figure 2

-18.0 -85 HCS®, I, 4c = 60 mA
HFBR-1515B -10.5 -5.5 POF, If, 4c = 35 mA Notes 2,3,11
PROFIBUS -7.5 -3.5 POF, I, 4c = 60 mA Figure 2
-18.0 -85 HCS®, I, 4c = 60 mA
HFBR-1505C -6.2 0.0 POF, Ir, gc = 60 mA Notes 3,8,9
INTERBUS-S -16.9 -85 HCS®, Ir, gc = 60 mA Figure 2
Notes:
1. Typical data at 25°C.
2. Optical power measured at the end of 0.5 meters of 1 mm diameter plastic optical fiber with a large area detector.
3. Minimum and maximum values for Pt over temperature are based on a fixed drive current. The recommended drive circuit has

temperature compensation which reduces the variation in Pt over temperature, refer to Figures 4 and 6.

4. Thermal resistance is measured with the transmitter coupled to a connector assembly and fiber, and mounted on a printed circuit
board.

5. To further reduce the thermal resistance, the cathode trace should be made as large as is consistent with good RF circuit design.

6. For Ip,pk > 60 mA, the duty factor must maintain Ir avg < 60 mA and pulse width < 1 ps.

7. 1.6 mm below seating plane.

8. Minimum peak output power at 25°C is -5.3 dBm (POF) and -16.0 dBm (HCS®) for 1505C series only.

9. Optical power measured at the end of 1 meter of 1 mm diameter plastic or 200 pm hard clad silica optical fiber with a large area
detector.

10. Pins 1 and 4 are for mounting and retaining purposes, but are electrically connected; pins 5 and 6 are electrically isolated. It is

recommended that pins 1, 4, 5, and 8 all be connected to ground to reduce coupling of electrical noise.
11. Output power with 200 um hard clad silica optical fiber assumes a typical ~10.5 dB difference compared to 1 mm plastic optical
fiber.
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Figure 1. Typical Forward Voltage vs. Figure 2. Typical Normalized Optical Figure 3. Typical Normalized Optical
Drive Current. Power vs. Drive Current. Spectra.
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Figure 4. Typical Normalized Optical Figure 5. Typical Optical Pulse Width

Power vs. Temperature (in Distortion vs. Temperature and

Recommended Drive Circuit). Power Supply Voltage (in
Recommended Drive Circuit).

Recommended Drive Circuit for HFBR-15X5X/25X5X

TTL COMPATIBLE TRANSMITTER TTL COMPATIBLE RECEIVER
+5V Ve —
c1
10 yF
+I( 4
R1 R2
LN 3 [ 27
c2 4 ‘M——’ +5VVee
0.1 yF 8 U2 u3 5 ca
HFBR-15X5 HFBR-25X5 -~
J|< 7 . 3 TNo1pF
[ TZ . TZ 7 1 ov
! —
4 é
4 TTL OUTPUT
L
TTLINPUT !
L =
" 1
R1 e
82.5Q 35 mA
47 Q 60 mA
Figure 6. Rec ded Tr itter and Receiver Drive Circuit (I, on = 35 mA or 60 mA Nominal at Tp = 25°C).
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HFBR-25X5 Receivers
The HFBR-25X5X receiver
consists of a silicon PIN
photodiode and digitizing IC to
produce a logic compatible

with low PWD for arbitrary data
patterns. The receiver output is a
“push-pull” stage compatible with
TTL and CMOS logic. The
receiver housing is a dark grey,

output. The IC includes a unique conductive plastic. The i L
circuit to correct the pulse width HFBR-2505X is compatible with SEE NOTE 4
distortion of the first bit after a SMA connectors, while the
long idle period. This enables HFBR-2515X mates with ST® PIN FUNCTION
operation from DC to 10 MBd connectors. 1 [CONNECTED TO PIN 4
4 |CONNECTED TO PIN 1
5 |NO CONNECT
6 |Vec
7 |GND
8 |Vo
Absolute Maximum Ratings - -
Parameter Symbol Min. Max.' s Unit - Reference
Storage and Operating Temperature Ts -40 85 T °C
Supply Voltage ] Vee -0.5 +5.5 \%
Average Output Current Io,avG -16 -16 mA
Output Power Dissipation Pop 80 mW
Lead Soldering Cycle Temp 260 °C Note 2
Time 10 s

Electrical/Optical Characteristics
0°Cto +70°C,4.75V < Ve < 5.25V, Vp_p Noise <100 mV, unless otherwise noted.

Parameter Symbol Min. | Typ.[ll| Max. | Unit Condition Ref.
Peak Input Power Pru —42 dBm 1mm POF Notes 3,5
Level Logic HIGH -44 200 um HCS®
Peak Input Power PRrL =20 -0 dBm | 1 mm POF, Note 3
Level Logic LOW -22 -2 200 um HCS® Figs. 7,8,
|[PWD| < 30 ns 9,10
Supply Current Ice 27 45 mA Vo = Open
High Level Output Vou 4.2 4.7 \% Iop = -40 pA
Voltage
Low Level Output Vou 0.22 0.4 A Ip =+1.6 mA
Voltage
Output Rise Time tr 12 30 ns CL = 10 pF Note 3
Output Fall Time te 10 30 ns CL = 10 pF Note 3
Notes:
1. Typical data are at 25°C, Ve = 5.0 V.
2. 1.6 mm below seating plane.
3. In recommended receiver circuit, with an optical signal from the recommended transmitter circuit.
4. Pins | and 4 are electrically connected to the conductive housing and are also used for mounting and retaining purposes. It is
required that pin 1 and 4 be connected to ground to maintain conductive housing shield effectiveness.
5. BER < 10E-9, includes a 10.8 dB margin below the receiver switching threshold level (signal to noise ratio = 12).
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Mechanical Dimensions
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SERCOS Fiber Optic
Transmitters and Receiver

Technical Data

Features

* Fully Compliant to SERCOS
Optical Specifications

* Optimized for 1 mm Plastic
Optical Fiber

¢ Compatible with SMA
Connectors

¢ Auto-Insertable and Wave
Solderable

¢ Data Transmission at
Symbol Rates from DC to
over 2 MBd for Distances
from 0 to over 20 Metres

Applications

* Industrial Control Data
Links

* Reduction of Lightning and
Voltage Transient Suscepti-
bility

* Tempest-Secure Data
Processing Equipment

* Isolation in Test and
Measurement Instruments

* Robotics Communication

SERCOS

SERCOS is a SErial Realtime
COmmunication System, a
standard digital interface for
communication between controls
and drives for numerically

controlled machines. The SERCOS
interface specification was written
by a joint working group of the
VDW (German Machine Tool
Builders Association) and ZVEI
(German Electrical and Electronic
Manufacturer’s Association) to
allow data exchange between NC
controls and drives via fiber optic
rings, with isolation and noise
immunity. The HFBR-0600 family
of fiber oplic transmiuvers and
receivers comply to the SERCOS
specifications for transmitter and
receiver optical characteristics
and connector style (SMA).

Description

The HFBR-0600 components are
capable of operation at symbol
rates from DC to over 2 MBd and
distances from 0 to over 20
metres. The HFBR-1602 and
HFBR-1604 transmitters contain
a 655-nm AlGaAs emitter capable
of efficiently launching optical
power into 1000 pum plastic
optical fiber. The optical output is
specified at the end of 0.5 m of
plastic optical fiber.

The HFBR-1604 is a selected
version of the HFBR-1602, with
power specified to meet the

HFBR-0600 Series

SERCOS high attenuation
specifications.

The HFBR-2602 receiver incor-
porates an integrated photo IC
containing a photodetector and d¢
amplifier driving an open-
collector Schottky output
transistor. The HFBR-2602 is
designed for direct interfacing to
popular logic families. The
absence of an internal pull-up
resistor allows the open-collector
output to be used with logic
families such as CMOS requiring
voltage excursions higher than
Vee. The HFBR-2602 has a
dynamic range of 15 dB.

CAUTION: The small junction sizes inhevent to the design of this component increase the component's
susceptibility to damage from electrostatic discharge (E
taken in handling and assembly of this component to pr

induced by ESD.

SD). It is advised that normal static precautions be
event damage and/or degradation which may be

5091-1462E (1/97)
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HFBR-160X Transmitters HFBR-2602 Receiver HFBR-0600 SMA Series
Mechanical Dimensions
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In the receiver, both the open- SMA is an industry standard fiber 23t
collector “Data” output Pin 6 and optic connector, available from @0
V¢ Pin 2 are referenced to many fiber optic connector
“Common” Pin 3 and 7. It is suppliers. HFBR-4401 is a kit
essential that a bypass capacitor consisting of 100 nuts and 100
(0.1 uF ceramic) be connected washers for panel mounting the

from Pin 2 (Vi¢) to Pin 3 (circuit HFBR-0600 components.
common) of the receiver.
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HFBR-1602/1604 Transmitters

Absolute Maximum Ratings

Parameter *?SVymbol Min. Max. Unit Reference
Storage Temperature Ty -66 85 °C
Operating Temperature Ty -40 85 °C
Lead Soldering Cycle Temp. 260 °C Note 1
Time 7 ld s Note 1
Forward Input Current Peak Iepk 120 mA
Forward Input Current Average ) Travg 60 mA
Reverse Input Voltage Vir -5 v

Electrical/Optical Characteristics 0 to 55°C, unless otherwise stated.

Parameter Symbol | Min. | Typ.[2] | Max. Unit Condition Reference
Forward Voltage Vi 1.5 1.9 22 |V I, = 35 mA
Forward Voltage AVi/AT -1.2 mV/°C I = 35 mA
Temp. Coefficient
Reverse Input Voltage Ver -5.0 -18 \' Iz =100 pA
Peak Emission Ap 640 655 675 nm
Wavelength
Full Width Half FWHM 20 30 nm 25°C
Maximum
Diode Capacitance Cr 30 pF Ve =0
] | f = 1MHz
Optical Power Temp. APp/AT -0.01 dBm/°C | I =35 mA
Coefficient
Thermal Resistance 05, 330 °C/W Notes 3, 4
Peak Optical Output Prigoz (-10.5 -5.5 dBm I = 35 mA | Notes 5, 6,
Power of HFBR-1602 11
Peak Optical Output | P -7.5 -3.5 dBm I = 60mA | Notes 5, 6,
Power of HFBR-1604 -10.5 -5.56 dBm I[r=35mA |11
Rise Time (10% to 90%) t, 57 ns Iz = 60 mA
50 ns Ir = 35 mA
Fall Time (90% to 10%) te 40 ns Ir = 60 mA
27 ns Ip = 36 mA
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HFBR-2602 Receiver

Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Reference
Storage Temperature Tg -55 85 °C
Operating Temperature T -40 85 °C
Lead Soldering Cycle Temp. 260 °C Note 1
Time 10 S Note 1
Supply Voltage Vee -0.5 7.0 A
Output Current Iy 25 mA
Output Voltage Vo -0.5 18.0 \% —
Output Collector Power Dissipation Po avi 40 mW
Fan Out (TTL) N 5 Note8 |

Electrical/Optical Characteristics 0 to 55°C;
< 05,47V Vi< 525V

Fiber core diameter < 1.0 mm, fiber N.A. < 0
Parameter Symbol | Min. | Typ.[2] | Max. Unit Condition Reference

High Level Output Ioy 5 2560 HA Vou = 18V

Current Py < -31.2 dBm

Low Level Output Vou 0.4 0.5 A Io, = 8 mA

Voltage Py > -20.0 dBm

High Level Supply Iecn 3.5 6.3 mA Vee =525V

Current Py <-31.2 dBm

Low Level Supply IeeL 6.2 10 mA Vee =525V

Current Py > -20.0 dBm

Dynamic Characteristics 0 to 55°C unless otherwise specified; 4.75 V< Vi < 5.25 V; BER < 109

Parameter Symbol | Min. | Typ.[2] | Max. Unit Condition Reference
Peak Input Power Pun -31.2 dBm Ap = 655 nm Note 7
Level Logic HIGH
Peak Input Power Py, -20.0 -5.0 dBm | Ip, =8 mA Note 7
Level Logic LOW
Propagation Delay tpLu 60 ns Py = -20 dBm Note 8, 9
LOW to HIGH 2 MBd
Propagation Delay tpu, 110 ns Py = -20 dBm Note 8, 9
HIGH to LOW 2 MBd
Pulse Width PWD 50 ns Py = -5 dBm Note 10
Distortion, Figure 6
torn - tpy, -50 ns Py = -20 dBm
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Notes:

1. 2.0 mm from where leads enter case.

2. Typical dataat T, = +25°C.

3. Thermal resistance is measured with
the transmitter coupled to a connector
assembly and fiber, and mounted on a
printed circuit board.

4. Pins 2, 6, and 7 are welded to the
cathode header connection to minimize
the thermal resistance from junction to
ambient. To further reduce the thermal
resistance, the cathode trace should be
made as large as is consistent with
good RF circuit design.

5. Py is measured with a large area
detector at the end of 0.5 metre of
plastic optical fiber with 1 mm

diameter and numerical aperture of
0.5.

. When changing pW to dBm, the optical
power is referenced to 1 mW (1000
uW). Optical Power P(dBm) = 10 log
[P (MW)/1000 pW].

7. Measured at the end of 1mm plastic
fiber optic cable with a large area
detector.

8. 8 mAload (5 x 1.6 mA), R, = 560 Q.

9. Propagation delay through the system
is the result of several sequentially
occurring phenomena. Consequently it
is a combination of data-rate-limiting
effects and of transmission-time
effects. Because of this, the data-rate
limit of the system must be described

=2

2,05 1, —
A HM
’ P2
! - -
195 I ” ’T
- -
19 e /,Jf - z
P
185 ke

V, - FORWARD VOLTAGE - V

H

P, - TRANSMITTER OUTPUT POWER - dBm

L

6!
10 20 30 40 50 60 70 80 90 100

|, - FORWARD CURRENT - mA

Figure 1. Forward Voltage and
Current Characteristics.
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Figure 2. Typical Transmitter Output
vs. Forward Current.
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in terms of time differentials between
delays imposed on falling and rising
edges. As the cable length is increased,
the propagation delays increase. Data-
rate, as limited by pulse width distor-
tion, is not affected by increasing cable
length if the optical power level at the
receiver is maintained.

10. Pulse width distortion is the difference
between the delay of the rising and
falling edges.

11. Both HFBR-1602 and HFBR-1604
meet the SERCOS "low attenuation"
specifications when operated at 35 mA;
only HFBR-1604 meets the SERCOS
"high attenuation” limits when operated
at 60 mA.
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(D Pty

125 Megabaud Fiber Optic

Transceiver

JIS FO7 Connection

Technical Data

Features

* Data Transmission at Signal
Rates of 1 to 125 MBd over
Distances up to 100 Meters

¢ Compatible with Duplex JIS
FO7 and Simplex JIS FO5
Connectors

* Specified for Use with
Plastic Optical Fiber (POF),
and with Large Core Silica
Fiber (HCS®)

* Transmitter and Receiver
Application Circuit
Schematics Available

* Conductive Plastic Housing
Provides Electrical Shield

Applications

* Intra-System Links: Board-
to-Board, Rack-to-Rack

* High Voltage Isolation

¢ Telecommunications
Switching Systems

* Computer-to-Peripheral Data
Links, PC Bus Extension

¢ Industrial Control Networks

¢ Proprietary LANs

¢ Digitized Video

* Medical Instruments

¢ Immune to Lightning and
Voltage Transients

Description
The 125 MBd transceiver is a
cost-effective fiber-optic solution

for transmission of 125 MBd data

up to 100 meters with HCS®
fiber. The data link consists of a
650 nm visible, red LED trans-

mitter and a PIN/preamp receiver.

These can be used with low-cost
plastic or hard clad silica fiber.
One millimeter diameter plastic
fiber provides the lowest cost
solution for distances under 25
meters. The lower attenuation of
HCS® fiber allows data transmis-
sion over longer distance. These
components can be used for high
speed data links without the
problems common with copper
wire solutions.

The transmitter is a high power
650 nm LED. Both transmitter
and receiver are molded in one
housing which is compatible with
the FO7 connector. This con-
nector is designed to efficiently
couple the power into POF or
HCS® fiber.

HCS® is a registered trademark of Spectran Corporation.

5965-7092E (5/97)

HFBR-5527

With the recommended drive
circuit, the LED operates at
speeds from 1-125 MBd. The
analog high bandwidth receiver
contains a PIN photodiode and
internal transimpedance
amplifier. With the recommended
application circuit for 125 MBd
operation, the performance of the
complete data link is specified for
0-25 meters with plastic fiber. A
wide variety of other digitizing
circuits can be combined with the
HFBR-5527 Series to optimize
performance and cost at higher or
lower data rates.
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HFBR-5527
125 MBd Data Link

Data link operating conditions
and performance are specified for
the transmitter and receiver in

the recommended applications
circuits shown in Figure 1. This
circuit has been optimized for
125 MBd operation. The
Applications Engineering
Department in the Hewlett-

Packard Optical Communication
Division is available to assist in

optimizing link performance for
higher or lower speed operation.

Recommended Operating Conditions for the Circuits in Figures 1 and 2.

Parameter Symbol Min. Max. Unit Note
Ambient Temperature Ta 0 70 °C
Supply Voltage Vee +4.75 +5.25 A%
Data Input Voltage - Low ViL Vee —1.89 Vee -1.62 A
Data Input Voltage - High Vi Vee —1.06 Vee -0.70 Vv
Data Output Load Ry, 45 55 Q 1
Signaling Rate fs 1 125 MBd
Duty Cycle D.C 40 60 % 2
Link Performance: 1-125 MBd, BER < 10, under recommended operating conditions with
recommended transmit and receive application circuits.
Parameter Symbol | Min.[3! | Typ.[4] | Max. | Unit | Condition | Note

Optical Power Budget, 1 m POF OPBpor 11 16 dB 5,6,7
Optical Power Margin, OPMpor 20 3 6 dB 5,6,7

20 m Standard POF
Link Distance with 1 20 27 m

Standard 1 mm POF
Optical Power Margin, OPMpor 25 3 6 dB 5,6,7

25 m Low Loss POF
Link Distance with Extra 1 25 32 m

Low Loss 1 mm POF
Optical Power Budget, 1 m HCS OPBycs 12 dB 56,7
Optical Power Margin, 100 m HCS | OPMys 100 6 dB 56,7
Link Distance with HCS cable 1 125 m

Notes:

W -

. If the output of U4C in Figure 1, page 4 is transmitted via coaxial cable, terminate with a 50 Q resistor to V¢ - 2 V.
- Run length limited code with maximum run length of 10 ps.
. Minimum link performance is projected based on the worst case specifications of the transmitter, receiver, and POF cable, and the

typical performance of other components (e.g., logic gates, transistors, resistors, capacitors, quantizer, HCS cable).

~

Typical performance is at 25°C, 125 MBd, and is measured with typical values of all circuit components.

5. Standard cable is HFBR-RXXYYY plastic optical fiber, with a maximum attenuation of 0.24 dB/m at 650 nm and NA = 0.5.
Extra low loss cable is HFBR-EXXYYY plastic optical fiber, with a maximum attenuation of 0.19 dB/m at 650 nm and NA = 0.5.
HCS cable is HFBR-H/VXXYYY glass optical fiber, with a maximum attenuation of 10 dB/km at 650 nm and NA = 0.37.

I

Optical Power Budget is the difference between the transmitter output power and the receiver sensitivity, measured after

1 meter of fiber. The minimum OPB is based on the limits of optical component performance over temperature, process, and

recommended power supply variation.

N

. The Optical Power Margin is the available OPB after including the effects of attenuation and modal dispersion for the minimum

link distance: OPM = OPB - (attenuation power loss + modal dispersion power penalty). The minimum OPM is the margin
available for long term LED LOP degradation and additional fixed passive losses (such as in-line connectors) in addition to the

minimum specified distance.
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Plastic Optical Fiber (1 mm POF) Transmitter Application Circuit:
Performance of the transmitter in the recommended application circuit (Figure 1) for POF; 1-125 MBd, 25°C.

Parameter Symbol Typical Unit Condition Note

Average Optical Power 1 mm POF | -9.7 dBm 50% Duty Note 1, Fig. 3
Cycle

Average Modulated Power 1 mm POF Prod -11.3 dBm Note 2, Fig. 3

Optical Rise Time (10% to 90%) t, 2.1 ns 5 MHz

Optical Fall Time (90% to 10%) t 2.8 ns 5 MHz

High Level LED Current (On) Ipy 30 mA Note 3

Low Level LED Current (Off) IpL 3 mA Note 3

Optical Overshoot - 1 mm POF 45 %

Transmitter Application Circuit Icc 115 mA Figure 1

Current Consumption - 1 mm POF

Hard Clad Silica Fiber (200 um HCS) Transmitter Application Circuit: Performance of
the transmitter in the recommended application circuit (Figure 1) for HCS; 1-125 MBd, 25°C.

Parameter Symbol Typical | Unit | Condition Note

verage Ontical Power 200 um HCS P -14.8 dBRm 5006 Dutv Note 1 Fig. 2

Average Optical Power 200 pum HCS | 148 dBm 50% Duty Note 1, Fig. 3
Cycle

Average Modulated Power 200 pm HCS Prod -16.2 dBm Note 2, Fig. 3
Optical Rise Time (10% to 90%) T 3.1 ns 5 MHz
Optical Fall Time (90% to 10%) te 3.4 ns 5 MHz
High Level LED Current (On) Ipn 60 mA Note 3
Low Level LED Current (Off) Ip,, 6 mA Note 3
Optical Overshoot - 200 pm HCS 30 %
Transmitter Application Circuit Ice 130 mA Figure 1
Current Consumption - 200 pm HCS

Notes:

. Average optical power is measured with an average power meter at 50% duty cycie, after i meter of fiber.

. To allow the LED to switch at high speeds, the recommended drive circuit modulates LED light output between two non-zero power
levels. The modulated (useful) power is the difference between the high and low level of light output power (transmitted) or input
power (received), which can be measured with an average power meter as a function of duty cycle (see Figure 3). Average Modulated
Power is defined as one half the slope of the average power versus duty cycle:

[P,y @ 80% duty cycle - P,,, @ 20% duty cycle)

(2)10.80 - 0.20]

. High and low level LED currents refer to the current through the LED. The low level LED “off” current, sometimes referred to as

“hold-on" current, is prebias supplied to the LED during the off state to facilitate fast switching speeds.

[

Average Modulated Power =

«w
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Plastic and Hard Clad Silica Optical Fiber Receiver Application Circuit:
Performancel*! of the receiver in the recommended application circuit (Figure 1); 1-125 MBd, 25°C unless
otherwise stated.

Parameter o Symbol Typical Unit Condition Note

Data Output Voltage - Low ) Vou Vee-1.7 v R, =50 Q Note 5

Data Output Voltage - High Vou Vee-0.9 \% R, =50Q Note H

Receiver Sensitivity to Average Poain -27.5 dBm | 50% eye opening | Note 2

Modulated Optical Power 1 mm POF

Receiver Sensitivity to Average Pouin -28.5 dBm | 50% eye opening | Note 2

Modulated Optical Power 200 um HCS

Receiver Overdrive Level of Average Prax -7.5 dBm | 50% eye opening | Note 2

Modulated Optical Power 1 mm POF

Receiver Overdrive Level of Average M—me -10.5 dBm | 50% eye opening | Note 2

Modulated Optical Power 200 um HCS

Receiver Application Circuit Current Iec 85 mA Ry = oo Figure 1

Consumption |
Notes:

4. Performance in response to a signal from the transmitter driven with the recommended circuit at 1-125 MBd over 1 meter of plastic
optical fiber or 1 meter of HCS® fiber with FO7 plugs.

5. Terminated through a 50 Q resistor to Voo - 2 V.

6. If there is no input optical power to the receiver, electrical noise can result in false triggering of the receiver. In typical applications,
data encoding and error detection prevent random triggering from being interpreted as valid data.

L
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Figure 1. Transmitter and Receiver Application Circuit with +5 V ECL Inputs and Outputs.
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125 Megabaud Fiber Optic Link
Transmitter/Receiver

Description RX OUT

The HFBR-5527 incorporates a receivers convert a received RX GND

650 nm LED, a PIN photodiode, optical signal to an analog output RX GND

and transimpedance preamplifier.  voltage. Follow-on circuitry can RX Vee

The 650 nm LED is suitable for optimize link performance for a GND

use with current peaking to variety of distance and data rate GND

decrease optical response time requirements. Electrical ANODE

and can be used with the PIN bandwidth greater than 65 MHz CATHODE

preamplifier to build an optical allows design of high speed data

transceiver that can be operated links with plastic or hard clad CASE
at signaling rates from 1 to 125 silica optical fiber. GND

MBd over POF or HCS® fiber. The

Absolute Maximum Ratings

Parameter Symbol | Min. | Max. | Unit Reference

Storage Temperature ' Ty -40 +85 °C T
Operating Temperature To -40 +70 °C
Lead Soldering Temperature 260 °C Note 1

Cycle Time 10 s
Transmitter High Level Forward Ipn 120 mA 50% Duty Cycle |

Input Current > 1 MHz
Transmitter Av: 77 el P;Lr@d Input Current | 7IM\ 0 60 mA ]
Transmitter Reverse Input Voltage Vk 3 A
Receiver Sigmlﬂn Voltage Vo o5 | Vee \% - 1
Receiver Supply Voltage Vee -0.5 6.0 A%
Receiver Output Current - Iy 25 mA

CAUTION: The small junction sizes inhervent to the design of this component increase the component’s suscepti-
bility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken in
handling and assembly of this component to precent damage and/or degradation which may be incduced by
ESD.

WARNING: WHEN VIEWED UNDER SOME CONDITIONS, THE OPTICAL PORT MAY
EXPOSE THE EYE BEYOND THE MAXIMUM PERMISSIBLE EXPOSURE RECOMMENDED
IN ANSI Z136.2, 1993. UNDER MOST VIEWING CONDITIONS THERE IS NO EYE HAZARD.
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HFBR-5527 Transmitter
Electrical/Optical Characteristics 0 to 70°C, unless otherwise stated.

Parameter Symbol | Min. | Typ.[2] | Max. | Unit Condition Note
Transmitter Output Optical Py 95 | -7.0 4.8 | dBm | I =30mA,25°C | Note 3
Power, 1 mm POF -10.4 -4.3 0-70°C
Transmitter Output Optical Py -13.0 | -10.5 | dBm | Ig4. = 60 mA, 25°C | Note 3
Power, 200 um HCS® -10.0 0-70°C
Output Optical Power APy -0.02 dB/°C
Temperature Coefficient AT
Peak Emission Wavelength Apk 640 650 660 nm
Peak Wavelength Ak 0.12 nm/°C
Temperature Coefficient AT
Spectral Width FWHM 21 nm Full Width,

Half Maximum
Forward Voltage ) Vi 1.8 2.0 2.4 \Y I = 60 mA
Forward Voltage AVp -1.8 mV/°C
Temperature Coefficient AT
Transmitter Numerical NA 0.5
Aperture i .
Thermal Resistance, 6. 140 °C/W Note 4
Junction to Case
Reverse Input Breakdown Vir 3.0 13 % lpge = -10 pA
Voltage
Diode Capacitance Co 60 pF Ve=0V,
f=1MH
- i — S z -
Unpeaked Optical Rise t, 12 ns I = 60 mA Figure 5
Time, 10% - 90% f = 100 kHz Note 5
o T N L -
Unpeaked Optical Fall ty 9 ns Ir = 60 mA Figure 5
Time, 90% - 10% i f = 100 kHz Note 5

Notes:

P

~1 S U w

*

. 1.6 mm below seating plane.

. Typical data is at 25°C.

Optical Power measured at the end of 0.5 meter of I mm diameter plastic or 200 pm diameter hard clad silica optical fiber with a large

area detector.

. Typical value measured from junction to PC board solder joint.

. Optical rise and fall times can be reduced with the appropriate driver circuit.

. Pins 9 and 10 are primarily for mounting and retaining purposes, but are electrically connected with conductive housing; pins 5 and 6
are electrically unconnected. It is recommended that pins 5. 6, 9, and 10 all be connected to Rx ground to reduce coupling of
electrical noise.

. Refer to the Versatile Link Family Fiber Optic Cable and Connectors Technical Data Sheet for cable connector options for 1 mm

plastic optical fiber and 200 pm HCS fiber.

The LED current peaking necessary for high frequency circuit design contributes to electromagnetic interference (EMI). Care must be

taken in circuit board layout to minimize emissions for compliance with governmental EMI emissions regulations.
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Figure 5. Test Circuit for Measuring
Unpeaked Rise and Fall Times.

Vg - FORWARD VOLTAGE - V

Ir,pc - TRANSMITTER DRIVE CURRENT (mA)
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HFBR-5527 Receiver

Electrical/Optical Characteristics 0 to 70°C; 5.25 V > V. > 4.75 V; power supply must be filtered
(see Figure 1, Note 2).

Parameter Symbol | Min. | Typ. | Max. | Unit Test Condition Note
AC Responsivity 1 mm POF Rp por 1.7 3.9 6.5 | mV/uWw 650 nm Note 4
AC Responsivity 200 um HCS Rpnes 4.5 7.9 | 11.5 | mV/juW
RMS Output Noise Vno 0.46 | 0.69 | mViys Note 5
Equivalent Optical Noise Input Py rMs -39 -36 dBm Note 5
Power, RMS - 1 mm POF
Equivalent Optical Noise Input Px rus -42 -40 dBm Note 5
Power, RMS - 200 pm HCS
Peak Input Optical Power - Pr -5.8 dBm 5 ns PWD Note 6
I mm POF -6.4 dBm 2 ns PWD
Peak Input Optical Power - Pr -8.8 dBm 5 ns PWD Note 6
200 pm HCS -9.4 dBm 2 ns PWD
Output Impedance Zg 30 Q 50 MHz Note 4
DC Output Voltage Vo 0.8 1.8 2.6 \ Py = 0 yW
Supply Current Iee 9 15 mA
Electrical Bandwidth ) BWwg 65 125 MHz -3 dB electrical
| Qgpdwidth * Rise Time 0.41 Hz *s
Electrical Rise Time, 10-90% tr 3.0 6.3 nus Pg = -10 dBm
peak
Electrical Fall Time, 90-10% ty 3.3 6.3 ns Pr = -10 dBm
peak
R —
Pulse Width Distortion PWD 0.4 1.0 ns Py = -10 dBm Note 7
peak
Overshoot 4 % Pg = -10 dBm Note 8
peak
Notes:
1. 1.6 mm below seating plane.

[

The signal output is an emitter follower, which does not reject noise in the power supply. The power supply must be filtered as in
Figure 9.

Typical data are at 25°C and Vi, = +5 Vde.

Pin 1 should be ac coupled to aload 2510 € with load capacitance less than 5 pF.

Measured with a 3 pole Bessel filter with a 75 MHz, -3 dB bandwidth. No modulation appled to Tx.

. The maximum Peak Input Optical Power is the level at which the Pulse Width Distortion is guaranteed to be less than the PWD listed
under Test Condition. Py y. is given for PWD = 5 ns for designing links at < 50 MBd operation, and also for PWD = 2 ns for
designing links up to 125 MBd (for both POF and HCS input conditions).

10 ns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform.

Percent overshoot is defined at:

N

-~

*

(Vek - Vigow)

Vioow

. Pins 9 and 10 are primarily for mounting and retaining purposes, but are electrically connected with the conductive housing. Pins 5
and 6 are electrically unconnected. It is recommended that pins 5 and 6 be connected to Rx ground to reduce coupling of electrical
noise. Refer to Figure 1. The connections between pins 1 and 2 of the HFBR-5527 and pins 13 and 12 of the MC10H116 should be
adjacent and nearly the same length to maximize the common mode rejection of the MC10H116 to eliminate cross talk between the
transmitter and receiver.

. If there is no input optical power to the receiver (no transmitted signal) electrical noise can result in false triggering of the receiver.
In typical applications, data encoding and error detection prevent random triggering from being interpreted as valid data.

x 100%

1
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Figure 9. Recommended Power Supply Filter Circuit.

The HFBR-5527 is typically used
to construct 125 MBd digital
fiber-optic receivers which use
the same +5 volt power supply
that powers the host system'’s
microprocessors, CMOS logic, or
TTL logic. To build a digital
receiver, the analog HFBR-5527
component must be connected to
a post amplifier and a compara-
tor. This post amplifier plus
comparator function is commonly
known as a quantizer. The O V
common and +5 V power supply
connections for the HFBR-5527
and quantizer must be isolated
from the host system’s power and
ground planes by a low pass
filter. This recommended low pass
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filter assures that the electrical
noise normally present in the
host system'’s digital logic power
supply will not reduce the
sensitivity of fiber-optic receivers
implemented with the
HFBR-5527. The quantizer and
power supply filter circuits
recommended for use with the
HFBR-5527 are shown in

Figure 7 of HP Application

Note 1066. For optimum
performance, the HFBR-5527
should be used with the same
quantizer and power supply
filters recommended for use with
HP’s HFBR-15X7 and
HFBR-25X6 components. To
maximize immunity to electrical

noise, pins 3, 9, and 10 of the
HFBR-5527 should be connected
to filtered receiver common. For
best common mode noise
rejection, the connections
between pins 1 and 2 of the
HFBR-5527 and the quantizer's
differential input should be of
equal length, and the components
in both traces should be placed to
achieve symmetry. The preceding
recommendations minimize the
cross talk between the fiber-optic
transmitter and receiver. These
recommendations also improve
the fiber-optic receiver’s
immunity to environmental noise
and the host system'’s electrical
noise.
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Plastic Optical Fiber and
HCS® Fiber Cable and

Connectors for Versatile Link

Technical Data

Features

¢ Compatible with HP Versatile
Link Family of Connectors
and Fiber Optic Components
1 mm Diameter Plastic
Optical Fiber (POF) in Two
Grades: Low Cost Standard
POF with 0.22 dB/m Typical
Attenuation, or High
Performance Extra Low Loss
POF with 0.19 dB/m Typical
Attenuation

200 um Diameter Hard Clad
Silica (HCS®) Fiber with

8 dB/km Typical Attenua-
tion, Riser or Plenum Rated
Jackets, Superior
Mechanical Strength

Applications

¢ Industrial Data Links for
Factory Automation and
Plant Control

* Intra-System Links; Board-
to-Board, Rack-to-Rack

¢ Telecommunications
Switching Systems

¢ Computer-to-Peripheral Data
Links, PC Bus Extension

e Darnnetob e T AR
* Proprietary LANs

* Digitized Video
* Medical Instruments

* Reduction of Lightning and
Voltage Transient
Susceptibility

¢ High Voltage Isolation

Cable Description

The HFBR-R/EXXYYY series of
plastic fiber optic cables are
constructed of a single step-index
fiber sheathed in a black poly-
ethylene jacket. The duplex fiber
consists of two simplex fibers
Jjoined with a zipcord web.

Standard attenuation and extra
low loss POF cables are identical
except for attenuation
specifications.

The HFBR-H/VXXYYYY series of
hard clad silica fiber optic cables
are constructed of a single step
index pure silica HCS"* fiber
sheathed in a blue polyvinyl
chloride jacket. The duplex fiber
consists of two simplex fibers
Jjoined with a zipcord web. Riser
and Plenum rated HCS* fiber
cables are identical except for
Jjacket materials.

Polyethylene jackets on all plastic
fiber cables comply with UL VW-1
flame retardant specifications.

HCS® is a registered trademark of SpecTran Corporation.

5963-3711E (1/97)

HFBR-RXXYYY Series (POF)
HFBR-EXXYYY Series (POF)
HFBR-HXXYYY Series (HCS)
HFBR-VXXYYY Series (HCS)

620 640 660 680 700

WAVELENGTH - nm

Typical POF and HCS Attenuation

PVC jackets on HCS* cables are
either UL Riser rated or UL
Plenum rated.

All series of cables are available in
unconnectored or connectored
options. Refer to the Ordering
Guide for part number
information.
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Plastic Optical Fiber Specifications: HFBR-R/EXXYYY
Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Note
Storage and Operating Temperature Tso -55 +85 °C
Recommended Operating Temperature To -40 +85 °C | |
Installation Temperature Ty -20 +70 °C 1
Short Term Tensile Single Channel Fr 50 N | 2
Force Dual Channel |  Fy B 100 N ]
Short Term Bend Radius r 25 mm 3, 4
Long Term Bend Radius - r 35 mm -
Long Term Tensile Load Fr 1 N
Flexing 1000 Cycles 4
Mechanical/Optical Characteristics, T, = -40 to +85°C unless otherwise specified.
Parameter Symbol | Min. | Typ.!5! | Max. | Unit Condition ‘
Cable Standard Cable, 0o 0.15 0.22 0.27 | dB/m | Source is HFBR-15XX
Attenuation Type "R" (660 mm LED, 0.5 NA)
Extra Low Loss, 0.15 0.19 0.23 4 = 50 meters
Type "E" -
Reference Standard Cable, Og 0.12 0.19 0.24 | dB/m | Source is 650 nm,
Attenuation Type "R" 0.5 NA monochrometer,
Extra Low Loss, 0.12 0.16 0.19 £ = 50 meters
Type "E" . Note 7, Figure 1
Numerical Aperture NA 0.46 0.47 0.50 >2 meters
Diameter, Core and Cladding D¢ 0.94 1.00 1.06 | mm
Diameter, Jacket Dy 2.13 2.20 2.27 mm | Simplex Cable
Propagation Delay Constant v 5.0 ns/m | Note 6 -
Mass per Unit Length/Channel 5.3 g/m | Without Connectors
Cable Leakage Current ) I ' 12 nA 50 kV, £ = 0.3 meters -
Refractive Index | Core n 1.492
Cladding 1.417
Notes: 500

. Installation temperature is the range over which the cable can be bent and pulled
without damage. Below -20°C the cable becomes brittle and should not be subjected to
mechanical stress.

. Short Term Tensile Force is for less than 30 minutes.

. Short Term Bend Radius is for less than 1 hour nonoperating.

- 90° bend on 25 mm radius mandrel. Bend radius is the radius of the mandrel around

which the cable is bent.

Typical data are at 25°C.

. Propagation delay constant is the reciprocal of the group velocity for propagation delay
of optical power. Group velocity is v=c¢/n where ¢ is the velocity of light in free space
(3x10® m/s) and n is the effective core index of refraction.

. Note that oy, rises at the rate of about 0.0067 dB/°C, where the thermal rise refers to
the LED temperature changes above 25°C. Please refer to Figure 1 which shows the
typical plastic optical fiber attenuation versus wavelength at 25°C.

VR
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Figure 1. Typical POF Attenuation vs,
Wavelength.



Plastic Fiber Connector
Styles

Connector Description

Four connector styles are available
for termination of plastic optical
fiber: simplex, simplex latching,
duplex and duplex latching. All
connectors provide a snap-in
action when mated to Versatile
Link components. Simplex
connectors are color coded to
facilitate identification of trans-
mitter and receiver connections.
Duplex connectors are keyed so
that proper orientation is ensured
during insertion. If the POF cable/
connector will be used at extreme
operating temperatures or
experience frequent and wide
temperature cycling effects, the
cable/connector attachment can
be strengthened with an RTV
adhesive (see Plastic Connector-
ing Instructions for more detail).

SIMPLEX CONNECTOR STYLES
HFBR-4501/4511/4501B — Simplex

SIMPLEX CRIMP RING. HFBR-4525

The simplex connector provides a
quick and stable connection for
applications that require a
component-to-connector retention
force of 8 Newtons (1.8 1b.).
These connectors are available in
gray (HFBR-4501), blue (HFBR-
4511), or black (HFBR-4501B).

HFBR-4503/4513/4503B — Simplex

Latching
SIMPLEX

] —

CRIMP RING ,

The simplex latching connector is
designed for rugged applications
requiring a greater retention force
— 80 Newtons ( 18 1b.) — than
provided by a simplex nonlatching
connector. When inserting the
simplex latching connector into a
module, the connector latch
mechanism should be aligned
with the top surface of the
horizontal modules, or with the
tall vertical side of the vertical
modules. Misalignment of an
inserted latching connector into
either module will not result in a
positive latch. The connector is
released by depressing the rear
section of the connector lever,
and then pulling the connector
assembly away from the module
housing.

The simplex latching connector is
available in gray (HFBR-4503),
blue (HFBR-4513), or black
(HFBR-4503B).

DUPLEX CONNECTOR STYLES
HFBR-4506/4506B — Duplex

DUPLEX

Duplex connectors provide con-
venient duplex cable termination
and are keyed to prevent incorrect
insertion into duplex configured
modules. The duplex connector is
compatible with dual combina-
tions of horizontal or vertical
Versatile Link components (e.g.,
two horizontal transmitters, two
vertical receivers, a horizontal
transmitter with a horizontal
receiver, etc.). The duplex non-
latching connector is available in
parchment, off-white (HFBR-
4506) or black (HFBR-4506B).

HFBR-4516/4516B — Duplex Latching

DUPLEX
CRIMP
RING ,
HFBR-4526

S
—=_ Il

The duplex latching connector is
designed for rugged applications
requiring greater retention force
than the nonlatching duplex con-
nector. When inserting the duplex
latching connector into a module,
the connector latch mechanism
should be aligned with the top
surface of the dual combination of
horizontal or vertical Versatile
Link components. The duplex
latching connector is available in
gray (HFBR-4516) or black
(HFBR-4516B).

Feedthrough/Splice
HFBR-4505/4515/4506B Bulkhead
Adapter

CRIMP RING

HFBR-4526
—=
—

The HFBR-4505/4515 adapter
mates two simplex connectors for
panel/bulkhead feedthrough of
HFBR-4501/4511 terminated
plastic fiber cable. Maximum
panel thickness is 4.1 mm (0.16
inch). This adapter can serve as a
cable in-line splice using two
simplex connectors. The adapters
are available in gray (HFBR-
4505), blue (HFBR-4515), and
black (HFBR-4505B). This
adapter is currently not compat-
ible with POF duplex, POF
simplex latching, or HCS
connectors.
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Plastic Optical Fiber Connector Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Note
Storage and Operating Temperature Tso -40 85 °C 1
Recommended Operating Temperature To -40 85 °C 1 B
Installation Temperature B T 0 70 °C 1
Nut Torque Ty 0.7 N-m 2
HFBR-4505/4515 Adapter 100 OzF-in.

Notes:

1. Storage and Operating Temperatures refer to the ranges over which the connectors can be used when not subjected to mechanical
stress. Installation Temperature refers to the ranges over which connectors may be installed onto the fiber and over which connectors
can be connected and disconnected from transmitter and receiver modules.

2. Recommended nut torque is 0.57 N-m.

Plastic Optical Fiber Connector Mechanical/Optical Characteristics
T, = -40 to +85°C, Unless Otherwise Specified.

Parameter Part Number Symbol |Min. | Typ.!!! | Max. Units | Temp. °C |Note
Retention Force, Simplex, Fr.c 7 8 N +25 2
Connector to HFBR-4501/4511 3 -40 to +85
Versatile Link Simplex Latching, 47 | 80 +25
Transmitters and HFBR-4503/4513 11 -40to +85
Receivers Duplex, 7| 12 +25

HFBR-4506 4 -40 to +85
Duplex Latching, 50 80 +25
HFBR-4516 15 -40 to +85
Tensile Force, Simplex, Fr 8.5 22 N 3
Connector to Cable HFBR-4501/4511 |
Simplex Latching, 8.5 22 ]
HFBR-4503/4513
Duplex, HFBR-4506 14 35
Duplex Latching, 14 35
HFBR-4516 ) ) - |
Adapter Connector HFBR-4505/4515 with e 0.7 1.5 2.8 dB 25 4,5
to Connector Loss HFBR-4501/4511
Retention Force HFBR-4505/4515 with | Fpg | 7 8 N
Connector to Adapter | HFBR-4501/4511
Insertion Force, Simplex, F 8 30 | N 6
Connector to HFBR-4501/4511
Versatile Link Simplex Latching, 16 35
Transmitters and HFBR-4503/4513
Receivers Duplex, HFBR-4506 13 | 46
L Duplex Latching 22 51
HFBR-4516 |
Notes:

1. Typical data are at +25°C.

2. No perceivable reduction in retention force was observed after 2000 insertions. Retention force of non-latching connectors is lower at
elevated temperatures. Latching connectors are recommended for applications where a high retention force at high temperatures is

desired.

alternate connectoring techniques.

o Ut
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. Minimum and maximum limit for o for 0°C to +70°C temperature range. Typical value of o is at +25°C.
. Factory polish or field polish per recommended procedure.
5. Destructive insertion force was typically at 178 N (40 1b.).

. For applications where frequent temperature cycling over temperature extremes is expected, please contact Hewlett-Packard for



Step-by-Step Plastic
Cable Connectoring
Instructions

The following step-by-step guide
describes how to terminate plastic
fiber optic cable. It is ideal for
both field and factory installation.
Connectors can be easily installed
on cable ends with wire strippers,
cutters and a crimping tool.

Finishing the cable is accom-
plished with the Hewlett-Packard
HFBR-4593 Polishing Kit, consist-
ing of a Polishing Fixture, 600
grit abrasive paper and 3 um pink
lapping film (3M Company, OC3-
14). The connector can be used
immediately after polishing.

Materials needed for plastic fiber

termination are:

1. Hewlett-Packard Plastic Optical
Fiber Cable (Example: HFBR-
RUS500, HFBR-RUD500,
HFBR-EUS500, or HFBR-
EUD500)

2. Industrial Razor Blade or Wire
Cutters

3. 16 Gauge Latching Wire
Strippers (Example: Ideal
Stripmaster™ type 45-092).

4. HFBR-4597 Crimping Tool

. HFBR-4593 Polishing Kit

6. One of the following
connectors:

a) HFBR-4501/4503 Gray
Simplex/Simplex Latching
Connector and HFBR-4525
Simplex Crimp Ring

b) HFBR-4511/4513 Blue
Simplex/Simplex Latching
Connector and HFBR-4525

Simplex Crimp Ring

(%]

¢) HFBR-4506 Parchment (off-
white) Duplex Connector
and HFBR-4526 Duplex
Crimp Ring

d) HFBR-4516 Gray Latching
Duplex Connector and
HFBR-4526 Duplex Crimp
Ring

Step 1

The zip cord structure of the
duplex cable permits easy
separation of the channels. The
channels should be separated
approximately 50 mm (2.0 in)
back from the ends to permit
connectoring and polishing.

After cutting the cable to the
desired length, strip off approxi-
mately 7 mm (0.3 in.) of the outer
Jjacket with the 16 gauge wire
strippers. Excess webbing on the
duplex cable may have to be
trimmed to allow the simplex or
simplex latching connector to
slide over the cable.

When using the duplex connector
and duplex cable, the separated
duplex cable must be stripped to
equal lengths on each cable. This
allows easy and proper seating of
the cable into the duplex
connector.

7 mm

Step 2

Place the crimp ring and connec-
tor over the end of the cable; the
fiber should protrude about 3 mm
(0.12 in.) through the end of the
connector. Carefully position the
ring so that it is entirely on the
connector with the rim of the
crimp ring flush with the connec-
tor, leaving a small space between
the crimp ring and the flange.
Then crimp the ring in place with
the crimping tool. One crimp tool
is used for all POF connector
crimping requirements.

For applications with extreme
temperature operation or frequent
temperature cycling, improved
connector to cable attachment
can be achieved with the use of an
RTV (GE Company, RTV-128 or
Dow Corning 3145-RTV)
adhesive. The RTV is placed into
the connector prior to insertion of
the fiber and the fiber is crimped
normally. The connector can be
polished after the RTV has cured
and is then ready for use.

Note: By convention, place the
gray connector on the trans-
mitter cable end and the blue
connector on the receiver cable
end to maintain color coding
(different color connectors are
mechanically identical).

Simplex connector crimp rings
cannot be used with duplex con-
nectors and duplex connector
crimp rings cannot be used
with simplex connectors because
of size differences. The simplex
crimp has a dull luster appear-
ance, the duplex ring is glossy
and has a thinner wall.
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SIMPLEX
CRIMP RING

= Q swpiex

CRIMP RING

\ DUPLEX

CRIMP RING
Step 3
Any excess fiber protruding from
the connector end may be cut off;
however, the trimmed fiber
should extend at least 1.5 mm
(0.06 in) from the connector end.

Insert the connector fully into the

polishing fixture with the trimmed

fiber protruding from the bottom
of the fixture. This plastic polish-
ing fixture can be used to polish

two simplex connectors or simplex

latching connectors simultane-
ously, or one duplex connector.

FIBER ENO

o fe—1smm

MINIMUM

Note: The four dots on the
bottom of the polishing firture
are wear indicators. Replace
the polishing fixture when any

110

dot is no longer visible.
Typically, the polishing fixture
can be used 10 times; 10 duple.x
connectors or 20 simplex
connectors, two at a time.

Place the 600 grit abrasive paper
on a flat smooth surface, pressing
down on the connector, polish the
fiber and the connector using a
figure eight pattern of strokes
until the connector is flush with
the bottom of the polishing
fixture. Wipe the connector and
fixture with a clean cloth or
tissue.

Step 4

Place the flush connector and
polishing fixture on the dull side
of the 3 um pink lapping film and
continue to polish the fiber and
connector for approximately 25
strokes. The fiber end should be
flat, smooth and clean.

This cable is now ready for use.

POLISHING
FIXTURE

POLISHING
PAPER

L

Note: Use of the pink lapping

film fine polishing step results

in approvimately 2 dB
improvement in coupling
performance of either a
transmitter-receiver link or a
bulkhead/splice over a 600 grit
polish alone. This fine polish is
comparable to the Hewlett-
Packard factory polish. The fine
polishing step may be omitted
where an extra 2 dB of optical
power is not essential, as with
short link lengths. Proper
polishing of the tip of the fiber/
connector face results in a tip
diameter between 2.5 mm
(0.098 in.) minimum and 3.2
mm (0.126 in.) maximum..

HFBR-4593 Polishing Kit

- 600 GRIT
ABRASIVE PAPER

L 3 um LAPPING FILM

(USED WITH ALL CONNECTOR TYPES)



Hard Clad Silica Fiber Specifications: HFBR-H/VXXYYY

Absolute Maximum Ratings

. Parameter Symbol Min. Max. Unit Note
Storage/Operating Temperature Tso -40 85 °C
Recommended Operating Temperature To -40 85 °C
Installation Temperature T, -20 85 °C 1
Short Term Tensile Force Single Channel Fr - 101 N :

Dual Channel Fr 202 N 2
Short Term Bend Radius r 9 mm 3,4
Long Term Bend Radius - r 15 mm
Long Term Tensile Load Fr 21 N
Flexing 50,000 Cycles 4

Mechanical/Optical Characteristics, Ty = -40 to +85°C
Parameter Symbol | Min. | Typ.[5] | Max.| Unit_ Condition
Cable Attenuation HCS® Cable [ % b} 7 10 |dB/km | Source is HFBR-15X7
(650 nm LED, 0.5 NA)
B B 0 to +70°C
Cable Attenuation HCS® Cable oo 5 | 7 12 | dB/km | -40 to +85°C
Reference Attenuation | HCS® Cable AR 6.0 8.0 10.0 | dB/km | Source is 650 nm,
0.37 NA monochrometer
) -40 to +85°C
Numerical Aperture ) ~ NA 0.35 | 0.37 | 0.39 £ = 2 meters
~ Diameter, Core Dcorg 196 200 204 | um
Diameter, Cladding Deran 220 230 230 | um
Diameter, Buffer Dpypr | 470 500 530 | pm )
Diameter, Jacket D, |21 | 22 |23 | mm Simplex Cable
Propagation Delay Constant 7% 4.8 ns/m | Note 6
Mass per Unit Length/Channel 6.1 | gm Without Connectors
Refractive Index Core n | 1.457
Cladding 1.407

Notes: 1’

1. Installation temperature is the range over which the cable can be bent and 14
pulled without damage. Below -20°C the cable becomes brittle and should not e B
be subjected to mechanical stress. a 12

2. Less than 1 hour. i "

3. Less than 1 hour, non-operating. é

4. 90° bend on 9 mm radius. £ 1

5. Typical data are at +25°C. ? 9 \

6. Propagation delay constant is the reciprocai of the group veiocity for < 8 \
propagation delay of optical power. Group velocity is v = ¢/n, where ¢ is the _'5: 7
velocity of light in free space (3x10% nys) and n is the effective core index of 8
refraction.

5
620 630 640 650 660 670 680 690 700

+~ WAVELENGTH - nm

Figure 1. Typical HCS Attenuation vs.

Wavelength.
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Hard Clad Silica Optical
Fiber Connector Styles
Simplex Connector Style,
HFBR-4521

The simplex connector provides a
quick and stable connection for
applications that require a com-
ponent to provide a retention
force of 8 Newtons (1.8 Ib.). This
connector is available only in
black.

Hard Clad Silica Glass Optical Fiber Connector
Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Note
Storage and Operating Temperature Tso -40 85 °C 1
Recommended Operating Temperature To -40 85 °C
Installation Temperature Ty 0 85 °C

Note:

1. Storage and Operating Temperatures refer to the ranges over which the connectors can be used when not subjected to mechanical
stress. Installation Temperature refers to the ranges over which connectors may be installed onto the fiber and over which connectors

can be connected and disconnected from transmitter and receiver modules.

Hard Clad Silica Glass Optical Fiber Connector
Mechanical/Optical Characteristics; Ty = -40 to +85°C

Parameter Part Number Sym. | Min. | Typ.[1]| Max. | Units Note |
Retention Force Connector to Simplex | HFBR-4521 | Fgc 3 8 N 2
Versatile Link Transmitters
and Receivers
Tensile Force Connector to Cable | Simplex | HFBR-4521 | Fyp 40 45 N
Insertion Force Connector to Simplex | HFBR-4521 F, 8 30 N 3
Versatile Link Transmitters
and Receivers

Notes:

1. Typical data are at +25°C.

2. No perceivable reduction in retention force was observed after 2000 insertions.
3. Destructive insertion forces was typically at 178 N (40 1b.).
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Instructions for Step-by-Step
Connector Installation for
HCS® Cable

The following step-by-step guide
describes how to terminate hard
clad silica fiber optic cable. It is
ideal for both field and factory
installation. Connectoring the
cable is accomplished with the
Hewlett-Packard HFBR-4521
Crimp and Cleave Kit consisting
of a Cable Stripper Tool, Fiber
Stripper Tool, Crimp Tool, and
Diamond Cleave Tool. No
adhesive material is needed to
secure the cable in the connector,
and the connector can be used
immediately after cleaving. Con-
nectors may be easily installed on
the cable ends with the Crimp
and Cleave Kit.

Materials needed for the

terminating procedure are:

1. Hewlett-Packard HCS® Fiber
Optic Cable: (Example: HFBR-
HUS500, HFBR-HUD500,
HFBR-VUS500)

2. HFBR-4584 Crimp and Cleave
Kit

3. HFBR-4521 Black Simplex
Connector and Crimp Ring
(HFBR-4527)

o

Step 1 - Strip Outer Jacket

The zipcord structure of the
duplex cable permits easy separa-
tion of the channels. The
channels should be separated
approximately 75 mm (3.0 in)
back from the ends to permit
connectoring and cleaving. After
cutting the cable to the desired
length, strip off approximately 75
mm (3 in) of the outer jacket with
the cable stripper tool, selecting
the 1.6 cutting hole labeled on
the cable stripper tool. This is
done by applying a quick
squeezing action to cut the cable
jacket. Remove the cut cable
jacket portion.

Step 2 - Install Crimp Ring
(HFBR-4527) to Fiber

Place the crimp ring over the end
of the cable and rest the larger
end against the unstripped cable
jacket. Selecting the smaller
crimp hole (front die nest), align
the c¢rimp ring in the crimp tool
jaws and fully squeeze the tool
handles together and release.
This crimps the crimp ring to the
fiber buffer.

Step 3 - Strip Buffer

Insert the stripped cable through
the guide hole of the fiber

stripper tool, inserting the crimp
ring until it is fully seated in the
guide tube. Holding the
unstripped cable securely,
squeeze the handles of the fiber
stripper to cut the fiber buffer
and pull straight to slightly
separate the buffer.

Release the fiber stripper
handles, remove the tool and
carefully slide the buffer off the
fiber by hand. Inspect the fiber
for cladding damage (i.e., white
dusty appearance). If damage has
occurred, cut the damaged
portion of the fiber and repeat
the Strip Outer Jacket procedure.
If the fiber stripper tool blade is
worn, replace the tool
immediately.

Step 4 — Install Ferrule
(Connector)

Slide the ferrule onto the fiber
and into the crimp ring, carefully
aligning the ferrule fully within
the crimp ring. The fiber should
protrude at least 35 mm (1.4 in)
through the end of the ferrule.
Selecting the large hole on the
crimp tool (rear die nest), crimp
the ring to the ferrule by fully
squeezing the crimp tool handles
together and releasing.

Step 5 - Cleave Fiber

™

ol
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Carefully insert the ferrule into
the slot on the diamond cleave
tool until the ferrule rests
securely in the cleave tool
connector adapter.

Check to see that the fiber is
positioned between the two fiber
clamps and that the connector
face is in proximity to the cleav-
ing blade. If the ferrule or the
fiber is not positioned correctly,
remove the cable assembly and
reinsert the ferrule.

Holding the cleave tool horizon-
tally, grip the handle, leaving the
index finger free. Release the
ferrule, and, using the index
finger, slowly depress the cleave

tool trigger until the trigger is
completely down. This motion
activates the fiber clamp and the
diamond cleave blade to complete
the fiber termination; the ferrule
will snap back slightly after the
cleave process. Remove the
cleaved ferrule (connector
assembly) from the adapter slot

and release the cleave tool
trigger. Remove the fiber
remnant from the cleave tool
fiber clamps and dispose of
properly.

The fiber end should be flat,
smooth and clean. Repeat this
process for the other end of the
cable, and the cable is now ready
for use.

Ordering Guide for POF and HCS Connectors and Accessories

Plastic Optical Fiber Connectors

Gray Simplex Connector/Crimp Ring

Blue Simplex Connector/Crimp Ring

Black Simplex Connector/Crimp Ring

Gray Simplex Latching Connector with Crimp Ring
Blue Simplex Latching Connector with Crimp Ring
Black Simplex Latching Connector with Crimp Ring
Parchment Duplex Connector with Crimp Ring
Black Duplex Connector with Crimp Ring

Gray Duplex Latching Connector with Crimp Ring
Black Duplex Latching Connector with Crimp Ring
Gray Adapter (Bulkhead/Feedthrough)

Blue Adapter (Bulkhead/Feedthrough)

Black Adapter (Bulkhead/Feedthrough)

HFBR-4501
HFBR-4511
HFBR-4501B
HFBR-4503
HFBR-4513
HFBR-4503B
HFBR-4506
HFBR-4506B
HFBR-4516
HFBR-4516B
HFBR-4505
HFBR-4515
HFBR-4505B

Plastic Optical Fiber Accessories

Polishing Kit (one polishing tool, two pieces 600 grit

abrasive paper, and two pieces 3 pm pink lapping film)

HFBR-4525 1000 Simplex Crimp Rings
HFBR-4526 500 Duplex Crimp Rings
HFBR-4593

HFBR-4597  Plastic Fiber Crimping Tool

HCS® Fiber Connectors
HFBR-4521

HCS® Fiber Accessories

HFBR-4527
HFBR-4584

Black Simplex Connector/Crimp Ring

100 Simplex Crimp Rings
Crimp and Cleave Termination Kit (one Fiber Strip tool,

one Cable Strip tool, one Crimp tool, one Scissors and
one Diamond Cleave Tool)
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Ordering Guide for POF
and HCS Cable

Four steps are required to
determine the proper part
number for a desired cable.

Step 1

Select the cable type.

POF: Standard (R) or Extra Low
Loss (E) Attenuation Cable.

HCS: Riser (H) or Plenum (V)
rated cable.

Step 2

Select the connector style.
POF: Simplex, Simplex Latching,
Duplex, or Duplex Latching.

HCS: Simplex only (non-
latching).

Step 3
Select Simplex or Duplex
cable.

Step 4

Determine the cable length.
To determine the appropriate
part number, select the letter
corresponding to your selection
and fill in the appropriate

information, as in the chart
below.

For Example:
HFBR-RUD500 is a Standard
Attenuation, Unconnectored,
Duplex, 500 meter cable.

HFBR-ELS001 is an Extra Low
Loss Attenuation, Latching
Simplex Connectored, Simplex, 1
meter cable.

HFBR-RMDO10 is a Standard
Attenuation, Standard Duplex
Connectored, Duplex, 10 meter
cable.

HFBR-RND10O is a Standard
Attenuation, Standard Simplex
Connectored, Duplex, 100 meter
cable.

Cable Length Tolerances:
The plastic cable length
tolerances are: +10%/-0%.

Note: 0.1 meter Standard
Attenuation Simplex lengths are
available: 0.5 meter Standard
Attenuation Simplex and Duplex
lengths are also available. The

- 0000

Cable Code
R = Standard Attenuation POF
E = Extra Low Loss POF

H = Riser Rated HCS

V = Plenum Rated HCS

Connector Code

U = Unconnectored

N = Standard Simplex Connectors
L = Latching Simplex Connectors
M = Standard Duplex Connectors
T = Latching Duplex Connectors

lengths are ordered as HFBR-
xxx1DM or HFBR-xxx5DM.
Cables of 1 to 10 meter lengths in
1 decimeter increments are also
available. This cable is ordered as
HFBR-xxxyyD where “yy” is the
length of the cable. For example,
a 1.5 meter Standard Attenuation,
Standard Simplex Connectored,
Simplex cable would be ordered
as HFBR-RNS15D.

NOTE: By convention, pre-
connectored simplex POF cables
have gray and blue colored
connectors on the opposite ends
of the same fiber; although
oppositely colored, the
connectors are mechanically
identical. For duplex POF cables
with simplex connectors, the
same rule applies to each fiber
and adjacent terminations use
complimentary colored
connectors. For duplex POF
cables with duplex connectors
similar rules apply using color
coded markings on the duplex
fiber cable. Pre-connectored
simplex HCS cables have
identically colored BLACK
connectors on both ends of the
fiber.

Length Code (measured from tip of
connector to tip of connector)

1-500 meters in 1 meter increments
e.g. 015 = 15 meters

1-10 meters in 1 decimeter increments

g 1ETY — 1 E condnn
L lOL = 1o INEwrd

Channel Code

S = Simplex Cable
D = Duplex Zipcord Cable
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Connector Applications
Attachment to Hewlett-Packard Versatile Link Fiber Optic Components
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Versatile Link Mechanical Dimensions
All dimensions in mm (inches).
All dimensions £ 0.25 mm unless otherwise specified.

Fiber Optic Cable Dimensions

Simplex

Panel Mounting - Bulkhead Feedthrough

THREE TYPES OF PANEL/BULKHEAD HOLES CAN BE USED
Duplex

1.0 POF 2.2 DIMENSIONS IN mm (INCHES)
(0.039) (0.087)

ALL DIMENSIONS - 0.2 mm

(. 125)

<o zsm “@’

(0.009) DOUBLE D ‘D’ HOLE 7.9(0312)

7.9(0.312) DIA. MIN. 7.9(0.312) DIA. MIN HOLE MIN

HFBR-4505 (Gray)/4515 (Blue)/4505B (Black)

Adapters

_. 300
(1.180)
2

—C ]

—

79
(0.310)
DIA. MAX.

64 ; —
“:‘f,‘(” 5/16-3 127 (0 zsu)°
uNzﬂzA7 0500
S — ZM
|
!

(o 4201

Bulkhead Feedthrough with Two HFBR-4501/
4511/4501B Connectors

REF —

(2 0!0)

277
(1.090)

234
10.920)

— ==

ﬂtﬂD:'

L __ MAX.WALL THICKNESS

4.1(0.160)
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Versatile Link Mechanical Dimensions, continued

HFBR-4516 (Parchment)/4516B (Black) Duplex

HFBR-4506 (Parchment)/4506B (Black) Duplex
Latching Connector Connector

DUPLEX

CRIMP RING
CRIMP

1 _
= e

1 le— 4.57(0.180)

11.0
10.2 (0.400) |<—(° pring

«———4 .57 (0.180)

[——3201.260 ———=]

[+-12.2 (0.480)-
38.1(1.50).

282 (1.11) 32 (1.260) i
— «——7.3(0.290) 381 (1.500)

3.8(0.150)

T 3.8(0.150) ¢
6.9 (0.280) 5.8 (0.230)

HFBR-4503 (Gray)/4513 (Blue/4503 (Black)

HFBR-4501 (Gray)/4511 (Blue)/4501 (Black)
Simplex Latching Connector

Simplex Connector

5.1(0.200)

I

7.6 (0.300)¢
CRIMP RING
f 3.8 (0.150)¢
8.9(0.350) 2.2 (0.090)¢

}e———————133.0(1.300) —

DJ H——‘,_fﬂ (0.180)
28.2(1.110)

-19.1 (0.750) —»
l ] r— 7.3(0.290) 25.4 (1.00)
CRIMP RING

o] J——
L‘*QS?(O.‘W)

CONNECTORS DIFFER
ONLY IN COLOR

3.8(0.150) ¢
5.8(0.230)
8.9(0.350)




A caciars

Crimpless Connectors for Plastic
Optical Fiber and Versatile Link

Technical Data

Features

¢ Requires No Crimp Ring or
Crimping Tool

* Durable ULTEM® Plastic
Material (UL File #E121562)

* Same Low Cost as
HFBR-4501/4503 Series
Connectors

* Excellent Retention Force

* Symmetry in Nonlatching
Connector Gives
Simplex/Duplex
Functionality with the Same
Part

Applications

These connectors can be used for

any application in which plastic

optical fiber is used including:

* Industrial Control and
Voltage Isolation

* Automotive Networks

* Proprietary System
Interconnects

* Gaming Equipment

* Medical Equipment

¢ Telecommunications

* Datacommunications

HFBR-4531
HFBR-4532

Description

The HFBR-453X series connec-
tors are an enhanced version of
the HFBR-4501 and HFBR-4503
low-cost connectors for plastic
optical fiber, which are compat-
ible with HP’s versatile link series
transmitters and receivers. The
innovative design uses a simple,
snap-together concept which
eliminates the need for crimping.
This connector not only saves the
user labor and tool cost, but
reduces the yield loss due to
installation error.

The HFBR-453X series connectors
are available in two styles:
latching and non-latching. For a
duplex connector, two nonlatch-
ing simplex connectors can be
snapped together. The connec-
tors are made of a rugged, flame
retardant plastic which is good
for industrial and other harsh
environments. The HFBR-453X
series connectors are for use with
Plastic Optical Fiber only.

ULTEM® is a registered trademark of the General Electric Corporation.

5965-1659E
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Termination Guide
Step-by-Step Plastic Cable
Connectoring Instructions
The following step-by-step guide
describes how to terminate plastic
fiber optic cable. It is ideal for
both field and factory installa-
tions. Connectors can be easily
installed on cable ends with
standard tools such as wire
strippers and cutters.

Finishing the cable is accom-
plished with the Hewlett-Packard
HFBR-4593 Polishing Kit,
consisting of a polishing fixture,
600 grid abrasive paper and 3 pm
pink lapping film (3M Company,
0C3-14). The connector can be
used immediately after polishing.

The following materials are

needed for plastic fiber

termination:

1. Plastic optical fiber cable
(Example: HFBR-RUD500)

2. Wire cutters or scissors

¢

3. 16 gauge wire stripper
(Example: Ideal Stripmaster
type 45-092)

4. HFBR-4593 polishing kit
(optional)

5. Crimpless connectors

Step 1: Stripping the Fiber
The zip cord structure of the
duplex cable permits easy
separation of the channels. The
channels should be separated a
minimum of 100 mm (4 in) to a
maximum of 150 mm (6 in) back
from the ends to permit connec-
toring, polishing and cable end
flexibility.

After cutting the cable to the
desired length, strip off
approximately 7 mm (0.3 in) of
the outer jacket with the 16
gauge wire strippers.
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When using the duplex connector
arrangement, the separated
duplex cable should be stripped
to roughly equal lengths on each
cable end.

For the non-latching version
(HFBR-4531), the same
connector is used for simplex and
duplex arrangement. No crimping
is necessary. The top half of the
connector will snap into the
ferrule half to secure the fiber.

Step 2: Putting on the
Connector

Place the connector on each end
of the fiber, and slide the
connector down until the fiber
jacket stops it. The fiber should
protrude no less than 1.5 mm
(0.06 in) from the end of the
connector.

To install simplea connectors flip
the top half of the connector over
and snap it into the ferrule half
(with your fingers). When the top
half latches inside the body of the
ferrule half, proper connector-to-
cable attachment is achieved.

For duple.x connector installation
place one connector on top of the
other, so that the top half of each
connector is over the ferrule half
of the opposite connector.

Manually press connectors
together in the center of the
arrangement. Then latch by
pressing on the sides of each
connector. As with the simplex
version, connectors are secured
when top halves latch into the
ferrule halves.

Step 3: Trimming and
Polishing

Any fiber in excess of 1.5 mm
(0.06 in) protruding from the
connector end should be cut off
with wire cutters or scissors.

Insert the connector fully into the
polishing fixture with the
trimmed fiber protruding from
the bottom of the fixture. This
plastic polishing fixture can be
used to polish two simplex
connectors simultaneously or one
duplex connector.



Note: The four dots on the
bottom of the polishing firture
are wear indicators. Replace
the polishing fixture when any
dot is no longer visible.

Press the polishing tool down on
the 600 grit abrasive paper.
Polish the fiber using a figure
eight pattern until the connector
is flush with the bottom of the
polishing fixture. Wipe the
connector and fixture with a
clean cloth or tissue.

Step 4: Finishing

Place the flush connector and
polishing fixture on the dull side
of the 3 um pink lapping film and
continue to polish the fiber in the
same figure eight pattern for
approximately 25 strokes. The
fiber end should be flat, smooth
and clean.

HFBR-4593 Polishing Kit
Note: Use of the pink lapping

Silm fine polishing step results

in approximately 2 dB
improvement in coupling
performance of either a
transmitter-receivey link or a
bulkhead/splice over a 600 grit
polish alone. This fine polish is
comparable to the Hewlett-
Packard factory polish. The

JSine polishing step may be

omitted for short link lengths.
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HFBR-4531/4532
Absolute Maximum Ratings

Parameter Symbol o Min. Max. ~ Unit Note |
Storage Temperature Ts -40 85 °C 1
Operating Temperature To -40 85 °C 1
Installation Temperature T; T 0 70 °C 1 ';
Connector Mechanical Characteristics
Parameter o Part Number Symbol | Min. | Typ. | Units Temp_(z’rci)T
Retention Force to HFBR-0501 Series | HFBR-4531 Fre | 3 | 8 N [ 425 |
HFBR-4532 47 80
Retention Force to HFBR-0508 Series HFBR-4531 8 12
Tensile Force, Connector to Cable HFBR-4531 Fr 40 50 -40 to +85
HFBR-4532 - )

Notes:

1. Storage and operating temperatures refer to the ranges over which the connectors can be used when not subjected to mechanical
stress. Installation temperature refers to the ranges over which connectors may be installed onto the fiber and over which
connectors can be connected and disconnected from the transmitter and receiver modules.

Mechanical Dimensions

All dimensions are in inches and (millimeters)

HFBR-4531 (Nonlatching):

1.18 (29.97)

0.37 (3.39) 8

1-—7 0.72 (18.29)————

i+

b

0.0874 (2.22) 8
T

0.24(6.10)
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HFBR-4532 (Latching):

1.07 (27.18)

0.37 (3.39) 8

il

4

4+

0.09 (2.22)

—

€

.24 (6.10)

HFBR-4531 in Duplex Configuration

4
| % 0.20 (5.08)
JITO]) ;
0.97 (24.71)
—~ 029(7.3R) |e—
L’ ’ — U ©0.15(381) 0.35 (8.09)
0.20 (4.95)
1.18 (29.97)

0.758

19.25)

0.357 (9.07)

0.0874 (2.22)

0.357 (9.07)

0.0874 (2.22)

0.72 (18.29)—————=

i

© 015 (3.81)

]
i

- f

i

© 015 (3.81)

1
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(D Pretraty

Low Cost, Miniature Fiber
Optic Components with ST¢,
SMA, SC and FC Ports

Technical Data

Features

* Meets IEEE 802.3 Ethernet
and 802.5 Token Ring
Standards

* Low Cost Transmitters and
Receivers

* Choice of ST®, SMA, SC or
FC Ports

* 820 nm Wavelength
Technology

* Signal Rates up to 175
Megabaud

¢ Link Distances up to 4 km

¢ Specified with 50/125 um,
62.5/125 um, 100/140 pm,
and 200 |tm HCS® Fiber

* Repeatable ST Connections
within 0.2 dB Typical

* Unique Optical Port Design
for Efficient Coupling

* Auto-Insertable and Wave
Solderable

* No Board Mounting Hard-
ware Required

* Wide Operating
Temperature Range
-40°C to 85°C

* AlGaAs Emitters 100%
Burn-In Ensures High
Reliability

* Conductive Port Option with

the SMA and ST Threaded
Port Styles

ST® is a registered trademark of AT&T.

Applications

* Local Area Networks

* Computer to Peripheral
Links

* Computer Monitor Links

¢ Digital Cross Connect Links

* Central Office Switch/PBX
Links

¢ Video Links

* Modems and Mulitiplexers

* Suitable for Tempest
Systems

¢ Industrial Control Links

Description

The HFBR-0400 Series of compo-
nents is designed to provide cost
effective, high performance fiber
optic communication links for
information systems and
industrial applications with link
distances of up to 4 kilometers.
With the HFBR-24X6, the 125
MHz analog receiver, data rates
of up to 175 megabaud are
attainable.

HCS® is a registered trademark of the SpecTran Corporation.

5965-1655E (1/97)

HFBR-0400 Series

Transmitters and receivers are
directly compatible with popular
“industry-standard” connectors:
ST, SMA, SC and FC. They are
completely specified with
multiple fiber sizes; including
50/125 pm, 62.5/125 pm, 100/
140 pm, and 200 um.

Complete evaluation Kits are
available for ST and SMA product
offerings; including transmitter,
receiver, connectored cable, and
technical literature. In addition,
ST and SMA connectored cables
are available for evaluation.



HFBR-0400 Series Part Number Guide

1 = Transmitter
2 = Receiver

Option T (Threaded Port Option)
Option C (Conductive Port Receiver Option)

4 = 820 nm Transmitter and

Receiver Products

0 = SMA, Housed
1 = ST, Housed
2 = FC, Housed
E = SC, Housed

3 = SMA Port, 90 deg. Bent Leads
4 = ST Port, 90 deg. Bent Leads
5 = SMA Port, Straight Leads

6

Option M (Metal Port Option)
Option K (Kinked Lead Option)

TA = Square pinout/straight lead
TB = Square pinout/bent leads

HA = Diamond pinout/straight leads
HB = Diamond pinout/bent leads

2 = Tx, Standard Power

4 = Tx, High Power

2 = Rx, 5 MBd, TTL Output

6 = Rx, 125 MHz, Analog Output

= ST Port, Straight Leads

LINK SELECTION GUIDE

Data Rate (MBd) | Distance (m) | Transmitter Receiver Fiber Size (um) | Evaluation Kit
5 1500 HFBR-14X2 | HFBR-24X2 200 HCS N/A
5 2000 HFBR-14X4 | HFBR-24X2 62.5/125 HFBR-04X0
20 2700 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0414,
HFBR-0463
32 2200 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0414
55 1400 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0414
125 700 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0416
155 600 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0416
175 500 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0416

For additional information on specific links see the following individual link descriptions. Distances measured over temperature range

from 0 to 70°C.

Applications Support

Guide

This section gives the designer
information necessary to use the
HFBR-0400 series components to

range of application notes com-
plete with circuit diagrams and
board layouts. Furthermore, HP's
application support group is
always ready to assist with any
design consideration.

make a functional fiber-optic
transceiver. HP offers a wide
selection of evaluation kits for
hands-on experience with fiber-
optic products as well as a wide

Application Literature

Title

Description

HFBR-0400 Series
Reliability Data

Transmitter & Receiver Reliability Data

Application Bulletin 73

Annlication Bulletin 78
Appilcation Suneln s

Low Cost Fiber Optic Transmitter & Receiver Interface Circuits
t Fiber Ontic Links for Digital Applications up to 155 MBd

Low Cos
LOW UGS LUPUC LINKS 10T Digita: APpPCauons up w0 1o0 MoG

Application Note 1038

Complete Fiber Solutions for IEEE 802.3 FOIRL, 10Base-FB and 10 Base-FL

Application Note 1065

Complete Solutions for IEEE 802.5J Fiber-Optic Token Ring

Application Note 1073

HFBR-0319 Test Fixture for 1X9 Fiber Optic Transceivers

Application Note 1086

Optical Fiber Interconnections in Telecommunication Products
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HFBR-0400 Series
Evaluation Kits

HFBR-0410 ST Evaluation Kit
Contains the following :
¢ One HFBR-1412 transmitter

* One HFBR-2412 five megabaud
TTL receiver

* Three meters of ST connec-
tored 62.5/125 (um fiber optic
cable with low cost plastic
ferrules.

* Related literature

HFBR-0414 ST Evaluation Kit

Includes additional components

to interface to the transmitter and

receiver as well as the PCB to

reduce design time.

Contains the following:

* One HFBR-1414T transmitter

* One HFBR-2416T receiver

* Three meters of ST connec-
tored 62.5/125 pm fiber optic
cable

* Printed circuit board

¢ ML-4622 CP Data Quantizer

* 74ACTIOOON LED Driver

* LT1016CN8 Comparator

¢ 4.7 pH Inductor

* Related literature

HFBR-0400 SMA Evaluation
Kit

Contains the following :

* One HFBR-1402 transmitter

* One HFBR-2402 five megabaud
TTL receiver

¢ Two meters of SMA
connectored 1000 um plastic
optical fiber

* Related literature

HFBR-0416 Evaluation Kit

Contains the following:

* One fully assembled 1x9
transceiver board for 1565 MBd
evaluation including:
-HFBR-1414 transmitter
-HFBR-2416 receiver
-circuitry

* Related literature

HFBR-0463 Ethernet MAU
Evaluation Kit

Contains the following:

* One fully assembled Media

Attachment Unit (MAU) board
which includes:
-HFBR-1414 transmitter
-HFBR-2416 receiver
-HFBR-4663 IC

* Related literature

Note: Cable not included. Order
HFBR-BXS010 seperately (2
pieces)

Package and Handling
Information

Package Information

All HFBR-0400 Series
transmitters and receivers are
housed in a low-cost, dual-inline
package that is made of high
strength, heat resistant, chem-
ically resistant, and UL 94V-O
flame retardant ULTEM® (plastic
(UL File #E121562). The
transmitters are easily identified
by the light grey color connector
port. The receivers are easily
identified by the dark grey color
connector port. (Black color for
conductive port.) The package is
designed for auto-insertion and
wave soldering so it is ideal for

Ultem® is a registered Trademark of the GE corporation.

high volume production
applications.

Handling and Design
Information

Each part comes with a protective
port cap or plug covering the
optics. These caps/plugs will vary
by port style. When soldering, it
is advisable to leave the protec-
tive cap on the unit to keep the
optics clean. Good system
performance requires clean port
optics and cable ferrules to avoid
obstructing the optical path.
Clean compressed air often is
sufficient to remove particles of
dirt; methanol on a cotton swab
also works well.

Recommended Chemicals for
Cleaning/Degreasing
HFBR-0400 Products
Alcohols: methyl, isopropyl,
isobutyl. Aliphatics: hexane,
heptane, Other: soap solution,
naphtha.

Do not use partially halogenated
hydrocarbons such as 1,1.1
trichloroethane, ketones such as
MEK, acetone, chloroform, ethyl
acetate, methylene dichloride,
phenol, methylene chloride, or
N-methylpyrolldone. Also, HP
does not recommend the use of
cleaners that use halogenated
hydrocarbons because of their
potential environmental harm.

127



1/4 - 36 UNS 2A THREAD

. . . i
Mechanical Dimensions 555
. x>Z3
- 127 [ X R Sed
HFBR-0400 SMA Series o |segks
3°2L
HFBR-X40X N
222
(0.87)
. 635
127 (0.25)
(0.50)
A 4
o 36 ' 102
(0.25) Dia (0.14) @ 51 (0.40)
! ' u 020
T
.
38 . L
(0.15) 2.54 .- (;;é;’)
PINS 1.4.5.8
0.51 X 0.38 254
(0.020 X 0.015) (0.10)
PINS 2.36,7
0.46
©.018) 22
PINNO. 1
INDICATOR
PART MARKING
HFBR-X43X —
|
. 130
(0.51)
a8
P -
25 DIAPIN
0.10) CIRCLE 71
@10 (028) ™A
86 (02039) TYP .- -
(038 P v ) r
71 @
(028 ’
A N ) \
j [
)
36 MmN 25 1/4 - 36 UNS 2A
(0.14) 046 DIA P TYP - = THREAD
(0.018) TYP (0.10) . 20
(0.08)
NOTE 2 30
25 1 eiy™ 7"
(©.109) . 4
(0.16)
PART MARKING
HFBR-X45X

71
DIA
25 DIAPIN 13.2 (0.28)
(0.10) CIRCLE < sz 1 - 36 UNS 28
8.6 THREAD

(.34 O '
o {7 Tommd 7

AU T LA Qv

9.1
NOTE 2 ©36)

46 2.0
©o1g A (0.08)
NOTE: ALL DIMENSIONS IN MILLIMETRES AND (INCHES) - -

a1
(0.16)

128



Mechanical Dimensions !
HFBR-0400 ST Series &
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Mechanical Dimensions
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Mechanical Dimensions
HFBR-0400 FC Series
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LED OR DETECTOR IC
/' LENS-SPHERE

(ON TRANSMITTERS ONLY)

2227
— ¥
\ \ CONNECTOR PORT
\
\ HEADER
o\ \
\ — EPOXY BACKFILL

PORT GROUNDING PATH INSERT

Figure 1. HFBR-0400 ST Series Cross-Sectional View.

Panel Mount Hardware

PART NUMBER

HFBR-4401: for SMA Ports HFBR-4411: for ST Ports
— 1/4 - 36 UNEF - — 318 - 32 UNEF-
2B THREAD 2B THREAD
\\
7
7.87
(0310
) ol e 185 202.;,:) DiA J
HEX-NUT (0.065) \’/ e 188
(0.065)
i HEX-NUT
-k
' 787 TYP
@_t I (0310) DIA [}
B . 1427 TYP
6.61 (0.563) DIA
©260 O aas - _t
WASHER (0.005) 10.41 MAX e
(0.410) DIA | oas
WASHER 1 0018)

(Each HFBR-4401 and HFBR-4411 kit consists of 100 nuts and 100 washers.)

Port Cap Hardware

HFBR-4402: 500 SMA Port Caps
HFBR-4120: 500 ST Port Plugs (120 psi)
HFBR-4412: 500 FC Port Caps
HFBR-4417: 500 SC Port Plugs
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Options

In addition to the various port
styles available for the HFBR-
0400 series products, there are
also several extra options that
can be ordered. To order an
option, simply place the corre-
sponding option number at the
end of the part number. For
instance, a metal-port option SMA
receiver would be HFBR-2406M.
You can add any number of
options in series at the end of a
part number. Please contact your
local sales office for further
information or browse HP's fiber
optics home page at http://
www.hp.com/go/fiber

Option T (Threaded Port
Option)

¢ Allows ST style port com-
ponents to be panel mounted.
Compatible with all current
makes of ST multimode
connectors

Mechanical dimensions are
compliant with MIL-STD-
83522/13

Maximum wall thickness when
using nuts and washers from
the HFBR-4411 hardware kit is
2.8 mm (0.11 inch)

* Available on all ST ports

Option C (Conductive Port

Receiver Option)

* Designed to withstand electro-
static discharge (ESD) of 25kV
to the port

¢ Significantly reduces effect of
electromagnetic interference
(EMI) on receiver sensitivity

* Allows designer to separate the
signal and conductive port
grounds

* Recommended for use in noisy
environments

* Available on SMA and threaded
ST port style receivers only

Option M (Metal Port Option)

* Nickel plated aluminum con-
nector receptacle

* Designed to withstand electro-
static discharge (ESD) of 15kV
to the port

* Significantly reduces effect of
electromagnetic interference
(EMI) on receiver sensitivity

* Allows designer to separate the
signal and metal port grounds

* Recommended for use in very
noisy environments

* Available on SMA, FC, ST, and
threaded ST ports

Option K (Kinked Lead

Option)

* Grounded outside 4 leads are
“kinked”

* Allows components to stay
anchored in the PCB during
wave solder and aqueous wash
processes

®

=k

Options TA, TB, HA, HB
(Active Device Mount
Options)

(These options are unrelated to
the threaded port option T.)

* All metal, panel mountable
package with a 3 or 4 pin
receptacle end

Available for HFBR-14X4, 24X2
and 24X6 components

Choose from diamond or
square pinout, straight or bent
leads ADM Picture

O

O

TA = Square pinout/straight
leads
TB = Square pinout/bent leads
HA = Diamond pinout/straight
leads
HB = Diamond pinout/bent
leads

Duplex Option
In addition to the standard
options, some HFBR-0400 series
products come in a duplex con-
figuration with the transmitter on
the left and the receiver on the
right. This option was designed
for ergonomic and efficient
manufacturing. The following
part numbers are available in the
duplex option:
HFBR-5414 (Duplex ST)
HFBR-5414T (Duplex Threaded
ST)
HFBR-54E4 (Duplex SC)

on 0w A
o~ oo

133



Typical Link Data

HFBR-0400 Series

Description

The following technical data is
taken from 4 popular links using
the HFBR-0400 series: the 5 MBd
link, Ethernet 20 MBd link,
Token Ring 32 MBd link, and the
155 MBd link. The data given

corresponds to transceiver solu-
tions combining the HFBR-0400
series components and various
recommended transceiver design
circuits using off-the-shelf
electrical components. This data
is meant to be regarded as an

5 MBd Link (HFBR-14XX/24X2)

Link Performance -40°C to +85°C unless otherwise specified

example of typical link perform-
ance for a given design and does
not call out any link limitations.
Please refer to the appropriate
application note given for each
link to obtain more information.

Notes:

Parameter Symbol | Min. | Typ. | Max. | Units Conditions Reference |
Optical Power Budget OPBs5o 4.2 9.6 dB HFBR-14X4/24X2 Note 1
with 50/125 pum fiber NA = 0.2
Optical Power Budget OPBg2.5 8.0 15 dB HFBR-14X4/24X2 Note I |
with 62.5/125 pm fiber NA = 0.27
Optical Power Budget OPBjo0 8.0 15 dB HFBR-14X2/24X2 Note 1
with 100/140 pum fiber NA = 0.30
Optical Power Budget OPB2oo 12 20 dB HFBR-14X2/24X2 Note 1
with 200 pm fiber NA = 0.37
Date Rate Synchronous de 5 MBd Note 2
Asynchronous de 2.5 MBd Note 3,

Fig. 7
Propagation Delay tPLH 72 ns Ta = 25°C, Figs. 6, 7,7?
LOW to HIGH Pr = -21 dBm Peak
Propagation Delay tPHL 46 ns
HIGH to LOW
System Pulse Width tPLH-tPHL 26 ns Fiber cable
Distortion length = 1 m
Bit Error Rate BER 109 Data Rate <5 Bd T
Pgr > -24 dBm Peak N

1. OPB at T = -40 to 85°C, Ve = 5.0 V de, Ir on = 60 mA. Pg = -24 dBm peak.
2. Synchronous data rate limit is based on these assumptions: a) 50% duty factor modulation, e.g., Manchester I or BiPhase

Manchester II; b) continuous data; ¢) PLL Phase Lock Loop demodulation; d) TTL threshold.
3. Asynchronous data rate limit is based on these assumptions: a) NRZ data; b) arbitrary timing-no duty factor restriction; ¢) TTL

threshold.
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5 MBd Logic Link Design
If resistor R in Figure 2 is

70.4 Q, a forward current Ig of
48 mA is applied to the HFBR-
14X4 LED transmitter. With Iy =
48 mA the HFBR-14X4/24X2
logic link is guaranteed to work
with 62.5/125 pum fiber optic
cable over the entire range of 0
to 1750 meters at a data rate of
dc to 5 MBd, with arbitrary data
format and pulse width distortion
typically less than 25%. By
setting R} = 115 Q, the transmit-
ter can be driven with I = 30 mA,
if it is desired to economize on
power or achieve lower pulse
distortion.

seLecTR, ToseTy;  HFBR-14XX

NOTE:

The following example will illus-
trate the technique for selecting
the appropriate value of Ir and Rj.

Maximum distance required

= 400 meters. From Figure 3 the
drive current should be 15 mA.
From the transmitter data

VF =15V (max.)atIr = 15 mA
as shown in Figure 9.

R _Voc -V _ 5V-15V
Ir 15 mA

Ry =233 Q

TRANSMISSION
DISTANCE -

1T IS ESSENTIAL THAT A BYPASS CAPACITOR (0.01 uF TO 0.1 uF
CERAMIC) BE CONNECTED FROM PIN 2 TO PIN 7 OF THE RECEIVER.
TOTAL LEAD LENGTH BETWEEN BOTH ENDS OF THE CAPACITOR

AND THE PINS SHOULD NOT EXCEED 20 mm.

Figure 2. Typical Circuit Configuration.

The curves in Figures 3, 4, and 5
are constructed assuming no in-
line splice or any additional
system loss. Should the link
consists of any in-line splices,
these curves can still be used to
calculate link limits provided they
are shifted by the additional
system loss expressed in dB. For
example, Figure 3 indicates that
with 48 mA of transmitter drive
current, a 1.75 km link distance
is achievable with 62.5/125 pm
fiber which has a maximum
attenuation of 4 dB/km. With

2 dB of additional system loss, a
1.25 km link distance is still
achievable.

HFBR-24X2
RECEIVER
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Ethernet 20 MBd Link (HFBR-14X4/24X6)
(refer to Application Note 1038 for details)

Typical Link Performance

Parameter Symbol | Typ.[1:2] Units Conditions
Receiver Sensitivity -34.4 dBm 20 MBd D2D2 Hexadecimal Data
average 2 km 62.5/125 pm fiber
Link Jitter 7.56 ns pk-pk | ECL Out Receiver
- 7.03 ns pk-pk | TTL Out Receiver
Transmitter Jitter 0.763 ns pk-pk 20 MBd D2D2 Hexadecimal Data
Optical Power Pr -15.2 dBm 20 MBd D2D2 Hexadecimal Data
average Peak Iron = 60 mA
LED rise time | tr 1.30 ns 1 MHz Square Wave Input
LED fall time te 3.08 ns
Mean difference | te-te] 1.77 ns
Bit Error Rate BER 10-10
Output Eye Opening 36.7 ns At AUI Receiver Output
| Data Format 50% Duty Factor B 20 MBd
Notes:
1. Typical data at T = 25°C, Vo¢ = 5.0 V de.

2. Typical performance of circuits shown in Figure 1 and Figure 3 of AN-10:38 (see applications support section).

Token Ring 32 MBd Link (HFBR-14X4/24X6)

(refer to Application Note 1065 fo
Typical Link Performance

r details)

Parameter Symbol | Typ.[1:2] Units Conditions
| Receiver Sensitivity -34.1 dBm 32 MBd D2D2 Hexadecimal Data
average 2 km 62.5/125 pm fiber
Link Jitter 6.91 ns pk-pk | ECL Out Receiver
T I 5.52 ns pk-pk | TTL Out Receiver
Transmitter Jitter 0.823 | nspk-pk | 32 MBd D2D2 Hexadecimal Data
Optical Power Logic Level “0" | Pron -12.2 | dBm peak | Transmitter TTL in Ir ox = 60 mA,
Optical Power Logic Level “1” | Pt oFr -82.2 IrorF = 1 mA
LED Rise Time tr 1.3 nsec 1 MHz Square Wave Input
LED Fall Time tf 3.08 nsec
Mean Difference |tr-te 1.77 nsec
Bit Error Rate BER 10-10
Data Format 50% Duty Factor | 32 MBd

Notes:

1. Typical data at T = 25°C, Ve = 5.0 Vdc.
2. Typical performance of circuits shown in Figure 1 and Figure 3 of AN-1065 (see applications support section)

137




155 MBd Link (HFBR-14X4/24X6)
(refer to Application Bulletin 78 for details)

Typical Link Performance

Parameter Symbol Typ:[l—vzl Units | Max. |Units | Conditions Ref. |
Optical Power Budget OPB5g 7.9 13.9 dB |[NA=02 Note 2
with 50/125 pm fiber
Optical Power Budget OPBg2 11.7 | 17.7 dB |NA = 0.27
with 62.5/125 pm fiber
Optical Power Budget OPBjoo 11.7 17.7 dB |[NA =0.30
with 100/140 pm fiber
Optical Power Budget OPByg 16.0 |22.0 dB |NA=0.35
with 200 pm HCSfFiber
Data Format 20% to 1 175 | MBd
80% Duty Factor
System Pulse Width |tpL11-£;:HL| 1 ns | PR = -7 dBm Peak B
Distortion 1 meter 62.5/125 pm fiber
Bit Error Rate BER 109 Data Rate < 100 MBaud

PR >-31 dBm Peak Note 2

Notes:

1. Typical data at Ty = 25°C, V¢e = 5.0 V dc, PECL serial interface.
2. Typical OPB was determined at a probability of error (BER) of 109, Lower probabilities of error can be achieved with short fibers

that have less optical loss.
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HFBR-14X2/14X4 Low-
Cost High-Speed
Transmitters

Description

The HFBR-14XX fiber optic
transmitter contains an 820 nm
AlGaAs emitter capable of
efficiently launching optical
power into four different optical
fiber sizes: 50/125 pum, 62.5/125
pm, 100/140 pm, and 200 pm

fiber and typically can launch Housed Product

-15.8 dBm optical power at

60 mA into 50/125 pm fiber and g N | FUNCTION |
-12 dBm into 62.5/125 pm fiber. ~ **** ]3 4 | 3" | Anooe
The HFBR-14X2 standard camHooe Sl
transmitter typically can launch ANooE
-12 dBm of optical power at oo Ne
60 mA into 100/140 pm fiber o306 :l “PINS 2.6 AND 7 ARE
;able. It is ideal for large size j;:; ALY
iber such as 100/140 um. The : HEADER

BOTTOM VIEW tPINS 1. 4. 6. AND S

high launched optical power level “-PIN 1 INDICATOR

ARE ELECTRICALLY

HCS®. This allows the designer is useful for systems where star CONNECTED
flexibility in choosing the fiber couplers, taps, or inline connec-
size. The HFBR-14XX is designed tors create large fixed losses.
to operate with the Hewlett- . . o .
Packard HFBR-24XX fiber optic Consistent coupling efficiency is Unhoused Product
receivers. assured by the double-lens optical
system (Figure 1). Power coupled [ PIN | FUNCTION
P into any of the three fiber types "°° [ 1 [ anooe |
The HFBR-14XX transmitter’'s ’ - 499 | 2 | CATHODE
high coupling efficiency allows varies less.thar\ ‘).dB from part to 3 | 4 1 ANGDE ]
the emitter to be driven at low part at a given drive current and BOTTOM VIEW
current levels resulting in low temperature. Consistent coupling
power consumption and increased effxmer?cy reduces receiver
reliability of the transmitter. The ~ dynamic range r equirements
HFBR-14X4 high power transmit- which allows for longer link
ter is optimized for small size lengths.
Absolute Maximum Ratings
i Parameter Symbol Min. Max. Units Reference
Storage Temperature Ts -bb +85 °C
Operz{til\g Temperature Ta -40 +85 °C
Lead Soldering Cycle Temp. +260 °C
Timer 10 sec
Forward Input Current Peak IFpk 200 mA Note 1
B dc IFde 100 mA
Reverse Input Voltage VBR 1.8 A%
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Electrical/Optical Specifications -40°C to +85°C unless otherwise specified.

Parameter Symbol | Min. | Typ.[2] | Max. | Units Conditions Reference

Forward Voltage Vr 1.48 1.70 | 2.09 \Y Ir = 60 mA dc Figure 9
1.84 Ir = 100 mA dc

Forward Voltage AVF/AT -0.22 mV/°C | Ip = 60 mA de Figure 9 |
Temperature Coefficient 20.18 Ir = 100 mA dc
Reverse Input Voltage VBR 1.8 3.8 V| 1Ir = 100 pA dc o
Peak Emission Wavelength Ap 792 | 820 | 865 | nm T
Diode Capacitance Cr 55 pF [ V=0,f=1MHz T
Optical Power Temperature | APp/AT -0.006 dB/°C | I = 60 mA dc o
Coefficient 20.010 I = 100 mA de -
Thermal Resistance [S37N 260 °C/W - Notes 3, 8
14X2 Numerical Aperture NA | | 049 T
14X4 Numerical Aperture NA 0.31 o
14X2 Optical Port Diameter D 290 pm Note 4
14X4 Optical Port Diameter D 150 pm Notet‘

HFBR-14X2 Output Power Measured Out of 1 Meter of Cable

Parameter | Symbol | Min. | Typ.[2] | Max. | Unit Conditions Reference
50/125 pm Prso | 21.8 | -188 | -16.8 | dBm | Ta = 25°C | Ir = 60 mA dc | Notes 5, 6, 9
Fiber Cable 928 _15.8 peak
NA=0.2 203 | -16.8 | -14.4 Tx = 25°C | Ir = 100 mA dc
219 138

62.5/125 pm | Prez | -19.0 | -16.0 | -14.0 | dBm | Ty = 25°C | Ir = 60 mA dc

Fiber Cable 90.0 J13.0 | peak

NA = 0.275 175 | -140 | -11.6 Ty = 25°C | Ip = 100 mA dc
19.1 11.0

100/140 pm | Prigo | -15.0 | -12.0 | -10.0 | dBm | Ta = 25°C | Iy = 60 mA dc

Fiber Cable 16.0 9.0 peak

NA =0.3 135 | -100 | -7.6 Ty = 25°C | Iy = 100 mA dc
15.1 7.0

200 pm HCS | Prago | -10.7 | -7.1 4.7 | dBm | Ty = 25°C | Iy = 60 mA dc

Fiber Cable 117 3.7 | peak

NA = 0.37 9.2 5.2 23 Ta = 25°C | Ir = 100 mA dc
108 1.7

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken in handling and assembly of these components to prevent damage and/or degradation which may be

induced by ESD.
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HFBR-14X4 Output Power Measured out of 1 Meter of Cable

Parameter | Symbol | Min. | Typ.[2] | Max. | Unit Conditions Reference
50/125 pm PT50 -18.8 -15.8 -13.8 dBm | Ty = 25°C | Ir = 60 mA dc | Notes 5, 6,9
Fiber Cable -19.8 -12.8 peak
NA = 0.2 173 | <138 | -11.4 Ta = 25°C | I = 100 mA dc

-18.9 -10.8
62.5/125 um PT62 -15.0 -12.0 -10.0 dBm | T = 25°C | Ir = 60 mA dc
Fiber Cable -16.0 9.0 | peak
NA = 0.275 -135 | -100 | -7.6 Ty = 25°C | Ir = 100 mA dc
-15.1 -7.0
100/140 pm PT100 -9.5 -6.5 -4.5 dBm | Ty = 25°C | Ir = 60 mA dc
Fiber Cable -10.5 -3.5 peak
NA =03 80 | -45 | 21 Ta = 25°C | I = 100 mA dc
-9.6 -1.5
200 um HCS | PT200 | -5.2 -3.7 +0.8 | dBm | Ty = 25°C | Ir = 60 mA dc
Fiber Cable -6.2 +1.8 | peak
NA = 0.37 3.7 1.7 | +32 Ta = 25°C | Ir = 100 mA dc
-5.3 +3.8
14X2/14X4 Dynamic Characteristics
" Parameter Symbol | Min. | Typ.[2] | Max. Units Conditions | Reference
Rise Time, Fall Time tr. tr 4.0 6.5 nsec Ir = 60 mA Note 7,
(10% to 90%) No Pre-bias | Figure 12
Rise Time, Fall Time tr, tr 3.0 nsec Ir=10to Note 7,

(10% to 90%) 100 mA Figure 11

Pulse Width Distortion PWD 0.5 nsec Figure 11

Notes:

1. For Igpk > 100 mA, the time duration should not exceed 2 ns.

Typical data at Ty = 25°C.

Thermal resistance is ed with the transmitter coupled to a connector assembly and mounted on a printed circuit board.

D is measured at the plane of the fiber face and defines a diameter where the optical power density is within 10 dB of the

maximum.

Pr is measured with a large area detector at the end of 1 meter of mode stripped cable, with an ST® precision ceramic ferrule (MIL-

STD-83522/13) for HFBR-1412/1414, and with an SMA 905 precision ceramic ferrule for HFBR-1402/1404.

When changing uW to dBm, the optical power is referenced to 1 mW (1000 uW). Optical Power P (dBm) = 10 log P (uW)/1000 pW.

Pre-bias is recommended if signal rate >10 MBd, see recommended drive circuit in Figure 11.

Pins 2, 6 and 7 are welded to the anode header connection to minimize the thermal resistance from junction to ambient. To further

reduce the thermal resistance, the anode trace should be made as large as is consistent with good RF circuit design.

9. Fiber NA is measured at the end of 2 meters of mode stripped fiber, using the far-field pattern. NA is defined as the sine of the half
angle,determined at 5% of the peak intensity point. When using other manufacturer’s fiber cable, results will vary due to differing
NA values and specification methods.

© N

All HFBR-14XX LED transmitters are classified as IEC 825-1 Accessible Emission Limit (AEL)
Class 1 based upon the current proposed draft scheduled to go in to effect on January 1, 1997.
AEL Class 1 LED devices are considered eye safe. Contact your Hewlett-Packard sales
representative for more information.

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken in handling and assembly of these components to prevent damage and/or degradation which may be
induced by ESD.

141



Recommended Drive
Circuits

The circuit used to supply current
to the LED transmitter can
significantly influence the optical
switching characteristics of the
LED. The optical rise/fall times
and propagation delays can be
improved by using the appro-
priate circuit techniques. The
LED drive circuit shown in

Figure 11 uses frequency com-
pensation to reduce the typical
rise/fall times of the LED and a
small pre-bias voltage to minimize
propagation delay differences
that cause pulse-width distortion.
The circuit will typically produce
rise/fall times of 3 ns, and a total
jitter including pulse-width dis-
tortion of less than 1 ns. This
circuit is recommended for appli-
cations requiring low edge jitter

or high-speed data transmission
at signal rates of up to 155 MBd.
Component values for this circuit
can be calculated for different
LED drive currents using the
equations shown below. For
additional details about LED
drive circuits, the reader is
encouraged to read Hewlett-
Packard Application Bulletin 78
and Application Note 1038.

R, = (Vee - V) + 3.97 (Vee - V- 1.6 V)
Yy =
Ir oN (A)

= (B
2 N3.97

Re@2(Q) = Rxp - 1
Rx2 = Rxs = Rx4 = 3(Req2)

C(pF) = 2000(ps)

Ry =

Ry

Rx1

(5-1.84) + 3.97(5-1.84-1.6)

0.100
_B16+619 _ oo
0.100
=1 (——93'5 =180
2 \3.97

Reqez = 11.8-1 =10.8Q

Rx2 = Rx3 = Rx4 = 3(10.8) = 32.4 Q

Rx1(Q2)

Example for Ir oy = 100 mA: Vg can be
obtained from Figure 9 (= 1.84 V).
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HFBR-24X2 Low-Cost

5 MBd Receiver
Description

The HFBR-24X2 fiber optic
receiver is designed to operate
with the Hewlett-Packard HFBR-
14XX fiber optic transmitter and
50/125 pm, 62.5/125 pm, 100/
140 pm, and 200 pm HCS® fiber
optic cable. Consistent coupling
into the receiver is assured by the
lensed optical system (Figure 1).
Response does not vary with fiber
size < 0.100 pm.

The HFBR-24X2 receiver incor-
porates an integrated photo IC
containing a photodetector and
dc amplifier driving an open-
collector Schottky output
transistor. The HFBR-24X2 is

designed for direct interfacing to
popular logic families. The
absence of an internal pull-up
resistor allows the open-collector
output to be used with logic
families such as CMOS requiring
voltage excursions much higher
than Vcc.

Both the open-collector “Data”
output Pin 6 and Ve Pin 2 are
referenced to “Com” Pin 3, 7. The
“Data” output allows busing,
strobing and wired “OR” circuit
configurations. The transmitter is
designed to operate from a single
+5 V supply. It is essential that a
bypass capacitor (0.1 uF
ceramic) be connected from

Pin 2 (Vce) to Pin 3 (circuit
common) of the receiver.

Housed Product

Vee
DATA
ya

24
—— COMMON

i

— PIN 1 INDICATOR

BOTTOM VIEW

PIN | FUNCTION |

*PINS 3 AND 7 ARE ELECTRICALLY
CONNECTED TO HEADER

tPINS 1. 4.5, AND 8 ARE ELECTRICALLY
CONNECTED

Unhoused Product
[PIN]FUNCTION]
10 o Vec(5V)
o) [
COMMON
BOTTOM VIEW
Absolute Maximum Ratings
Parameter Symbol Min. Max. Units Reference
Storage Temperature Ts -55 +85 °C
Operating Temperature Ta -40 +85 °C
Lead Soldering Cycle Temp. +260 °C Note 1
Time 10 sec
Supply Voltage Vee -0.5 7.0 \%
Output Current Io 25 mA
Output Voltage Vo -0.5 18.0 \4
Output Collector Power Dissipation Po av 40 mwW
Fan Out (TTL) N 5 Note 2
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Electrical/Optical Characteristics -40°C to + 85°C unless otherwise specified
Fiber sizes with core diameter < 100 um and NA <0.35,4.75 V< Vo <£5.256 V

Parameter Symbol | Min. | Typ.[31 | Max. | Units | Conditions Reference
High Level Output Current Ion 5 250 HA Vo =18
Pr < -40 dBm
Low Level Output Voltage VoL 0.4 0.5 \% Ip = 8 mA
Pr > -24 dBm
High Level Supply Current Iccn 3.5 6.3 mA Vee =525V
Pr < -40 dBm
Low Level Supply Current IceL 6.2 10 mA Vee =5.25V
Pr > -24 dBm
Equivalent N.A. NA 0.50
Optical Port Diameter D 400 pHm Note 4

Dynamic Characteristics
-40°C to +85°C unless otherwise specified; 4.75 V < Vee € 5.25 V; BER £ 109

Parameter Symbol | Min. | Typ.[3]1| Max. | Units Conditions Reference

Peak Optical Input Power Pru -40 | dBm pk | Ap = 820 nm Note 5
Logic Level HIGH 0.1 UW pk
Peak Optical Input Power PgrL -25.4 -9.2 | dBmpk | Ta = +25°C, Note 5
Logic Level LOW 2.0 12 pw pk | loL =8 maA

-24.0 -10.0 | dBm pk | Ipp, = 8 mA

4.0 100 | puW pk

Propagation Delay LOW tPLHR 65 ns Ta = 25°C, Note 6
to HIGH Pgr = -21 dBm,
Propagation Delay HIGH | tpuLr 49 ns Data Rate =
to LOW i 5 MBd

Notes:

1. 2.0 mm from where leads enter case.

2.8 mA load (5 x 1.6 mA), R, = 560 Q.

3. Typical data at Ty = 25°C, Vee = 5.0 Vde.

4. D is the effective diameter of the detector image on the plane of the fiber face. The numerical value is the product of the actual
detector diameter and the lens magnification.

5. Measured at the end of 100/140 um fiber optic cable with large area detector.

6. Propagation delay through the system is the result of several sequentially-occurring phenomena. Consequently it is a combination
of data-rate-limiting effects and of transmission-time effects. Because of this, the data-rate limit of the system must be described in
terms of time differentials between delays imposed on falling and rising edges.

7. As the cable length is increased, the propagation delays increase at 5 ns per meter of length. Data rate, as limited by pulse width
distortion, is not affected by increasing cable length if the optical power level at the receiver is maintained.

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken in handling and assembly of these components to prevent damage and/or degradation which may be
induced by ESD.
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HFBR-24X6 Low-Cost
125 MHz Receiver
Description

The HFBR-24X6 fiber optic
receiver is designed to operate
with the Hewlett-Packard HFBR-
14XX fiber optic transmitters and
50/125 pm, 62.5/125 pm, 100/
140 pm and 200 pm HCS® fiber
optic cable. Consistent coupling
into the receiver is assured by the
lensed optical system (Figure 1).
Response does not vary with fiber
size for core diameters of 100 pm
or less.

The receiver output is an analog
signal which allows follow-on
circuitry to be optimized for a
variety of distance/data rate
requirements. Low-cost external
components can be used to convert
the analog output to logic
compatible signal levels for various
data formats and data rates up to
175 MBd. This distance/data rate
tradeoff results in increased optical
power budget at lower data rates
which can be used for additional
distance or splices.

The HFBR-24X6 receiver contains
a PIN photodiode and low noise
transimpedance pre-amplifier

BIAS & FILTER

integrated circuit. The HFBR-24X6
receives an optical signal and
converts it to an analog voltage.
The output is a buffered emitter-
follower. Because the signal
amplitude from the HFBR-24X6
receiver is much larger than from a
simple PIN photodiode, it is less
susceptible to EMI, especially at
high signaling rates. For very noisy
environments, the conductive or
metal port option is recommended.
A receiver dynamic range of 23 dB
over temperature is achievable
(assuming 109 BER).

The frequency response is typically
dc to 125 MHz. Although the
HFBR-24X6 is an analog receiver,
it is compatible with digital
systems. Please refer to
Application Bulletin 78 for simple
and inexpensive circuits that
operate at 155 MBd or higher.

The recommended ac coupled
receiver circuit is shown in Figure
12. It is essential that a 10 ohm
resistor be connected between pin
6 and the power supply, and a 0.1
uF ceramic bypass capacitor be
connected between the power
supply and ground. In addition, pin
6 should be filtered to protect the

6
POSITIVE

CIRCUITS

Vee | suppLy

7T~ 300pF

2

ANALOG
SIGNAL

Figure 11. Simplified Schematic Diagram.

NEGATIVE
SUPPLY

receiver from noisy host systems.
Refer to AN 1038, 1065, or AB 78
for details.

Housed Product

Vec
4 2 ANALOG
- SIGNAL
3,7
Vee

PIN NO. 1
INDICATOR

BOTTOM VIEW AN

PIN] FUNCTION
it INC._

2 | SIGNAL

3 I Veg
at [N.C.
st [NC.

Yc |
7° | VEE
8t |[N.C.

* PINS 3 AND 7 ARE ELECTRICALLY
CONNECTED TO THE HEADER.

1 PINS 1, 4,5, AND 8 ARE ISOLATED FROM
THE INTERNAL CIRCUITRY, BUT ARE
ELECTRICALLY CONNECTED TO EACH OTHER.

Unhoused Product

<4°°3‘

BOTTOM VIEW

[PINFUNCTION]

SIGNAL
Vee
Vee

Vi

CAUTION: The small junction sizes inherent to the desty
susceptibility to damage from electrostatic discharge (ESD). It is ac

m of these components increase the components’
{vised that normal static precautions be

taken in handling and assembly of these components to prevent damage and/or degradation which may be
( Yo 9!

induced by ESD.
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Absolute Maximum Ratings

Parameter Symbol Min. Max. " Units Reference

Storage Temperature Ts -55 +85 °C

Operating Temperature Ta -40 +85 °C

Lead Soldering Cycle Temp. +260 °C Note 1
Time 10 s

Supply Voltage Vee -0.5 6.0 v

Output Current Io 25 mA

Signal Pin Voltage VsiG -0.5 Vee \Y%

Electrical/Optical Characteristics -40°C to +85°C; 4.75 V < Supply Voltage < 5.25 V,
RLoap = 511 Q, Fiber sizes with core diameter < 100 pm, and N.A. < -0.35 unless otherwise specified

Parameter Symbol | Min. | Typ.[21] Max. | Units | Conditions Reference
Responsivity Rp 5.3 7 9.6 | mVUW | Ta= 25°C Note 3, 4
@ 820 nm, 50 MHz Figure 16
4.5 11.5 | mVAuW | @ 820 nm, 50 MHz
RMS Output Noise VNO 0.40 0.59 mV Bandwidth Filtered Note 5
Voltage @ 75 MHz
Pr = O uyW
0.70 mV Unfiltered Bandwidth | Figure 13
Pr = O pyW
Equivalent Input PN -43.0 | -41.4 dBm | Bandwidth Filtered
Optical Noise Power @ 75 MHz
(RMS) 0.050 | 0.065 uw
i Optical Input Power Pr -7.6 | dBm pk | Tp = 25°C Figure 14
(Overdrive) 175 | pW pk Note 6
| -8.2 [ dBm pk
150 | uW pk
Output Impedance Zo 30 Q Test Frequency =
50 MHz
dc Output Voltage Vo de -4.2 -3.1 -2.4 \' PR =0 W
Power Supply Current IEE 9 15 mA Rroap = 510 Q
Equivalent N.A. NA 0.35
Equivalent Diameter D 324 um Note 7

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken in handling and assembly of these components to prevent damage and/or degradation which may be
induced by ESD.
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Dynamic Characteristics -40°C to +85°C; 4.75 V < Supply Voltage < 5.25 V; Ryoap = 511 Q, CLoAD
= 5 pF unless otherwise specified

Time Product

Parameter Symbol | Min. | Typ.[2] | Max. | Units | Conditions Reference
Rise/Fall Time tr, tf 3.3 6.3 ns Pr = 100 uW peak | Figure 15
10% to 90%
Pulse Width Distortion PWD 0.4 2.5 ns Pr = 150 pW peak Note 8,
Figure 14
— 1
Overshoot 2 % Pr = 5 pW peak, Note 9
tr = 1.5 ns o
Bandwidth (Electrical) BW 125 MHz -3 dB Electrical
Bandwidth - Rise 0.41 Hzes Note 10

Notes:

1. 2.0 mm from where leads enter case.

oo

b W

provided in Application Bulletin 78.

~ o

5. Overdrive is defined at PWD = 2.5 ns.
. D is the effective diameter of the detector image on the plane of the fiber face. The numerical value is the product of the actual

detector diameter and the lens magnification.

o

(Ve - Vioow)

k Vioos

100%

. Typical specifications are for operation at Ty = 25°C and V¢¢ = +5 Vde.

. For 200 pm HCS fibers, typical responsivity will be 6 mV/uW. Other parameters will change as well.
. Pin #2 should be ac coupled to a load 2 510 ohm. Load capacitance must be less than 5 pF.

. Measured with a 3 pole Bessel filter with a 75 MHz, -3 dB bandwidth. Recommended receiver filters for various bandwidths are

. Measured with a 10 ns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform.
. Percent overshoot is defined as:

10. The conversion factor for the rise time to bandwidth is 0.41 since the HFBR-24X6 has a second order bandwidth limiting
characteristic.
0.1 pF
il
- 100
"\
‘ 7 ™
N T
- N 2 I leosT A
v éﬁl/ AN IAM" [/_/ LoGIC
OUTPUT
3&7 § RLoaps
500 Q MIN.
— e/
Figure 12. Rec ded ac C

pled Receiver Circuit. (See AB 78 and AN 1038 for more information.)

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken in handling and assembly of these components to prevent damage and/or degradation which may be

induced by ESD.

148



150 (— 3.0 6.0
LN 2
x 1
2 125 Zz 25
2 2 2 50
| @« 1
r 10 2 20 ¥
] a3 F a0
w w
Q 75 E 15 2 Yy
w g
g /\ = % 3.0 t,
Z 50 8 10 3 r
- o ]
& “? T
G 2 o 05 -
& H
& a

o 0 1.0
0 50 100 150 200 250 300 0O 10 20 30 40 50 60 70 80 60 40 20 0 20 40 60 80 100
FREQUENCY - MH; P~ INPUT OPTICAL POWER - yW TEMPERATURE - °C

Figure 13. Typical Spectral Noise Figure 14. Typical Pulse Width Figure 15. Typical Rise and Fall
Distortion vs. Peak Input Power. Density vs. Frequency. Times vs. Temperature.

125
w 1.00
[}
z
o
a
@ ors
3
=]
w
N
< 050
a
H
o«
2

0.25

0
400 480 560 640 720 800 880 960 1040
A~ WAVELENGTH - nm

Figure 16. Receiver Spectral
Response Normalized to 820 nm.

149






() Preabity

Conductive Port Option for Low

Cost Miniature Link Components

Technical Data

Features

* Significantly Decreases
Effect of Electromagnetic
Interference (EMI) on
Receiver Sensitivity

* Available with Both SMA
and Threaded ST Styled Port
Receivers

* Allows the Designer to
Separate the Signal and
Conductive Port Grounds

Description

The conductive port option for
the Low Cost Miniature Link
component family consists of a
grounding path from the
conductive port to four
grounding pins as shown in the
package outline drawing. Signal
ground is separate from the four
grounding pins to give the
designer more flexibility. This
option is available with all SMA
and ST panel mount styled port
receivers. Electrical/optical
performance of the receivers is
not affected by the conductive
port. Refer to the HFBR-0400
data sheets for more information.

5965-9237E (5/97)

Applications

HP recommends that the designer
use separate ground paths for the
signal ground and the conductive
port ground in order to minimize
the effects of coupled noise on
the receiver circuitry. If the
designer notices that extreme
noise is present on the system
chassis, care should be taken to
electrically isolate the conductive
port from the chassis.

In the case of ESD, the conduc-
tive port option does not alleviate
the need for system recovery
procedures. A 15 kV ESD event
entering through the port will not

Package Outline

NON-CONDUCTIVE

PLASTIC HOUSING
hY

CONDUCTIVE
PLASTIC PORT

4 2
30 06
20 o7

1.8

PIN NO. 1
INDICATOR

Option C

cause catastrophic failure for any
HFBR-0400 receivers, but may
cause soft errors. The conductive
port option can reduce the
amount of soft errors due to ESD

events, but does not guarantee
error-free performance.

Pin | Function
1 Port Ground Pin
2 Part Dependent
3 Part Dependent
4 Port Ground Pin
5 Port Ground Pin
6
7

Part Dependent
Part Dependent

Port Ground Pin




Reliability Information

Low Cost Miniature Link
components with the Conductive

Ordering Information
To order the Conductive Port
Option with a particular receiver

This option is available with the
following part numbers:

Port Option are as reliable as component, place a “C” after the HFBR-2402 HFBR-2442T
standard HFBR-0400 base part number. For example, HFBR-2404 HFBR-2444T
components. The following tests to order an HFBR-2406 with this HFBR-2406 HFBR-2446T
were performed to verify the option, order an HFBR-2406C. As  HFBR-2412T HFBR-2452
mechanical reliability of this another example, to order an HFBR-2414T HFBR-2454
option. HFBR-2416T with this option, HFBR-2416T HFBR-2456
order an HFBR-2416TC. HFBR-2432 HFBR-2462T
HFBR-2434 HFBR-2464T
HFBR-2436 HFBR-2466T
Mechanical and Environmental Tests [!]
MIL-STD-883/
Other Units Total
Test Reference Test Conditions Tested | Failed
Temperature Cycling 1010 -55°C to +125°C 70 0
Condition B 15 min. dwell/5 min. transfer
100 cycles
Thermal Shock 1011 -55°C to +125°C 45 0
Condition B 5 min. dwell/10 sec. transfer
500 cycles
High temp. Storage 1008 Ta = 125°C 50 0
Condition B 1000 hours
Mechanical Shock 2002 1500 g/0.5 ms 40 0
Condition B 5 impacts each axis
Port!®! Strength Ta = 25°C 6 Kg-cm no port damage 20 0
Seal Dye Penetrant 1014 45 psi, 10 hours 15 0
(Zyglo) Condition D No leakage into microelectronic cavity
Solderability 2003 245°C 10 0
Resistance to 2015 3 one min. immersion brush 13° 0
Solvents after solvent
Chemical Resistance ] - 5 minutes in Acetone,ﬂ Methanol, 12 0
Boiling Water
Temperature- - Ta = 85°C, RH = 85% 30 0
Humidity Biased, 500 hours
Lead Integrity 2004 8 oz. wt. to each lead tested for 16 0
Condition B2 three 90° arcs of the case
Electrostatic IEC-801-2 Direct contact discharge to port, 16 0
Discharge (ESD) 0-15 kv ¥
Notes:

1. Tests were performed on both SMA an ST products with the conductive port option.

2.The Port Strength test was designed to address the concerns with hand tightening the SMA connector to the fiber optic port. The limit
is set to a level beyond most reasonable hand fastening loading.

3.HP has previously used an air discharge method to measure ESD; results using this method vary with air temperature and humidity.
The direct contact discharge method is perferred due to better repeatability and conformance with IEC procedures. ESD immunity
measured with the air discharge method is generally higher than with the direct contact discharge method.
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Threaded ST Port Option
for Low Cost Miniature
Link Components

Technical Data

Features

* Threading Allows ST Styled
Port Components to be
Panel Mounted

* Compatible with all Current
Makes of ST Multimode
Connectors

* Mechanical Dimensions are
Compliant with
MIL-STD-83522/13

Description

Low Cost Miniature Link compo-
nents with the Threaded ST Port
Option come with 0.2 inch

(5.1 mm) of 3/8-32 UNEF-2A
threads on the port. This option is
available with all HFBR-0400, ST
styled port components. Compo-
nents with this option retain the
same superior electrical/optical
and mechanical performance as
that of the base HFBR-0400

Panel Mounting

Low Cost Miniature Link compo-
nents with the Threaded ST Port
Option are suitable for panel
mounting to chassis walls. The
maximum wall thickness possible
when using nuts and washers
from the HFBR-4411

kit is 0.11 inch (2.8 mm).

Package Outline

Housed Product

'}(tf;o)!‘ -

HFBR-X4XXT

HEWLETT"
PACKARD

Option T

components. Refer to the HFBR- ‘; - T
0400 data sheets for more 7.4 4 102
) - . . (0.28)'A- + (0.40)
information on electrical/optical o ‘ ( 05:2‘0) )
performance and the HFBR-0400 X 360 ﬂTﬂ I
Reliability data sheet for more Uy “3/8 - 32 UNEF - 24 014 | Siee

information on mechanical ’} A.{ L 2% THREADING b P |1z
durability. (g'?;) - = | (0.05)
’ 28 | |
(0:10)
PINS 1,4,5,8
051 x 038
(0.020 x 0.015)
PINS 2,3,6,7
S, DIA. " PIN NO. 1
0.018)
5965-9238E (5/97) (©0.018) INDICATOR 5



Package Outline
Port Product

25
©. ‘O)DIA PIN CIRCLE

0.46 1‘-,
©lonmPA

DATE CODE

N ﬂ«f;o)["

L 185

(©.73) ot
X
(0.33) | 3
71 ia. 76 |
e Lo
7 THREAD ‘ 1
¥ FLATS
— O (oza)D"
i‘(:'a‘s)’ [ |
| 3B-32UNEF-2A !
20 THREADING
(0.08) _T
a1 . L
(0.16)

ALL DIMENSIONS IN MILLIMETERS AND (INCHES).

The HFBR-4411 kit consists of
100 nuts and 100 washers with
dimensions as shown in Figure 1.
These kits are available from HP
or any authorized distributor. Any
standard size nut and washer will
work, provided the total thickness
of the wall, nut, and washer does
not exceed 0.2 inch (5.1mm).

When preparing the chassis wall
for panel mounting, use the

3/8 - 32 UNEF -
2A THREAD

9.53 pia
a7 ’
1270018

This option is available with the
following part numbers:

mounting template in Figure 2.
When tightening the nut, torque
should not exceed 0.8

N-m (8.0 in-lb). HFBR-1412

HFBR-1414

Ordering Information HFBR-1442

. HFBR-1444

To order the Threaded ST Port HFBR-1462
Option with a particular compo- St

SRy HFBR-1464

nent, place a “T” after the base HFBR-2412

rt . F le, t -
part number. For example, to HFBR-2414

order an HFBR-2416 with this
option, order an HFBR-2416T.

(0.50)
o . 165 | :
(0.065)
< 80
(0.315) "

14. 27 TYP.
(0. 563) DIA.

ALL DIMENSIONS IN MILLIMETERS

10.41 MAX. AND (INCHES).
(0.410) DIA.

INTERNAL TOOTH LOCK WASHER

Figure 2. Recommended Cut-out for
Panel Mounting.

ALL DIMENSIONS IN MILLIMETERS AND (INCHES).

Figure 1. HFBR-4411 Mechanical Dimensions.
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Metal Port Option for
HFBR-0400 Series Components

Technical Data

Features

* Nickel Plated Aluminum
Connector Receptacle

* Withstands Electro-static
Discharge (ESD) of 15 kV to
the Port

* Significantly Decreases
Effect of Electro-magnetic
Interference (EMI) on
Receiver Sensitivity

¢ Allows Separate Signal and
Metal Port Grounds

* Available with SMA, ST,
Threaded ST, and FC
Styled Ports

Description

The metal port option for the
HFBR-0400 Series gives
designers the ability to have a
metal connector receptacle with
the familiar HFBR-0400 dual in-
line package (DIP). The metal
port option components have an
internal electrical connection
between the metal port and the
four grounding pins, as shown in
the package outline drawing.
Signal ground is separate from
the four grounding pins to give
the flexibility in connecting the
port to signal or chassis ground.

5963-5603E (2/95)

This feature aids in maintaining
the integrity of the signal ground
if the chassis is exposed to elec-
trical noise. In addition, when the
metal port is in good electrical
contact with a well-grounded
chassis, the metal port provides
additional EMI shielding from
electrically noisy circuits.

Applications

HP recommends that the designer
use separate ground paths for the
signal ground and the conductive
metal port ground in order to
minimize the effects of external
coupled noise on receiver
circuitry. If noise is present on
the system chassis, care should
be taken to electrically isolate the
metal port from the chassis.

In the case of ESD, the metal port
option does not alleviate the need
for system recovery procedures.
A 15 kV ESD event entering
through the connector port will
not cause catastrophic failure,
but the metal port does not
guarantee error-free performance
during an ESD event.

Option M

The Metal Port Option is available
with SMA, ST, Threaded ST
(panel mount) and FC styled port
transmitters and receivers. The
electrical/optical specifications,
the mechanical dimensions, and
the pinouts of the components
with metal ports are identical to
the standard plastic port
products.



Package Outline

NON-CONDUCTIVE
PLASTIC HOUSING

METAL PORT

4
’

[e]

PINS 1,4,5,8
0.51 X 0.38 ﬁ E
(0.020 X 0.015) ;
[
PINS 2,3,6,7

0.46 DIA gnj

(0.018) DIA
PINNO. 1
INDICATOR

Ordering Information

This option will be available with
the following part numbers:

Transmitters Receivers
HFBR-1402 HFBR-2402
HFBR-1412 HFBR-2412
HFBR-1412T HFBR-2412T
HFBR-1422 HFBR-2422
HFBR-1404 HFBR-2406
HFBR-1414 HFBR-2416
HFBR-1414T HFBR-2416T
HFBR-1424 HFBR-2426

DATE CODE
PART NUMBER

=
Lk
g3
$x
f 4
&
2
I

Refer to the HFBR-14XX and
HFBR-24XX data sheeets for
electrical/optical/mechanical
specifications for each part. To
order the Metal Port Option with
a particular transmitter or
receiver component, simply add
the letter “M” to the end of the
standard part number. For
example, HFBR-1412T with

the metal port option is
HFBR-1412TM.

Mechanical and Environmental Tests

Pin Function
1 Port Ground Pin
2 Part Dependent

3 Part Dependent
4 Port Ground Pin
5 Port Ground Pin
6 Part Dependent
7 Part Dependent
8 Port Ground Pin

Reliability Information

Low Cost Miniature Link
Components with the Metal Port
Option use the same semi-
conductor devices and
manufacturing processes as
standard HFBR-0400
components, so reliability data
for the HFBR-0400 Series is
directly applicable. The tests
listed below demonstrate the
mechanical reliability of this
package.

MIL-STD-883 or Units Total
Test Other Reference Test Conditions Tested | Failed
Temperature Cycling 1010 -55 to +125°C, 15 minutes dwell, 40 0
Condition B 5 minutes transfer, 170 cycles
Unbiased Pressure 121°C, 100% relative humidity, 5 0
Pot Test ] 2 atmospheres, 48 hours
Mechanical Shock 2002 5 blows each X1, X2, Y1, Y2, Z1, Z2 40 0
Condition B 1500 G, 0.5 msec. pulse
Vibration Variable 2007 50 G, 20 to 2000 Hz. 4, 40 0
Frequency Condition A 4 minute cycles each X, Y, Z
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1300 nm Fiber Optic
Transmitter and Receiver

Technical Data

Features

* Low Cost Fiber Optic Link

 Signal Rates over 155
Megabaud

* 1300 nm Wavelength

¢ Link Distances over 5 km

¢ Dual-in-line Package Panel-
Mountable ST* and SC
Connector Receptacles

* Auto-Insertable and Wave-
Solderable

¢ Specified with 62.5/125 um
and 50/125 pum Fiber

* Compatible with HFBR-0400
Series

Applications

* Desktop Links for High
Speed LANs

* Distance Extension Links

* Telecom Switch Systems

* TAXIchip® Compatible

Description

The HFBR-0300 Series is
designed to provide the most
cost-effective 1300 nm fiber optic
links for a wide variety of data

communication applications from
low-speed distance extenders up
to SONET OC-3 signal rates.
Pinouts identical to Hewlett-
Packard HFBR-0400 Series allow
designers to easily upgrade their
820 nm links for farther distance.
The transmitter and receiver are
compatible with two popular
optical fiber sizes: 50/125 pm and
62.5/125 pum diameter. This
allows flexibility in choosing a
fiber size. The 1300 nm wave-
length is in the lower dispersion
and attenuation region of fiber,
and provides longer distance
capabilities than 820 nm LED
technology. Typical distance
capabilities are 2 km at 125 MBd
and 5 km at 32 MBd.

Transmitter

The HFBR-1312T fiber optic
transmitter contains a 1300 nm
InGaAsP light emitting diode
capable of efficiently launching
optical power into 50/125 pm and
62.5/125 pm diameter fiber.
Converting the interface circuit
from a HFBR-14XX 820 nm
transmitter to the HFBR-1312T

*ST is a registered trademark of AT&T Lightguide Cable Connectors

5965-3611E (1/97)

HFBR-0300 Series:
HFBR-1312T Transmitter
HFBR-2316T Receiver

requires only the removal of a few
passive components.

Receiver

The HFBR-2316T receiver con-
tains an InGaAs PIN photodiode
and a low-noise transimpedance
preamplifier that operate in the
1300 nm wavelength region. The
HFBR-2316T receives an optical
signal and converts it to an analog
voltage. The buffered output is an
emitter-follower, with frequency
response from DC to typically 125
MHz. Low-cost external compo-
nents can be used to convert the
analog output to logic compatible
signal levels for a variety of data
formats and data rates. The
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HFBR-1312T Transmitter

2,8
ANODE
2

3
CATHODE

|

D'A o5
°3 °6
0p 07

[]e1 8

BOTTOM VIEW \

=
L

*

PINNO. 1
INDICATOR

PIN| FUNCTION

1t | N.C.
| 2| ANoDE

* PIN 7 IS ELECTRICALLY ISOLATED FROM
PINS 1, 4,5, AND 8, BUT IS CONNECTED
TO THE HEADER.

1 PINS 1, 4,5, AND 8 ARE ISOLATED FROM

THE INTERNAL CIRCUITRY, BUT ARE
ELECTRICALLY CONNECTED TO EACH OTHER.

HFBR-2316T is pin compatible
with HFBR-24X6 receivers and
can be used to extend the
distance of an existing application
by substituting the HFBR-2316T
for the HFBR-2416.

Package Information
HFBR-0300 Series transmitters
and receivers are housed is a
dual-in-line package made of high
strength, heat resistant, chem-
ically resistant, and UL V-0 flame
retardant plastic. Transmitters are
identified by the brown port
color; receivers have black ports.
The package is auto-insertable
and wave solderable for high
volume production applications.

HFBR-2316T Receiver

6

Vee
P 2 ANALOG
A SIGNAL

3,7

P Ve

e

°3 o6
°2 °7

0o O

BOTTOM VIEW

PINNO. 1
INDICATOR

FUNCTION
N.C.

* PINS 3 AND 7 ARE ELECTRICALLY
CONNECTED TO THE HEADER.

1 PINS 1, 4, 5, AND 8 ARE ISOLATED FROM

THE INTERNAL CIRCUITRY, BUT ARE
ELECTRICALLY CONNECTED TO EACH OTHER.

Note: The “T” in the product
numbers indicates a Threaded ST
connector (panel mountable), for
both transmitter and receiver.

Handling and Design
Information

When soldering, it is advisable to
leave the protective cap on the
unit to keep the optics clean.
Good system performance
requires clean port optics and
cable ferrules to avoid obstructing
the optical path. Clean com-
pressed air is often sufficient to
remove particles of dirt; methanol
on a cotton swab also works well.

HFBR-0300 Series

Mechanical Dimensions

PART NUMBER .
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953
375"

Panel Mounting
Hardware

The HFBR-4411 kit consists of
100 nuts and 100 washers with
dimensions as shown in Figure 1.
These kits are available from HP
or any authorized distributor. Any
standard size nut and washer will
work, provided the total thickness
of the wall, nut, and washer does
not exceed 0.2 inch (5.1mm).

When preparing the chassis wall
for panel mounting, use the

3/8 - 32 UNEF-
/

2B THREAD
12.70
7 o0
~ i 165
S et
HEX-NUT (0.065)
. A
[}
1427 TYP.
' (0.563) DIA.
-
fo41 MAX. |
WASHER (0.410) DIA. 048

(0.018)

mounting template in Figure 2.
When tightening the nut, torque
should not exceed 0.8 N-m (8.0
in-1b).

Recommended Chemicals
for Cleaning/Degreasing
HFBR-0300 Products
Alcohols (methyl, isopropyl,
isobutyl)

Aliphatics (hexane, heptane)
Other (soap solution, naphtha)

80
0315

NOTE: ALL DIMENSIONS IN MILLIMETRES AND (INCHES).

INTERNAL TOOTH LOCK WASHER

Figure 1. HFBR-4411 Mechanical
Dimensions.

Figure 2. Recommended Cut-out for
Panel Mounting.

HFBR-1312T Transmitter Absolute Maximum Ratings

Do not use partially halogenated
hydrocarbons (such as 1.1.1 tri-
chloroethane), ketones (such as
MEK), acetone, chloroform, ethyl
acetate, methylene dichloride,
phenol, methylene chloride, or N-
methylpyrolldone. Also, HP does
not recommend the use of
cleaners that use halogenated
hydrocarbons because of their
potential environmental harm.

Parameter Symbol Min Max. | Unit | Reference

Storage Temperature Ts -55 85 °C

Operating Temperature Ta -40 85 °C

Lead Soldering Cycle 260 °C

Temperature Note 8
Lead Soldering Cycle Time 10 sec

Forward Input Current DC Irpc 100 mA

Reverse Input Voltage Vi 1 \%

induced by ESD.

taken in handling and assembly of this co:

CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component's
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
mponent to prevent damage and/or degradation which may be
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HFBR-1312T Transmitter Electrical/Optical Characteristics

0 to 70°C unless otherwise specified

Parameter Symbol | Min. | Typ.!!] | Max. | Unit Condition Ref. -
Forward Voltage Vi 1.1 1.4 1.7 A% Ir = 75 mA Fig. l_d
1.5 Ir = 100 mA
Forward Voltage AVE/AT -1.5 mV/°C| Ig = 75 - 100 mA
Temperature Coefficient ]
Reverse Input Voltage Vi 1 4 \' Iz = 100 pA ]
Center Emission Ac 1270 | 1300 | 1370 | nm N
Wavelength
Full Width Half Maximum FWHM 130 | 185 | nm o
Diode Capacitance Cr 16 pF | Ve=0V,f=1MHz |
Optical Power Temperature AP1/AT -0.03 dB/°C | Ip = 75 - 100 mA DC
Coefficient
Thermal Resistance (SN 260 °C/W Note 2
HFBR-1312T Transmitter Qutput Optical Power and Dynamic Characteristics
Condition
Parameter Symbol | Min. | Typ.!!l | Max. | Unit Ty I, peak Ref.
Peak Power -16.0| -14.0 |-12.5| dBm | 25°C 75 mA Notes
62.5/125 um 175 115 0-70°C | T5mA | 345
NA = 0215 Prox 1155 185 [-12.0 25°C 100 mA | pig 2
-17.0 -11.0 0-70°C 100 mA
Peak Power -19.5| -17.0 |-14.5| dBm | 25°C 75 mA Notes
507125 pm -21.0 -13.5 0-70°C | 75mA | 3,4,5
NA =020 Pro 7190 165 |-14.0 25°C 100 mA | Fig. 2
-20.5 -13.0 0-70°C 100 mA
Optical Overshoot 0S 5 10 % 0-70°C 75 mA Note 6
Fig. 3
Rise Time ¢ 18 | 40 | ns | 070C | 75mA | Note7 |
Fig. 3
Fall Time t 2.2 4.0 ns 0-70°C 75mA | Note 7
Fig. 3
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Notes:

1. Typical data are at T, = 25°C.

Thermal resistance is measured with the transmitter coupled to a connector assembly and mounted on a printed circuit board;

)¢ < O)a.

. Optical power is measured with a large area detector at the end of 1 meter of mode stripped cable, with an ST* precision ceramic
ferrule (MIL-STD-83522/13), which approximates a standard test connector. Average power measurements are made at 12.5 MHz
with a 50% duty cycle drive current of 0 to IF peak; Ir average = Iy peak/2. Peak optical power is 3 dB higher than average optical
power.

3

4. When changing from pW to dBm, the optical power is referenced to 1 mW (1000 pW).
Optical power P(dBm) = 10*log [ P(uW)/1000uW].

5. Fiber NA is measured at the end of 2 meters of mode stripped fiber using the far-field pattern. NA is defined as the sine of the half
angle, determined at 5% of the peak intensity point. When using other manufacturer’s fiber cable, results will vary due to differing
NA values and test methods.

6. Overshoot is measured as a percentage of the peak amplitude of the optical waveform to the 100% amplitude level. The 100%
amplitude level is determined at the end of a 40 ns pulse, 50% duty cycle. This will ensure that ringing and other noise sources have
been eliminated.

7. Optical rise and fall times are measured from 10% to 90% with 62.5/125 um fiber. LED response time with recommended test
circuit (Figure 3) at 25 MHz, 50% duty cycle.

8. 2.0 mm from where leads enter case.
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11 12 13 14 15 16 10 30 50 70 %0
V- FORWARD VOLTAGE - V IF - FORWARD CURRENT - mA
Figure 1. Typical Forward Voltage and Current Figure 2. Normalized Transmitter Output Power vs.
Characteristics. Forward Current.

1 GHz FET PROBE

100 pFI IOJ uF

Figure 3. Recommended Transmitter Drive and Test Circuit.
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HFBR-2316T Receiver Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Reference
Storage Temperature Ty -55 85 °C
Operating Temperature Ty -40 +85 °C
Lead Soldering Temperature ] 260 °C Note 1
Cycle Time 10 S
Signal Pin Voltage Vo -0.5 Vee v -
Supply Voltage Vee - Veg -0.5 6.0 A% Note 2
Output Current Io 25 mA

CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component's
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken in handling and assembly of this component to prevent damage and/or degradation which may be
induced by ESD.

HFBR-2316T Receiver Electrical/Optical and Dynamic Characteristics
0 to 70°C; 4.75 V < Ve - Vg < 5.25 V; power supply must be filtered (see note 2).

Parameter Symbol | Min. | Typ.!31 | Max. | Unit Condition Ref.
Responsitivity Rp 6.5 13 19 mVAuW | A, = 1300 nm, 50 MHz | Note 4
Fig. 1,5
RMS Output Noise Vno 0.4 0.59 | mVgys | 100 MHz bandwidth, Note 5
Voltage Pr=0puW Fig. 2
1.0 mVgys | Unfiltered Bandwidth
Pr=0puwW
Equivalent Optical Py rms -45 -41.5 | dBm | @ 100 MHz, P, = O uW | Note 5
Noise Input Power 0.032 | 0.071 LW
(RMS)
Peak Input Optical Pr -11.0 | dBm | 50 MHz, 1 ns PWD Note 6
Power 30 W Fig. 3
Output Resistance Ro 30 Ohm | f =50 MHz
DC Output Voltage Vope 0.8 1.8 2.6 A% Vece =5V, Vgg =0V
P = 0 pW
Supply Current Iec 9 15 mA Rioap =
Electrical Bandwidth BWg 75 125 MHz | -3 dB electrical Note 7
Bandwidth * Rise 0.41 Hz *s
Time Product
Electrical Rise, Fall trte 3.3 5.3 ns Pr = -15 dBm peak, Note 8
Times, 10-90% @ 50 MHz Fig. 4
Pulse-Width PWD 0.4 1.0 ns Pr = -11 dBm, peak Note 6,9
Distortion Fig. 3
—— —
Overshoot 2 % Pg = -15 dBm, peak Note 10
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Notes:

oo

SR

1. 2.0 mm from where leads enter case.

- The signal output is referred to V., and does not reject noise from the V. power supply. Consequently, the V(- power supply must
be filtered. The recommended power supply is +5 V on V.- for typical usage with +5 V ECL logic. A -5 V power supply on Vig is
used for test purposes to minimize power supply noise.

Typical specifications are for operation at Ty = 25°C and Vee = +5 Ve

The test circuit layout should be in accordance with good high frequency circuit design techniques.

- Measured with a 9-pole “brick wall” low-pass filter [Mini-Circuits™, BLP-100*] with -3 dB bandwidth of 100 MHz.

6. -11.0 dBm is the maximum peak input optical power for which pulse-width distortion is less than 1 ns.
7. Electrical bandwidth is the frequency where the responsivity is -3 dB (electrical) below the responsivity measured at 50 MHz.

o

- The specifled rise and fall times are referenced to a fast square wave optical source. Rise and fall times measured using an LED
optical source with a 2.0 ns rise and fall time (such as the HFBR-1312T) will be approximately 0.6 ns longer than the specifled rise
and fall times. E.g.: measured t, [ ~ [(specifled t, )? + (test source optical tep? ]2

. 10 ns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform.

10. Percent overshoot is defined as: ((Vpy - Vio0w)/V 100%) X 100% . The overshoot is typically 2% with an input optical rise time < 1.5 ns.

1

1. The bandwidth*risetime product is typically 0.41 because the HFBR-2316T has a second-order bandwidth limiting characteristic.
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*Mini-Circuits Division of Components Corporation.
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HEWLETT"
PACKARD

1300 nm E-LED Transmitter
and PIN/Preamp Receiver for
Single-Mode Fiber

Technical Data

Features

* Distances up to 14 km at
Signal Rates of 20 MBd

* Performance Specified with
Single-Mode Fiber Cables

* Wave Solder and Aqueous
Wash Process Compatible

* Panel Mount ST Connectors

* Pinout Compatible with
HFBR-0400 Series Parts

Applications

* Single-Mode Extensions to
Ethernet (10Base-F) Links

* Proprietary Links Using
Single-Mode Fiber

Description

The HFBR-0305 Series is
designed to provide the most
cost-effective single-mode
solution, and is pin-compatible
with HP’s HFBR-0400 and HFBR-
0300 families of 820 and 1300
nm fiber optic links for multi-
mode fiber. This allows designers
to use a single circuit and board
layout for 820 nm multimode
fiber links, 1300 nm multimode
mode fiber links. Upgrading a
multimode solution to single-mode
fiber is as simple as switching
components on a board.

5964-3544E (1/97)

Transmitter

The HFBR-1315TM/1315M
single-mode fiber-optic trans-
mitter contains a 1300 nm edge-
emitting LED (E-LED) capable of
efficiently launching optical
power into single-mode fiber.
Because it is an LED, and not a
laser, the drive circuit is simple
and compatible with drive circuits
for multimode LED transmitters.

Receiver

The HFBR-2315T/2315M receiver
contains an InGaAs PIN
photodiode and a low-noise
transimpedance preamplifier
operating in the 1300 nm
wavelength region. The HFBR-
2315T/2315M receives an optical
signal and converts it to an
analog voltage. The buffered
output is an emitter-follower,
with a frequency response from
dc to typically 125 MHz.

HFBR-0305 Series

Package

HFBR-0305 Series transmitters
and receivers are housed in a
dual-in-line package made of high
strength, heat resistant, chemical
resistant, and UL V-0 flame
retardant plastic. The HFBR-
1315TM/1315M is a stainless
steel, threaded ST port (panel
mountable); the HFBR-1315M is
a stainless steel, unthreaded ST
port. The HFBR-2315T is a black,
non-conductive plastic threaded
ST port (panel mountable); the
HFBR-2315M is a stainless steel,
unthreaded ST port.

Package Options
Metal Port Plastic Port
Transmitter:
Threaded HFBR-1315TM N/A
Unthreaded HFBR-1315M N/A
Receiver:
Threaded N/A HFBR-2315T
Unthreaded HFBR-2315M N/A
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ESD Handling
Precautions

The HFBR-0305 Series products
are MIL-STD 883C Method
3015.4 Class 1 devices. Normal
static precautions should be
taken in handling and assembly
of this component to prevent
damage and/or degradation which
may be induced by electrostatic
discharge (ESD)

Solder Processing

The HFBR-0305 Series products
are compatible with either hand
or wave solder processes. When
soldering, it is advisable to leave
the protective cap on the port to
keep the optics clean. Good
system performance requires
clean port optics and cable
ferrules to avoid obstructing the
optical path. Clean compressed
air is often sufficient to remove
particles of dirt; methanol on a
cotton swab also works well.

Wash Processing -
Chemical Resistance
The HFBR-0305 Series package
is compatible with the following
chemicals for cleaning and
degreasing:

- Aqueous Wash

- Naptha

- Alcohol (methyl, isopropyl,

isobutyl)
- Aliphatics (hexane, heptane)

The following chemicals are not
recommended as they will
damage the package: Partially
halogenated hydrocarbons such
as 1,1,1 Trichloroethane, Ketones
such as MEK, Acetone, Chloro-
form, Ethyl Acetate, Methylene
Dichloride and N-methylpyroldone.
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Panel Mounting of
Threaded ST Package
Style

Any standard 3/8 - 32 UNEF-2B
threaded nut and washer can be
used to secure the threaded ST
receptacle to the chassis wall,
provided the overall thickness of
the chassis wall, washer and nut
are less than 5.1 mm (0.2 inch).
Hewlett-Packard supplies the
HFBR-4411 kit which consists of
100 each, nuts and washers per
the figure below.

/8 - 32 UNEF-
/2B THREAD
9.53 .
DIA.
(0.375) Q v
12.70
(G0 DA
. 165
4 -
HEX-NUT (0.065)
\ A
1427 TYP.
(0.563) DIA.
'
A
1041 MAX.

WASHER (0.410) DIA. 0.46

(0.018)

-

NOTE: ALL DIMENSIONS IN MILLIMETRES AND (INCHES).

When preparing the chassis wall
for panel mounting, use the
mounting template in the figure
below. When tightening the nut,
torque should not exceed 0.8 N-m
(8.0 in-1b). Note that the maxi-
mum nut dimension exceeds the
width of the port package, so
approximately 2 mm of space
between device packages is
required to allow nuts to be
mounted on adjacent ports.

8.0
[ -
(0.315)

Flame Resistance

The HFBR-0305 Series package
is made with UL V-0 flame
retardant plastic material.

Electrostatic Discharge
(ESD)

Static discharges can occur to the
exterior of the equipment chassis
containing the HFBR-0305 Series
parts. To the extent that their
connector receptacles are
exposed to the outside of the
equipment chassis, they may be
subject to whatever ESD system
level test criteria that the
equipment is intended to meet.

Radiated Susceptibility
Equipment utilizing these
products will be subject to EMI
fields in some environments.
These HFBR-0305 Series prod-
ucts are expected to withstand
fields of up to 10 volts per meter,
when tested on a circuit card in
free space without an equipment
chassis, with no measurable
effect on their performance. A
suggested test method is based
on the equipment procedure
specified in [EC 801-3.



Pinout Description

HFBR-1315TM/1315M
Transmitters

HFBR-2315T/2315M Receivers

Mechanical Dimensions

All dimensions are in millimeters

and (inches)

PART NUMBER
DATECODE. sos
s € vee : = (©.199)
ANODE 2 ANALOG ! %
= F— T SIGNAL 128 3]
3 — 3.7 (0.495) ; '3 (O.ZYB)V
CATHODE Vee ' ;
PIN 1 INDICATOR
- 126 -
(0.495)
PIN 1 INDICATOR o I
BOTTOM VIEW BOTTOM VIEW
T FORGTION 5 " wB-32 UNEF-2A
T ne PIN | FUNCTION set o LT o
N.C. 1t NC. | (0.150)
CATHODE 2 | SIGNAL |
N.C. 3 VEE
4 N.C.
Pt A::DE 5 N.C. 762
(7 1 nc. -8 Vee (03000
7 VEE
t NC. 8t N.C.
* THERE IS NO PIN 2. LE.. IN THE NUMBER 2 (0140)
PIN POSITION, THERE IS NO PHYSICAL PIN. * PINS 3 AND 7 ARE ELECTRICALLY
CONNECTED TO THE HEADER. \
1 PINS 1, 4, 5, AND 8 ARE ISOLATED FROM
THE INTERNAL CIRCUITRY, BUT ARE 1 PINS 1, 4, 5, AND 8 ARE ISOLATED FROM .
ELECTRICALLY CONNECTED TO EACH OTHER THE INTERNAL CIRCUITRY, BUT ARE 264 (0050
AND TO THE METAL PORT. ELECTRICALLY CONNECTED TO EACH OTHER oo T '
(AND TO THE PORT IF METAL).
PINS 1,458
0.51X0.38
{0.020 X 0.015)
PINS 236.7
0.46
(0018 04
PINNO. 1
INDICATOR
. eps .
Recommended Operating Conditions for HFBR-0305 Series Products
Parameter Symbol Min. Typ. Max. Unit Reference
LOperaLing Temperature - Ambient Ty 0 70 °C
Supply Voltage Vee 4.75 5.25 A% Note 1
Note:

1. The HFBR-2315T/2:315M signal output is referenced to Vi-., and does not reject noise from the V- power supply. Consequently,

the Vi power supply must be filtered.

Link Performance: At Data Rates 1-20 MBd

Parameter Symbol Min. | Typ. | Max. | Unit | Conditions | Reference
Optical Power Budget with 18 0to 70°C Note 1
Single-Mode Fiber Cables
Link Distance with Single- 14 0 to 70°C Note 2
LMode Fiber Cables
Notes:

1. Optical Power Budget applies to HFBR-1315TM/1315M and HFBR-2315T/2315M in the recommended application circuit (Figures
1 and 2). Worst case transmitter coupled power (Pr) is -27 dBm peak, -30 dBm average. Worst case receiver sensitivity is -36 dBm

peak, -39 dBm average. Refer to Application Note 1082 for details.
2. Link distance is based on fiber with 0.5 dB/km attenuation, and assumes 1 dB for loss of in-line splices or connectors, and 1 dB
margin for LED aging: (9 dB OPB - 1 dB in-line splice loss - 1 dB aging margin)/(0.5 dB/km) = 14 km.
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Figure 1. Recommended Transmitter Circuit.
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Figure 2. Recommended Receiver Circuit.
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HFBR-1315TM/1315M - Transmitter Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Condition
Storage Temperature Ts -40 85 °C
Operating Temperature Ty -40 85 °C N
Lead Soldering Cycle Temperature 260 °C Note 1 |
Lead Soldering Cycle Time | 10 Tsec | ]
Forward Input Current dc Irpe 100 mA
Forward Input Current, Peak ' Irpk 175 mA 1 sec pulse
Reverse Input Voltage Ve 2 \% T

Notes:
1. 2.0 mm from where leads enter case.

CAUTION: It is advised that normal static precautions be taken in handling or assembly of these components to
prevent damage and/or degradation which may be induced by ESD.

HFBR-1315TM/1315M - Transmitter Electrical/Optical Characteristics
(T, = 0°C to 70°C, Ir = 100 mA unless otherwise specified)

Parameter Symbol | Min. | Typ.l'! | Max. | Unit Condition | Reference

Forward Voltage Vi 1.1 1.5 1.9 \% Ty = 26°C Figure 3

1.0 2.0
Forward Voltage Temperature | AVp/AT -3.4 mV/°C N
Coefficient
Center Emission Wavelength Ac 1265 | 1310 | 1380 nm
Spectral Width - FWHM AL 95 125 nm Ta = 25°C

140
Optical Power Temperature APT/AT -0.07 dB/°C
Coefficient
Reverse Leakage Current Iz 200 HA Ty = 25°C,
Vg=-2V

Thermal Resistance 6)a 105 °C/W Note 2

Notes:
1. Typical data are at Ty, = 25°C.

2. Thermal resistance is measured with the transmitter coupled to a connector assembly and mounted on a printed circuit board;

03¢ < O
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HFBR-1315TM/1315M - Transmitter Optical Output Power and Dynamic

Characteristics
Conditions
Parameter Symbol | Min. | Typ.!!l | Max Unit Ty If peak Reference

Peak Power Pr -23 21 | 7 dBm 25°C 100 mA Note 2
Single-mode 27 -15 0-70°C 100 mA Figure 4
Rise, Fall Time tr, tg 4.5 ns 0-70°C 100 mA, Note 4
(10% to 90%) » - B No Pre-bias Figure 5
Rise, Fall Time | t, ¢ 2.6 1 ns | 0-70°C 100 mA, Note 4
(10% to 90%) 1.6 With Pre-bias Figure 1

Notes:

1. Typical data are at T, = 25°C.

I

ferrule (MIL-STD-83522/13), which approximates a standard test connector.

«w

P(dBm) = 10*log[P(uW)/1000pW].

'

- When changing from uW to dBm, the optical power is referenced to 1 mW (1000 pW). Optical power

- Optical power is measured with a large area detector at the end of 1 meter of single-mode cable, with an ST* precision ceramic

Optical rise and fall times are measured from 10% to 90% with single-mode fiber. The “No Pre-bias” response time is measured in

the recommended test circuit (50 ohm load, Figure 5) at 25 MHz, 50% dutil cycle. The response time “With Pre-bias” is measured in
the recommended application circuit (Figure 1).

1g - FORWARD CURRENT - mA
8

RELATIVE POWER RATIO
o
3

100 120 140 160 180

0.6
0.4
40 0.2
20 o S
1.1 1.2 13 1.4 15 16 20 40 60 80

Vg - FORWARD VOLTAGE -V

Figure 3. Typical Forward Voltage
and Current Characteristics, 25°C.

Ig - FORWARD CURRENT - mA

Figure 4. Normalized Transmitter
Output Power vs. Forward Current,

4

Figure 5.

25°C.
PULSE
GENERATOR
5052
- HIGH SPEED
Bl ~—+1 PHOTODIODE TEST
A 1 HEAD | OSCILLOSCOPE
50
LOAD
RESISTOR

Test Circuit for Measuring t,, t Without Pre-Bias.

171




HFBR-2315TM/2315M - Receiver Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Condition
Storage Temperature Ty -65 85 °C o
Operating Temperature Ty -40 +85 °C N
Lead Soldering Cycle Temperature o 260 °C Note I |
Lead Soldering Cycle Time T T 10 see T
Signal Pin Voltage Vo o 05 - \7<( v T
Supply Voltage ) (Vee - Veg) | -0.5 60 | V | Notez
Output Current o 'Io 1 25 mA -

CAUTION: It is advised that normal static precautions be taken in handling or assembly of these components to
prevent damage and/or degradation which may be induced by ESD.

HFBR-2315T/2315M - Electrical/Optical and Dynamic Characteristics
(Ty, = 0°C to 70°C; 4.76 V < (Ve - Vgg) < 5.25 V; power supply must be filtered per note 2)

Parameter Symbol | Min. | Typ.[3] | Max. | Unit | Condition Reference
Responsivity, Single- R | 85 17 24 | mVW | A, = 1300 nm, Note 4, |
Mode Fiber 50 MHz Figures 6, 10
RMS Output Noise Vno 0.4 | 059 | mVgys | @100 MHz, Note 5 ]
Voltage Py =0mW Figure 7

1.0 | mVyys | Unfiltered Bandwidth

PR =0mW
Equivalent Optical Noise | Pygms -45 -41.5| dBm | @100 MHz, Note 5
Input Power (RMS) P = 0 mW

0.032 | 0.071| uwW

Peak Input Optical Pg -14 dBm | 50 MHz, 1 ns PWD Note 6
Power, Single-Mode 40 uw Figure 8
Output Impedance Zg 30 Q f =50 MHz
DC Output Voltage Vonc 0.8 1.8 2.6 A% Voe =6V, Vg =0V

Pﬁ =0mW
Supply Current e | 9 15 | mA | Ryoan = R
Electrical Bandwidth BWg 75 125 MHz | -3 dB electrical Note 7
Bandwidth * Rise Time 0.41 Hz *s Note 8
Electrical Rise, Fall tos 33 5.3 ns | Pg =-21 dBm Peak, | Note9
Times, 10-90% @ 50 MHz Figure 9
Pulse-Width Distortion PWD 0.4 1.0 ns Pp = -14 dBm, Peak, | Note 10

Single-Mode Fiber Figure 8
Overshoot 2 % Pg = -21 dBm, Peak | Note 11 T

172



Notes:

. 2.0 mm from where leads enter case.

. The signal output is an emitter
follower, which does not reject noise
from V. Consequently, the power
supply must be filtered. The recom-
mended supply is +5 V on V.. for
typical usage with +5 V ECL logic. A
-5 V supply on Vg is used for test
purposes to minimize supply noise.

. Typical specifications are for
operation at Ty = 25°C, Voo = +5
Voo Vgg = O V.

4. The test circuit layout should be in

accordance with good high frequency
circuit design techniques.

o o—

>

. Measured with a Mini-Circuits 9-pole
“brick wall” low-pass filter, BLP-100,
with -3 dB bandwidth of 100 MHz.

6. -14 dBm is the maximum peak input

optical power from single-mode fiber

for which pulse-width distortion is
less than 1 ns.

Electrical bandwidth is the frequency

where the responsivity is -3 dB

(electrical) below the responsivity

measured at 50 MHz.

. The bandwidth * risetime product is
typically 0.41 because the HFBR-
2315T/2315M has a second-order
bandwidth limiting characteristic.

. The specified rise and fall times are
referenced to a fast square wave

=

o

<

Figure 6. HFBR-2315T/2315M Receiver Test Circuit.
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Figure 8. Typical Pulse Width
Distortion vs. Peak Input Power.
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Figure 9. Typical Rise and Fall Times
vs. Temperature.

optical source. Rise and fall times
measured using an LED optical
source with a 2.0 ns rise and fall time
(such as the HFBR-1315TM/1315M)
will be approximately 0.6 ns longer
than the specified rise and fall times.
E.g.: measured t, ¢ = [(specified t, )*
+ (test source optical t, 1)?]1/2

10. 10 ns pulse width, 50% duty cycle, at
the 50% amplitude point of the
waveform.

. Percent overshoot is defined as:
((Vek - Vioow)Vioow) X 100%. The
overshoot is typically 2% with an
input optical rise time < 1.5 ns.

150

125

i /\
50

SPECTRAL NOISE DENSITY - nv/V Hz
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FREQUENCY - MHz

Figure 7. Typical Output Spectral
Noise Density vs. Frequency.
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900 1000 1100 1200 1300 1400 1500 1600 1700
A = WAVELENGTH - nm

Figure 10. Normalized Receiver
Spectral Response.
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Application Note Abstracts

AB 78

Low-Cost Fiber-Optic Links
for Digital Applications up to
155 MBd

This application bulletin offers
assistance in the transmission of
encoded digital signals for HP's
HFBR-0400 series components.
This is also referred to as run
length limited data. The 125 MHz
HFBR-24X6 receiver is discussed
in full detail in comparison to
HP’s previous 50 MBd HFBR-
24X4 receiver, and design
considerations with the HFBR-
0400 series components are fully
explored.

Design topics discussed include:
chromatic and modal dispersion,
advantages of data encoding,
distance and data rate capabil-
ities, transmitter and receiver
design optimization, testing of
fiber-optic systems, TTL and ECL
transmitter performance, bit
error rate versus signal-to-noise
ratio, advantages of hysteresis,
enhancing receiver sensitivity
using low-pass filtering, com-
promises associated with using
high speed 820 nm links, and
EMI issues.

Finally, complete recommended
drive and receive circuits for
high-speed run-length limited
data links are presented with TTL
or ECL interfaces up to 155 MBd
including PCB layout design
drawings.

Publication No. 5965-6005E

AN 1035

Versatile Link

This application note describes
how fiber optics can be used to
solve many different types of
application problems, introduces
Hewlett Packard’s versatile link
plastic fiber components, and
shows how to design a fiber-optic
link using the versatile link.
Sections on example applications,
versatile link description, system
specifications and link design,
pulse-width distortion, and addi-
tional circuit and recommenda-
tions are included. Recommended
circuit designs, including design
rules and recommended com-
ponent values are also presented.

Publication No. 5964-4027E

AN 1038

Complete Fiber-Optic
Solutions for IEEE 802.3
FOIRL, 10Base-FB and
10Base-FL

This application note explains
how to build high-performance
ethernet transceivers using
Hewlett-Packard’s HFBR-0400
series low-cost fiber-optic
components and inexpensive off-
the- shelf ICs.

The ethernet IEEE 802.3 system
specifications are discussed,
including the capabilities of the
HFBR-0400 series products in
relation to this standard.

Complete transmitter and
receiver circuit designs for hub,
bridge, router, and repeater
applications are presented as well
as a complete circuit design for
fiber-optic Ethernet MAU applica-
tions. PCB artwork, layout rules
and recommended component
values are also provided.

Publication No. 5965-6001E

AN 1057

Conductive Port Receiver

This application note compares
the performance of fiber-optic
receivers with conductive ports to
fiber-optic receivers with non-
conductive ports. It explains how
conductive port receivers solve
specific problems encountered in
some applications and how they
help to improve the electromag-
netic immunity of part number
HFBR-24X6XC, required by such
standards as MIL 461 and IEC
801-3. This application note also
presents test data that shows why
HP’s low-resistance conductive
port has an advantage over the
higher-resistance conductive
ports of other manufacturers.
Test methods are also included.

Publication No. 5091-6001E
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AN 1065

Complete Solutions for IEEE
802.5J Fiber-Optic Token Ring
This application note explains
how to build high-performance
token ring transceivers using
Hewlett Packard’s HFBR-0400
series low-cost fiber-optic com-
ponents and inexpensive off-the-
shelf ICs.

The token ring IEEE 802.5
system specifications are dis-
cussed, including the capabilities
of the HFBR-0400 series
products in relation to this
standard.

Complete transmitter and receiver
circuit designs for hub, bridge,
router, adapter card and repeater
applications are presented as well
as measured performance specifi-
cations for the HFBR-0400
recommended link. PCB artwork,
layout rules and recommended
component values are also
provided.

Publication No. 5963-9626E

AN 1066

Fiber-Optic Solutions for

125 MBd Data Communication
Applications at Copper Wire
Prices

This application note demon-
strates high-speed fiber-optic
links at 125 MBd data rates, while
at the same time comparing the
costs of wire data communication
links to Hewlett Packard’s HFBR-
0507 series components used
with HCS” fiber. A discussion on
the benefits of optical fiber over
copper wire for communication
links appears first. Next, capabili-
ties of the HFBR-0507 series
optical components are discussed,
including a section on the
advantages of data encoding

and characteristics of encoders.
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Complete ECL interface trans-
mitter and receiver circuits are
presented, as well as a complete
transceiver circuit with a common
1x9 ECL interface. A power
supply filter circuit is also pre-
sented for this transceiver design.
The fourth circuit presented is an
interface from the +5 V ECL 1x9
footprint to a common TTL data
bus. PCB artwork and component
values are also included. Finally,
a section on testing digital fiber-
optic links is presented with a
complete fiber-optic transceiver
test fixture recommended.

Publication No. 5965-8542E

AN 1080

DC to 10 MBd Versatile Link
with Plastic Optical Fiber or
Hard Clad Silica Fiber (HCS®)
for Factory Automation and
Industrial Control Applications
This application note discusses
the functions and features of the
10 MBd HFBR-0508 series
components for various industrial
applications.

The first section deals with fiber-
optic versus electrical link con-
siderations such as interconnects
without crosstalk, international
EMC regulations, fiber-optic
connectors versus electrical
connectors, and galvanic
insulation.

Section II is the HFBR-0508
series product description, which
discusses the housing and optical
port, transmitter and receiver
technology, and fiber-optic cable
types, including plastic and HCS"
fiber.

The third section discusses fiber
optic link design in full detail.
Link length considerations are

covered, including optical power
budget computation, dynamic
range, temperature drift consider-
ations, reliability considerations,
and connector and coupling
losses. This section also discusses
transmitter and receiver interface
circuitry in detail including
parallel versus serial drive
circuits, an example of a series
driver circuit using standard TTL
buffer ICs, a simple shunt drive
circuit diagram, receiver sensitiv-
ity discussion, and off-state and
overdrive limits on the receiver.

Section IV deals with manufactur-
ing considerations such as
handling and assembly guidelines,
connectoring guidelines, plastic
fiber considerations, 200 um
crimp and cleave termination,
and optical port protection.

Next is an application examples
section including an introduction
to industrial communication
networks, and three examples:
Interfacing to RS-422 and RS-485,
controller area networks,

and a gate drive using fiber-optic
interfaces.

The last section is an introduction
to optical power and loss
measurements. In this section
you will find recommended equip-
ment and accessories, transmitter
output power measurement
procedure, receiver sensitivity
measurement procedure, and
cable attenuation measurement
procedure.

Publication No. 5963-6756E

HCS™ is a registered trademark of
SpecTran Corporation.



AN 1082

Single-Mode Fiber-Optic
Solutions for Ethernet LAN
Applications

This application note explains
how to achieve long-distance
Ethernet links using Hewlett-
Packard’s HFBR-0305 series

1300 nm single-mode family of
components. Complete transmit-
ter and receiver circuit designs
for single-mode hub, bridge,
router, and repeater applications
are presented including
recommended board layout and
component values. A recom-
mended circuit for single-mode
Ethernet MAU applications is also
presented. These designs are
identical to the AN 1038 Ethernet
application note recommended
circuits except for a few passive
component changes. Finally, a
fiber-optic link analysis section is
included and a note on account-
ing for fiber repairs and LED

aging.

Publication No. 5964-2295E

AN 1121

Inexpensive dc to 32 MBd
Fiber-Optic Solutions for
Industrial, Medical, Telecom,
and Proprietary Data
Communication Applications
This application note describes
inexpensive solutions for digital
fiber-optic data-communication
links that are compatible with TTL
logic at data-rates between dc and
32 million symbols/second (dc to
32 MBd). When plastic optical
fiber is used, the data
communication links in AN-1121
can be implemented at costs
comparable to copper wire.

AN-1121 provides complete high-
performance TTL-compatible
digital transceiver solutions which
include the schematic, printed
circuit artwork, and material lists,
so that potential users of this low-
cost fiber-optic technology will not
need to do any analog design. The
fiber-optic transceivers in AN-1121
are able to function with any
unencoded arbitrary duty factor or
burst-mode protocol commonly
used in existing copper wire data
communication systems.

Publication No. 5966-1353E

AN 1122

Inexpensive 2 to 70 MBd Fiber-
Optic Solutions for Industrial,
Medical, Telecom, and
Proprietary Data
Communication Applications
This application note describes
inexpensive solutions for digital
fiber-optic data-communication
links that are compatible with TTL
logic at data-rates between 2 and
70 million symbols/second (2 to

70 MBd). When plastic optical
fiber is used, the data communi-
cation links in AN-1122 can be
implemented at costs comparable
to copper wire.

AN-1122 provides complete high-
performance TTL-compatible
digital transceiver solutions which
include the schematic, printed
circuit artwork, and material lists,
so that potential users of this low-
cost fiber-optic technology will not
need to do any analog design. The
fiber-optic transceivers in AN-1122
are intended for use with encoded
data where the duty factor of the
data is roughly 50 % and the
maximum time interval without a
change in logic state (AKA run
limit) is less than or equal to500 ns.

Publication No. 5966-1270E

AN 1123

Inexpensive 20 to 160 MBd
Fiber-Optic Solutions for
Industrial, Medical, Telecom,
and Proprietary Data
Communication Applications
This application note describes
inexpensive solutions for digital
fiber-optic data-communication
links that are compatible with +5V
ECL (PECL) logic at data-rates
between 20 and 160 million
symbols/second (20 to 160 MBd).
When plastic optical fiber is used
the data-communication links in
AN-1123 can be implemented at
costs comparable to copper wire.

AN-1123 provides complete high-
performance PECL-compatible
digital transceiver solutions which
include the schematic, printed
circuit artwork, and material lists,
so that potential users of this low-
cost fiber-optic technology will not
need to do any analog design. The
fiber-optic transceivers in AN-1122
are intended for use with encoded
data where the duty factor of the
data is between 40% to 60% and
the maximum time interval
without a change in logic state
(AKA run limit) is less than or
equal to 1 ps.

Publication No. 5966-1269E



AN 1137

Generic printed Circuit Layout
Rules for HP’s Low-Cost Fiber-
Optic Components
Hewlett-Packard’s discrete fiber-
optic components have been used
to construct high-performance
optical transmitters and receivers
for numerous cost-sensitive LAN,
telecom, industrial, and
proprietary point-to-point data
communication applications.
When using discrete fiber-optic
components the layout of the
printed circuit board will have a
significant impact upon the
performance of the optical
transmitter and receiver. A printed
circuit board layout for
inexpensive, high-performance
fiber-optic transceivers can
usually be developed in one design
cycle, using the generic rules
described in this publication.

Publication No. 5966-2921E
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Low Cost Fiber-Optic Links
for Digital Applications

up to 155 MBd

Application Bulletin 78

The HFBR-2406/16
High Performance

Component

The HFBR-2406 and HFBR-2416
are high-speed, low-cost, linear,
light-to-voltage converters with
typical bandwidths of 125 MHz.
These components can be used to
make fiber-optic links for both
analog and digital applications.
Since the range of possible uses is
so varied, this Application Bulle-
tin concentrates on a specific digi-
tal application. The application is
one of the most prevalent for the
HFBR-24X6: the transmission of
encoded digital signals, otherwise
known as run-length limited*
data.

The HFBR-0400 component
family’s inexpensive, one-piece
plastic package allows engineers
to construct low-cost high-perfor-
mance fiber-optic links. All de-
vices in the HFBR-0400 product
family, including the HFBR-
24X86, are available with optical
ports that are compatible with
the industry standard SMA and
ST** fiber-optic connectors. Com-

* Run length limited means a limit on
the number of consecutive symbols in
the same state.

** ST is a trademark of AT&T
Technologies.

5965-6005E

ponents that are compatible with
the SMA connector are denoted
by a “zero” in the third digit of
their part numbers. If the ST con-
nector is to be used, the compo-
nent part number should contain
a “one” in the third digit. For ex-
ample, the equivalent of the high-
performance HFBR-2406
SMA-compatible receiver with
the ST connector option is the
HFBR-2416.

The addition of the HFBR-24X6
receiver to the low-cost 0400 com-
ponent family opens new avenues
for designers. They can now de-
velop fiber-optic links that meet
tough cost and performance objec-
tives. The wide bandwidth of the
HFBR-24X6 allows high-speed,
fiber-optic links to be built at
lower prices than was formerly
possible. Engineers can exploit
the high performance of the
HFBR-24X6 in other ways as
well. For instance, the wide band-
width of the linear light-to-volt-
age converter can be reduced by a
low-pass filter to improve the sen-
sitivity of the fiber-optic receiver
in lower-speed applications. The
HFBR-24X6 accommodates a
larger optical signal than other
HFBR-0400 fiber-optic receivers
before it begins to overload. This
improvement in the overload
characteristics of the 24X6 was

achieved with no significant re-
duction in the ultimate sensitivity
when compared to the existing
HFBR-24X4 receiver. The in-
creased optical input power toler-
ated by the HFBR-24X6 allows it
to function at short fiber lengths
with large values of launched op-
tical power. When the receiver
can tolerate higher optical power,
a longer cable is possible before
attenuation reduces the light to
the sensitivity limit of the re-
ceiver. The increased dynamic
range of the HFBR-24X6 will
thus permit greater optical link
length for any given fiber attenu-
ation.

Applications For 820 nm
LED Based Fiber Optic
Links

The 820-nm LED technology used
in the HFBR-0400 family of com-
ponents can be used in conjunc-
tion with the HFBR-24X6
receiver to construct digital fiber-

optic links that transmit data at
speeds up to 155 MBd. The lencth

€S Up 0 120 MBG. ine.engin

of the fiber cable that can be used
with the HFBR-24X6 is restricted
by the receiver sensitivity at low
data rates. As the data rate is in-
creased a phenomenon known as
chromatic dispersion begins to
limit the maximum distance.
Chromatic dispersion results
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from the interaction of the 60 nm-
wide spectrum emitted by the
LED and the propagation veloci-
ties of light in silica. Since the ve-
locities of light at various
wavelengths near 820 nm are dif-
ferent, the optical pulses sent by
the LED are dispersed or spread
out in time as they travel down
the light guide. A chromatic dis-
persion null exists at a wave-
length of 1300 nm in silica glass.
If an LED were operated at the
chromatic dispersion null the
pulses would experience the mini-
mum broadening as they traveled
through the fiber. This is due to
the nearly equal propagation ve-
locity for all the wavelengths
transmitted through the silica
light guide by the long-wave-
length emitter. Figure 1 illus-
trates the effect of the LED center
wavelength and spectral width on
the chromatic dispersion. An 820
nm LED with a 60 nm emission
spectrum is shown to produce a
larger change in the arrival time

of the light pulses than a 1300 nm
LED with a 100 nm spectral
width. When selecting a fiber the
designer should be aware of how
the bandwidth-length product,
expressed in MHz/km, was deter-
mined. The bandwidth of a fiber
measured using a narrow spec-
trum emitter, such as a laser di-
ode, is related to the various
possible modes of light propaga-
tion that can exist in a fiber. This
is referred to as the fiber’s modal
bandwidth. The modal bandwidth
will be greater than the chromatic
bandwidth which dominates
when an LED is used. To deter-
mine the overall optical band-
width of a fiber, the modal and
chromatic bandwidths must be
combined as an rms sum as
shown in Equation 1. In LED-
based systems the wavelength,
spectral width and response time
of the emitter used as the fiber-
optic transmitter will affect the
final system bandwidth. Thus, to
understand how a fiber will work

GROUP REFRACTIVE INDEX
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1500 2000
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Figure 1. Group Delay vs. Wavelength.
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Equation 1.

1 2 1 2
(B,W. modal) * ( B.W. chromatic)
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with an LED, one must know the
type of optical source used to mea-
sure the manufacturer’s stated
bandwidth. HP HFBR-AWSyyy
100/140 pm fiber-optic cable has a
typical optical bandwidth-length
product of 40 MHz/km. This value
represents the performance of the
HP fiber with an 820 nm LED
emitter that has a 60 nm spectral
width. The 40 MHz/km typical
bandwidth-length product of HP
fiber results from the combination
of the modal and chromatic band-
widths.

The typical distances and data
rates possible with 820 nm LED
emitters and the HFBR-2406/2416
receiver are shown in Figure 2.
Note that the data rate versus dis-
tance for 100/140 and 62.5/125 ym
graded-index fibers are both
shown in the figure.l1,2, 3, 4]

If greater distances or higher
speeds are required, other options
such as 1300 nm LEDs or laser
diodes can meet these objectives.
If the system requirements fall to
the left of the curves shown in
Figure 2 the design goals can be
achieved using an 820 nm LED
and the HFBR-24X6 for a sub-
stantially lower cost than possible
with these other technologies. The
inexpensive 820 nm LED technol-
ogy offers the designer a cost-
effective solution sufficient for
many short-distance applications
at data rates in excess of 100
megabaud.

Applications for 820 nm LED
Based Systems Using
HFBR-2406/2416 Include:

¢ CPU to disc interface.

& DTV 4o annnidon Tond el o
® LU W Moiiior inverace

e CPU to peripheral interface
¢ Optical data bus applications.
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Figure 2. Typical Data Rate and Distance Possible with HFBR-2406/2416.

® Graphics workstation to host
computer interface.

* Wide dynamic range, long dis-
tance, medium speed LAN
applications.

* High-speed, point-to-point data
links.

® Security, voltage isolation.

Advantages of Run

Limited Code

Data is coded to prevent the digi-
tal information from remaining in
one of the two possible logic states
for an indefinite period of time.
The coded data allows the fiber-
optic receiver to be ac coupled.
Without encoding, the fiber-optic
receiver would have to detect dc
levels to determine the proper
logic state during long periods of
inactivity, as when there is no
change in the transmitted data.
AC-coupled fiber-optic receivers
tend to be lower in cost, are much
easier to design, and contain

fewer components than their dc-
coupled counterparts.

Direct coupling decreases the sen-
sitivity of a fiber-optic receiver
since it allows the low-frequency
flicker noise from the transistor
amplifiers to be presented to the
comparator input. Any undesired
signals coupled to the comparator
will reduce the signal-to-noise ra-
tio at this critical point in the cir-
cuit, and reduce sensitivity of the
fiber-optic receiver.

Another problem associated with
direct-coupled receivers is mini-
mizing the accumulation of dc off-
set. With direct coupling, the gain
stages multiply the effects of un-
desirable amplifier offsets and
voltage drifts due to temperature
changes, and apply them to the
comparator. Increases in the dc
offset applied to the comparator
result in reduced sensitivity of the
fiber-optic receiver. The dc offset
at the comparator can be referred

to the optical input of the receiver
by dividing by the receiver gain.
This division refers the dc offset at
the comparator to the receiver in-
put where it appears as a change
in optical power that must be ex-
ceeded before the receiver will
switch states.

Another advantage of run-limited
coding is related to timing recov-
ery. If NRZ data were transmitted
over a serial fiber-optic link the
data could be in the logic “1” or
logic “0” state for an indefinite pe-
riod of time. When NRZ data re-
mains in a particular state no
transitions occur and the funda-
mental frequency of the data is dc.
This lack of power at the funda-
mental frequency of the data
eliminates the reference signal
needed by the timing recovery cir-
cuits required to clock the received
information. If an optical link is to
transmit NRZ data, a clock signal
must be sent on a separate fiber-
optic link to synchronously detect
the incoming serial data.

The particular run-length-limited
code chosen must be considered
carefully since it will affect the
bandwidth required by the serial
communication channel. A com-
plete discussion of all run-limited
codes is beyond the scope of this
publication. If you desire addi-
tional information regarding vari-
ous coding schemes, there are
numerous technical papers de-
voted to this specific topic.15]
Without becoming too involved in
the complexity of encoding selec-
tion, a quick comparison will now
be made between two commonly
recognized approaches to this
problem.

One of the most familiar run-
limited codes is Manchester.
Manchester is very popular since
it can be encoded and decoded
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with relatively simple circuits.
Manchester works well in ac-
coupled systems since it has a
50% duty factor and two pulses or
symbols for each bit transmitted.
This simplifies the design and
implementation of the timing re-
covery function since Manchester
code has only two consecutive
symbols without a transition, or a
run limit of two. A drawback of
Manchester is that two symbols
must be sent for each data bit en-
coded, thus doubling the funda-
mental frequency that must pass
through the information channel.
Substitution codes have recently
been made available in very large
scale integrated (VLSI) circuits.
These VLSI circuits function as a
general purpose interface between
the parallel architecture found in
computer-based systems and the
serial format required by fiber-
optic communication links. The
two different substitution codes
available in the AMD TAXIchip™
parallel-to-serial encoder are
4B5B and 5B6B. These two codes
have an efficiency of 4/5 and 5/6
respectively which compares to an
efficiency of 1/2 for Manchester
code. The significance of coding
efficiency can be illustrated by an
example. If an application calls for
the transmission of 100 M bits/
second, Manchester code requires
that the information channel
must pass 200 M symbols/second
or 200 MBd. If the more efficient
4B5B code were used, 100 M bits/
second could be sent at a speed of
(5/4)(100 M bit/sec) = 125 MBd.
Similarly, use of 5B6B would al-
low transmission of this data at a
speed of (6/5)(100 M bit/sec) =

120 MBd.

Regardiess of the particuiar cod-
ing scheme used there will always
be two symbols per cycle. This is
true because each half cycle of the
maximum fundamental frequency
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that the communications channel
must pass is equivalent to a sym-

bolina Dl!ldl_y transmission Sys-
tem.

Designing With Fiber
Optic Components

Transmitter Design

Now that the basic issues related
to fiber-optic link design have
been covered, some specifics re-
lated to the design of the optical
transmitters and receivers will be
discussed in greater detail. To
achieve the wide bandwidth per-
formance potential of the fiber-
optic medium requires a fast LED
and current modulator. The
transmitter’s pulse-width distor-
tion and optical rise and fall times
can be heavily influenced by the
driver selected. Readily available
off-the-shelf integrated circuit
current drivers can be configured
with the HFBR-14XX 820 nm
LEDs to build high-performance
fiber-optic transmitters with a
typical pulse-width distortion of
800 psec.

To obtain the best performance
from any LED and driver combi-
nation, two simple techniques
known as prebias and drive cur-
rent peaking should be employed.
Prebias, as its name implies, is a
small forward current applied to
the LED in the “off ” or “low” light
state. The prebias current pre-
vents the junction and parasitic
capacitances from discharging
completely when the LED is in
the “off ” state, thus reducing the
amount of charge that the driver
must transfer to turn the emitter
back on. Peaking is a momentary
increase in LED forward current
that is provided by the driver dur-
ing the rising and falling edges of
the current pulses that are used
to modulate the emitter. If the

time constant of the peaking cir-
cuit is approximately equal to the
nnnnnnnn ifotime of the

minority carrier lifetime of the
emitter, the momentary increase
in LED current will transfer
charge at a rate that improves the
rise or fall time of the light output
without causing excessive over-
shoot of the optical pulses. Prob-
lems that can result when
excessive peaking is applied to the
LED are illustrated in Figure 3.
The narrow optical overshoot due
to excessive peaking of the trans-
mitter causes a narrow electrical
output pulse from the fiber-optic
receiver that must now be
damped. Even if the receiver am-
plifiers were critically damped the
electrical undershoot resulting
from excessive peaking of the
emitter can reduce the sensitivity
of the fiber-optic link. This electri-
cal undershoot can combine with
noise from the amplifiers so that
the sum of these two voltages ex-
ceeds the decision threshold of the
comparator, which converts the
low-level analog output of the fi-
ber-optic receiver back to logic-
compatible digital signals.
Excessive peaking during the
turn-off of the emitter can cause
additional problems. Too much
reverse current during the turn-
off transition will reverse-bias the
LED, seriously degrading the
turn-on time.

A circuit with a low source imped-
ance should be used to drive the
LED. This is important because
the light output of an LED is pro-
portional to the number of elec-
tron hole pairs present in the
LED’s junction. If high speed op-
eration of the transmitter is de-
sired, a driver with a low source
impedance should be used to pro-
vide the sudden changes in cur-
rent required to quickly create
and annihilate charge carriers in



the LED junction. LEDs are char-
acteristically harder to turn off
than to turn on. This difficulty
manifests itself as a phenomenon
commonly referred to as the long-
tailed response. An example of
long-tailed response is shown in
Figure 4. The long-tailed response
is most evident when a simple se-
ries switch is used to control the
LED drive current as shown in
Figure 5. A shunt drive configura-
tion, which turns the LED off
when the driver transistor satu-

rates, significantly improves the
performance of the LED transmit-
ter. Shunt drive reduces pulse-
width distortion and the
magnitude of the slow tail by pro-
viding a low impedance path for
charge stored in the LED junc-
tion. Without this low-impedance
path the emitter would turn off
slowly since the LED would con-
tinue to produce light until the
diode junction discharges.

Figure 3a. Optical Overshoot Due to Excessive Peaking of the LED

Drive Current.
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Figure 3b. Response of Optical Receiver to an Excessively Peaked LED

Transmitter.
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Figure 4. Example of Long-Tailed Response.
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Figure 5. Series Switch LED Driver.

Readily available 74ACT logic
gates can be used to implement a
shunt drive configuration to cur-
rent-modulate the LED. A current
of 60 mA is typically required to
drive the HFBR-14X2/4. Ordinary
bipolar TTL gates generally do not
have sufficient capability to sink
and source 60 mA. A simple high-
speed LED driver can be con-
structed by connecting the active
output of 74ACT logic to the
HFBR-14X2/4 as shown in Figure
6. In this configuration the pull-up
transistor turns the LED off, and
the pull-down transistor turns the
LED on. The low impedance and
high current rating of the
MOSFET transistors used in
74ACT output stages allows these
gates to quickly inject and remove
charge from the LED. The ability
of 74ACT gates to quickly move
charge is very important as the
LED turns off. The dynamic im-
pedance of the LED increases rap-
idly as forward current decreases
at turn off. The LED will continue
to emit light as long as the junc-
tion contains minority charge car-
riers. The pull-up transistor of the
74ACT LED driver provides the
low impedance discharge path
needed to sweep charge from the
junction and rapidly quench the
light emitted by the LED. The
low impedance of the pull-down
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SIMPLIFIED OUTPUT STRUCTURE
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Figure 6. Simple High-Speed Transmitter Circuit.
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Figure 7. Improved Optical Output Waveform.

transistor ensures that the LED
turns on quickly by providing the
current needed to rapidly charge
the junction during the less diffi-
cult turn-on transition. When the
T4ACT gate and LED are config-
ured as shown by the schematic in
Figure 6, the improvement in the
optical output waveform is as
shown in Figure 7. The high speed
capability of 74ACT logic mini-
mizes the difference between
high-to-low and low-to-high
propagation delays. The variance
between tpyL, and tpLy of the gate
used to drive the LED will affect
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the pulse-width distortion present
in the transmitter’s optical wave-
form. When nand inverters from
the same die are connected as
shown in Figure 8 the distortion
due to gate propagation delay dif-
ferences is minimized. The trans-
mitter circuit shown in Figure 8
typically has an optical jitter of
800 ps; this excellent transmitter
performance can be achieved
when an undistorted TTL signal
is applied to the 74ACTQO00 quad
nand gate used to current modu-
late the HFBR-14X2/4 LED.

The transmitter shown in Figure
8 is compatible with TTL logic and
is suited for data with a maximum
fundamental frequency of 78
MHz, which implies a symbol rate
of 155 MBd. The design rules for
the LED driver shown in Figure 8
are shown in Equation 2. This
simple TTL-compatible fiber-optic
transmitter has a typical rise/fall
time of 3 ns.
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Testing Fiber Optic
Systems
Pseudo-random-bit-sequence
(PRBS) generators are very useful
for testing the performance of fi-
ber-optic systems. The pseudo-
random data pattern contains
long periods of inactivity related
to the length of the shift register
used to build the PRBS generator.
A PRBS generator made up of a
23-bit-long shift register could at
any given clock time contain one
of 8,388,610 possible data pat-
terns. The number of data pat-
terns possible can be calculated as
223-1 since the state where all
shift register stages contain logic
zeros is not allowed. These long
periods of inactivity in the data
pattern produced by the PRBS
generator allow time for parasitic
capacitances in the transmitter
and receiver to charge. The time
required to charge and discharge
undesired capacitances in the
transmitter and receiver result in
pulse-width distortion related to
the instantaneous duty factor of
the data. This phenomenon is
known as data dependent jitter or
DDJ. If an oscilloscope is clock

triggered on the PRBS generator
it asynchronously samples the
data due to the lack of correlation
between the PRBS clock and the
time base that generates the hori-
zontal sweep of the scope. When
triggered on the PRBS generator’s
clock the scope will display a sig-
nal known as the “eye pattern”.
The “eye pattern” can be very use-
ful since the width and height of
the opening between the data
edges defines the time period dur-
ing which the data is in a valid
logic state.

® DATA RATE 155 MBd

TTL Transmitter
Performance

The performance of the circuit
shown in Figure 8 was tested us-
ing a 223-1 PRBS data pattern to
demonstrate the typical perfor-
mance of this TTL transmitter.
Jitter in the data edges results
due to the DDJ induced by the
pseudo random bit sequence. The
eye pattern shown in Figure 9 re-
veals that the HFBR-14X2/14X4
LED transmitter had a total data-
dependent edge jitter of 800 ps
when driven by the 74ACTQ00
gate at a rate of 155 MBd. This
data was taken at an ambient
temperature of 25°C and repre-
sents the typical performance pos-
sible with this simple fiber-optic
transmitter. The total pulse-width
distortion can be further reduced
by using a limited-range potenti-
ometer in place of fixed values of
R, for system applications that
are extremely intolerant of sym-
bol-width variations. But for most
data communications applica-
tions, this transmitter performs
adequately at speeds up to 155
MBd using fixed component
values.

@ TYPICAL PEAK-TO-PEAK JITTER = 800 ps

@ DATA PATTERN 223.1 PRBS @ TIME SCALE IS 2.0 ns/DIV.

Figure 9. Optical Output of the TTL Transmitter.
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ECL Transmitter
Performance

If an ECL-compatible fiber-optic
transmitter is needed it can be
easily built using the circuit
shown in Figure 10. The design
rules for this high-performance
fiber-optic transmitter are given
in Equation 3. This particular
transmitter uses a simple ECL to
TTL converter and 74ACTQ nand

+5V Ve

logic in conjunction with the
HFBR-14X2/X4 LED emitter. It is
capable of typical optical rise/fall
times of 3 nsec. The performance
of the ECL transmitter was mea-
sured with a BCP Model 300 Op-
tical Waveform Receiver. Figure
11 shows the optical “eye” pattern
when a 155 MBd pseudo-random-
bit-sequence of 223-1 is applied to
the ECL transmitter.

Equation 3. Design Rules for T
74ACTQO00 LED Driver Circuits.

N = Number of gates connected in
parallel.

B = Empirically determined constant
for optimum relationship between
prebias and LED forward current.

(Vee = Vi) (1 +B)

R10 =
Tr on
R10
R8= —
2B
R9 = Rlo _3
2B N
2.5x 109
C4= ———
R8

Recommend B = 3.97

R1 ¢ R2
> <

82Q ] e 220
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® DATA PATTERN 223-1 PRBS @ TIME SCALE IS 2.0 ns/DIV.

Figure 11. Optical Output of the +5 V ECL Transmitter.
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Receiver Design

Now that the techniques required
to build high-speed fiber-optic
transmitters have been explained,
emphasis must be placed on the
methods necessary for design and
construction of the fiber-optic re-
ceiver. Figure 12 shows the func-
tional blocks required to interface
the HFBR-24X6 light-to-voltage
converter to digital logic. The
HFBR-24X6 has a low-level ana-
log output related to the incoming
optical power by the 7 mV/uW
conversion gain of the light-to-
voltage transducer. The HFBR-
24X6 needs additional external
gain stages to increase the ampli-
tude of its output before it can in-
terface to any of the standard
logics like TTL or ECL. The out-
put voltage of the HFBR-24X6 is
proportional to the received opti-
cal flux. Since the received optical
power changes as a function of the
fixed optical losses and as a func-
tion of fiber-optic link length,
some provision must be made to
accommodate the change in the
output voltage of the light-to-volt-
age transducer. An amplifier with
AGC or a limiting amplifier is
needed to accommodate the wide
range of output voltages that are
possible under various fiber link
operating conditions. In the fol-
lowing example, calculations show
that the output voltage of the
HFBR-24X6 could range from a
minimum of 2.9 mV pp to a maxi-
mum of 1.74 V pp. This output
voltage range is for worst-case
conditions at a BER less than or
equal to 1 x 10-9 when the compo-
nent operates between -40 to
+85°C.

Calculation of HFBR-24X6 Output Voltage Range

The peak-to-peak signal to rms noise ratio needed at the comparator
input for a BER of 1 x 10-9 = 12:1.

This implies an extinction-to-peak (peak-to-peak) change in the
received optical flux of (12) (rms noise) will be required. Thus, the
peak-to-peak-to-rms-noise ratio required by the fiber-optic receiver
for a BER of 1 x 10-9 becomes (Signalpp) / (noiserms) = 12:1.

The noise floor of the HFBR-24X6 is -43 dBm rms typical.

-43.0 dBm + [10 log (12/1)] = -43.0 dBm + 10.8 dB = -32.2 dBm pk.
Thus -32.2 dBm pk is the minimum received optical power that will
yield a BER better than or equal to 1 x 10-9.

-32.2 dBm implies [antilog (-32.2/10)](1,000) = 0.603 pW minimum
received optical power for BER better than or equal to 1 x 10-9.

This minimum power of 0.603 uW implies a change in the receiver
input from approximately 0 pW to 0.603 uW or a peak-to-peak
change of approximately 0.603 uW pp. The minimum output of the
HFBR-24X6 thus becomes (0.603 pW pp)(4.5 mV/uW) = 2.71 mV pp.

The HFBR-24X6 overloads at -8.2 dBm worst-case minimum.
Overioad 1s specified as Pr maximum on the data sheet. Overioad is
defined as the received optical power at which the output pulses
from the HFBR-24X6 are distorted 2.5 ns due to saturation of the
transimpedance amplifier that converts photo-current to voltage.

-8.2 dBm implies [antilog (-8.2/10)](1,000) = 151 yW. Thus the
maximum allowed power of 151 uW implies a change in the receiver
input from approximately 0 uW to 151 uW or a peak-to-peak change
of approximately 151 pW pp. Thus a maximum received optical
power of 151 pW implies a maximum output voltage of

(151 uW pp) (11.5 mV/uW) = 1.74 V pp.
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Figure 12. Fiber-Optic Receiver Block Diagram.
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Error Rate Versus
Signal-to-noise Ratio

The bit error rate (BER) possible
with a fiber-optic link is a function
of the difference between the
peak-to-peak signal and the RMS
noise voltages present at the com-
parator input. A linear relation-
ship exists between optical power
entering the HFBR-24X6 and the
voltage output of the fiber-optic
receiver, provided that interstage
coupling and post amplifiers do
not introduce significant distor-
tion. This linear relationship im-
plies that if a peak-to-peak signal
voltage 12 times larger than the
RMS noise voltage is needed at
the comparator to ensure a BER
of 1 x 10-9, then the same ratio
will be required at the receiver
input. Thus the difference be-
tween the peak-to-peak optical
input of light pulses applied to the
HFBR-24X6 and the RMS equiva-
lent noise power referred to the
optical input must also be 12 to 1.
Some confusion exists because
changes in the emitter output
from extinction to maximum
power are often referred to as
peak excursions of the transmitter
launched power. This confusion
results since the transmitter out-
put is varying from zero light to a
maximum or peak light output.
The extinction-to-on excursion in
the optical output of an emitter is
actually a peak-to-peak change in
intensity. Figure 13 is a graph of
receiver signal-to-noise ratio ver-
sus BER. The relationship shown
in Figure 13 was obtained from
extensive reduction of statistical
theory that relates the probability
of an error to the receiver’s signal-
to-noise ratio.
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Advantages of Hysteresis
The use of hysteresis in the digi-
tizer will not change the signal-to-
noise ratio required at the
comparator for a particular BER.
Hysteresis will, however, intro-
duce a discontinuous response in
the receiver that alters the ratio
between peak signal level and the
RMS noise in stages prior to the
comparator. When dual-threshold
detection is used, the signal-to-
noise ratio required at the deci-
sion circuit for a particular error
rate is unaffected but the change
in the received power level re-
quired to switch the state of the
comparator is increased in propor-
tion to the amount of the hyster-
esis. Dual-threshold receivers
experience a reduction in sensitiv-
ity proportional to the amount of
hysteresis used; however, this
type of digitizer offers some inter-
esting advantages. Hysteresis is
used in all the receivers shown in
this Application Bulletin. Use of
hysteresis insures that the logic
output of the fiber-optic receiver
will not toggle in response to the

USSR RIS . P PR o R
IS ourput 1oise voitage o1 uie
HFBR-24X6 when no fiber is con-
nected.

Low-pass Filtering to
Enhance Receiver
Sensitivity

The importance of filtering to
eliminate unnecessary receiver
bandwidth becomes apparent by
studying Figure 14, which shows
the relationship between fre-
quency and the spectral noise den-
sity of the HFBR-2406/2416. If the
fiber-optic link under consider-
ation were intended for operation
at 50 MBd (which implies a funda-
mental data frequency of 25 MHz)
a substantial increase in receiver
sensitivity can be realized. This
increase in sensitivity is obtained
by filtering out the noise peak
that occurs in the HFBR-24X6 at
higher frequencies than required
for this application.

The selection of the low-pass filter
corner frequency should be care-
fully considered since it is affected
by the response of the transmitter,
fiber, and receiver. To prevent
problems that will cause interfer-
ence between adjacent pulses of
data transmitted over the fiber-
optic communications channel,
the bandwidth of the entire sys-
tem from transmitter to receiver
must be properly specified. A
problem known as intersymbol
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Figure 14. Frequency vs. Spectral Noise
Density of the HFBR-2406/2416.



interference develops when the
channel bandwidth is not cor-
rectly related to the minimum
pulse width of the data that is to
be transmitted over the communi-
cations system. Insufficient sys-
tem bandwidth manifests itself as
distortion in the receiver output
signal at time intervals adjacent
to the edges of each symbol. This
distortion results in interference
between adjacent pulses, which
can combine with system noise to
create errors. Noise is also di-
rectly related to bandwidth.

Thus, fiber link performance and
BER will degrade if system com-
ponents are excessively fast. For
optimum performance that mini-
mizes the amount of optical power
required at the receiver for a
given BER, the system bandwidth
should ideally be constrained to

{l

MIN. OPTICAL
POWER FOR A
SPECIFIC B.E.R.

NS

RECEIVED OPTICAL POWER FOR CONSTANT B.E.R.

range between 0.6 to 0.8 times the
signaling rate in baud, as shown
in Figure 15a. If the bandwidth of
the fiber-optic communications
channel is excessive, a low-pass
filter that restricts the system
bandwidth to the amount shown
in Figure 15a should be con-
structed in the fiber-optic re-
ceiver, at a point ahead of the
decision circuit or comparator.
For best results the low-pass filter
chosen to limit the bandwidth
should be a high-order, linear-
phase type whenever practical.

As the frequency increases, the
cost and complexity of a linear-
phase high-order filter may be-
come excessive. These
higher-speed applications will
continue to benefit from a simple
first-order or second-order RC
low-pass filter that will still be
practical to implement.

B.W.

=

|
| >
|
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(0.6 T0 0.8) x (1/Tg)

VOLTS

e

\

Tg IS THE MINIMUM PULSE WIDTH OF THE INFORMATION SENT OVER THE
COMMUNICATION CHANNEL.

B.W.opTiMum = [0.6 TO 0.8] (Hz/ baud) x [1/Tg] (SYMBOLS/sec)

B.W.opTiMum = [0.6 TO 0.8] (Hz/ baud) x [1/Ts} (baud)

Figure 15a. Optimal Relationship Between Fiber-Optic Link Bandwidth and
Maximum Receiver Sensitivity.

Compromises Associated
With High Speed 820 nm
Links

Systems with bandwidths less
than (0.6 to 0.8) x (baud) will con-
tinue to function since cata-
strophic failure does not result if
these recommendations are vio-
lated. Fiber-optic links with band-
widths less than (0.6 to 0.8) x
(baud) will have a smaller optical
power budget (OPB) than compa-
rable optical links which operate
in the flat portion of Figure 15b.
This reduction in the OPB is
sometimes called the chromatic
dispersion power penalty. A de-
crease in the OPB due to chro-
matic dispersion is most apparent
as an increase in the received
power needed to assure a specific
BER. The chromatic dispersion
power penalty can be directly
measured by testing the same
transmitter and receiver with
both long and short fibers. A fiber-
optic link operated beyond the flat
portion of Figure 15b requires
more received optical power to off-
set the reduction in signal ampli-
tude due to chromatic bandwidth
limitations. Chromatic bandwidth
limitations can be overcome if suf-
ficient power is available at the
receiver to provide the signal-to-
noise ratio necessary for the BER
required. The -32 dBm average
sensitivity typically obtained
when HFBR-24X6 is operated

0dB =20 LOG (1)

0B — — — — — — — — — —

AMPLITUDE

f-Hz
100 MBd — (50 MHz2)

Figure 15b. Optical Link with Normal-
ized Mid-Band Amplitude Response.
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with short fibers will allow longer
fiber-optic links to operate at fre-
quencies beyond the flat portion of
the system’s amplitude response.
Figure 15b is an example of an
optical link whose mid-band am-
plitude response has been normal-
ized to one. If this hypothetical
link were operated at a frequency
that reduced the total system out-
put to 6 dB below mid-band am-
plitude, excess optical power
margin (OPM) can still be shown
to exist. This excess OPM, as cal-
culated in Equation 4, is sufficient
for low-error transmission of 100
MBd data over a 1 km length of
62.5/125 graded index fiber. The
HFBR-24X6 receiver has typically
demonstrated a BER less than or
equal to 1 x 10-9 at received opti-
cal powers of -32 dBm average
(-29 dBm peak) at 100 MBd with
a short 1 m length of fiber. In this
somewhat pessimistic example,
the link sensitivity was assumed
to decrease by 6 dB, due to chro-
matic dispersion of a 1 km length
of 62.5/125 pm fiber. The follow-
ing calculation shows that an
ample 3.25 dB OPM remains to
assure that the BER is better
than 1 x 10-9 when 100 MBd data
is transmitted over a 1 km length
of 62.5/125 pm fiber.

High-frequency Circuit
Design

The HFBR-24X6 and each of the
amplifiers used in the 10H116 are
stable gain blocks that have no
tendency to oscillate. Although
each of these components is indi-
vidually stable, the combined
phase shift and gain that results
when they are cascaded might
produce oscillation unless proper
circuit construction techniques
are used. The effect of all the am-
plifier poles that accumulate as
the signal is amplified and digi-
tized by the various gain blocks in
the receiver results in a very
steep high-order roll-off for the
overall input-to-output open-loop
receiver gain. In essence, the fi-
ber-optic receiver relies on the
fact that it is an open-loop system.
It has sufficient gain and phase
shift to meet the criteria for oscil-
lation if the loop were to be closed.
To assure stability the loop gain
must be kept to less than unity; to
prevent oscillation the attenua-
tion of parasitic and conductive
feedback paths must be greater
than the gain of the receiver.
Parasitic feedback from the high-
level logic-compatible output
must be kept to a minimum by
layouts that physically separate
the receiver inputs and outputs.

Filtering must be used to ensure
that power supply busses do not
provide a metallic feedback path
that will degrade the stability of
the receiver, and a ground plane is
recommended to minimize the in-
ductance of supply commons.

When good layout practices are
employed, fiber-optic receivers
with 155 MBd data rates can be
easily constructed using com-
monly available breadboarding
techniques. A sound breadboard
technique suitable for prototyping
the HFBR-2406/2416 can be
implemented using perforated PC
boards with holes on tenth-inch
centers and a copper-clad ground
plane on one side only. Use a
small hand-held twist drill holder
(pin vise) and a number 32 drill to
clear copper away from holes
through which the component
leads will pass. Do not clear all
the copper away between these
holes. This copper provides
ground connections between each
IC lead, thus reducing ground-
loop size and increasing circuit
performance. Install the compo-
nents on the copper foil side using
the component leads for point-to-
point wiring interconnections on
the insulated side of the board.
Production fiber-optic systems can

Equation 4.

OPM (dB) = Optical power margin.

o (1) (dB) = fiber loss.

OPM = - (PR) + P - a(l) + CDP

OPM = 3.25 dB

Pr (dBm) = Transmitter launched power

PR (dBm) = Optical power required at HFBR-24X6 receiver for BER < 1 x 10-9.

CDP (dB) = The chromatic dispersion power penalty due to fiber bandwidth, response time
of the transmitter, and response time of the receiver.

OPM = - (-29 dBM) + (-16 dBm) - (3.75 dB/km) (1 km) - 6 dB
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be implemented on ordinary
double-sided G-10 printed circuit
material or multi-layer boards as
long as the layout practices dis-
cussed here are observed.

The importance of good construc-
tion and layout practices cannot
be over-stressed: poor circuit de-
sign will seriously degrade system
performance. Circuit designs that
result in excessive amounts of
parasitic inductance or capaci-
tance will degrade the stability
and bandwidth of the fiber-optic

NOTES:
. ALL RESISTORS ARE +5% TOLERANCE.

N -

receiver. Any unintended reduc-
tion in the bandwidth or stability
of the receiver will result in loss of
receiver sensitivity or, in the case
where received optical power is
held constant, could degrade the
BER. 1t is generally acknowl-
edged that the receiver is the
most critical portion of the fiber-
optic link electronics. Despite this
tendency to focus on the receiver,
careful attention must be paid to
the transmitter. Care should be
taken to keep traces short in the
transmitter to minimize induc-

. ALL ELECTROLYTIC CAPACITORS ARE +20% TOLERANCE.

ALL OTHER CAPACITORS SHOULD BE RADIAL LEAD
MONOLITHIC CERAMIC TYPES WITH +10% TOLERANCE.

w

L1 AND L2 SHOULD HAVE A +10% TOLERANCE, SERIES RESISTANCE

OF ROUGHLY 0.5 Q, AND A SELF RESONANT FREQUENCY > 100 MHz.

EN

Vgg IS A BIAS VOLTAGE GENERATED INTERNALLY BY THE

tance of conductors that must
carry fast current pulses which
can reach momentary peak values
as large as 140 mA.

EMI Issues

If a fiber-optic transceiver is to be
constructed, additional attention
must be paid to minimize
crosstalk between a transmitter
that is switching hundreds of
milliamps and a receiver whose
optical detector will have photo-
currents as small as hundreds of
nanoamps. Individual ground

10H116 ECL LINE RECEIVER. 2V
5. THE Vgg-2V POWER IS GENERATED BY THE TL431-CLP SHUNT
REGULATOR.
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Figure 16a. 155 MBd Fiber-Optic Receiver for -5.2 V ECL Interface.
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planes are recommended for the
transmitter and the receiver if
they are to be laid out next to one
another as is typically done in
transceivers. The receiver designs
shown in Figures 16a, 17a & 18a
use a balanced power supply filter
that eliminates noise conducted
by both the power and common
sides of the voltage source used to
power the circuit. This filter
should be located between the fi-
ber-optic receiver and the noisy
voltage source that powers the
digital logic to which the fiber-op-
tic receiver must interface. The
fiber-optic transmitter can be di-
rectly connected to the noisy logic
power supply. The transmitter is
a large signal device that is not
particularly sensitive to digital
system noise. Note that when us-

ing the balanced power filter a
differential interface between the
receiver’s digital output and the
host systems is required.

Another factor that could degrade
the performance of a fiber-optic
receiver is environmental noise.
The HFBR-2406/2416 combines
the PIN diode optical detector and
the current-to-voltage converter
in a small hybrid package. This
miniature hybrid package reduces
the size of the antenna at the
high-impedance input of the
transimpedance amplifier that
converts the photo-current to a
voltage. The small geometry of
this hybrid circuit allows the
light-to-voltage converter to
achieve excellent electro-magnetic
interference immunity. Caution

must be exercised, however, to en-
sure that the metal ferrule of the
fiber-optic connector does not act
as an EMI source by contacting
electrically noisy parts of the sys-
tem in which it is used. Electro-
static shielding should be applied
to the receiver if the system using
the fiber-optic link is extremely
noisy. For noisy system applica-
tions the HFBR-2406C or HFBR-
2416TC receivers should be
specified. The HFBR-2406C and
HFBR-2416TC utilize a conduc-
tive plastic housing which pro-
vides the shielding needed for
electrically noisy environments.
The conductive plastic receivers
can be used in systems that have
EMI fields as large as 10 volts/
meter (see AN-1057). Another
method that improves the EMI

TYPICAL PEAK POWER COUPLED INTO A 1m LENGTH
OF FIBER-OPTIC CABLE
IF=60mA Ta=25C
FIBER CABLE NA HFBR-14X2 | HFBR-14X4
100/140 pm 03 -12.0 6.5
NOTES:
62.5/125 ym 0.275 -16.0 -12.0 1. ALL RESISTORS ARE 5% TOLERANCE.
2. ALL ELECTROLYTIC CAPACITORS ARE +20% TOLERANCE.
507125 um 020 188 158 ALL OTHER CAPACITORS SHOULD BE RADIAL LEAD
MONOLITHIC CERAMIC TYPES WITH +10% TOLERANCE.
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Figure 16b. 155 MBd Fiber-Optic Transmitter for -5.2 V ECL Interface.
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TYPICAL RECEIVER PERFORMANCE WITH 1m
OF FIBER-OPTIC CABLE

AMBIENT TEMPERATURE 25¢C
NOTES: DATA FORMAT 223.1 PRBS
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Figure 17a. 155 MBd Fiber-Optic Receiver for +5 V ECL Interface to Am 7969.
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immunity of the receiver is to use
a connector with a non-conductive
plastic or ceramic ferrule. In ex-
tremely noisy applications the fi-
ber-optic receiver can be enclosed
in a metal box. This box elimi-
nates noise that would otherwise
be coupled into the fiber-optic re-
ceiver from the system in which it
is installed. Systems that require
metal shielding have proved to be
unusual. Thus, in the majority of
applications, the inherent noise
immunity of the components com-
bined with the shielding provided
by the receiver ground plane have
provided sufficient noise immunity.

Applications Support

Some complete designs that allow
the use of HFBR-2406/2416 for
run-length-limited data applica-

NOTES:

1. ALL RESISTORS ARE +5% TOLERANCE

2. ALL ELECTROLYTIC CAPACITORS ARE +20% TOLERANCE
ALL OTHER CAPACITORS SHOULD BE RADIAL LEAD
MONOLITHIC CERAMIC TYPES WITH +10% TOLERANCE

tions will now be discussed. Vari-
ous transceivers have been de-
signed which permit the
HFBR-2406/2416 to be interfaced
with:

(1) ECL logic operating on -5.2V.
(Figure 16)

(2) The AMD TAXIchip™ +5V
100K ECL interface.
(Figure 17)

(3) TTL logic operated on +5V.
(Figure 18)

At an ambient temperature of
25°C all three interface circuits
provided a typical receiver sensi-
tivity of -29 dBm average with a
BER of 1 x 10-9 at a data rate of
155 MBd. Sensitivity at 125 MBd
is typically -30 dBm average at a
BER of 1 x 10-9. Figure 19 shows

the typical performance of the
ECL transmitter/receiver at 25°C.
Note that in this test a 223-1
PRBS pattern at 155 MBd was
transmitted over 500 m of 62.5/
125 pm graded-index fiber at a
BER less than 1 x 10-9. If the low-
cost, high-performance fiber-optic
links possible with the HFBR-
2406/2416 interest you, contact
your local HP Field Sales Engi-
neer for additional assistance.
Your local HP sales representative
can simplify your prototyping task
by providing complete artwork for
the fiber-optic transmitters and
receivers discussed in this Appli-
cation Bulletin.

*TAXIchip is a registered trademark of
Advanced Micro Devices Inc.

TYPICAL PE

AK POWER COUPLED INTO A 1m LENGTH
OF FIBER-OPTIC CABLE
IF=60mA Ta=25C

FIBER CABLE NA HFBR-14X2 HFBR-14X4
100/140 um 03 -12.0 -6.5
62.5/125 pm 0.275 -16.0 -12.0
50/125 ym 0.20 -18.8 -15.8

45V Vo
L I
c1 cs
¢ R1 ¢ R2 $ Rs 0.1 uF 10 uF
820 2820 3220
ECL (+) - -
1 f 2,6,7
c2 = HFBR-14X2/4
0.1 pF 3
MPS536
ECL (1) o 1a R8 R9 ZZ;
o MPS536 9 8 33Q 330
Q2 74ACTQ00 0] Ut PO MW M
! 3 74ACTQO0 R10
2] ur O ? | 13 » H 270 Q
c4 =
< TQOO 75 pF
R3 R4 R6 74AC
$1200 S iona s ey i R7 5 8
].w“ Tvm Tgm 1

1

7

Figure 17b. 155 MBd Transmitter for +5 V ECL Interface to Am 7968.
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TYPICAL PEAK POWER COUPLED INTO A 1m LENGTH
OF FIBER-OPTIC CABLE
If=60mA Ta=25C
FIBER CABLE NA HFBR-14X2 | HFBR-14X4
100/140 um 0.3 -12.0 6.5
NOTES:
62.5/125 um 0.275 -16.0 -12.0 1. ALL RESISTORS ARE 5% TOLERANCE
2. ALL ELECTROLYTIC CAPACITORS ARE +20% TOLERANCE
501125 um 020 188 158 ALL OTHER CAPACITORS SHOULD BE RADIAL LEAD
MONOLITHIC CERAMIC TYPES WITH +10°% TOLERANCE
+5V Vg
LI
c3
10 uF
1 ¢ = 26,7
c2 = HFBR-14X2/4
0.1 uF
R1 R2
_ 9 14 o 33Q
' I —AAA——
T'LL 74ACTQO0 10 ID*
74ACTQ00
P11 It
¢-23 11 11
2] Ul 1
74ACTQ00 75 pF
5 6
Loy
7
Figure 18b. 155 MBd Fiber-Optic Transmitter for TTL Interface.
® DATA RATE 155 MBd ® FIBER LENGTH 500 m
©® DATA PATTERN 223-1 PRBS @ TYPICAL PEAK-TO-PEAK JITTER = 760 ps

® FIBER TYPE SIECOR 62.5/125 ym @ TIME SCALE IS 2.0 ns/DIV.

Figure 19. ECL Output of the Transceiver Shown in Figures 17a and 17b.
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Complete Transceiver
Solution

Figure 21 shows the schematic
for a complete fiber-optic trans-
ceiver. This transceiver is
constructed on a printed circuit,
which is 1" wide by 1.78" long,
using surface mount compo-
nents. The transceiver in Figure
21 has an industry standard

+5 V ECL (PECL) electrical
interface. The transceiver shown
in Figure 21 can be populated
with HP’s HFBR-14X4/24X6

820 nm components or HP’s
HFBR-1312T/2316T pin compat-
ible 1300 nm components. When
the transceiver shown in Figure
21 is populated with 820 nm
components, and tested at a data
rate of 155.5 MBd, using a 500 m
length of 62.5/125 um fiber, it
provides a typical eye opening of
5.2 ns at a BER of 1 x 109, as
shown in Figure 20.

The power supply filter and ECL
terminations shown in Figure 22
are recommended for use with
the transceiver shown in Figure
21. The printed circuit artwork
for the surface mount transceiver
is shown in Figure 23. A com-
plete parts list for the 820 nm
transceiver is shown in Table 1,

I I }

FIBER TYPE: 62.5/125 um
FIBER LENGTH: 500 m
Pt=-14.7 dBm AVG.

-3
1x10 Pr = -16.9 dBm AVG.

1x105 (-

EYE WIDTH AT ROOM TEMPERATURE: 5.2 ns

DATA: 155.5 MBd 223 -1 PRBS

l I

BER

1x107

1x10°

13 18 26

e S S Joo-

3.2 3.9 4.5 51 5.8 64

'CLOCK DELAY, ns

Figure 20. Typical BER vs. Clock Delay at 155.5 MBd.

and a complete parts list for the
1300 nm transceiver is shown in

Table 2.

Designers interested in inexpen-
sive solutions are encouraged to
embed the complete fiber-optic
transceiver described in this
Application Note into the next
generation of their new data
communication products. All of
the information needed to imbed
the transceiver shown in Figure
21 can be obtained by calling the
electronic bulletin board at 408-
435-6733. Just call the bulletin

board, then download the file
named FURBALL.EXE to obtain
electronic copies of the
transceiver’s artwork, schematic,
and material list. If time to
market is critical, the product
development cycle can be short-
ened by ordering a fully as-
sembled HFBR-0416 transceiver
demo board from your local HP
Field Sales Engineer.
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+5V ECL SERIAL
DATA SOURCE
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Figure 22. Recommended Power Supply Filter and +5 V ECL Signal Terminations
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Figure 23a. Drill Drawing

110,

Figure 23b. Top Silkscreen

Figure 23c. Top Side Solder Mask
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Figure 23d. Top Layer Copper

Figure 23g. Bottom Copper

Figure 23e. Mid Layer (2) Rx GND

Figure 23h. Bottom Side
Solder Mask

Figure 23f. Mid Layer (3) Ts GND

Figure 23i. Bottom Silkscreen



Table 1. Bill of Materials for Multi-Mode 820 nm Fiber-Optic Transceiver

Designator|  Part Type Description Footprint Material Part Number Quantity Vendor 1
Ct 0.001 Capacitor 805 NPO/COG C0805NP0O500102JNE 3 Venkel
C4 0.001 Capacitor
c7 0.001 Capacitor
C10 0.1 Capacitor 805 X7R or better C0805X7R500104KNE 12 Venkel
cn 0.1 Capacitor
c12 0.1 Capacitor
Cc13 01 Capacitor
C15 0.1 Capacitor
C16 0.1 Capacitor
C17 0.1 Capacitor
c18 01 Capacitor
c19 0.1 Capacitor
c2 0.1 Capacitor
C3 0.1 Capacitor
C6 01 Capacitor
€9 047  Capacitor 1812 X7R or better C 1812X7R500474KNE 1 Venke
C14 10 Capacitor B Tantalum, 10v TA010TCM106MBN 3 Venkel
C20 10 Capacitor
C5 10 Capacitor
C8 _ T5pF Capacitor 805 NPO/COG €0805C0G500750JNE 1 Venkel
ut 1.C Nand Gate S08 74ACTQO0 1 National
u2 Fioer-Optic | Transmi HFBR-1414 1 HP
U3 | FiberOptic | Receiver - HFBR-2416 1 HP
U4 MC1OH116FN | IC. ECL line receiver | PLCC20 MC10H116FN 1 Motorola
us ~ TL431CD 1C, Voitage Reguiator S0-8 L4310 1 1l
' ] cero-1812 | inductor 1812 HF30ACB453215 1 TDK
R12 47 Resistor 805 5% CR080510W4R7JT 2 Venkel
R13 47 Resistor
R20 12 Resistor 805 5% CR0O80510W120JT 1 Venkel
R9 33 " Resistor 805 5% CRO0B0510W330JT 1 Venke
R10 3 Resistor 805 5% CR080510W3300T 1 Venkel
RN 210 Resistor 805 5% CROBO510W271JT 1 Venkel
RS 22 Resistor 805 5% CR080510W220JT 1 Venkel
R16 51 Resistor i 805 5% CRO80510W5104T 4 Venkel
R17 51 Resistor
R18 51 Resistor
R19 51 Resistor .
R21 62 Resistor 805 5% CR080510W620JT 1 Venkel
R6 91 Resistor 805 5% CR080510W910JT 2 Venkel
R7 91 Resistor
R14 1K Resistor 805 5% CR080510W102JT 6 Venkel
R15 1K Resistor
R22 1K Resistor
R23 1K Resistor
R24 1K Resistor
R25 1K Resistor R
a1 BFT92 “Transistor soT23 BFT92 2 Philips
Q2 BFT92 Transistor
J1 Pins 3438 9 McKenzie
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Table 2. Bill of Materials for Multi-Mode 1300 nm Fiber-Optic Transceiver

Designator|  Part Type Description Footprint Material Part Number Quantity Vendor 1
Ct 0.001 Capacitor 805 NPO/COG C0805NP0500102JNE 3 Venkel
C4 0.001 Capacitor

C7 0.001 Capacitor

C10 0.1 Capacitor 805 X7R or better C0805X7R500104KNE 12 Venkel
c11 0.1 Capacitor

c12 0.1 Capacitor

Cc13 0.1 Capacitor

C15 0.1 Capacitor

Cc16 0.1 Capacitor

c17 0.1 Capacitor

c18 0.1 Capacitor

c19 0.1 Capacitor

c2 0.1 Capacitor

c3 0.1 Capacitor

C6 01 Capacitor o
C9 0.47 Capacitor 1812 X7R or better C 1812X7R500474KNE 1 Venkel
C14 10 Capacitor B Tantalum, 10v TA010TCM106MBN 3 Venkel
c20 10 Capacitor

C5 10 Capacitor

C8 150 pF Capacitor 805 NPO/COG €0805C0G500151JNE 1

U1 1.C. Nand Gate S08 74ACTQO0 1

U2 Fioer-Optic i HFBR-1312T EE

U3 Fiber-Optic Receiver HFBR-2316T 1

U4 MC10H116FN IC, ECL line receiver PLCC20 MC10H116FN 1 Motorola
us TL431CD IC, Voltage Regulator S0-8 TL431CD 1 Tl
L1 CB70-1812 Inductor 1812 HF30ACB453215 1 TDK
R12 47 Resistor 805 5% CROBOS10WARTJT 2 Venkel
R13 47 Resistor

R20 12 Resistor 805 5% CRO80510W120JT KD Venkel
R9 22 Resistor 805 5% CRO80510W2204T 1 __Venkel
R10 27 Resistor 805 5% CRO80510W270JT 1 Venkel
RS 22 Resistor 805 5% CR080510W220JT 1 Venkel
R16 51 Resistor 805 5% CR080510W510JT 4 Venkel
R17 51 Resistor

R18 51 Resistor

R19 51 Resistor

R21 62 Resistor 805 5% CR080510W620JT 1 Venkel
R6 91 Resistor 805 5% CR080510W910JT 2 Venkel
R7 91 Resistor

R14 1K Resistor 805 5% CRO080510W102JT 6 Venkel
R15 1K Resistor

R22 1K Resistor

R23 1K Resistor

R24 1K Resistor

R25 1K Resistor

Q1 BFT92 Transistor SOT-23 BFT92 2 Philips
Q2 BFT92 Transistor

N Pins 3438 9 McKenzie
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HEWLETT®
PACKARD

D

Versatile Link

Application Note 1035

Introduction
This application note describes
how fiber optics can be used to
solve many different types of ap-
plication problems, introduces
Hewlett-Packard’s Versatile
Link plastic fiber optics, and
shows how to design a fiber-op-
tic link using the Versatile Link.
Below is an outline of this appli-
cation note.
I. Introduction
II. Example Applications
III. Versatile Link Description
IV. System Specifications and
Link Design
V. Pulse-Width Distortion
VI. Additional Circuit
Recommendations
VII. Appendix

Optical fiber is typically made
from either plastic or glass. Be-
cause both plastic and glass are
electrical insulators, there is no
direct electrical connection be-
tween the transmitter and the
receiver of a fiber-optic link.
This helps to alleviate ground-
loop and common-mode noise
problems, as well as to isolate
large common-mode voltages.
Another useful property of opti-
cal fiber is that it does not emit
radiation and is not susceptible
to electromagnetic interference
(EMI). This prevents an optical
fiber from interfering with
neighboring wires and also

5964-4027E

gives it inherent immunity to
induced or coupled noise from
adjacent wires.

Fiber optics can protect equip-
ment from excessive voltages,
reduce EMI, increase safety by
eliminating the hazard of gener-
ating sparks, and ensure data
integrity in environments with
large amounts of noise or with
high common-mode voltages

Example Applications
Different applications have dif-
ferent requirements and, there-
fore, different reasons for using
fiber optics. The following para-
graphs discuss some examples
of common fiber-optic applica-
tions and why fiber optics are
used in those applications.

The first type of application uti-
lizes the EMI immunity of fiber-
optics for data transmission in
electrically noisy environments.
A good example is data trans-
mission between a program-
mable logic controller (PLC) and
the computer that is directing it,
iliustrated in Figure 1a. The
two computers might be in a
factory containing machinery
that generates large amounts of
electrical noise. Data transmis-
sion lines commonly run along-
side lines that supply power to
the machinery. There may be

large amounts of electrical noise
present on the power lines
caused by the machinery. This
noise can couple electromagneti-
cally into any adjacent lines. If
one of those adjacent lines is a
twisted-pair or coax line carry-
ing data, the coupled electrical
noise may significantly interfere
with the data transmission. The
noise may cause only periodic
errors, or it might completely
corrupt all of the data being
sent. Because optical fiber is not
susceptible to EMI, it can elimi-
nate the undesirable coupling of
noise from the power lines onto
the data lines and ensure error-
free data transmission.

Figures 1b, 1c and 1d illustrate
other applications which utilize
the EMI immunity of fiber op-
tics. Figure 1b shows how fiber can
connect a robot controller with
the cell controller and the robot.
The fiber eliminates the large
amounts of noise generated by the
motors, solenoids, etc. that are part
of the robot. Figure 1c illustrates
how fiber is used to network point-
of-sales terminals (cash registers)
in a retail store. Fiber optics en-
sures that sales information is
not corrupted or lost due to
noise generated inside the build-
ing. Figure 1d shows fiber optics
connecting two HPIB (IEEE-488)
data buses. The HPIB data bus
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CONTROLLER pLe DEVICES
COMPUTER

Figure la. Programmable Logic Controller.

FO LINK
|

CRoL :D%#jﬁ ROBOT
CONTROLLER CONTROLLER

COMPUTER

Figure 1b. Robot Controller.

CASH :G r ﬂ: CASH
REGISTER & I REGISTER
—— FO LINK

CENTRAL
COMPUTER

|l
R{GAI?:ER ﬂ ﬂ: RECGAlgiR

Figure lc. Point of Sales Terminals

HPIB BUS HPIB BUS

y

FO LINK

2 MUX/
7 DEMUX

DEMUX 7

:Gi 43: MUX/
a5,

Figure 1d. HPIB (IEEE-488) Bus Extender.
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is commonly used to connect test
instruments in manufacturing
automated test systems. Again,
fiber optics eliminates the noise
that is commonly present in a
factory and ensures that correct
test data is transferred to the
test system controller.

The second type of application
uses fiber-optics for voltage iso-
lation. A digital voltmeter, illus-
trated in Figure 2a, is a good
example. There is typically some
circuitry at the input of the volt-
meter that converts the

analog voltage across the input
terminals into a digital signal;
this circuitry is called an analog-
to-digital converter (ADC). The
output of the ADC is then sent to
processing circuitry that dis-
plays the information on the
front panel or, perhaps, sends
the information to an external
computer. A problem arises,
however, when the signal to be
measured has a very high com-
mon-mode voltage component.
An example of this is measuring
the difference between two very
high voltages. The ADC will also
be at the same common-mode
voltage, causing a problem in
safely sending information from
the ADC to the digital control
circuitry at ground potential. Be-
cause of its insulating proper-
ties, an optical fiber is not
affected by such high voltages
and does not conduct any cur-
rent that might interfere

with or damage the circuitry to
which it is connected. Fiber
optics allow data to be transmit-
ted and still maintain a high
degree of voltage isolation.

Figures 2b, 2¢ and 2d also illus-
trate the use of fiber in voltage-
isolation applications. Figure 2b
is a simple block diagram of an
electrocardiograph, which is
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Figure 2b. Medical Equipment - Heart Monitor.
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Figure 2¢. X-Ray Machine.
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Figure 2d. Lightning Protection.

used to monitor a patient’s
heart. If the heart were to stop
beating, a defibrillator might be
used to restart it. The fiber pro-
tects the electrocardiograph from
the very high voltages that are
generated by the defibrillator.
Figure 2¢ shows the use of fiber
in a clinical X-ray machine. The
fiber isolates the high voltages
used to power the X-ray tube and
provides EMI immunity from the
noise generated by switching
high voltages and currents. Fig-
ure 2d illustrates how fiber can
protect electronic equipment
from the high voltages generated
by nearby lightning strikes.

Another type of application
reduces the amount of unwanted
electromagnetic radiation emit-
ted by a transmission line. This
type of application is the con-
verse of the first type; the idea is
to minimize the amount of EMI
that is radiated from the trans-
mission line itself, rather than
being concerned with the suscep-
tibility of the transmission line
to external interference. An ex-
ample is high speed video trans-
mission from a workstation
computer to a high resolution
video monitor, shown in Figure
3a. As the resolution of

a video monitor increases, the
number of pixels (dots) on the
screen also increases. If the com-
puter is updating the screen
with the same number of frames
per second, the computer must
send more pixels per second as
the resolution increases. There-
fore, the bandwidth of the video
transmission link must increase
as well. If a coaxial cable is used
to transmit the video informa-
tion, it becomes more and more
difficult (and expensive) to shield
the cable and reduce unwanted
radiation as the frequency of the
transmitted information
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Figure 3b. Telephone Switching Network.

increases. Because an optical fi-
ber does not emit radiation, it
can significantly reduce the
amount of EMI generated in
transmitting information at very
high data rates or when there
are many transmission lines.

Figures 3b and 3c show two ad-
ditional applications that use
fiber optics to reduce the amount
of unwanted emissions. Figure
3b illustrates the use of fiber in
the telephone switching network
of a central office switch. Fiber

Table 1. Distance and Data Rate Summary

QuTPUT
LINES

1 1.1 1

helps to minimize the amount of
unwanted radiation generated
by the large number of intercon-
nects in the network. Figure 3¢
illustrates how fiber might be
used in Tempest applications.
Tempest is a federal government
specification that restricts the
amount of radiation that can be
emitted by “secure” electronic
equipment. Because fiber does
not emit any radiation, it is well
suited for Tempest applications.
Figure 3c shows how fiber is
used to connect a secure personal

Guaranteed Minimum Link Length Typical Link Length
Metres o Metres
0°C - 70°C 25°C 25°C o
Versatile Link Standard | Improved | Standard | Improved | Standard | Improved
Cable Cable Cable Cable Cable Cable
High Performance 5 MBd 12 1T 17 24 35 40
High Performance 1 MBd 24 34 30 41 50 | 65
Low Current Link 40 kBd 8 1 - 30 35
Extended Distance 40 kBd 60 82 65 90 100 125
Link o - B L
Standard 1 MBd 5 711 15 30 40
Photo Interrupter 500 kHz N.A. NA N.A N.A. NA. NA
Evaluation Kit 1 MBd Contents: Horizontal transmitter, horizontal receiver packages; 5 metres of
(Standard)| simplex cable with simplex and simplex latching connectors installed;
individual connectors: simplex, duplex, simplex latching, bulkhead adapter;
polishing tool, abrasive paper, literature.
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computer (i.e., a computer con-
structed to limit the amount of
emissions) with a secure central
computer. The fiber also con-
nects the secure central com-
puter with a non-secure personal
computer, located inside of a se-
cure room (i.e., a room specifi-
cally designed to limit unwanted
emissions).

The above examples illustrate
how the features of fiber optics
can be used to solve problems
found in many different types of
applications.

Versatile Link

Description

The Hewlett-Packard HFBR-0501
series low-cost fiber-optic sys-
tem, the Versatile Link, was de-
signed for ease of use, versatility,
and reliability. Table 1 summa-
rizes the data rate and distance
capabilities of the Versatile Link
family. Typical distances at
room temperature are also
shown. The maximum data rates
for Versatile Link components
range from 40 kBd to 5 MBd,
with even higher data rates
available in the future.

Hewlett-Packard guarantees
minimum and maximum specifi-
cations of its components both at
room temperature and over the
full operating temperature range
(0 to 70°C). These guaranteed
specifications were obtained
from extensive characterizations
of the Versatile Link components
and cover the full range of
manufacturing process varia-
tions. This ensures reliable cir-
cuit operation and allows HP to
guarantee minimum link dis-
tances.

The Versatile Link family,
shown in Figure 4, is intended

Figure 4. Versatile Link Family.

for use with 1 mm plastic optical
flber. No optical design is re-
quired because the specifications
include any connector losses at
the transmitter and at the re-
ceiver. The compact, low-profile
package is color coded to distin-
guish transmitters from receiv-
ers; connectors are also color
coded. Both horizontal and verti-
cal package styles are available
with standard 8-pin DIP pinouts
The packages can also be inter-
locked or stacked (“n-plexed”) to
decrease the required amount of
PC-board space.

Figure 5 shows an exploded view
of the Versatile Link horizontal
style package. The package was
designed for improved perfor-
mance and ease of manufactur-
ing. The active components are
attached to a lead frame which
is then transfer molded with
clear plastic to form the insert.
A precision lens is molded into
the insert to optimize the optical
coupling from the package to the
fiber. The insert is held in the
main part of the housing by a
snap-on cap on the back of the
package.

The Versatile Link package uses
an active optical alignment sys-
tem to ensure proper coupling
between the connector and the
package. Figure 6 illustrates

Figure 5. Exploded View.

how the alignment system oper-
ates. The precision-molded lens
on the insert is located at the
bottom of a depression in the
shape of a truncated cone. When
the connector is inserted into the
package, the jaws of the housing
force the beveled end of the con-
nector into the cone-shaped de-
pression. This accurately centers
the fiber directly above the
molded lens on the insert and
ensures reliable and repeatable
connections.

The gray transmitter modules
contain 660 nm large-area LEDs
that can be easily interfaced to
all standard logic families. The
blue receiver modules contain
monolithic integrated optical de-
tectors with TTL/CMOS-compat-
ible outputs.

Four connector options are avail-
able for use with the Versatile
Link:

1. Simplex connector, which is
compatible with our previous
Snap-In Link family,

2. Latching simplex connector,
for applications that require
increased connector pullout
force,

3. Duplex connector, which in-
corporates a lockout feature
that ensures correct orienta-
tion of the connector when
used with interlocked packages,

4. Latching duplex connector.
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Figure 6. Connector Alignment.

Hewlett-Packard offers simplex
and duplex cables with two
grades of attenuation, standard
and improved. Cable with con-
nectors is offered in one meter
increments of length;
unconnectored cable is avail-
able in lengths of 25, 100, and
500 meters. These cables are
UL-recognized and pass UL
VW-1 flame-retardancy specifi-
cations.

An evaluation kit is available
which contains a standard 1 MBd
transmitter and receiver, 5 m of
connectored cable, individual
simplex, simplex latching, and
duplex connectors, a bulkhead
adapter, polishing tools and lit-
erature.

The data sheet for the Versatile
Link family contains complete
guaranteed specifications for
entire links and individual com-
ponents, electrical pinouts, in-
terface circuits, connectoring
information, mechanical dimen-
sions, part number and order-
ing information.

Reliability Data Sheets are
available which provide com-
plete reliability information for
all Versatile Link components.
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System Specifications and
Link Design

To obtain optimum performance
under a variety of different con-
ditions, it is helpful to under-
stand some of the basic
specifications of the Versatile
Link and how to use them in de-
signing a fiber optic link. This
section will first discuss how
Hewlett-Packard specifies its
transmitters, receivers, and
plastic fiber-optic cable, then ex-
plain how to use those specifica-
tions in determining proper
operating conditions. This sec-
tion will also explain what a link
operating diagram is and how to
use it to quickly determine
transmitter drive current or link

length.

A basic fiber-optic system is very
simple: an LED transmitter
couples light into a fiber, the
light travels down the fiber to an
optical detector, and the detector
converts the light into a digital
output signal. The important
specifications of the fiber-optic
data link are:
1. How much light is coupied into
the fiber by the transmitter,

2. How much light the receiver
needs to function properly,

3. How much light is lost on the
way to the receiver.

For a brief explanation of how
optical power is specified in “dB”
and “dBm”, see the Appendix.

Transmitter Specifications

The primary transmitter specifi-
cation is P, the amount of opti-
cal power coupled into the fiber
at a specified LED drive current.
Pr specifies how much power is
actually coupled into the fiber;
this eliminates the need to calcu-
late the loss in coupling light
from the LED to the fiber. Due
to normal process variations, HP
specifies a range of coupled
power for each type of transmit-
ter. Figure 7 shows the coupled
power specifications for each of
the Versatile Link transmitters.
Guaranteed specifications over
the full operating range are
shown in Figure 7 because these
values typically are used in
“worst-case” designs and are also
used in our examples.

The amount of coupled power
can be easily adjusted by chang-
ing the LED forward drive cur-
rent, Iy, as indicated in Figure 8.
Notice that the coupled power is

normalized to the value at
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Figure 7. Transmitter Specifications.

Ir= 60 mA. The graph, therefore,
represents the CHANGE in out-
put power for different drive cur-
rents. For example, operating
the transmitter at a drive cur-
rent of 20 mA will drop the out-
put power by about 5 dB. There
is an approximately linear rela-
tionship between drive current
and output power; therefore, the
output power will drop approxi-
mately in half (i.e., about 3 dB)
when the drive current is cut in
half.

Figure 9 shows the recom-
mended transmitter drive cir-
cuits. You should note that for
the 5 MBd and 40 kBd drive cir-
cuits, an input-high level turns

5MBd AND 40kBd TRANSMITTERS

8

HFBR-15X1, -15X3

Figure 9. Transmitter Drive Circuits.

1g ~TRANSMITTER DRIVE CURRENT -mA

Figure 8. Normalized Typical Output
Power vs. Drive Current.

the LED on; for the 1 MBd cir-
cuit, an input-high level turns
the LED off. The capacitor in the
1 MBd circuit slows the falling
edge of the optical waveform and
allows the receiver to operate up
to the maximum output power of
the 1 MBd transmitter. The
value of R1 can be determined
from the equations in the figure
Typical values for the forward
voltage of the LED, Vp, and the
output low voltage of the gate,
VoL, are 1.6 Vand 0.25 V re-
spectively.

Additional transmitter drive cir-
cuits will be covered later in the
application note.
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Receiver Specifications

The Versatile Link receivers
function somewhat as optical in-
verters: high input power causes
a low output voltage, and low in-
put power causes a high output
voltage.

There are two primary receiver

specifications:

1. Pr(L) specifies the input power
required for a LOW output
voltage,

2. Prn) specifies the input
power required for a HIGH
output voltage.

Figure 10 shows the ranges of
PrL) and Prn) for each of the
receivers over the full operating
temperature range.

Typically, both a minimum and a
maximum are specified for PRr(L).
For proper operation, the re-
ceived optical power must be be-
tween the minimum and the
maximum Pg(L). If no maximum
is specified, the corresponding
transmitter (i.e., the HFBR-15X2
transmitter for the HFBR-25X2
receiver) is not capable of
overdriving the receiver for drive
currents up to the recommended
maximum value of 60 mA, and

1MBd TRANSMITTERS

DATA

. Vee- Ve - Vou 1saem)
A

R1

RIC1 275 ns

HFBR-15X2. - 15X4
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Figure 10. Receiver Specifications.

you need ensure only that the
input power is greater than the
minimum Pg(,). If the maximum
Pgrq) is exceeded, the receiver
may exhibit excessive pulse-
width distortion (discussed later)
or multiple edge transitions.

Only a maximum Pgyy) is speci-
fied for each receiver. When the
transmitter LED is in the off

state, the received optical power

5MBd AND 1 MBd RECEIVERS

must be less than the maximum
PrH) for proper receiver opera-
tion.

The minimum Pg(,) is called the
sensitivity of the receiver. A re-
ceiver with good sensitivity
(lower minimum Pg(y,)) will al-
low longer link lengths or lower
transmitter drive current. The
difference between the minimum
and maximum Pg(1, is called the
dynamic range of the receiver. A
receiver with a large dynamic
range can handle a wider varia-
tion in received power and
therefore more variation in the
length of the link. Note that the
40 kBd receiver has very good
sensitivity and a large dynamic
range. The 40 kBd link can
therefore handle long link
lengths and large variations in
the length of the link. Also note
that the maximum Pg(y,) for the
1 MBd receivers is determined
by the maximum coupled power
of the 1 MBd transmitters.

Because the receiver switching
threshold is between the mini-
mum Pgr(1) and the maximum
Pr(H), the receiver input power
should be within this region only
very briefly during signal transi-

HFBR-25X1.-25X2 -25X4

Figure 11. Receiver Interface Circuits.
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tions. Very slow rise or fall times
of the input optical waveform
may cause mulitiple transitions
on the output of the receiver.

Figure 11 shows how simple the
receiver interface circuits are,
requiring only one or two exter-
nal components. The 0.1 pF by-
pass capacitor is mandatory and
must be located close to the re-
ceiver; the total lead length be-
tween the ends of the capacitor
and the receiver power supply
pins should not exceed 20 mm.
The external pull-up resistor is
optional. The 1 MBd and 5 MBd
receivers have an internal 1K
ohm pull-up resistor, and the
40 kBd receiver has an internal
150 pA pull-up current source.
All data sheet specifications for
propagation delay and rise/fall
time use an external pull-up re-
sistor, a 560 ohm resistor for the
1 MBd and 5 MBd receivers,
and a 3.3K ohm resistor for the
40 kBd receiver.

40 kBd RECEIVER

HFBR -25X3



Optical Losses

There are two primary causes of
optical loss in a fiber-optic link:
losses due to cable attenuation
and connector coupling
efficiency.

Attenuation is defined as loss
per unit length of fiber, ex-
pressed in dB/m. To obtain the
optical loss in a fiber, simply
multiply the length of the fiber
by the attenuation. Figure 12
shows the range of attenuation
for the two grades of fiber, stan-
dard and improved, that
Hewlett-Packard offers.

For a given length and type of
fiber, there will be a range of op-
tical loss due to the range of at-
tenuation of the fiber. For our
standard fiber, Figure 13 illus-
trates how the range of loss, as
well as the magnitude of the
loss, increases as the length of
the fiber increases. You can see
that for a 40 m length of fiber,
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Figure 12. Cable Attenuation.

the losses due to attenuation
will be between 7.6 dB and 17.2
dB, a range of almost 10 dB. A
fiber optic receiver must be able
to handle the range of loss as
well as the magnitude of the
loss. Therefore, receivers with
both large dynamic range and
good sensitivity are required for
long link lengths.

Connector losses at the trans-
mitter and receiver are already
included in the transmitter and
receiver specifications. However,
connector losses due to connec-
tions through bulkhead adaptors
need to be determined. There
should be a minimum and a
maximum loss specified for the
bulkhead connection. Hewlett-
Packard specifies the loss of a
bulkhead connection as a mini-
mum of 0.7 dB and a maximum
of 2.8 dB. As you increase the
number of bulkhead connections,
the range of loss increases as
does the magnitude of the losses.

It is important to remember that
the range of loss is just as impor-
tant as the magnitude of the
loss.

The total loss in a system is the
sum of the individual losses due
to attenuation and connectors. It
is important to calculate both
the minimum and the maximum
losses of the system due to at-
tenuation and connectors. A
wide range of losses results in a
wide range of input power at the
receiver. This places greater re-
quirements on the dynamic
range of the receiver.

20

« - CABLE LOSS - dB

STANDARD CABLE

¢ - LINK LENGTH - m

Figure 13. Possible Range of Cable Loss vs. Cable Length.
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Table 2. Example Loss
Calculation

Attenuation Loss - dB

min. max.
loss/meter 0.19 0.43
total 0.95 2.15

Bulkhead Connection

Loss - dB

min. max.
loss/bulkhead 0.7 2.8
total 1.4 56

System Loss - dB

min. max.
total 2.35 7.75

=0min  =Omax

Table 2 shows the results of cal-
culating the minimum and maxi-
mum losses for a 5 m link of
standard cable with two bulk-
head connections.

You can see that even for this
relatively short link, there is
over 5 dB difference between the
minimum and maximum losses.

Link Design

The fundamental requirement in
the design of a fiber-optic link is
to ensure that the receiver gets
the proper amount of light. As
mentioned earlier, this actually
places three requirements on the
design:

For a high output voltage,
1. input power must be LESS
than the maximum Pgy).

For a low output voltage,
2. input power must be GREATER
than the minimum Pg(,),

3. input power must be LESS
than the maximum Pgy,).
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The first requirement is usually
easy to meet: just ensure that
the LED drive current is below
about 20 A, or that the forward
voltage drop of the LED is less
than about 1.0 V.

The second requirement defines
the underdrive, or sensitivity,
limit of the receiver. You must
ensure that the receiver has
enough input power. This re-
quires that the minimum trans-
mitter coupled power minus the
maximum system losses be
GREATER than the minimum
Pr(1). In equation form:

PTmin — 0max > PR(L)min.

You should start your design
with the transmitter drive cur-
rent at the maximum recom-
mended current of 60 mA, and
decrease it later on in the design
if required. Remember to use the
maximum link length when cal-
culating the maximum system
losses.

Another way of looking at the
same requirement is in terms of
an optical power budget (OPB).
The optical power budget is how
much optical power you can
“spend” on losses in your system;
it is defined as the difference be-
tween the minimum transmitted
power and the minimum Pg(p,):

OPB = Prmin - PR(L)min

Your total system losses must
then be less than the optical
power budget:

Omax < OPB.

You may want to include a
safety or power margin (PM) in
your design. This margin is in-
cluded to account for any de-
creases in the received optical
power over the lifetime of the
link. The received power may
decrease over time due to in-
creases in attenuation of the
fiber, due to optical contamina-
tion of the connectors or active
components, or due to a drop in
the output power of the trans-
mitter. If you include a power
margin in your calculations,
your system losses plus the
power margin must be less than
the optical power budget:

Omax + PM < OPB.

A typical power margin is
around 3 dB; choose a larger
margin for harsh environments
and a smaller margin for more
benign environments. For ex-
ample, if your maximum system
losses are 12 dB and you want a
power margin of 3 dB, then you
must have an optical power bud-
get of greater than 15 dB. As an-
other example, if you have an
optical power budget of 10 dB
and you want a power margin
of 3 dB, then your maximum
system losses must be less than
7 dB.

To calculate the minimum allow-
able transmitter drive current,
determine if there is any budget
left over after subtracting sys-
tem losses and the power mar-
gin. This is the amount that you
can decrease the transmitter
output power by decreasing the
drive current:

Remaining budget =
OPB - (0ipax + PM).



As an example, let’s assume we
have a 40 kBd 5 m link with
standard cable, 2 bulkhead con-
nections, and a power margin of
3 dB. We have already calcu-
lated the maximum losses for
this system:

Maximum system losses:
Omax = 7.75 dB.

With a power margin of 3 dB,
the optical power budget, OPB,
must be greater than 7.75 dB +
3dB =10.75dB, or

10.75 dB < OPB.

The 40 kBd transmitter can
couple a minimum power of -13.6
dBm over temperature at 60 mA,
and the receiver has a minimum
Pr(L) of -39 dBm. Therefore the
optical power budget is given by:

OPB =-13.6 dBm - (-39 dBm) =
25.4 dB.

There is plenty of power budget
to cover the system losses and
power margin. To determine the
minimum transmitter drive cur-
rent, determine the remaining
budget:

Remaining budget = 25.4 dB -
(7.75dB + 3 dB) = 14.65 dB.

This is how much we can de-
crease the transmitter output
power and still guarantee that
we will not underdrive the re-
ceiver. According to Figure 8, de-
creasing the drive current to
about 4 mA will drop the output
power by about the right
amount. You can see why we call
the 40 kBd link a “low-current”
link!

So far, we've covered the first
two requirements for designing a
fiber-optic link. The third

requirement defines the over-
drive limit of the receiver; you
must ensure that the receiver
does not get too much power. In
other words, the maximum pos-
sible received optical power,
which equals the maximum
transmitter power minus the
minimum system losses, must be
LESS than the maximum Pgyy,).
In equation form:

PTmax — Omin < PR(L)max

Remember to use the shortest
link length for calculating the
minimum system losses.

If the received optical power is
too high, then the transmitter
coupled power must be de-
creased by decreasing the drive
current, To calculate the maxi-
mum allowable transmitter
drive current, first determine
how far above PRr(L)max the re-
ceived power is, and then de-
crease the transmitter output
power by that much:

Amount of decrease =
(PTmax - Omin) - PR(Limax

Let’s use our previous example
to illustrate. We have already
calculated the minimum system
losses:

Minimum system losses:
Omin = 2.35 dB.

The 40 kBd transmitter can
couple a maximum power of -4.5
dBm at 60 mA, and the receiver
has a maximum Pg( of -13.7
dBm. First determine the maxi-
mum possible received power:

-4.5 dBm - 2.35 dB = -6.85 dBm.
This is above the overdrive limit,

PR(L)max, of -13.7 dBm. There-
fore, we must decrease the

transmitter drive current to de-
crease the transmitter coupled
power:

Amount of decrease =
-6.85 dBm - (13.7 dBm)
=6.85 dB.

According to Figure 8, decreas-
ing the transmitter drive current
to about 14 mA will ensure that
the receiver is not overdriven.
For the example link discussed
above, the minimum transmitter
drive current is about 4 mA, and
the maximum current is about
14 mA. Choosing a current be-
tween the minimum and maxi-
mum currents will provide
additional safety or power mar-
gin.

After you have determined the
minimum transmitter drive cur-
rent from underdrive consider-
ations and the maximum current
from overdrive considerations, it
might turn out that the maxi-
mum is less than the minimum
(this did not happen, however, in
the above examples). This occurs
when the maximum possible
range, or variation, of received
power is greater than the dy-
namic range of the receiver. If
this does occur, you can reduce
the possible range of received
power by doing any or all of the
following:

1. Use improved cable. Improved
cable has a smaller range of
attenuation than standard
cable and will therefore reduce
the possible range of loss in
the link.

2. Reduce the maximum link
length.

3. Restrict the allowable varia-
tion in the length of the link.
A link that is designed to oper-
ate from 0 m to 10 m will have
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Figure 14. Link Operating Diagram.

more possible variation in the
received power than a link de-
signed to operate from 8 m to
10 m (the above examples
dealt with a fixed link length
of 5 m).

4. Reduce the number of bulk-
head connections. There is a
possible connection loss varia-
tion of (2.8 dB - 0.7dB) = 2.1
dB per bulkhead connection.

Link Operating Diagram

A link operating diagram, shown
in Figure 14, can simplify the
design of a simple point-to-point
fiber-optic link, defined as a link
with no bulkhead connections
and a single length of fiber be-
tween the transmitter and the
receiver. It illustrates the allow-
able combinations of link length
and transmitter drive current.

The two primary features of the
diagram are the overdrive and
underdrive lines. If you operate
a link in the region above the
overdrive line (i.e., a combina-
tion of transmitter drive current
and link length that lies above
the overdrive line), then it is
possible that you might over-
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drive the receiver. Conversely, if Pulse-Width Distortion

you operate the link below the
underdrive line, then it is pos-
sible that you might underdrive
the receiver. Therefore, the re-
gion between the two lines
defines the valid operating region.

As shown in Figure 14, operat-
ing the transmitter at a fixed
drive current of I allows link
lengths from X; to Xs. For a
fixed link length of X1, a drive
current of between I; and Iy is
required for proper operation.

As an example, Figure 15 shows
the link operating diagram for
the 40 kBd link with standard
cable. Operating the transmitter
at 40 mA allows link lengths
from about 40 m to 55 m. Or, for
a fixed link length of 20 m, a
transmitter drive current be-
tween about 4 mA and 17 mA is
required.

Pulse-width distortion (PWD) is
often the limiting factor that de-
termines the maximum data rate
of a fiber-optic link. Pulse-width
distortion is caused by unequal
propagation delays and is
defined as the difference be-
tween the propagation delays, as
shown in Figure 16:

PWD = tpLH - tpHL

The term tpyyy, refers to the
propagation delay from the input
to the high-to-low transition of
the OUTPUT, as shown in Fig-
ure 16. Pulse-width distortion
lengthens or shortens the dura-
tion of transmitted pulses, de-
pending on the polarity of the
pulse.
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Figure 18. Typical Pulse-Width
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Figure 20. Pre-Correction Timing Diagrams.

Figure 17 shows the pulse-width
distortion specifications for the 1
MBd and 5 MBd Versatile Links.
Note that the 5 MBd link has
significantly less distortion than
the 1 MBd link and much less
variation in distortion over the
full input optical power range.
Figure 18 shows the distortion
for the 40 kBd link. Notice that
the PWD is always positive for
all three receiver types (i.e., tpPLH
is always longer than tpyL). We
can utilize this fact to correct or
compensate for the PWD by se-
lectively delaying one of the
transmitted edges.

Figure 19 illustrates how to
implement a “pre-correction” cir-
cuit, which corrects for distortion
at the transmitter. The circuit is
almost the same as our recom-
mended 5 Mbd transmitter cir-
cuit, except for the RC network
al the input of the gate. The RC
network delays the turn-on of
the LED, but not the turn-off.
Both inputs must be high for
the LED to turn on; the RC
network delays one of the inputs
and, therefore, delays the turn-
on of the LED. However, only
one of the inputs needs to go low
for the LED to turn off. Figure
20 is a timing diagram which il-
lustrates the operation of the
correction circuit. Note how the
turn-on of the LED is delayed
and how the distortion is re-
duced. It is possible to calculate
the required values for R and C
to achieve the desired amount of
correction; however, it is usually
just as easy to experimentally
determine their values. For the 5
MBd link, start with R = 100
ohms and C = 390 pF and adjust
the values to obtain the desired
amount of correction.
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Figure 21. Post-Correction of PWD.
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Figure 22. Post-Correction Timing Diagrams.

It is also possible to correct the
distortion at the receiver using
“post-correction”. Figure 21
shows a post-correction circuit.
It works on the same principle of
delaying one of the edges. Again,
it is similar to the recommended
circuit, except for the addition of
a delay circuit on the output of
the receiver. The RC network
delays the falling edge of the re-
ceiver output. Both of the inputs
to the OR gate must go low for
the output to go low; the RC net-
work delays one of the inputs
and, therefore, delays the falling
edge. Connecting the capacitor
to the output provides positive
feedback to ensure rapid switch-
ing of the output. Only one of the
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OR gate inputs needs to go high
for the output to go high; there-
fore, there is no delay of the ris-
ing edge.

Figure 22 is a timing diagram
illustrating the operation of the
circuit. Notice the distortion of
the receiver output and how the
post-correction circuit delays the
falling edge to reduce the
amount of distortion. Again, it is
easiest to experimentally deter-
mine the values of R and C to
achieve the desired amount of
correction. For the 5 MBd link,
start with R = 330 ohms and

C = 39 pF and adjust the values
to get the desired amount of
correction.

CMOS/TTL

INPUT ¢ HFBR-15X1
2N3906
OR EQUIVALENT

= Ry- YeeoVE

IF

Figure 23. Simple 5 MBd PNP Transmit-
ter Circuit.

Although it is possible to use
pre-correction and post-correc-
tion in the same link, there is no
need to incorporate both, and we
recommend using only one type
of correction. The choice of which
circuit to use depends on exter-
nal system constraints, such as a
limit on the total number of sys-
tem components, or other con-
straints on the transmitter or
receiver circuitry.

Additional Circuit
Recommendations

This section presents several ad-
ditional circuits that can be used
with the Versatile Link. The
transmitter circuits discussed
below should be used only with
the 5 MBd and 40 kBd links; the
1 MBd link requires the trans-
mitter circuit shown in Figure 9
for proper operation.

The first circuit, shown in Figure
23, is a simple PNP transmitter
circuit. The primary feature of
the circuit is its simplicity: only
two components are required
other than the transmitter. It
uses an inexpensive PNP tran-
sistor in a shunt drive configura-
tion; when the input (i.e. the
base of the transistor) is high,
the transistor is cut off and the
LED is on.



1N4150

CMOS/TTL
INPUT O——9

R1

Y17

74HC/HCT240
OR EQUIVALENT

+5V

¢ HEBR-15XX

Vee-Ve _ Ro

4

Ro = INVERTER OUTPUT IMPEDANCE
=255 @ Vec=5V, 26 C

Figure 24. Low-Current CMOS Transmitter Circuit.

When the input is low, the tran-
sistor turns on and shunts cur-
rent away from the LED,
turning the LED off.

The circuit is very fast for sev-
eral reasons. The transistor
allernates between the cutoff
and active regions of operation
and, therefore, never saturates.
The circuit presents a very low
impedance during turn-off of the
LED, which helps to turn off the
LED more rapidly. And finally,
the emitter base junction voltage
of the transistor “pre-charges”
the junction capacitance of the
LED to about 700 mV, which
helps to turn on the LED more
rapidly. The “pre-charge” elimi-
nates the time that would other-
wise be required to charge the
LED capacitance from 0 V to the
pre-charge voltage of 700 mV
during turn-on of the LED.

The circuit has a high input im-
pedance because the input
source need supply only the base
current of the transistor; the
large LED drive current is
handled by the transistor. This
allows the circuit to be driven
directly from low-current out-
puts, such as CMOS. Choose the
value of R1 according to the
equation in Figure 23.

Figure 24 is the schematic of a
low-current CMOS-compatible
transmitter circuit. The circuit
operation is straightforward.
The outputs of four CMOS buff-
ers are arranged in parallel to
ensure adequate drive capability
for large LED currents. For
smaller LED currents, fewer
buffers can be used. The circuit
has a very high input imped-
ance, is CMOS compatible, and
draws essentially no quiescent
current when the LED is off.
The diode helps to speed up the
circuit. The capacitance of the
diode provides additional cur-
rent during the turn-on transi-
tion to help turn on the LED
more rapidly. It also provides a
low impedance during turn-off,
which helps to turn the LED off
more quickly. Choose the value
of R1 according to the equation
in Figure 24. If fewer buffers are
used, divide Rp by the number
of buffers in the circuit, instead
of the four shown in the figure.

If an open-collector output is
used to drive the LED, a shunt
resistor in parallel with the
LED, shown in Figure 25, can
improve the performance of the
transmitter. The shunt resistor
R2 serves two purposes:

+5V

l'snum
HFBR-15XX 4 A2
_____ A
|
|
< ILeakace
Vou

|
|
| 1) R2- ¥ V/ILEAKAGE
| OR
= | 2) R2= Vk / Isnunt
| Vee - Ve-Vou

R1=
I + VE/R2

Figure 25. LED Shunt Resistor for Open
Collector Drive.

1. It shunts any output leakage
current around the LED, en-
suring that the LED is off
when it is supposed to be off.
The leakage current will cause
a voltage drop across R2; as
long as the voltage drop is less
than about 1V, the LED will
not turn on. Equation No. 1 in
the figure can be used to de-
termine the value of R2 in this
case.

2. It also helps turn the LED off
more quickly by discharging
the stored charge in the junc-
tion of the LED. Smaller resis-
tors will shunt more current
and will turn the LED off
more rapidly, at the expense of
more overall drive current.
Equation No. 2 in the figure
can be used to determine the
value of R2 in this case.

In either case, select R1 accord-
ing to the equation in Figure 25.
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+5V

< AL
HFBR-15X3 e J o
HFBR-25X3
R1 =
VAVAV
= R2
R Vee - Ve HYSTERESIS = 10 LOG (1 + R1/R2)
e R2 > R1/LOG-! (HYSTERESIS/10) - 1

Figure 26. Photo Interrupter Hysteresis Circuit.

The final application circuit is
used in photo-interrupter appli-
cations. A photo-interrupter is
comprised of a transmitter and a
receiver connected by two
lengths of fiber. The ends of the
fibers are not connected directly
together, but have a small sepa-
ration between them. This al-
lows small objects to pass
between them and interrupt the
light from the transmitter. The
Versatile Link data sheet dis-
cusses how to use Versatile Link
components in photo-interrupter
applications. The circuit shown
in Figure 26 illustrates how to
add hysteresis to the recom-
mended photo-interrupter circuit
shown in the data sheet. Hyster-
esis may be required because it
is possible that the received opti-
cal power may occasionally be at
the threshold of the receiver.
This could cause multiple transi-
tions on the output and lead to
improper circuit operation. It is
common in this application for
the transmitter and the receiver
to be located next to each other.
This allows a small amount of
positive feedback to be applied
from the receiver to the trans-
mitter, resulting in hysteresis.
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The hysteresis will rapidly
switch the output and eliminate
the problem mentioned above.
The amount of hysteresis is de-
termined by the values of R1
and R2. Choose R1 to achieve
the desired drive current accord-
ing to the equation in Figure 26.
The amount of hysteresis, ex-
pressed in dB, is given approxi-
mately by the following
equation:

Hysteresis = 10 log (1 + R1/R2).

Solving for the value of R2
yields:

R2 = R1/ [log-1 (Hysteresis/10)-1]

Values of hysteresis from 0.25 to
1 dB should be sufficient for
most applications. As an ex-
ample, for hysteresis of 0.25 dB,
R2 should be about 17 times the
value of R1.

For additional information re-
garding the photo-interrupter
application, please refer to the

Versatile Link data sheet.

Summary

The Versatile Link low-cost fiber
optic components were designed
and specified for easy design.
Guaranterd electrical and optical
parameters ensure reliable sys-
tem performance. The wide vari-
ety of package configurations
and connector types allow maxi-
mum flexibility to meet applica-
tion requirements. The
Hewlett-Packard HFBR-0501
series of fiber optic components
offer guaranteed performance,
quality, and reliability.

For more information, please call
your local Hewlett-Packard Com-
ponents Sales Office or autho-
rized HP Components
Distributor.

Appendix

We quantify the amount of light
by measuring its power. Optical
power is measured in watts or,
more commonly in fiber optics, in
microwatts (WW). Optical power
is also commonly expressed in
dBm. dBm is a logarithmic mea-
sure of power relative to 1 milli-
watt (mW), as explained below.

The ratio of two powers, P1 and
P2, can be expressed in dB as
follows:

dB = 10 log (P1/P2).

A positive number indicates that
P1 is greater than P2, and a
negative number indicates that
P1 is less than P2. Remember,
dB is a relative measure of two
powers.

The ratio of a power, P1, to
1 mWis eAp““ssed in dBm as

follows:

dBm = 10 log (P1/1 mW) or
10 log (P1/1000 uW).



Negative numbers do not indi-
cate negative power, only power
less than 1 mW. Remember,
dBm is an absolute measure of
power because it references the
measured power to 1 mW.

To convert from dBm to mW or

uW, use the following equations:

mW = log-1 (dBm/10), or ,
uW = 1000 log-1 (dBm/10).

As an example, to convert 150
uW to dBm:

dBm =10 log-1 (150 pW/
1000 pW)
=-8.24.
To convert -24 dBm to pyW:

uW = 1000 log-1 (-24/10)
=3.98.

If optical power is lost in the
fiber, the loss can be expressed
in dB as the ratio of output
power to input power as follows:

loss (dB) = 10 log (PoutPin)-

Expressing power loss in dB al-
lows the different losses in a sys-
tem to be added together to
determine the total loss. There-
fore, the output power can be
determined simply by subtract-
ing the total system losses, ex-
pressed in dB, from the input
power, expressed in dBm:

Pout (dBm) = Pjn (dBm) - losses
(dB).

As an example, if the input
power to the system is -10 dBm
and the total system losses are
12 dB, then the output power is:

Pout (dBm) =-10dBm - 12dB
=-22 dBm.
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Complete Fiber-Optic Solutions
for IEEE 802.3 FOIRL, 10Base-FB,

and 10Base-FL

Application Note 1038

Introduction
Hewlett-Packard’s HFBR-0400
fiber-optic components are
widely used in Ethernet LAN
systems. These 820 nm wave-
length components were first
used in 802.3 FOIRL applica-
tions. The same low-cost
HFBR-0400 components have
subsequently been used in sys-
tems which comply with the
IEEE 802.3 10Base-FB, and
10Base-FL standards. Several
integrated circuits are now
available which make it easier
to use HFBR-0400 components
in fiber-optic Ethernet applica-
tions. This Application Note
shows how easy it is to build
high-performance Ethernet
transceivers using inexpensive,
off-the-shelf, integrated circuits
and HP’s low-cost HFBR-14X4
and HFBR-24X6 short-wave-
length fiber-optic components.

Two categories of fiber-optic
Ethernet applications will be
discussed in this Application
Note. The first category ad-
dresses fiber-optic transmitters
and receivers suited for use in
LAN equipment such as hubs,
bridges, routers, and repeaters.
The second category addresses
Medium Attachment Unit
(MAU) applications that convert

5965-6001E

standard Attachment Unit In-
terface (AUD Ethernet
connections to optical fiber. The
MAU circuits recommended in
this Application Note use the
HFBR-4663 transceiver IC with
low-cost HFBR-0400 fiber-optic
components. The HFBR-4663
allows fiber-optic MAU trans-
ceivers which meet IEEE
standards to be implemented
with a single integrated circuit.

IEEE 802.3 System
Specifications

Tables 1 and 2 provide a brief
listing of some key parameters
specified in the 802.3 FOIRL,
10Base-FB, and 10Base-FL
standards.

Capabilities of HFBR-0400
Components

The transmitter and receiver
circuits recommended in this
Application Note characteristi-
cally exceed the limits called for
in IEEE 802.3 by a comfortable
margin. The optical power
launched into 62.5/125 pm fiber
by the HFBR-14X4 LED is typi-
cally -12 dBm peak at a dc
forward current of 60 mA.
When Manchester encoded data
with a 50% duty factor is ap-
plied to the LED transmitter
the HFBR-14X4 LED can typi-

cally launch -15 dBm average
into the core of a 1m length of
62.5/125 pm fiber with a nu-
merical-aperture of 0.275. This
3 dB difference between peak
and average power is due to the
50% duty factor of Manchester
data and the averaging response
of most optical-power meters.
The HFBR-24X6 is a simple hy-
brid component that contains a
silicon PIN detector and a
transimpedance amplifier. The
HFBR-24X6 can be combined
with simple inexpensive inte-
grated circuits to build digital
receivers that have an optical
dynamic range and sensitivity
greater than called for in the
IEEE 802.3 specifications.

Recommended Transmitters
for Hub, Bridge, Router, and
Repeater Applications.

Two different techniques have
commonly been used to drive the
HFBR-1414 LED in Ethernet
applications. Both of the LED
drivers recommended in this Ap-
plication Note will address the
requirements called out in the
IEEE 802.3 LAN specifications.
The HFBR-14X4 LED has typi-
cal rise/fall times of less than

4 ns when used in the circuits
recommended in Figure 1 or
Figure 2. Transmitter jitter and
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Table 1. Key IEEE 802.3 LED Transmitter Specifications

Parameter Symbol 802.3 802.3 802.3 Units
FOIRL 10Base-FB 10Base-FL
_Limits Limits Limits
Launched Optical Pron -12 to -20 -12 to -20 -12 to -20 dBm avg
Power Over Life I o
Extinction Pr off 13 dB less 13 dB less 13 dB less -
than Pron - than Pr on than Pt on
Maximum Optical tr 10 I 10 10 s
Rise Time
Maximum Optical te 10 o 10 10 N ns i
Fall Time
Maximum Difference | te-ts | 3 3 3 ns )
Between Optical
Rise & Fall Times B - ) |
Maximum Jitter - +2 +2 +4 ns
at Optical Output
Maximum Duty - Not 125 | +2.5 ns -
Cycle Distortion Specified - o ] I
Min. Eye Opening - 46 41 37 ns
Table 2. Key IEEE 802.3 Fiber-Optic Link Specifications
Receiver Input Conditions o Required Link Performance ]
IEEE 802.3 Maximum Rise/Fall Received 802.3 802.3 802.3
STANDARD Time of Received Optical Power FOIRL 10Base-FB 10Base-FL
Optical Pulse (ns) (dBm avg) Maximum Maximum Maximum
Jitter (ns) Jitter (ns) Jitter (ns)
FOIRL 10 with 1 m of -12 max. +6 6.5 +15
10Base-FB 62.5/125 pm fiber
10Base-FL L
10Base-FB 31.5 with 2 km of -32.5 min. - +6.5 +15
10Base-FL 62.5/125 pum fiber B )
FOIRL Not Specified -30.0 min. +6 - —{
IEEE 802.3 Maximum Rise/Fall Received 802.3 802.3 802.3
STANDARD Time of Received Optical Power FOIRL 10Base-FB 10Base-FL
Optical Pulse (ns) (dBm avg) Minimum Minimum Minimum
Eye Eye Eye
Opening (ns) | Opening (ns) | Opening (ns)
FOIRL 10 with 1m of -12 max. 38 37 20
10Base-FB 62.5/125 um fiber
10Base-FL |
10Base-FB 315withgkmof | -325min. | - | 37 I 20
10Base-FL 62.5/125 pm fiber o
FOIRL Not Specified -30.0 min. 38 - T
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duty-cycle distortion are nor-
mally less than 1 ns when using
either of the recommended LED
drivers. The cost complexity and
performance tradeoffs associated
with these two different LED
drivers will now be discussed in
greater detail.

The LED forward current (If)
supplied by the simple voltage-
source driver shown in Figure 1

will change with variations in
Vce and LED forward voltage
(VF). The tolerance of resistors
R7, R8, and R9 will also effect
the magnitude of Ir. Deviations
in I due to the 74ACT11000
nand-gate voltage-source are in-
significant. The typical output
impedance of the three parallel
connected nand gates is only

1 ohm and the external resistors
R7 and R8 which limit the LED

current total to 66 ohms. This
large difference between the
source-impedance of the nand-
gate voltage-source and the sum
of R7 and R8 makes it improb-
able that changes in LED Ir will
result due to process variations
in the 74ACT11000.

+5V Ve
J100 l
a T T T T T T T T T |
JUMPER | |
TTLIN o | |
J102 | U4D |
| 74ACT11000 |
ENABLE IN 1 8 7 |
0.1 pF +
| ! |
I~ |
O i | |
L JUMPER |
- LT 1016 | u4c
o us | 74ACT11000 :
-DIFF. IN 2 7 ) 11 6
J104 ‘\é | 10! & t
i L~ 3 8
+DIFF.iN -~ = i '
J105 - | |
4.5.6 | |
RS ¢ R6 124 R
510 @ > 510 0 i |
— C15 134 4
- 0.1 pF ! ———
1 |
| )t
= = il [ |
| u4B ! =
| 74ACT11000 | =
15 |
+ L 3 N
H 1 14 )3 t
c16 | 1
L 0w I |
- +20% | |
! eh !
0V SYSTEM | 74ACT11000 |
COMMON ! 2 |
J101 16 |
| |
— | |
= 2.6,7 | |
LED Yy, = —mmmmmmmmm=—=
HFBR-14X4 3 \
\ R8 347 Q1%
NOTES: ANA
1. ALL RESISTORS 5% UNLESS c17
OTHERWISE SHOWN R7 56 pF
2. ALL CAPACITORS +10% UNLESS 3400 +1%
OTHERWISE SHOWN Ro
280 Q2 +1% <

Figure 1. Voltage Source Transmitter for Hub, Bridge, Router, and Repeater Applications.
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A voltage-source drive-circuit
suited for 802.3 applications is
shown in Figure 1. This simple
drive-circuit has an LED for-
ward current (Ir) that varies
from the nominal 60 mA peak
value desired for fiber-optic
Ethernet applications. This
variation in If causes a small
decrease in the power coupled
into 62.5/125 pm fiber. When us-
ing the circuit shown in Figure
1, the launched power will be 1
dB less than specified in the
HFBR-14X4 data sheet, under
worst-case conditions. The
worst-case occurs when Vg is
low and LED forward voltage
(VF) and resistor tolerance are
high. The HFBR-1414 data sheet
specifies launched power at If =
60 mA, and assumes that LED
forward current is constant.
Normal tolerances of the volt-
age-source LED driver will cause
variations in LED Iy that lower
the minimum power launched
into the fiber. This reduction in
launched power relative to the
P62 specification given in the
HFBR-14X4 data sheet is ex-
pected. Voltage-source
drive-circuit tolerances will
lower LED forward current and
the amount of light coupled into
the fiber-optic cable is directly
proportional to If.

For applications that require
tighter control over LED If, and
less variation in launched opti-
cal power, the current-source
transmitter shown in Figure 2 is
recommended. Figure 2 shows
an LED drive-circuit which pro-
vides a forward current that is
independent of V¢ and LED
forward voltage. The LED cur-
rent provided by this driver is
primarily determined by the tol-
erance of the bandgap reference
U3, and the tolerance of resis-
tors R5 and R6. The -2 mV/°C

226

temperature coefficient of the
base-emitter junction of Q3 or
Q4 increases the voltage applied
to R5 and R6 as ambient tem-
perature rises. The temperature
coefficient of NPN transistor
base-emitter voltage is thus
used to increase the magnitude
of the current applied to the
LED as temperature rises. This
technique prevents LED light
output from decreasing as tem-
perature rises by compensating
for changes in the LED quantum
efficiency.

Either of the LED drivers shown
in this Application Note will ad-
dress the requirements called
out in the IEEE 802.3 specifica-
tions. The design rules for the
LED driver shown in Figure 1
are given in Equation 1 and the
design rules for the LED driver
shown in Figure 2 are provided
in Equation 2.

When choosing the driver the
designer should consider the fol-

Equation 1
Design rules for voltage

source LED driver circuits.

N = Number of gates
connected in parallel.

B = Empirically determined

constant for optimum
relationship between

prebias and LED forward

current.

(Vcc - VF‘) (1+B)

R9 =
Iron
Rg= X9
2B
7-R9_3
2B N
C- 2.0 x 109
R8

Recommend B = 3.97

Equation 2
Design rules for temperature compensated current
source LED driver circuit.
| AVys-VBEq; AVus - VBEg,
F = +
R5 R6
1.24-0.7 1.24-07
Ir = +
R5 R6
1 1
Ir =(124-07) \ —+ —
R5 R6
Vou-VoL 5V
R3 = = —
I 1g
2.0 ns
C4 =
R3




%l

%L

‘suoijedf[ddy 1a3eaday pue ‘1aInoy ‘afpug ‘qny 10y JI9)JIWISUBL], 92INOG JUI.LM)) "7 dIBL]

3

Loir
NOWWOO
W3LSAS AO

sSoLr
NI 13N"3H13
voLr
NI 13NH3H13

€oLr
NI 378vN3

coir
NITLL

SBEWT BSLL USLL |
_ ¢ '
YOBENT |
o vomsz | 0004 LLOVYL ! 'NMOHS 3SIMHIHLO SSIINN %04 3HY SHOLIOVAVO 1V 2
_ | ven | "'NMOHS 3SIMH3HLO SSIINN %S 34V SHOLSISIH 1V
= | | ‘S3LON
| | =
AAA~ . | | %02F
U 6e — T —]
4 € ! ¥
| St
UN | 4ol
ez g 28 | 0001 1 LOVYL | € <
e 3 w LY I 8en |
_ | . _ = =
! FLE =
vl er 20 T
£ | L VoIS ¢ T OIS
H]
POBENZ 3d % ! “ E
20 ze | ! oSy
¥0 ! ]
[ | 8 €
[ ° ! | . e
| 00044 LOVHL n
_ o2n ! 9oL 11 =
Lo f_ | y3dwnr =
<
3 s YOBENZ _ ! el | *l
10 1 " | i
/ FLEY
/ € vXbL-HE4H | +o
a3l
a2 N _ | 0001 4 LOVYL |
1'9'2 = | azn |
| ] @]
| | H3dwnr
Y|I||_ . ] o i
ELEY0]
)

ooir
PANGH

227



lowing factors. The LED driver
shown in Figure 1 is simple but
has a larger variation in the
power coupled from the LED to
the fiber. The circuit shown in
Figure 2 is more complex, but
offers tighter control over varia-
tions in launched optical power.
System designers are encour-
aged to choose the LED driver
which best meets their require-
ments. If cost and board space
are of greater concern than
variations in launched optical
power then the voltage-source
transmitter circuit shown in Fig-
ure 1 makes the most sense. If
the designer desires to maximize
the optical power budget of the
fiber-optic link then the trans-
mitter circuit shown in Figure 2
is a better choice.

R1
10Q

Recommended Receiver
for Hub, Bridge, Router,
and Repeater
Applications.

A simple receiver which com-
plies with IEEE 802.3
specifications is shown in Figure
3. The post-amplifier comparator
function used to convert the ana-
log output of the HFBR-24X6 to
digital data is generally referred
to as a quantizer. The ML-4622
quantizer shown in Figure 3 also
contains a link-monitor which
inhibits the data output when
the optical power drops below
the minimum level needed to en-
sure that the receiver’s output is
error free.

The receiver recommended in
Figure 3 has a typical sensitivity
of -36 dBm average at a Bit-

Error-Rate (BER) of 1x10-10
when receiving 20 MBd
Manchester encoded data. This
receiver performance was mea-
sured using 2 km of 62.5/125 pm
fiber with the BER tester’s clock
centered in the middle of the re-
ceived 20 MBd Manchester
symbols. The link-monitor func-
tion must be disabled by
grounding pin 15 of the ML-4622
quantizer in order to measure
the ultimate sensitivity of the
receiver. In normal operating
mode the ML-4622’s link moni-
tor disables the data output of
the fiber-optic receiver before the
probability of an error exceeds 1
in 1010 bits.

When receiving a repetitive 20
MBd D2D2 hexadecimal word
the total peak-to-peak jitter at
the data output of the circuit
shown in Figure 3 is typically

N +6V Ve
D1
T leoal T
0.1 uF HLMP-4700 10uF 10 pF c8
s: +20% +20% 01 uF
0V GND
R2
12KQ
Ut =
y 1
8| 6| s|HFBR24x6 UNKMON CMP EN |16 =
~ c2 0.1 uF
0.01 puF 2 15
. GND VTH ADJ
- 2 6
3 14
g VIN - Veer c1o
T T 4 13 0.047 uF
VIN + CTIMER
ca
1¢ 0.1 pF 5
i voc U2 e [2 .
c3 ML4622 T
0.01 uF 6 " e
v CF2 0.1 uF
é TTL OUT
cs 7
47 pF A P ecL+ |10 o~ TTLOUT
NOTES! s 0.1 uF
1.C12,C13, R3, AND R4 ARE REQUIRED IF GNDTTL  EcL- |© | {——< +DIFF. OUT
THE TTL AND ECL OUTPUTS ARE USED
SIMULTANIOUSLY

2. R2 AND R4 SHOULD NOT
2. R3 AND R4 SHOULD NOT M

THAN 270 OHMS
3. ALL RESISTORS +5%.

it

4. ALL CAPACITORS +10% UNLESS OTHERWISE SHOWN

Figure 3. Receiver for Hub, Bridge, Router, and Repeater Applications.
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less than 10 ns. A D2D2 Hexa-
decimal pattern was used to test
the complete fiber-optic link be-
cause it emulates the worst
stress possible with Manchester
encoding. The excellent perfor-
mance of the circuits
recommended in this Application
Note allows low jitter to be
achieved when data is transmit-
ted over a 2 km segment of 62.5/
125 pm fiber with a received op-
tical power of -32.5 dBm
average. The low jitter attained
at the receiver’s output corre-
sponds to a 40 ns clear
eye-opening between the edges
of the data symbols. A wide eye-
opening is desirable because this
minimizes the accumulation of
jitter when active star hubs are
cascaded.

Demo Kit For
Fiber-Ethernet

The transceiver circuits shown
in Figures 1, 2, and 3 are suited
for use in fiber-optic hubs,
bridges, routers, and repeaters.
This recommended transceiver
can easily be compared to the
IEEE specifications listed in
Tables 1 and 2 by ordering the
HFBR-0414 demo kit. The
HFBR-0414 kit contains a small
2 3/4 by 1 3/4 inch through-hole
printed circuit board and all of

the active devices needed to
build the circuits shown in Fig-
ures 1 and 3. This inexpensive
kit can be completed using
readily-available passive compo-
nents such as radial-lead
monolithic ceramic capacitors,
radial-lead epoxy-dipped tanta-
lum capacitors, and axial-lead
1/4 W resistors. The passive
components needed to assemble
this fiber-optic demo are avail-
able in most engineering stock
rooms. The HFBR-0414 demo kit
minimizes the engineering cost
of building the fiber-optic trans-
ceiver recommended in this
Application Note, reduces time-
to-market by minimizing the
effort required to construct
working prototypes, and enables
designers to quickly determine
that Hewlett-Packard’s HFBR-
0400 fiber-optic components can
meet Ethernet LAN require-
ments. The measured
performance of the circuits used
in the HFBR-0414 demo can be
found in Tables 3 and 4. Table 3
shows the measured perfor-
mance of the transmitter
recommended in Figure 1. Table
4 shows the measured perfor-
mance of an entire fiber-optic
link which uses the circuits rec-
ommended in Figures 1 and 3.

Table 3. Measured Performance of the Transmitter shown in Figure 1
Mean Performance of Five Transmitters Tested at Room Temperature

Recommended Circuit for
Ethernet Fiber-Optic MAU
Applications

Circuits recommended for use in
Medium-Attachment-Unit
(MAU) applications will now be
discussed. Figure 4 shows a
MAU transceiver using the
HFBR-4663 single-chip trans-
ceiver IC. The HFBR-4663
provides all of the circuit ele-
ments needed to build a
complete fiber-optic transmitter
and receiver which complies
with the 802.3 10Base-FL stan-
dards. The HFBR-4663 provides
every function needed to make
HFBR-0400 fiber-optic compo-
nents compatible with a
standard Ethernet AU interface.
This single IC also provides all
necessary network and status
indicators needed by a fiber-optic
MAU. The HFBR-4663 replaces
two-chip solutions that were for
merly needed to construct
fiber-optic MAUs. A highly effi-
cient switching power-supply
that allows the MAU transceiver
to operate from the +12 V power
available at the AUl is also in-
cluded in Figure 4. The
measured performance of the
transmitter portion of the MAU
is shown in Table 5.

Parameter Measured Typical Test Conditions
Performance
P,On T -12.2 dBm pk. Logic “0” at Transmitter
TTL Input, Iy dc = 60 mA
P, Off -82.2 dBm pk. . Logic “1” at
| i i o Transmitter TTL In
LED t, 1.30 ns 1 MHz Square Wave Input
) ﬁﬁtf - 3.08ns 1 MHz Square Wave Input
| te-te] - 1.77ns 1 MHz Square Wave Input
| Txjitter N 0.763 ns pp 20 MBd D2D2
Hexadecimal Input
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Table 4. Measured Performance of the Transceiver Shown in Figures 1 and 3

Mean Jitter of 5 Transceivers at Maximum Received Optical Power at Room Temperature

Parameter

1 m Link Jitter at Rx ECL
Output
1 m Link Jitter at Rx TTL
Output

Measured Typical
Performance

3.07 ns pp
20

2.73 ns pp
20

Test Conditions

Pr=-11.4 dBm avg. with
MBd D2D2 Hexadecimal Data

Py =-11.7 dBm avg. with
MBd D2D2 Hexadecimal Data

Mean Performance of 5 Receivers with 1 m of 62.5/125 mm fiber at Room Temperature

Parameter

Mid Bit Rx Sensitivity

Link Monitor Assert
Threshold

Measured Typical
Performance

Test Conditions

-36.5 dBm avg. at
BER of 1x10-10

20 MBd D2D2 Hexadecimal

Data

-35.4 dBm avg.

20 MBd D2D2 Hexadecimal
Data

Mean Performance of 5 Links with 2 km of 62.5/125 mm Fiber

at Room Temperature

Parameter

Mid Bit Rx Sensitivity

Link Jitter at
Rx ECL out
Link Jitter at

Rx TTL out

Measured Typical
Performance

Test Conditions

-34.4 dBm avg. at
~_BER of 1x10-10

20 MBd D2D2 Hexadecimal
Data

7.56 ns pp Py =-32.5 dBm avg. with
20 MDBd D2D2 llexadecimal Data
7.03 ns pp P, =-32.5 dBm avg. with

20

MBd D2D2 Hexadecimal Data

The complete performance of a
fiber-optic link which uses the
HFBR-4663 is shown in Table 6.
A long length of 62.5/125 pm fi-
ber was used to slow the
response time of the light pulses
applied to the receiver. The test
results shown in Table 6 were
obtained by adjusting the length
of the optical cable until the 90%
to 10% fall-time of the light
pulses exiting the fiber slowed to
31 ns. The 10% to 90% optical
rise-time at the end of the 2.5
km fiber was 28 ns. The disper-
sion in the 2.5 km test fiber
approaches the maximum 31.5
ns exit response time limit given
in the IEEE 802.3 specifications.
Table 6 shows how well the
MAU transceiver recommended
in this Application Note func-
tions as fiber dispersion
approaches the maximum limits

allowed in the 10Base-FB and
10Base-FL specifications.

Table 7 shows how to select the
functions listed in the HFBR-
4663 data sheet. The MAU
implemented with the HFBR-
4663 can be connected directly
to data terminal equipment
(DTE) through an Ethernet
adapter card with an AUI con-
nection. The SQEN, JABD,
LBDIS, and COLL functions
should be enabled when the
MAU shown in Figure 4 is con-
nected to DTE. When the
fiber-optic MAU is connected to
an Ethernet hub the SQEN,
LBDIS, and COLL functions
should be disabled.

The HFBR-4663 data sheet can
be used in conjunction with
Table 7 to determine if functions

should be enabled or disabled
when evaluating fiber-optic
MAU performance. When mea-
suring the performance of the
MAU it is usually necessary to
disable JABD so that the fiber-
optic transmitter will remain
active for more than the 1024
byte limit allowed by Ethernet
protocol. When JABD is disabled
the rise/fall time, jitter, and
launched power of the fiber-optic
transmitter can easily be mea-
sured.

The JABD function should also
be disabled when determining
the bit error rate (BER) versus
receiver sensitivity of MAUs
constructed with the HFBR-
4663. A D2D2 hexadecimal test
pattern should be used to mea-
sure the BER of fiber-optic
transceivers used in Ethernet
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Table 5. Measured Performance of the MAU Transceiver Shown in Figure 4

Mean Performance of 14 Transmitters. All Tests done at Room Temperature.

Parameter Measured Typical Test Conditions
Performance - ~

P avg -17.1 dBm avg. 5 MHz Square Wave Input

Irpk = 56 mA

LED t, 2.88 ns 5 MHz Square Wave Input

LED t¢ 3.34 ns 5 MHz Square Wave Input

| tr-tf] 0.46 ns 5 MHz Square Wave Input

Tx jitter 1.64 ns pp 20MBdD2D2

Hexadecimal Input

Table 6. Typical Performance of a Complete Fiber-Optic Link Which Uses the MAU

Transceiver Shown in Figure 4

**All results measured at a received power of -32.5 dBm avg. with fiber dispersion = to max. limits called out in the

IEEE 802.3 Specifications.

Eye Opening at the AUI Vee Temperature
output of the Receiver
32.8 ns 475V 0°C )
36.9 ns 5.00 V 0°C ]
32.2 ns 525V 0°C
33.7ns o 475V 25°C
36.7 ns 5.00V 25°C
33.5ns o 525V | 25°C
37.2 ns 475V 70°C T
36.7 ns 5.00V - T0C ]
36.7 ns 5.25V 70°C

**Measured Results for a Solitary MAU Transceiver.

Table 6. HFBR-4663 Functions vs. Input Conditions

Input Conditions

Status of HFBR-4663 Functions

HFBR-4663 Voltage SQEN JABD LBDIS COLL
Pin # at Pin
5 BV ~EN | EN - -
5 Vee-2 DIS DIS - .
5 0V GND DIS EN - -
8 +5V - - DIS DIS
8 OV GND - - EN EN
Notes:

1. DIS = Disabled
2. EN = Enabled
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applications. The D2D2 test pat-
tern is equivalent to the worst
data induced stress that will oc-
cur when sending Manchester
encoded data. The JABD func-
tion must be disabled when
measuring BER because this
test is certain to exceed the 1024
byte limit allowed for normal
Ethernet traffic.

Printed Circuit

Layout Techniques

The circuits given in this Appli-
cation Note are recommended
for use in any system which ad-
dresses the requirements
specified in the IEEE 802.3 draft
standard. HP encourages cus-
tomers that want to use
HFBR-0400 components in fiber-
optic Ethernet applications to
utilize these circuits in their
products. The performance of the
fiber-optic transceivers shown in
this publication is partially de-
pendent on the layout of the
printed circuit board on which
these recommended circuits are
constructed.

The following simple rules
should be followed if you desire
to lay out a unique printed cir-
cuit (PC) board for the
fiber-optic transceivers recom-
mended in this publication.

1) Design the PC board with a
ground plane. Use a ground and
a power plane if possible. This
minimizes the inductance of the
ground and power leads con-
nected to the transceiver.

2) Minimize the size of cuts or
openings in the ground and
power planes. This minimizes
the parasitic inductance and im-
proves the dampening of both
the transmitter and receiver cir-
cuits.

3) The two circuit traces con-
nected between the HFBR-24X6
and the differential input of the
receiver’s quantizer should be of
equal length, and the compo-
nents in both traces should be
placed to achieve symmetry.
This minimizes the cross-talk
between the fiber-optic trans-
mitter and receiver and
improves the receiver’s immu-
nity to environmental noise.

4) Connections between the
drive circuit and the LED should
be of minimum length. This
minimizes the noise emitted by
the transmitter and improves
the optical rise/fall time of the
LED.

5) A large 10 pF electrolytic ca-
pacitor and a 0.1 pF monolithic-
ceramic capacitor should be
located as close to the signal
source which drives (current-
modulates) the LED. This
minimizes the noise emitted by
the transmitter and improves
the optical response time of the
LED.

6) The low-pass filters shown on
the recommended schematics
must be used to protect the fi-
ber-optic receiver from noise
that is present in the Voe power
supply.

7) If an inductor is used in series
with the receiver’s Vgc and Vee
connections the receiver should
be referenced to Ve and Ve is-
lands that are isolated from the
remainder of the transceiver’s
power planes. A differential in-
terface at the receiver’s output is
required if inductors are used in
series with Voc and Vge. This
dual-inductor filter is recom-
mended if the receiver is
connected to an AUI interface or
operated in a noisy environment.

Printed Circuit Artwork
Variations in transceiver perfor-
mance due to circuit layout can
be avoided by using the artwork
shown in Figures 5 through 7.
Designers that would like to use
the artwork provided by HP are
encouraged to embed the PC art-
work shown in this Application
Note into their systems. The PC
art shown here is available from
an electronic bulletin board that
can be down loaded using a 2.4
kBd telephone modem. If you de-
sire an electronic copy of this PC
art call 408-435-6733 in the con-
tinental USA and Canada. The
Orcad file for the through-hole
transceiver shown in Figures 1
and 3 is 802KITP.EXE. The
through-hole transceiver is also
available as a Gerber file under
the file name 802KITG.EXE.
The file name for the current-
source LED driver shown in
Figure 2 is IDRIVE EXE. The
artwork for the surface-mount
MAU transceiver shown in Fig-
ure 4 is available in the file
called 802MAU.EXE.

Designers should note that
printed circuits for the fiber-op-
tic solutions recommended in
this Application Note are not dif-
ficult to create. If your product
requires a unique printed circuit
this can easily be accomplished
by following the 7 layout rules
previously discussed. The
printed circuit art provided in
this Application Note was devel-
oped in one design cycle using
these PC design rules.

System designers that want to
quickly evaluate the transceiver
recommended for hub, bridge,
router, and repeater applications
should order the HFBR-0414
demo kit. The HFBR-0414 con-
tains a printed circuit board and
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WARNING: DO NOT USE
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Figure 6e. Solder Mask.
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all of the active devices needed
to build the transceiver shown in
Figures 1 and 3 of this Applica-
tion Note. A list of the
components needed to construct
the transceiver shown in Figures
1 and 3 is shown in Table 8. De-
signers can also quickly
determine how well the HFBR-
4663 works with HFBR-0400
components in fiber-optic MAU
applications by ordering the
HFBR-0463. The HFBR-0463 is
a fully assembled surface-mount
fiber-optic MAU that is imple-
mented using the circuit shown
in Figure 4 of this Application
Note. A list of the components
needed to construct the MAU in
Figure 4 is shown in Table 9.

The HFBR-0414 and HFBR-
0463 evaluation kits minimize
the design effort needed to
implement fiber-optic systems
that comply with IEEE 802.3
standards and reduce the time
needed to bring these new
Ethernet LAN products to the
market.

Table 8. Bill of Materials for Circuits in Figures 1 and 3.

Conclusion

The transmitters and receivers
shown in this Application Note
are an excellent starting point
for engineers interested in fiber-
optic Ethernet applications.
Designers that are planning to
build products which address the
specifications called for in IEEE
802.3 are encouraged to evaluate
these recommendations and de-
termine how well HP’s
HFBR-0400 fiber-optic compo-
nents can address their Ethernet
LAN application.

Note: The data sheet for the HFBR-4663
(Publication #5091-7391E 4/93) contains
errors that have subsequently been cor-
rected in Figure 4 of this Application
Note.

Item # Ref. Desig. Qty. Description Vendor Vendor
Each Part Number
1 R1 1 Axial lead resistor 10 Q +5% 1/8W
2 R2 1 Axial lead resistor 1.2K € +5% 1/8W
3 R3, R4, R5, R6 4 Axial lead resistor 510 Q +5% 1/8W
4 R7 1 Axial lead resistor 34.0 Q2 +1% 1/8W
5 R8 1 Axial lead resistor 34.7 Q +1% 1/8W
6 R9 1 Axial lead resistor 280 € +1% 1/8W
7 C1,C4,C8,C9,C11 9 Monolithic ceramic radial lead capacitor 0.1uF £10% 50V X7R
C12,C13,C14,C15
8 C2,C3 2 Monolithic ceramic radial lead capacitor 0.01uF +10% 50V X7R
ii 6 1 Monolithic ceramic radial lead capacitor 4.7pF +10% 50V COG
10 C10 1 Monolithic ceramic radial lead capacitor 0.047uF +10% 50V X7R
1 C17 1 Monolithic ceramic radial lead capacitor 56pF +10% 50V COG
| 12 | cecrole | 3 Tantalum radial lead capacitor 10F £20% 10V
13 o L1 S T 1 Axial lead molded inductor 4.7uH +10%, Resonant Freq. 75MHz, | Delevan 1025-36K
1.2Q DCres.
14 Ut 1 125 MHz low cost miniature fiber-optic PIN-amplifier receiver HP HFBR-2416
15 u2 1 Integrated post amplifier/comparator (quantizer) Micro Linear ML-4622
|6 | us 1 Comparator Linear Tech. | LT-1016
17 U4 1 Quad two input NAND gate NI barrier, SN or SN/PB plated Texas Instr. 74ACT11000
18 us 1 820 nm LED transmitter HP HFBR-1414
19 D1 1 Low current LED lamp HP HLMP-4700
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Table 9. Bill of Materials for the Circuit in Figure 4

Rel. Desig Qly. Description Vendor Vendar
Each Part Number
1 R1 1 Res, 0805 10 €2 +5% ni barrier, sn or sn/pb plated Venkel CR0805-10W-100JT
2 R2, R3, R6, R7 4 Res, 0805 360 €2 +5% ni barrier, sn or sn/pb plated Venkel CR0805-10W-361JT
3 R4, R5 2 Res, 0805 39 €2 +1% ni barrier, sn or sn/pb plated Venkel CR0805-10W-390FT
4 R8 1 Res, 0805 100 €2 +1% ni barrier, sn or sn/pb plated Venkel CR0805-10W-1400FT
5 R9 1 Res, 0805 61.9K €2 +1% ni barrier, sn or sn/pb plated Venkel CR0805-10W-6192FT
6 R10 1 Res. 0805 3K €2 +5% ni barrier, sn or sn/pb plated Venkel CR0805-10W-302JT
7 R11 1 Res, 0805 2K €2 +5% ni barrier, sn or sn/pb plated Venkel CR0805-10W-202JT
8 R12 1| Res,08050Q 5% ni barrier. sn or sn/pb plated Venkel | GRO805-10W-000JT
9 R13 1 Res, 0805 select €2 5% ni barrier, sn or sn/pb plated Venkel CR0805-10W-XXXJT
10 R14 1 Res, 0805 1K €2 +5% ni barrier, sn or sn/pb plated Venkel CR0805-10W-102JT
1 R15,R16, R17 6 Res, 0805 1.5K €2 +5% ni barrier, sn or sn/pb plated Venkel CR0805-10W-152JT
R18, R19. R20
12 C1,C5,C9 6 Cap 0805, .1uF, Z5U, 25V, +80/-20% ni barrier, sn or sn/pb plated Venkel €080525U250-104ZNE
C10, C11,C12
13 C2,C3 2 Cap, 0805, .01uF X7R, 25V, +20% ni barrier, sn or sn/pb plated Venkel C0805X7R250-103MNE
14 C4 1 Cap 0805, .047uF, Z5U,25V, +20% ni barrier, sn or sn/pb plated Venkel €080525U250-473MNE
15 C6 1 Cap case size C (.236" x .126"), 22F. tant, 16V, +20% ni barrier, AVX TAJC226MO16R
sn or sn/pb plated
16 c7 1 Cap aluminum, radial lead, 470uF (.315" dia x .450" long), 10V +-20% Sprague | 5150477M010BB6A
17 c8 1 Cap case size B (.138'x .110"),104F, tant. 16V, +20% ni barrier, | A | TAJB106MOTOR
sn or sn/pb plated
18 L1 1 Inductor, DT series. (.510" x .365), 560 uH £20% molybdenum/ “Coilcraft | DT3316-554XM3C
manganese base metal, sn or sn/pb plated
19 L2, 13 2 Inductor, DT series. (.260" x .175"), 4.7 uH +20% molybdenum/ Coilcraft | DT1608-472XMBC
manganese base metal, sn or sn/pb plated
20 D1 1 Schottky power rectifier, surface mount MBRS120T3, case 403A-01. Motorolaj MBRS120T3
(213" x 140
21 u1 1 125 MHz low cost miniature fiber optic PIN-amplifier Receiver HP HFBR-2416(ST)
22 u2 1 Simple switcher, 0.5A step-down voltage regulator LM2574. 14 lead surface. National | LM2574M-5.0
(.354" x .406")
23 u3 1 125 MHz low cost miniature fiber optic transmitter HP HFBR-1414(ST)
24 U4 1 10base-t transformer, 16 pin, (.500" x .370) B Pulse PE-65728
25 us 1 Ethernet transceiver, package: 028, 28 pin molded leaded PCC, 490" sq HP e HFéR-4663 ]
26 D2, D3, D6 3 LED green T1 HP HLMP-1790
27 D4, D7 2 LED red T1 HP HLMP-1700
28 D5 1 LED yellow T1 HP HLMP»1719>
30 N/A Solder paste, SN63
31 N/A SN63 RMA core solder )
32 u12 15 pin right-angle posted D connector. 318 mount AMP 7478414
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Conductive Port Receiver

Application Note 1057

Introduction

This application note compares
the performance of fiber optic
receivers with conductive ports
to fiber optic receivers with
non-conductive ports (Figure 1).
It explains how conductive port
receivers solve specific problems
encountered in some applica-
tions and how they help to
improve the electromagnetic
immunity of part number
HFBR-24X6 XC, required by
such standards as MIL 461 and
IEC 801-3. The application note
also presents test data that
shows why HP’s low-resistance
conductive port has an advan-
tage over the higher-resistance
conductive ports of other manu-
facturers.

This application note focuses
specifically on the receiver
preamplifier, because it is a
crucial electronic element in the
optical link. The preamplifier
must process input signals as
low as or lower than -30 dBm
and must also have a wide
bandwidth to accommodate high
data rates. The preamplifier’s
high gain and wide bandwidth
make it sensitive to electromag-
netic interference (EMI). Small-
junction devices used in its

5091-6001E

construction may make it
inherently sensitive to
electrostatic discharge (ESD).
Exposure to either of these
phenomena, especially to EMI,
can affect the overall perfor-
mance of the receiver.

Background

Pulses of EMI with large electric
field strengths can induce
currents to flow in the input
circuitry of the fiber optic
receiver. These currents can
interfere with the photocurrent
generated by the desired

optical signals and can prevent
the receiver from faithfully
reproducing an electrical signal
based on the received optical
input. This condition degrades
the bit-error ratio (BER), the
ratio of the number of erroneous
bits at the output of the optical
receiver to the total number of
received bits. Modern transmis-
sion systems routinely require a
BER better than 1 x 10-9 and
very often require a BER

better than 1 x 10-12,

In some systems the degraded
BER can result in either correc-
tion of the data by error-correc-
tion software or frequent re-
transmission of data. Thus, the

PORT

Figure 1. Fiber Optic Receiver.

system appears much slower
than normal. This condition is
known as a detectable error. By
contrast, high BER can over-
whelm the error correction
software or hardware. Errors of
this type prevent proper opera-
tion of the system.

In systems using fiber optic
components, errors can garble
the data as long as an excessive
electromagnetic field exists. If
the system is removed from the
field or the field is eliminated
the data will once again be valid.

EMI is generated by radio
transmitters, transients from
electrical equipment switching
on and off, test equipment, and
so forth. ESD can also generate
electromagnetic fields (more will
be said about this mechanism
later).
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Conductive Port
Receivers

The main benefit of a fiber optic
receiver with a conductive port is
that it reduces coupling of
external fields by partially
shielding the very sensitive input
node of the fiber optic receiver.
The shield is not complete, however;
the field can propagate through the
hole in the center of the port, but it
is greatly attenuated.

A metal-ferrule connector can
degrade the sensitivity of a re-
ceiver with a non-conductive
port in an electromagnetic field
by about a factor of four. The
electric field couples to the
metal connector and ferrule,
which act as a receiving antenna.
Because the end of the metal
ferrule is close to the amplifier
IC, the field easily capacitively
couples to the input of the
amplifier, inducing an interfer-
ing current. The coupling
capacitance is several
femtofarads. In the case of the
conductive port, a low-impedance
path to ground, provided by pins
1, 4, 5, and 8, reduces the poten-
tial on the ferrule. So, in terms
of coupling from the external
field, the ferrule then becomes a
poorer antenna.

HP’s conductive port uses a low-
resistance (50 ohm) materiallll

1Hewlett-Packard’s conductive ports
have a resistance that is typically 5 to 15
ohms and always less than 50 ohms
(measured from the port tip to ground
pin 1, 4, 5 or 8) at the beginning of life.
Long-term exposure to heat and
humidity increases this resistance. After
168 hours at 121°C and 100 percent
relative humidity, the typical resist-
ance increases to 50 to 60 ohms, but may
go as high as several hundred ohms.
This level of resistance is still much
lower than competitive parts and offers
significant immunity to EMI. In a

10 V/m field, however, receiver sensitiv-
ity may be degraded 1 to 3 dB relative to
a conductive port with resistance less
than 50 ohms.
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for a very low impedance to
ground. Measurements on a
sample of conductive ports from
a competitor showed higher
resistance (of about 10,000
ohms). A lower resistance port
material could be expected to
provide lower coupling from an
electric field to the output of the
receiver and improved immunity
to EMI.

Hewlett-Parkard Optical Com-
munication Division has tested
the EMI immunity of the HFBR-
24X6 family (see Figure 2 and 3)
and found less than 2 dB degra-
dation of receiver sensitivity

in a 10-volt-per-meter field for
HP’s conductive port. This value
compares favorably with an
average value of 9 dB sensitivity
degradation for HP’s non-
conductive port. HP OCD also
tested the EMI immunity of
competitor’s conductive ports,
which had approximately

10,000 ohms resistance from the
port to ground. These ports had
an average sensitivity loss of 5
dB in a 10 volt-per-meter field,
measured under conditions
identical to the HP product
measurements (see Figure 2).
For all types of ports measured,
the performance depends on the
frequency of the field; measured
between 10 kHz and 300 MHz,

Y1

the worst values are between 100
and 200 MHz.

In cases where customers must
meet specifications for fields of this
strength or similar levels of
strength, they should use HP’s
conductive port. With the conduc-
tive port, the receiver will tolerate a
field strength roughly 30 times
greater than with the non-conduc-
tive port before losing sensitivity.
Some additional benefit is gained
by running the port through a hole
in a metal chassis. With this
arrangement, the field strength
experienced by part of the fiber
optic receiver is reduced.

In applications where the re-
ceived optical power is 20 dB or
more above the equivalent
optical noise input power,
however, electric fields up to 10
volts per meter should not affect
the performance of the receiver.
For short links, enough signal
strength is available for the
receiver to function. Whether or
not an application requires a
conductive port depends on a
number of factors, including field
strength expectations, link perfor-
mance expectations, bandwidth of
the signal processing and digitizing,
and so forth. For low data rates,
high-frequency interference can be
filtered.

1000
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1
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—

1
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0
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100 1000
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Figure 2. Typical Output Signal Due to 10 V/m Field with Metal Ferrule.



TEM CELL

METAL

048 |
TRACKING AMPLIFIER
GENERATOR J
SPECTRUM 20d8
ANALYZER AMPLIFIER
A
PLOTTER

SHIELDED LOAD
50
BUFFER

T

5V
POWER
SUPPLY

TEM - TRANSVERSE ELECTROMAGNETIC
DUT - DEVICE UNDER TEST

Figure 3. Block Diagram of Test Setup for Electromagnetic Susceptibility.

In those cases where the band-
width is substantially narrowed
to lower the data rates, as in
applications of IEEE 802.3 and
802.5, insignificant changes in
sensitivity are expected when the
non-conductive fiber optic
receiver is exposed to a 10-volt-
per-meter field.

Although Europe will soon have
requirements for EMI immunity
(for example, IEC 801-3), as of
the date of this document,
products in the U.S. are usually
not required to meet EMI immu-
nity standards. For this reason,
engineers must often design
their products to either certain
military or European standards,
as in the case of products
intended for worldwide markets.

ESD can also cause problems.
Under conditions of low humidity
we can accumulate a consider-
able amount of stored charge on
clothing and skin surfaces

merely by shifting position in a
chair or walking across a carpet.
Our bodies then become high-
voltage, static-charge generators
with voltages up to about 15 kV.
If we touch a grounded electronic
device or component we can
produce an arc due to the voltage
differences.

ESD most often affects a fiber
optic receiver by either or both of
two mechanisms. In one mecha-
nism, ESD current entering
electronic equipment through
the fiber optic receiver port
generates thousands of volts per
meter of instantaneous electric
field strength surrounding the
discharge. This field can mo-
mentarily disrupt recovery of
data from the fiber optic link and
introduce errors. Generally,
these errors can be corrected by
error correction software within
the system.

In the other mechanism, cata-
strophic failure, a very large
electrostatic potential difference
suddenly discharged onto the
transmitter port, receiver port or
any other entry point, such as
switches or connectors in an
improperly grounded metal
cabinet, rapidly distributes itself
on the printed circuit board
(PCB). This potential difference
may adversely affect susceptible
electronic components mounted
on the PCB and can melt bond
wires, damage IC metalization
traces or destroy junctions.

ESD-related component failures
can occur during PCB assembly
also. The operators can prevent

it by wearing static-grounding
wrist straps and taking all ESD
handling precautions, including
proper packing materials, work
surfaces, and so forth. ESD can
occur, however, in the end user’s
environment.

Catastrophic failures from ESD
can be avoided by using a metal
chassis and either a ground
plane or wide ground trace. The
wide ground trace extends to the
edge of the printed circuit board
and so is closer to the user's
fingers than the leads of the
receiver housing. This creates a
low-inductance path to ground
and the current is directed away
from sensitive components. This
is especially important if the
system’s enclosure is not metal.

For systems designed without a
true earth ground, a low-imped-
ance path to a large arca such as
a ground plane or metal chassis
is recommended. A low-imped-
ance path will help divert the
current away from the internal
components.

HP recommends that pins 1, 4, 5,
and 8 of the conductive receiver
ports, HFBR-240XC and HFBR-
241XTC be connected to circuit
ground, as shown in Figure 4.
ESD will then follow this pre-
defined, low-resistance path,
preventing the possibility of
internal discharge.

R
(1 05[: o

3 o5
2 o7
o o3 =
CIRCUIT
GROUND
"

Figure 4. Bottom View.
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Test Methods

HP has tested the ESD suscepti-
bility of its HFBR-141X trans-
mitter and HFBR-241X receiver
fiber optic components per the
IEC 801-2 contact discharge
method. This test method was
chosen for the more repeatable
measurements of contact dis-
charge as opposed to air dis-
charge. Both the conductive port
and the non-conductive port
experienced discharges but
survived 15 kV of ESD to or
around the connector. Dis-
charges flowed either along the
surface of or through the air near
the non-conductive port to the
edges of the printed circuit
board. With the conductive port
discharges flowed through the
port to the PC board. The HP
conductive and non-conductive
ports both withstood 15 kV
electrostatic discharges, a value
well above the requirements of
801-2.

No catastrophic damage occurred
during HP’s tests, although there
were errors at very low levels of
ESD. These errors resulted

whenever a discharge occurred
anywhere in the vicinity of the
protruding fiber optic connector.
A conductive port receiver
improves the immunity to errors
caused by electromagnetic fields
(please see previous section

for approximate values) but does
not eliminate them. HP’s
conductive and non-conductive
ports passed tests 15 kV for ESD
immunity.

The IEC 801-2 ESD regulations
are in effect only in Europe. The
U.S. has no regulations of this
type, although various U.S.
companies have their own
requirements.

In reliability testing, the me-
chanical strength of the conduc-
tive port has been shown to be
similar to the mechanical
strength of the non-conductive
port. Both the conductive and
non-conductive port have many
features. They include high
reliability, resistance to solvents
and some other chemicals
(please see data sheet), and
resistance to thermal and

HEWLETT
PACKARD

K

mechanical shock. In addition,
they are inexpensive.

Tests show that HP’s non-
conductive and conductive port
receivers both have excellent
immunity to ESD, so conductive
ports offer little ESD perfor-
mance improvement over non-
conductive ports. Only users
with exceptional ESD environ-
ments will benefit from conduc-
tive ports for ESD protection.

Conclusion

For applications at higher speeds
and higher levels of electric field
strength, a receiver with a
conductive port has significantly
better EMI immunity than a
non-conductive port receiver.
HP’s low-resistance conductive
port receivers have demonstrated
superior EMI performance
relative to receivers with higher-
resistance ports. If your applica-
tion requires an extra margin of
protection against EMI, HP’s
conductive port receivers are
recommended.

For technical assistance or the location of
your nearest Hewlett-Packard sales
office, distributor or representative call:

Americas/Canada: 1-800-235-0312 or
(408) 654-8675

Far East/Australasia: (65) 290-6305
Japan: (81 3) 3335-8152

Europe: Call your local HP sales office.
Data Subject to Change

Copyright © 1992 Hewlett-Packard Co.
Printed in U.S.A. 5091-6001E (11/92)
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Complete Solutions for

IEEE 802.5J

Fiber-Optic Token Ring

Application Note 1065

Introduction

Hewlett-Packard’s HFBR-0400
fiber-optic components are
widely used in Ethernet LAN
systems. These same 820 nm
wavelength components are also
used in Token Ring LAN sys-
tems. The HFBR-14X4, and
HFBR-24X6, comply with the
[EEE 802.5J Trial-Use Standard
for both 4 and 16 M bit/s trans-
mission rates. Distances that
range from 1 meter to 2 k meters
can easily be achieved when
Hewlett-Packard’s inexpensive
short wavelength components
are used with the circuits recom-
mended in this publication. Sev-
eral integrated circuits that
work well with the HFBR-14X4,
and the HFBR-24X6, are dis-
cussed in the following text.
These integrated circuits reduce
the amount of board space re-
quired and lower the number of
components needed to build the
fiber-optic transceiver. The ob-
jective of this application note is
to make it simple for designers
to use HP’s HFBR-0400 compo-
nents in LAN equipment such as
multi-station access units
(MAUSs), bridges, fiber-optic me-
dia converters, repeaters, and
adapter cards that are used in
Token Ring LANs. The follow-
ing text will show that it is easy
to build high-performance Token

5363-9626E

Ring transceivers, when using
inexpensive off-the-shelf inte-
grated circuits, with HP's low-
cost HFBR-14X4, and HFBR-
24X6 fiber-optic components.

IEEE 802.5 System
Specifications
Tables 1 and 2 provide a brief

listing of <ame key parameters
specified in the 802.5J Trial-Use
Standard.

Capabilities of HFBR-
0400 Components

The transmitter and receiver cir-
cuits recommended in this Ap-
plication Note characteristically
exceed the performance called
for in IEEE 802.5J by a comfort-
able margin. The optical power
launched into 62.5/125 ym fiber
by the HFBR-14X4 LED is typi-
cally -12 dBm peak at a dc for-
ward current of 60 mA. When
Manchester encoded data with a
50% duty factor is applied to the
LED transmitter the HFBR-
14X4 LED can typically launch
-15 dBm average into the core of
a 1 meter length of 62.5/125 um
fiber with a numerical-aperture
0f' 0.275. This 3 dB difference
between peak and average
power is due to the 50% duty
factor of Manchester data and
the averaging response of most

optical-power meters. The
HFBR-24X6 is a simple hybrid
component that contains a sili-
con PIN detector and a
transimpedance amplifier. The
HFBR-24X6 can be combined
with simple, inexpensive inte-
grated circuits to build digital
receivers that have an optical
dynamic range and sensitivity
greater than called for in the
IEEE 802.5J specifications.

Recommended
Transmitter Designs For
Token Ring.

Two different techniques have
commonly been used to drive the
HFBR-1414 LED in Token Ring
applications. Both of the LED
drivers recommended in this Ap-
plication Note will address the
requirements called out in the
IEEE 802.5J Token Ring specifi-
cation. The HFBR-14X4 LED
has typical rise/fall times of less
than 4 ns when used in the cir-
cuits recommended in Figure 1
or Figure 2. Transmitter jitter
and duty-cycle distortion are
normally less than 1 ns when us-
ing either of the recommended
LED drivers. The cost complex-
ity and performance tradeoffs
associated with these two differ-
ent LED drivers will now be dis-
cussed in greater detail.
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Table 1. Key IEEE 802.5 LED Transmitter Specifications

Width Distortion (OTA)

Parameter Symbol 802.5J 802.5J
Limits Limits
B | ©@8MBd | @32MBd |

Launched Optical Pt on -12to -19 -12to -19

| _Power Over Life I -
Extinction Pr extinct 13 dB less 13 dB less

- I than Pron than Pron
Average Power Pr off -38 -38

| Transmitter Disabled R R R
Maximum Optical tr 25 6.0

| Rise Time . S R _
Maximum Optical te 25 6.0
Fall Time - o -
Maximum Difference | tr-te] 12 3
Between Optical Rise

| _and Fall Times S B R E—
Maximum Symbol +4.0 +1.5

Units

d—l;m ;xg
dBm avg

ns

ns

ns

Table 2. Key IEEE 802.5 Fiber-Optic Link Specifications

Test Receiver Input Conditions Required Link Performance
Conditions
Length of Maximum Maximum Received Maximum Maximum
62.5/125 pym Rise/Fall Time Rise/Fall Time Optical Jitter Jitter
Fiber-Optic of Received of Received Power at 8 MBd at 32 MBd
Cable Optical Pulse Optical Pulse | (dBm avg.) (nspp) (nspp)
(meters) at 8 MBd at 32 MBd
(ns) (ns)
10 25 6.0 - 12 max. 9.9 5.8
I S SR St S SN
2k 60 27 - 32 min. 18.3 9.2
e
Length of Maximum Maximum Received Minimum Minimum
62.5/125 ym Rise/Fall Time Rise/Fall Time Optical Eye Opening Eye Opening
Fiber-Optic of Received of Received Power at 8 MBd at 32 MBd
Cable Optical Pulse Optical Pulse | (dBm avg.) (ns) (ns)
(meters) at 8 MBd at 32 MBd
(ns) (ns) N D -
10 25 6.0 - 12 max. 115 25.5
2k 60 27 - 32 min. 107 22.1

244




The LED forward current (Ig)
supplied by the simple voltage-
source driver shown in Figure 1
will change with variations in
Vee and LED forward voltage
(Vr). The tolerance of resistors
R7, R8, and R9 will also effect
the magnitude of Ir. Deviations
in Ig due to the 74ACT11000
nand-gate voltage-source are in-
significant. The typical output
impedance of the three parallel

connected nand gates is only 1
ohm and the external resistors
R7 and R8 which limit the LED
current total to 66 ohms. This
large difference between the
source-impedance of the nand-
gate voltage-source and the sum
of R7 and R8 makes it improb-
able that changes in LED Iy will
result due to process variations
in the 74ACT11000.

A voltage-source drive-circuit
suited for Token Ring applica-
tions is shown in Figure 1. This
simple circuit is designed to
nominally drive the LED at a for-
ward current (Ip) of 60 mA dc,
when logic “0” is applied to pin 9
of U4D. Normal tolerances of the
circuit cause the LED current to
be greater or less than the 60 mA
forward current recommended
for the HFBR-14X4. Since the

+5V Ve
4100 l
J1 T T T T T T T T )
JUMPER | |
TTLIN | '
J102 | U4D !
74ACT11000 |
ENABLE IN ! 8 7 |
4103 c14 X QD)—!—“
0.1 uF | |
1
IT‘)r | |
&) J2 | |
— JUMPER |
= LT 1016 | uac
| ous | 74ACT11000 |
-DIFF. IN 2N 7 ) " 6 |
J104 - M | 10! & t
+DIFF. I - é ¢ ! !
J105 - | |
456 | |
RS ¢ R6 12, S
510Q 25100 | |
” C15 13, |4
- 0.1uF i '__—4
\l
L4 ) | o
| u4B I —
| 74ACT 11000 | -
15, |
. ___L—D 3
H 1 14 t
c16 ! '
[ | I
= s20% I |
I U4A :
OV SYSTEM | 74ACT11000 |
COMMON | 1 2 |
| |
— | |
= 2,67 | |
LED Y, = Tmmmmmem————==
HFBR-14X4 3 \
\ R8 34.80 1%
NOTES: A
1. ALL RESISTORS #5% UNLESS c17
OTHERWISE SHOWN R7 y, 56 PF
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Figure 1. Voltage Source Transmitter for Token Ring LAN applications.
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light output of the LED is pro-
portional to the forward current,

Lic varia 43nm 3 T nasiang
changes in the optical power
coupled into the fiber. The ele-
ments contributing to the varia-
tions in forward current are LED
forward voltage (Vp), tolerance of
the resistors which set the drive
current, and variations in Vgc.
When tolerances of the circuit
add up to increase the forward
current of the LED, about a 0.8
dB increase in the light output
can be expected. This light out-
put level is well within the limits
of the IEEE 802.5J standard,
and is less than the saturation
point of the recommended re-
ceiver. Decreases in LED for-
ward current due to circuit toler-
ances cause a 1.0 dB drop in the
light coupled into the fiber under
worst-case conditions. The worst-
case condition occurs when V¢c
is low, LED forward voltage (Vp)
is high, and resistor tolerance is
high.

The HFBR-14X4 data sheet
specifies launched power at

Ir = 60 mA, and assumes that
LED forward current is constant.
Normal tolerances of the voltage-
source LED driver will cause
variations in LED I that lower
the minimum power launched
into the fiber. This reduction in
launched power relative to the
Py62 specification given in the
HFBR-14X4 data sheet is ex-
pected. Voltage-source drive-cir-
cuit tolerances will lower LED
forward current and the amount
of light coupled into the fiber-op-
tic cable is directly proportional
to Ir.

For applications that require
tighter control of the launched
optical power, the current-source
transmitter shown in Figure 2 is
recommended. Figure 2 shows
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an LED drive-circuit which pro-
vides a forward current that is
independent of V¢c, and LED
forward voltage. The LED cur-
rent provided by this driver is
primarily determined by the tol-
erance of the bandgap reference
U3, and the tolerance of resistors
R5 and R6. The -2 mV/°C tem-
perature coefficient of the base-
emitter junction of Q3 or Q4 in-
creases the voltage applied to R5
and R6 as ambient temperature
rises. The temperature coeffi-
cient of NPN transistor base-
emitter voltage is thus used to
increase the magnitude of the
current applied to the LED as
temperature rises. This tech-
nique prevents LED light output
from decreasing as temperature
rises by compensating for
changes in the LED quantum
efficiency.

Either of the LED drivers shown
in this Application Note will ad-
dress the requirements called
out in the IEEE 802.5J specifica-
tions. The design rules for the
LED driver shown in Figure 1
are given in Equation 1 and the
design rules for the LED driver
shown in Figure 2 are provided
in Equation 2.

When choosing the driver, the
designer should consider the fol-
lowing factors. The LED driver
shown in Figure 1 is simple, but
has a slight variation in the
power coupled from the LED to
the fiber. The circuit shown in
Figure 2 is more complex, but of-
fers tighter control over varia-
tions in launched optical power.
System designers are encour-
aged to choose the LED driver
which best meets their require-
ments. If cost and board space
are of greater concern than
variations in launched optical
power then the voltage-source

Equation 1
Design rules for voltage

source LED driver circuits.

N = Number of gates
connected in parallel.

B = Empirically determined
constant for optimum
relationship between
prebias and LED forward
current.

(Vcc - VF) (1+B)

R9 =
Iron

R8 = @

2B
R7 = R9 3

2B N
C= 2.0 x 10-9

R8

Recommend B = 3.97

Equation 2

Design rules for temperature
compensated current source
LED driver circuit.

AVus-VBEqs AVus- VBEg,
+
R5 R6

F

124-0.7 1.24-07
+

R5 R6

1 1
Ir =(124-07)\ —+ —
R5 R6

Ip

Vou-VoL 5V

Ig Ip

2.0 ns
R3

C4 =
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transmitter circuit shown in Fig-
ure 1 makes the most sense. If
the designer desires to maximize
the optical power budget of the
fiber-optic link then the trans-
mitter circuit shown in Figure 2
is a better choice.

Recommended Receiver
Designs For Token Ring
A simple receiver which complies
with IEEE 802.5J specifications
is shown in Figure 3. The post-
amplifier comparator function
used to convert the analog out-
put of the HFBR-24X6 to digital
data is generally referred to as a
quantizer. Micro Linear’s ML-
4622 quantizer also contains a
link-monitor function. The link
monitor inhibits the data output
when optical power drops below
the minimum level needed to en-

R1
10Q
———AAA

sure that the receiver’s output is
error free.

The receiver recommended in
Figure 3 has a typical sensitivity
of -34 dBm average at a Bit-
Error-Rate (BER) of 1x10-10
when receiving 32 MBd
Manchester encoded data. This
receiver performance was mea-
sured using 2 km of 62.5/125 um
fiber with the BER tester’s clock
centered in the middle of the re-
ceived 32 MBd Manchester sym-
bols. The link-monitor function
must be disabled by grounding
pin 15 of the ML-4622 quantizer
in order to measure the ultimate
sensitivity of the receiver. In
normal operating mode, the ML-
4622’s link monitor disables the
data output of the fiber-optic re-
ceiver before the probability of
an error exceeds 1 in 1010 bits.

When receiving a repetitive 32
MBd D2D2 hexadecimal word,
the total peak-to-peak jitter at
the data output of the circuit
shown in Figure 3 is typically
less than 7 ns. A D2D2 hexadeci-
mal pattern was used to test the
complete fiber-optic link because
it emulates the worst data de-
pendent stress possible with
Manchester encoding. The excel-
lent performance of the circuits
recommended in this Application
Note allows low jitter to be
achieved when data is transmit-
ted over a 2 km segment of 62.5/
125 um fiber with a received opti-
cal power of -32.0 dBm average.
The low jitter attained at the
receiver’s output corresponds to a
clear eye-opening which is typi-
cally > 24 ns. A wide eye-open-
ing is desirable because this
minimizes the accumulation of

o L
OanT

N

D1
HLMP-4700

- I < +8V Ve
c7
& l’ cs

10 uF 10 uF
+20% +20% 01uF

0V GND
R2
12KQ
Ut
¥ 1
8| 6| 5|HFBR-24X6 LINKMON CMP EN |'® .
c2 0.1 uF
N 0.001 uF 2 15
> % F— GND VTH ADJ
—> =
2
/_ 3 14
1 VIN -~ Vrer c10
- . . " 0.001 uF
VIN + cTiMER —]
ca
| 0.1 uF 5
It —fvoc U2 v | .
c3 ML4622 R
0.001 uF 6 "
| CcF2 0.1 pF
é — TTLOUT | % "
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Figure 3. Receiver for Token Ring LAN Applications.

248



jitter when data is passed from
station-to-station in the Token
Ring LAN.

Demo Kit For Fiber-
Optic Token Ring

The transceiver circuits shown in
Figures 1, 2, and 3 are suited for
use in fiber-optic multi-station
access units (MAUSs), bridges, fi-
ber optic media converters, re-
peaters, and adapter cards. This
recommended transceiver can
easily be compared to the IEEE
specifications listed in Tables 1
and 2 by ordering the HFBR-
0414 demo kit. The HFBR-0414
kit contains a small 2 3/4 by 1 3/4
inch through-hole printed circuit
board and all of the active de-
vices needed to build the circuits
shown in Figures 1 and 3. This
inexpensive kit can be completed
using readily-available passive
components such as radial-lead
monolithic ceramic capacitors,
radial-lead epoxy-dipped tanta-
lum capacitors, and axial-lead 1/
4 W resistors. The passive com-
ponents needed to assemble this
fiber-optic demo are available in
most engineering stock rooms.
The HFBR-0414 demo kit mini-

mizes the engineering cost of
building the fiber-optic trans-
ceiver recommended in this Ap-
plication Note, reduces time-to-
market by minimizing the effort
required to construct working
prototypes, and enables design-
ers to quickly confirm that
Hewlett-Packard’s HFBR-0400
fiber-optic components can meet
Token Ring LAN requirements.
The measured performance of
the circuits used in the HFBR-
0414 demo can be found in
Tables 3 and 4. Table 3 shows
the measured performance of the
transmitter recommended in Fig-
ure 1. Table 4 shows the mea-
sured performance of an entire fi-
ber-optic link which uses the cir-
cuits recommended in Figures 1
and 3.

Measured Performance
Of The Complete
Fiber-Optic Link

Figure 4 shows the TTL output of
a fiber-optic transceiver con-
structed using HFBR-14X4 and
HFBR-24X6 components. The
results shown in Figure 4 were
obtained at room temperature
when 32 MBd data is transmit-
ted through 3.32 km length of

62.5/125 pm fiber terminated
with ST connectors. Figure 4
shows that average jitter is ap-
proximately 7 ns and that the
eye opening is roughly 24 ns
when an optical attenuator is
used to adjust received power to
-32 dBm average. Figure 4 was
measured using a D2D2 hexa-
decimal test pattern that simu-
lates the worst stress possible
with Manchester encoded data.
The waveform shown in Figure 4
was obtained by connecting an
HP 54100A Digitizing Oscillo-
scope to the receiver’s TTL out-
put. The infinite persistence
mode of the HP 54100A Digitiz-
ing Oscilloscope was used to de-
termine the peak-to-peak jitter
and eye opening. Figure 5 shows
that the receiver does not over-
load when a short 1 m length of
62.5/125 um fiber is substituted
for the long cable.

A more accurate method of deter-
mining the performance of a
complete fiber-optic link is to use
a computer controlled delay line
and a BER test set. The com-
puter is used to adjust the posi-
tion of the BER test set’s clock so

Table 3. Measured Performance of the Transmitter Shown in Figure 1

Mean Performance of Five Transmitters Tested at Room Temperature

Parameter

Pt On

B WPQV Off

LED t,
LED t¢
I tr"«f'l

Tx jitter

Measured Typical Test Conditions
] ?erfoxfmangg ]
-12.2 dBm pk. Logic “0” at Transmitter
TTL Input, Ifdc = 60 mA
-82.2 dBm pk. Logic “1” at Transmitter
] - TTLIn
1.30 ns 1 MHz Square Wave Input
3.08 ns 1 MHz Square Wave Input
1.77 ns 1 MHz Square Wave Input
0.823 ns pp 32 MBd D2D2
Hexadecimal Input
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Table 4. Measured Performance of the Transceiver Shown in Figures 1 and 3

Mean Jitter of 5 Transceivers at Maximum Received Optical Power at Room Temperature

Output

Test Conditions

P; =-11.3 dBm avg. with
32 MBd D2D2 Hexadecimal Data

Parameter Measured Typical
Performance

1 m Link Jitter @ Rx ECL 3.04 ns pp

Output

1 m Link Jitter @ Rx TTL 2.18 ns pbA )

P, =-11.5 dBm avg. with
32 MBd D2D2 Hexadecimal Data

Mean Performance of 5 Receivers with 1 m of 62.5/125 pm

Fiber at Room Temperature

'32 MBd D2D2 Hexadecimal Data

Parameter Measured Typical
Performance
Mid Bit Rx Sensitivity -36.1 dBm avg.
@ BER of 1 x 10-10
Link Monitor Assert -34.4 dBm avg.
Threshold

Test Conditions

32 MBd D2D2 Hexadecimal Data

Mean Performance of 5 Links with 2 km of 62.5/125 uym Fiber at Room Temperature

Parameter Measured Typical Test Conditions
Performance

Mid Bit Rx Sensitivity -34.1 dBm avg. 32 MBd D2D2 Hexadecimal Data
@BER of 1 x 10-10

Link Jitter @ Rx ECL 6.91 ns pp P, = -32.0 dBm avg. with

Output 32 MBd D2D2 Hexadecimal Da@ B l

Link Jitter @ Rx TTL 5.52 ns pp P, =-32.0 dBm avg. with

Output 32 MBd D2D2 Hexadecimal Data

Figure 4. Receiver Output vs. Clock with Long Fiber.
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CH #1 BER MACHINE CLOCK (400.0 mV/div).
CH #2 RECEIVER TTL OUTPUT (1.0 V/div).
TIMEBASE = 10.0 ns/div

TEST CONDITIONS:
32 MBd D2D2 HEXADECIMAL DATA.
3.32 km OF 62.5/125 um FIBER.
RECEIVER OPTICAL POWER, Py = -32 dBm AVERAGE.
TRANSMITTER OPTICAL POWER, Pt = -14.8 dBm AVERAGE.



that the probability of error is 3. The measured results shown
measured in 1.5 ns steps through in Figure 6 were obtained by
the entire 31.25 ns period of using an optical attenuator at
every 32 MBd symbol. This the end of the 2 km fiber. For
technique was used to create the these tests the attenuator was
plot of BER versus clock delay. adjusted so that the optical
Figure 6 shows that BER is power applied to the receiver
< 1.1 x 10-10 for 24.9 ns of each was -32.0 dBm avg.

symbol transmitted through the

2 km length of 62.5/125 um fiber.

This performance was obtained

when using the transmitter and

receiver shown in Figures 1 and

CH #1 BER MACHINE CLOCK (400.0 mV/div).
CH #2 RECEIVER TTL OUTPUT (1.0 V/div).
TIMEBASE = 10.0 ns/div

TEST CONDITIONS:
32 MBd D2D2 HEXADECIMAL DATA.
1.0 m OF 62.5/125 um FIBER.
RECEIVER OPTICAL POWER,
Py =-11.4 dBm AVERAGE.

Figure 5. Receiver Output vs. Clock with Short Fiber

T T

PERIOD 31.3 ns

OPTICAL POWER = -32 dBm AVERAGE
EYE OPENING AT 9.9 x 1009 25.7 ns l
1x109 EYE OPENING AT 1.0 x 1009 25.3 ns
EYE OPENING AT 1.1 x 10-1024.9 ns. !
1x10°5 e —
«
I
o
1x107 —%- - - e

R R S ’

125 15.6 18.8 219 25.0 28.1 313
CLOCK DELAY, ns

°
w
Fed
w
=
IS

Figure 6. BER vs. Clock Delay
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Insert and Bypass Key
Timing Requirements

Another important characteristic
that must be measured is the re-
sponse of the complete fiber-optic
link to the insert and bypass
keys used in Token Ring applica-
tions. The insert key is the most
critical of these two functions be-
cause it interrupts the Manches-
ter encoded data at the transmit-
ter for a time interval that is
much shorter than the bypass
key. Stations will fail to insert
into the ring if the pulse width of
the insert key is altered by the

fiber-optic transceiver. The in-
sert key must remain
undistorted while received opti-
cal power changes from a mini-
mum of -32 dBm average to a
maximum of -12 dBm average.
Figures 7 and 8 show that the
pulse width of the insert key
does not change as received opti-
cal power and fiber-optic cable
length vary over the ranges de-
fined by the 802.5J Trial Use
Standard.

HFBR-0414 TRANCEIVER

CH1

CH2

Figure

CH #1 802.5J INSERT KEY (2.0 V/div).
CH #2 PIN 11 OF ML-4622 (1.0 V/div).
TIMEBASE = 500 us/div

TEST CONDITIONS:
32 MBd D2D2 HEXADECIMAL DATA.
1m OF 62.5/125 um FIBER.
Py =-11.6 dBm AVERAGE.

» HFBR-0414 TRANSCEIVER
CH #1 802.5J INSERT KEY (2.0 V/div).

CH1

CH2

! CH #2 PIN 11 OF ML-4622 (1.0 V/div).
' TIMEBASE = 500 jis/div.

32 MBd D2D2 HEXADECIMAL DATA.
2 km OF 62.5/125 um FIBER.

PLUS OPTICAL ATTENUATOR.

Py =-32 dBm AVERAGE.

Figure 8. Insert Key Response with Long Fiber.
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Printed Circuit

Layout Techniques

The circuits given in this Appli-
cation Note are recommended for

use in any system which ad-

dresses the requirements speci-

fied in the IEEE 802.5J Trial-

Use standard. HP encourages 4)
customers that want to use
HFBR-0400 components in fiber-
optic Token Ring applications to
utilize these circuits in their
products. The performance of
the fiber-optic transceiver shown
in this publication is partially
dependent on the layout of the
printed circuit board on which
this recommended circuit is
constructed.

5)

The following simple rules
should be followed if you desire
to layout a unique printed circuit
(PC) board for the fiber-optic
transceiver recommended in this
publication.

1) Design the PC board with a
ground plane. Use a ground
and a power plane if possible.
This minimizes the induc-
tance of the ground and
power leads connected to the
transceiver.

2) Minimize the size of cuts or
openings in the ground and 7
power planes. This
minimizes the parasitic
inductance and improves the
dampening of both the
transmitter and receiver
circuits.

3) The two circuit traces
connected between the
HFBR-24X6 and the
differential input of the
receiver’s quantizer should
be of equal length, and the
components in both traces
should be placed to achieve

symmetry. This minimizes
the cross-talk between the
fiber-optic transmitter and
receiver and improves the
receiver’s immunity to
environmental noise.

Connections between the
drive circuit and the LED
should be of minimum
length. This minimizes the
noise emitted by the
transmitter and improves
the optical rise/fall time of
the LED.

A large 10 pF electrolytic
capacitor and a 0.1 uF
monolithic-ceramic capacitor
should be located as close to
the signal source which
drives (current-modulates)
the LED. This minimizes
the noise emitted by the
transmitter and improves
the optical response time of

the LED.

The low-pass filters shown
on the recommended
schematics must be used to
protect the fiber-optic
receiver from noise that is
present in the Voc power
supply.

If an inductor is used in
series with the receiver’s
Ve and Ve connections the
receiver should be referenced
to Voe and Ve islands that
are isolated from the
remainder of the
transceiver’s power planes. A
differential interface at the
receiver’s output is required
if inductors are used in
series with Ve and Vee.
This dual-inductor filter is
recommended if the receiver
is operated in a noisy
environment.
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Printed Circuit Artwork

Variations in transceiver perfor-
mance due to circuit layout can
be avoided by using the artwork
shown in Figure 9. Designers
that would like to use the art-
work provided by HP are encour-
aged to embed the PC artwork
shown in this Application Note
into their systems. The PC art
shown here is available from an
electronic bulletin board that can
be down loaded using a 2.4 kBd
telephone modem. If you desire
an electronic copy of this PC art
call 408-435-6733 in the conti-
nental USA and Canada. The
Orecad file for the through-hole
transceiver shown in Figures 1
and 3 is 802KITP.EXE. The
through-hole transceiver is also
available as a Gerber file under
the file name 802KITG.EXE.
The file name for the current-
source LED driver shown in Fig-
ure 2 is IDRIVE.EXE.

Designers should note that
printed circuits for the fiber-optic
solutions recommended in this
Application Note are not difficult
to create. If your product re-
quires a unique printed circuit
this can easily be accomplished
by following the 7 layout rules
previously discussed. The
printed circuit art provided in
this Application Note was devel-
oped in one design cycle using
these PC design rules.

System designers that want to
quickly evaluate the transceiver
recommended in this application
note should order the HFBR-
0414 demo kit. The HFBR-0414
contains a printed circuit board
and all of the active devices
needed to build the transceiver
shown in Figures 1 and 3 of this
Application Note. A list of the

components needed to construct
the transceiver shown in Figures
1 and 3 is shown in Tabie 5. The
HFBR-0414 evaluation kit mini-
mizes the design effort needed to
implement fiber-optic systems
that comply with IEEE 802.5J
standards and reduces the time
needed to bring new Token Ring
LAN products to market.

Conclusion

The transmitters and receivers
shown in this Application Note
have excellent performance. En-
gineers designing systems for
use in fiber-optic Token Ring ap-
plications can save a consider-
able amount of time and effort by
utilizing the circuits recom-
mended in this publication. De-
signers that are planning to
build products which address the
specifications called for in IEEE
802.5J are encouraged to evalu-
ate these recommendations and
determine how well Hewlett-
Packard’s HFBR-0400 fiber-optic
components can address their
Token Ring applications.
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Table 5. Bill of Materials for the Circuits in Figures 1 and 3.

Item Ref. Qty. Description Vendor Vendor

# Desig. Each Part Number

1 R1 1 Axial lead resistor 10 €2, £5% 1/8 W

2 R2 1 Axial lead resistor 1.2 K €, 5% 1/8 W |

3 | R3L.R4AS5.A6 | 4 | Axallead resistor 510 2 £5% 1/8W

4 | R 1 Axial lead resistor 34.0 2, £1% 1/8 N |

5 R8 11 _ Axial lead resistor 34.8 Q2, +1% 18W | » -

6 R9 1 Axial lead resistor 280 , +1% 1/8 W

7 C1,C4,Cs, C9, 9 Monolithic Ceramic Radial Lead Capacitor N

C11,C12,C13, 0.1 uF £10% 50 V X7R
C14,C15

8 C2,C3,C10 3| Monlithic Ceramic Radial Lead Capacitor o T
0.001 uF £10% 50 V X7R

9 c5 1 Monolithic Ceramic Radial Lead Capacitor o
4.7 pF £10% 50 V COG -

10 C17 1 Monolithic Ceramic Radial Lead Capacitor
56 pF +10% 50 V COG

IH] C6,C7,C16 3 Tantalum Radial Lead Capacitor T
10uF+20% 10V

12 L1 1 Axial Lead Molded Inductor Delevan 1025-36K
4.7 uH £10%, Resonant Freq. 75 MHz,
1.2 Q dc Res.

13 Ut 1 125 MHz Low Cost Miniature Fiber-Optic HP HFBR-2416
PIN-Amplifier Receiver

14 u2 1 Integrated Post Amplifier/Comparator | Micro Linear ML-4622
(Quantizer)

15 U3 1 Comparator Linear Tech. LT-1016

16 | U4 1 Quad Two Input NAND Gate, | Texas Instr. | 74ACT11000
Ni Barrier, Sn or Sn/Pb Plated

17 ) K 820 nm LED Transmitter o HP HFBR-1414

18 D1 1 Low Current LED Lamp HP HLMP-4700
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Introduction

Fiber-optic cables have histori-
cally been used when the dis-
tance is too long, or the data rate
is too high, for the limited band-
width of wire. Optical communi-
cation links are also favored when
the environment through which
the data will pass is elec-trically
noisy, or when electro-magnetic
radiation from wire cables is a
concern. Optical fibers have nu-
merous technical advantages over
conventional wire alternatives,
but the cost of fiber-optic solu-
tions has always been higher un-
til now.

The Inherent
Disadvantages Of Wire
Systems which must communi-
cate are often connected to differ-
ent reference potentials which are
not necessarily zero volts, or in
other situations ground refer-
ences that are thought to be 0 V
are electrically noisy. Metallic
connections between systems
with different ground potentials
can be implemented by using the
proper isolation and grounding
techniques, but if these tech-
niques are not strictly adhered to
conductive cables will introduce
conflicts between systems operat-
ing at different ground poten-
tials. Data communication system

5965-8542E

designers must exercise caution
to ensure that conductive cables
do not exceed radiated noise lim-
its established by the FCC, and
cable installers need to route wire
cables away from other power
conductors that might couple
electrical noise into the data by
magnetic induction. Conventional
wire transmission lines must also
be terminated using a load resis
tor equal to the characteristic im-
pedance of the metallic cable.
This termination resistor must
always be connect-ed to the re-
ceiving end of every wire cable to
ensure that pulses are not re-
flected back toward the data
source causing interference with
the transmitted data.

Fundamental

Advantages Of Optical
Communication
Non-conductive optical cables
have none of the traditional prob-
lems associated with wire. When
using a fiber-optic solution, sys-
tem designers do not need to be
concerned about environmental
noise coupling into cables, or
worry about whether there is a
termination resistor at the end of
the cable. Conflicts between sys-
tems with different reference po-
tentials do not happen when us-
ing insulating fiber-optic media

because optical cables do not have
conductors or shields that can be
improperly grounded when the
cables are installed or main-
tained. The fiber-optic receiver is
the only portion of the optical link
which is sensitive to noise, and it
can easily be protected because it
is contained within the host sys-
tem which is receiving the data. A
simple power supply filter is usu-
ally sufficient to protect the fiber-
optic receiver from the host
system’s electrical noise. Electro-
static shielding can be applied to
the receiver if the host system is
particularly noisy, but electro-
static shields are not needed in
most applications if the circuit
techniques recommended in this
application note are used.

A Fiber-Optic Solution At
Wire Prices

The traditional argument for us-
ing copper wire has always been
that fiber-optic solutions cost
more, but Hewlett-Packard’s Ver-
satile Link components now en-
able system designers to over-
come cost barriers that have his-
torically prevented the use of fi-
ber-optic cables in short distance
applications. The HFBR-15X7
LED transmitter, and the
HFBR-25X6 receiver, can be used
with large diameter 1 mm plastic,
or 200 um Hard Clad Silica
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(HCS ™ ) step index fibers to build
unusually low cost data communi-
cation equipment. The fiber-optic
solution described in this applica-
tion note can transmit data at
rates up to 12 5 MBd for the same
price as shielded twisted pair
wire, but this unusually low cost
optical data link has none of the
disadvantages that are inherent

to wire cables.

Distances and Data

Rate Capabilities of
HFBR-15X7/25X6

Various distances and data rates
are possible when the HFBR-
15X7 and HFBR-25X6 compo-
nents are used with large core
step index fibers. At low data
rates, the distances achievable are
determined by the sensitivity of
the receiver, cable attenuation,
and the amount of light which the
LED can launch into the fiber
core. As data rate increases, fiber
bandwidth will begin to influence
how long the optical data link can
be, and how fast the data can be
transmitted. A plastic fiber with

a 1 mm core diameter will couple
more light from the LED than a
composite fiber with a 200 mm di-
ameter silica glass core and plas-
tic cladding, but greater distances
are achievable with the composite
fiber since it has significantly
lower attenuation than possible
with an all-plastic fiber.

The distance data rate curves shown
in Figures 1 and 2 are provided to al-

low designers to quickly determine if

HFBR-15X7 and HFBR-25X6 can be
used with large core optical fibers to
meet their system requirements.
Figure 1 shows the distances and
data rates that can be achieved with
HP's 1 mm plastic fibers and Figure
2 shows what can be accomplished
when using HP’s 200 mm hard clad
silica fibers. If designers utilize the
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Figure 2. Distances and Data Rates Possible with 200 HCS Fiber.

circuits recommended in this applica-
tion note, digital fiber-optic links can
normally be implemented at dis-
tances and data rates within the
shaded portions of Figure 1 and Fig-
ure 2 . The fiber-optic transceiver
shown in this publication was opti-
mized for operation at 125 MBd.
Greater distances can be achieved at
data rates less than 125 MBd by op-
timizing the transmitter and receiver

circuits for operation at lower speeds.

Figure 1 shows the performance
possible with 1 mm diameter
plastic fiber. The HFBR-156X7/
25X6 components can be used
with standard 1 mm plastic cables

to build 20 meter links which are
capable of transmitting data at a
rate of 125 MBd. When low loss
plastic fiber is used, distances of
25 meters are possible at 125
MBd. As data rate decreases, the
distance achievable with 1 mm fi-
ber increases. Figure 1 shows that
a distance of 100 meters is typi-
cally possible at rates as low as 33
MBd when using low loss 1 mm
plastic fiber.

Composite fiber with a silica glass
core and plastic cladding can
achieve greater distances than
possible with an all plastic fiber.
Figure 2 shows what can be ac-



complished when HFBR-15X7
and HFBR-25X6 components are
used with 200 um diameter hard
clad silica (HCS)

fiber. Substantial increases in
cable length are possible when us-
ing 200 pm HCSTM fiber since it
has a much lower optical attenua-
tion than 1 mm plastic fiber. Fig-
ure 2 indicates that 125 MBd data
rates are typically possible with
125 meter lengths of 200 pm
HCSTM fiber when using the
transceiver recommended in this
publication. Distances of 1 km can
typically be achieved at data rates
as low as 20 MBd due to the much
lower optical losses of 200 um
HCSTM cable.

Advantages of Encoded
Run Limited Data

Fiber-optic transceivers are com-
monly used in systems that use
some form of encoding. When data
is encoded the original data bits
are replaced with a different
group of bits known as a symbol.
Data is encoded to prevent the
digital information from remain-
ing in one of the two possible logic
states for an indefinite period of
time. When data is encoded, a
characteristic known as the “run
limit” is established. If data is not
changing, the run limit defines
how much time may pass before
the encoder inserts a transition
from one logic state to another.
The run length, or run limit of the
encoder, is the number of symbol
periods that are allowed to pass
before the encoder changes logic
state. Encoders also force the en-
coded data to have a 50 % duty
factor, or they restrict the duty
factor to a limited range, such as
40 to 60%. When data is encoded,
the fiber-optic receiver can be ac
coupled as shown in Figure 3.

HCS is a registered trademark of
SpecTran Corporation.

Without encoding, the fiber-optic
receiver would need to detect dc
levels to determine the proper
logic state during long periods of
inactivity, as when there is no
change in the transmitted data.
AC-coupled fiber-optic receivers
tend to be lower in cost, are much
easier to design, and contain
fewer components than their de-
coupled counterparts.

The output of the HFBR-25X6
should not be direct coupled to
the amplifier and comparator
shown in Figure 3. Direct cou-
pling decreases the sensitivity of
a digital fiber-optic receiver, since
it allows low-frequency flicker
noise from transistor amplifiers
to be presented to the receiver’s
comparator input. Any undesired
signals coupled to the comparator
will reduce the signal-to-noise ra-
tio at this critical point in the cir-
cuit, and reduce the sensitivity of
the fiber-optic receiver.

Another problem associated with
direct-coupled receivers is the ac-
cumulation of de offset. With di-
rect coupling, the receiver’s gain
stages amplify the effects of unde-

sirable offsets and voltage drifts
due to temperature changes.
These amplified dc offsets will
eventually be applied to the com-
parator and result in reduced sen-
sitivity of the fiber-optic receiver.
The dc offset at the comparator
can be referred to the optical in-
put of the receiver by dividing by
the receiver gain. This division
refers the dc offset at the com-
parator to the receiver input
where it appears as a change in
optical power that must be ex-
ceeded before the receiver will
switch logic states. Problems with
de drift can be avoided by con-
structing the receiver as shown in
Figure 3.

Encoding has other advantages.
Encoding merges the data and
clock signals in a manner that al-
lows a timing-recovery circuit to
reconstruct the clock at the re-
ceiver end of the digital data link.
This is essential because fiber-op-
tic links can send data at such
high rates that asynchronous tim-
ing-recovery techniques, such as
over-sampling, are not very practi-
cal. Without encoding, the clock
signal required to synchronously
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Figure 3. Fiber-Optic Receiver Block Diagram.
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detect the data would need to be
sent via a second fiber-optic link.
Separate transmission channels
for data and clock signals are usu-
ally avoided due to cost, but prob-
lems with time skew between the
data and clock can also arise if
separate fibers are used to trans-
mit these signals.

Characteristics of
Encoders

A Manchester encoder replaces
each bit with two symbols, for in-
stance, a logic “1” is replaced by a
(“1”,“0”) symbol, and a logic “0” is
replaced by a (“0”, “1”) symbol.
Manchester code is not very effi-
cient since it doubles the funda-
mental frequency of the data by
substituting 2 symbols for each bit
transmitted. Block substitution
codes such as 4B5B replace 4 bit
groups of data with a 5 bit sym-
bol. Another popular block substi-
tution code is 5B6B, which re-
places each group of 5 bits with a
6 bit symbol. Substitution codes
encode the data more efficiently.
If a Manchester code is used to
transmit data at 100 Mbits/second
the fiber-optic channel must be ca-
pable of passing 200 M symbols/
second. Baud (Bd) is expressed in
units of symbols/second, thus the
Manchester encoder in this ex-
ample requires a serial data link
that can work at 200 MBd. If the
Manchester encoder is replaced by
a 4B5B encoder, the 100 M bit/
second data can be sent at a sig-
naling rate of 125 MBd. In binary
transmission systems the maxi-
mum fundamental frequency of
the data is half the symbol rate
expressed in Bd. When a
Manchester encoder is used to
send 100 M bit/second data, at a
symbol rate of 200 MBd, the
maximum fundamental frequency
of the data is 100 MHz. By using a
4B5B encoder, the same 100 M
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bit/second data can be transmit-
ted at 125 MBd, at a maximum
fundamental frequency of

62.5 MHz.

The minimum fundamental fre-
quency that the fiber-optic link
must pass is determined by the
encoding rule chosen. The run
limit of the encoder determines
the maximum number of symbol
periods that the encoder will al-
low before it forces a transition,
thus the encoder’s run limit deter-
mines the minimum fundamental
frequency of the encoded data.
Manchester code will allow only
two symbol periods to pass with-
out a transition. As many as 3
symbol times without a transition
will be allowed by the 4B5B en-
coder used in the AMD
TAXIchipTM.

Figure 4 illustrates the attributes
of various encoding techniques.
Figure 4 shows that as encoder ef-
ficiency improves the bandwidth
needed in the fiber-optic commu-
nication channel is reduced, or
conversely, for a fixed communi-
cation channel bandwidth the
number of bits/second that can be
transmitted will go up as encoder
efficiency improves.

SERIAL DATA

0% TO 100% DUTY FACTOR (D.F.)

Total Solution Cost

125 Mbd Link Costs

The cost of a 125 MBd link con-
sists of the cost of the data trans-
ceiver, and the cost of the media
(cable and connectors). For the
recommended +ECL transceiver
discussed in this application note,
the material costs in low volume
are approximately $28.

The total material cost for a
logic-to-light transceiver is

under $30 in moderate volume,
which compares favorably with
the cost of a wire transceiver
solution capable of 125 MBd
performance over 100 meter
spans, but the big advantage of
this low cost fiber-optic technology
is its ability to provide better data
integrity than comparably priced
wire alternatives.

Cable costs

The price per meter of HCS cable
from HP and SpecTran is compa-
rable to the cost of shielded
twisted pair wire in similar vol-
umes. Connectors cost approxi-
mately a dollar, similar to typical
twisted pair RJ jack connectors for
data communications. Connec-

TAXIchip is a registered trademark of
Advanced Micro Devices, Inc.

100 MBd

SOURCE B NRZ DATA
100 M BITS/SEC 1o = 50 MHz
MANCHESTER 50% D.F 200 MBd
»> ENCODER ~ {——————#= ENCODED DATA
(50% EFFICIENT) fo = 100 MHz
4858 125 MBd
40% TO 60% D.F
EncoDER e 19080%DF o encODED DATA
(80% EFFICIENT) fo = 62.5 MHz
271 100 MBd
= 50% D.F.
»| SCRAMBLER - ENCODED DATA
(100% EFFICIENT) fo = 50 MHz

Figure 4. Attributes of Encoding.



Versatile Link Receiver with Simplex Connector for

HCS® fiber attached.

Stacked Versatile Link Transmitter/Receiver pair with Latching
Duplex Connector for plastic fiber attached.

tor installation requires no epoxy
or polishing, and can be completed
in less than a minute per connec-
tor. Therefore the installed cost of
HCS cable is similar to the in-
stalled cost of wire links of compa-
rable performance.

For shorter distance links, pre-
connectored plastic fiber cable
assemblies are available from
Hewlett-Packard Distributors at
attractive prices. For example, a
1 meter, duplex, pre-connectored
plastic fiber cable has a suggested
list price of approximately $13 for
a quantity of more than 50 units.
Again, these costs compare
favorably with the cost of data
grade wire cable assemblies at
similar volumes.

The costs of the 125 MBd
Versatile Link electronics, cable,
and connectors are all competitive

with wire solutions. However,
wire solutions frequently incur
additional costs in use due to
unanticipated trouble-shooting of
electrical interference due to poor
terminations or adjacent sources
of electrical noise. The inherent
electrical isolation of optical fiber
results in a more robust solution
and lower cost to the end user.

Circuits Recommended for
use with HFBR-15X7 and
HFBR-25X6

The HFBR-15X7/25X6
components can be used in a
diverse range of applications. Not
all applications can be addressed
with the circuits shown in this
publication, however, the
transceiver recommendation
which follows is useful in a wide
range of systems which transmit
encoded data at rates up to

125 MBd. If the design
suggestions given in this
publication do not meet your
needs, please feel free to contact
your Hewlett-Packard
Components representative for
more information.

Recommended Transmitter

The transmitter shown in Figure
5 is recommended for use with

1 mm plastic fiber. The
transmitter in Figure 5 applies a
forward current of 20 mA to the
HFBR-15X7 LED. If 200 pm
HCSTM fiber is to be used the
LED forward current must be
increased to 60 mA and the drive
circuit shown in Figure 6 is
recommended. The forward
current applied to the HFBR-
15X7 was chosen so that the LED
will couple the maximum amount
of light into the core of the fiber
without overdriving the HFBR-
25X6 receiver when short optical
cables are used.

The transmitters shown in
Figures 5 and 6 use the following
techniques to improve LED
performance. When the output of
Ul is a logic “17, resistor R11
applies a small residual prebias
current to the LED. This small
prebias current minimizes the
propagation delay distortion of the
LED. Prebias also improves LED
linearity sufficiently to permit the
use of a frequency compensation
circuit, which reduces the optical
rise/fall time of the fiber-optic
transmitter.

This frequency compensation
technique is often called drive
current peaking, because it adds
brief current spikes to the LED
drive current pulses. When
prebiased, the HFBR-15X7 LED
has an amplitude versus
frequency response which is
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roughly equivalent to a first order
low pass filter. Without prebias
and peaking, the HFBR-15X7
LED has a typical 10% to 90%
optical rise time of 12 ns. When
prebias is provided by R11, and
frequency compensation (peaking)
is provided by R10, and C8, the
10% to 90% optical rise time of the
HFBR-15X7 LED decreases to a
typical value of 3 ns, when using
1 mm plastic fiber. Optical rise
times of 3.5 ns are typical when
the peaked LED driver is used
with 200HCS fiber. The LED’s on-
state current is primarily
determined by the values of
resistors R8 and R9, but
Equation 1 shows that some on-
state current is also provided by
R11. Transistor Q3 is connected to
form a low cost high speed diode.
This diode allows LED prebias
current to be set independent of
the resistance chosen for R8 and
R9. The LED’s prebias current
can be calculated as shown in
Equation 2. Capacitance between
the emitter and collector of Q3
changes as a function of the diode
connected transistor’s forward
current. Current dependent
changes in the capacitance of Q3
ensure that the current peak
which turns the LED off will have
a larger amplitude than the
current peak applied when the
LED is switched on. LEDs are
characteristically harder to turn
off than on. The difference
between the amplitude of the
peak current applied at turn on,
and turn off, helps to reduce the
optical pulse width distortion of
the fiber-optic transmitter. One of
the best features of this
recommended LED driver circuit
is that all of the active and
passive components needed to
build 10,000 of the transmitters
shown in Figures 5 or 6 can be
purchased for about $10.00 per
circuit.

Equation 1:

If, =
ON R11

Equation 2:

Vee - Vropp)

Irorr = R11

(Vee - VFON)+ [Vee - (VFON + VCEQ3 + VOLU1)]
[(R8)(RIM(R8 + RI)]

Recommended Receiver

The recommended receiver is
shown in Figure 7. The HFBR-
25X6 component used in this
receiver linearly converts changes
in received optical power to a cor-
responding change in voltage.

The output of the HFBR-25X6 is
an analog signal which can easily
be converted to logic by a post am-
plifier and comparator. This post
amplifier comparator function is
often called a quantizer. A very
inexpensive quantizer can be
implemented using an
MC10H116 ECL line receiver.
The MC10H116 provides three
low cost differential amplifiers in
a single package. The MC10H116
can accommodate a large range of
input voltages. The large dy-
namic range of the MC10H116 is
very important! The quantizer
must have a large dynamic range
because the output of the HFBR-
25X6 can change from a few
millivolts to hundreds of millivolts
when fiber length and attenuation
are varied.

Several subtle techniques are
used to maximize the receiver’s
sensitivity to optical pulses, while
minimizing the receiver suscepti-
bility to electromagnetic interfer-
ence (EMI). In most systems, the
same +5 V dc supply which pow-
ers the fiber-optic receiver is also

used to power micro processors
and digital logic. The receiver
must be isolated from noisy dc
power supplies! This isolation is
provided by low pass filters that
prevent noise injection into the
HFBR-25X6, and quantizer,
through the +5 V power connec-
tions. The HFBR-25X6 is a minia-
ture hybrid circuit that, due to its
small physical size, is relatively
immunc to environmental noise.
In most applications, the HFBR-
25X6 has sufficient noise immu-
nity to operate without any addi-
tional electrostatic shielding, but
the connection between the
HFBR-25X6 and the non-invert-
ing input of the MC10H116 forms
a loop antenna with sufficient
area to receive significant
amounts of EMI. The receiver’s
susceptibility to EMI is minimized
by connecting a second loop an-
tenna with equal area to the in-
verting input of the MC10H116
quantizer. When connections to
the quantizer’s input are symmet-
ric, and have equal loop areas, the
common mode rejection of the
MC10H116’s difference amplifiers
will assure that the fiber-optic re-
ceiver provides good EMI immu-
nity.

263



Cc9
R12

0.47 uF Vee
470Q w3V
o
ves
o L
R23 R27
0.1 yF ats Ko $ 1';:(2;"2 $s10
510 A
c1s
0.1 uF ECL
5 2 1t 13 15 86— P
ARk ol ECL
3 m >
8 us 8 I " Gac™
HFBR-25X6 13:—:1/:6 Rig$  C16 10H116
5108 01uF
R17 _ A
51Q R24
R22 % 1K Q 2 R26
KQ 510
VeB
¢ R20
POWER M e
c23
L c18
IN 10 pF 2S\ 0.1 uF
¢ R21 us
ov $e2q TL431-CLP
L2

2.7 uH

v

Figure 7. +5 V ECL Receiver with Through Hole Pin Out.

Design techniques which improve
the EMI immunity of the receiver
help to minimize crosstalk be-
tween the transmitter and the re-
ceiver. Crosstalk will also be re-
duced when the printed circuit for
the fiber optic transceiver is de-
signed so that pin 4 of the HFBR-
15X7 LED transmitter is next to
pin 1 of the HFBR-25X6 receiver.
This arrangement maximizes the
distance between pin 2 of the
HFBR-15X7 LED and the power
supply lead (pin 4) of the HFBR-
25X6. When the distance between
pin 4 of the HFBR-25X6 and pin 2
of the LED is maximized, the
crosstalk between the LED trans-
mitter and the HFBR-25X6
receiver’s power pin is reduced.
The typical transmitter to receiver
crosstalk which occurs when us-
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ing the printed circuit shown in
this application note is equivalent
to a 0.5 dB reduction in receiver
sensitivity. The effect of trans-
ceiver crosstalk has already been
factored into the recommended
distances and data rates shown in
Figures 1 and 2.

The 125 MBd receiver shown in
Figure 7 typically provides a sen-
sitivity of -28 dBm average modu-
lated when used with 1 mm plas-
tic fibers. The same receiver can
be used with 200 pm HCSTM
fibers and will provide a typical
sensitivity of -29 dBm average
modulated at a data rate of

125 MBd. Overload characteris-
tics of the receiver are not influ-
enced by characteristics of the
MC10H116 quantizer. The maxi-

mum power which can be applied
to the receiver shown in Figure 7
is determined by the saturation
characteristics of the
transimpedance amplifier used in
the HFBR-25X6. The HFBR-25X6
is guaranteed to provide pulse
width distortion which is less than
2 ns when received optical power
is less than -9.4 dBm peak. Many
features have been incorporated
into the receiver recommended in
this publication, but one of the
most prominent characteristics of
the circuit shown in Figure 7 is
that all of the active and passive
components needed to build
10,000 fiber-optic receivers can be
purchased for about $15.00 per
circuit.



A Complete Fiber-Optic
Transceiver Solution

Figure 8 shows the schematic for
a complete fiber-optic transceiver.
This transceiver is constructed on
a printed circuit, which is 1" wide
by 1.6" long, using surface mount
components. When the trans-
ceiver shown in Figure 8 is tested
at a data rate of 125 MBd, using
100 m of 200 um HCSTM fiber, it
provides a typical eye opening of
5.4 ns at a BER of 1x10-9. The
power supply filter and ECL ter-
minations shown in Figure 9 are
recommended for use with the
transceiver shown in Figure 8.

The artwork for the surface
mount transceiver is shown in
Figure 10, and a complete parts
list is shown in Table 1. Designers
interested in inexpensive solu-
tions are encouraged to embed the
complete fiber-optic transceiver
described in this Application Note
into the next generation of new
data communication products.

Local Area Network Links
High speed LANSs such as FDDI
and ATM have adopted a common
footprint +5 V ECL transceiver,
often referred to as a “1X9

TDK #HF30ACB453215

transceiver”. The circuit in Figure
8 matches the electrical functions
of these industry standard
transceivers, with the exception
that there is no signal detect
function in the Figure 8 circuit
(pin 4 is nonfunctional).
Therefore, the recommended
circuit can be directly inserted
into boards designed for 1X9
transceivers and used as a lower-
cost alternative to the industry
standard 1300 nm transceivers. If
the MC10H116 comparator is
replaced with a Signetics NE5224
IC, the signal detect function can
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also be implemented, at a total
transceiver cost that is slightly
higher than the MC10H116
circuit, but still significantly less
than half the cost of an integrated
1300 nm 1X9 transceiver.

Lower speed LANSs such as
Ethernet and Token Ring typi-
cally use TTL ICs. The circuit of

Figure 8 can easily be modified for

TTL /O for such networks. Also

note that the HFBR-25X6 receiver
will work well with the Micro Lin-

ear ML4622/4624 quantizer ICs
designed specifically for Ethernet
and Token Ring.

The fiber-optic data links
described in this note will not be
interoperable with the available
industry standard transceivers,

and do not conform to the
specifications of IEEE or ANSI
LAN standards as currently
defined. However, these fiber-
optic links can be used in
proprietary systems where a
lower-cost, fiber-optic solution
is desired.

Byte-to-Light
Data Communication
The fiber-optic transceiver shown

in Figure 8 has a +5 V ECL inter-

face that is compatible with the
AMD TAXIchip. This transceiver
can be combined with the
TAXIchip to build complete data
communication systems that
bridge the gap between the serial
architecture of optical fibers and
the parallel architecture used in

computing, peripheral, and
telecom systems. TAXIchip pro-
vides all of the MUX, DEMUX,
encode, decode, and timing recov-
ery functions needed to interface a
serial fiber-optic communication
channel to a parallel processor.
The transceiver shown in Figure 8
provides all of the circuitry needed
to interface the HFBR-15X7 and
HFBR-25X6 components to the
Am7968/Am7969 TAXIchips.
Figure 11 shows how the fiber-
optic transceiver should be
connected to the Am7968 and
Am7969.

TAXIchip is a registered trademark of
Advanced Micro Devices, Inc.
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Figure 11. Byte-to-Light Transceiver.
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Testing Digital Fiber-
Optic Links

The overall performance of a
complete digital fiber-optic link
can be determined by stimulating
the transmitter with a pseudo
random bit sequence (PRBS) data
source while observing the
response at the receiver’s output.
A PRBS data source is a shift
register where data bits from two
or more shift register stages are
combined using an exclusive-or
gate. When a clock signal is
applied to the CLK input of the
shift register, and the output of
the exclusive-or gate is applied to
the Dgs input of the shift register,
the PRBS generator produces a
serial bit stream which appears to
be random, but is actually
periodic and reproducible. If the
PRBS generator is constructed
using a 23 bit long shift register,
the exclusive-or feedback can be
configured so that the shift
register will be in one of 223-1
possible states at any given clock
time. The 223-1 PRBS data
generator appears to be a source
of random serial data, but it is
actually the output of a shift
register which is in one of
8,388,610 precisely repeatable
states. PRBS generators send an
exactly repeating serial data
pattern that can be checked bit-
by-bit to determine if the fiber-
optic link made errors while
transporting the data. A bit-error-
ratio test set is an instrument
which contains a PRBS generator,
a bit-by-bit error detector, and an
error counter. Bit-error-ratio test
sets measure the probability that

the fiber-optic link will make an
error. Probability of error is
commonly expressed as a bit-
error-ratio or BER. The BER is
simply the number of errors
which occurred divided by the
number of bits transmitted
through the fiber-optic link in
some arbitrary time interval.

The +5 V ECL interface of the
transceiver shown in Figure 8 is
convenient for use with off-the-
shelf VLSI chips like the
TAXIchip, but it is not compatible
with the majority of the test
equipment used to measure the
performance of fiber-optic links.
Most bit error rate (BER) test sets
have conventional -5 V ECL in-
puts and outputs. The test fixture
shown in Figure 12 provides a
convenient way to convert +5 V
ECL to -5 V ECL. This test fixture
allows the transceiver in Figure 8
to be used with any BER test set
(BER machine) with a conven-
tional -5V ECL interface. The test
fixture in Figure 12 was used to
collect the performance data
shown in this application note.

The waveforms shown in Figures
13 and 14 are known as eye dia-
grams. These eye diagrams were
measured by connecting a Digitiz-
ing Oscilloscope, with a 1 GHz
bandwidth, to the receiver’s +5 V
ECL output. The HP 54100A os-
cilloscope used for these measure-
ments was triggered from the
PRBS generator’s clock. The lack
of correlation between the
oscilloscope’s time base, and the
PRBS generator’s clock, assures

that the oscilloscope will ran-
domly sample the PRBS data.
The infinite persistence mode of
the HP 54100A Digitizing Oscillo-
scope was used, and the electrical
output of the receiver was mea-
sured for roughly 1 hour, to deter-
mine the eye opening. As eye
opening, or eye width, increases,
the probability that the fiber-optic
link will make an error decreases.
A wide eye opening makes it
easier to extract the clock signal
which is normally encoded with
the data passing through the se-
rial communication channel. Fi-
ber-optic links are less likely to
make errors when the eye is wide
open, because there is more time
for the clock to synchronously de-
tect the data while it is stable and
unchanging.

The results measured in Figure
13 were obtained at room
temperature when 125 MBd
PRBS data was transmitted
through a plastic fiber-optic link.
Figure 13 shows that the eye
opening is typically 5.52 ns when
the recommended transceiver in
Figure 8 is used with 20 meters of
1 mm plastic fiber. Excellent
performance can also be achieved
by using the transceiver in Figure
8 with HP’s 200 um HCSTM fiber.
Figure 14 indicates that the eye
opening is typically 5.56 ns wide
when 125 MBd data is
transmitted through 100 meters
of 200 um HCSTM fiber.
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Figure 14. Typical Eye Opening with 100 m of 200 pm HCS™ Fiber.

A better method for measuring
the performance of a complete
optical data link is to use a
computer controlled delay line
and a BER test set. This
technique uses a computer to
adjust the delay of the BER test
set’s clock relative to the PRBS
data. At a data rate of 125 MBd
the clock delay was changed in
100 ps increments. The test
system then measures and stores
the probability of error at each
100 ps delay step until the clock
has been swept through the entire
8.0 ns period of every 125 MBd
symbol transmitted through the
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fiber-optic link. The results in
Figure 15 were obtained when the
BER test set applied 223-1 PRBS
data to the transmitter portion of
the transceiver under evaluation.
Figure 15 shows that when using
the transceiver recommended

in Figure 8 BER is typically

< 1x 10-10 for 5.8 ns of each
pseudo random symbol
transmitted through a 20 m
length of 1 mm plastic fiber. The
optical power applied to the
receiver was Pr = -16.4 dBm
average for the measured results
shown in Figure 15. Figure 16
shows the performance that can

1 CH #4 = 200 mV/div.
+ TIMEBASE = 2 ns/div
, DELTAT=552ns

START =23ns
STOP =28.92 ns

! TIMEBASE = 2 ns/div
+ DELTAT=5.56 ns

| START =21.28ns

! STOP=26.84ns

be achieved at 125 MBd with
200 um HCSTM fiber. Figure 16
shows that when using the
transceiver recommended in
Figure 8, BER will be typically
<1 x 10-10 for 5.3 ns of each
pseudo random symbol
transmitted through a 100 m
length of 200 um HCSTM fiber.
The optical power applied to the
receiver was Pr = -18.0 dBm
average for the measured results
shown in Figure 16.
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Applications Support
Variations in performance due to
circuit layout can be avoided by
using the artwork shown in Fig-
ure 10. Designers that would like
to use the printed circuit layout
developed by HP are encouraged
to embed the PC artwork shown
in this Application Note into their
systems. The PC art shown here
is available from an electronic bul-
letin board that can be down

loaded using a 2.4 kBd telephone
modem. If you desire an electronic
copy of this PC art call your
Hewlett-Packard Components
representative.

System designers can quickly de-
termine if the HFBR-15X7 and
HFBR-25X6 will meet their needs
by ordering the HFBR-0527. The
HFBR-0527 is a completely as-
sembled demo board for the trans-

ceiver shown in Figure 8. When
using plastic fiber order the
HFBR-0527P, and when using
200 um HCSTM fibers specify the
HFBR-0527H. The test fixture in
Figure 12 is also available as the
HFBR-0319. The HFBR-0319 is a
fully assembled test fixture. This
test fixture adapts any fiber-optic
transceiver with a 1x9 footprint to
test equipment with -5 V ECL in-
puts and outputs. The HFBR-
0527 and the HFBR-0319 mini-
mize the effort needed to design
new products which use fiber-op-
tic data links. The HFBR-0527
and the HFBR-0319 provide a
high level of technical support.
This high level of technical assis-
tance drastically reduces the time
needed to develop and market
new products which utilize the
fundamental advantages of opti-
cally isolated data communica-
tion.

Conclusion

The HFBR-15X7 and HFBR-25X6
components can be used with
large core fibers and inexpensive
optical connectors to build excep-
tionally low cost digital fiber-optic
links. When these Versatile Link
components are used with 1 mm
plastic, or 200 um HCSTM fibers,
digital data links that are compa-
rable with the cost of shielded
twisted pair wire can easily be
implemented. The HFBR-15X7
and HFBR-25X6 provide design-
ers with a short haul data commu-
nication solution that costs the
same as shielded twisted pair
wire, but this low cost fiber-optic
solution has none of the grounding
and electromagnetic compatibility
problems inherent in metallic
cables.
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Table 1. Parts List for Circuit Shown in Figure 8.

Designator Part Type Description Footprint Material Part Number Quantity Vendor 1
C1 0.001 Capacitor 805 NPO/COG COB05NPO500102JNE 3 Venkel j
C4 0.001 Capacitor
Cc7 0.001 Capacitor .
C10 0.1 Capacitor 805 X7R or better C0805X7R500104KNE 12 Venkel
c11 0.1 Capacitor
C12 0.1 Capacitor
C13 0.1 Capacitor
C15 0.1 Capacitor
C16 0.1 Capacitor
C17 0.1 Capacitor
C18 0.1 Capacitor
C19 0.1 Capacitor
C2 0.1 Capacitor
C3 0.1 Capacitor
C6 0.1 apacitor -
C9 0.47 Capacitor 1812 X7R orbetter | C1812X7R500474KNE 1 Venkel
C14 10 Capacitor B Tantalum, 10v TAO16TCM106KBN 3 Venkel
C20 10 Capacitor
cs 10 _Capacitor
C8 1mm Plastic 43 pF Capacitor 805 NPO/COG C0805COGS500470JNE 1 Venkel
C8 200HCS 120 pF Capacitor 805 NPO/COG | C0805COGS500121JNE 1 Venkel
U4 MC10H116FN IC, ECL line receiver | PLCC20 MC10H116FN 1 Motorola
Us TL431CD IC, Voltage Regulator SO-8 TL431CD 1| Tl |
L1 CB70-1812 Inductor 1812 HF30ACB453215 1 TDK
R12 47 Resistor 805 5% CR080510W4R7JT 2 Venkel
R13 47 Resistor
R20 12 Resistor 805 5% CR080510W120JT 1 | Venkel |
R10 15 Resistor 805 5% CR080510W150JT 1 Venkel
RS 22 Resistor 805 5% CR080510W220JT 1 Venkel
R16 51 Resistor 805 5% CR080510W510JT 4 Venkel
R17 51 Resistor
R18 51 Resistor
R19 51 Resistor - 4
R21 62 Resistor 805 5% CR080510W620JT 1 Venkel i
R8 1mm Plastic 301 Resistor 805 1% CR080510W3010FT 2 Venkel
R9 1mm Plastic 301 Resistor
R8 200HCS 82.5 Resistor 805 1% CRO0B0510W82R5FT 2 Venkel
R9 200HCS 82.5 Resistor
R6 91 Resistor 805 5% CR080510W910JT 2 Venkel
R7 91 Resistor
R11 1mm Plastic 1K __ Resistor 805 1% CRO080510W1001FT 1 Venke!
R11 200HCS 475 Resistor 805 1% CR080510W4750FT 1 Venkel
R14 1K Resistor 805 5% CR080510W102JT 6 Venkel
R15 1K Resistor
R22 1K Resistor
R23 1K Resistor
R24 1K Resistor
R25 1K Resistor N
Q1 BFT92 Transistor SOT-23 BFT92 2 Philips
Q2 BFT92 Transistor ]
Q3 MMBT3904LT1 Transistor SOT-23 MMBT3904LT1 1 Motorola |
U1 74ACTQ00 IC 74ACTQO0 1 National
U2 HFBR-1527 Transmitter HFBR-1527 1 HP
u3 HFBR-2526 Receiver HFBR-2526 1 HP
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I. Introduction

This application note discusses
the functions and features of the
New 10 MBd HFBR-0508 Fiber
Optic Versatile Link, which is
designed for a variety of indus-
trial applications. These include
serial data interfaces in robots,
machine tools, assembly and
printing machines, and gate-
drive circuits in frequency
inverters. Circuit design hints
and other subjects not found in
the product data sheet will also
be presented. The reader can use
this information to design
reliable fiber-optic links based
on plastic optical fibers (POF)
for distances below 50 m and
hard clad silica (HCS®) fibers for
distances up to 500 m.

Further information about fiber-
optic link design can be found in
Application Briefs AB 73 and AB
78, and Application Notes AN
1035 and AN 1066, which are
listed in appendix VII. Hewlett-
Packard applications engineers
or your local certified distribu-
tion application engineers are
available for further design
assistance.
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1. Interconnects without
Crosstalk

Fiber-optic technology is com-
pletely changing data communi-
cations, particularly in industrial
environments, where data must
be transferred between machines
more quickly than ever before.
HP believes that fiber optics is
replacing copper cabling in many
of these applications because of
the wide range of advantages
inherent to fiber cable. Glass and
plastic fibers, being dielectric
materials, are completely im-
mune to stray electromagnetic
fields, which are common in
industrial applications that use
motors and power switches.
These fibers can be placed in a
duct alongside high-voltage
metal cables without being
susceptible to crosstalk. This
feature simplifies system instal-
lation. Twisted-pair copper
cables require a minimum
distance from power lines to
guarantee error-free data trans-
fer.

2. International EMC Regula-
tions

Due to increasingly stricter
international control over elec-

SHIELDED
TWISTED PAIR

Figure 1. Comparison of Shielded Twisted Pair vs. Fiber Optic Snap-in Connector.

tromagnetic compatibility of
electronic equipment, manu-
facturers often cannot legally sell
their products in many countries
unless specific immunity and
emission limits are met. These
limits are based on standards
such as FCC, VCCI, EN, CISPR,
IEC, VDE, and so forth. For
example, beginning January 1,
1996, all equipment and systems
that will be sold into the Euro-
pean Union have to meet Euro-
pean EMC standards, otherwise
they can be excluded from the
market. The generic standards
for the industrial field are EN
50081-2 (emission) and EN
50082-2 (immunity). In many
applications design engineers do
not have a cost-effective alterna-
tive to fiber optics if their sys-
tems must meet the national or
international regulations for
electromagnetic compatibility.

3. Fiber Optic Connectors vs.
Electrical Connectors

In the past, many design engi-
neers were reluctant to design
with fiber optics. Terminating
fiber cable was more time
consuming than connecting
twisted-pair wire because fibers

required epoxy and their ends
needed to be polished. Large-
core polymer optical fiber [POF]
and the new crimp and cleave
technology for the Versatile Link
Snap-in connector (V-System)
allow fiber optic cables to be
terminated more easily than
shielded twisted-pair cables,
while offering an electromag-
netic-compatible communication
link. This is a very strong reason
for using fiber optic cables, a
reason that the installation and
service divisions of a company
should also accept.

4. Galvanic Insulation
Ground-loop currents due to
different ground potentials are a
common problem in industrial
communication networks.
Ground loops and their associ-
ated noise problems are totally
eliminated by the insulation
characteristics of fiber, allowing
a straightforward and fast
system integration. In addition,
the insulating property of glass
and plastic fibers is ideal for
many monitor and control
functions needed in high-voltage
applications. For intrinsically
safe applications, which are

FIBER OPTIC
SNAP-IN
CONNECTOR

3-185



common in the chemical indus-
try, fiber optics is easy to  qualify
and is also the best medium for
connecting one electrical device
to another through an isolation
barrier.

I1. Product Description

1. Housing and optical port

The Versatile Link family has
been used successfully in many
different industrial applications
based on plastic fibers. Users
have the benefit of a reliable
system that is easy to install in
the field. The compact package is
made of a flame retardant (UL
V-0) material in a standard, six-
pin DIP. Transmitters or receivers
can be stacked together, creating
duplex optical ports that save
printed circuit board space and
avoid fault connections. The
conductive housing of the HFBR-
2528 receiver provides an excei-
lent EMI shield. The color-coded
packages eliminate confusion
between transmitters and
receivers. A plug protects the
optical port during auto-insertion
and soldering.

The Versatile Link package uses
an active alignment system to
ensure proper coupling between
the fiber and the optoelectronic
converter. Figure 3 illustrates
how the alignment system
operates. The precision-molded
lens on the insert is located at
the bottom of a depression in the
shape of a truncated cone. The
connector is inserted into the
package; the jaws of the housing
force the bevelled end of the
connector into the cone-shaped
depression. This accurately
centers the fiber directly above
the molded lens on the insert
and ensures efficient, reliable
and repeatable connections.

Figure 2. Package Construction.

CONNECTOR

INSERT

FIBER

\ __— LEAD FRAME
\ LENS
1
/ IC DIE

Figure 3. Connector Alignment to Transmitter LED or Receiver IC.

2. Transmitter Technology

The new HFBR-1528 transmitter
uses a high quantum efficiency
LED based on a new HP
AlInGaP technology. At a 60 mA
drive current, the coupled power
into a 1 mm POF is typically -3
dBm, a 6 dB improvement over
previously used transmitters.
With a center wavelength of 650
nm at room temperature, the
transmitter is in the minimum
attenuation window of the POF.
Typical link distances of 100 m
with low-cost plastic fibers are
now a reality. When using the
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Figure 4. Typical Transmitter Qutput
Power vs. Drive Current.



200 um HCS fiber link, 500 m
distances are possible. In addi-
tion to the higher coupled power,
the optical rise and fall times
have become much faster,
allowing much simpler LED
drive circuits without the need
for peaking and pre-biasing for
data rates of 10 MBd.

3. Receiver Technology

The new HFBR-2528 receiver
with its TTL/CMOS-compatible
output is specified for data rates
from dc to 10 MBd NRZ (non-
return to zero). It has a sens-
itivity of -21 dBm peak with

1 mm POF, or a sensitivity of
-23 dBm peak with 200 HCS®
fiber. Propagation delay times
tpLH (output low to high) and
tpHL (output high to low) are
equally distributed to achieve
pulse-width distortion (PWD) of
less than +30 ns over a large
input power range. As a result,
LED drive current adjustments
for different link lengths and
fiber types are unnecessary.

A patented first-bit PWD correc-
tion circuit makes the HFBR-
2528 the ideal product for
arbitrary duty-cycle links or for
the use in frequency inverters
such as gate-drive applications.

Other products on the market
with similar optical and elec-
trical specifications require the
transmission of overhead bits
prior to the data because of
heavily distorted first bits.
Therefore, the user has to add
additional circuitry to transmit a
preamble prior to the data bits,
making the transmit and receive
circuit more complex and costly.
For better electromagnetic
compatability, a conductive
housing material has been
chosen for shielding the receiver
in electromagnetically polluted
industrial environments.

4. Types of Fiber Optic Cables
Historically, glass fibers have
been used in long-haul telecom-
munication links and local-area
networks because of low attenua-
tion and large bandwidth.
Ethernet and FDDI (Fiber
Distributed Data Inter-face)
standards, for example, have
specified multimode 62.5/125 pm
glass fibers. These small-core
fibers need high-precision
connectors to minimize the
coupling loss. For industrial
application, fibers with lower-
cost connectors, which are easier
to install and less sensitive to
dirty environments, are re-

quired. For these applications,
1 mm POF (Polymer Optical
Fibers) and 200 um HCS (Hard
Clad Silica) fibers are the best
media.

While tRere are many types of
fiber-optic cables (a cable is
composed of a fiber and a jacket),
only two types, 1 mm POF and
200 HCS, are specified for use
with Versatile Link POF and
HCS Snap-In Connectors. These
step-index fibers are made from
silica (HCS) or a polymer (POF)
in which the core has a higher
refractive index than the clad-
ding. A 2.2 mm jacket around
the fiber protects against me-
chanical or thermal damage and
increases the strength of the
cable.

4.1. Polymer Optical Fiber (POF)
The large-core diameter (980/
1000 ym) and numerical aper-
ture of the POF (Polymer Optical
Fiber) are well matched to the
large effective diameter and
numerical aperture of the optical
ports, allowing the power
launched into the core to be as
high as 0 dBm with the HFBR-
1528 transmitter. The POF also
offers comparably low-cost
termination, which can be done

" N\ COMPARATOR
N FIRST BIT
]; AMPLIFIER BURST PWD
CORRECTION
THRESHOLD
GENERATOR
REFERENCE
VOLTAGE

DATA
OUTPUT

Figure 5. Receiver Block Diagram.
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1 mm POF 200 uym HCS

CLADDING

230 um

200|~—
um

B —
980 um

PARAMETER POF HCS
1mm 200/230 ym
TENSION (60 min) 50N 100N
TENSION (10 YEAR) 1N 25N
BEND RADIUS (1H) 25 mm 10 mm
FLEX 1,000 X 50.000 X
ATTENUATION 200 dB/km| 6 dB/km
(660 nm)
NA 047 0.37
INSTALLATION 20 CTO| -20CTO
TEMPERATURE +70°C +85C
FLAMMABILITY VW1 RISER
PLENUM
LSZH

Figure 6. Polymer vs. Hard Clad Silica
Cables.

“in the field” in less than a
minute using a simple and
inexpensive crimping and cutting
procedure. The attenuation
minimum is at 650 nm and is
typically about 0.2 dB/m. It
should be noted that the spec-
trum of the new transmitter has
a center wavelength at 650 nm
at the minimum attenuation of
the POF.

4.2. Hard Clad Silica Fiber (HCS)
Step-index silica fibers, such as
PCS (Plastic Clad Silica) or
HCS® (Hard Clad Silica) fibers
with a large-core (200 um dia-
meter compared to glass fibers
with 62.5 um core diameter)
permit the use of iow-cost trans-
mitter/receiver lensing systems.
Because of the high attenuation
in the visible red wavelength
range, PCS fibers are commonly
used in a lower attenuation
window with higher-cost infrared
LEDs. The fiber with the lowest
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Figure 7. Attenuation vs. Wavelength
for POF.

attenuation in the visible red
wavelength range is the HCS
fiber. At 650 nm the attenuation
is typically 8 dB/km.

The core of the HCS fiber is
silica and the cladding is a
proprietary hard polymer that
also acts as a strength enhancer
and makes it impervious to
moisture and impurities. High
temperature specifications for
extended industrial temperature
ranges, and UL ratings for
plenum and riser applications
are also available.

The snap-in V-System connec-
tors can be crimped directly onto
the HCS fiber because the
proprietary hard cladding bonds
to the silica core material, thus
eliminating the need for messy
‘epoxies. A patented cleaving tool
cuts the excess fiber protruding
from the connector end. Due to
the simplicity of the termination
process, the Versatile Link
Snap-In connector can be
mounted in less than 45 seconds.

II1. Fiber Optic Link Design
The HFBR-0508 family is
designed and characterized for
data rates from dc to 10 MBd;
Hewlett-Packard specifies link
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Figure 8. Typical Attenuation vs.
Wavelength of HCS Fibers.

length for 1 mm POF fibers

(0 to 60 m) and 200 um HCS
fibers (0 to 500 m). Power supply
variations, connector coupling
loss and temperature drift effects
are part of the guaranteed data
sheet specifications. In addition,
a 3 dB margin takes aging into
account. HP specifies the link
performance using the trans-
mitter and receiver interface
circuits described in the product
data sheet, which gives HP
customers the maximum avail-
able design security. The follow-
ing considerations will help the
design engineer to become more
familiar with low-cost, fiber-optic
link design and gives guidelines
to optimize the link performance
for particular applications.

1. Link Length Considerations

A fiber-optic system basically
consists of an LED, a length of
fiber, and an optical detector.
The LED transmitter, modulated
by the electrical input signal,
coupies light into the fiber. The
light travels along the fiber to an
optical detector, which converts
the light into an electrical signal
again. The important spec-
ifications for fiber-optic links are
how much light is coupled into
the fiber, how much light the

277



TRANSMITTER (HFBR-1528)

R2

Figure 9. Versatile Link Set-Up.

receiver needs to function
properly, and how much light is
lost in the fiber between the
transmitter and the receiver.

Depending upon the fiber length
and wavelength of the signal
source, if data rates are very
high (125 MBd or greater), the
optical signal is distorted. This
effect, called dispersion(3], limits
the bandwidth of the fiber-optic
system. Fortunately, in most
industrial communication
systems the data rate is less
than 10 MBd and the dispersion
effect contributes only if the link
length exceeds 100 m with POF
or 1000 m with HCS Fibers.
Below these values the links are
limited by attenuation, so a
straightforward optical power
budget calculation is the only
consideration.

1.1 Optical Power Budgeting
Computation

The optical power budget is the
difference between the output
power of the transmitter and the
sensitivity of the receiver. The
maximum length of the optical
fiber is determined by the
attenuation of the fiber, addi-
tional losses due to feed-through
connections and a “safety factor”
called optical power margin (see
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Figure 10. Fiber Optic Link Main Parameters.

chapter I1I/1.4). Formula I1I/1

gives the maximum

link length

for worst-case conditions:

Equation I1I/1:

l(max) =

Pr(min) :
PRL, min
IL:

OPM :

a(max):

Pr(min) - Pry. pin - IL - OPM

a(max)

(m)

Minimum coupled power of transmitter (dBm)
Sensitivity of the receiver (dBm)

Sum of insertion loss of feed-throughs (dB)
Optical power margin, which accounts for LED
degradation, supply voltage variation, etc. (dB)
Maximum attenuation of fiber (dB/m)



Versatile Link transmitter and
receiver specifications account
for coupling losses to and from 1
mm POF or 200 um HCS fiber.

1.2. Dynamic Range

An important link design con-
sideration is the receiver’s optical
dynamic range, the difference be-
tween sensitivity ( PRL,, min )and
overdrive conditions ( PRL, max ) : in
other words, the dynamic range
specifies the minimum-to-maxi-
mum link length. Exceeding the
dynamic range of the receiver may
lead to an increase in PWD. The
maximum allowed power level of
the receiver specifies the minimum
link length needed to avoid over-
drive condition. The maximum
optical power that the HFBR-1528
can launch, however, is well matched
to the HFBR-2528 receiver’s over-
drive characteristics. If the LED
drive circuit recommended in the
HFBR-1528 dala sheet is used, the
transmitter cannot over-drive the
HFBR-2528 receiver even when the
length of the fiber-optic cable is vir-
tually zero meters.

Equation I11/2:

Pr(max) - Py, max

{(min) = - (in m)
o(min)

Pr(max): Maximum coupled
power of transmitter
(dBm)

PRL, (max): Maximum optical
power level of
receiver (dBm)

a(min): Minimum atten-

uation of fiber
(dB/m)

The extremely large dynamic
range of the HFBR-2528 receiver
typically allows room-temp-
erature distances from 0 to 100
meters when using 1 mm plastic
fibers. Typically, LED current
adjustments are not needed as
the length of the plastic fiber can
vary from 0 to 100 meters at

30,
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Figure 11. Typical Receiver Pulse-
Width Distortion vs. Optical Input
Power at 10 MBd.

room temperature, and the
maximum adjustment-free
distances possible over the
temperature range are specified
in the HFBR-0508 series data
sheet.

1.3 Temperature Drift Consid-
erations

The data sheet inciudes the
transmitter output power range
for ambient temperatures at

Ta =25°C, Ta = 0 to +70°C, and
Ta = -20°C to +85°C, in addition
to the guaranteed link length
specifications. But by knowing
and understanding all different
temperature drift effects that the
link depends on, the design
engineer will be able to optimize
the link performance, particularly,
the maximum fiber length.

The output power of the trans-
mitter is inversely proportional
to the junction temperature,
resulting in a lower output
power at high temperatures
(APT/AT).

Equation III/3:

AP
Pr (T) = Pr (25)- ATT o (T-25)

P1(T):  Output power at
desired temperature

(dBm)

0 650
WAVELENGTH (nm)

Figure 12. Typical Normalized Optical
Spectra to Peak at 25°C.

Pr(25): Output power at
room temperature
specified in the data
sheet (dBm)

Output power
temperature
coefficient (dB/°C)

APT/AT:

The forward voltage (AVF/AT) of
the LED will drop with an
increase in temperature, causing
an increase of drive current,
which partially compensates for
the decreasing output power.

Equation I11/4:

Vr(T): Forward Voltage at

desired temperature

V)

Forward Voltage at

room temperature,

specified in the data

sheet (V)

AP1/AT: Forward Voltage
temperature
coefficient (AV/A°C)

VF(25):

The center wavelength of the
LED transmitter, typically 650 nm
at room temperature, changes
wavelength as the temperature
changes. In the POF data sheet,
attenuation is specified at 660 nm
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because of compatibility with the
older type, lower output power
660 nm GaAsP transmitters. At
room temperature the center
wavelength of the new AlInGaP
transmitter is exactly in the
minimum attenuation window of
the POF. Therefore, the optical
power budget allows a longer
link distance at 25°C than
specified in the data sheet.
Attenuation at 650 nm is about
0.05 dB/m less than at 660 nm,
which permits a 65 m link .
(Please see note 3 in the HFBR-
0508 Series data sheet. [5)
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Figure 13. Typical Normalized Spectral
Attenuation of 1 mm POF.

Because of the complexity of the
receiver circuit IC, a detailed
discussion about sensitivity
temperature drift is beyond the
scope of this application note.
Drift effects are specified in the
product data sheet and one
should not be concerned about
them.

1.4. Reliability Considerations
The service lifetime of the fiber-
optic link is, however, quite often
a concern. One can separate link
reliability into transmitter,
receiver, connector and fiber
reliability. HCS fibers are
known to be very stable under
harsh ambient conditions and
have been qualified for 30-year
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lifetimes. POF's are estimated for
up to 20-year lifetimes. Short-
term and long-term bend radius,
tensile load, flexing, as well as
the mechanical properties of the
connectors are specified in the
cable data sheet [8l. A detailed
discussion about fiber [11,12] and
connector 8 reliability is beyond
the scope of this application note.

More of a concern is the useful
lifetime of short-wavelength
LED transmitters, which must
be taken into account in power
budget calculations. It can be
assumed that the receiver
sensitivity will not change over
time. The transmitter light
output reduction is a function of
Jjunction temperature, drive
current, and endurance time.
The useful lifetime of the LED
transmitter is typically defined
when the initial light output is
reduced by 3 dB. Reliability tests
of the HFBR-1528 transmitter
project a median useful life of 9
years at -3dB, 85°C, 50 % duty
cycle, and forward current equal
to 60 mA. Therefore, the optical
power budget must be decreased
by the expected reduction in
light output at the end-of-life
specification. More detailed
information can be found in the
reliability data sheet 161,

Table III/1: Projected useful life
for various temperatures, where
end of life is defined as a 50%
drop (-3dB) in light output.

Ir [mA]| Tao | Median | 90%
50% [°C] | Useful | Survival
DC Life [y] | Life [y]
60 85 9 4
60 70 17 8
60 55 33 15
60 40 68 32

1.5. Connector Loss

Connector coupling losses at the
transmitter and receiver are
already included in the data
sheet specifications. Connector
coupling losses due to connections
through bulkhead adapters need
to be determined. The following
table shows the minimum and
maximum insertion loss spec-
ifications for HP’s 1 mm POF
bulkhead connections. As the
number of bulkhead connections
increases, the range of losses
increases, as does the magnitude
of the losses. Coupling loss char-
acterization of special bulkhead
connectors for the 200 pm HCS
fiber was not completed when
this application note was printed.

Table III/2. Feed Through Loss
Specifications.

Part Fiber | Min. | Typ. |Max.
No. Size | Loss| Loss |Loss
HFBR-|1mm| 0.7 | 1.5 | 2.8
45X5 POF | dB | dB | dB

1.6. Coupling Loss

If light from a larger-core fiber is
coupled into a smaller-core fiber,
a significant loss of optical power
can be measured. The loss is a
function of the difference in area
(d) and the numerical aperture
(NA), and is expressed by the
following formula:

Equation 111/5:

NAI

IL(dB) = 20 * log 1 + 20¢log 7

dl:  Emitting fiber diameter

d2: Receiving fiber diameter

NA1l: Numerical Aperture
emitting fiber

NA2: Numerical Aperture

receiving fiber

Light from a smaller core fiber
will be coupled into a larger core
fiber without area and NA losses.




2. Transmitter Drive Circuits
LED-based transmitters are easy
and simple to drive because the
current through the LED is
proportional to the optical output
power. The current can be
amplitude modulated using only
a switching transistor and a
single resistor in series with the
LED. Because of the simplicity of
the drive circuit, the design
engineer has many options to
realize this function. As men-
tioned previously, the HFBR-
0508 link performance is guaran-
teed when using the drive circuit
in the data sheet (see also 2.2),
as it meets most application
requirements. The pros and cons
of a few other approaches that
will help design engineers to
optimize their link performance
for specific applications are dis-
cussed in the following section.

2.1. Pros and Cons of Parallel
and Series Transmitter Drive
Circuits

Basically, two methods exist for
driving LEDs. One uses a series
driver (Figure 9), the other is
based on a parallel driving scheme
(Figure 14). Series driving
circuits consume only half the
power but generate higher tran-
sient noise in the power supply
line when the LED current is
switching. The parallel driver
uses a constant current from the
power supply rail, thus minimiz-
ing power supply noise, which
could couple into the receiver
and degrade sensitivity. The
parallel drive circuit also pre-
sents a very low impedance to
the LED junction during turn
off. This low impedance rapidly
discharges the junction and
quickly extinguishes the optical
output of the LED.

One should keep in mind that
the transmitter drive circuit

HFBR-1528

1uF

1
] eslon

TTL
CMOS

R
]
0.1
ufF

PIN 5 & 8 SHOULD
BE CONNECTED

INPUT

Figure 14. PNP Shunt Drive Circuit.

topology contributes to the
overall pulse-width distortion
(PWD) of the fiber optic link.
Therefore, it is important that
the optical rise and fall times are
fast compared to the symbol
time. The transmitter propaga-
tion delay times, tpr and tpyL,
should also be equally balanced
for the PWD of the entire link to
be low. Fortunately, the HFBR-
1528 transmitter has rise and
fall times that are fast enough to
be switched without peaking and
prebiasl3l for data rates as high
as 10 MBd. This keeps the drive
circuit as simple as possible.
Drive circuits for rise and fall
times on the order of 3 ns are
discussed in AN1066(3].

2.2. Series Driver Circuit using
Standard TTL Buffer ICs

Data sheet Drive Circuit

The driver circuit, Figure 9, is
designed in such a way that the
LED is in series with the open-
collector output of the driving
gate. Resistor R2 sets the drive
current through the LED, and
resistor R1 provides a discharge
path when the LED forward
current is turned off.

Equation I1I/2:

Vee-Vee-Vi

RI= Ir

RISE/FALL TIME (ns)

TO GROUND

i

The low-impedance path R1
quickly discharges the LED,
decreasing the optical fall time.
A 2 kOhm resistor was empiri-
cally found to be an optimum
value for best PWD. It is impor-
tant to note that capacitors C1
and C2 near the LED anode filter
the noise in the power supply
line during switching periods.

IF=60mA, Tpo =25'C, 1 m HCS
BT T T

|
RISE T M? |
i mEmE
iy ]H

|

]
Iy G
df
i
i
|

5
®
o

PULSE WIDTH DISTORTION (%)

R

~
N
2

|
I
|
- L
T
FALL TIME|
/T

A || 150
0102 05 1 2 5 10 20 50 100
PARALLEL RESISTOR Rp (OHM) THOUSANDS

=
N
°

Y
g
@

©

5
-
o

o

4

=
a
o

Figure 15: Typical Optical Switching
Speed vs. Parallel Resistor R1.

Figure 16 shows how LED
forward current deviates from
the intended or nominal room
temperature design value when
using a series drive circuit, due
to the following factors:

a. part-to-part variations in LED
forward voltage,
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b. current-limiting resistor
tolerance,
. power supply tolerance, and
d. variations in the Vce
saturation potential of the
75451 peripheral driver.

o

Figure 16 also shows that as Vcc
increases, the total variation in
LED forward current, due to
other circuit tolerances, is
minimized.

The recommended LED driver
shown in Figure 9 takes advan-
tage of the negative temperature
coefficient of the HFBR-1528
LED forward voltage. When
temperature rises, the forward
voltage of the LED decreases and
a greater percentage of the
supply potential must be
dropped across resistor R2. As
temperature increases and LED
forward voltage declines, the
potential difference across R2
increases and Ohm’s law dictates
that the current through R2 and
the HFBR-1528 will increase.
This increase in the drive cur-
rent partially equalizes the
reduced light output due to the
negative output-power tempera-
ture coefficient.

TOLERANCES
Vi: +15%; Vee: +75%, R: 1%

The coupled power into 1 mm
POF and 200 um HCS is speci-
fied for minimum and maximum
values versus the temperature
range for 20 mA and 60 mA.
Intermediate power levels can be
calculated based on Figure 2 in
the HFBR-1528 data sheet. At
drive currents less than specified
in the data sheet, the part-to-
part variation of the output
power increases.

2.3. The Simplest LED Trans-
mitter Shunt Drive Circuit

The circuit shown in Figure 14 is
a simple-shunt drive transmitter
circuit that uses a pnp tran-
sistor. The primary feature is its
simplicity: only two components
are required and the circuit can
be interfaced to TTL or CMOS
gates without additional compo-
nents. The circuit is also fast for
several reasons:

e the transistor never saturates,
* it presents a very low
impedance during turn off of
the LED, and

the emitter base junction
voltage “prebiases” the LED
junction resulting in a faster
optical rise time

50

12 2 _
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\ P t(r) (ns)
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Figure 16. Output Power Variation vs.
Supply Voltage and Components
Tolerances.
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Figure 17. Switching Speed vs. Drive
Current.

In addition, the pnp drive circuit
generates low power-supply
ripple because of the constant
load during LED switching. The
drawback is increased power
consumption due to the constant
current flow through the bias
resistor.

3. Receiver Interface Circuit
Design

The HFBR-2528 receiver has a
push/pull digital output. It is
capable of sourcing and sinking
current as high as +6 mA (re-
ceivers HFBR-25X1,2,3,4 need
pull-up resistors) and can drive
CMOS and TTL logic families
without external resistors. HP
recommends that an RC first-
order, low-pass filter (see Figure
9) be used to minimize the
power-supply noise between the
ground and power supply termi-
nals of the receiver. This ar-
rangement will meet the power-
supply rejection specification.
The bypass capacitor should be
connected as close as possible to
the power supply terminals of
the HFBR-2528 receiver. A
ground plane underneath the
conductive receiver housing and
connected to pins 5 and 8 pro-
vides an excellent shield against
electric fields as high as 8 kV/m,
which could otherwise interfere
with the receiver IC.

3.1. Sensitivity

DC-coupled receivers, such as
the HFBR-2528, are specified for
sensitivity at different conditions
than ac-coupled receiversl3l in
which the bit-error ratio (BER) is
an important criterion. For the
HFBR-2528, sensitivity is the
minimum optical power level for
a PWD of less than | 30| ns,
measured with a 50 percent duty
cycle, square-wave signal.



3.2. Off-State-Limit

HP recommends that no light be
coupled to the receiver when it
should remain in the logic-high
state. In some instances, it might
not be possible to turn the trans-
mitter totally off. But the power de-
livered to the receiver should be al-
ways less than -42 dBm for 1 mm
POF or -44 dBm for 200 pm HCS
fibers to ensure that the output does
not randomly change state.

3.3. Overdrive Limit

The overdrive limit is specified
where the PWD exceeds | 30| ns.
For example, at low temperatures,
power levels can be above

PRL max > +1 dBm and PWD may
exceed 30 ns, when using a driver
circuit topology other than specified
in the data sheet. The transmitter
application circuit, recommended in
the product data sheet, decreases
the LED drive current at low tem-
peratures because of the higher
voltage drop across the LED trans-
mitter.

IV. Manufacturing
Consideration

1. Handling and Assembly
Guidelines

Non-stacked Versatile Link parts
do not require special handling dur-
ing assembly onto printed circuit
boards. HP advises, however, that
normal static precautions be taken
in handling and assembly of these
components to prevent damage and/
or degradation, which may be in-

duced by electrostatic discharge
(ESD).
HFBR-1528 Class 3
HFBR-2528 Class 1

ESD Human Body Model
Mil. Std. 883 Method 3015

All transmitters and receivers
are delivered to customers in

standard tubes for dual in-line
packaged components and can be
easily picked and placed with auto-
insertion machines. During solder-
ing, an optical port plug is
recommended to prevent contami-
nation of the port. Solderability is
specified under Mil. Std. 883
Method 2003. Please follow the
maximum time and temperature
guidelines given in the product and
reliability data sheet. Water-soluble
fluxes, not rosin-based fluxes, are
recommended.

2. Connectoring Guidelines

2.1. Plastic Fiber

Plastic optical cables can be ter-
minated in less than 30 seconds
by using Versatile Link Snap-in
connectors and standard
tools[27]. After cutting the cable
to the desired length, 7 mm of
the fiber jacket should be re-
moved with a 16-gauge wire
stripper. The crimp ring and
connector are positioned then
crimped over the end of the
cable. Any excess fiber protruding
from the connector end may be
cut off. For better light coupling
the fiber end must be polished
by using 600-grit abrasive pa-
per. See the detailed connecting
instruction in the appendix of
the fiber-optic cable data sheet (8l.

2.2. 200 um HCS Crimp and
Cleave Termination

The 200 pm HCS fiber can be
easily terminated by using the
Snap-in V-System connector
and the HFBR-4584 termination
kit [28], which contains one fiber
buffer strip tool, one cable strip
tool, one pair of scissors and a
diamond cleaving tool. The
entire process does not need
either epoxy or polishing and so can
be completed in less than a minute.
The following is an abstract from
the detailed Crimp and Cleave

Connectoring manual:

1. Remove cable jacket

2. Remove fiber buffer

3. Apply first crimp ring to fiber
buffer

4. Crimp connector to jacket

5. Cleave the fiber end

2.3. Optical Port Protection
During equipment manufacture
HP recommends using the
optical port plug inserted into
the transmitter and receiver
when delivered to prevent
contamination of the port.
During the operational life of the
communication equipment the
port plug may be misplaced or
lost. Therefore, a very simple
“optical short circuit” between
the transmitter and receiver can
be constructed of a short length
of 1 mm POF and a duplex
connector (Figure 18). A small
ring and chain can be fed
through the cable opening and
screwed to the front or back
panel of the system so that the
port plug can always be located.

Whenever the connector is
inserted the station will receive
its own signal and the function
of the optical serial interface can
be tested. In addition, a warning
message telling the user that the
serial port is not connected
might be displayed on a system
monitor.

DUPLEX
CONNECTOR

/ /
1 mm SIMPLEX

PLASTIC OPTICAL CABLE

Figure 18. In use Optical Port Protec-
tion Connector.
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V. Application Examples

1. Introduction to Industrial
Communication Networks
Compared to 10 years ago, today’s
industrial control equipment has
changed dramatically. No longer
are many single twisted-paired
lines from sensors and actuators
bundled into one huge and heavy
cable and connected to a pro-
grammable logic controller.
Today, the intelligence is distrib-
uted in the network; the actua-
tors and sensors are connected
via a bus, star or ring topology to
a master unit. Standards
committees and user groups
have defined serial data rates
from several kBd to more than 2
MBd for twisted pair and fiber-
optic media interfaces. But these
open-system standards do not
always meet the application
requirements because of speed,
noise immunity, and distance
specifications. Proprietary
networks for critical, real-time
applications, for example, must
have faster response times than
today’s standards are specified
for. These applications need

FIBER
OPTIC
LINKS

DATA
TERMINAL
EQUIPMENT

serial noiseless communication
channels with data rates as high
as 10 MBd to achieve the desired
performance of the control
system. At these conditions, it is
worth considering the de-facto
industry standard HFBR-0508,
fiber-optic link for isolated and
reliable optical interconnects.

1.1. Interface to RS 422 and RS
485

Many networks are based on an
RS-485/422 physical media
interface, which are based on a
bus topology. Different ground
potentials and noise sources may
not allow a non-isolated bus
structure. Therefore, active star
couplers with fiber-optic ports
are preferred. Quite often, a
mixed topology consisting of fiber
cable and twisted-pair wire is
desired. In this case, the Versa-
tile Link family is the most cost-
effective line of products for
fiber-optic inter-repeater links.
The Versatile Link’s small
package allows HP’s parts to be
assembled into an adapter
housing for an electrical-optical
converter. One side of the

TWISTED

* DBUS
EREPEATER ACTKVE STAR
&TERMINAL

Figure 19. Network Overview with RS 485 TP Bus and Fiber Optic Active Star

housing holds the electrical
subminiture connector to inter-
face with the twisted-pair bus,
the opposite side has the duplex,
snap-in, fiber-optic connection.
Standard “off-the-shelf ” line
drivers and receivers for RS- 422
and RS-485 (15,16,20] interface
between the twisted-pair bus and
the TTL receiver output and
transmitter input.

While the majority of industrial
communication applications are
specified for data rates of 2 MBd
and below (much lower than the
speed of the HFBR-0508 link),
the large dynamic range of the
HFBR-2528 receiver allows a
fiber-optic link to be designed
without transmitter optical
output power adjustment. This
factor makes the installation
instruction much simpler and
avoids trouble-shooting exercises
due to receiver overdrive conditions.
Whether the link is anywhere
from zero meters up to the
maximum length specified in the
data sheet or whether the fiber is
HCS or POF, the link will work
reliably the moment that the
power is turned on.
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Figure 20. Basic RS 485 Fiber Optic Interface Adapter to Data Terminal.

Table V/1. Link Length Overview of HFBR-0508 for POF

and HCS Fibers.

Fiber Guaranteed Link

Type Distance

1 mm POF 0.1 to 50 m
0.1 to 40 m
0.1 to 30 m

200 HCS 0.1 to 500 m
0.1 to 300 m
0.1 to 100 m

Temperature Conditions
Range ]
TaA = 25°C IF = 60 mA,
0°C< TA<+70°C 10 MBd
-20°C< Ta<+85°C
TaA = 25°C IF = 60 mA,
0°C< TA<+70°C 10 MBd
-20°C< TA<+85°C

For more details please see product data sheet!

1.2. Controller Area Network
(CAN)

A special controller-area network
(CAN), which meets the strin-
gent reliability requirements of
automobile manufacturers, has
been developed for low-cost, real-
time applications in cars. CAN
can be found in field buses
because of its open-system
interface and high noise immu-
nity. Semiconductor manufac-
turers [18,19,21] offer integrated
circuits for ISO layer 1 (Physical)

and 2 (Data Link). When using
fiber optics the best network
configuration is a passive star
coupler. The passive star coupler
123, 24, 25 ,29] divides the optical
signal from one source into
multiple optical signals of nearly
equal amplitude. Therefore, all
devices connected to the coupler
receive the transmitted data at
the same time.

In the past, the high insertion
loss of the passive star couplers

for 1 mm POF (see Table V/2)
reduced the optical power budget
to nearly 0 dB, making the use of
fiber optics impossible. The new
transmitter technology, with 6 dB-
higher output power, allows
expanded networks based on
passive star couplers. Because
the coding is NRZ, a dc-coupled
receiver with TTL output should
be used. Design engineers have
two choices for the receiver inter-
face. For data rates of 125 kBit/s
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Figure 21. CAN with Passive Star Coupler.

(ISO/DIS 11519-1), they can use
the HFBR-25X2 receiver. If the
serial bit rate is 1 MBit/s (ISO/
DIS 11898), they should consider
the HFBR-2528 receiver because
of its lower pulse-width distortion
(PWD) specification and large
dynamic range. The large dy-
namic range will compensate for
the spread of insertion loss by
the coupler.

Table V/2: Typical Insertion Loss at
660 nm for 1 mm POF Star cou-
pler.

Ports Insertion Loss
202 4dB

33 7dB

404 7dB

55 10 dB

Te7 11dB

For detailed specifications, please
contact suppliers [23 .24. 25,

The following equation (V/2)
should be used to calculate the
maximum possible link length.
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The maximum link length is the
sum of the distance from the
transmitter to the bulkhead
connector and from the bulkhead
connector to the receiver.

Equation V/2:

! Pr(min) — PR, min — IL(max) — OPM
almax)

Pp(min): Minimum coupled
power of transmitter
in (dBm)

PRL . (min): Sensitivity of the

receiver [coupled
power] (dBm)

IL: Insertion loss
measured from
input port to
output port (dB) of
the passive star
coupler

OPM: Optical power
margin in (dB)
a(max):  Maximum

attenuation of
fiber in (dB/m)

The maximum data rate is also a
function of the maximum distance
between two nodes, because the
propagation delay time must be less
than half the bit time. The prop-
agation delay constant for optical
signals is 4.8 ns/m in fiber-optic
links because the signal speed is
equal to the speed of light
divided by the refractive index.
The propagation delay of the
transmitter and receiver are
listed in Table V/3. Transmitter
and receiver delays must be
added to the propagation delay of
the fiber to determine the total
delay of the fiber-optic link.

2. Gate Driving Using Fiber-
Optic Interfaces

With the improvements in the
development of power switches
such as GTOs and IGBTs, fre-
quency inverters can be operated
at higher speed and higher power
levels. On one hand, the circuit
needed to drive the gates of
IGBTs and GTOs has to be fast.



On the other hand, the gate-
drives must reliably reject the
higher and faster switching
transient voltages caused by the
large variations in current in the
power rails.

Traditional techniques based on
transformers for galvanic isolation
and shielded cables require very
experienced engineers to design a
“trouble free” interface. Even so, mini-
mum distance requirements be-
tween the signal lines and power
units and good ground contacts can
make the system larger and more
costly than it would be if the fea-
tures inherent to fiber optics are
taken advantage of. In these appli-
cations, transformers will become
redundant because of the dielectric
property of the fiber and the fact
that it will easily meet any regula-
tory requirements of IEC, UL, CSA,
CENELEC, VDE, etc. In addition,
the fiber is immunc to any kind of
electromagnetic fields and can be
placed alongside power lines with-
out affecting the transmission qual-
ity. The result is a simplified
design with higher reliability and
less sensitivity to system failures
during installation and mainte-
nance.

The following aspects should be
considered when taking advantage
of the many features the new Ver-
satile Link offers for gate-drive ap-
plications. These include shielded
housing, high-temperature HCS
fiber, low PWD, and the fact that
the receiver can accept arbitrary
duty-cycle. HP recommends one of
the transmitter drive circuits from
chapter III because the switching
speed is a major design issue. Be-
cause the link distance is very short
in such applications, the drive current
can be set to a value as low as 20 mA.
The output power at 20 mA is
specified in the data sheet and the
power budget calculation from

chapter III should be followed. The
receiver and its conductive housing
should be grounded and a good
power-supply filter should be used
because the isolated power supply
is known to be very noisy.

The dead-time specification is one
of the most important design pa-
rameters. A worst-case propaga-
tion delay from the controller to the
gate of the power switch has to be
computed. For the fiber-optic link,
the overall propagation delay time
is the sum of transmitter, receiver
and fiber delay times. Typical fiber
optic link delay times are listed in
Table V/3. The PWD is specified in
the HFBR-2528 data sheet. Since
the speed of light is limited to about
2.99E-8 m/s in a vacuum, photons
will travel at a lower speed in dense
media such as glass or plastic
fibers.

Equation V/2.

C .
vp=-—— inm/s

c: Speed of light in vacuum
c=299E-8 m/s

n: Refractive index of the
media n =1.5 for PMMA

Table V/3: Typical Propagation
Delay Times at 25°C for HFBR-
0508 Link with 1m POF

Parameters Tx(in) Units
to Rx(out)
with
1 mm POF
tp LH 140 ns
tp HL 158 ns

To avoid fault connections, which
can cause shoot-through con-
ditions in a half bridge, HP rec-
ommends that the transmitters
for a single half bridge be
latched in pairs. Duplex connec-
tors have a key function and will
fit into the latched pair in only
one position. Therefore, human

error, such as mixing the cables,
can cause only a fail function and
will not destroy the power
switches.

VI. Introduction to
Optical Power and Loss
Measurements

The theoretical methods used to
specify optical parameters were
discussed in chapter III. Theo-
retical values must be verified,
however, not only by empirical
functional tests but also by
optical power and loss measure-
ments. The relevant standard for
loss measurements on cables and
connectors is IEC 874-1. A
detailed discussion of all the
different methods described in
the standard is beyond the scope
of this application note. Only the
most important methods will be
briefly described. The recommenda-
tions in this application note for
measurement equipment and
accessories will help the newcomer
to fiber optics, even one with
financial constraints, to quickly
implement a system.

1. Recommended Equipment
and Accessories

The following items are needed:
connectors, several meters of
cable, transmitters and receivers,
and tools to terminate the plastic
or HCS cable. The lowest-cost
approach is the POF termination
kit [27]. For details, please see
fiber-optic cable data sheet [8].
One of the Versatile Link
transmitters can be used as an
optical reference source. Power
meters with a large-area Si
detector, LED sources for 1 mm
POF and 200 um HCS, and
adapter accessories are available
from several manufacturers
listed in the appendix 126].
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1.1. Transmitter Output Mea-
surement

A reference cable of 50 cm should
be terminated with a carefully
polished connector on each end.
The cable is connected to the
transmitter and the optical
power meter. The coupled power
into a 1 mm POF can be read in
the display in power (mW) or
reference power (dBm).

Equation VI/1:

W,
P (dBm) = 10 * log 2%

ImW
Power in mW
Power in decibels
referenced to 1 mW

P(mW):
P(dBm):

If the detector area is larger than
the fiber’s cross-sectional area,
the coupling loss between con-
nector and detector can be
neglected. HP also recommends
repeating the measurement with
the connections reversed. A
different power-level reading will
indicate coupling loss variation.

It is also possible to measure the
output power of a pulsed trans-
mitter. A 50% duty-cycle pulse
gives an average power-level
(Pavg) reading. The actual peak
amplitude (Ppk) is twice as high
(8 dB in referenced power) as the
average.
Example: Pavg=-21dBm
Ppk =-18 dBm

1.2. Receiver Sensitivity Mea-
surement

The transmitter and receiver are
linked by a fiber-optic cable and
pulsed with the desired data rate
at a 50% duty cycle. An optical
attenuator or different fiber
length is used to lower the power
at the receiver while monitoring
the pulse-width distortion
(PWD). Using a simple vise, one
can also construct a gap attenua-

288

tor by increasing the Z-axis
spacing of the two fibers. When
the PWD is 30 ns, the fiber is
disconnected from the receiver
and inserted into the optical
power meter. The optical power
meter shows the average re-
ceived power. To calculate the
receiver peak-power sensitivity,
PRL.min, add 3 dB to the reading.

1.3. Cable Attenuation Mea-
surement

First the reference cable is con-
nected to the transmitter and the
power meter is set to zero (0 dB).
Then the attenuation of the fiber
being tested is measured. The
power meter displays the incre-
mental change in attenuation.
This value is divided by the
length of the fiber to calculate the
optical loss per meter in dB/m.
Typically, longer cables are
measured; and so, the attenua-
tion of the reference cable (about
0.1 dB to 0.2 dB) can be neglected.
HP recommends repeating the
measurement with the connec-
tions reversed. A different power
reading will indicate coupling
loss variation due to connector-
port dimension tolerances and/or
uneven polished fiber surfaces.
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Single-Mode Fiber-Optic
Solutions for Ethernet
LAN Applications

Application Note 1082

Introduction

Ethernet LAN traffic is easy to
transmit through single-mode
fiber-optic cables when using
Hewlett-Packard’s HFBR-1315
and HFBR-2315 1300 nm
components. The HFBR-1315
and HFBR-2315 can be substi-
tuted into the circuits recom-
mended in Application Note
1038 for Hewlett-Packard’s 820
nm components. The long
wavelength HFBR-2315 can be
directly substituted for the short
wavelength HFBR-24X6 in the
receiver circuits shown in AN-
1038. The long wavelength
HFBR-1315 edge emitting LED
(ELED) can directly replace the
short wavelength HFBR-14X4
planar LED in the transmitter
circuits shown in AN-1038.

Conversion from 820 nm
Multimode to 1300 nm
Single-Mode

The receiver circuits shown in
AN-1038 require no modifica-
tions; simply replace the 820 nm
HFBR-24X6 with the 1300 nm
HFBR-2315. The transmitter
circuits in AN-1038 could be
used as shown, but a significant
increase in transmitter perfor-
mance can be achieved if some
simple changes are made to a

5964-2295E

few passive components when
the HFBR-1315 LED replaces
the HFBR-14X4 LED.

Recommended
Transmitter for Single-
mode Fiber-Optic
Ethernet Hub, Bridge,
Router, and Repeater
Applications

The HFBR-1315 LED should be
operated at a higher maximum
forward current than the HFBR-
14X4. The optical power which
the HFBR-1315 couples into
9/125 um single-mode fiber is
specified at Ir = 100 mA. By
comparison, the HFBR-14X4 is
usually operated at a forward
current of 60 mA in Ethernet
LAN applications. The transmit-
ter circuit recommended for the
HFBR-1315 is shown in Figure
1. Optical transmitter duty cycle
distortion is minimized by a
small prebias current which
keeps the LED junction charged
when the light is off. The prebias
current provided by R9 is so
small that extinction is typically
<-70 dBm. The rise and fall
time of the LED is minimized by
a frequency compensation
network comprised of R7, RS,
and C17. The transmitter shown
in Figure 1 of this application

note is very similar to an 820 nm
transmitter circuit recom-
mended in AN-1038.

Recommended Receiver
for Single-mode Fiber-
Optic Ethernet Hub,
Bridge, Router, and
Repeater Applications
The HFBR-2315 and HFBR-
24X6 use the same trans-
impedance amplifier with
different PIN diodes suited for
different optical wavelengths.
The short wavelength HFBR-
24X6 uses a silicon PIN diode
detector, and the long wave-
length HFBR-2315 uses an
InGaAs photodetector. Figure 2
of this application note shows a
long wavelength single-mode
receiver which is virtually
identical to the short wavelength
multimode receiver shown in
AN-1038. The high quantum
efficiency of the 1300 nm PIN
detector used in the HFBR-2315
improves receiver sensitivity.
Receiver sensitivity typically
improves by 3.9 dB, when the
HFBR-2315 single-mode 1300
nm component is used in place of
the HFBR-24X6 multimode 820
nm component.
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Figure 1. Voltage Source Transmitter for Hub, Bridge, Router, and Repeater Applications.
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The HFBR-2315 cannot be . .
overdriven when a short fiberis Recommended Circuit
connected between the for Single-mode Fiber- 52 mA %
. R . N 52 m
R B oy, OPtic Behomnet MAU 1, _[[S2081] 11
- is operated a . .
operate Applications RTSET

an on state forward current
<100 mA. If the HFBR-2315 is
used with other ELED or LASER
optical sources, excessive pulse
width distortion can occur if the
receiver is overdriven. To avoid
pulse distortion, the maximum
power applied to the HFBR-2315
should be <-17 dBm average
(-14 dBm peak).

The recommended schematic for
an Ethernet MAU that is com-
patible with single-mode optical
fibers is shown in Figure 3. The
only change recommended
relative to the MAU shown in

AN-1038 involves changing R8

from 100 Q +1% to 86.6 Q +1%.
Reducing the value of R8 in-
creases LED drive current from
60 mA to 69 mA. The equation
which describes the LED current
provided at TxOUT, pin 18, of
the HFBR-4663 is:

When using the HFBR-4663 to
drive the HFBR-1315, forward
current should be set to 69 mA
so that the absolute maximum
rating of the LED driver inte-
oratad intas +Lo ITDDD 4nna

grated into the HFBR-4663 is not
exceeded.

* The equation for LED current found

on page 5-52 of the 1993 edition of the
Hewlett-Packard Optoelectronics
Designer’s Catalog is in error and has
been corrected in subsequent editions
of the HFBR-4663 data sheet.
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Recommended Printed
Circuit Layout

The printed circuits recom-
mended in AN-1038 require no
changes when the long wave-
length HFBR-1315 and HFBR-
2315 components are substituted
for the short wavelength HFBR-
14X4 and HFBR-24X6 compo-
nents.

The transmitter circuit for the
HFBR-1315, and the receiver
circuit for the HFBR-2315, are
very similar to the circuits
recommended in AN-1038, only
the value of a few passive compo-
nents in the transmitter need to
be changed when 1300 nm
single-mode components are
used in place of the 820 nm
multimode components. The
HFBR-1315 and HFBR-2315
single-mode components have a
footprint and pin assignment
that are compatible with printed
circuits that were originally
designed for the HFBR-14X4 and
HFBR-24X6 multimode compo-
nents. This footprint and pin
compatibility permit the printed
circuit artwork shown in AN-
1038 to be used with no changes,
when HP’s long wavelength
single-mode components are
used in place of HP’s short
wavelength multimode compo-
nents.

Fiber-Optic Link
Analysis

The fiber-optic transmitter
shown in Figure 1 typically
launches an average optical
power of -24 dBm average into a
9/125 um single-mode fiber-optic
cable. The optical power varia-
tion over process and tempera-
ture specified on the HFBR-1315
data sheet is -30 dBm average
minimum to -18 dBm average
maximum. Receiver overdrive

will not be a concern since the
PR maximum specification at
which the HFBR-2315 begins to
saturate is -14 dBm peak or -17
dBm average. The receiver
sensitivity of the HFBR-2315 is
typically better than -42 dBm
average when used in the
receiver shown in Figure 2.
Worst case receiver sensitivity
will be -39 dBm average as
calculated from the Rp variation
specified in the HFBR-2315 data
sheet using equation (a) shown
in the table below.

At a data rate of 20 MBd, the
effects of the optical fiber’s
modal and chromatic dispersion
are negligible, therefore the
available optical power budget
(OPB) is the difference between
minimum launched power and
minimum receiver sensitivity as
calculated using equation (b)
shown in the table below.

Accounting for Fiber
Repairs and LED Aging
If another 1 dB is subtracted
from the optical power budget to

Equations

allow for 2 splices of the single-
mode fiber and an additional 1
dB is allowed for LED aging or
connector contamination, the
OPB becomes 7 dB. See equation
(¢) below.

When using fiber with a maxi-
mum loss of 0.5 dB/km the worst
case distance can be calculated
as shown in equation (d) below.

The typical distance attainable
with the solution recommended
in this application note is in
excess of 20 km.

Conclusion

The circuits shown in Hewlett-
Packard Application Note 1038
can easily be converted for use
with single-mode fibers. When
the HFBR-1315 and HFBR-2315
long wavelength components are
used as recommended in this
application note, distances
greater than 20 km are typically
possible with commonly available
9/125 pm single-mode fibers.

OPB=9dB

Pr(min) = Pr(typ) + APR = (-42 dBm avg) + [10 log (17/8.5)]
Pr(min) = (-42 dBm avg) + 3 dB = -39 dBm average

OPB = Pr(min) - Pr(min) = (-30 dBm avg) - (-39 dBm avg)

(a)

(b)

Worst case OPB = 9 dB -1 dB (2 splices) -1dB LED aging = 7dB (c)

Worst case distance = { [Worst Case OPB] (dB)} / [0.5 (dB/km)] (d)
Worst case distance = (7 dB) / [0.5 (dB/km) ] = 14 km**

** The transmitter and receiver circuits shown in Figures 1 and 2 of this Application
Note are capable of worst case distances up to 14 km. When the HFBR-4663
transceiver integrated circuit is used, the worst case distance is 11 km because
the maximum ELED forward current that the HFBR-4663 can supply is 70 mA.
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Inexpensive dc to 32 MBd Fiber-

Optic Solutions for Industrial, Medical,
Telecom, and Proprietary Data
Communication Applications

Application Note 1121

Introduction

Low-cost fiber-optic data-commu-
nication links have been used to
replace copper wire in numerous
industrial, medical, and propri-
etary applications. The fiber-
optic transmitter and receiver cir-
cuits in this publication address a
wide range of applications. These
recommended circuits are com-
patible with unencoded or
burst-mode communication proto-
cols originally developed for use
with copper wire. Complete TTL-
compatible digital transceiver
solutions, including the sche-
matic, printed circuit artwork,
and material lists, are presented
in this application note, so that
users of this low-cost fiber-optic
technology do not need to do any
analog design. Designers are en-
couraged to imbed these
complete fiber-optic solutions
into their products, and various
methods for electronically down-
loading the reference designs are
described.

Why Use Optical Fibers?
Copper wire is an established
technology that has been success-
fully used to transmit data in a
wide range of industrial, medical
and proprietary applications, but
copper can be difficult or impos-
sible to be used in numerous

5966-1353E

situations. By using differential
line receivers, optocouplers, or
transformers conventional copper
wire cables can be used to trans-
mit data in applications where the
reference or ground potentials of
two systems are different, but
during and after the initial instal-
lation great care must still be
taken not to corrupt the data with
noise induced into the cable’s me-
tallic shields by adjacent power
lines or differences in ground po-
tential. Unlike copper wires,
optical fibers do not require rigor-
ous grounding rules to avoid
ground loop interference, and
fiber-optic cables do not need
termination resistors to avoid re-
flections. Optical transceivers and
cables can be designed into sys-
tems so that they survive lightning
strikes that would normally dam-
age metallic conductors or wire
input/output (I/0) cards; in es-
sence, fiber-optic data links are
used in electrically noisy environ-
ments where copper wire fails.

In addition to all of these inherent
advantages there are two other
reasons why optical fibers are be-
ginning to replace copper wires.
The first reason is that optical
connectors suited for field instal-
lation with minimal training and
simple tools are now available.

The second reason is that when
using plastic optical fiber (POF),
or hard clad silica (HCS) fiber, the
total cost of the data communica-
tion link is roughly the same as
when using copper wires.

Wire Communication
Protocols and Optical
Data Links

Many existing serial wire commu-
nication protocols were
developed for differential line re-
ceivers or optocouplers that can
sense the dc component of the
data communication signal. This
type of serial data is often called
arbitrary duty factor data because
it can remain in the logic “1” or
logic “0” state for indefinite peri-
ods of time. Arbitrary duty factor
data has an average value, which
can instantaneously be anywhere
between 0 percent and 100 per-
cent of the binary signal’s
amplitude, or in other words, arbi-
trary duty factor data contains dc
components.

Communication protocols that
were developed specifically for
use with copper wire often require
an optical receiver that is de
coupled or capable of detecting if
the data is changing from a high-
to-low or low-to-high logic state.
That is, the receiver needs to be
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an edge detector. At relatively
modest data rates between zero
and 10 Mbits/sec it is possible to
construct dec coupled TTL-com-
patible fiber-optic receivers. The
HP HFBR-2521 is a TTL-compat-
ible, dc-to-5 Mbit/sec receiver,
and the HFBR-2528 is a dc-to-10
Mbit/sec CMOS or TTL-compat-
ible receiver. Additional
information about de-to-5 Mbit/
sec applications can be found in
Hewlett-Packard AN-1035, and
applications support for de-to-10
Mbit/sec applications can be ob-
tained by reading AN-1080. This
application note will focus on
higher speed or higher perfor-
mance arbitrary duty factor
optical data communication links
that work at higher data rates or
greater distances than achievable
with the HFBR-2521 or HFBR-
2528 components. The optical
transceivers shown in this appli-
cation note can also be used in
burst-mode applications where
the data is transmitted in packets
and there are no transitions be-
tween bursts of data.

The Pros and Cons of
Arbitrary Duty Factor or

Burst Mode Data

The most important advantage of
any existing data communication
protocol is that it already exists,
and typically works reasonably
well with copper wires in many
applications. On the other hand,
existing protocols for copper wire
are usually not the best choice for
optimizing the performance of a
fiber-optic link. For example, a
receiver designed for use with ar-
bitrary duty factor data, or burst
mode data, will typically be 4 dB
to 7 dB less sensitive than when
the same components are used in
receiver circuits optimized for use
with encoded data. Encoded data
normally has a 50 percent duty
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factor, or restricted duty factor
variation, which allows the con-
struction of higher-sensitivity
fiber-optic receivers. The best ar-
bitrary duty factor or burst-mode
receivers described in this appli-
cation note are considerably less
sensitive than the encoded data
receivers described in AN-1122.

When sending arbitrary duty fac-
tor data, a separate optical link
must be used to send the clock if
synchronous serial communica-
tion is desired, or an
asynchronous data communica-
tion system can be implemented if
the data is oversampled by a local
clock oscillator located at the re-
ceiving end of the fiber-optic data
link. To avoid excessive pulse-
width distortion (PWD), the local
oscillator used to oversample the
received data must operate at fre-
quency that is greater than the
serial data rate. For instance, if
the data rate is 32 M bits/sec, a
clock frequency of 100 MHz will
assure three times oversampling
of the received serial data. As the
sampling rate decreases, the PWD
of the reclocked data increases.
Conversely, when the sampling
rate is increased, the PWD of the
asynchronous data link decreases.
At modest data rates such as 32
Mbits/sec the frequency of the lo-

RECEIVER OUTPUT

cal clock oscillator will rise
sharply if higher oversampling
rates are attempted, for instance;
to guarantee five times
oversampling, the clock oscillator
at the receiver would need to op-
erate at a frequency slightly
greater than 160 MHz. Refer to
Figure 1 for a graphical represen-
tation of the relationship between
the sampling rate and PWD of an
asynchronous serial data commu-
nication link.

Burst-mode serial communication
systems also have some interest-
ing characteristics. They usually
require more communication
channel bandwidth, since the
most common burst-mode proto-
cols normally use a Manchester
encoder, which transmits more
than one symbol for each bit. Fig-
ure 2 shows how the
communication channel’s band-
width must increase when the
Manchester code normally used in
Ethernet data communication sys-
tems is applied to unencoded
serial data. The big advantage of
encoding is that it merges the
clock and data so that only one
communication channel is needed
for both signals. In most high-per-
formance fiber-optic
communication systems, the data
and clock are merged onto a
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SERIAL DATA 0% TO 100% DUTY FACTOR (D.F) . 32MBd
SOURCE — NRZ DATA
32 M BITS/SEC fo = 16 MHz
MANCHESTER | 500, pF. 64 MBd
ENCODER ENCODED DATA
(50% EFFICIENT) fo = 32 MHz
4858 40% TO 60% D.F. 40 MBd
ENCODER ENCODED DATA
(80% EFFICIENT) fo = 20 MHz
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(@)1 APPROXIMATELY 50% D.F. 32 MBd
SCRAMBLER |————————— ENCODED DATA
(100% EFFICIENT) fo = 16 MHz

NOTE THAT fo IS THE MAXIMUM FUNDAMENTAL FREQUENCY OF THE ENCODED DATA.
THE MINIMUM FUNDAMENTAL FREQUENCY OF THE ENCODED DATA IS DETERMINED BY THE

ENCODER'S RUN LIMIT.

Figure 2. Attributes of Encoding

single serial channel using a
method that has better efficiency
than Manchester encoding. Figure
2 shows several common encod-
ing methods with better efficiency
than Manchester code. Other im-
portant relationships between
bits/second, and symbols/second,
expressed in Baud (Bd) are ex-
plained by Figure 2. Note that
arbitrary duty factor unencoded
data is one of the few instances
when data rate in bits/second, and
the symbol rate in Bd are equal.
Relationships between the signal-
ing rate expressed in Baud and
the fundamental frequency of digi-
tal data communication signals
are also shown in Figure 2.

Burst-mode communication pro-
tocols are used in popular serial
communication systems such as
Ethernet, or Arcnet. Burst-mode
protocols allow many network
users to share a common pair of
copper conductors with a tapped
connection for each user network

interface. The key disadvantages
of this simple tapped line archi-
tecture is that only one user can
send data at any time, and a pre-
amble must be sent to wake up or
initialize the receiving node’s tim-
ing recovery circuit at the
beginning of each packet of burst-
mode data. Burst-mode,
shared-wire communication links
are not particularly fast, because
no data can be transmitted during
the preamble and each node must
wait until the tapped line is quiet
before data can be transmitted.
Burst-mode protocols are not nec-
essarily the best choice for
optical communication links, be-
cause optical fibers are not easily
and inexpensively tapped. When
Ethernet traffic is sent via optical
fibers, the wiring architecture is
changed from a tapped serial
transmission line to hubs that
contain active fiber-optic trans-
mitters and receivers. The active
hubs are then connected to one
another in a “star” configuration,

because this star architecture is
compatible with existing low-cost
fiber-optic transceiver and cabling
technologies. Fiber-optic receiv-
ers can be designed to
accommodate burst-mode data,
but it is much easier to build high-
sensitivity fiber-optic receivers
when data is sent continuously.

Continuous transmission also has
other advantages. Continuous
transmission increases the
throughput of the LAN since there
is no dead-time between packets
of data. Throughput is substan-
tially improved when data is
continuously transmitted, because
no time is wasted sending pre-
ambles of sufficient length to
allow the receiver’s timing-recov-
ery circuit to acquire the phase
lock required to synchronously
detect each serial data packet.

It is interesting to note that the
1IEEE 802.3 10Base-FL standard
for fiber-optic media uses a differ-
ent transmission protocol than the
10Base-T standard for copper
wire. The 10Base-T copper stan-
dard sends no transitions between
packets of Ethernet data, but the
10Base-FL standard for optical
fiber media inserts a 1 MHz square
wave between each packet of
Ethernet traffic. The 1 MHz idle
signal described in the IEEE 802.3
10Base-FL standard assures that
the burst-mode protocol used for
copper wire Ethernet is converted
to a protocol that will optimize
the performance of a fiber-optic
receiver.

More details about inexpensive
fiber-optic solutions suitable for
use with higher-efficiency block
substitution codes, such as 4B5B,
and 8B10B, can be found in HP
Application Notes 1122 and 1123.
This publication will stay focused
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on solutions compatible with
unencoded data, because many
system designers need a fiber-
optic solution that can use
protocols originally developed
for use with copper wires.

Distances and Data Rates
Achievable

The simple transceivers recom-
mended in this application note
can be used to address a very
wide range of distances, data
rates, and system cost targets.
The maximum distances allowed

with various types of optical fiber
when using HP’s wide range of
fiber-optic transceiver compo-
nents are shown Table 1. One
simple calculation is needed to
optimize the receiver for use at
the desired maximum symbol rate
of your system application. No
transmitter or receiver adjust-
ments are needed when using
fiber cable length that vary from
virtually zero length up to the
maximum distances specified in
Table 1.

Simple TTL Compatible
LED Transmitter

A high-performance, low-cost
TTL-compatible transmitter is
shown in Figure 3. This transmit-
ter recommendation is
deceptively simple, but has been
highly developed to deliver the
best performance achievable with
HP’s LED transmitters. The rec-
ommended transmitter is also
very inexpensive, because the
74ACTQOO gate used to current
modulate the LED can typically be
obtained for under $0.40. No cal-
culations are required to

Table 1
Transmitter Receiver Component Fiber Diameter Maximum Distance at 32 MBd
Component Part # Part # and Wavelength Type with the transceiver circuits
and Wavelength recommended in this publication
HFBR-15X7 HFBR-25X6 650 nm 1 mm plastic 27 meters with transmitter in Fig. 3
650 nm LED step index and receiver in Fig. 4
HFBR-15X7 HFBR-25X6 650 nm 1 mm plastic 42 meters with transmitter in Fig. 3
650 nm LED step index and receiver in Fig. 5
HFBR-15X7 HFBR-25X6 650 nm 200 um HCS 690 meters with transmitter in Fig. 3
650 nm LED step index and receiver in Fig. 4
HFBR-15X7 HFBR-25X6 650 nm 200 um HCS 1.0 kilometer with transmitter
650 nm LED step index in Fig. 3 and receiver in Fig. 5
HFBR-14X2 HFBR-24X6 820 nm 200 pm HCS 690 meters with transmitter in Fig. 3
820 nm LED and receiver in Fig. 4

step index

HFBR-14X2

HFBR-24X6 820 nm

200 pm HCS

1.0 kilometer with transmitter

1300 nm LED

820 nm LED step index in Fig. 3 and receiver in Fig. 5
HFBR-14X4 HFBR-24X6 820 nm 62.5/126 pm 800 meters with transmitter in Fig. 3
820 nm LED multimode glass and receiver in Fig. 4

HFBR-14X4 HFBR-24X6 820 nm 62.5/125 um 1.6 kilometers with transmitter

820 nm LED nultimode glass in Fig. 3 and receiver in Fig. 5
HFBR-13X2 HFBR-23X6 1300 nm 62.5/125 um 1.3 kilometers with transmitter

multimode glass

in Fig 3. and receiver in Fig. 4

HFBR-13X2
1300 nm LED

HFBR-23X6 1300 nm

62.5/125 pm
multimode glass

in Fig. 3 and receiver in Fig. 5

3.3 kilometers with transmitter

HFBR-1315
1300 nm ELED

HFBR-2315 1300 nm

9/126 pm
single-mode glass

4.0 kilometers with transmitter
in Fig. 3 and receiver in Fig. 5
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Figure 3. TTL-Compatible LED Transmitter
Table 2
Transmitter HFBR-15X7 HFBR-14X4 | HFBR-13X2T HFBR-1315
650 nm LED 820 nm LED | 1300 nm LED 1300 nm ELED
Fiber Type I mm Plastic | 200 pum HCS | 62.5/125 pm 62.5/125 pm 9/125 um
R1 120 Q 33Q 33 Q 22Q 18Q
R2 120 Q 33Q 33Q 27Q 18Q
R3 390 Q 270 Q 270 Q oo 390 Q
C3 82 pF 470 pF 75 pF 150 pF 47 pF

determine the passive component
needed when using various HP
LEDs with a wide range of optical
fibers. Simply use the recom-
mended component values shown
in Table 2, and the transmitter
shown in Figure 3 can be used to
address a broad range of applica-
tions.

Simple TTL Compatible
Receiver

A very simple TTL-compatible re-
ceiver that has adequate

sensitivity for a wide range of ap-
plications is shown in Figure 4.
Equation 1 allows the designer to
quickly determine the values of
C6 and C7 so that the receiver is
optimized for operation at any
data rate up to a maximum of 32

MBd.

Enhanced TTL

Compatible Receiver

The receiver circuit shown in Fig-
ure 5 is suitable for use in
applications that require greater

optical cable lengths. The receiver
in Figure 5 provides 6 dB more
receiver sensitivity than the sim-
plified receiver shown in Figure 4.
Equation 2 allows the designer to
quickly determine the values of C9
and C10 so that the receiver is op-
timized for operation at any data
rate up to a maximum of 32 MBd.

Printed Circuit Artwork
The performance of transceivers
that use HP fiber-optic compo-
nents are partially dependent on
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Figure 4. Simple Fiber-optic Receiver for use with dc to 32 MBd Arbitrary Duty Factor Data

the layout of the printed circuit Equation 1

board on which the transceiver
circuits are constructed. System
designers are encouraged to im- C6=CT7 =

2

bed the printed circuit designs (3) (R6 + R7) [ Data Rate (Bd) ]

provided in this application note

to achieve the fiber-optic link per-
formance described in Table 1. Table 3

The printed circuit artwork in Fig-
ure 6 is for the transmitter in
Figure 3 and the receiver in Figure

Receiver HFBR-25X6
650 nm

HFBR-24X6 | HFBR-23X6
820 nm 1300 nm

4. The printed circuit artwork in Fiber Type | 1 mm Plastic | 200 um HCS | 62.5/125 um | 62.5/125 pm

Figure 7 is for the transmitter in

Figure 3 and the receiver in Figure
5. Electronic copies of the Gerber
files for the artwork shown in this
application note can be obtained
by using the Internet to download
the printed circuit designs located
at the following URL:

http://www.hp.com/HP-COMP/fiber/fiber_index.html

300

Download the file named
transl.exe to obtain the artwork
for the transmitter shown in Fig-
ure 3 and the receiver shown in
Figure 4. Download the file
named trans2.exe to obtain the
artwork for the transmitter shown
in Figure 3 and the receiver
shown in Figure 5.
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Figure 6d. Mid Layer 3 Figure 6e. Bottom Layer Figure 6f. Bottom Overlay

WARNING: DO NOT USE PHOTO-
COPIES OR FAX COPIES OF THIS
ARTWORK TO FABRICATE
PRINTED CIRCUITS.

TX FIGURE 3

N_GND
N_Vce

TTL_IN

Rx GND d

RX FIGURE 4

Rx GNDCOH
N_GND [

N_Vce

TTL_OUT+
TTL_OUT-

SN ARNON®O

CON9
Figure 6g. Trans 1 Schematic

Figure 6. Printed Circuit Artwork for Transmitter shown in Figure 3 and Receiver in Figure 4
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Figure 7a. Top Overlay Figure 7b. Top Layer
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Figure 7d. Mid Layer 3 Figure 7e. Bottom Layer Figure 7f. Bottom Overlay

WARNING: DO NOT USE PHOTO-
COPIES OR FAX COPIES OF THIS
ARTWORK TO FABRICATE
PRINTED CIRCUITS.

TX FIGURE 3

TX N_GND
N_Vce

TTL_IN

Rx GND

.

RX FIGURE 5

RX Rx GNDCO)

N_GND [

N_Vce

TTL_OUT+
TTL_OUT-

“NWANON® O

CON9

Figure 7g. Trans 2 Schematic

Figure 7. Printed Circuit Artwork for Transmitter in Figure 3 and Receiver in Figure 5
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Error Rates and Noise
Immunity

The probability that a fiber-optic
link will make an error is related
to the receiver’s own internal
random noise and its ability to
reject noise originating from the
system in which it is installed.
The total noise present in any
fiber-optic receiver is normally
the sum of the PIN diode pre-
amplifier’s noise and the host
system’s electrical noise. The
amount of hysteresis applied to
the comparator determines the
minimum signal amplitude (also
known as minimum signal
threshold level) at which the re-
ceiver can reliably detect data.
The ratio between the
comparator’s switching threshold
(also known as hysteresis) and
the receiver’s noise also has a
dramatic impact on probability of
error. Small increases in the
comparator’s threshold-to-noise
ratio result in a very sharp reduc-
tion in the probability of error.
Figure 8 shows that the
receiver’s probability of error is
reduced by six orders of magni-
tude from (1x10-9 to 1x10-15)
when the receiver’s threshold-to-
noise ratio improves from 12:1 to

15.8:1.
/

®
I
]

1E-7  1E-9 1E-11 1E-13 1E-15
BIT-ERROR RATIO - (BER)

m>
&

1E-5

Figure 8. Receiver Threshold-to-Noise
Ratio vs. Probability of Error (aka
BER)
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At any fixed temperature the total
value of the receiver’s random
noise plus the host system’s noise
can be assumed to be a constant.
So the most obvious way to re-
duce the probability of error is to
increase the comparator’s hyster-
esis and increase the amplitude of
the optical signal applied to the
receiver. A less obvious but better
technique for lowering the error
rate is to improve the receiver’s
ability to reject electrical noise
from the system in which it re-
sides. The fiber-optic receivers
recommended in this application
note have sufficient noise immu-
nity to be used in most systems
without electrostatic shielding.
The HP PIN diode pre-amps,
which are used in the receiver’s
first stage, are small hybrid cir-
cuits, and these small hybrid
components do not function as
particularly effective antennas.
For extremely noisy applications,
HP offers PIN diode pre-amps in
electrically conductive plastic or
all metal packages. HP manufac-
tures a wide range of conductive
and non-conductive fiber-optic
components that mate with vari-
ous industry-standard fiber-optic
connectors. However, the over-
whelming majority of the
fiber-optic applications success-
fully implemented with HP’s
fiber-optic components have not
required conductive plastic or
metal receiver housings.

The most insidious and the most
overlooked source of noise is usu-
ally the host system’s +5 V power
supply. The host system’s +5 volt
supply normally powers the fiber-
optic receiver, the fiber-optic
transmitter and an entire system
comprised of relatively noisy digi-
tal circuits. The simple and
inexpensive power supply filters
recommended in this publication
have been proven to work in a

wide range of system applications.
The power-supply filters recom-
mended in this application note
are normally sufficient to protect
the fiber-optic receiver from very
noisy host systems, but in ex-
tremely noisy applications
additional power supply filtering
could be needed.

Parts List

The TTL-compatible fiber-optic
transceivers recommended in this
publication are very simple and
inexpensive, so only a few exter-
nal components are needed.
Complete parts lists for the cir-
cuits recommended in this
application note are provided in
Table 5 and Table 6. The parts
listed in Table 5 are for the trans-
mitter in Figure 3 and the receiver
in Figure 4. The parts listed in
Table 6 are for the transmitter in
Figure 3 and the receiver in Figure
5. All of the components de-
scribed in the part lists are
compatible with the printed cir-
cuit artworks shown in Figure 6
and Figure 7, thus minimizing the
design time and resources needed
to use the low cost fiber-optic
transceivers shown in the applica-
tion note.

Conclusion

The complete TTL-compatible fi-
ber-optic transceiver solutions
provided in this publication can
be used to improve the noise im-
munity of existing data
communication systems that use
protocols originally developed for
use with copper wire. When fiber-
optic media is used in place of
conventional copper wire, it is
possible to build new communica-
tion systems that are immune to
large noise transients caused by
utility power switch gear, motor
drives or high voltage power sup-
plies. Furthermore the



non-conductive cables used in op-
tical communication links have an
intrinsically higher probability of
surviving lightning strikes than
copper wire alternatives. The opti-
cal data communication solutions
shown in this application note are
also capable of sending high-
speed 32-MBd data over long

distances that would be impracti-

cal with copper wire cables. Sys-
tem designers can quickly develop
noise-immune communication
links with minimal engineering
costs by imbedding the complete
fiber-optic solution shown in this
application note.

Table 5. Parts List for the Transmitter in Figure 3 and Receiver in Figure 4

Designator Part Type Description Footprint Material Part Number Quantity | Vendor 1
C1 0.1 uF Capacitor 805 X7R or better |C0805X7R500104KNE 8 Venkel
Cs 0.1 uF Capacitor
(o}:] 0.1 uF Capacitor
Cc9 0.1 puF Capacitor
Cc11 0.1 uF Capacitor
C13 0.1 uF Capacitor
(of3) Determined by Capacitor 805 NPO/COG 1 Venkel
Cc7 | Equation 1 Capacitor 805 NPO/COG 1 Venkel
c2 10 puF Capacitor B Tantalum, 10 V| TAO10TCM106MBN 3 Venkel
Cid 10 uF Capacitor
c12 10 pF Capacitor
C3 See Table 2 Capacitor 805 NPO/COG 1 Venkel
u1 I.C. Nand Gate S014 74ACTQO0 1 National
u2 Fiber-Optic Transmitter See Table 2 HFBR-1XXX 1 HP
U Fiber-Optic Receiver See Table 4 HFBR-2XXX 1 HP
U4 LT1016 IC, comparator S08 LT1016CS8 1 Linear Tech
L1 CB70-1812 Inductor 1812 HF30ACB453215 1 TDK
L2 1.2 uH Inductor 10% 1008LS-122XKBC 2 Coilcraft
L3 ) R
R4 4.7 Resistor 805 5% CRO080510W4R7JT 2 Venkel
R5 4.7 Resistor
R1 See Table 2 Resistor 805 1% 1 Venkel
R2 See Table 2 Resistor 805 1% 1 Venkel
R3 See Table 2 Resistor 805 1% 1 Venkel

( R6 270 Resistor 805 5% CRO080510W271JT 2 Venkel
R7 270
R8 120K Resistor 805 5% CR080510W124JT 2 Venkel
R9 120K
R10 240 Resistor 805 5% CRO080510W241JT 2 Venkel
R11 240 ) )
R12 22K Resistor 805 5% CR080510W222JT 1 Venkel
J1 Pins 343B 9 McKenzie
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Table 6. Parts List for the Transmitter in Figure 3 and Receiver in Figure 5

HEWLETT"
PACKARD

Designator Part Type Description Footprint Material Part Number Quantity| Vendor 1
C1 0.1 uF Capacitor 805 X7R or better | C0805X7R500104KNE 8 Venkel
C6 0.1 uF Capacitor
Cc7 0.1 pF Capacitor
C8 0.1 uF Capacitor
c1 0.1 uF Capacitor
c12 0.1 uF Capacitor
C14 0.1 uF Capacitor
C16 0.1 uF Capacitor
c9 Determined by Capacitor 805 | NPO/COG - ] 1 Venkel

C10 Equation 2 Capacitor 805 NPO/COG 1 Venkel
Cc2 10 uF Capacitor B Tantalum, 10 V| TA010TCM106MBN 3 Venkel
C13 10 puF Capacitor

C15 10 uF Capacitor B
c3 See Table 2 J Capacitor 805 NPO/COG 1 Venkel

Ui IC. | NandGate so14 74ACTQO0 1 National
U2 Fiber-Optic Transmitter See Table 2 HFBR-1XXX 1 HP

U3 Fiber-Optic Receiver See Table 4 HFBR-2XXX 1 HP

U4 LT1016 IC, comparator S08 LT1016CS8 1 Linear Tech
us Quad NPN Transistor |  S016 MMPQ3904 1 Motorola |
L1 CB70-1812 Inductor 1812 HF30ACB453215 1 TDK

L2 1.2 uH Inductor 10% 1008LS-122XKBC | 2 Coilcraft |
L3

R4 4.7 Resistor 805 5% CR080510W4R7JT 2 Venkel

R5 4.7 Resistor o i

R1 See Table 2 Resistor 805 1% 1 Venkel

R2 See Table 2 Resistor 805 1% 1 Venkel

R3 See Table 2 Resistor 805 1% 1 Venkel

R6 24K Resistor 805 5% CR080510W242JT 2 Venkel
R11 24K

R7 15K | Resistor 805 5% CR080510W152JT 2 Venkel
R12 15K 7 - |

R8 51 Resistor 805 5% CR080510W510JT ﬂ 2 Venkel

R9 51

R10 110 Resistor 805 5% | CR080510W111JT 1 Venkel
R13 470 Resistor 805 5% | CRO080510WA471JT 2 Venkel |
R14 470

R15 270 Resistor 805 5% CR080510W271JT 2 | Venkel
R16 270

R17 68K Resistor 805 5% CR080510W163JT 2 Venkel
R18 68K

R19 240 Resistor { 805 | 5% CROBO510W241JT | 2 Venkel
R0 | 240 - _
R21 22K Resistor 805 5% CR080510W222JT 1 Venkel

J1 Pins o 3438 | 9 | McKenzie
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Inexpensive 2 to 70 MBd Fiber-
Optic Solutions for Industrial, Medical,
Telecom, and Proprietary Data
Communication Applications

Application Note 1122

Introduction

Low-cost fiber-optic data-commu-
nication links have been used in
place of copper wire in numerous
industrial, medical and propri-
etary data communication
systems. The fiber-optic transmit-
ter and receiver circuits
recommended in this publication
address a wide range of applica
tions. These circuits are
compatible with existing copper
wire protocols, which encode the
data before it is sent through the
serial communication media. A
complete TTL-compatible digital
transceiver solution, including the
schematic, printed-circuit artwork
and material list, is presented in
this application note. This com-
plete solution makes it easy for
potential users to imbed this low-
cost fiber-optic technology into
new products because no analog
design is required. System engi-
neers interested in using the
recommendations contained in
this publication are encouraged to
imbed these reference designs in
their products, and various meth-
ods for electronically down-
loading these reference designs
are described.

Why Use Optical Fibers?
Although copper wire is an estab-
lished technology that has been

5966-1270E

successfully used to transmit data
in a wide range of industrial,
medical and proprietary applica-
tions, it can be difficult or
impossible to be used in numer-
ous situations. By using
differential line receivers,
optocouplers or transformers,
conventional copper wire cables
can be nsed to transmit data in
applications where the reference
or ground potentials of two sys-
tems are different. However,
when using copper wires great
care must be taken during and
after the initial installation to as-
sure that the data is not corrupted
by noise induced into the cable's
metallic shields from adjacent
power lines or differences in
ground potential. Unlike copper
wires, optical fibers do not re-
quire rigorous grounding rules to
avoid ground loop interference,
and fiber-optic cables do not need
termination resistors to avoid re-
flections. Optical transceivers and
cables can be designed into sys-
tems so that they survive lightning
strikes that would normally dam-
age metallic conductors or wire
input/output (I/O) cards. In es-
sence, fiber-optic data links are
used in electrically noisy environ-
ments where copper wire fails.

In addition to all of these inherent

advantages, there are two other
reasons why optical fibers are be-
ginning to replace copper wires.
The first reason is that optical
connectors suited for field instal-
lation with minimal training and
simple tools are now available.
The second reason is that when
using plastic optical fiber (POF)
or hard clad silica (HCS) fiber, the
total cost of the data communica-
tion link is roughly the same as
when using copper wires.

Wire Communication
Protocols and Optical
Data Links

Many existing serial wire commu-
nication protocols were
developed for use with differential
line receivers or optocouplers that
can sense the dc component of
the data communication signal.
This type of serial data is often
called arbitrary duty factor data
because it can remain in the logic
“1” or logic “0” state for indefinite
periods of time, and therefore has
a duty factor or average value
which arbitrarily varies between
0% and 100%. Some existing wire
communication protocols require
an optical receiver that is de
coupled or capable of detecting if
the data is changing from high-to-

307



low or low-to-high logic state, i.e.
the receiver needs to be an edge
detector. At relatively modest
data rates between zero and 10 M
bits/second, it is possible to con-
struct de coupled TTL compatible
fiber-optic receivers. The HP
HFBR-2521 is a TTL compatible
dc to 5 M bit/sec receiver, and the
HFBR-2528 is a dc to 10 M bit/sec
CMOS or TTL compatible re-
ceiver. Additional information
about dc to 5 M bit/sec applica-
tions can be found in Hewlett-
Packard AN-1035, and applica-
tions support for de to 10 M bits/
sec applications can be obtained
by reading AN-1080. This applica-
tion note will focus on optical
data communication links that
work at much higher data rates
and much greater distances than
achievable with the dc coupled
HFBR-2521 or HFBR-2528 compo-
nents. The optical transceivers
shown in this application note are
intended for use with data that
has been encoded so that the av-
erage value of the data is equal to
approximately 50 % of the data’s
amplitude. If your communication
system sends unencoded arbitrary
duty factor data, or burst mode
data where the average value of
the signal can instantaneously be
anywhere between 0% and 100%
please refer to the solutions pro-
vided in HP Application Note
1121.

The Pros and Cons of
Encoding Data

One of the most important rea-
sons for encoding the data is that
the sensitivity of the fiber-optic
receiver improves dramatically. A
receiver circuit designed for use
with encoded data is typically 4
dB to 10 dB better than receiver
circuits optimized for use with
arbitrary duty factor data, or
burst-mode data. Encoded data
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normally has a 50 % duty factor,
or restricted duty factor variation,
which allows the construction of
optimal noise-limited fiber-optic
receivers which provide very high
performance. The arbitrary duty
factor or burst mode receivers
described in HP Application
Notes 1035, 1080, and 1121 are
considerably less sensitive than
the fiber-optic receiver solution
described in this publication. The
optimized receiver in this applica-
tion note is capable of providing
excellent sensitivity because it
was designed specifically for use
with encoded data.

As the data rate increases, other
reasons for encoding quickly be-
come apparent. When unencoded
arbitrary duty factor data is trans-
mitted through an optical
communication system, a sepa-
rate fiber-optic link must be used
to send the clock if synchronous
serial communication is desired.
In most high-speed serial commu-
nication systems, the data and
clock are merged onto a single
fiber-optic link to avoid problems
with time skew, which can occur
when data and clock signals are
sent through two different optical
fibers. Asynchronous data com-
munication systems, which
oversample the serial data using a
local clock oscillator located at
the receiving end of the fiber-op-
tic data link, are limited to
lower-speed applications, because
the sampling frequency required
to assure low pulse-width distor-
tion rises dramatically as data
rates increase.

The most apparent drawback of
encoding data is the additional
complexity of the encoder func-
tion, which must be added to the
integrated circuits that convert
parallel data to serial data at the

transmitting end of the communi-
cation link. At the receiving end of
the data communication link, a
corresponding decoder function
must also be added to the circuits
that convert serial-data back to
parallel-data. At first glance, en-
coding and decoding seem to add
too much complexity, but encoder
and decoder circuits actually do
not have a significant impact on
the cost of the complex serializer
and deserializer integrated circuits
already needed to connect two
parallel architecture systems via a
serial communication channel. In
fact, many off-the-shelf protocol
chips for serial communications
applications imbed encoding and
decoding features for all of the
reasons that have just been de-
scribed.

High Performance ac
Coupled Receiver
Topology

When data is encoded, the fiber-
optic receiver can be ac coupled
as shown in Figure 1. Without en-
coding, the fiber-optic receiver
would need to detect dc levels or
edges to determine the proper
logic state during long periods of
inactivity, as when there is no
change in the transmitted data.
AC-coupled fiber-optic receivers
tend to be lower in cost, are much
easier to design, provide better
sensitivity and contain fewer com-
ponents than their de-coupled
counterparts.

No matter which type of fiber-op-
tic medium is used, the receiver’s
PIN diode pre-amplifier should be
ac coupled to a limiting amplifier
and comparator as shown in Fig-
ure 1. Direct coupling the PIN
pre-amp to the post amplifier and
comparator (also known as quan-
tizer) will reduce the sensitivity of
the fiber-optic receiver, since this
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Figure 1. Simplified TTL-Compatible Fiber-Optic Receiver Block Diagram for Applications with Encoded Data

allows low-frequency flicker-noise
from the first transistor in the PIN
pre-amp to be applied to the
receiver’s comparator. Any undes-
ired noise coupled to the
comparator will reduce the signal-
to-noise ratio at this critical point
in the circuit, and reduce the sen-
sitivity of the fiber-optic receiver.
Another problem associated with
direct-coupled receivers is the ac-
cumulation of dc offset. With
direct coupling, the receiver’s gain
stages rapidly multiply the PIN
pre-amplifier’s small offsets and
voltage drifts due to temperature
change. Sensitive receivers re-
quire high-gain amplifiers, which
will quickly magnify relatively
small PIN pre-amp offsets. The
amplification of dc offset will
saturate the quantizer’s amplifiers,
resulting in undesired pulse-width
distortion, which limits the maxi-

mum data rate and sensitivity of
inexpensive dc-coupled receivers.
Problems with dc drift and low-
frequency flicker-noise can be
avoided by constructing ac-
coupled fiber-optic receivers as
recommended in Figure 1.

Relationships Between
bits/sec, Baud, and Hertz
Figure 2 shows more details about
encoding techniques that are com-
monly used with inexpensive
fiber-optic solutions. Simple
Manchester encoders which send
two symbols for each bit can be
used in low-speed data communi-
cation applications, but high
efficiency block substitution
codes, such as 4B5B and 8B10B,
are preferred for serial communi-
cation systems that operate at
symbol rates greater than 32 MBd.

When using a high efficiency en-
coding scheme, the channel
bandwidth needed to carry the
serial data is minimized, and the
distances achievable with low-
cost fiber-optic technologies
increase. Figure 2 illustrates sev-
eral important relationships
between bits/second, symbols/
second, expressed in Baud (Bd),
and the fundamental frequency of
various digital data communica-
tion signals. Note that arbitrary
duty factor unencoded data is one
of the few instances when data
rate in bits/second, and the sym-
bol rate in Bd are equal.

Only One Transceiver
Design Needed

This application note will show
that various HP LED transmitters
and PIN-diode pre-amplifiers can
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SERIAL DATA 0% TO 100% DUTY FACTOR (D.F) o, 32MBd
SOURCE P NRZ DATA
32 M BITS/SEC fo = 16 MHz
MANCHESTER | 500, D F. 64 MBd
ENCODER ~ |—————————— ENCODED DATA
(50% EFFICIENT) fo = 32 MHz
4858 40% TO 60% D F. 40 MBd
ENCODER ENCODED DATA
(80% EFFICIENT) fo = 20 MHz
8B10B 50% D.F. 40 MBd
ENCODER ~ |——————————ENCODED DATA
(80% EFFICIENT) fo = 20 MHz
(@71 APPROXIMATELY 50% D.F., 32 MBd
SCRAMBLER |————————— ENCODED DATA
(100% EFFICIENT) fo = 16 MHz

NOTE THAT fo IS THE MAXIMUM FUNDAMENTAL FREQUENCY OF THE ENCODED DATA.
THE MINIMUM FUNDAMENTAL FREQUENCY OF THE ENCODED DATA IS DETERMINED BY THE

ENCODER'S RUN LIMIT.

Table 1

Figure 2. Attributes of Encoding

be used in a single transceiver de-
sign that can be electronically
down-loaded and imbedded into a
wide range of products to provide
very low-cost data communica-
tion solutions. Without changing
the form-factor or printed circuit
design, the transceiver shown in
this publication can be populated
with components that are capable
of sending digital data via various
types of fiber-optic cables. When
the recommended circuits are
electronically imported and im-
bedded into your system, the
same inexpensive transceiver can
be used with a variety of fiber-
optic cables so that one design
can be used to address an ex-
tremely wide range of data
communication applications.

Distances and Data Rates
Achievable

The simple transceivers recom-
mended in this application can be
used to address a very wide range
of distances, data rates, and sys-
tem cost targets. The maximum
distances allowed with various
types of optical fiber and HP’s

LED Transmitter
Component Part #
and Wavelength

Receiver Component
Part # and Wavelength

Fiber Diameter
Type

Maximum Distance at 50 MBd
with the transceiver circuits
recommended in this publication

HFBR-15X7 HFBR-25X6 650 nm 1 mm plastic 80 meters with transmitter in Fig. 3
650 nm step index and receiver in Fig. 4

HFBR-15X7 HFBR-25X6 650 nm 200 um HCS 300 meters with transmitter in Fig. 3
650 nm step index and receiver in Fig. 4

HFBR-14X2 HFBR-24X6 820 nm 200 um HCS 300 meters with transmitter in Fig. 3
820 nm step index and receiver in Fig. 4

HFBR-14X4 HFBR-24X6 820 nm 62.5/125 um 1.5 kilometers with transmitter

820 nm multimode glass in Fig. 3 and receiver in Fig. 4
HFBR-13X2 HFBR-23X6 1300 nm 62.5/125 ym 3.8 kilometers with transmitter

1300 nm multimode glass in Fig 3. and receiver in Fig. 4

HFBR-1315
1300 nm

HFBR-2315 1300 nm

9/125 pm
single-mode glass

14 kilometers with transmitter
in Fig. 3 and receiver in Fig. 4
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Figure 3. TTL-Compatible Fiber-Optic Transmitter
Table 2
Transmitter HFBR-15X7 HFBR-14X4 | HFBR-13X2T HFBR-1315
650 nm LED 820 nm LED | 1300 nm LED 1300 nm ELED
Fiber Type 1 mm Plastic | 200 um HCS | 62.5/125 pm 62.5/125 pm 9/125 pm
R1 ] 120 Q 33Q 33Q 22Q 18Q
| R2 1200 33Q 33Q 27Q 18Q
R3 390 Q 270 Q 270 Q o0 390 Q
C3 82 pF 470 pF 75 pF 150 pF 47 pF

broad range of fiber-optic compo-
nents are shown in Table 1. Only
one simple calculation is needed
to optimize the receiver for use at
the desired maximum symbol rate
of your system application. No
transmitter or receiver adjust-
ments are needed when using
fiber cables that vary from virtu-
ally zero length up to the
maximum distances specified in
Table 1.

Simple TTL-Compatible
LED Transmitter

A high performance, low cost TTL
compatible transmitter is shown
in Figure 3. This transmitter rec-
ommendation looks deceptively
simple but has been highly devel-
oped to deliver the best
performance achievable with a
wide range of HP LED transmit-
ters. The recommended
transmitter is also very inexpen-
sive since the 74ACTQO00 gate
used to current modulate the vari-

ous LED transmitters can typi-
cally be obtained for under $0.40.
No calculations are required to
determine the passive component
needed when using the broad se-
lection of HP LEDs with various
optical fibers. Simply use the rec-
ommended component values
shown in Table 2, and the trans-
mitter shown in Figure 3 can be
used to address a wide range of
applications.
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Figure 4. Simple High-Sensitivity TTL-Compatible Receiver
Simple High-Sensitivity, Equation 1
TTL-Compatible Receiver
A very simple TTL-compatible re-
ceiver that has excellent
sensitivity and is suited for many Wh(;n data rate ; !
different applications is shown in is <20 MBd then C9 = 27800 (B B0 | [4 ()]
Figure 4. Equation 1 allows the
designer to determine the value of
C9 which optimizes the
quantizer’s bandwidth for best
receiver sensitivity at data rates
<20 MBd. At data rates >20 MBd ~ Table 3
the bqndvyvidth limlitat,ions‘of the Receiver HFBR-25X6 HFBR-24X6 | HFBR-23X6T | HFBR-2315
quantizer’s amplifier provide the 650 nm 820 nm 1300 nm 1300 nm
low pass filtering required, so no
capacitor should be connected Fiber Type | 1 mm Plastic | 200 pin HCS 9/125

between the CF1 and CF2 termi-
nals of the ML-4624. The receiver
shown in Figure 4 can be config-
ured to address the unique
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requirements of various applica-
tions; simply refer to Table 3 to
find the component values best
suited for your specific applica-
tion.

The receiver in Figure 4 uses the
Micro Linear ML-4624 quantizer
that has been used successfully
with HP's HFBR-2416 820 nm PIN
pre-amp in numerous 20-MBd
Ethernet and 32-MBd Token Ring
LAN applications since 1992. The
ML-4624 quantizer maximizes the
sensitivity of the fiber-optic re-
ceiver when used with a broad
range of HP PIN pre-amps. The
MIL-4624 can be used with the
HFBR-2526 PIN pre-amp to build
a 650-nm receiver that is compat-
ible with 1 mm plastic optical
fibers (POF) or 200 pm hard clad
silica (HCS) fibers. The ML-4624
quantizer can also be used with
HP's HFBR-2316 PIN pre-amp for
1300 nin miltimode glass fiber ap-
plications, or the ML-4624 can be
used with HP’s HFBR-2315 to con-
struct 1300 nm receivers that are
compatible with 9/125 pm single-
mode fibers.

The ML-4624 quantizer provides
the best digital receiver sensitivity
possible no matter which HP PIN
pre-amp is used, provided the
modulation code that encodes the
data does not allow excessive
time intervals between transitions
from one logic state to another.
The maximum time interval al-
lowed between the edges of
encoded data symbols is known
as the encoder’s run limit. For a
better understanding of how the
encoder’s run limit affects re-
ceiver performance, refer to
Figure 1. To obtain optimum per-
formance from the ML-4624
quantizer, the encoder’s run-limit
time interval must be orders of
magnitude shorter than the time
constant of the integrator imbed-

ded in the ML-4624 quantizer’s
feedback loop. As the encoder’s
run-limit approaches the time
constant of the ML-4624’s integra-
tor, the de bias voltage applied to
the inverting input of the quan-
tizer begins to slew up or down
and the receiver’s sensitivity de-
creases. The maximum run-limit
time recommended for use with
the ML-4624 quantizer should

be <500 ns.

Printed Circuit Artwork
The performance of transceivers
that use HP fiber-optic compo-
nents are partially dependent on
the layout of the printed circuit
board on which the transceiver
circuits are constructed. To
achieve the fiber-optic link perfor-
mance described in Table 1,
system designers are encouraged
to imbed the printed circuit de-
sign provided in the application
note. The printed circuit artwork
in Figure 5 is for the transmitter
in Figure 3 and the receiver in
Figure 4. Electronic copies of the
Gerber files for the artwork
shown in this application note can
be obtained by using the Internet
to download the printed circuit
designs located at the following
URL:

Parts List

The TTL-compatible fiber-optic
transceiver recommended in this
publication is very simple and in-
expensive, so only a few external
components are needed. To sim-
plify the process of obtaining the
passive and active components
required to assemble the trans-
ceiver, a complete parts list is
provided in Table 4. All of the
components described in the
parts list were selected to assure
that they are compatible with the
printed circuit artwork shown in
Figure 5, thus minimizing the de-
sign time and resources needed to
use the low-cost, fiber-optic trans-
ceiver shown in this application
note.

Error Rates and Noise

Immunity

The probability that a fiber-optic
link will make an error is related
to the receiver’s own internal ran-
dom noise and the receiver’s
ability to reject noise originating
from the system in which it is in-
stalled. The total noise present in
any fiber-optic receiver is nor-
mally the sum of the PIN diode
pre-amplifier's noise and the host
systent’s electrical noise. As the

http://www.hp.com/HP-COMP/fiber/fiber_index.html

Download the file named
rl170.exe to obtain the artwork
for the transmitter shown in
Figure 3 and the receiver shown
in Figure 4.
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Figure 5a. Top Overlay

Figure 5d. Mid Layer 3

Figure 5. Printed Circuit Artwork for Transmitter shown in Figure 3 and Receiver in Figure 4
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Figure 5b. Top Layer

Figure 5e. Bottom Layer
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Figure 6. Receiver Signal-to-Noise
Ratio vs. Probability of Error (aka
BER)

optical signal applied to the re-
ceiver increases, the probability
that the receiver’s total noise will
alter the data decreases. Small
increases in the receiver’s signal-
to-noise ratio will result in a very
sharp reduction in the probability
of error. Figure 6 shows that the
receiver’s probability of error is
reduced by six orders of magni-
tude (from 1x10-9 to 1x10-15)
when the receiver’s signal-to-
noise ratio improves from 12:1 to
15.8:1.

At any fixed temperature the total
value of the receiver's random
noise plus the host system'’s noise
can be assumed to be a constant,
so the most obvious way to re-
duce the probability of error is to
increase the amplitude of the opti-
cal signal applied to the receiver.
A less obvious but better tech-
nique for lowering the error rate
is to improve the receiver’s ability
to reject electrical noise from the
system in which it resides. The
fiber-optic receiver recommended
in this application note has suffi-
cient noise immunity to be used in
most systems without electro-
static shielding. The HP PIN diode
pre-amps that are used in the
receiver’s first stage are small hy-

brid circuits, and these small hy-
brid components do not function
as particularly effective antennas.
For extremely noisy applications,
HP offers PIN diode pre-amps in
electrically conductive plastic or
all-metal packages. HP manufac-
tures a wide range of conductive
and non-conductive fiber-optic
components that mate with vari-
ous industry-standard fiber-optic
connectors, but the overwhelming
majority of the fiber-optic applica-
tions successfully implemented
with HP’s fiber-optic components
have not required conductive
plastic or metal receiver housings.

The most insidious and the most
overlooked source of noise is usu-
ally the host system’s +5 V power
supply. Many applications utilize
a solitary +5 volt supply that pow-
ers the fiber-optic receiver, the
fiber-optic transmitter and an en-
tire system comprised of
relatively noisy digital circuits.
The receiver circuit in Figure 4
uses very inexpensive power sup-
ply filter inductors that are
located in the receiver’s +5 volt
and 0 volt connections to the host
system’s power supply. The
simple and inexpensive power
supply filters recommended in
this publication have been proven
to work in a wide range of noisy
system applications, but in ex-
tremely noisy applications
additional power supply filtering
could be needed.

The HCPL-0701 optocoupler
shown in Figure 4 allows the TTL
LINK MONITOR output of the ML-
4624 quantizer to be connected to
electrically noisy TTL circuits. If
the communication protocol cho-
sen for the data communication
system requires that the
quantizer’s link monitor must be
connected to higher level proto-
col circuits, then some type of

noise isolation circuit, or an
optocoupler, must be used to as-
sure that digital circuits in the
communication system’s physical
layer do not inject noise into the
low-level analog circuits of the
Micro Linear ML-4624 quantizer.
Note that the TTL LINK MONI-
TOR output (pin 2) of the ML-4624
quantizer is low when a sufficient
amount of optical power is ap-
plied to the PIN pre-amp, but the
HCPL-0701 optocoupler inverts
the TTL LINK MONITOR output
so that the signal detect (SD) out-
put of the circuit in Figure 4 is
high when a sufficient amount of
light is applied to the fiber-optic
receiver's input.

Conclusion

The complete TTL compatible fi-
ber-optic transceiver solutions
provided in this publication can
be used to improve the noise im-
munity of existing data
communication systems currently
using encoded data protocols
originally developed for use with
copper wire. When copper wire
transceivers are replaced with
comparably priced optical trans-
ceivers, industrial and proprietary
communication systems have a
much better probability of surviv-
ing large noise transients caused
by utility power switch gear, mo-
tor drives or lightning strikes.
The optical data communication
solutions shown in this applica-
tion note can also send
high-speed, 70 MBd data over long
distances that would be impracti-
cal with copper wire cables. By
imbedding the complete solution
shown in this application note,
system designers can quickly de-
velop noise-immune optical
communication links in a very
short time with minimal R&D
costs.



Table 4. Parts List for the Transmitter in Figure 3 and Receiver in Figure 4

Designator Part Type Description Footprint Material Part Number Quantity | Vendor 1
C1 0.1 uF Capacitor 805 X7R or better |C0805X7R500104KNE 8 Venkel
C5 0.1 uF Capacitor
c8 0.1 uF Capacitor
C11 0.1 uF Capacitor
C12 0.1 uF Capacitor
C13 0.1 uF Capacitor
C14 0.1 uF Capacitor
C17 0.1 uF Capacitor
C19 0.1 uF Capacitor
C6 0.01 uF Capacitor 805 X7R or better | C0805X7R103KNE 2 Venkel
Cc7 0.01 pF Capacitor
C9 See Equation 1 Capacitor 805 NPO/COG 1 Venkel
C10 0.047 uF Capacitor 805 NPO/COG 1 Venkel
c2 10 puF Capacitor B Tantalum, 10 V| TAO10TCM106MBN 3 Venkel
C15 10 uF Capacitor
C16 10 uF Capacitor
C3 See Table 2 Capacitor 805 NPO/COG 1 Venkel
D1 HLMP-4700 LED lamp HLMP-4700 1 HP
U1 I.C. Nand Gate S014 74ACTQO0 1 National
u2 Fiber-Optic Transmitter See Table 2 HFBR-1XXX 1 F-E‘
u3 Fiber-Optic Receiver See Table 3 HFBR-2XXX 1 HP
u4 ML4624 IC, quantizer PLCC28 ML4624CQ 1 MicroLinear
us HCPL-0701 Optocoupler S08 HCPL-0701 1 HP
L1 CB70-1812 Inductor 1812 HF30ACB453215 1 TDK
L2 1.2 4H Inductor 10% 1008LS-122XKBC 2 Coilcraft
L3
R4 4.7 Resistor 805 5% CR080510W4R7JT 2 Venkel
R5 4.7 Resistor
R1 See Table 2 Resistor 805 1% 2 Venkel
R2 See Table 2 Resistor
R7 510 Resistor 805 5% CRO080510W511JT 2 Venkel
R8 510 Resistor
R3 See Table 2 Resistor 805 1% 1 Venkel
R6 12K Resistor 805 5% CR080510W122JT 1 Venkel
R9 1K Resistor 805 5% CR0805510W102JT 1 Venkel o
T Pins | 3 | 9 |McKenzie

| -
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Inexpensive 20 to 160 MBd Fiber-
Optic Solutions for Industrial, Medical,
Telecom, and Proprietary Data
Communication Applications

Application Note 1123

Introduction

Low-cost fiber-optic data-commu-
nication links have been used

in place of copper wire in numer-
ous industrial, medical and
proprietary applications. The
fiber-optic transmitters and
receivers shown in this
publication can be used in a wide
range of applications that convey
encoded serial data provided by
off-the-shelf, large-scale, mixed-
signal integrated circuits such as
the AMD TAXIchip T™, the Cy-
press HOTLink ™ or the PMC
Sierra S/UNI-LITE T™. Byte-to-
light solutions can be quickly
implemented when these off-the-
shelf serializer/deserializer
circuits are combined with the
fiber-optic transceivers described
in this publication. Complete +5V
ECL (PECL)-compatible digital
fiber-optic transceivers are
presented in this application note.
These complete solutions include
the schematic, printed circuit art-
work and material lists, so that
users of this low-cost optical tech-
nology will not need to do any
analog design. Designers inter-
ested in the recommendations
contained in this publication

are encouraged to imbed these
reference designs in their prod-
ucts, and various methods for
electronically down-loading these

5966-1269E

reference designs are described.

Why Use Optical Fibers?
Although copper wire is an estab-
lished technology that has

been successfully used to trans-
mit data in a wide range of
industrial, medical and propri-
etary applications, it can be
difficult or impossible to

use in numerous situations. By
using differential line receivers or
optocouplers, copper wires can
be used to transmit data in appli-
cations where the reference or
ground potentials of two systems
are different, but care must be
taken not to corrupt the data with
noise induced into the metallic
conductors or shields by adjacent
power lines or differences in
ground potential. Unlike copper
wires, optical fibers do not re-
quire rigorous grounding rules to
avoid ground loop interference,
and optical transmission lines do
not need termination resistors to
avoid reflections. Optical
transceivers and cables can be
designed into systems so that they
will survive lightning strikes that
would normally damage metallic
conductors or wire input/output
(I/0) cards. In essence, fiber-optic
data links are used in electrically
noisy environments where copper
wire fails.

In addition to all of these inherent
advantages, there are two other
reasons why optical fibers are be-
ginning to replace copper wires.
The first reason is that optical
connectors suited for field instal-
lation with minimal training and
simple tools are now available.
The second reason is that when
using plastic optical fiber (POF)
or hard clad silica (HCS) fiber, the
total cost of the data communica-
tion link is roughly the same as
when using copper wires.

Communication Protocols
and Optical Data Links
Many existing serial communica-
tion protocols were developed

for use with copper wire. At data
rates below 30 Mbits/second, cop-
per wire has routinely been used
with differential line receivers or
optocouplers that can sense the
de component of binary data com-
munication signals. This type of
serial data is often called “arbi-
trary duty factor” data because it
can remain in the logic “1” or logic
“0" state for indefinite periods of
time. Arbitrary duty factor data
has an average value, which can
instantaneously be anywhere be-
tween 0 percent and 100 percent
of the binary signal’s amplitude,
or in other words, arbitrary duty
factor data contains dc compo-
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nents. Communication protocols
that were developed specifically
for use with copper wire often re-
quire an optical receiver that is dc
coupled or capable of detecting if
the data is changing from a high-
to-low or low-to-high logic state,
that is, the receiver needs to be an
edge detector. At relatively mod-
est data rates between zero and 10
Mbits/sec it is possible to con-
struct dec coupled TTL-compatible
fiber-optic receivers. The HP
HFBR-2521 is a TTL-compatible,
dc-to-5 Mbit/sec receiver, and the
HFBR-2528 is a dc-to-10 Mbit/sec
CMOS or TTL-compatible re-
ceiver. Additional information
about dc-to-5 Mbit/sec applica-
tions can be found in Hewlett-
Packard AN-1035, and applica-
tions support for de-to-10 Mbit/sec
applications can be obtained by
reading AN-1080. This application
note focuses on optical data com-
munication links that operate at
much higher data rates and much
greater distances than achievable
with the dc-coupled or
edge-detecting fiber-optic receiv-
ers. The optical transceivers
shown in this application note are
intended for use with parallel data
that has been replaced by serial-
ized encoded symbols. When
encoding is used, the average
value of the serial data is equal to
approximately 50 percent of the
serialized data’s amplitude. If your
communication system sends
unencoded or burst-mode data
where the average value of the
serial data can arbitrarily be any-
where between 0 percent to 100
percent of the binary signal’s am-
plitude, please refer to the
solutions provided in HP
Application Note 1121.
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Advantages of Encoded
Run-Limited Data

As the data rate of a digital com-
munication link increases, the
reasons for encoding the raw data
become more compelling. When
data is encoded, the original data
bits are replaced with a different
group of bits known as symbols.
The symbols that replace the
original data are selected so that
the encoded data is compatible
with simple, highly sensitive, ac-
coupled fiber-optic receivers.
Encoding enables the construc-
tion of optimal fiber-optic
receivers which are limited by the
random noise inherent in the
receiver’s first amplifier stage.
Noise-limited ac-coupled receiv-
ers can provide very low error
rates when used with long optical
fibers, or can be useful in applica-
tions that utilize optical splitters
having large amounts of fixed op-
tical losses.

Data is encoded to prevent the
digital information from
remaining in one of the two pos-
sible logic states for an indefinite
period of time. When data is en-
coded, a characteristic known as
the “run limit" is established. If
data is not changing, the run limit
defines how much time may pass
before the encoder inserts a tran-
sition from one logic state to
another. The run length, or run
limit of the encoder, is the num-
ber of symbol periods that are
allowed to pass before the en-
coder changes logic state.
Encoders usually force the en-
coded data to have a 50 percent
duty factor, or they restrict the
duty factor to a limited range,
such as 40 percent to 60 percent.
When data is encoded, the fiber-
optic receiver can be ac-coupled
as shown in Figure 1. Without en-

coding, the fiber-optic receiver
would need to detect dc levels, or
edges, to determine the proper
logic state during long periods of
inactivity when there are no
changes in the transmitted data.
AC-coupled fiber-optic receivers
tend to be lower in cost, are much
easier to design, provide better
sensitivity and contain fewer com-
ponents than their de-coupled
counterparts.

No matter which type of fiber-op-
tic media is used, the receiver's
PIN pre-amplifier should be ac-
coupled to a limiting amplifier
and comparator as shown in Fig-
ure 1. Direct coupling decreases
the sensitivity of a digital fiber-
optic receiver, since it allows
low-frequency flicker noise from
transistor amplifiers to be pre-
sented to the receiver’s
comparator input. Any undesired
signals coupled to the comparator
will reduce the signal-to-noise
ratio at this critical point in the
circuit, and reduce the sensitivity
of the fiber-optic receiver.

Another problem associated with
direct-coupled receivers is

the accumulation of dc offsets.
With direct coupling, the
receiver’s gain stages amplify the
effects of undesirable offsets and
voltage drifts due to temperature
changes. These amplified dc off-
sets will eventually be applied

to the comparator and result in
reduced sensitivity of the fiber-
optic receiver. The dc offset at the
comparator can be referred to the
optical input of the receiver by
dividing by the receiver’s gain.
This division refers the dc offset
at the comparator to the receiver
input where it appears as a change
in optical power that must be ex-
ceeded before the receiver will
switch logic states. Problems with



POWER
SUPPLY FILTER

NOISY HOST
SYSTEM
POWER
| SUPPLY

U

1/3 MC10H116

PECL OUTPUT (-)

N /3 MC10H116 N /3 MC10H116
HP PINDIODE |} =N N 4
Ao»] PRE-AMPLIFIER . > > |
HYBRID COMPONENT | + e —
T / LIMITING LT LmiTinG
AMPLIFIER AMPLIFIER

Y4

Y

PECL OUTPUT (+)

COMPARATOR
WITH HYSTERESIS

Figure 1. Simplified +5 Volt ECL (PECL-compatible) Fiber-optic Receiver Block Diagram for High Data Rate Applications

with Encoded Data

dc drift can be avoided by con-
structing the receiver as shown in
Figure 1.

Encoding has other advantages.
Encoding merges the data and
clock signals in a manner that al-
lows a timing-recovery circuit to
reconstruct the clock at the re-
ceiver end of the digital data link.
This is essential because fiber-
optic links can send data at such
high rates that asynchronous tim-
ing-recovery techniques, such as
over-sampling, are not very practi-
cal. Synchronous detection can be
accomplished without encoding,
but the clock signal required to
synchronously detect the data
would need to be sent via a sec-
ond fiber-optic link. Separate
transmission channels for data
and clock signals are usually
avoided due to cost, but problems
with time skew between the data
and clock can also arise if
separate fibers are used to trans-
mit these signals.

Characteristics of
Encoders

A Manchester encoder replaces
each bit with two symbols. For
instance, when using Manchester
code a logic “1” is replaced by a
(“17,*0”) symbol, and a logic “0” is
replaced by a (“0", “1") symbol.
Manchester code is not very effi-
cient since it doubles the
fundamental frequency of the data
by substituting two symbols for
each bit transmitted. Block
substitution codes such as 4B5B
replace four bit nibbles of data
with a five bit symbol. Other
popular block substitution codes
are also used. A 5B6B encoder re-
places each group of five bits with
a six bit symbol and an 8B10B en-
coder replaces an entire eight bit
byte with 10 symbols. Block
substitution codes encode the
data more efficiently. If Manches-
ter code is used to transmit data
at 100 Mbits/second, the fiber-op-
tic channel must be capable of
passing 200 million symbols/sec-
ond. Baud (Bd) is expressed in
units of symbols/second, thus the

Manchester encoder in this ex-
ample requires a serial data link
that can work at 200 MBd. If the
iess efficient Manchester encoder
is replaced by a more efficient
4B5B encoder, the same 100 Mbit/
second data can be sent at a sig-
naling rate of 125 MBd. In binary
transmission systems, the maxi-
mum fundamental frequency of
the data is half the symbol rate
expressed in Bd. When a
Manchester encoder is used to
send 100 M bit/second data, at a
symbol rate of 200 MBd, the
maximum fundamental frequency
of the data is 100 MHz. By using a
4B5B encoder, the same 100 Mbit/
second data can be transmitted at
125 MBd, at a maximum funda-
mental frequency of 62.5 MHz.

The minimum fundamental fre-
quency that the fiber-optic link
must pass is also determined by
the encoding rule chosen. The run
limit of the encoder determines
the maximum number of symbol
periods that the encoder will al-
low before it forces a transition,
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Figure 2. Attributes of Encoding

thus the encoder’s run limit deter-
mines the minimum fundamental
frequency of the encoded data.
Manchester code will allow only
two symbol periods to pass with-
out a transition. As many as three
symbol times without a transition
will be allowed by the 4B5B en-
coder used in the AMD
TAXIchipT™.

Figure 2 illustrates the attributes
of various encoding techniques.
Figure 2 shows that as encoder
efficiency improves, the
bandwidth needed in the fiber-
optic communication channel is
reduced. Conversely, for a fixed
communication channel band-
width the number of bits/second
that can be transmitted will in-
crease as encoder efficiency
improves.
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Off-the-Shelf Parallel-to-
Serial and Serial-to-
Parallel Converter Chips
Large scale integrated physical
layer circuits (PHY chips)

such as the AMD TAXIchip, CY-
PRESS HOTLink and PMC Sierra
S/UNI LITE do more than encode
the data. Modern PHY chips pro-
vide the digital and analog
functions needed to transform the
parallel data found in virtually all
parallel architecture computer-
based systems to the serial data
needed for transmission via an
optical fiber communication link.
The mixed-signal LSI chip at the
transmitting end of the fiber-optic
link synthesizes a high-frequency
clock from the host system'’s byte-
rate clock, multiplexes parallel
TTL data to serial data and pro-
vides the control words and
synchronizing signals needed to
manage a serial data communica-
tion link. The mixed-signal LSI
chip at the receiving end contains

a phase-locked loop to recover the
clock signal imbedded in the re-
ceived serial data, a decoder

to strip off the encoding, plus a
demultiplexer that converts the
serial data and control signals
back to a parallel TTL output. The
high-speed serial inputs and out-
puts of most PHY chips are
compatible with +5V ECL (PECL)
logic. Since the fiber-optic trans-
ceiver described in this
application note has PECL-com-
patible inputs and outputs, it can
be easily combined with the
TAXIchip, HOTLink or S/UNI-LITE
chips to build byte-to-light com-
munication systems.

Only One Transceiver
Design Needed

This application note will show
that various HP LED transmitters
and PIN-diode pre-amplifiers can
be used in a single transceiver de-
sign that can be electronically
down-loaded and imbedded into
a wide range of products to pro-
vide very low-cost data
communication solutions. Without
changing the form-factor or
printed circuit design, the trans-
ceiver shown in this publication
can be populated with compo-
nents that can send digital data via
plastic optical fiber, hard clad
silica fiber, multimode glass fiber
or single-mode glass fiber. When
these schematics and printed cir-
cuit artworks are electronically
imported and imbedded into
your system, the same inexpen-
sive transceiver circuit can be
used with a wide variety of fiber-
optic cables so that one design
can be used to address an ex-
tremely wide range of data
communication applications.



Distances Achievable at
Data Rates up to 160 MBd
The simple transceivers recom-
mended in this application can be
used to address a very wide range
of distances, data rates and sys-
tem cost targets. The maximum
distances allowed with various
types of optical fiber and HP’s
wide range of fiber-optic trans-
ceiver components are shown
Table 1. No transmitter or re-
ceiver adjustments are needed
when using fiber cable lengths
that vary from virtually zero
length up to the maximum dis-
tances specified in Table 1.

Simple PECL-Compatible
LED Transmitter

A high-performance, low-cost
PECL-compatible transmitter is
shown in Figure 3. This transmit-
ter recommendation looks
deceptively simple but has been
highly developed to deliver the
best performance achievable with
a wide range of HP LED transmit-
ters. The recommended

Table 1

transmitter is also very inexpen-
sive since the 74ACTQO0 gate
that modulates the current of the
various LED transmitters can
typically be obtained for under
$0.40. No calculations are needed
to determine the passive compo-
nent needed when using various
HP LEDs and various optical fi-
bers. Simply use the
recommended component values
shown in Table 2, and the trans-
mitter shown in Figure 3 can be
used to address a wide range of
applications.

Simple High-Sensitivity
PECL-Compatible
Receiver

A very simple PECL-compatible
receiver with excellent
sensitivity and suited for a wide
range of applications is shown in
Figure 4. The receiver in Figure 4
is optimal for operation at any
data rate between 20 and 160
MBd. A single low-cost 10H116
ECL line receiver is used

to amplify and digitize the output
of the HP PIN diode pre-amp

component, which functions as
the receiver’s first stage. The third
section of the 10H116 integrated
circuit is configured to provide
hysteresis, so that when no light is
applied to the receiver’s optical
input the digital output of the re-
ceiver will not chatter. The simple
low-cost circuit shown in Figure

4 provides excellent sensitivity,
adequate for many applications.
Some data communication proto-
cols however require that the
optical receiver provide an optical
link status flag (also known as
signal detect) that switches state
when received power is low, or
the optical fiber is disconnected.
An alternative receiver that pro-
vides this signal detect function is
shown in Figure 5. Both receiver
circuits have similar relationships
between sensitivity, and error
rate, since the random noise from
the HP PIN diode pre-amp used in
the first stage lias a dominant ef-
fect upon the receiver’s
performance.

LED Transmitter
Component Part #
and Wavelength

Receiver Component
Part # and Wavelength

Fiber Diameter
Type

Maximum Distance at 160 MBd
with the transceiver circuits
recommended in this publication

HFBR-15X7
650 nm

HFBR-25X6 650 nm

I mm plastic
step index NA = 0.35

50 meters with the transceiver in
Fig. 7 or Fig. 8

HFBR-15X7
650 nm

HFBR-14X2
820 nm

HFBR-14X4
820 nm

HFBR-25X6 650 nm

HFBR-24X6 820 nm

HFBR-24X6 820 nm

200 pm HCS
step index NA = 0.37

50 meters with the transceiver in
Fig. 7or Fig. 8

200 um HCS
step index = 0.37

50 meters with the transceiver in
Fig. 7 or Fig. 8

62.5/125 um
multimode glass

500 meters with the transceiver in
Fig. 7 or Fig. 8

HFBR-13X2
1300 nm

HFBR-23X6 1300 nm

62.5/125 um
multimode glass

2 kilometers with the transceiver in
Fig. 7 or Fig. 8

HFBR-1315
1300 nm

HFBR-2315 1300 nm

97125 pm
single-mode glass

6 kilometers with the transceiver in
Fig. 7 or Fig. 8
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Figure 3. +5 V ECL (PECL-compatible) 160 MBd Fiber-optic Transmitter
Table 2
Transmitter HFBR-15X7 HFBR-14X2 | HFBR-14X4 HFBR-13X2 HFBR-13X5
650 nm LED 820 nm LED | 820 nm LED 1300 nm LED | 1300 nm ELED
Fiber Type 1 mm Plastic | 200 um HCS| 200 pm HCS 62.5/125 um 62.5/125 pm 9/125 pm
RS 301 Q 8250 300 Q 845Q 87Q 53.6Q
R9 301 Q 82.5Q 300 Q 84.5 Q 78.7Q 53.6 Q
R10 15Q 15Q 82Q 56 Q 47Q 33Q
RI11 1kQ Q- 22kQ 2.2 kQ o 12kQ
C3 43 pF 120 pF 18 pF 33 pF 56 pF 56 pF

A Complete Fiber-Optic
Transceiver Solution
Figure 6 shows the schematic for
a complete fiber-optic transceiver.
This transceiver is constructed on
a printed circuit, which is 1" wide
by 1.97" long, using surface-mount
components. When the trans-
ceiver shown in Figure 6 is tested
at a data rate of 155.5 MBd, using
a 50 m length of 1 mm diameter
plastic optical fiber with a numeri-
cal aperture (N.A.) of 0.33, it
provides a typical eye opening of
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3.6 ns at a BER of < 1.1x10-10.
Designers interested in inexpen-
sive solutions are encouraged to
embed the complete fiber-optic
transceiver described in this
application note into the next
generation of new data communi-
cation products. The circuit in
Figure 6 matches the electrical
functions of industry-standard
1300 nm transceiver modules,
with the exception that there is
no signal-detect function in the
Figure 6 circuit (pin 4 is

nonfunctional). If your system'’s
protocol requires a signal-detect
feature, the transceiver shown in
Figure 7 will provide it. The
transceiver circuits shown in Fig-
ure 6 or Figure 7 can be directly
inserted into boards designed for
industry-standard fiber-optic
transceivers modules with a 1X9
footprint and used as a cost-effec-
tive alternative in industrial,
medical, telecom and proprietary
data communication applications.
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Figure 6. Lowest Cost 160 MBd Fiber-optic Transceiver
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Figure 7. Full-featured 160 MBd Fiber-optic Transceiver with Signal-Detect Function
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Signal Terminations and
Power Supply Filtering
Requirements

If the proper signal terminations
and power supply filter circuits
are used, the transceiver circuits
in Figure 6 and Figure 7 have
been proven to provide excellent
performance. When using
serializer and deserializer chips
that provide PECL-compatible
high-speed serial inputs and out-

puts, the power supply filter and
terminations shown in Figure 8
are required. The signal termina-
tions and power supply filtering
shown in Figure Y are required if
the fiber-optic transceivers rec-
ommended in this application

note are used with the PMC-Sierra

PM5946 S/UNI-LITE chip for
SONET OC-3 applications.

Error Rates and Noise
Immunity

The probability that a fiber-optic
link will make an error is related
to the receiver’s own internal ran-
dom noise and the receiver’s
ability to reject noise originating
from the system in which it is
installed. The total noise present
in any fiber-optic receiver is nor-
mally the sum of the PIN diode
pre-amplifier’s noise and the host

> e | e e e e e
1208 1208 I
f |
—>— 20 - 50 OHMS €, I
9 Tx Vee
SERIALIZER SERIAL +5 V ECL DATA |
>—— Zo = 50 OHMS O— |
|
I 82 |
I v |
= 01uF 82 @y
+5 V NOISY —AA\—4 |
HOST SYSTEM @7 D
POWER 1.2 H |
: - T T N T ®6TxVee
: i e .
10 pF 0.1 uF
0.1 uF = H " |
L |
o |
= 10 uF 0.1 uF = |
T T i
> Y _@5RxVee
> >
82 82 1.2 uH :
+—@ 4 SD+
f |
( Z0 = 50 OHMS ( }—l—.aﬂo-
|
DESERIALIZER SERIAL +5 V ECL DATA |
( _ _
C { Z0 = 50 OHMS @——-ll—o 2RD
120 3120 12pH |
1 Rx Vge
1 = | FIBER-OPTIC TRANSCEIVER
= I SHOWN IN FIGURE 6
| OR FIGURE 7
g
SIGNAL DETECT
—_——
CONVENTIONAL
TTL DATA BUS

Figure 8. Recommended Power Supply Filter and +5 V ECL (PECL) Signal Terminations for the AMD TAXIchipT™ and

Cypress HOTLinkTM
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— 001 uF |
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—] I |
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— 3 100 SERIAL +5 V ECL DATA | |
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| FIBER-OPTIC TRANSCEIVER
|

| OR FIGURE 7

Figure 9. Recommended Power Supply Filter and +5 V ECL (PECL) Signal Terminations
for the PMC-Sierra PM5946 S/UNI-LITETM

system’s electrical noise. As the
optical signal applied to the re-
ceiver increases, the probability
that the receiver’s total noise will
alter the data decreases. Small
increases in the receiver’s signal-
to-noise ratio will result in a very
sharp reduction in the probability
of error. Figure 10 shows that the
receiver’s probability of error is
reduced by 6 orders of magnitude
(from 1x10-9 to 1x10-15) when the
receiver’s signal-to-noise

ratio improves from 12:1 to 15.8:1.

At any fixed temperature, the to-
tal value of the receiver's random
noise plus the host system'’s noise
can be assumed to be a constant,

328

so the most obvious way to re-
duce the probability of error is to
increase the amplitude of the opti-
cal signal applied to the receiver.
A less obvious technique for low-
ering the error rate is to improve
the receiver’s ability to reject
electrical noise from the system in
which it resides. The fiber-optic
receivers recommended in this
application note have sufficient
noise immunity to be used in most
systems without electrostatic
shielding. The HP PIN diode pre-
amps, which are used in the
receiver'’s first stage, are physi-
cally small hybrid circuits, and
they do not function as particu-
larly effective antennas. For

o

ry

o
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SIGNAL-TO-NOISE RATIO - (Vp-p/VRMS)
©

‘fE-S

1E-7 1E-9 1E-11 1E-13 1{E-15
BIT-ERROR RATIO - (BER)

Figure 10. Receiver Signai-to-Noise
Ratio vs. Probability of Error (aka
BER)



extremely noisy applications, HP
offers PIN diode pre-amps in elec-
trically conductive plastic or
metal packages. HP manufactures
a wide range conductive and non-
conductive fiber-optic
components that mate with vari-
ous industry standard fiber-optic
connectors, but the overwhelming
majority of the fiber-optic applica-
tions successfully implemented
with HP’s fiber-optic components
have not required conductive
plastic or metal receiver housings.

The most insidious and the most
overlooked source of noise is
usually the host system’s +5V
power supply. The host system'’s
+5 volt supply normally powers
the fiber-optic receiver, the fiber-
optic transmitter and an entire
system comprised of relatively
noisy digital circuits. The simple
and inexpensive power supply fil-
ters shown in Figure 8 and Figure
9 of this publication have been
proven to work in a wide range
of system applications and these
recommended power supply fil-
ters are normally sufficient to
protect the fiber-optic receiver
from very noisy

host systems.

Printed Circuit Artwork
The performance of transceivers
that use HP fiber-optic compo-
nents are partially dependent on
the layout of the printed circuit
board on which the transceiver
circuits are constructed. To
achieve the fiber-optic link perfor-
mance described in Table 1
system designers are encouraged
to imbed the printed circuit de-
sign provided in this application
note. The printed circuit artwork
in Figure 11 is for the transceiver
shown in Figure 6. If your system
requires a fiber-optic receiver
with a signal-detect feature, the
artwork shown in Figure 12 can

be used to construct the trans-
ceiver shown in Figure 7.
Electronic copies of the “Gerber”
files for the artwork shown in this
application note can be obtained
by using the Internet to download
the printed circuit designs
located at the following URL:

http://www.hp.com/HP-COMP/fiber/fiber_index.html

Download the file named
raftv3.exe to obtain the artwork
for the transceiver shown in
Figure 6. Download the file named
sor_v3.exe to obtain the
artwork for the transceiver shown

in Figure 7.

Parts List

The PECL-compatible fiber-optic
transceivers recommended in
this publication are very simple
and inexpensive, so only a few
external components are needed.
Complete parts lists are provided
in Table 5 and Table 6. All of the
components are compatible with
the printed circuit artworks
shown in Figures 11 and 12, thus
minimizing the design time and
resources needed to use the low
cost fiber-optic transceivers
shown in this application note.

Conclusion

The complete PECL-compatible
fiber-optic transceiver solutions
provided in this publication can
be used to build new data com-
munication systems that work at
higher data rates and provide bet-
ter noise immunity than possible
with copper wire. When fiber-op-
tic media is used in place of
conventional copper wire, it is
possible to build new communi-
cation systems that are immune
to large noise transients caused
by utility power switch gear, mo-
tor drives or high-voltage power
supplies. Furthermore, the

non-conductive cables used in op-
tical communication links have an
intrinsically higher probability of
surviving lightning strikes than
copper wire alternatives. The opti-
cal data communication solutions
shown in this application note can
also send high-speed, 160 MBd
data over long distances
impossible with copper wire
cables. By imbedding the com-
plete solutions shown in this
application note, system design-
ers can quickly develop a new
generation of high-speed, noise-
immune, optical communication
links in a very short time with
minimal research and develop-
ment costs.
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Figure 11. Printed Circuit Artwork for Transceiver shown in Figure 6
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Figure 12. Printed Circuit Artwork for Transceiver shown in Figure 7
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Table 5. Parts List for the Transceiver in Figure 6

Designator Part Type Material Part Number Quantity | Vendor 1
C1 0.001 uF Capacitor 805 NPO/COG  |CO805NPO500102JNE 3 Venkel
C4 0.001 pF Capacitor
c7 0.001 pF Capacitor o
C10 0.1 uF Capacitor 805 X7R or better |C0805X7R500104KNE 13 Venkel
c11 0.1 uF Capacitor
Cc12 0.1 uF Capacitor
C13 0.1 uF Capacitor
C15 0.1 uF Capacitor
C16 0.1 uF Capacitor
C17 0.1 pF Capacitor
c18 0.1 pF Capacitor
Cc19 0.1 uF Capacitor
c2 0.1 pF Capacitor
C3 0.1 uF Capacitor
cé 0.1 pF Capacitor
C9 0.1 pF Capacitor
C14 10 uF Capacitor B Tantalum, 10 V[ TA0O10TCM106MBN 3 Venkel
C20 10 pF Capacitor
C5 10 uF Capacitor
C8 See Table 2 Capacitor 805 NPO/COG 1 Venkel
U1 I.C. Nand Gate SO14 74ACTQO00 1 National
U2 Fiber-Optic Transmitter See Table 2 HFBR-1XXX 1 HP
U3 Fiber-Optic Receiver See Table 2 HFBR-2XXX 1 HP
U4 MC10H116FN [IC,ECL line rec. | PLCC20 MC10H116FN 1 Motorola
Us TL431CD C, Voltage Reg. SO-8 TL431CD 1 Tl
L1 CB70-1812 Inductor 1812 HF30ACB453215 1 TDK
R12 4.7 Resistor 805 5% CR080510W4R7JT 2 Venkel
R13 4.7 Resistor
R20 12 Resistor 805 5% CR080510W120JT 1 Venkel
R10 See Table 2 Resistor 805 5% 1 Venkel
R5 22 Resistor 805 5% CR080510W220JT 1 Venkel
R16 51 Resistor 805 5% CR080510W510JT 4 Venkel
R17 51 Resistor
R18 51 Resistor
R19 51 Resistor
R21 62 Resistor 805 5% CR080510W620JT 1 Venkel
R8 See Table 2 Resistor 805 1% 2 Venkel
R9 See Table 2 Resistor
R6 91 Resistor 805 5% CR080510W910JT 2 Venkel
R7 91 Resistor
R11 See Table 2 Resistor 805 1% 1 Venkel
R14 1k Resistor 805 5% CR080510W102JT 6 Venkel
R15 1k Resistor
R22 1k Resistor
R23 1k Resistor
R24 1k Resistor
R25 1k Resistor
Q1 BFT92 Transistor SOT-23 BFT92 2 Philips
Q2 BFT92 Transistor
Q3 MMBT3904LT1 | Transistor SOT-23 MMBT3904LT1 1 Motorola |
Ji Pins 3438 S McKenzie
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Table 6. Parts List for the Transceiver in Figure 7

Designator Part Type Description Footprint Material Part Number Quantity| Vendor 1
C1 0.001 pF Capacitor 805 NPO/COG | CO805NPO500102JNE 3 Venkel
Cc4 0.001 pF
c7 0.001 pF
c2 0.1 pF Capacitor 805 X7R or better | C0805X7R500104KNE 7 Venkel
C3 0.1 uF Capacitor
Ccé6 0.1 uF Capacitor
c9 0.1 uF Capacitor
C10 0.1 pF Capacitor
C14 0.1 uF Capacitor
Cc19 0.1 uF Capacitor
C5 10 puF Capacitor B Tantalum, 10 V| TA0O10TCM106MBN 2 Venkel
Cc20 10 pF Capacitor

~ c8 See Table 2 Capacitor 805 NPO/COG 1 Venkel
c1 0.01 uF Capacitor 805 X7R or better | CO805X7R500103JNE 2 Venkel
C12 0.01 uF Capacitor
) C13 2,000 pF Capacitor 805 NPO/COG C0805NP0500202JNE 1 Venkel
D1 HLMP-A?OO LED lamp HLMP-4700 1 HP
Ut ] IC. | NandGate SO14 74ACTQ00 1 National
u2 Fiber-Optic Transmitter See Table 2 HFBR-1XXX 1 HP
U3 Fiber-Optic Receiver See Table 2 HFBR-2XXX 1 HP
U4 ML6622 IC, quantizer SO16 ML6622CS 1 MicroLinear
L1 CB70-1812 Inductor 1812 HF30ACB453215 1 TDK
R12 4.7 Resistor 805 5% CR080510W4R7JT 2 Venkel
R13 47 Resistor
_R10 See Table 2 Resistor - 805 5% 1 Venkel
RS 22 Resistor 805 5% CR080510W220JT 1 Venkel
R8 See Table 2 Resistor 805 1% 2 Venkel
R9 See Table 2 Resistor
R6 9N Resistor 805 5% CR080510W910JT 2 Venkel
R7 91 Resistor
R11 See Table 2 Resistor 805 1% 1 Venkel
R14 1k Resistor 805 5% CR080510W102JT 3 Venkel
R17 1k Resistor
R18 1k Resistor
Qi BFT92 Transistor SOT-23 BFT92 2 Philips
Q2 BFT92 Transistor
Q3 MMBT3904LT1 Transistor SOT-23 MMBT3904LT1 1 Motorola
] Pins ) 343B 9 McKenzie
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Generic Printed Circuit Layout
Rules for HP’s Low-Cost
Fiber-Optic Components

Application Note 1137

Introduction
Hewlett-Packard’s discrete fiber-
optic components have been used
to construct high-performance
optical transmitters and receivers
for numerous cost-sensitive LAN,
telecom, industrial, and
proprietary point-to-point data
communication applications.
When using discrete fiber-optic
components the layout of the
printed circuit board will have a
significant impact upon the
performance of the optical
transmitter and receiver. A
printed circuit board layout for
inexpensive, high-performance
fiber-optic transceivers can
usually be developed in one
design cycle, using the generic
rules described in this publication.

What are discrete fiber-
optic components?

HP manufactures a broad range of
discrete transmitter, receiver, and
transceiver components suited for
use with a wide variety of fiber-
optic cables and connectors.
Discrete transmitter components
have integral LED or LASER
optical emitters, lens assemblies,
and housings that mate with
industry-standard fiber-optic
connectors. This publication will
focus upon discrete transmitters

5966-2921E

implemented with planar- and
edge-emitting LEDs. Discrete LED
transmitters have been
successfully designed into a wide
range of data communication
applications. This technology is
popular because discrete LEDs
can meet tough performance,
reliability, and cost targets when
used in conjunction with verv
simple, inexpensive circuitry.
Discussions regarding the use of
discrete LASER transmitters are
beyond the scope of this
application note.

Receiver components also have
integral lens assemblies and
housings that are compatible with
various industry-standard fiber-
optic connectors. At data rates
less than 10 MBd, receiver
components can be manufactured
using monolithic optical detectors
that integrate all of the functions
needed to provide TTL-compatible
outputs. Digital fiber-optic
receivers are usually highly
integrated at data rates less than
10 MBd, but these integrated
receiver components are often
classified as discretes because
they are commonly used with
discrete LED transmitters that
require the use of simple external
circuitry.

At data rates greater than 10 MBd
the receiver is typically a simple
hybrid component that contains
an optical detector and a
transimpedance amplifier. These
hybrid receiver components are
commonly known as PIN pre-
amplifiers, since they include both
the PIN diode detector and the
transimpedance amplifier needed
to convert detector current to
voltage. Hybrid PIN pre-amps are
classified as discrete components
because they require external
passive and active circuitry to
digitize the PIN pre-amp's analog
output signal. Techniques for
using discrete fiber-optic
components in low-speed digital
applications at data rates less than
10 MBd are described in HP
Application Notes 1035 and 1080.
This publication focuses upon the
printed circuit design
methodologies needed for using
LED transmitter components and
PIN pre-amp components in
higher-speed applications at data
rates between 10 and 160 MBd.

Differences between
discrete fiber-optic
components and fiber-
optic modules

HP manufactures both discrete
fiber-optic components and
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integrated fiber-optic modules. A
fiber-optic module normally

inciudes the LED emitter, PIN pre-

amp, lenses and the external
housing needed to mate with
various types of fiber-optic cables
and connectors. In addition, fiber-
optic modules typically include
the LED driver and receiver
digitizing circuits needed to
provide logic-compatible inputs
and outputs. Fiber-optic modules
are usually designed to address
specific standards-based
applications, whereas fiber-optic

components are very flexible since

they can be combined with simple
external circuits to address a
much wider range of proprietary
applications. Because they require
less external circuitry, fiber-optic
modules have commonly been
used to reduce design-in costs and
shorten product development
cycle time.

Implementing digital
transceivers with fiber-
optic components
Hewlett-Packard’s fiber-optic
components are easy to use in
digital data communication
applications. Inexpensive, off-the-
shelf, advanced CMOS logic gates
are commonly used to current
modulate (drive) the LED
transmitter components. Low-cost
ECL line receiver integrated

circuits or off-the-shelf high-speed

comparators can be used to
digitize (quantize) the analog
output voltage of the PIN pre-amp
front-end. Integrated quantizers
can also be used with PIN pre-
amp components to lower the
receiver’s parts count and provide
more functions. One of the
objectives of this publication is to
simplify the design process for
discrete fiber-optic components
so that they can be used to
address cost-sensitive
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Table 1. HP Application Notes for Discrete Fiber-Optic

Components
Application Application HP Publication
Note Number Number
AN-1123 20 to 160 MBd with +5V ECL /O 5966-1269E |
AN-1122 2 to 70 MBd with TTL /O 5966-1270E
AN-1121 de to 32 MBd with TTL VO | 5066-1353E |
AN-1082 Ethernet with single mode fiber 5964-2295E o
AN-1073 Testing +5V ECL F.O. transceivers 5963-2202E
AN-1066 1 to 155 MBd with plastic fibers 5966-8542E ]
AN-1065 Token Ring LANs at 8 or 32 MBd ) 5963-9626E
AN-1038 Ethernet LANs at 20 MBd 5091-9356E
AB-78 1-155 MBd with glass fibers 5965-6005E

applications that would normally
be implemented with copper
wires. For more details about
proven circuits recommended for
use with inexpensive fiber-optic
components in digital data
communication applications,
please refer to the Hewlett-

Packard application notes listed in

Table 1.

Where do the generic
design rules for fiber-
optic components apply?
The generic design rules in this
publication have been proven to
work with HP's 650 nm, 820 nm
and 1300 nm discrete fiber-optic
components. These generic
printed circuit design rules can be
applied to all of the HP
components and Application
Notes listed in Table 2.

Design rules for surface-

mount technology

The following rules should be
followed if you desire to use
surface-mount technology and a
four-layer printed circuit board to
construct inexpensive fiber-optic

transceivers.

1) Design the PC board with
different ground and power
planes for the transmitter and

receiver. Providing two
individual ground planes is the
critical technique for minimizing
crosstalk between the
transmitter and receiver
circuits. Use wide power
distribution traces when power
planes are not possible. These
techniques reduce the
inductance of the ground and
power leads, minimize crosstalk
between the transmitter and
receiver circuits, and maximize
the receiver circuit’s damping
and sensitivity.

2) Minimize the size of cuts or

openings in the ground and
power planes. This minimizes
the parasitic inductance and
improves the dampening of both
the transmitter and receiver
circuits. Route connections
between components on the top
and bottom planes; locate the
ground and power planes on
inner layers of the printed
circuit. Do not make long
rectangular openings in the
power planes if you have
several vias in a row. Allow
planes to connect between
adjacent vias, this assures that
there are no long rectangular
cuts in the ground or power
planes.



Table 2. Components and Application Notes where Generic Layout Rules Apply

HP Applications Data Rate Transmitter Receiver Wavelengths
Publications (symbols/sec) Part Number Part Number
AB-78 Telecom & 10 to 155 MBd HFBR-14X4 HFBR-24X6 820 nm
| Proprietary HFBR-1312 HFBR-2316 1300 nm
AN-1038 Ethernet 20 MBd HFBR-14X4 HFBR-24X6 820 nm
AN-1065 Token Ring 8 & 32 MBd HFBR-14X4 HFBR-24X6 820 nm
AN-1066 Telecom & 10 to 155 MBd HFBR-15X7 HFBR-25X6 650 nm
o Proprietary
AN-1082 Ethernet 20 MBd HFBR-1315 HFBR-2315 1300 nm
AN-1121 Industrial, dc to 32 MBd HFBR-1312 HFBR-2316 1300 nm
Medical, HFBR-1315 HFBR-2315 1300 nm
Telecom & HFBR-14X2 HFBR-24X6 820 nm
Proprietary HFBR-14X4 HFBR-24X6 820 nm
HFBR-15X7 HFBR-25X6 650 nm
AN-1122 Industrial, 2to 70 MBd HFBR-1312 HFBR-2316 1300 nm
Medical, HFBR-1315 HFBR-2315 1300 nm
Telecom & HFBR-14X2 HFBR-24X6 820 nm
Proprietary HFBR-14X4 HFBR-24X6 820 nm
HFBR-15X7 HFBR-25X6 650 nm
AN-1123 Industrial, 20 to 160 MBd HFBR-1312 HFBR-2316 1300 nm
Medical, HFBR-1315 HFBR-2315 1300 nm
Telecom & HFBR-14X2 HFBR-24X6 820 nm
Proprietary HFBR-14X4 HFBR-24X6 820 nm
HFBR-15X7 HFBR-25X6 650 nm

3) The two circuit traces that

connect the PIN pre-amp to the
differential input of the
receiver’s quantizer should be
of equal length and the
components in both traces
should be placed to achieve
symmetry. This minimizes the
cross talk between the fiber-
optic transmitter and receiver
and improves the receiver’s
immunity to environmental
noise. When viewed from the
optical inputs and outputs
(looking toward the lenses) the
LED transmitter should be on
the right and the PIN pre-amp
should be on the left to
minimize crosstalk between the
transmitter and receiver.

4) Connections between the drive

circuit and the LED should be
of minimum length. This
minimizes the noise emitted by
the transmitter circuit and

improves the optical rise/fall
time of the LED.

5) A large, 10 uF, electrolytic
capacitor and a 0.1 uF
monolithic ceramic capacitor
should be located as close as
possible to the circuit that

drives (current modulates) the

LED. This minimizes the noise
emitted by the transmitter and
improves the optical response
time of the LED.

6) A ferrite EMI suppressor should

be used to isolate the

transmitter circuit’s 5 V supply

from the host system'’s 5 V
supply.

7) Low-pass filters must be used
to protect the fiber-optic
receiver from noise present in
the host system’s 5 V power
supply. The required power
supply filtering can be quickly

and easily incorporated by
adhering to the recommended
schematics published in
Hewlett-Packard application
notes.

8) Inductors or a common-mode

choke should be used in series
with the receiver’s Ve and Vigg
connections. (Voc = +5 Vand
VEE = 0 V.) The receiver should
be referenced to Vcc and VEg
islands that are isolated from
the remainder of the host
system'’s power planes. A
differential electrical interface
at the receiver’s output is
required if inductors are used in
series with Vcc and Vgg. Figure
1 in Hewlett-Packard
Application Note 1122 shows
that this differential interface
has been imbedded in the
quantizer’s integrated circuit
when using Micro Linear’s
ML-4624.
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9) Use monolithic ceramic chip
capacitors. This type of
capacitor minimizes parasitic
coupling between the receiver’s
output and input stages.
Minimizing the parasitic
coupling between the receiver’s
outputs and inputs assures that
the receiver will not oscillate.
Monolithic chip capacitors have
small geometries that minimize
their ability to function as
undesirable radiating or
receiving antennas. In addition
to the features already
discussed, monolithic ceramic
capacitors have low parasitic
inductance and a high self-
resonant frequency that make
them an excellent choice for
radio frequency applications
such as fiber-optic transceivers.

10) For capacitances greater than
1.0 pF, tantalum chip capacitors
are recommended. Tantalum
capacitors are well suited for
high-speed fiber-optic
transceivers because they have
small geometries and are
capable of providing a low
impedance at high frequencies.

11) The filter network for the +5 V
power supply connection to the
receiver’s PIN pre-amp should
be as far as possible from the
+5 V bypass capacitors for the
driver circuit that current
modulates the LED transmitter.
The filter network connected to
the power pin of the receiver’s
PIN pre-amp should be
physically separated from the
LED driver’s bypass caps to
minimize crosstalk between the
fiber-optic transmitter and
receiver.

12) Do not fold the receiver layout
in an attempt to save board
space. The receiver should be
constructed in the straightest
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possible line beginning at the
PIN pre-amp and ending at the
receiver’s logic output. Fiber-
optic receivers normally have
sufficient gain and phase shift
to meet the criteria for
oscillation. To achieve stability
the receiver’s input and output
stages must be sufficiently
isolated from one another to
assure that loop gain is less
than one. Receiver stability is
easily attained when the printed
circuit design rules in this
publication are used with the
fiber-optic transceiver circuits
recommended in Hewlett-
Packard application notes.

13) The receiver’s power supply
filtering is just as important as
good printed circuit layout.
Undesirable feedback between
the receiver’s output and the
PIN pre-amp input can occur if
the receiver’s power bus is
improperly bypassed. To assure
receiver stability the power
supply filter circuits
recommended in Hewlett-
Packard application notes
should be used to prevent
undesirable conductive
feedback through the receiver’s
+5 volt power connections.

Design rules for through-
hole technology

The following rules should be
followed if you desire to use
through-hole technology and four-
layer printed circuit boards to
construct inexpensive fiber-optic
transceivers. The design rules for
surface-mount and through-hole
technology are nearly identical so
only the rules that have significant
differences are described in detail.

1) Use the techniques described
for surface-mount technology.

2) Minimize the size of cuts or
openings in the ground and
power planes. This minimizes
the parasitic inductance and
improves the dampening of both
the transmitter and receiver
circuits. Route connections
between components on the top
and bottom planes; locate the
ground and power planes on
inner layers of the printed
circuit. Do not make long
rectangular openings in the
ground and power planes where
IC leads or rows of passive
component leads penetrate the
printed circuit board. Allow the
planes to connect between each
component lead and allow the
plane to connect between every
lead of an integrated circuit.

3) Use the techniques described
for surface-mount technology.

4) Use the techniques described
for surface-mount technology.

5) Use the techniques described
for surface-mount technology.

6) Use the techniques described
for surface-mount technology.

7) Use the techniques described
for surface-mount technology.

8) Use the techniques described
for surface-mount technology.

9) Use monolithic ceramic radial
lead capacitors. This type of
capacitor minimizes parasitic
coupling between the receiver’s
output and input stages.
Minimizing the parasitic
coupling between the receiver’s
outputs and inputs assures that
the receiver will not oscillate.
Monolithic ceramic radial lead
capacitors have small
geometries which minimize



their ability to function as
undesirable radiating or
receiving antennas. In addition
to the features already
discussed, monolithic ceramic
capacitors have low parasitic
inductance and a high self
resonant frequency that make
them an excellent choice for
radio frequency applications
such as fiber-optic
transceivers.

10) For capacitances greater than
0.47 uF, tantalum capacitors
are recommended. Tantalum
capacitors are well suited for
high speed fiber-optic
transceivers because they are
physically small, have low ESR,
and are capable of providing a
low impedance at high
frequencies.

11) Use the techniques described
for surface-mount technology.

12) Use the techniques described
for surface-mount technology.

13) Use the techniques described
for surface-mount technology.

Conclusions

The generic design rules in this
publication have been applied to
every currently available Hewlett-
Packard application note
regarding the use of fiber-optic
components. These rules were
used to design the printed circuits

shown in nine HP fiber-optic

application notes published over a

six year period. Designers
interested in using inexpensive
fiber-optic components are
encouraged to imbed the circuits

and printed circuit layouts shown
in HP’s application notes. Printed
circuit artwork for HP’s fiber-optic
components can be electronically

downloaded from the Hewlett-

Packard Components Group web

page at http://www.hp.com/HP-
COMP/fiber/fiber_index.html.
If the existing artworks shown in
HP’s application notes are not
compatible with your
manufacturing process or form
factor requirements, then the
generic rules in this publication
are useful for quickly designing
your own unique printed circuit
with a minimal amount of
engineering effort.

339






HP Components
Authorized Distributor and

Representative Directory

Austria

BFI IBEXSA Elektronik GmbH

Korbinianstr. 6

85386 Eching (Miinchen)

(49) 89-319 76 70

EBV Elektronik
Diefenbachgasse 35/1
1150 Vienna
(43)1-894 1774

ELBATEX GmbH
Eitnergasse 6
1231 Vienna
(43)1-86642-0

Belarus

BELHARD
Melnicayte Str. 2-709
220004 Minsk

(372) 17 - 226 84 26

Belgium

BFI IBEXSA BV

PO Box 3019

2130 KA Hoofddorp
Netherlands

(31) 020 - 65 31 350

EBV Elektronik
Excelsiorlaan 35
Avenue Excelsior 35
1930 Zaventem

AN NO 710 00 10

Q&) Vs - (10 VYU }.U

SEI Benelux
Limburg Strium 243
1780 Wemmel

(32) 02 - 460 05 60

Bulgaria

MACRO Sofia

116 Geo Millev Str.
BL 57 AP70

1574 SOFIA

(359) 2 - 708140

Czech Republic

Elbatex GmbH
Novodvorska 994
140-00 Praha 4
(42) 2 - 476 3707

GM Electronic S.R.O.

Karlinske nam 6
160-00 Praha 6
(42) 2 - 232 2606

MACRO Weil S.R.O.
Bechynova 3

160-00 Praha 6

(42) 2-3112 182

Denmark

arrow-exatec a/s
Mileparken 20E
DK-2740 Skovlunde
(45) 44 - 92 70 00

Avnet Nortec A/S
Transformervej 17
DK-2730 Herlev
(45) 44 - 88 08 00

BFI-IBEXSA DANMARK A/S
Langebjergsvaenget 8A, 1.TH

DK4000 Roskilde
(45) 46 - 75 31 31

Estonia

Arrow-Field Eesti AS
Akadeemiatee 19

EE 0026 Tallinn
(372) 2 -58 82 88

Avnet Baltronic
Akadeemiatee 21F
EE 0026 Tallinn
(372) 6-39 70 00

Finland

Arrow-Field Oy
Niittylantie 5
00620 Helsinki
(368)9-777571

Avnet Nortec Oy
Itilahdenkatu 18 A
00210 Helsinki
(358)9-613181

BFI-IBEXSA Nordic AB

Box 7093 Sollentuna
Sweden
(46) 8 - 626 99 00
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France

Arrow Electronique
73/79 rue des Solets
SILIC 585

94663 Rungis Cedex
(33)1-4978 49 00
Fax (33) 1-49 78 05 96

AVNET-EMG

79, rue Pierre Semard
BP90

92329 CHATILLON CEDEX
(33)1-4965 2500

Fax: (33) 1-49 65 27 39

BFT-IBEXSA ELECTRONIQUE SA
DIVISION SCIE-DIMES

1, rue Lavoisier ZI

91430 Igny

(33)1-69 337400

Fax: (33) 1-69 33 74 02

EBYV Elektronik

3, rue de la Renaissance
92184 Antony

(33) 1-4096 30 00

Fax: (33) 1-4096 30 30

Elexience

9, rue des Petits Ruisseaux
91370 Verrieres Le Buisson
(33) 1-69 538000

Fax: (33) 1-60 1198 09

RADIOSPARES Composants
Rue Norman King

BP 453

60031 Beauvais Cedex
(33)3-44101500

Fax: (33) 3-44 10 16 00

Sonepar Electronique
6-8 rue Ambroise Croizat
ZI des Glaises

91127 Palaiseau Cedex
(33)1-691989 00

Fax: (33) 1-69 19 89 20
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Germany

AVNET E2000 GmbH
Stahlgruberring 12
81829 Miinchen

(49) 89 - 45 110-01

BFT IBEXSA Elektronik GmbH
Korbinianstrasse 2

85386 Eching

(49)89-31976 70

EBV-Elektronik GmbH
Ammerthalstrasse 28
85551 Heimstetten
(49)89-99 11 40

Farnell GmbH

Griinwalderweg 30
82041 Deisenhofen
(49) 89 -61 39 39 39

Dreyer GmbH
Albert-Schweitzer-Ring 36
22045 Hamburg

(49) 40 - 6695 227

Jermyn GmbH

Kapellen Strasse 15

65555 Limburg

(49) 6431 - 508-0

SASCO GmbH
Hermann-Oberth-Strasse 16
85640 Putzbrunn b. Miinchen
(49)89-46 11-0

Greece

EBYV Elektronik

1, Anaxagora Str.
17778 Tavros
Athens

(30) 1-3414 300
Fax (30) 1 -3414 304

Peter Caritato & Associates SA
Ilia Iliou 31

11743 Athens

(30) 1-9020 115

Fax (30) 1-9017 024

Hungary

That n
Elbatex Gl

Szigetvari U
HU-1083 Budapest
(36) 1-269 90 93

I
bH
5

MACRO Budapest Kft.
Etele ut 68

1115 Budapest

(36) 1-203 0277

Israel

Gallium

11 Hasadna Street
POB 2552

43650 RA’ANANA
Israel

(972)9 - 748 2182

ORLINK

5 Hayetzira St.
POB 2644

RA’ ANANA 43654
Israel

(972) 9 - 740 4249

Telsys Ltd.

Atidim, Industrial Park, Bldg 3
Dvora Hanevia Street, Neve Sharet
61431 Tel-Aviv

(972) 3 - 765 7667

Italy

Avnet EMG

Via Novara 570
20153 Milano
(39) 02 - 38 1901

BFTIBEXSA S.p.A
Via Massena 18
20145 Milano
(39)02-336232 14

EBV Elektronik
Via C. Frova, 34
20092 Cinisello
Balsamo

Milano

(39) 02 - 660 96290



Italy (continued)

Lasi Elettronica S.p.A.
Viale Fulvio Testi 280
20126 Milano

(39) 02 - 66 14 31

Silverstar Ltd.

Viale Fulvio Testi 280
20126 Milano

(39)02 - 66 12 51

Latvia

Macro Riga
Brivibas iela 110-1
LV-1001 Riga
(371) 731 1490

Lithuania

MACRO KAUNAS
Studentu 50-146A
LT-3031 Kaunas
(370) 7 - 764937

Netherlands

BFI IBEXSA BV

PO Box 3019

2130 KA Hoofddorp
(31) 020 65 31 350

EBV ELEKTRONIK
Planetenbaan 2

3606 AK Maarssenbroek
(31) 03465 830 10

SEI Benelux
Takkebijsters 2
4817HL Breda
(31) 76 578 49 11

Norway

Arrow - Tahonic AS
Sagveien 17

N-0458 Oslo
(47)22-3784 40

Avnet Nortec A/S
P.O. Box 123
N-1364 Hvalstad
(47) 66 - 84 62 10

BFI-IBEXSA Nordic AB
Box 7093

S-191 07 Sollentuna
Sweden

(46) (8) 626 99 00

MultiKomponent A/S
P.O. Box 120

N-1001 Oslo
(47)22-321270

Poland

Elbatex GmbH
Ul Wilcza 50/52
00-697 Warszawa
{48) 2621 7122

Macropol Ltd.

UL Bitwy Warszawskej 11
02-366 Warszawa

(48) 22 224 337

Semiconel S.C.

u. Naleczowska 62
02 922 Warszawa
(48) 65 19 827

Portugal

ATD - ARROW

Quinta Grande, Lote 20
r/c DTO. Alfragide Norte
2700 Amadora, LISBOA
(351)1-4714 182

Corsisa Electronica LIMITADA
C/Estrada Nacional 107, No. 743

Ardegas, Aguasantos
(3561)2-973 69 57

Russia

ELCOTECH
Radio Str. 12/2
107005 Moscow
(7) 095 - 755 8815

MACRO MOSCOW
Zelenyi Prospect 2/19
111141 Moscow

(7) 095 - 306 0026

OPTONIKA

Vtoraya Vladimirskaya 8 Korp. 2

111123 Moscow
(7) 095 - 305 7738

MACRO PETERSBURG
Grazhdanski Prospekt 111
195265 St. Petersburg

(7) 812 - 531 1476

Slovak Republic

Elbatex GmbH
Svrcia ul. 3
83259 Bratislava
(42)7-722 137

MACRO Components s.r.o.

Vysokoskolakov 6
010-01 Zilina
(42) 89 - 45041/34181

Slovenia

EBV Elektronik GmbH
Diefenbachgasse 35/6
1150 Vienna

Austria

(43)1-894 1774

Elbatex
Stegne 25

61000 Ljubljana

(386) 61 - 159 7198

IR Electronic

Ziherlova ulica 2

61000 Ljubliana

,,,,, DV

(386) 61 - 222 007
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South Africa

P.O. Box 3853
SA-2126 Rivonia
(27) 011 - 444 23 33

Spain

ATD-ARROW
C/ ALBASANZ 75
Madrid, 28037
(34) 91 - 304 1534

BFI IBEXSA

Isabel Colbrand S/N

Edificio Alpha IIl Nave 83
Poligono Industrial Fuencarral
28049 Madrid

(34) 91 - 358 8516

Diode

C/ Orense 34
28020 Madrid
(34) 91 - 555 3686

Sociedad de Electronica

Y Componentes SA

Selco

Crts. N-VL, KM 18,2

Via servicio, direcc. Billalba
Las Rozas

Madrid 28230

(34) 91 - 359 4346

Sweden

Arrow - TH : s AB
Box 3027

S-163 03 Spanga
(46) 8-36 29 70

Avnet Nortec AB
Box 1830

S-171 27 Solna
(46) 8 - 629 14 00

BFI-IBEXSA Nordic AB
Box 7093

Sollentuna

(46) 8 - 626 99 00

MultiKomponent AB
Box 1330

S-171 26 Solna

(46) 8 - 83 00 20
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Switzerland

Ditwyler Electronics
Hardturmstrasse 181
Postfach

8010 Ziirich
(41)01-276 1111

BFI IBEXSA Elektronik GmbH
Korbinianstrasse 6

85386 Eching (Miinchen)

(49) 89 - 31951 35

EBV Elektronik AG
Bernstrasse 394
8953 Dietikon

(41) 1-745 6161

Elbatex AG
Hardstrasse 72
5430 Wettingen
(41)56-43 751 11

Turkey

Empa AS .
Elektronik Mamulleri

Florya Is Merkezi

Besyol

34630 SEFAKOY - ISTANBUL
(90) 0 -212 592 74 01

EBV Elektronik

Bayar Cad Gulbarnar Sok No. 17
Perdemsac Plaza D: 91-93
Kozyatagi 81090

Istanbul

(90) 0 - 216 463 1352/53

Fax (90) 0 - 216 463 1355

Ukraine

EUROCONTACT
Dimitrova 5
252005 Kiev

(380) 44 - 229 2217

KVASAR-MICRO
Popudrenko St. 52-B
253094 Kiev

(380) 44 - 544 1763

United Kingdom

Arrow-Jermyn

St. Martins Business Centre
Cambridge Road

Bedford MK42 OLF

(44) 01234 - 2700 27

Avnet Access Ltd.
Jubilee House
Jubilee Road
Letchworth

Herts SG6 1QH
(44) 01462 - 4808 83

BFI IBEXSA Electronics Ltd.
Burnt Ash Road

Quarry Wood Industrial Estate
Aylesford

Kent ME20 TNA

(44) 016 22 - 88 24 67

Electronic Services
Edinburg Way
Harlow

Essex DM20 2DF
(44) 01279 -44 11 44

Farnell Components
Canal Road

Leeds

West Yorkshire LS12 2QQ
(44) 01132 - 63 63 11

MACRO Group
Burnham Lane
Slough SL1 6LN
(44) 01628 - 60 60 00
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call vour nearest Hewlett-Packard
distfibutor or representative.
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