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Tyco Electronics Ltd. is a leading global provider of engineered electronic
components, network solutions and wireless systems, with customers in more
than 150 countries. We design, manufacture and market products for customers
in industries from automotive, appliances and aerospace and defense to
telecommunications, computers and consumer electronics. With over 8,000
engineers and worldwide manufacturing, sales and customer service capabilities,

Tyco Electronics’ commitment is our customers’ advantage.

GLOBAL AUTOMOTIVE DIVISION
HIGH SPEED DATA NETWORKING

With the introduction of the D2B Optical Networking System in 1997,
the way was set for the automotive world to start reaping the benefits
for optical data transmission. The D2B system enjoyed a successful
launch which resulted in the system been introduced across the full
product portfolio of the main car OEM who developed the D2B system
technology. The benefits of the D2B system were also introduced by
one other car OEM who started to introduce the system in 1998.

The advantages of Optical Networking were attracting the attention
of many other car OEM’s and in 1998 with the foundation of the
MOST® Co-operation the first steps were taken to build on the work of
the D2B technology and spread the benefits of the Optical
Networking technology throughout the automotive world.

The MOST Co-operation focused on developing an optical network
specification defining all key interface points which would enable the
automotive supplier market to develop components when based on
the MOST Specification to be compatible and interoperable.

MOST® is a trademark

——
®
- H |_ -




TECHNOLOGY

BASICS

The principle of the high speed data transmission based on optical fibers is
the transport of the signals as digital light pulses. In optical networks you have
always Fiber Optic Transceivers (FOT) to switch the electrical signals in to
optical signals and back again.

That means for a point to point link we have one side as transmitter of the

optical signals and one side as receiver of the signals.

The “Physical Layer” of a network defines the conditions of the data transport.
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To guaranty the integrity of the signals, especially in an automotive application,
it is necessary to use optimised optical fibers and connectors in these fields.
Due to the harsh automotive environment with many moving parts, high density
of electronic equipment and compact packaging requirements, we have special
requirements for these systems like:

* Temperature stability over lifetime within -40 °C to +85 °C (105 °C)

* Mechanical vibration and shock

¢ High relative humidity

* Applied forces

* Chemical resistance

¢ Dust contamination

To fulfil the special requirements of the automotive application it is necessary
to define and develop special components and technologies.

Based on the existing experience of the communication industry in combination
with the special conditions in the vehicles, the core of the optical networks for

automotive application was created.

TOMOTIVATED IN EVERY DETAIL

| automotive research centers are setting the technological
y developing new technologies, products and production
increasingly fast growing number of functions in present
require varieties of powerful and versatile connection
mpare existing standards with alternative possibilities
unctionality, dependability and serial production are
procedures.



To anticipate the potential application areas for Optical Networks in the
automotive industry we should first review the benefits achieved to date and

the technology which has been developed.

The benefits of Optical Networking:
1) Wide bandwidth

2) Electromagnetic immunity

3) Light weight

4) Small packaging requirements

Current optical networking has been achieved based on the current design

building blocks:

1) LED: Light Emitting Diode

2) Polymer Optical Fibers (POF): Multi-Mode Step Index Plastic Optical Fibers

3) Laser welded Optical contacts (Ferrules), a Tyco Electronics creation which
combines the optimal between pull out force of the contact with optical

loss of the light power

Tyco Electronics
components for
MOST Networks

CRITICAL ROLE FOR TYCO ELECTRONICS

Throughout this development Tyco Electronics played a critical role in
the specification development with the MOST Co-operation and also
in the project / product development with all OEM’s and relevant Tier
Ts. This has resulted in Tyco Electronics achieving a 90% market share of
all MOST Physical Layer components. Parallel to the MOST development,
Tyco Electronics was involved in the Physical Layer development for
an Optical Safety Bus system, Byteflight. This system has carried over
many key physical layer components of the MOST system allowing the
increased volume requirements reduce the overall cost of the system.



When these features are coupled with the Tyco Electronics connector systems
then the following system features are available:

1) Data transmission up to 50 MBit/s

2) Bandwidth 200 MHz * 10 m

3) Temperature range from -40 °C to +85 °C (95 °C)

4) Optical Loss of 0.25 dB/m (with 650 nm)

5) Bending radius of 25 mm
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Fiber Optic
Connectors
based on the
MOST Interface

Because MOST is a ring bus structure of single optical fibers which are better
to handle in a harness. At the end of each lead a ferrule is attached which can
easily be put into a header. The fixation of the optical fiber to the ferrule must
fulfil a pullout force of >60 N. Tyco Electronics investigated various different

methods to fix the ferrules.

Tyco Electronics researched the brass crimp, the ultrasonic
welding and the laser welding technology.

In mass production the laser welding technology is used
because of the best process performance. The brass crimp

will serve as a fixing method in the field and for service. Brass crimp

Laser welding



COMPETENCIES

EVALUATION/INVESTIGATION

The standard POF technique used in a lot of
today’s vehicles for multimedia systems and
also for safety system applications is the result
of a long development process. At the beginning
of the development of automotive optical systems,
problems like high attenuation, constant quality
of the fiber, the finishing process of the fiber and
the issue of how to fix the fiber and the ferrule
had to be resolved. For that reason the optical Tyco Electronics Laboratory in
Bensheim was established. The competencies concentrated on the special
processing of fibers. The finishing processes like mechanical cutting and laser
cleaving, as well as the crimp and laser welding technologies were developed
in the optical laboratory. These technologies were then carried over in to the

production process.

Laser cleave
device for Polymer
Clad Silica fiber
(PCS) Fiber



With the planned introduction of PCS (Polymer Clad Silica) Fibers, a lot of

investigations had to be done regarding the automotive compatibility of the

fiber in the current processing environment. The
measurement of the attenuation is one of the
basic technologies for establishing the optical
system in cars.

Therefore the insertion loss method was defined

Optical bench
for optical power
and attenuation
measurement

and implemented. Target was that every

measurement location should measure the

same values based on a common method.

Today we are able to measure the optical attenuation of different types of
optical fibers by varying the optical output power of different transmitters
and also the sensitivity of optical receivers. In the last few years, optical
sources like Vertical Cavity Surface Emitting Laser (VCSEL) or Resonant
Cavity Light Emitting Diode (RCLED) have become interesting for the auto-
motive market. Techniques like PCS Fibers, Glass-Fibers and Multicore Glass-

Fibers are currently planned to be implemented.

Tyco Electronics has invested in the training of personnel and high tech equipment
(i.e. laser cleave device for PCS fiber) to enhance the competency for
supporting customers in these applications. Higher data rates and growing
demands on data integrity also drive the need of measurement equipment
with increased sensitivity and electrical bandwidth of about 1 GHz for getting
more reliable data on the physical layer. The development of new products
from concept to implementation in our production is dependent greatly on

excellent customer contact to fulfil all application requirements.

Properties

PMMA core ‘ ) Standard MOST - temperature range harness -40°C ~+85°C
\ &

TG ) « temperature range pigtail -40°C~+105°C

PA12 jacketing high temperature min. be_nding radius 25mm
pigtail fiber * bandwidth 200MHz*10m
« attenuation at 650nm <0,19dB/m
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PC-core '

)

TPE-jacketing

« temperature range -40°C~ +125°C
. . « min. bending radius 5 mm
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PA12 jacketing
ETFE-buffer « temperature range -65°C~+125°C
« min. bending radius 16mm
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« attenuation at 650nm <0,01dB/m
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polymere-cladding

tical fiber technologies for automotive applications



DESIGN OF COMPONENTS
The mechanical design of optical connectors and optical-electronic components
for automotive applications is a very sophisticated challenge. Not only automotive
requirements have to be considered, also the optical functionality calls for a
very precise design.
To ensure a safe optical coupling, the tasks for an optical connector are
different from those of an electrical connector.
For the optical connector, not only all needs of an electrical connector have to
be considered but also additional functions which are specific for a perfect
optical coupling.
Since there are many influences on the optical power budget in an automotive
point-to-point connection, i.e. thermal influences on the semiconductor devices,
attenuation in the fiber etc., there is not much margin left for the optical connection.
An automotive capable optical connector has to fulfil at least the demands of
any other optical connector known from telecommunications or consumer
electronic while being

* automotive qualified

» easier to assemble (fully-automatic assembly preferred)

» assembled in less time (automotive cycle times)

* assembled with easier processes

Cross section of a typical FO Connector
(MOST Micro-Pigtail)
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The growing demand of higher data rates and higher temperature requirements
in today’s automotive industry leads us - besides the higher EMI requirements
- to new technologies like smaller glass fibers instead of the large core
Polymer Optical Fibers (POF).

Having only 1/5 of the diameter of a POF and therefore only 1/25 of the optical
surface. A Polymer Clad Silica fiber (PCS) is more complex in handling and
processing as well as the requirements / tolerances in the connector increase
greatly.

For the optical coupling of a 200 um fiber, known tolerances from existing
plastic parts are not suitable. To obtain the needed precision, Tyco Electronics
analysed tool making in other industries such as high quality watch making,
to achieve the required tolerances.

So the design of optical connectors for automotive applications is a challenging
task for our new century and a sophisticated technology business with high

future potential.

QUALIFICATION AND TESTS

From a first idea to a definite product a lot of steps have to be taken. At the
beginning of the development the idea must be specified in detail. From this
moment we work closely together with our customer to investigate the optimum
man power and resources for saving time and cost.

In a second step the prototyping phase begins. Therefore we build up the first
samples of a product and test them in our laboratory to find out mechanical,
electrical or optical weak points.

For example in the optical header development, the extraction force of the
optical fiber, the data integrity and the EMI behaviour and also the optical output
power and the sensitivity of the receiver has to be evaluated.

When this is completed the first pre-series device can be tested in a Tyco
Electronics test laboratory under environmental conditions. These tests are
normally well defined OEM specified test procedures which are fundamental
for the overall qualification process. In these test procedures the devices will
be exposed to high and low temperatures, moisture, oil, dust and mechanical

shock. After that we can guarantee the best possible quality of our products

which we will ship to the customer.




APPLICATIONS

APPLICATIONS, MARKETING & SYNERGIES

As mentioned in the introduction D2B with a data rate of 5.6 MBit/s was the first optical bus system
built in cars. The system was developed only for audio data transport but with a big number of
channels. After the last few years the system has shown its robustness over the years. In the same
time the idea to develop a safety system was born. But based on optical data transmission. The
system was called Byteflight. Because of safety reasons the bus system was realised in a star structure.
Only one wire for the data transmission per node is used in the optical system so only half the
duplex data transmission is possible. That is why the data rate is about maximum 10 MBit/s.

The desire for higher data rates leads into the development of the MOST system. The MOST system
based also on a ring bus structure like D2B but supports higher data rates.

With the momentary data rate of 24.8 MBit/s the system can be used for audio applications and

additional for video applications. MOST is not a real time system because of data compression.

At this time MOST, D2B and Byteflight are all based on Tyco Electronics components and are well
established in the automotive industry.

D2B will be replaced by MOST. Byteflight maybe replaced by the FlexRay system. In future when
data rates of a few hundred MBit/s will be required (real time video link) new technologies have
to be established. One technology seems to fulfil the demands, data transmission via PCS Fiber

and optical transmitter in VCSEL technology.

Additionally optical signals used as sensing technology as opposed to transmission of data signals

is also being actively examined. With the new European Regulations relating to Pedestrian ‘
Protection Systems, Tyco Electronics is actively involved with safety system suppliers working on
such systems. The sensitivity of the light system can be manipulated to detect the contact on the i
front bumper of the car. A critical benefit of this technology is utilising the current components
used on the Physical Layer Data Transmission systems. ‘

RELATED TECHNOLOGIES

MECHATRONICS TERMINALS &
CONNECTORS
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Connector 2 optical contacts'

Radio Connector
4 optical + 40 electrical contacts

Inline Coupling
1 Position with pin contacts

Standard Module 2+12 Connector
2 optical + 12 electrical contacts

Standard Module 2+18+2 Connector
2 optical + 20 electrical contacts

MOST ring with different types
of pigtails and connectors from
Tyco Electronics

ALTERNATIVE CABLE ASSEMBLY INDUCTIVE POWER RELAYS & SENSOR WIRELESS
POWER SYSTEMS SYSTEMS SYSTEMS DISTRIBUTION SWITCHING TECHNOLOGY TECHNOLOGIES
SYSTEMS MODULES

YCO ELECTRONICS AUTOMOTIVE TECHNOLOGIES



TYCO ELECTRONICS “AT YOUR SERVICE?”

Tyco Electronics Online

The Tyco Electronics website is an innovative and
interactive source for application information,
product updates and technical solutions.

Our step-by-step software makes our website
intuitive and user-friendly to better serve you!

Please contact us at:

www.tycoelectronics.com/automotive

Internet Homepage

www.tycoelectronics.com
www.tycoelectronics.com/automotive Product Information Center
(PIC)

You can rely on Tyco Electronics PIC Team to

Electronic Internet Catalog

www.catalog.tycoelectronics.com )
provide you support for answers to your

general information or technical questions in
an efficient and effective manner.
To reach our PIC staff, please contact your

local Tyco Electronics organization.

Connectors for
Circular Contact Syste

Product and Machine Literature

Tyco Electronics offers a variety of product specific catalogs, brochures

. . Global Application Tocling
and high impact flyers to help better serve you! and Equipment

For more information on literature for Tyco Electronics’

Global Automotive Division, please contact your local Tyco Electronics

Organization or go to www.tycoelectronics.com/automotive




TYCO ELECTRONICS

GLOBAL CONTACTS

Americas

Argentina - Buenos Aires
Phone: +54-11-4733-2200
Fax: +54-11-4733-2211

Brasil - Sdo Paulo
Phone: +55-11-2103-6105
Fax: +55-11-2103-6204

Canada - Toronto

Phone: +905-475-6222
Fax: +905-474-5520
Product Information Center:
Phone: +905-470-4425
Fax: +905-474-5525

Colombia - Bogota
Phone: +57-1-231-9398
Fax: +57-1-660-0206

Mexico - Mexico City

Phone: +52-55-1106-0800
+01-800-733-8926

Fax: +52-55-1106-0901

For Latin/South American
Countries not shown
Phone: +54-11-4733-2015
Fax: +54-11-4733-2083

United States

Harrisburg, PA

Phone: +1-717-564-0100
Fax: +1-717-986-7575
Product Information Center:
Phone: +1-800-522-6752
Fax: +1-717-986-7575

Troy, Mi
Phone: +1-248-273-3359
Fax: +1-248-273-3322

Asia/Pacific

Australia - Sydney

Phone: +61-2-9554-2600
Fax: +61-2-9502-2556
Product Information Center:
Phone: +61-2-9840-8200
Fax: +61-2-9634-6188

India - Bangalore
Phone: +91-80-285-40800
Fax: +91-80-285-40820

Indonesia - Jakarta
Phone: +65-6482-0311
Fax: +65-6482-1012

Japan - Kawasaki, Kanagawa
Phone: +81-44-844-8111

Fax: +81-44-812-3207
Product Information Center:
Phone: +81-44-844-8013
Fax: +81-44-812-3200

Korea - Seoul
Phone: +82-2-3415-4500
Fax: +82-2-3486-3810

Malaysia - Selangor
Phone: +60-3-7805-3055
Fax: +60-3-7805-3066

New Zealand - Auckland
Phone: +64-9-634-4580
Fax: +64-9-634-4586

Philippines - Makati City
Phone: +632-848-0171
Fax: +632-867-8661

People’s Republic of China
Hong Kong

Phone: +852-2735-1628
Fax: +852-2735-0243

Shanghai
Phone: +86-21-2407-1588
Fax: +86-21-2407-1599

Singapore - Singapore
Phone: +65-6482-0311
Fax: +65-6482-1012

Taiwan - Taipei
Phone: +886-2-8768-2788
Fax: +886-2-8768-2268

Thailand - Bangkok
Phone: +66-2-955-0500
Fax: +66-2-955-0505

Vietnam - Ho Chi Minh City
Phone: +84-8-930-5546
Fax: +84-8-930-3443

Europe/Middle East/Africa

Austria - Vienna

Phone: +43-1-905-60-0
Fax: +43-1-905-60-1333
Product Information Center:
Phone: +43-1-905-60-1249
Fax:  +43-1-905-60-1251

Belgium - Kessel-Lo
Phone: +32-16-352-300
Fax:  +32-16-352-352

Bulgaria - Sofia
Phone: +359-2-971-2152
Fax: +359-2-971-2153

Czech Republic and Slovakia
Czech Republic - Kurim
Phone: +420-541-162-111

Fax:  +420-541-162-223
Product Information Center:
Phone: +420-541-162-113

Fax: +420-541-162-132

Denmark - Glostrup
Phone: +45-43-48-04-00
Fax:  +45-43-44-14-14

Egypt - Cairo
e: +202-419-2334
+202-417-7647

France - Cergy-Pontoise Cedex
Phone: +33-1-3420-8888

Fax:  +33-1-3420-8600
Product Information Center:
Phone: +33-1-3420-8686

Fax:  +33-1-3420-8623

France Export Divisions -
Cergy-Pontoise Cedex
Phone: +33-1-3420-8866
Fax:  +33-1-3420-8300

Germany - Bensheim
Phone: +49-6251-133-0

Fax:  +49-6251-133-1600
Product Information Center:
Phone: +49-6251-133-1999
Fax: +49-6251-133-1988

Greece - Athens
Phone: +30-210-9370-396/397
Fax:  +30-210-9370-655

Hungary - Budapest

Phone: +36-1-289-1000
Fax: +36-1-289-1010
Product Information Center:
Phone: +36-1-289-1016

Fax:  +36-1-289-1017

Ireland - Dublin
Phone: +353-1-866-5612
Fax:  +353-1-866-5714

Israel - Petach-Tikva
Phone: +972-3-929-0999
Fax:  +972-3-919-1088

- Collegno (Torino)
. +39-011-4012-1M

Lithuania and Latvia
Lithuania - Vilnius

Phone: +370-5-213-1402
Fax: +370-5-213-1403
Product Information Center:
Phone: +370-5-211-3016
Fax: +370-5-213-1403

Netherlands - 's-Hertogenbosch
Phone: +31-73-6246-246

Fax: +31-73-6212-365
Product Information Center:
Phone: +31-73-6246-999

Fax: +31-73-6246-998

Norway - Nesbru
Phone: +47-66-77-88-50
Fax: +47-66-77-88-55

Poland - Warsaw

Phone: +48-22-4576-700
Fax: +48-22-4576-720
Product Information Center:
Phone: +48-22-4576-704
Fax:  +48-22-4576-720

Romania - Bucharest
Phone: +40-21-311-3479/3596
Fax:  +40-21-312-0574

Russia - Moscow

Phone: +7-495-790-7902
Fax: +7-495-721-1893
Product Information Center:
Phone: +7-495-790-7902-404
Fax: +7-495-790-7902-401

Russia - St. Petersburg
Phone: +7-812-718-8192
Fax:  +7-812-718-8193

Slovenia - Ljubljana
Phone: +386-1561-3270
Fax:  +386-1561-3240

South Africa - Port Elizabeth
Phone: +27-41-503-4500
Fax: +27-41-581-0440

Spain - Barcelona
Phone: +34-93-291-0330
Fax: +34-93-201-7879

Sweden - Upplands Véasby
Phone: +46-8-50-72-50-00
Fax: +46-8-50-72-50-01

Switzerland - Steinach
Phone: +41-71-447-0447
Fax: +41-71-447-0444

Turkey - Istanbul

Phone: +90-212-281-8181-83
+90-212-282-5130/5430

Fax: +90-212-281-8184

Ukraine - Kiev

Phone: +380-44-206-2265
Fax: +380-44-206-2264
Product Information Center:
Phone: +380-44-206-2265
Fax: +380-44-206-2264

United Kingdom -
Stanmore, Middlesex
Phone: +44-8706-080208
Fax: +44-208-954-6234
Product Information Center:
Freephone (UK only):
+0800-267-666
Phone: +44-8706-080208
Fax: +44-208-420-8095

www.tycoelectronics.com
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