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C-MAC in Great Yarmouth

©® Established in 1943 as Erie
Resistor.

©® C-MAC today employs ~250
people in Great Yarmouth.

® We are a specialist “hi-rel”
electronics supplier with world
beating expertise in:

® Thermal management
® High power electronics
° High frequency applications

® Supplying large, prestigious
projects such as Typhoon
Eurofighter, Airbus A380.



C-MAC Products & Technology

® C-MAC MicroTechnology — World leader in the design, manufacture and
gualification of High Reliability electronics systems for harsh and remote
environments.

Automotive Applications
® Fuel efficiency electronics

® Vehicle safety systems

® Sensors
® Collision avoidance

Aerospace & Defence Electronics

® Microwave modules for advanced radar
applications




Key Customers

Mil/Aero

Raytheon
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The Electronics Industry - On your doorstep

® Across all market sectors since year 2000, there ha s be massive

migration of electronics manufacture to Asia

® OEM (Original Equipment Manufacturer) companies hav e
outsourced electronics manufacture and also ‘routin e’

engineering design to CEM (Contract Electronic Manu  facturer)

® HOWEVER ...The UK retains specialist engineering strength

within its electronic manufacturing base
® Close to system developers
® Accelerating ‘Time To Market’

® Specialist low to medium volume manufacturing



Introduction

® C-MAC MicroTechnology

% |_eading global supplier of electronics
solutions

% [nnovative design, development and
manufacture

° Pedigree with ‘High Reliability’ electronics in
harsh environmental applications

® Robust technologies that ensure long term reliable operation
and address key challenges

° Temperature extremes

® High shock and vibration

© High pressure

® Resistance to chemical corrosion — Salt water, acids , Oils etc

® Products and services - qualified and proven in the field



The common view ?

® Qur perception...

° ‘Downtime’ in Energy sector is
disproportionately higher than in the
Defence and Automotive sectors

® Failure can be attributed to a combination of
mechanical and electrical systems and ..

©® There seems to be clear opportunity for robust
electronic system control and monitoring to
alleviate and potentially eliminate unplanned
downtime



Energy Sector

® The Energy Sector has very similar demands on
electronics as the established High Reliability mar ket
sectors: Aerospace, Automotive and Medical

® Harsh environments

® High quality / reliability
© Longevity

@ Safety critical

® The applications of electronics in the Energy
sector covers many facets

@ Exploration
®Recovery and conversion
@ Distribution

@ Storage
® Within this evolving industry there are limited est ablished
solutions or supply chains that fully satisfy the n eeds



Cost Factors — North Sea Oill

® Qil Field exploration and recovery costs
@ Significant proportion of costs due to exploration activity
® Requirement for intelligent drilling (and deeper dr illing)

® Measuring While Drilling (MWD) & Logging While Dril  ling (LWD)
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What do we mean — Harsh environments ?

® Electronic modules typically operating environments -
® Temperature range —55 °C to +125°C

® \We are now evaluating operation at 220 °C up to
250°C

® Temperature shock — Liquid to liquid transfer - 65  °C
to +150°C

© Acceleration up to 20,000g (200,000m/s ?2) — Missile
launch conditions

® Vibration up to 40g rms — Gunfire on Typhoon
Eurofighter

® Humidity — 85% at 85 °C for 1000 hours



Electronics Reliability

® Three simple requirements:-
® Component technology that
s fit for purpose

@ Effective packaging to protect the
devices with respect to mechanical,
thermal and electrical stress

© Electrical interconnections

that are suited to the

environment

® With the assumption —
the electronic design is robust !

Board assembly




Reliability

® Theoretical reliability
@ Based on algorithms (MIL-HDBK-217)

® For a complex hermetic module:
® Environment ‘Ground Fixed’

oAt T = 25°C
* Mean Time Between Failure = 322 years

oAt T =125°C
® Mean Time Between Failure = 3 years

OPERATING TEMPERATURE SIGNIFICANTLY INFLUENCES
PRODUCT LIFETIME



Technologies

® Most of the electronics utilised in the Energy sect or is ‘off-the-shelf’

commercial grade electronics

® Specifications for systems do not necessarily refle ct the requirements

Printed Circuit Board

Ceramic Circuit Board

Plastic moulded components

Lacquer protection e protection

Off-The-Shelf Tested and Qualified

Limited life at extreme Lowest Cost Of Ownership
temp.




Hi-Rel Market Sectors

® Aerospace
® Inherent reliability
® Customised products
® Extreme environments
® Safety critical

® \Wide temperature

® Automotive
® Zero Defect targets
® Engine mounted
® High volume
® Global supply chain

® Standardisation




Fibre Optic Transceiver

® C-MAC product for the Typhoon (Eurofighter)
® Total of 70 modules per aircraft

® Flight control,

® Navigation control

® Armaments management

©C-MAC deSig n Courtesy of BAe Systems

@ All electronics and Fibre optic
interface

@ Custom silicon integrated circuit
*Rugged hermetic package design

°® Complete Electro-Optic Circuit
Design



System Control and Monitoring

® Electronic sensors provide rugged, reliable and
precise detection of many system operating
parameters —

® Vibration, temperature, movement
® Cost Reduction
® Preventative Maintenance procedures
® Predictive failure
® Reduced downtime / increased availability

® Sensors can be integrated into fully functional
modules or data loggers

Temperature/humidity
logger




Requirements Puzzle

Customer Desires

Mounting Method
Manufacturing Location

Market Restrictions
Connecting Method

Customer Location



Applications / Examples

Sub-sea cable: Amplifiers (Repeaters) — electrical and optical
Aircraft:

® Fuel pump motor controllers — details of attributes

@ Bearing wear monitors

@ Databus solutions

© Power Control systems
Automotive:

© Exhaust Gas Recirculation Control

© Anti-lock braking

® Turbocharger Controllers

Satellite: Control systems

Nuclear Power: Control systems



Summary

® Existing electronics supply chains in established m arkets can
provide significant value to the Energy Sector

® Availability — Minimal down-time

® Quality and Reliability
® High temperature and harsh environment operation
© In built redundancy

® Lower ‘Cost of Ownership’

® Support, future enhancements and upgrades

® Longevity

® Obsolescence management



Summary

There is the opportunity to adopt established funct lonal and

technological solutions that are widespread in othe r markets

Cost of realisation and ownership are minimised

Advantages of modular approach — ‘Plug and Play’

Proven high temperature/harsh environment survivabi lity

Qualified durability and known Mean Time To Failure (MTTF)

Local supply chain and multiple sourced components and technology

Engagement and partnering opportunities with incumb ents within the

industry



Quote

......... the aerospace industry is using some really teresting technologies, and the
development cycle is much shorter than in our indusy....."

Our industry needs to be better .... adaptation ofechnologies from outside industries
IS @ much better way to bring new advances to thadustry rather than trying to invent
them from the ground up.

Some of these technologies could have far-reachimgplications for us.....

Andrew Gould, Chairman and CEO - Schlumberger
SPE Conference in February 2008

Schlumberger is the world's leading supplier of tec hnology, project management, and information
solutions to the oil and gas industry
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