Introduction

Increasingly, consumer electronics is the driviogcé behind technological advance, whereas in
the past it was military and space projects. Comsielectronics has become the leading edge of
technology because of the potentially huge salésnes. The market is extremely competitive and
S0 big global companies invest in a huge researdtdavelopment effort in order to introduce new
products with better features and performance tham rivals. The study of consumer electronics,
therefore, has the double benefit that it is abstate-of-the-art technology as well as being
interesting and relevant to our everyday lives. esvy, simply to study the current product range’s
features and standards would hardly be a suitaliipest for academic study, and also the subject
changes so fast that everything would be out of @ quickly. A compromise has to be drawn
therefore between describing the interesting feston the one hand, and explaining the underlying
principles on the other.

This module is primarily aimed at students of isitial design, product design or general
engineering that require some understanding of bletronic systems work and what they are
capable of. In fact, electronics is so all-pervasiv modern life that there are few students that
would not benefit from an elementary understandinthe subject — business, medicine, aviation,
communications, transport, space exploration, itrédisautomation, crime prevention, science,
entertainment, music, gaming and environmental todng have all been revolutionised by
electronics. This module should also be valuabteefectronic and electrical engineering students
in the early years of study, because courses dftenbard the student with theory and fail to
convey the “big picture”.

The primary aims of this module are, therefore, to:

1. Give an understanding of the design and manufadfucensumer electronic products

2. Demonstrate the complexity of many everyday itemamf systems design aspects to
semiconductor device technology

3. Introduce microcontroller programming techniques @ive an introduction to the design
and integration of embedded systems in modern jptedu

4. Demonstrate the importance of the fundamentalsgsies in a range of technology areas

5. Give a practical context to some of the most adednsubjects in Engineering, such as
communications theory and signal processing, cbnineory, electromagnetism and
semiconductor physics.

In studying electronics it is all too easy to gegged down with details like resistor colour codes
and different types of capacitor. If there was us¢ single motivation for writing these notessit

to show that electronics is a fascinating subjids. one of humankind’s greatest inventions and we
have only just started to exploit its full capati®ls. Product designers are particularly lucky that
they do not have to worry about technical detdfilglectronic design, but can instead concentrate
on the shape, form, function and style of the pcbddowever, armed with the broad coverage of
electronics given in this module, product designsiis be far better equipped to innovate and

design products to suit user needs in the future.

The underlying physical and mathematical princiflest are relied upon in some of the sections
include:-

Wavelength; frequency spectrum

Semiconductors

Interference, standing waves, diffraction
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Total internal reflection

Digital signals, analogue-digital conversion

Feedback and control

Fourier series; time and frequency domain reptesiens of signals

However, fear not because these are treated atyadescriptive level. They cannot be avoided
though; the mathematics of Fourier series is emdentunderstanding the nature of distortion in a
Hi-Fi system or how digital TV works. And some kriedge of wave propagation is essential for
understanding why wireless networks use certanuiacies whilst satellite TV uses others.

1 Moore’s Law and system-on-chip

It is well known that in the business of consuniecionics, customers generally get (and, indeed,
expect) MORE FEATURES for LESS MONEY as technol@givances. The key to this is the
continual and rapid development of silicon techggloallowing more and more transistors to be
incorporated on a single chip. Gordon Moore, aamtler of Intel, predicted in 1965 that the
number of transistors on a chip could double eyegr. This famous prediction has developed into
Moore’s Law, which is an empirical law that accetatcharts technological progress in the
microelectronics industry. Figure 1 shows a graptmf Intel that charts this evolution of
technology. However, it should be emphasised thiatis plotted on a logarithmic scale, which
tends to underplay this dramatic development of mpaer technology. Re-plotting the data in
Figure 2 on a linear scale shows, convincinglyt the only recently entered the information age.
By putting more transistors onto a single chipadiea given product will require less chips and
less associated components on a circuit board, @hisd with the globalisation of the electronics
manufacturing business, as illustrated in Figures 3yhy consumers have become accustomed to
cheaper and better products every year.
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Figure 1 An Intel graph of processor complexity vsyear, illustrating Moore’s Law. Copyright
Intel Corp. The milestone of 2 billion transistorswas reached in 2008.
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Figure 3 Diagrammatic representation of how consunreelectronics has become so affordable

2 A brief timeline of consumer electronics

“We only recently entered the information age” idald claim that requires substantiation. A
worthy method of investigating the claim is to Hsiestudy the history of consumer electronics and
develop a timeline of how the main audio, video aodhmunications products have developed.
Figure 4 shows a simplified timeline of some of theost important developments in
communications, radio and television. The telephoame first, around 1876, followed by the
Gramophone in 1887. Audio recording had been detraied before, most notably by Thomas
Edison with his cylinder-based Phonograph, butasvin 1887 that Emile Berliner patented the
disc-based machine (the Gramophone) that is sitt@larhat we know today. Broadcasting has its
roots in Marconi's successful demonstration of sacbmmunications across the Atlantic in 1901.
Radio broadcasting became established in the 1820sTV started appearing shortly after John
Logie Baird’s demonstration of an electromechanfeldvision in 1926. It was American inventor
Philo Taylor Farnsworth who invented the electrosd@anning system familiar today a couple of
years later. He was awarded a string of patentihate later sold to RCA, which became a giant
in the world of TV and radio. The RCA name is nowned by Thomson (France). The 50's, 60's
and 70’s saw extensive development of colour tsiemiand recording and the first portable audio
products.

The mobile telephone has its origins in Motorolesliotelephone of 1946. It was not until 1983
that the world’s first cellular phone was introdddey Motorola, and in 1991 GSM phones were
introduced — a digital system with greatly enhanspédech quality. Although personal computers
were available about a decade before, GSM phones @ree of the first consumer products that
used digital electronics to perform real-time pssieg of signals. The 1990s can therefore be
considered (debatably) the start of the digitalstoner product revolution, with the DVD player
(1996) and portable MP3 player (1998) appearinghan same decade. In the short time since,
companies have developed multifunction handheldcdswvith cellular and internet connectivity,
voice-directed navigation, games, and audio andoviglayback.
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Figure 4 A simplified timeline of developments irconsumer electronics

3 Dimensions of electronic devices

The kind of electronics usually encountered in sthw college will typically use breadboards for
prototyping and students will plug in transistaesistors, capacitors and maybe simple integrated
circuits. Typical projects such as flashing LEDzuaits and crystal radios may be highly educational
but don't always create enough enthusiasm for stsdéo aspire to a career in electronic
engineering. In recent years, learning electroh&s become much more fun thanks to the advent
of the microcontroller and a host of hands-on rimsatxperiments.

Still, however, working with microcontrollers omrgtotyping boards fails to convey just
how amazing modern electronics has become. Modercepsor chips can have more than one
Billion transistors, each with dimensions smallegirt 50nm. For those not familiar with the letter
prefixes for Sl units, “nm” stands for “nanometre$éble 1 lists the most common prefixes, from
for “Tera” (a million million...) toa for Atto (a millionth of a millionth of a milliort...). To show
just how remarkable a modern transistor is, Figureompares its size with the dimensions of
various common things.

For another way to gain an appreciation of just m@mplicated a modern silicon chip is,
imagine the components on the chip were scalecoupd size of some everyday object: If the
transistors were houses and the tracks connedtiem together were roads, a state-of-the-art
microprocessor would be more complex than the whbtbe US built environment of cities, roads
and towns!
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Table 1 Commonly-used prefixes for Sl units

10" 1000000000000 Tera T
10° 1000000000 Giga G
1P 1000000 Mega M
106° (1000) 1000 Kilo k (lower case)
1 (ie. 1) 1

10? 0.01 centi c
10° (0.001) 0.001 milli m
10° 0.000001 micro M
10° 0.000000001 nano

1012 0.000000000001 pico p
10%° 0.000000000000001 femto f
108 0.0000000000000000Q 1atto a

There is a full set at_http://physics.nist.govitinits/prefixes.html
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Figure 5 A comparison of the dimensions of variousommon things (logarithmic scale)

4 The electromagnetic spectrum

Electromagnetic waves are vital to almost all comitations systems and modern consumer
products. Radio waves, infrared, visible light, Wdiation and X-rays are all forms of the same
phenomenon of electromagnetic wave propagation.eSoftthe most important frequency bands
and applications of the electromagnetic spectruenshown in Figure 6. This is, once again, on a
logarithmic scale: X-rays have a frequency aroumillen times the frequency of a mobile phone
radio signal. Of course, not all these frequencas be generated easily (if at all) by conventional
transistor-based electronics. High power microwaf@sexample, are generated imagnetron for
cooking. Light, for optical storage and communicas$, is generated bylaser.

Wavelength X) is inversely proportional to frequency; assunifireg space propagation the
relationshipc=f A can be used wher=s the speed of light in vacuo. The speed of Jighis one of
the most important physical constants in the Usigeand is exactly 299,792,458 meters per
second. This exactness has been achieved by magli§lightly the definition of other Sl units,
such as the metre.
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Figure 6 Frequency, wavelength and terminology fowvarious applications of electromagnetic
waves

5 The multidisciplinary nature of electronic product design

As mentioned earlier, a state-of-the-art integratiecuit is more complex than the whole US road

network. It is not difficult to justify the claintherefore, that electronic engineering is one ef th

most challenging careers of all. In this subjetisinecessary to cope with exceptionally rapid
technological change. It is taken for granted #lattronic engineers also have computer skills,
scientific analysis, maths, practical skills, conmsense, and some artistic tendencies. It will
become evident throughout this module that modérotrenic products, such as cellular mobile

handsets, are extremely complex. As a result, tedmsople are required at all levels of design. It
will also become clear that, in many cases, pradficim competing manufacturers may have
essentially the same electronics inside. The icdtad™ serves to illustrate the new phenomenon
that, notwithstanding the need for high technolelgctronic circuits, it is often the skill and flaif

the product designers that make the difference detwa product succeeding or failing in the
marketplace. The iPod™ was perhaps one of the difsa new generation of products that

consumers felt thelyad to own, simply because it looked so cool.

iPod nang

Figure 7 The 2008 iPo@ family © Apple Computer Inc
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5.1 The knowledge pyramid This overview has just scratched the surface ofyéhieg that is involved in designing an MP3
Developing this idea of a multidisciplinary teamther, consider the different aspects involved in player and taking it into production. However, e¥m this overview it should be obvious that no
the design of an MP3 player, from the integratedtuiis themselves through to the finished one person has all the skills needed to accomfiisttask. In fact, everyone involved in the design

product:- needs to be an expert in his or her specialisd.fiBut, as we specialise more we find we start to

Semiconductor physics:Solid state MP3 players would not be sought-gfteducts if
they could not store huge libraries of music. Adweth semiconductor processing
needed to be developed for many years to enablabgig levels of storage to be
economical. Such high density memory requires clamable understanding of
underlying physics in the device to make such mimisation work properly.

Microelectronics and packaging:To realise such compact products has pushed tircui
integration levels and packaging technology tolitné. In school you might encounter
8- or 16-pin dual-inline chip packages. In moderodoict design you are more likely to
encounter 4000-pin ball-grid array packages thahpurinted circuit board production
and soldering to the limit. Understanding the flaigchanics involved in solder flow,
for example, has been essential in increasing jgecilansities to the required level.

Full colour displays: The standard colour LCD display employs liquid tais
transparent electrodes, and transistors fabriaateglass panels. It took many years of
development to make them so clear and bright. Aetdtirere is every chance that one
day you may be reading this on a roll-up coloupldig based on electronic ink.

Digital representation of analogue signalsmusic is analogue; the sound from an
instrument creates a continuously-varying voltagaveform at the output of a

microphone. However, modern file storage and pingss digital and the music must
be converted to a binary (ones and zeros) reprasemt Expertise is required therefore
to design analogue-to-digital and digital-to-ana®gonverters, and deal with optimum
sampling rates and data formats.

Data compression: The number of songs that can be stored is appedgly 10X
larger if MPEG compression technology is employ&tis means that powerful
mathematical algorithms must be somehow implementedhe silicon chip. When
playing a track, the compressed MP3 file must beveded back to digital audio
samples in real time.

Embedded systems designElectronic engineers are needed to expertly deaign
integrated system-on-chip solution, and enginettiseaelectronics/computing interface
are required to perform low-level programming foterfacing blocks together. At a
higher level, a programmer needs to implement ter interface and menu, whilst
using a minimum of chip resources (programme me&in).

Industrial product design: This part of the design task is about the style and
ergonomics of the product. The designer needsraulgb knowledge of materials and
manufacturing processes in order to create a bktydissign that is economical to
produce. Design for manufacturability (DFM) and igasfor the environment (DFE)
are important themes of this activity. The designeeds to consider how the whole
ensemble of electronic and mechanical componem$eassembled, and even how it
can be disassembled for recycling of key parts raatkrials. This part of the design
process will also involve mechanical engineers@maduction engineers.
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know “everything about nothing”: In other words, iaevitable aspect of becoming a world expert
in (say) semiconductor physics is that the bram i@ capacity left to know much about the details
of (say) the MPEG compression algorithms. This ephds summarised in the “pyramid of
knowledge” illustrated in Figure 8. This phenomens probably the source of the myth of the
‘absent-minded Professor’, although there is somth tin it since focussing too hard, or for too
long, on a single very advanced technical problam aefinitely cause a person to lose a grip on
reality!

Production Embexlded
engineating systenrs
Everything about Nothing Mechanical Signal
design processing
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Figure 8 The pyramid of knowledge applied to the dggn of an MP3 player or similar
electronic product

6 The consumer electronics business

The consumer electronics business is extremely ettiye; customers now demand better and
better products every year and expect the pricéalto The need for standardisation makes it
difficult to introduce any new medium without exsére industry-wide consultations; format wars
like VHS vs. Betamax, Blu-Ray vs. HD-DVD, and 8mms WHS-C can be extremely damaging.
Competing companies might lower their prices beloweconomically-viable level to encourage
consumers to adopt their standard. Sooner or khire have to be winners and losers; sometimes it
is the technically superior technology that losEsrtunately, with wireless communications
standards there is some government control bea#usgectrum regulation: Thanks to the tireless
efforts of engineers on committees (especially ehoisthe IEEE — The Institute of Electrical and
Electronics Engineers, Inc.) there is a high degrestandardisation. However, this is never a
straightforward process as licensing fees for alutechnologies might encourage bigger
companies to develop proprietary standards of their.

Consumer electronics is a tough business butherother hand, it can also be extremely
profitable. In 2006, the top ten consumer electt®miompanies were, in alphabetical order; Alps,
LG, Matsushita, Philips, Pioneer, Samsung, Sangar® Sony and Toshiba. Samsung, the biggest,
had sales of £45Bn and an operating profit of ati@&8n [Samsung Electronics Annual Report
2006] Add to these companies many other familiar nariks Apple, Intel, Motorola,
Westinghouse, Hewlett Packard, Dell, RCA/Thomsod &wolaroid. Then, consider the rise of
Chinese companies: there are many big Chinese coegpée.g. Panda Electronics, Changhong,
BOE) that carry out manufacturing for the aforerm@red companies. There are many others that
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design and manufacture products that are then dabgeother, better-known, brands for retail.
Some of the notable manufacturers are Alco, Nam Ehie, WKK Holdings, Wong'’s, SMT,
Whitways, and Computime. As an indication of thalsf this business, more than 100 million
DVD players were manufactured in China in 2006argé proportion of them badge-engineered.
There is an increasing trend for companies bas&birth East Asia to develop their own brand in
the retail marketplace, with companies includingi&eo, Haier, Xcute, Ningbo BIRD, Lite-On,
Skyworth, Amoi, SVA and BenQ leading the way.

In 2006, Samsung’'s most profitable division, by ensiderable margin, was the
semiconductor manufacturing one. It is importahgréfore, not to concentrate only on the big
name brands, but also to know which companieshardeaders in semiconductor chip design and
manufacturing as well. China is an enormous powes®f electronics manufacturing and Table 2
lists the top 10 suppliers of semiconductor chigte ithe China EMS (Electronics Manufacturing
Service) industry. In semiconductor chips alone, @hinese EMS market was worth >$20Bn in
2005 and the total value of the Chinese EMS ingluistr2007 was estimated to be over $70Bn.
Taiwan has great strength in semiconductor and ooemt manufacturing and two of the largest
silicon manufacturing businesses — UMC and TSM@-tmsed there. UMC and TSMC specialise
in manufacturing wafers for other companies. Thghlights the fact that there are several business
models in the electronic product design and manufadusiness:-

Vertically integrated company; this is the traditional model where a large companakes
everything from the semiconductor devices to ttantled consumer products

Contract manufacturer (EMS); this is a company that concentrates solely on gdiogi an
electronics manufacturing service for its customers

OEM; An Original Equipment Manufacturer builds compoisestd assemblies that are supplied to
another company that assembles them into a commletiict.

ODM; An Original Design Manufacturer designs and mantufres a product that is then sold
under another brand name. This is often referrex tihadge engineering”.

Chip manufacturer; A company that specialises is designing sophigtithigh-value integrated
circuits (ICs) and manufacturers them for salecasponents.

Fabless design houseA company that specialises in designing ICs andpkes them as
components, but subcontracts out the chip manutadself.

Chipless design houseA company which has design techniques that ariciuftly novel for
other companies to want to pay to use them in tbein chip designs. The UK-based company
ARM is the best example of this; ARM’'s processore ased in a vast number of consumer
products but they supply the design, which is timegrated within a larger system-on-chip by the
customer.

Foundry; A company that carries out semiconductor manufagufor customers but does not
necessarily design products of its own.
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Table 2. The top ten semiconductor suppliers to th€hina EMS industry. © iSupply Corp.
2006, used with permission.

2005

Revenue $M
1 Intel 5,774
2 Texas Instruments 2,270
3 STMicroelectronics 1,799
4 Samsung Electronics 1,741
5 Philips Semiconductors* 1,720
6 Toshiba 1,435
7 Hynix 1,243
8 Freescale Semiconductor 1,239
9 Infineon Technologies 1,000
10 Micron Technology 704

* NXP was established in 2006

7 Product teardowns — reverse engineering

“Reverse engineering” means taking a competing ywbdpart and finding out, in detail, how it

works and how it was built. There are a numberakons for wanting to do this; firstly, within the

limits of the law, you can gain valuable ideas d@bwaw to improve your own design. Secondly,

you can find out who your competitor does businegh - who they buy their chips and other

components from. Knowing this will help you chog®eir own business partners and improve your
competitiveness. Finally, by studying the compest@roduct you can find out whether any of

your protected ideas have been illegally copied.

This last point is particularly important sinceeihectual property (IP) is one of the most
prized assets of a high technology company. Assaltiethe information from teardowns has
considerable commercial value. However, to fullyemse engineer a product is extremely time-
consuming and so it is best left to one of thogepamies that specialise purely in this “teardown”
business, such as Portelligent, Semiconductor hisigand iSupply. The information that is
supplied in a product teardown from iSupply inclside

Complete parts list & component count (product BilMaterials)
Detailed manufacturing cost analysis

Block diagram

Detailed step-by-step disassembly in high-resatutiolor photographs
Power measurements

Circuit board & packaging metrics

Product specification sheet

Interesting electronic features and packaging quisce

Figure 9 shows a screenshot of part of an iSupdydown report: The typical cost of a 40 page
product teardown is $5000. However, many produdlisuse highly-integrated dedicated ICs. So,
to properly study the product may require completeerse engineering of the chip itself; the
integrated circuit will be stripped down in a cleaom, layer-by-layer, and the circuit diagram
painstakingly re-created. Only then is it possibde establish whether the competitor's chip
infringes on your own intellectual property.
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BOOKS for further reading

Recommended Texts

Category B

1. The Digital Consumer Technology Handbook

- A Comprehensive Guide to Devices, StandardsjrEudirections, and Programmable Logic Solutions
ISBN: 0-7506-7815-1

Author:  Amit Dhir

Publisher, Newnes (Elsevier), 2004

2. Consumer Electronics for Engineers
ISBN 0-521-588170

Author: Hoff

Publisher, Cambridge University Press

Other booksin the Edward Boyle Library Level 11

Television fundamentals
John Watkinson.
Oxford : Focal Press, 1994.

Digital video broadcasting : technology, standaaa&l regulations
Ronald de Bruin, Jan Smits.
Boston, Mass. : Artech House, ¢1999.

Basic TV technology
Robert L. Hartwig.
Oxford : Focal, 2000.

Colour television theory : system principles, ergining practice and applied technology
Geoffrey H. Hutson, Peter J. Shepherd and W.S. S&riee.
London : McGraw-Hill, c1989, 2nd ed.

Automotive electrics and electronics

Warrendale, PA : SAE Society of Automotive Engirsedi999
Stuttgart : R. Bosch. 3rd ed.

EBL 11 Mechanical Engineering E-7 BAU

Hillier's fundamentals of automotive electronics
V.A.W. Hillier.

Cheltenham : Stanley Thornes, 1996. 2nd ed.
EBL 11 Mechanical Engineering E-7 HIL

Coding, communications, and broadcasting
edited by Paddy Farrell, Michael Darnell and Bahtdéomary.
Published Baldock : Research Studies Press, c2000

Newnes audio & hi-fi engineer's pocket book
Vivian Capel.

Published Oxford : Newnes, 1994.

3rd ed

Muncaster, Roger.

A-level physics / Roger Muncaster.

Published Cheltenham : Stanley Thornes, c1989%@rd
EBL 11 Physics A-1 MUN

Convergence technologies for 3G networks : IP, UVMESPRS and ATM
Jeffrey Bannister, Paul Mather, Sebastian Coope.
Published Chichester : Wiley, 2004.
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